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1. INTRODUCTION
Based on the naturally evolving needs of the auto-

motive industry, the transition products powered by 
internal combustion engines are being replaced and to-
wards electric vehicles (EVs). Strict vehicle efficiency 
and/or CO2 standards have driven electric vehicle (EV) 
adoption in most of the leading EV markets. Countries 
are looking to accelerate the transition to EVs. In the 
2022 report on EVs by the International Energy Agen-
cy (IEA), the average CO2 emissions generated during 
the production of battery EVs was 5.4 tons. In terms 
of legislation, zero-emission vehicle policy and goals 
are enacted by many countries, for example: An execu-
tive order in the United States in August 2021 sets new 
ambitions for EVs, which will account for 50% of sales 
of light vehicles (LDVs) by 2030; or in October 2021, 
an announcement of an ambition to achieve 100% ze-
ro-emission LDV sales by 2035 in Chile. Additionally, 
in Canada, a new target is to achieve 100% zero-emis-
sion LDV sales by 2035 instead of 2040. New interim 
targets for 20% zero-emission LDV sales by 2026, vi-
sion reaching 60% by 2030 has also been set.

The relationship between the automotive industry 
and the supply of raw materials is one of the main chal-
lenges and obstacles (Buruzs and Torma, 2017). Lith-
ium-ion batteries are a common source of power for 
clean technologies such as EVs. These batteries are a 
key part of current efforts to replace gas-powered cars 
that emit CO2 and other greenhouse gases. In recent 
research by the Massachusetts Institute of Technolo-
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gy (MIT), the emissions generated during 
the production of the 80kWh lithium-ion 
battery found in the Tesla Model 3. In Eu-
rope, more than 12 million light vehicles 
plus 1 million heavy and off-road vehicles 
(HDORs) reach the end of their life each 
year (Michael et al., 2018). The European 
Union is working to meet carbon emis-
sions reduction targets as part of the Fit for 
55 in 2030 package. Remanufactured parts 
have up to 80% less new materials and up 
to 50% less CO2 emissions to produce than 
a new part, which is great for sustainability, 
affordability and customer choice.

Overall, EVs remain the key technol-
ogy to decarbonize road transport with 
around 16% of global emissions. There-
fore, Government spending on electric 
car subsidies is inevitable. In China, the 
electric vehicle (EV) industry subsi-
dy program until the end of 2022 (from 
the previous expiration date in 2020) is 
extended. The purchase tax exemption 
policies for EVs continue until the end of 
2023. In Japan, after doubling the subsidy 
amount in December 2020, the Japanese 
Government announced a budget alloca-
tion of 25 billion JPY (approximately US$ 
230 million) for Zero Emissions Vehicle 
(ZEV) grants.
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2. DATA COLLECTION
Many previous studies are related to the 

approach to sustainable products for the 
CE development of the automotive indus-
try. For example, the research by Martin et 
al. (2019) aims to identify the drivers and 
barriers to the implementation of a CE in 
the automotive industry of Pakistan. This 
research found that “profitability/market 
share/benefits” (30%), “cost reduction” 
(22%) and “business principles/environ-
mental concerns/valuation high prices” 
(19%) were the top three drivers. Similar-
ly, “ignorance” (22%), “cost and financial 
constraints” (20%) and “lack of expertise” 
(17%) are the top three barriers to imple-
menting CE principles in the Pakistani au-
tomotive industry.

Another research by Gonzalo et al. 
(2020) shows that ecological innovation in 
products, processes and management has 
a significant positive impact on the CE of 
companies in the automotive industry. Re-
search by Schulz’s (2021) analyzes the EV 
battery case at a German car manufactur-
er to explore the decision context for the 
CE. In particular, the factors that need to 
be developed related to the development 
of the CE in the automotive industry in-
clude Transparency, planning ability, in-
tegration process in product development 
and business culture. Or research by Sim-
one Wurster (2021) provides a method to 
support the development of CE products, 
in which the application of software meets 
the global demand for more sustainable 
automotive tire products.

In addition, the research of Eleni et al. 
(2021) has clarified the reality of the appli-
cation of CE models in production that al-
lows the transformation from the “take-to-
do” linear model to closed-loop economic 
models that reduce waste production. Es-
tablishing DigiPrime’s KPI Framework 
for the CE transition is critical to driving 
performance metrics across the automotive 
value chain. Research by Anne et al. (2022) 
finds that the transition to recycled plastics 
in the automotive industry requires a net-
work of solutions that together create sys-
temic change.

Recently, research by Syed, Saurabh and 
Qasim (2023) assesses the tendency of au-
tomakers to prioritize waste reduction, 
product management and asset analysis. It 
is essential to develop new strategies and 

aspects related to machine tools through Industry 4.0 
(I4.0). Through collected data statistically analyzed 
from 98 manufacturers and 296 end users, perceived 
factors affecting operational performance for the au-
tomotive industry CE-oriented in India. Research by 
Halia and Rayyan (2023) focuses on analyzing the au-
tomotive industry in the I4.0 based on the energy and 
fuel issues of cars, towards EVs. Based on an analysis of 
initiatives undertaken by the top 10 auto companies in 
the Fortune 500 List, the automotive industry must in-
corporate circularity in the transition to EVs, and I4.0 
is seen as key motivators and facilitators. I4.0 includes 
biotechnology, materials technology, digitization state 
and information technology applications intelligence. 
Thereby proposing a method of implementing sustain-
able production through 2 levels for the entire life cycle 
of automobiles.

3. SUSTAINABLE PRODUCTS APPROACH IN 
THE AUTOMOTIVE INDUSTRY

The CE offers a solution to integrate sustainability 
across the automotive industry life cycle. In addition 
to the goal of minimizing emissions in manufacturing 
operations, adopting a sustainable products approach 
in the automotive industry will allow manufacturers to 
significantly improve profitability.

Car manufacturers are aiming to create decarboniz-
ing vehicles for the green environment. During subse-
quent operation and depending on their power source, 
EVs can offset the higher CO2 emissions that initially 
occurred during production. If one could only operate 
an EV using renewable energy sources, the CO2 emis-
sions compared with vehicles using an internal com-
bustion engine would be reduced by up to 70% over its 
life cycle. To do this, setting environmental standards 
is highly recommended. Regulations require manu-
facturers to make vehicles lighter to be more energy 
efficient. The focus in the design phase is on making 
vehicles energy efficient, for example using lightweight 
materials such as plastic during service life, shifting 
the burden to the end of the life cycle where they must 
be recycled.

One of the ways to approach a sustainable product is 
to recycle automotive parts. Most countries in the EU 
have laid out plans for the automotive industry in Direc-
tive 2000/53/EC towards a CE by 2050, ELV Directive 
No. 2000/53/EC setting out the principled end-of-life 
management of light vehicles. Specifically, the directive 
establishes a minimum reuse and recycling rate of 85% 
of the vehicle’s total weight and a minimum reuse and 
recovery rate of 95% of the total weight. In the EU, the 
tire production process is promoted under the objec-
tive of CE. Combination of promoting the development 
of tire wear and mileage testing procedures, stimulating 
tire labeling and CE certification, and implementing 
media and advertising of high-quality tires Low PAH. 
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 ▲ Figure 1. Plan for the development of CE in the automotive industry in phases
(Source: Accenture Strategy, 2023)

 ▲ Figure 2. Battery circular value chain
(Source: World Economic Forum, 2022)

The main source of PAH emissions comes from exhaust fumes 
of fuel-using engines. When PAH is distributed in a wide range, 
there is a significant number of PAHs with high carcinogenic 
potential. With the wave created several other countries such as 
Japan, Korea, India and many US state governments have also 
introduced regulations on the requirements for recycling EV 
parts at the end of their life.

R e c y c l i n g 
batteries pro-
vides to pro-
duce materials 
and is guaran-
teed to be en-
vironmentally 
friendly. To 
develop sus-
tainable prod-
ucts, a linear to 
cyclical lifecy-
cle transition 
in the automo-
tive industry.

Material cir-
culation and life 
optimizat ion 
can be achieved 
through reuse, 
remanufactur-
ing and refur-
bishment. In 
which, there 
are 3 approach-
es: (1) Design 

parts using materials that are easy 
to disassemble, recover and recycle 
at the end of the first life cycle; (2) 
Recycle the production scrap and 
return the waste material to the pro-
duction loop; (3) Remanufactured 
defective parts.
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4. EXPERIENCE OF FAMOUS CAR MANUFAC-
TURERS IN THE WORLD ON CE DEVELOPMENT

In 2021, several major automakers have announced 
their ambitions to achieve an all-electric future.

Famous car manufacturers in the world have built 
principles in applying corporate social responsibility in 
their operations. Specifically, the levels of deployment 
of EVs by international automakers for the CE are di-
vided into four levels: At level 1, activities are geared 
towards reuse, refurbishment, and repair. At level 2, 
the implementation focuses on Remanufacturing and 
repurpose. At level 3, Recycling activities contribute 
to the development of the CE. At level 4, the operating 
process is mainly about waste management and recov-
ery residual management.

 ▲ Figure 3. Value hill target picture - circularity and service-driven business model for automotive
(Source: Sebastian, et al., 2023)

Toyota is an international car brand from 
Japan, established in 1937. In the corporate 
sustainability report, the company focuses 
on enhancing our long-standing 360-degree 
approach to 4R, including: Reduce, Reuse, 
Recycle and Recover. Along with that, Toyota 
set out the Toyota Environmental Challenge 
2050 strategy, the Carbon Neutrality plan 
of the Toyota vehicle life cycle assessments. 
For example, Austria’s new parts depot is 
carbon neutral by design [1]; Zero-carbon 
ventilation systems for new plant operations 
[2]; Decarbonizing our logistics activities in 
Europe [3]; Our journey to a zero CO2 paint 
shop [4]; Hybrid demand drives transfor-

Table 1. Electric vehicle product development 
plan of international car manufacturers

(Source: International Energy Agency (IEA), 2022)

mation of Toyota in Poland 
[5]; TME installs a wind 
turbine and solar panels at 
HO [6]; In pursuit of Zero 
Purchased Industrial Wa-
ter [7]... Besides, battery 
recycling activities provide 
for the material production 
process are also implement-
ed by Toyota. More than 200 
hybrid batteries recycled 
from Toyota Camry vehi-
cles are being used as part of 
a renewable energy project 
in Yellowstone (Japan). At 
the same time, Ten batter-
ies from the Prius cars are 
grouped together to store 
locally produced electricity 
from photovoltaic panels.

Automaker Announcement 
date Ambition

Toyota 2021 3.5 million annual electric car sales by 2030 and the rollout 
of 30 BEV models

Volkswagen 2021
All-electric vehicles to exceed 70% of European and 50% 
of Chinese and US sales by 2030, and by 2040 nearly 100% 
to be ZEVs

Ford 2021 One-third of sales to be fully electric by 2026 and 50% by 
2030, with all-electric sales in Europe by 2030

BMW 2021 50% of vehicles sold to be fully electric by 2030 or earlier

Volvo 2021 Become a fully electric car company by 2030

Geely 2021 20% of car sales to be electric by 2025

Mercedes-Benz 2021 All newly launched vehicles will be fully electric from 2025

General 
Motors 2022

30 EV models and BEV production capacity of 1 million 
units in North America by 2025, plus carbon neutrality in 
2040
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Volkswagen is an international 
car brand from Germany, established 
in 1937. Today, the Company reus-
es waste from production, logistics, 
workshops and technical develop-
ment to produce high-quality mate-
rials. By 2050, the entire Volkswagen 
Group will be a CO2-neutral com-
pany and around 70 new all-electric 
car models will be launched across 
the group by 2028. Volkswagen cus-
tomers can actively purchase used 
and tested genuine spare parts, es-
pecially engines, transmissions and 
airbags, such as Takata airbag recall 
campaign [8]. In addition, related 
electronic devices containing valu-
able raw materials are also reman-
ufactured in accordance with Volk-
swagen policy.

BMW is an international car 
brand from Germany, established 
in 1916. The Company establishes a 
specific policy in the reuse of auxil-
iary materials, specifically up to 50% 
in cast aluminum components; 25% 
in steel structures and 20% in ther-
moplastics. The BMW Group imple-
ments many corporate development 
policies towards a CE. In Indone-
sia, the Company, together with tire 

Auto 
Company

Shifting
 to EV’s

Goals Circularity

Toyota 
Motors Yes 30 battery EV models by 2030 All 4 levels: Yes

Volkswagen Yes Fleet electrified: 50% by 2030100% by 2040 All 4 levels: Yes

Daimler
(Mercedes-
Benz)

Yes

2025 onwards all new vehicle architectures 
will be electric-only, with an all-electric 
alternative for every model the company 
makes.

All 4 levels: Yes

Ford Motor Yes

100% passenger vehicles EV in Europe 
2030; 40 - 50 % EV Mix (battery-electric, 
fuel cell, and plug-in hybrid vehicles) by 
2030

Level 1: No
Level 2,3,4: Yes

Honda 
Motor Yes 100 percent zero-emissions sales by 2040 Level 1,2: No

Level 3,4: Yes

General 
Motors Yes

Thirty new global EV launches planned 
through 2025, 40 - 50 % EV Mix (battery-
electric, fuel cell, and plug-in hybrid 
vehicles) by 2030

Level 1: No
Level 2,3,4: Yes

BMW Group Yes

All future new models from BMW be fully 
electric, MINI exclusively all-electric by 
early 2030s, Rolls-Royce all-electric brand 
from 2030 on

All 4 levels: Yes

SAIC Motors Yes
100 new energy models with its partners by 
2025 (includes battery EVs as well as plug-
in hybrid and hydrogen fuel cell vehicles)

All 4 levels: Yes

China FAW 
Group Yes Partnering with Audi to build EVs in China Level 1: No

Level 2,3,4: Yes

Hyundai 
Motor Yes Offer ten electrified, eco-focused vehicles 

by the end of 2022
Level 1: No
Level 2,3,4: Yes

Table 2. Summary of the trend of switching to electric cars 
of international car manufacturers

(Source: Halia & Rayyan, 2023)

Mazda is an international car brand 
from Japan, established in 1931. In corpo-
rate development strategy report, Mazda 
aims to ensure carbon neutrality in its en-
tire business by 2035, with a vision to 2050, 
the Company focuses on three aspects: (1) 
energy conservation, (2) transition to re-
newable energy and (3) development of 
carbon-neutral fuels for indoor transpor-
tation. Based on cooperation with suppli-
ers and dealers, Mazda has established a 
system to promote sustainability initiatives 
throughout the entire value chain [12]. The 
move towards sustainable products is being 
taken seriously by the Company. Current-
ly, Mazda processes waste from automobile 
shredders (ASR), chlorofluorocarbons and 
air bags. Recycling policy for end-of-life 
automotive products is followed. Mazda 
connects with businesses in the disposal of 
products from the end owner and transfers 
them to companies. In addition, the Com-
pany is preparing for the development of 
new technologies and measures to promote 
recycling programs.

manufacturer Pirelli, launched the “Living Rubber” ini-
tiative, advocating for the long-term non-deforestation of 
natural rubber. Or in Chile, the BMW Group joined the 
interdisciplinary project “Responsible Lithium Partner” 
in 2022 by sharing scientific findings on the impact of 
lithium mining on water resources in the region [9].

Daimler AG is an international car brand from Ger-
many, established in 1926, later merging the brands and 
officially becoming Mercedes-Benz Group in 2022. In re-
cent years, the Company has focused on net carbon-neu-
tral vehicle manufacturing activities. Many measures to 
enhance environmental protection and resource conser-
vation are typical for the plant such as: the photovolta-
ic system on the roof of the hall meets about 30% of the 
annual electricity demand [10]. In addition, the business 
has specialized Mercedes-Benz used spare parts centers. 
The activity of these centers is to sell parts that are dis-
assembled, recovered for recycling and reused-used tires 
can be reused as composites in road construction. At the 
same time, build a new digital system - OMNI plus ON. 
This eShop system can be used to order all spare parts 
and components online and put them through a rigorous 
remanufacturing cycle. As part of the “Ambition 2039” 
vision, Mercedes-Benz’s goal for its passenger cars is to 
deliver a new fleet of vehicles with zero net carbon over 
the next 20 years [11].
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CONCLUSION
The plans and policies to deploy 

electric vehicles are one of the orien-
tations to approach sustainable prod-
ucts for the CE development of inter-
national car manufacturers. Besides, 
many related aspects are also taken 
into account such as recycling of auto 
parts (tires, airbags), battery recycling, 
and replacement of renewable energy 
sources. This is about balancing the 
3Ps: People, Planet, and Profits.

“CE is a team sport”. It seems that 
no company implements the CE in 
isolation, the model approach in prac-
tice requires international car manu-
facturers to make policies in product 
design, business models, more com-
prehensive activities and partnerships 
in the future ■

Note:
[1] https://www.toyota-europe.com/

news/2023/new - parts - depot
[2] https://www.toyota - europe.

com/news/2023/zero - carbon - venti-
lation - systems

[3] https://www.toyota - europe.com/
news/2023/decarbonising - our - logistics 
- activities - in - europe

[4] https://www.toyota - europe.com/
news/2023/our - journey - to - a - zero - 
co2 - paint - shop

[5] https://www.toyota - eu  rope.com/
news/2021/hybrid - demand - drives - 
transformation

[6]  https://www.toyota - europe.com/
news/2020/tme - installs - a - wind - turbine 
- and - solar - panels - at - brus sels - ho

[7] https://www.toyota-europe.com/
news/2015/zero - purchased - industri-
al - water

[8]https://www.volkswagen.de/de/
besitzer - und - service/ueber - ihr -auto/
kundeninformationen/takata - recall/taka-
ta - airbag - recall - campaign - eg.html

[9] https://www.bmwgroup.com/en/
news/general/2023/responsibility - in - 
supply - chain.html

[10] https://www.mercedes - benz.
com/en/sustainability/environment/start 
- of - production - of - the - eqs - at - fac-
tory - 56/

[11] https://www.mercedes - benz.
com/en/sustainability/environment/the - 
eqc - is - this - sustainable/

[12] https://www.mazda.com/en/sus-
tainability/about/ 
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