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Greetings to all readers, this Automotive
Navigator magazine is the first issue of the
year 2019 which offers knowledge, industry
analysis, innovation and technology trends,
and news update in various automotive
industry circles.

In 2018, the domestic car market started
to recover respectively as a result of the
measure of the tax rebate in first-time car
buyer program which the car ownership
regulations have been extended for 5 years
according to the condition, domestic sales
have increased by 20% to 1,041,739 units
and result in the car production for local and
export increased to 2,167,694 units which
increased 9% from 2017, divided into 1 ton
pickup trucks and derivatives, and passenger
cars respectively.

The first quarter of 2019, the government
sector has realized the environmental impact

of pollution (PM 2.5) as you have heard from

various medias therefore has pushed and
asked for private sectors cooperation in order
to raise the standard of emissions from the
engine to the equivalent of Euro 5 by 2021
and Euro 6 by 2022. The car manufacturers
and importers which start to bring innovation
and technology of electric vehicles to launch
continuously, also make many leading car
manufacturers ready to support this standard
upgrade.

At the same time, the progress of the
automotive industry promotion not only the
investment in research and development in
the construction of the Automotive and Tyre
Testing Research Center project (ATTRIC)
at Sanam Chai Khet district, Chachoengsao,
but most recently, Thailand Automotive
Institute has also partnered with TUV SUD
to set up an electric vehicle battery testing
center which is the first of ASEAN to perform
tests to support electric vehicles and batteries
for cars and trucks referring to UNECE R100
standard which is expected to start operation
in 2020 (details can be found in the article
"The direction of Thai electric vehicle
standards").

And Thailand Automotive Institute realized
the importance of personnel development
and the development of automotive
entrepreneurs continuously which the rapid
change in the 4.0 era from the article "Why
Training?", it can be seen that trainings are
very important to the industry in order to
understand modern technology, modern
machine tools in the production process
including creating good communication at
each level. "Good teaching must make learner
learn quickly, can be used to work correctly
and safely and have good awareness,
efficiency and effectiveness" to grow together
both personnel and entrepreneurs in order
to cope with the current competition.

Thailand Automotive Institute would like
to thank many readers who answered our
questionnaire to improve our magazine,
contents and knowledge. And we hope
all readers will get knowledge to get ready,

develop and move forward together.

Good day!




“SMART MOBILITY DRIVING ?

JUNE /

BITEC BANGKOK THAILAND

...COMING SOON...

MANUFACTURING  AUTOMOTIVE~" \|
- =018 2018

20 JUNE 2015 "' Y
OFENING CEREMONY

Contact details : Thailand Automotive Institute
Khun Smitha, Khun Nittaya Tel : +662 712 2414 # 6609 - 6610
Email : smitha@thaiauto.or.th, nittaya@thaiauto.or.th Website : www.thaiauto.or.th

Apart of: Co-organized by: Organized by:

75 MAUERCTURING = kol P Reed Tradex

angugugun




ASEAN'’s Leading Machinery and Technology Event for Manufacturing and Supporting Industries

MANUFACTURING
2019

AUTOMATm.,e | ROBOTY(

Q InterPlas | & InterM Id MOTIVE |SURFACE & ™
J Thailand 2019 | “&C& Thailand 2019 vracturine 2019 | COATINGS 2019

BITEC, BANGKOK

J U N E 201 9 THAIL,AND

EMPOWER

Productivity
beyond Limit in 4.0

Harness the manufacturing power in your own hand with
Manufacturing Expo2019! New level of top-tiertechnologies
and innovation in manufacturing and supporting industries
are waiting to be unveiled to empower your productivity
beyond limitation. Don’t miss the opportunity to accelerate
your business transformation towards the era of 4.0!

fi Organized by: Pre-register at
ﬁigﬁ! Reed Trudex www.manufacturing-expo.com



~———~— INSTITUTE
an1uugIugun

. THAILAND
C////V: AUTOMOTIVE

1As9nN1s

AudnsBeuimAlulaguazuinnssy LNaNISHAILIEAEIMNTTNEUEUALRY
(EV Technology & Innovation Learning Center)

Muﬂ‘lﬂﬂﬂﬂ’]i‘wL‘U‘Lﬁ]ﬂLiwﬁlusuaﬁﬂ’]ﬁmﬁ)EJE]G]E]G]E‘V]‘W’]ﬁilIEJ’]UEJUG]FIUHE]G]EWWﬂiﬁJEJWUEJU(?’]&NEJI‘WJ mammammuawﬂﬂﬁm
L‘U‘L!ll@']iﬂ‘UﬂﬁLL’]ﬂaall ﬁﬂﬂ?ﬂsﬁ‘waN’]‘LJLLﬁ‘”ﬂWanaﬂﬂﬁsﬁﬂﬁiU@u‘lﬂ@aﬂl“ﬁﬂ nelauunnfn “agon-Ussndn-Uaonse” wamuu
muausﬂmumaummsmﬂnswwi’mammwmsm SL‘VW]’]LUUﬂWiLW@LUULLMaﬂLSSUSLﬂEJ’JﬂUEJ’]UEJuG]WLWﬂ’] NIUNNENTIANITONT
‘1/]LLﬁﬂ\‘i‘U@llaLﬂEJ’JﬂUEJ’TuEJ‘lJGIIW‘WW miﬂmmﬂwumumu&mmh\lﬁma’mm maamuaauammﬂwﬂmmLﬂmﬂumuﬂum
vt ﬂWi’JQUWWUW%Uﬁ’JUBWUUUGﬂWWWLLﬁui"IEJ\‘ﬂUﬂ'ﬁﬂm?}Tﬁ]?J‘WLﬂ‘EJ'J‘ZJEN 531J‘1/l\‘1ﬂ73§]®‘1/ﬁ§7‘14! mamamwam%umumuwﬁlw%

fAanssunannalilasanis

IV
Fudmueueun
ol
guioyauay maaieifie ey
FILUNTIY \HognETTHIEE

gugun b

= v
#olvinn
ATULIUYUA

FununeseunuNsan MIBTUdeUEURLNTN

nsineusBU RN
Husznaunsdananvnssuenueudliii

adilvan dansiseuiorueudlni

“gripulni “erupunli “msmsalihdmiu
uazanulasady” fusupnfidaEu” guguAlyisin?

Tasamsaugnsiseuiinalulaguazuinnssu
Lwamiwmmammwniiumuauﬂﬂwﬁﬂ Al

andusueud (gudvageu) daugaamvnssuuisy
655 9y 1 UANDRAMNTINUIY My 2 0.q9130 nu.34 a.uneylved e.dles 2.a4sUsIN15 10280

AndaiBauvuuasdaunudoyaiiudn
AnIEA1 Bunsua s 02 712 2414 ¢ 6502 Bud thida@thaiauto.or.th

www.thaiauto.or.th



-
|
.

Thailand Automotive Industry, 2018
Highlight and Outlook 2019

an19:andnnssugrusunlneg U w.A.2561

na=nusltivu w.f.2562

NISWANSNYUR

tudaus 9 we. 25557lnesuiunnnsnisaunSsasusuusn
pansnsusesivetueglutiwuirnegwseiies nasinaned
w.A. 2559 fiaugndetadunsiensessneudiiung 5 9 o
Soulvvewnmsmssinan sanasasudvesineRaSuihusnusiu
Taolu® wa. 2561 Huadedt 3 Alneamnsasminesosuslaiiu
N1 1 81Uy dewaliniseansasuntulssmaivlanulinie

Tu0 w.r. 2561 Inga1unsandnsasunla 2,167,694 Ay
Wisguanndneunthfesay 9 Fadunannmssmminelulssme
\Juddey nenansonszus 1 du uazeyusuinfianidndiu
Lovay 57 5093 A Soousls Sevas 41 wazdrwimdady
nsuansaion1smdlvddue

Next-generation Automotive Research Center,
Industrial Research Division,
Thailand Automotive Institute

| Motor vehicle

Since 2012 when Thailand implemented the first-car buyer
incentive scheme, which buyers were required to maintain
ownership for a five-year period, had effects on the Thai
automotive industry. The domestic market continued to shrink.
Until 2016 when the end of that requirement, the domestic
market recovered since then. Consequently, in 2018, it was
the third time that Thailand sells more than 1 million motor

vehicles.

In 2018, Thailand produced motor vehicle 2,167,694 units,
rose by 9% from 2017, which was a result of the domestic
market recovery. The motor vehicle production was split by
1-ton pickup truck 57%, passenger car 41% and the rest are

other commercial vehicles.



Figure 1 Thailand motor vehicle production
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As regards the motor vehicle domestic market, there were
1,041,739 units, up 20% from 2017. One-ton pickup truck
accounted for 52% of all vehicle domestic sale, with the highest

growth rate of 28%. Followed by passenger car sale accounted
for 49% of all vehicle domestic sale, growing by 21%. A pickup
truck, exclude PPV, and passenger car less than 1,500 CC.
were the highest growth by 45% and 33% respectively, which
was the end up restriction from the first-car buyer incentive
scheme. Continuously in 2019, the demand for both car segment
will growth similarly to 2018 due to the consumer who have
not changed the new car still exists.

In addition, there is a stimulating factor form car maker,
who are the major market share. Firstly, they have the plan to
launch a new passenger car model change, as follows

B Passenger car engine less than 1,500 cc segment, eg.
Honda Jazz, Honda City, Nissan Almera, and Mitsubishi
Mirage.

® Passenger car engine more than 1,500 cc segment, eg.
Mazda 3, Toyota Corolla Altis, Honda Civic

m Electric vehicle segment (xEV), eg. Toyota Camry Hybrid,
the Honda Accord Hybrid, Mercedes-Benz C-Class Plug-in
Hybrid, that are expected to be launch in the middle of 2019
onwards Secondly, they expand the business scope to be a
"Captive auto financing" with low interest rates and longer
installments, to stimulate the domestic market.

However, there is some risk factor which may have a
negative impact on the growth of the domestic market. First
is the political factor, even though the election date has been
identified but the election results might be affected by the
economy. The second factor is uncertainty global interest rate,
which affects to the Thai interest rate. And the last factor is
an agricultural factor in terms of production volume and price.
There all are might be affected the consumer purchasing

power in the country.
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Thailand motor vehicle domestic sales
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In terms of exports market, there were 1,140,640 vehicles,
an increase of 0.1% from 2017 which was the result of the
main markets, Oceania and Asia, still growing by 1% and 6%
respectively. Although the Asian market will continue to grow,
there is a Vietnamese market that needs to be monitored.

Since 1 January 2018, Vietnam’s policy on tightening car
import regulations under Decree 116. They require certification
that cars meet safety and emissions standards, as well as
inspections for each batch of imports. That cause Thai car
exports to Vietnam to be delayed. At a later time, when car
makers solved this problem, the volume of cars exports to
Vietnam increase; especially passenger cars demand continues
to grow. However, the overall export of cars to Vietnam did
not grow as expected by car manufacturers. In addition,
Vietnam intends to promote its own car, Vinfast brand, so it
may be possible that Vietham may conduct other trade
measures to protect their car brand to be competitive.

Meanwhile, the exports to another market such as Europe
and the United States fell 14% and 13%, respectively, due to
the economic slowdown. Additionally, in case of the European
countries, there are several factors tend to support market
slowdown as follows: (1) The European countries have changed
to import 1-ton pickup from South Africa and Turkey instead
of Thailand due to low transportation costs. (2) They have



new standard emission testing that change the test cycle
from “New European Driving Cycle (NEDC)” to “Worldwide
Harmonized Light Vehicle Test Procedure (WLTP)” which
manufacturers being in standard certify process, caused
passenger car sale slowdown.

In the United State market, with Trump’s trade policy, made
the trade among NAFTA countries (United States-Mexico-
Canada) increase than others. Moreover, the NAFTA members
also signed a trade deal to replace NAFTA, it's known as
“the United States -Mexico-Canada Agreement (USMCA)”.
The biggest changes in USMCA to automotive industry as
follows: (1) Automobiles must have 75% of their components
manufactured in member countries to qualify for zero tariffs
(up from 62.5% under NAFTA) and 70% of all steel, aluminum,
and glass used in the production of the automobile must
originate in USMCA. (2) Quotas totaling 2.6 million Canadian
and Mexican vehicles were produced in the USMCA. (3)
40-45% of automobile parts have to be made by workers who
earn at least 16 USD an hour by 2023. So these presents
negative factors for import auto parts or vehicle from a non
-member of USMCA.
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Therefore, from the factors mentioned above, the 2019
forecast is that the domestic market will decrease of -1% from
2018. Meanwhile, in terms of export increase of 4% from 2018.
The growth will translate into the number of vehicles sold
domestic and export is 1,050,000 and 1,100,000 units,
respectively.

Thai automotive industry movement on the supply side,
there are 14 entrepreneurs who have approved investment
promotion which related to an electric vehicle including the
production of electric vehicles (XEV), batteries for xEV, high-
density battery, electric charging stations, and XEV research
and development. (Figure 4) Most of them are former car
manufacturers that operate in the central and eastern regions
of Thailand including the Eastern Special Development Zone
(EEC) and 3 newcomers, namely, FOMM (Asia) company
limited, Beta energy solution company limited and Energy
absolute company limited, who produce BEV and battery, as
well as charging station service. Car manufacturers that have
received investment promotion are expected to be able to
sell XxEV cars from mid-2019 onwards.

Figure 3 Thailand motor vehicle export
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Figure 4 Progress investment in electric vehicles and related
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Description

By E%

HEV PHEV BEV

Compiled by Thailand Automotive Institute, as of 30 January 2019

THOMBURI EMERGY STORAGE MANUFACTURING CO., LTD.

FOMM (ASIA) COMPANY LIMITED

DTS DRAEXLMAIERAUTOMOTIVE SYSTEMS
(THAILAND) COMPANY LIMITED

GLOBAL POWER SYNERGY PUBLIC CO., LTD.
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\[eJJ38 TOYOTA MOTOR THAILAND CO., LTD. has been approved for investment promotion since 2017
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However, the intention to be the xEV
regional production based not only in
Thailand but also in neighbor countries,
which have implemented measures to
encourage XEV production. Vietnam builds
its own brand vehicle, Vinfast, to produce
internal combustion engine vehicle and
electric motor driven vehicle. They expect
to launch electric motorcycle and an
electric car in from 2019 and 2020,
respectively and plan to export to neighbor
countries later.

Dyson, electrical appliance manu-
facturers, which expand their business
to produce BEV. They choose Singapore
to be a production based even though
Singapore does not an automotive
industry in there. There is a number of
reasons why Singapore has been chosen.
Firstly, Singapore is already electric
motor manufacturing based for Dyson,
which are easy to produce traction motor
for BEV. Secondly, Singapore has plenty
of high- skilled labor. Thirdly, Singapore
neighbor countries are automotive
production based, that are convenient
for import their auto parts. Lastly, Singapore



has a free trade agreement (FTA) with
ASEAN countries, China and Europe, that
zero import duty rate for the automotive
product. A number of factors both supply
and demand side, that will all tend to
support positive business condition for
Singapore to be a Dyson's BEV production
based.

Indonesia was selected by Hyundai
car manufacturers to be the first car factory
in Southeast Asia. Their plan was to export

53% of the cars manufactured in this plant,

Figure 5 Neighbor countries movement in electric vehicle production

mostly to Southeast Asia and Australia,
while the remaining 47 percent would
be for the domestic market and plan to
produce electric cars at this plant as well.

China made an investment agreement
with Tesla to produce electric cars in the
country, the name is Giga Factory 3. This
project will be Tesla’s first overseas factory,
which is expected to start production in
2020 with an annual capacity of 500,000
vehicles. Tesla may become the first
foreign automaker to produce in mainland

7

China without a local joint venture partner.
Although the main market of this project
is Chinese consumer, China has a free
trade agreement (FTA), which export to
ASEAN with zero duty. There is a possibility
that a Tesla car from China may be shipped
to Thailand. That may be it affects its
incentives to attract EV manufacturers
to invest in Thailand
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| Motorcycle production Computer; 81%

In 2018, Thailand produced motorcycle 0 2014 2015 2016 2017 2018  2019f
2,063,076 units, rose of 0.4% from 2017, Automotive Industry Club, The Federation of Thai Industries. Analyze by Thailand Automotive Institute.
which was a result of the export market.

As regards the motorcycle export market
was 371,190 units, up 1%. While the
domestic market were 1,788,323 units,

a decrease of 2% from 2017




Figure 7 Thailand motorcycle domestic sales
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Thailand motorcycle market can be
classified into 2 segments. First is a vehicle
with an engine displacement of less than
125 CC., that usually used for commute.
Second is a vehicle with an engine
displacement of more than 125 CC., include
big bike, that uses for leisure or entertainment.

In 2018 sales volume of the first
segment (<125 CC.) is 1,429,627 units,
decrease by 6% YoY. The reason to push
market slowdown has a number of reasons
as follows: (1) Purchasing power of consumer
target decelerate because of high house-
hold debt. (2) Agricultural price volatility
influence on agricultural income, who take

> INDUSTRY STATISTIC
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the majority market share. (3) This motorcycle
is an inferior good, that is a type of good
whose demand declines when income
rises. Thus, when people have more income
they will change from motorcycle to car
instead, that is why sales volume are
saturated.

Whereas, the sales volume of the
second segment (> 125 CC.) is 358,696
units, up 20% YoY. A number of factors
supported this buoyancy in the market.
(1) Consumers target are in middle and
high-income class, which is high
purchasing power. (2) Easy to get a loan
with low interest rates and long-term
personal installment loans. (3) Moto GP
or Grand Prix motorcycle racing has been
organized in Thailand in 2018. These make
big bike popular in Thai motorcycle market.
Therefore, this segment is forecast to
grow steadily in 2019.
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In terms of motorcycle exports value,
has been growing continuously since
2014 when Thailand promoted to produce
a motorcycle with engine displacement
more than 248 CC. Almost number of
global motorcycle brand set up a plant
in Thailand and use Thailand as an export
base such as BMW Motorrad, Ducati, and
Harley- Davidson which is the latest
manufacturer that set up factories in
Thailand in 2018.

In 2018, Thailand export motorcycle
1,472 million USD, down 2% from 2017.
Export motorcycles 250-500 CC. were very
healthy, increase 28%, because of growth
in the European market. Motorcycles less
than 250 CC. grow by 10 %, which Asia
is the main market. While motorcycles
more than 500 CC. decrease 18%,
because of the United State and European
market slowdown.

Therefore, from the factors mentioned
above, it is expected that in 2019, the Thai
motorcycle market, both domestic and
international, will not be much different

from 2018. The domestic market expected
to be 1,720,000 units and the export
market 370,000 units, decrease from 2018
by 4% and 0.3% respectively.




Figure 8 Thailand motorcycle export
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| Automotive parts production

The growth of automotive parts production is in line with
the production of motor vehicle and motorcycles. Some parts
are exported for new car production and also for use as spare
parts. In 2018, Thailand exported 22,691 million USD automotive
parts, Increase 14% from 2017. The product that has the most
export proportion is € ngines and components, 27%, followed
by tires, 23%, the rest are other parts. ASEAN is the Thai main
export market, which is 25% of part export value, by export
engine parts and other parts. The following are the United
States and Japan, which are 14% and 10 % respectively.
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The issue that needs to be monitored for the export of
automotive parts is the new trade measures of Vietnam. It is
expected that this year there may be measures related to the
import of automotive parts in order to allow auto parts manufacturers
from abroad including Thailand to invest in parts production
in Vietnam instead of importing. This measure aims to strengthen
Vietnam's automotive industry

In addition, apart from the change in the market that auto
parts makers must pay attention, the environment and safety
standard is another issue that must follow. Especially, the air
pollution problem from PM2.5 dust, which is a problem in the
big cities of Thailand in early 2019. The government seems
likely to accelerate the enforcement of tailpipe emissions from
motor vehicle and the fuel from Euro 4 to Euro 5 standard,
which are earlier than originally scheduled in 2023. These make
the production of parts related to the engine and exhaust
systems change. Therefore, the component manufacturers
must prepare the production plan to support the change of

government regulations as well.

| Thailand Automotive Industry 2019
outlook

From the factors mentioned above, affecting both domestic
and international markets. In 2019, productions of motor vehicle
and motorcycles will grow steadily. It is forecast that motor
vehicle production 2.15 million units, which divided into
1,050,000 units in the domestic market and 1,100,000 units
in the export market. And 2,090,000 units of motorcycles
production which are divided into 1,720,000 in the domestic
markets and 370,000 in export markets.

Due to the government policy to encourage xEV production
in Thailand, so expected xEV new model market launch in mid
-2019 onward. The main consumer who buys xEV is bought
for a replacement or for an additional one but is not a first-
time car buyer. Thus, the Thai automotive industry may not be

influenced negative effect from xEV market significantly.
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Ministry of Industry & 12 car makers ready to
upgrade new cars to Euro 5 standard by 2021
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The Ministry of Industry and 12 car makers had signed
the Letters of Intent to raise the Euro 5 standard for all cars
by 2021, reducing emissions by 80 percent and preparing
to upgrade to Euro 6 standard by 2022, hoping to solve the

problem sustainably in the long term.

Dr. Somchai Harnhirun, Deputy Minister of Industry revealed
that the situation of PM2.5 air pollution has become a critical
problem and the cabinet’s approval to put this issue on the
national agenda. The Ministry of Industry has issued various
measures to solve the problem, especially the emission from
vehicles that are becoming more intense nowadays. Therefore
the Ministry of Industry ordered Thai Industrial Standards
Institute (TISI) to accelerate the adjustment of emission
standard to Euro 5 by 2021 and Euro 6 by 2022 to mitigate
the air pollution in future. And he also thanked all 12 car makers
and importers that have determined to participate with all
sectors in restoring clean air for the public.
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Dr. Nattapol Rangsitpol, Director General of the Office of
Industrial Economics revealed that there are 12 car makers
and importers which are Audi, BMW, Isuzu, Mazda, Mercedes
-Benz, Mitsubishi, Mini, MG, Nissan, Suzuki, Toyota and Volvo
have signed the Letter of Intent to upgrade the emission
standard level to restore clean air to the public including being
responsible to customers and society. In addition, car makers
will accelerate the campaign for customers who use Euro 4
standard cars to fill the Euro 5 standard fuel that is sold at
gas stations nationwide which will help reducing particularly
PM 2.5 level for more than 20-25%, currently Euro 5 fuel
has been sold only 70 million liters per month, and currently
the oil companies have full capacity to produce up to 500
million liters per month.

Mr. Wanchai Phanomchai, Secretary-General of Thai
Industrial Standards Institute (TISI) revealed that Thailand
has enforced the Euro 4 emission standard in 2012 while
the European Union (EU) has enforced Euro 4 standard since
2005 and now the EU has already enforced Euro 6 standard
as well as other countries such as Singapore, Australia
including China and India that will implement Euro 6 standard
in 2020. Comparing to other countries, Thailand still uses
the Euro 4 standard which is much slower than the countries
that are the world's major automobile production bases. In this
regard, TISI has received an order to expedite the adjustment
of emission standard to Euro 5 by 2021. Therefore TISI will
accelerate the implementation by developing Thai Industrial
Standards (TIS) which will be effective by 2021 and will continue

to adjust the emission standards to Euro 6 by 2022.

Combines the power of
the Ministry of
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The Committee on driven the Institution networks of
Ministry of Industry has created public awareness of Institution
networks of Ministry of Industry by creating an Industry
Network logo to be used in publicizing the mission of the
institution networks as a symbol of being Institution networks
of Ministry of Industry and together drives Thailand’s mission
in the digital age which started to be used from Friday,
1* March 2019 onwards.
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Global environmental and energy problems causing the
changing trend of automotive internal combustion engines
toward the next generation mobility which are environmental
-friendly, electric vehicles (EV) are one of the most noticeable
changes which can be observed from the EV volumes continuously
increasing worldwide. Thailand as one of the world's major
automotive production bases has also developed the EV industry
with various support policies from the government sectors to
enable Thailand to be the EV production base. And The Board
of Investment (BOI) has approved 8 leading automotive
companies for the investment promotion of the domestic EV
production in order to support the advance of automotive
industry in Thailand in accordance with the changes of the
global automotive technology.

Thailand Automotive Institute (TAI) under the Ministry of
Industry is the hub to continuously develop automotive and
auto-parts industry for 20 years can foresee these changes
and set the vision according to the main goal of being “The
leading organization of automotive and auto parts industry
development with environmental-friendly business ecosystem
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and modernization” and to be knowledge center and expertise
for automotive industry development by establishing the Next
Generation Automotive Research Center to study and research
technology trend, automotive innovation and aviation and
rail system movement for users from the governments, private
sectors and general public will be able to utilize them

numerously.

Mr.Wanchai Phanomchai, Secretary-General of Thai
Industrial Standards Institute (TISI) said “Battery is the key
component of EV including the use of batteries and in other
industries as well such as energy storage etc. Using the
battery as the main component of motor vehicle must consider
safety as a priority which manufacturers must build confidence
in this new technology for consumers through strict international
standard testing process”. TISI is accelerating the drafting
of battery standards for EV according to UNECE R100
standards and related standards use in Thailand.

In this regard, TISI recognizes the potential and readiness
of TAl therefore supporting the budget for the provision of
testing tools and allowing the use of a part of internal space
in Automotive and Tyre Testing, Research and Innovation
Center (ATTRIC) which is located in Sanam Chai Khet,
Chachoengsao to construct a battery testing center for battery
tests to meet international standards. It is necessary to perform
tests in special designed building which is considered the
first battery testing center in ASEAN.

The establishment of battery testing center with following

purposes:

1. Be one of the infrastructures to develop the EV industry

2. To support the regional expansion of EV and battery
industries

3. To support battery testing according to international safety
standards

4. To protect consumers safety against inferior products

5. Become a regional research and development center for
EVs and batteries

6. Human Resource Development in all EV sectors both

industrial and academic
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To meet international standards, TAI has signed a memorandum
of understanding (MOU) with TUV SUD Thailand Limited (TST)
which expertize in global battery testing to work together on
testing and certification of battery standards and upgrade
the battery testing standards to be effective in Thailand
including building confidence for battery manufacturers and
consumers.

TUV SUD is a global testing, inspection and certification
service provider with experiences over 150 years in various
industries through a network of more than 1,000 branches
worldwide, also the experiences in automotive infrastructure
and renewable energy concepts and expert in developing
and testing e-Mobility technology. The company has a battery
testing laboratory that is a part of battery testing laboratories
network of TUV SUD AG, Germany which its network is located
in China, Europe, Japan, Korea, Canada and the United States.

TAI will collaborate with TST to provide battery testing
services for EVs including batteries used in other industries
both domestic and overseas.

Scope of Cooperation

TAI Roles and Responsibilities

1. Provide instruments and qualified testing staff for testing
including develop and maintain laboratories

2. Testing the safety and efficiency of EV batteries (EVB)

3. Operate testing EVB according to UNECE R100

4. Install laboratory quality control system for EVB according
to international standards (ISO/IEC 17025)

TST Roles and Responsibilities

1. Give advice for design, install instruments for EVB
laboratories

2. Support EVB testing operation as methods and procedures
of safety high efficiency, environment-friendly, and prepare
testing reports for international market

3. Support the operation of EVB testing according to UNECE
R100 for certification as Technical Service

4. Support the operation of EVB testing to meet ISO/IEC 17025
certification

The investment on this battery testing center will be
approximately 300 million baht which will be built on the area
of over 3,000 square meters, divided into battery performance
testing zone, battery safety testing zone which requires a safety
test room that can support burning and battery explosion from
testing, and we expect this testing center will be opened for
service in the first phase by early 2020. In addition, this battery
testing center has available space for the expanding scope
of testing in the future as well.
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This memorandum of understanding signing between
Mr.Adisak Rohitasune, Acting President of Thailand Automotive
Institute and Mr.Chatvithai Tantraporn, General Manager of
TUV SUD Thailand Limited, by having Mr.Wanchai Phanomchai,
Secretary-General of Thai Industrial Standards Institute and
Mr.Richard Hong, Chief Executive Officer of TUV SUD ASEAN
as honorable guests in this MOU signing ceremony.

TAl and TUV SUD expect that this battery testing center
will be an important part for automotive industry development
in Thailand and become one of the world's leading battery
testing centers for the development of automotive and

vowseme uazluniidlugudnisvedeuuunmestuthsedulan | auto-parts industry in the future.
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Thai Industrial Standards Institute (TISI) visited TAI
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Mr. Adisak Rohitasune, Acting President, Thailand
Automotive Institute (TAI), gave a warm welcome to
Mr. Wanchai Phanomchai, Secretary-General of Thai Industrial
Standards Institute (TISI) and TISI Executives who visited
TAl to discuss about collaboration between TAl and Institutions
Network of the Ministry of Industry in order to integrate the
work to support the role of network institutions in accordance
with the Ministry of Industry policy and guidelines for the
development of standardized works such as TAl role
adjustment as a Standard Developing Organization (SDOs),
the master plan for setting electric vehicles standards and
cooperation in certification examination by authorizing TAI to
be Inspection Body (IB) agency for TISI surveillance
assessment works, track the progress of procurement testing
machines and equipment and seeking the collaboration in
rubber products testing at Automotive and Tyre Testing,
Research and Innovation Center (ATTRIC) including supporting
the data links development to focus on Industry 4.0.



The Prime Minister visited the Automotive and Tyre Testing,
Research and Innovation Centre (ATTRIC)

to monitor its progress to create investor confidence
by expecting the cash flows over 1,000 million baht annually after ATTRIC completion.
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On Wednesday, March 20", 2019, General Prayut Chan-ocha,
Prime Minister, visited the inspection area to follow up on
the progress of the Automotive and Tyre Testing Research
Center project (ATTRIC) at Lat Krathing Sub-district, Lat Krabang
District, Sanam Chai Khet District, Chachoengsao which is
the Cabinet's project resolved on 29" March 2016 which approved
Thai Industrial Standards Institute by the Ministry of Industry,
conducting ATTRIC project under the budget of 3,705.7 million
baht, divided into 2 phases. The first phase involves testing
of tyres under UN R117 standard while the second phase is
designed for automotive and auto parts testing for 5-year
operation period on 1,234.98 rai at Lat Krathing Sub-district,
Lat Krabang District, Sanam Chai Khet District, Chachoengsao
to provide testing and certification services for automotive
products, auto parts and tyres according to international
standards by turning Thailand into a hub for the transfer of
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automotive and tyre technologies in ASEAN. After its completion,
expected to pull funds flow continuously for at least 1,000
million baht annually, saving the cost of products testing
overseas of 119 million baht per year, and supporting the
increasing use of domestic rubber more than 150,000 tons.

The first phase project, tyre testing according to the UN
R117 standard, consists of a tyre testing proving ground for
testing sound emitted from the contact between the tyre in
motion and the road surface and grip on wet ground. At present,
the construction has been completed and certified by Applus
+ IDIADA, Spain which conforms to internationally accepted
standards. The testing laboratory for tyre testing in the rolling
resistance and the office building will be completed at the

end of this year.

The second phase project, automotive testing and auto
parts which expected to be completed in 2022. Currently,
the design and completion of the area has been designed to
support the construction of the automotive proving ground,
consisting of 5 parts of the field which are brake performance,
park brake, dynamic platform, skid-pad, and long distance
and high speed.

Prime Minister has signed a project initiation document
to kick off phase 2 to provide policy for project operation to
ensure Thai automotive makers that ATTRIC will be completed
in 2022.
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On 18" January, 2019, representatives of Thailand
Automotive Institute (TAI) gave a warm welcome to a group
of Student form JSAE Kanto-Branch Japan and TSAE who
visited TAI R&D Testing Center, Bangpoo for exchanging
knowledge at TAl Testing R&D Center, Bangpoo.
Kluaynamthai Office.
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On 7" February, 2019, Mr. Threepol Boonyamarn, Vice
President - Testing, R&D Center, Thailand Automotive Institute
(TAI), gave a warm welcome to Isuzu Suppliers group who
visited TAI EV Technology & Innovation Learning Center and
TAI R&D Testing Center at Bangpoo, to learn to improve
production technology skills to be more efficient according
to both Thailand standards and International standards.



Renault & Nissan Motor Visited TAI Testing Center
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On 8" March, 2019, Mr. Threepol Boonyamarn, Vice
President - Testing, R&D Center, Thailand Automotive Institute
(TAI), gave a warm welcome to The Management Team of
Renault (France) and Nissan Motor (Japan) at TAl R&D Testing
Center, Bangpoo for observing about standard test methods
in Thailand.
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JICA led Entrepreneur Group from Bangladesh visited TAI
JICA Unaru:UnssnadunanAIniSean10ugIugus

lotuil 14 funew 2562 wesuiand Audy sesSrutens
andueueud dousuanztingsiannUssmeadinaime Tned
Japan International Cooperation Agency (JICA) 84AN13
anuswiloszrinysemanisdu vihenuvesssuiadu
Dufuszaunuaded iflevm3ouazuanidouanufnuiiu
\Aeatugshagramnssurusuivessemelng uonaini
gelasuiiosaain uredym audlngsd wenauiaugudn
Fudrususuding Wrsuliarudadiulunisssyunded
o HosUsza 309 antugususd dinaundaedily

On 14" March 2019, Mr. Thanawat Koomsin, Executive
Vice President of Thailand Automotive Institute gave a warm
welcome to Japan International Cooperation Agency (JICA)
& entrepreneur group from Bangladesh to discuss and
exchange ideas about Thailand automotive industry.

In addition, Mrs. Achana Limpaitoon, President of Thai
Autoparts Manufacturers Association (TAPMA) gave an honor
to participate this meeting which was held at the meeting
room 309, Thailand Automotive Institute, Kluaynamthai Office.
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BOI led Entrepreneur Group from Republic of Korea visited TAI
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On 14" March 2019, Mr. Adisak Rohitasune, Acting President
of Thailand Automotive Institute gave a warm welcome to Board
of Investment of Thailand (BOI) and entrepreneur group led by
the mayor of Changwon city, Republic of Korea, consisting of
executives, CEOs of SMEs in automotive, parts and high-tech
machines Including executives of Changwon Industry Promaotion
Agency (CWIP) to introduce an overview, automotive industry
information and investment channels in Thailand which this meeting
was held at the meeting room 301, Thailand Automotive Institute,
Kluaynamthai Office.
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By Mr. Sekpornsawan Boonpetch
Freelance
Business Development &Human Resource Development Advisor

When we refer to the training need of industrial
sector and question whether it is necessary, | would like to
explain below:

Initially, Thailand industry, human resources department
usually sends new staffs to each requested department after
ending the recruitment. Then, these staffs will be coached by
supervisor according to the requirement of their job function.
Supervisor may also assign experienced staff to teach them.
If they want to lean other functions, they may learn from their
senior staff or learn it through the back door which cannot be
known whether it is correct. They learn from what they have
seen that sometimes causes error.
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Error may be caused from 2 types of learning

. Learning from incomplete memorizing. Each person has
ability to memorize at different levels. As some can memorize
things quickly and completely and perform their job with
quality and correctly.

. Learning from coaching or advising: Each supervisor has
different thought and skill for coaching or giving advice.
At times, mood and feeling during teaching may sometimes
affect his coaching which consequently causes problem.

Problems from incorrect learning and coaching

1. Below-standard quality

2. Various occurrences of malfunctions that lead to remake
and repair of below- standard quality products which may
cause boredom or accident, eventually

3. Damage of tool or machinery ahead of time

4. Sudden stop in operation affecting to cost, profit or creating
loss, if not solved in time

As from the above, they indicate that problems are
occurred from inproper coaching or learning from others
without systematic or below standard coaching. Thailand is
an agriculture based country that is stepping toward industrial
era. This means our human resources are “Not born to be
But Build to be”
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€ TRAIN THE TRAINER

Thus, training is necessary for all types of industry;
especially, beginning with on the job training. As we are not
able to afford long period of coaching or learning because
of time constraint; therefore, coaching systematically, is
needed based on the set goal, “Well coaching is to make
student learn fast and is able to apply it right with safety and
well awareness”. Trainer needs to comprehend the job, nature
of student and method of well coaching to prevent problem
that may occur.

After efficient and effective coaching with on the job training,
it is necessary to learn new technique to be up-to-date and
further job development. There are 2 types of training, which
are in-house training and public training

Training is very important to the industry; particularly,
during the transformation toward Industry 4.0, where human
resources may still lack knowledge and comprehension of
new technology. If an organization undergoes a change in
term of using modern tool or machinery in production process
without creating an understanding and building organization
to be an organization for learning, problems may occur. On
the other hand, if both have been established beforehand
through training, this will lead to smooth operation step by step
and eventually reach the goal of organization more, easily.
Furthermore, employees will have better morale and better
work environment in the organization.

All of these answer

“Why is training needed?
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TESTING STANDARDS

Direction of EVs

standards of Thailand D
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While world is keeping an eye on electric vehicles (EVs)
movement, the proportion of EVs volume in 2017 increases
by more than 50 percent from 2016, making worldwide
accumulation figure to over 3 million EV (data from Global EVs
Outlook 2018, International Energy Agency). Once the number
of EVs increase, it is necessary to set safety standards and
environmental protection measures. EVs leading countries,
for example China, United States, and European Union countries
are conducting research and development to set forth the
common standards of key components of EVs., for example,
batteries, chargers, and other related components. At present,
there are many international standard organizations developing
EVs relating standards, especially batteries safety and charging
station including plug and socket, such as ISO, |IEC, SAE or
standards developed by region or country, e.g. UN Regulations,
Global Technical Regulations (GTR), and GB/T of China, as
well as the standards of the manufacturers themselves, such
as General Motor (GMW). Although there are many standards
for EVs, ISO and |IEC are internationally used as reference
standards in many countries including Thailand. Those
developed EVs standards are aimed to be general safety
requirement of vehicle, such as ISO 6469-3 (Electrically
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Propelled Road Vehicle Protection, Persons Against Electric
Shock), be requirement for charging systems, such as IEC
61851 (Electric Vehicle Conductive Charging System), be
requirement for charging connector, such as IEC 62196
(Plugs, socket-outlets, vehicle connectors and vehicle inlets),
and be a communication standard between the charging station
and the vehicle, such as ISO / IEC 15118 (Vehicle to grid
communication interface).

Thailand has foreseen the drastic growth trend of EVs.
Hence the government has deployed EVs promotion policies
by based on following motivations: being the original automotive
production base which has the car supply chain in both quantity
and quality that can be further extended to the production of
EVs. And the government agenda that needs to solve the
middle income trap of the country by using innovation to
produce high value added products. Therefore, the measures
to promote the investment of EVs and batteries has been
announced, with the goal of having a 25 percent EVs production
from domestic car production in 2036. At the same time,
consumer protection and environmental friendliness would be
also the essential agenda to be concerned. Thai Industrial
Standards Institute, therefore, has prepared the national
standards by referring to international standards, starting from
the standard of plugs, socket-outlets, vehicle connectors and
vehicle inlets, according to IEC 62196, which has 3 books

as follows;

IEC 62196-1 Plugs, socket-outlets, vehicle connectors and
vehicle inlets — Conductive charging of electric vehicles —
Part 1 : General requirements

IEC 62196-2 Plugs, socket-outlets, vehicle connectors and
vehicle inlets — Conductive charging of electric vehicles —
Part 2 : Dimensional compatibility and interchangeability
requirements for A.C. pin and contact-tube accessories

IEC 62196-3 Plugs, socket-outlets, vehicle connectors and
vehicle inlets — Conductive charging of electric vehicles -
Part 3 : Dimensional compatibility and interchangeability
requirements for D.C. and A.C./D.C. pin and contact-tube
vehicle couplers
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* 19N.61851 1 1 — 25XX UINTFIUHEAAUNAAMNTTUTEUY
Usealaiirusthuessusudliin i 1 derfmusiily 81
IEC 6185-1 Electric vehicle conductive charging system —
General requirements

* 19N.61851 LAy 21 — 25XX mmgmwﬁmﬁm%qmmmimwu
Usgglniiuatihvesenusudlnii u 21 Jefvuneueud
Tihdmsunsdeusierusnilugumasingrnszuaadu/mse
91984 IEC 61851-21 Electric vehicle conductive charging
system — Electric vehicle requirements for conductive connection
to an ac/dc supply

* 18N.61851 LAY 22 - 25XX 1ATTIUNEATUINNEMNTINTYUY
Usgalnilmuditivessueudliii iy 22 anfidauseq
guguAlinIzIaaaU 91989 IEC 61851-22 Electric vehicle
conductive charging system — ac electric vehicle charging station

+ 19N.61851 Law 23 — 25XX mmgmmﬁmﬁmﬁﬁqmmmiimzw
Uszalwieudativeseueudliii @y 23 anfidauseq
guun bllinNTELEnSs 91999 IEC 61851-23 Electric vehicle
conductive charging system — D.C electric vehicle charging station

* 1BN.61851 1N 24 — 25XX WINTFIUNEATUINAAMNTIUTTUY
Usaluliruiihweseusudliih du 24 msdeasuuuiia
sevinaedesdnuszgliiinnszuansaiugueudliin dwmiu
AIVANNTONUTEILUUNTELARTI 81984 IEC 61851-24 Electric
vehicle conductive charging system — Control communication
protocol between off-board dc charger and electric vehicle

- 19N, 2776 — 25XX sususTTuAdoudeliih - nsdeuste
fuundsdrerndsinihneuen - Snvaedidesnsduanulasnse
91994 1SO 17409: 2015 Electrically Propelled Road Vehicle,
Connection to an External Electric Power Supply (11915574
U19AUDY TENININTLEUDRDSTIUATIINIINTENTIGAAIMNT TN
\ieaauw)

* 180, 2952-xxxx AMUUaATENeNHveIsadnseueua b
LAYWUALIBS (UBUAUSEAT L) 51@5@11’1@3@'114 UN R136
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UN R100
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* 19N, 2326-2550 1AsgIURAnsuaenamnssy anuiule
nautlmdnlifiweseugus §1983 UN R10 (agseninamsusuls
UINTPU)

In addition to the standard of plug and socket, there are
also on going drafted standards related to EVs to be adopted
as TIS, which are;

* |[EC 6185-1 Electric vehicle conductive charging system —

General requirements

* |[EC 61851-21 Electric vehicle conductive charging system
— Electric vehicle requirements for conductive connection to
an ac/dc supply

* |[EC 61851-22 Electric vehicle conductive charging system
— ac electric vehicle charging station

* |[EC 61851-23 Electric vehicle conductive charging system

— D.C electric vehicle charging station

* |[EC 61851-24 Electric vehicle conductive charging system
— Control communication protocol between off-board dc charger
and electric vehicle

* ISO 17409: 2015 Electrically Propelled Road Vehicle,
Connection to an External Electric Power Supply

* UN R100 Uniform provisions concerning the approval of
vehicles with regard to specific requirements for the electric
power train

* UN R136 Uniform provisions concerning the approval of
vehicles of category L with regard to specific requirements
for the electric power train

* UN R10 Uniform provisions concerning the approval of

vehicles with regard to electromagnetic compatibility




Tuvauzidedu nsunsvudInisun tedusenalisasus
ATULARDUNILUBLADS PTHTITOUUALALINTYTUYUN A BINIY
AMINAAUAAILBLMDS AN Tneruuali

1. 508UATUINTENINTINTR 508UAUSNNITIAT SO8UAUINIS
Va3 sneuduImslvin sosuddauypea iduindeude
wolneslin foslifasiing (Rated Power) vasuaimaslinii
Lyitfeunan 15 Alatnd wazaunsaduimdeusalidanuss
geanlalaidosnii 90 Alawmsdadalug LLGﬂUﬂimL‘Uumﬁlum
aaaLaﬂsumqLLauiaaummmuUﬂﬂalmmu 7 Ay fihimidnsa
laisahminussuunngs deunth 450 Alandu viedusagud
vssynduyeaai fuiminsoldsumhninvewumnnes
Uoun11 600 Alansu AeelA189NnAA (Rated Power) U84
wowesluilidesnin 4 Alated wazaunsaduindousa
Tiinnusagegelalitosnin 45 Alawnssedalus

2. sooudsuisaudeuarsnsuiaudedinyana Aduindeu
pouenas Wi A9sllAasiin (Rated Power) J8suaines
Tilaitiosndn 4 Alated wazausadundousaliiinudy
geanldlaitfosndn 45 Alawnssetilus

3. S09NSYIULUANITULAA UM ILUDLADS NN AolnaIfiin
(Rated Power) vasuawmas i laitaenin 250 T wavanunse
Tuindeusalifinnuisgsaaldlidesndy 45 Alawnssedalug

Meanwhile Department of Land Transport has announced,
that electric motor-driven cars and motorcycle, must pass
the test of the electric motor power by requiring;

1. Public service car between provinces, sightseeing service,

car rental service, and private own car powered by electric
motor must have rated power of electric motor not less than
15 kW and maximum speed of not less than 90 kilometers
per hour.
In case of small car, not more than 7 passengers, and
weight less than 450 kilograms, excluding the weight of
battery, or private own truck with a weight less than 600
kilograms, excluding the weight of battery, must have rated
power of electric motor not less than 4 kW and maximum
speed not less than 45 kilometers per hour.

2. Taxi, tricycle and personal tricycle cars powered by electric
motor must have rated power of electric motor not less than
4 kW and maximum speed of not less than 45 kilometers
per hour.

3. Motorcycle powered by electric motor must have rated power
of electric motor not less than 250 watts and maximum
speed of not less than 45 kilometers per hour.



|
NAVIGATON - € TESTING STANDARDS

gate to the Automotive Industry
L Aut otive Institute

MnasyuLardoruuaiiRefosiusasudluindifvue
Tneva awe. uaznsumsvudmIsun an1dusuuddsldisedn
nsfuiunsiadasfifinmadeusesiunnsgIusasud
rihussuunmeddmiveueudliihiiiSasintu laeduan
wmsguasUasafemsliiieseusudliwasuunine’
IuBUAUsELAT M uaz N (sasudtauassaussnn) $198anna
11013914 UN R100 Feusznaulushenavageu

1. MsvadeunsduasLiiau (Vibration) Wensiadeuuszansain
asvhusuaulasnsennelianininadeunisduaziiiou
meldaninznisduasifiouiindrondsiufienaiind uneld
AU IUN N UEAINUNR

1. Vibration test to check safety performance under
vibrating environment similarly to that may occur under
normal vehicle used.

2. msnaaeuMsABUUUasgungilneduNaY (Thermal shock
and cycling test) {lensaaaeuAMiUMIY AonsIAsuLUAY
gumgiiegredundu figumaiivszana 60 ssrnwaldoadis -40
DIATALTY

2. Thermal shock and cycling test to check resistance of battery
in condition of sudden temperature changes within the range
of temperature of 60 to -40 degree Celsius

From the standards and requirements related to EVs
defined by both Thai Industrial Standard Institute and the
Department of Land Transport, Thailand Automotive Institute
has accelerated the establishment of testing laboratory to
support electric vehicles and batteries for electric vehicles,
by starting with the EVs battery safety standards of motor
vehicles category M and N (passenger cars and trucks)
according to UN R100, which consists of tests
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3. Mechanical shock testing is to examine the safety
performance under inertia force. Testing condition on testing
machine can be both acceleration or deceleration like installing
a battery on car.
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4. Fire Resistance Testing is heat resistance from fire to allow
the driver and passengers having enough time to escape.
The test can be carried out, either using actual vehicle test to
simulate the actual installation conditions in a car, or as
a component test without having to install a vehicle.
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5. MINAFBUANULIATIvBlATIES 1 (Mechanical Integrity)
nadoUANLT NI wedlasIEUAmESWNALUUTING fag
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5. Mechanical Integrity is to assess the strength of battery
pack structure, by creating compression pressure on to battery,
to simulate the situation in which the car may have collision.

6. NSNAFBUNITANINAT (External short circuit protection)
NAADUANTIOULVDITT UL TR UNITAN AT U UBNVDILUNLADS

6. Short circuit test (External short circuit protection) to test
the performance of the external short circuit protection system
of the battery.

7. m3tosiunisusealniiiu (Over Charge Protection)
7. Over Charge Protection
8. msteariunsareyseqlniiAv (Over Discharge Protection)

8. Over Discharge Protection

9. ﬂﬁif]aﬁﬁ’uqm%qﬁlﬁu (Over Temperature Protection) sJu
m3nsIaeulsEavsnmusimstesiuaiuiougenelusening
a1y dranudeugaiunueigaumvgdnuivnguaniivue
%f%mﬁizwﬂaaﬁumuﬁm%ummqmmﬁmamwmmﬁ

9. Over Temperature Protection is an examination of the efficiency
of internal heat protection during use. The manufacturer need
to determine temperature threshold to prevent the temperature
increase of the battery.
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By above testing topics of EVs battery testing laboratory,
establishment is divided into two phases, Phase 1 can provide
services in topics 5 through 9, which are expected to be ready
in the year 2020. Phase 2 will be able to provide all test services
according to UN R100 in the next consecutive year.

To align with the goal of promoting Thailand’s automotive
industry to be the center of EVs production in the region.
National product standards align with international are necessary
in order that products produced from Thailand would be
complied with international standards and recognized in the
global market. At the same time, development of testing
infrastructure to be able to support those established standards,
and used for supporting the development of Thai entrepreneurs
to have the ability to conduct research and development to
their commercial productions, must be continuously
conducted.
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Acceleration of EV and PHV
Lineup Expansion (Part 2)
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The article of “OEM Electrification Strategies : Acceleration
of EV and PHV Lineup” was partial presented in the previous
issue. Thus, the author would like to continue for the rest which
you can read from this issue for continuity.

Renault-Nissan-Mitsubishi: Aiming for global sales of
14 million vehicles by 2022 and 30% electrified vehicles

Alliance 2022

In September 2017, the Renault-Nissan-Mitsubishi
alliance announced its "Alliance 2022" 6-year plan, aiming for
global sales of 14 million vehicles by 2022, and sales of USD
240 billion. The Alliance will not only release 12 full EVs, and
feature autonomous driving technology on 40 models, but
also aims to enter the dispatching service business using
unmanned vehicles. New motors and batteries for EVs will be
developed and shared among the Alliance. The Alliance plans
to strengthen its position as the leader in the EV region.



aelut 2563
By 2020

aelud 2565
By 2022

safufisgimunsandsanuluih BV uuunanviesussiudnaginlitugnavnssunanes Aunelud
2565 Azrpsransanaanulni BV 16 70% nunanwesuil
Uaseuawasuazuunwasiyidmsusandanulnii v dmsuldnelunquiusiing

Realize a common platform exclusively for EVs that can be applied to multiple segments. By 2022,
70% of EVs will be based on the common platform.
Release a new EV motor and battery and share among the Alliance

Uaossandsnuluih BV asugn 12 fu warsondaamdliiih BV fuddyq Tifuusiazgpanmnnsuitomun
Tusaadiiu euidni Iu uazelsy nquitusinsmaiannsavieenuerilanls 14 Sufunelul 2565
38313 30% iHusandanulnih BV Fasamdesandsanlih Evs Sue de

sandsnulndih v anmnsaduidoululdsraenie 600 Alawns (nun NEDC) Freannsiiuunines
AiBuaUsndald 300% (Hoifieuiulud 2559)

Winaussauznstuedeusenisvsalniiuuusa 15 udildszegmann 90 AlawnasTud 2559 By
230 filawuns (visa NEDC)

Release 12 full EVs, and release EVs in all major segments in the Japanese, U.S., Chinese, and
European markets. The alliance expects that of its global sales of 14 million vehicles in 2022,
roughly 30% will be electrified vehicles, including EVs.

Achieve a driving range of 600 km (NEDC mode) with EVs. Reduce the cost of lithium-ion batteries
by 30% (in comparison to 2016).

Increase the driving range from a 15 minute quick-charge from 90 km in 2016 to 230 km (NEDC mode).

Renault: ISd0onsunana Aldwasgaulwwa EV Tenn ZOE
na: Kangoo

Renault lsﬁ”aaﬂiawﬁ"ﬂmﬂw%ﬁﬁamsausqa, iuﬁ"maﬁ
1§ ZOE uaz Kangoo aghsiaiiies ndns TunaiadSusawas
glsU wazdlodag Saumeweslvl {uaneusud 1Fdnuans
sondelnih EV soavesn TREZOR waz EZ-GO fildfaduriu EV.

Renault: Acceleration of higher output models of its major
EVs such as the ZOE and Kangoo

Renault has released high-performance, high-output models
such as the ZOE and Kangoo continually, primarily in France

and the European market. At recent motor shows, the OEM
has exhibited its TREZOR EV sports car, and the EZ-GO ride
share EV.
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Renault 1Uaf3 ZOE na%‘ﬁuamiauzgﬂ, WwIRn ZOE 3-avasn lud 2560 Auaiian waweslys dadu
FUATAMNSGNTIIN 0-100 km/h (62 mph) el 3.2 Fundl
Tul 2561 ZOE laimwanvaziivavraaawnasivil R110 80 kw drminglviungu Daimler THiusu Smart

ZOE
Renault exhibited the high-performance version of its ZOE, the ZOE e-Sport Concept, at the 2017 Geneva
Motor Show. The model is capable of accelerating from 0-100 km/h (62 mph) in 3.2 seconds.
The 2018 model ZOE features the R110 80 kW electric motor. The R110 is also supplied to the Daimler
Group's smart models.
Tugg¥eudl 2560 Renault léUdessu Z.E. 33 senan laglduunineaiBen-lesou
Kangoo Z.E

In the summer of 2017, Renault released the Z.E. 33, which features a 33 kWh lithium-ion battery

wuafia TREZOR EV GT dwisuiifidousandsaulaiiin BV aosiits leddauansiiaud 3a uoines Tui
TREZOR EV GT | ¥ 2559 Wusnewinldueimesiaseseusiuuy Formula E

CONCEPT
The TREZOR EV GT Concept is a two-seat EV tourer, exhibited at the 2016 Paris Motor Show. The vehicle
features a motor developed based on its Formula E machine.
fu TREZOR EV GT asiiauiaiin wewneslyd 1ud 2561 dmsusandsnulniii BV dud5audu
EZ-GO Asusns lnellanwaeireldnaluladtduinfousnlud® Level 4

The EZ-GO was exhibited at the 2018 Geneva Motor Show. The vehicle is an EV for ride sharing
services, and features Level 4 autonomous driving technology.

Renault ZOE e-Sport Concept Renault TREZOR EV GT CONCEPT
(2017 Geneva International Motor Show) (2017 Geneva International Motor Show)
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Nissan M.O.V.E. to 2022: Development of a new EV based
on the new LEAF, further usage of e-POWER

In November 2017, Nissan Motor Company announced
its "Nissan M.O.V.E. to 2022" mid-term plan, and in March 2018,
announced its electrification strategy as part of its plan.
By FY 2022, the OEM aims to sell a combined total of 1 million
vehicles annually of its 100% EVs and vehicles featuring
e-POWER. Nissan anticipates that the sales percentage of
its EVs and electric vehicles including those featuring
e-POWER will reach 40% in Japan and Europe by 2022, 50%
by 2025, and in the U.S. 20 to 30% by 2025, with China also
expecting to reach 35 to 40% by the same year. The following
are the detailed measures the automaker plans on executing:

» Develop 8 EVs based on the new LEAF

« Actively release EVs through various brands in China

* Release an EV mini car in Japan

* Release a global crossover EV inspired by the IMx concept car
« Electrify new INFINITI models to be introduced from FY 2021

Nissan plans to release affordable EVs such as a C-segment
EV utilizing technology nurtured through the new LEAF, as
well as an EV based on an A-segment SUV platform. The
Venucia brand will also release 2 EV variants. Furthermore,
the OEM will feature e-POWER technology currently available
on the Note and Serena in Japan on more models. INFINITI
will release EVs or vehicles featuring e-POWER technology
on new vehicles after FY 2021 and expects more than half
of its global vehicle sales by 2025 to be electrified vehicles.

Nissan already has established the LEAF at the core of
its EV development efforts and is currently aiming to increase
its output and extend driving range, as well as feature equipment
such as autonomous driving technology. Additionally, the OEM
released the Note and Serena featuring the e-POWER series
hybrid system in Japan, greatly increasing the sales of electrified
vehicles. In the future, the automaker will develop engines
exclusively for powering e-POWER and will aim to improve
thermal efficiency by 50%. The IMx EV crossover concept
also features advanced autonomous driving technology




LEAF

Note e-POWER

Serena e-POWER
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LEAF Tnil WWadnludounanau 2560 Juueudildinaluladnstundeusalusi® ProPILOT wazmalulad
A1590A508MUNR ProPILOT Park Wags¥uu e-Pedal wiwmwmmiaamwmmmaﬂ 199 AAALUSEL
Tnsnsnatngainiu

Tl 2560 Daduladnuanuunfn LeafNismo Alafien wawmasley wazdannsniseangaainlul 2561
ASIUNET

The new LEAF was released in October 2017. The vehicle features the ProPILOT autonomous driving
technology, the ProPILOT Park autonomous parking technology, and the e-Pedal system, which allows
drivers to start from a stop, accelerate, decelerate, and stop using only the accelerator pedal.

Nissan exhibited the high-performance Leaf Nismo Concept at the 2017 Tokyo Motor Show. The vehicle
is scheduled for release in the second half of 2018.

3u Note Tumsldimalulagd-wianesluganass Neandminglul 2559 lawil Note 8-w1at38s NISMO
Juguiflanssaugibon wazidiudiluuaenisudaluliveaiu

The second-generation Note e-POWER version was released in November 2016. The high-performance
model Note e-POWER NISMO was added to the lineup in December of the same year.

MswAlulagd-n1esv84 Note @1uns5atunleny Serena Nlasgasnuludsuiiunay 2561

The e-POWER technology featured on the Note was adopted for the Serena, which was released in
March 2018.

fhu IMx Wuninfnuaunaufisawansiiladien sewmes T 1ud 2560 Imal%mvﬂuiaﬁmﬁuLﬂé"aué’m‘luﬁa
Guuaa annsadutlglussezma 600 Alawns visesnnnindwmsundaliiifissndasier yenaind IMx KURO
uuimumﬁaaﬂqumauaﬂiﬂfﬂmmu Igdauansdiouaiin vawes T Tud 2561 Tnosasusiidnvaz e
SAVRGHRNIIE)) LUuLwﬂIuIa%uuaqumnmmauamm@sﬂw

The IMx is an EV crossover concept exhibited at the 2017 Tokyo Motor Show, featuring advanced
autonomous driving technology. The vehicle has a driving range of 600 km or more on a single charge.
The IMx KURO, which features a fully redesigned exterior, was exhibited at the 2018 Geneva Motor
Show. The vehicle features B2V (Brain to Vehicle) brainwave detection driver support technology.
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Mitsubishi: Promotion of global expansion of electric
SUVs based on the Outlander PHEV

Mitsubishi Motors joined the alliance in October 2016. The
automaker is expected to play a central role in the expansion
of sales in the ASEAN region and the electrification of SUV
models. Sales of its mainstay model, the Outlander PHEV, are

HHAnEUEWA 9wUdey PHV L1astu Eclipse Cross saasedleiias | doing particularly well in Europe. By 2020, the OEM will release
3o compact SUV flaglfilusiuwuy SUV Jugsiieandmiineg

Tuvhlan

a PHV version of the Eclipse Cross compact SUV and will
actively advance the global deployment of its electric SUVs.

fngTnaunuldossu Outlander PHEV oonurluggioud 2561 ludiiu wazylsy

Outlander PHEV Mitsubishi plans to release an updated model of its Outlander PHEV in the summer of 2018 in Japan

and Europe.

wudAn eX Wusandsnulnih SUV BV idauaniilanien uawmas 13 1wt 2558 wasdnnisnaniseaninvine

1wt 2563

eX Concept
The eX Concept is a compact SUV EV exhibited at the 2015 Tokyo Motor Show. The vehicle is scheduled
for release in 2020.
LuIAn e-EVOLUTION Wusandsnuluii suV BV fisauansiilafien vewmed Tl 1ul 2560 Safusasus
naunaunalulad BV Fugsiumalulagauaunistuivavn wasiiaumalulagveserugudadelvg

e-EVOLUTION | 15¢15inalulad Al
CONCEPT

The e-EVOLUTION CONCEPT is an SUV EV exhibited at the 2017 Tokyo Motor Show. The vehicle
combines and advances EV technology with all-wheel drive control technology. Additionally, the

vehicle newly features Al technology.

Nissan IMx
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snwanulwwasunang veungdu Renault-Nissan-Mitsubishi Alliance (89AV18 : KLIDY)
Renault-Nissan-Mitsubishi Alliance major electrified models (Sales volume: units)

Brand 9U / Model [1lszinn / Segment|  EV/HV/ 2015 2016 2017 | Top-selling country
PHV/FCV
Nissan Note MPV EV (e-POWER) - 19,842 90,299 Japan only
Nissan Serena MPV HV 51,408 61,966 80,123 Japan only
Nissan Leaf C EV 39,813 48,772 45,914  Japan, USA, UK,
Norway, France
Renault Z0OE B EV 17,104 21,707 31,328 France, Germany,
Norway
Mitsubishi Outlander SUV (Class D) PHV 23,080 25,961 22,828 UK, Norway, Japan,
Sweden, Germany
Nissan X-Trail SUV (Class C) HV 17,948 17,532 13,053 Japan only
Mitsubishi Delica D:2 Unclassified HV 460 7,543 7,250 Japan only
Nissan Murano SUV (Class D) HV - 63 2,997 China, Korea
Renault Kangoo Unclassified EV 69 3,001 2,836 France
Nissan NV200 Unclassified EV 906 1,985 2,473 UK, France
Renault Samsung SM3 C EV 1,043 623 2,014 Korea only
Infiniti Q50 D HV 4,295 2,607 1,662 USA, Korea
Nissan Skyline D HV 3,185 2,139 1,620 Japan only
Nissan Rogue SUV (Class C) HV - - 1,066 USA only
Renault Twizy Unclassified EV 25 42 739 Korea
Mitsubishi i-MiEV A EV 1,124 817 694 Norway, Japan,
France
Nissan/Infiniti Fuga/Q70 E/F HV 1,784 1,111 637 Japan, USA
Nissan Pathfinder SUV (Class D) HV 2,245 816 389 USA only
Infiniti QX60 (JX) SUV (Class E) HV 2,357 1,115 298 USA
Venucia Venucia © EV 1,127 1,916 4 China only

MarkLines yearly sales figures by model

PSA: iUanosnwawulwwa PHV 7 su 1a: EV 4 sun1efu | PSA: Release of 7 PHV models and 4 EV models by 2021
U 2564
PSA announced its EV strategy in May 2016. The OEM

PsA liussmanagnsdmsusanadsnuliilufounguniay | will develop two electric vehicle platforms, and will release
¥ 2559 AuaneuguRzinunanlosy saeud EV 2 U uay | vehicles featuring these platforms starting in 2019. By 2020,
flusuniseansivnelut 2562 vaefinielud 2563 PSA adh | PSA aims to reduce CO2 emissions to less than 100 g/km in
ﬁﬁ]zaﬂ co2 Iﬁﬁléﬁﬂ’jﬂ 100 g¢/km Tu 60% w3ennnITluaen1su@n | 60% or more of its product lineup, as well as achieve average
wiouivan CO2 Tl 91 ¢/km Tulifeaiu waznelul 2564 | CO2 emissions of 91 g/km in the same year. By 2021, the
Q’Nﬁmmuauﬁ’mdLLNuﬁ%aaﬂiﬂWéjﬁmuWﬂ’] PHV 7 Sq'u ey automaker plans to release 7 PHV models and 4 EV models.
EV 4 qu
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PSA 2gWmuIsa PHV Uselan C wag D LLa%L%M@@ﬂﬁ’mﬁ’]Eﬂu‘ﬂ 2562 %ﬂLﬂuLﬂéaqauﬁﬁWmema%‘lﬁ
EMP2 wasulnh 12 8 13 Alateddalus (wh) azfidhmnefiegli BV duindeuls 60 Alawns

Efficient Modular Platform

PSA will develop a C and D-segment PHV and release them starting in 2019. The vehicles will feature
a drive battery with a volume of 12 to 13 kWh, and aim for an EV driving range of 60 km.

unwanwasu Tugans (Common Modular Platform)

CMP Wiannsudunas sewned Inefunasmesy azidnniunanesuvesiu EMP2 Avuathminedmiu
saUszLm B uae C dvaziueenselull 2562 uenainil PSA Waunanwesy sandsnuliih e-CMP
Wieldfusa EV v 4 juéu’m,wiﬂ 2562 f93 2564 wazLUAWMBITIUIA 50 Alataddalug (kKWh) Airuuadivane
33l¢7 450 Alawns dmsunsvsaliihedaden

CMP
Common Modular Platform

The CMP is developed jointly with Dongfeng Motor. The platform is slightly smaller than the EMP2 platform
and is targeted at B and C- segment vehicles. Vehicles based on this platform will be released starting
in 2019. PSA is developing the e-CMP electric vehicle platform and will feature it on 4 EV models from
2019 to 2021. The vehicles will feature a 50 kWh battery, and are targeted to have a range of 450 km
on a single charge.

dulng) PSA Sithesandsulnih BV rouunalulSuma PSA primarily sells compact EVs in France. In 2017, the
Tul 2560 rgwamBﬂuﬂuﬁlﬁaaﬂiawﬁﬂwﬂWﬂW EV L’Jai‘%'umﬁﬁﬁ’u OEM released EV versions of its compact vans, the Peugeot
souau Wesledminiues uasdnses lwesdn uasfinudauans | Partner and Citroen Berlingo. At recent exhibitions, the
doisan 1 gudneusudldianuuAansldsondanuliia | automaker has also showcased PHV and EV concept vehicles
PHV waz EV Inefdusuuannunanriesuidnazlvifuves EV u1ld | using the aforementioned EV-exclusive platform.

U Partner Electric {usandsnulii EV asuuna Avmunsinduseninuvesleduazingdd vewes
1wl 2560 wWeslesldaan Partner Tapee Electric dwsuyids Wusawundsnulniia EV aeuuna ned
FYUUAIMAIUUNINTEIY

Partner Electric

The Partner Electric is a compact EV commercial vehicle co-developed with Mitsubishi Motors.
In September 2017, Peugeot released the Partner Tapee Electric five-seat compact EV van, which shares
a common powertrain

i:u Quartz {unwansandsuludin PHY SUV peuunaifidnwugiirsainunannosy EMP2 dan1ss
N1599NIMULNGIY 2561

Quartz
The Quartz is a concept compact PHV SUV that features the EMP2 platform. The vehicle is scheduled
for release after 2018.
U FRACTAL (HuunAnsawdsenulwit BV Adauansil 1AA unssdingn uownos Tud Tud 2558
FRACTAL

The FRACTAL is a compact EV concept exhibited at the 2015 IAA Frankfurt Motor Show.




E-Berlingo
Multispace

Aircross concept

Citroen E-Berlingo Multispace tdusandssulnin EV nesdusawiunsuuna Niladafisiiounguainu
U 2560 FunIeseudliTindusyuudsiidvessu Partner Electric

The E-Berlingo is an EV version of the Berlingo compact van released in May 2017. The vehicle
shares its powertrain with the Partner Electric.

WUIRRNISHANNETY Aircross ¥895ana3uldY PHV SUV aauwne idnwaniiaudeald sawas 1o
Tud 2558

The Aircross concept is a compact PHV SUV exhibited at the 2015 Shanghai Motor Show

DS7 Crossback

DS E-TENSE

sandsulwin PHV 3u DS7 Crossback Jafunesdunilaves DS7 dauansiianuaiin vewnes 1
Tt 2560 Famsamsesndniienislul 2562

The DS7 Crossback is a PHV version of the DS7, exhibited at the 2017 Geneva Motor Show.
The vehicle is scheduled for release in 2019.

soaUasanaanulniin EV ju DS E-Tens Ndnuansiiauaiian vewas Tyl Tud 2559

The DS E-Tense is an EV sports car exhibited at the 2016 Geneva Motor Show.

snwanulwwasunang voungdu PSA (80AV18 : KUdY)
PSA Group major electrified models (Sales volume: units)

5U / Model

EV/IHV/
PHV/FCV

dszian / Segment 2015 2016 2017 Top-selling country

Peugeot

Citroen

Peugeot
Citroen
Citroen
DS
Peugeot

Peugeot

iOn A EV 890 1,893 1,503 France, Germany,
Norway

C-ZERO A EV 648 1,834 1,158 France, Germany,

Spain

Partner Unclassified EV - 485 1,038 France
Berlingo Unclassified EV 5 306 646 France
E-Mehari A EV - 536 295 France
DS5 D HV = 530 189 France
508 D HV 23 1,496 149 France
3008 MPV HV 157 397 - France

[EEMEE MarkLines yearly sales figures by model




Peugeot Quartz
(Source: PSA)
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DS7 Crossback
(2017 Geneva International Motor Show)

Tesla: Leading the luxury EV market, plans to expand its
EV lineup

In its July 2016 mid-term plan (Part 2), Tesla announced
it would expand its lineup of EVs and enter all major segments.
The automaker plans to release the Model Y, a new compact
SUV based on the Model 3, in 2019. In November 2017, Tesla
announced overviews of its "Semi" semi-truck trailer (scheduled
for release in 2019), as well as its new Roadster (scheduled
for release in 2020). Additionally, the OEM plans to release
a pickup truck and a minibus that use the same platform as
the Model X.

suluiea Y Wusandseulailn SV Aeuwwelaulml dnansanisesndmiinglull 2562 WWugueudald

The Model Y is a new compact SUV, scheduled for release in 2019. The vehicle uses the same platform

fuluiea S iWusandasauliin BV Fa1u fleenlud 2555
Model S

The Model S is an EV sedan released in 2012.

sulina X Wusondaauliia SUV fiwu1a1n Model S foanlud 2558
Model X

The Model X'is an SUV based on the Model S, released in 2015.

sulea 3 Wusowdsolwih BV dwiunansilvg feenluideunsngian T 2560
Model 3

The Model 3 is a mass-market EV, released in July 2017.
Model Y wnannesuRgItuiuIulieg 3

as the Model 3.

| u Roadster Il \useavedn 2+2 fitls Samsnsmseensiminglull 2563
Roadster L1ai
The new Roadster is a 2+2 seat sports car, scheduled for release in 2020.




Tesla Wnainsang EV snseausulina S uaz luna X
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Model 3 (Source: Tesla)

Brand UszLan / Segment

5U / Model

Tesla Model S E

Tesla Model X SUV (Class E)
Tesla Model 3 D

Tesla N/A Unclassified

[EEMETA MarkLines yearly sales figures by model
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EV/HV/
PHV/FCV

Tesla developed the luxury EV market with its advanced
release of its Model S and Model X, giving the OEM a massive
lead in the North American and European markets in the
segment. In July 2017, the automaker released the affordable
Model 3, but as the automaker is currently challenged with
the advanced automation of its manufacturing process, the
production of battery modules has bottlenecked, resulting in
delays to its production pace (as of February 2018).

2015 2016 Top-selling

country

39,536 40,569 43,656 USA, Norway,
UK, Germany,
Netherlands,

Canada, Switzerland
USA, Norway,
UK, Canada,

Netherlands,

208 22,821 35,334

Germany
1,771 USA

4,096 89 400 Norway, New

Zealand, Luxembourg

For more information of Automotive Industry Portal MarkLines,
please visit www.marklines.com

Tel : +66-2-665-2840

E-mail: infothai@marklines.com

Moving Ahead of Changg}

www.marklines.com



THAILAND

//.—//'// AUTOMOTIVE

=~ INSTITUTE
daniuugnugum

Thailand Automotive Institute

“The leading organization of automotive and auto parts industry
development with environmental-friendly business
ecosystem and modernization”

Automotive Testing Laboratory

Certified Testing Laboratory
(ISO/IEC 17025 for TIS, UN/ECE, JIS, ASTM, etc.)

> Exhaust Emission from Motorcycle, Gasoline Vehicle,
Small Diesel Engine, Heavy Duty Diesel Engine

Material for Automotive Part (Steel, Metallic Materials, etc.)
Environmental and Corrosion Test for Automotive Parts
Tyre Testing

Testing for Product Development
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Automotive Human Resources Development

Provides over 90 courses to increase productivity and reduce cost
for more than 300 cases and develop operator over 584 cases.
By offering these following interesting courses:

> Public Training, In-house Training
> Mind Management, Manufacturing Skill, ISO
> Skill Certification

Free Zone / Inspection Body

Appointed by Thai Industrial Standards Institute (TISI) according to
ISO/IEC17020 for TIS standard inspection. This emphasizes on
standards related to automotive, auto parts and steel product.

As a certification unit, we certify raw material production process
used in automotive production.

Industrial Research

Drives automotive industry by doing researches related to policy,
in-depth and specific field and significant analysis of automotive
industry in both short-term and long-term.

Policy / In-depth Reserach

Industrial Indicator

Information Center (policies, statistics, trends, regulations)
EV Technology & Innovation Learning Center

VV VYV

Thailand Automotive Institute
Kluaynamthai Office : 4" Floor, Bureau of Industrial Sectors Development Building, Soi Trimitr, Kluaynamthai, Rama IV Road,
Klongtoey, Bangkok 10110 | Tel. (+66) 0-2712-2414 Fax. (+66) 0-2712-2415

Bang Poo Office : 655 soi 1, Bang Poo Industrial Estate, Moo 2, Sukhumvit Road, Km.34, Muang, Samutprakarn 10280
Tel. (+66) 0-2324-0710 Fax. (+66) 0-2323-9598
Website : www.thaiauto.or.th
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