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ABOUT THE SWEDEN-CHINA BRIDGE PROJECT

Exploratory approach

This project is exploratory in nature and in-
cludes a step-by-step approach to knowledge
development in the Swedish and the Chinese
context. The project spans different areas of
knowledge in which we will highlight what tech-
nologies and systems are prioritized in China,
Sweden and in Europe, what drivers and mo-
tives exists for them, what actors are involved
in the transition to electrified, intelligent and
integrated transport systems, and what condi-
tions and business models look like to achieve
this conversion to electrified and integrated
transport systems in an intelligent and smart
society.

The purposes of the Sweden-China
Bridge Project

1. The project aims to establish and develop an
academic knowledge-sharing and -transfer
platform between Sweden and China for col-
laboration between universities and research
institutes in the two countries, in order to
contribute to increased understanding and
information and knowledge sharing on the
technical and commercial development of
electrified vehicle systems, integrated trans-
port system solutions, and energy supply

infrastructure as a fully integrated system of
intelligent and smart cities.

. From this perspective, the project will explore

the development and implementation of rel-
evant technology for the electrification of ve-
hicles, such as fuel cells, bio energy, battery
storage, combinations of energy systems for
hybrid vehicles, energy supply for integrated
electrified vehicles, integrated electric road
technology, associated charging infrastruc-
ture, and static and dynamic technology.

. We also intend to explore the management

of renewable energy supply systems, from
the production of renewable electricity to its
distribution to consumers of electrified trans-
port systems, which is needed to ensure that
electrified vehicles and transport systems.

Expected value creation

1.

To create insights into the current and future
status of electrification of transportation sys-
tems in Sweden and in China from technical,
social, societal and economic perspectives.

. To learn and mutually develop insights into

how new knowledge, technology, sys-
tem-based solutions, logistics and transpor-
tation systems can be developed, commer-
cialized and operated according to a life cycle
perspective in both Sweden and China.

. To create a long-term learning context in

which Sweden and China exchange experi-
ence for the benefit of both countries and their
industries.

. To develop a deeper understanding of how

Sweden and China are managing the large-
scale electrification of the road network using
different technologies, including electric
charging, energy production (fuel cells, hybrid
vehicles, battery storage and electric roads):
what do the short- and long-term potentials
look like? How are they using long-term in-
dustry policy instruments to develop technolo-
gy and implement it in society? How are they
outlining business models for the large-scale
roll-out of electrified transportation systems?
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INTRODUCTION TO BATTERY SWAPPING

The future is the transformation of yesterday

We are in the middle of a radical transformation from fossil-based ener-
gy to renewable energy, from combustion technology-based vehicles to
electrical-based vehicles. Electric vehicles can operate using either re-
chargeable batteries or refuellable hydrogen energy. Today, battery-based
solutions are the dominant technology, while hydrogen is just around the
corner.

To achieve this radical transformation, we need new technologies in vehi-
cles; to develop a new supply and distribution infrastructure for electricity,
energy storage, and recharging vehicles; to develop hydrogen and refuel-
ing systems, and to create new renewable energy sourcing to ensure that
the entire value chain is green. Thus, this transformation has significant
consequences for the entire existing global and local value chain, includ-
ing technology platforms - as we know them. Our dependence on fossil
energy sources is high, and alternatives take time to develop, implement
and utilize to the extent needed.

The EU has decided to ban the sale of fossil fuel vehicles by 2035, while
Sweden has pledged to stop selling fossil fuel-based vehicles already
by 2030. Thus, the time frame for the transformation is limited, and rapid
changes must take place.

The industry needs to adapt

Although the decision to undertake this transformation is political, its im-
plementation is based on industrial capabilities to develop suitable tech-
nologies and systems of solutions and to put them into practice favorably
and profitably. Without profitable solutions, the industry will be hesitant to
take on this transformation. Therefore, there inevitably needs to be a col-
laboration between politics and industry to make transformation possible.

The former Volkswagen CEO, Mr. Herbert Diess, said in his speech at the
Financial Times Future of the Car summit in May 2022:

“Volkswagen is hesitating to go all the way in the electrification
process due to two main reasons:

- Although customer demand is there, the value chain is not in a
place that can fully support Volkswagen’s transformation.

- The charging infrastructure is not in place and is not well devel-
oped to support the large-scale transformation to electric vehicles.”

(Mr. Herbert Diess, Financial Times Future of the Car Summit, 9-12 May 2022)

This position of one of the leading automakers in the world is important
to understand and address. When one of the largest Western vehicle
manufacturers such as Volkswagen does not feel safe to expand into
electrification due to a lack of development of a value chain for the green
direction of transport and a lack of charging infrastructure, we need to
take note and reflect on the content of this message.



The importance of charging infrastructure

The dominant technology for electric vehicles is a battery-based solution
that requires recharging with electricity. The recharging can be done by
static conductive charging via cable (the dominant contemporary solution
today), or by dynamic inductive charging (still in the test and development
stage) while driving on electric roads (still in the demonstration stage), or
via swapping batteries which are stored and recharged in special swap-
ping stations.

All technologies have pros and cons. No technology is perfect. There are
several challenges associated with cable-based charging:

1. Long charging time. Charging time depends on charging current and
battery capacity.

2. Overcharging due to high-speed and high-current charging, with
degradation of the life span of the battery and risk of overheating and
fire during charging.

3. Lack of scalability of charging infrastructure required to catch up with
large numbers of electric vehicles, particularly important for heavy
trucks.

4. Requires large physical space for charging piles, especially for heavy
trucks.

5. Demands new infrastructure for electricity distribution from the grid to
charging piles.

6. A large number of high-capacity charging piles along highways
demands a huge transformation of electricity distribution capacity, grid
system extensions, and electricity peak balancing solutions.

7. Lack of standardization of charging piles and vehicles.
8. Lack of standardization of payment systems and business models.

9. Requires energy balancing and temporary energy storage to balance
the supply and demand of electricity.

INTRODUCTION TO BATTERY SWAPPING

Infrastructure availability in Europe

For some time, the EU and Sweden have chosen to focus on cable-based
charging technology as the default for recharging electric vehicles. In
2021, the EU confirmed this strategy in the “Fit for 55” strategy. In the long
term, hydrogen is seen as a complementary solution.

Although there has been strong growth in the deployment of charging in-
frastructure since 2014 (a +750% increase from a very low starting point),
the total number of charging points available across the EU (less than
225,000) still falls far short of what is required. Fewer than 25,000 of those
225,000 points are suitable for fast charging (with a capacity of > 22 kW).
Just one in nine charging points in the EU is a fast charger.

The European Automobile Manufacturers’ Association (ACEA) unites
Europe’s 16 major car, truck, van, and bus makers, and is a voice of the
European auto industry. They argue that based on European Commission
calculations, a 50% reduction in vehicle CO, emissions by 2030 would
require an additional 6 million public infrastructure points within the EU.

In particular, the rapidly growing numbers of electric heavy trucks (EHTS)
will require many high-capacity chargers. The ACEA states that there is a
need to increase the charging infrastructure by 27 times to catch up with
the increase in electric vehicles.

“... a completely unbalanced picture when it comes to the spread of
charging points for electric cars across the European Union.”
(Source: ACEA, 2021)

In July 2022, the international company BCG (Boston Consultancy Group)
published a paper arguing that Sweden needs about 3 million charging
piles and 600 refueling hydrogen stations by 2050 to manage the ongo-
ing electrification. Considering that Sweden has about 2,550 charging
stations with 13,800 charging piles in 2021, it will be challenging task to
reach 3 million charging piles by 2050. BCG also argues that consider-
ing the weight of heavy trucks and their long operational range, the only



probable solution is hydrogen technology, and thus 600 refueling stations
are needed.

Both ACEA and BCG indicate a need for rapid and large-scale transfor-
mation of charging infrastructure to enable EVs’ rapid growth, which is in
line with Mr. Diess’ statements. A key question is whether a single solution
such as cable-based charging can be the universal solution or whether
we might need complementary solutions.

Considering that the EU will stop selling fossil-based vehicles
by 2035 and Sweden by 2030, the importance of building up
charging infrastructure cannot be overstated. The lack of

charging infrastructure is considered one of the most challeng-
ing issues to support the development and diffusion of EVs in
Europe and Sweden.

To achieve this, we need to focus on collaboration between governments
and industry and explore alternative technologies and solutions that can
complement the cable-based charging infrastructure. Suppose we fail on
the diffusion of charging infrastructure. In that case, we risk that electri-
fication today will meet with the same failure as it did at the beginning of
the 1900s when fossil fuel-based vehicles won out. At that time, a lack

of charging infrastructure and a lack of electricity supply were two main
reasons for the failure of electric vehicles.

INTRODUCTION TO BATTERY SWAPPING




BATTERY SWAPPING AS AN EMERGING COMPLEMENTARY TECHNOLOGY AND SYSTEM SOLUTION

In two of our reports on the electrification of
transport in China, we have put particular focus
on battery swapping technology originating from
1886 and modern Tesla cars. The international
company Better Place developed automated
swapping systems and collaborated in China’s
development and large-scale commercial-
ization. After the Better Place demonstration
projects, with 600 Renault vehicles adapted to
battery swapping, the European development
of alternative and complementary solutions to
cable-based solutions halted. However, this
development continued in China and several
other countries.

As China is the world leader in EV development
and the largest EV market, it has seen and
experienced the consequences of large-scale
cable charging infrastructure. Already 10 years
ago, the city of Shenzhen, with 12 million inhab-
itants, started to transition to EVs. Today, the
city has more than 22,000 taxis, 18,000 buses,
and 68,000 logistics vehicles, all of which are
electric, and all charged via cable charging, as
this was the only available solution at the time.

Population density, cities’ increasing size, and
development speed have pushed China to
develop complementary technologies and solu-
tions for EVs, such as the exchange of batteries
in special battery swapping stations. Empty
batteries are stored, recharged, and function as
energy storage, support energy balancing, and

through slow charging,, sustain batteries’ health
and life span.

According to our estimation, China will have
about 25,000 battery swapping stations by
2025 for passenger vehicles and more than 600
battery swapping stations for trucks.

In 2021, battery swapping technology became
the Chinese national strategy for charging
infrastructure to complement other technologies
such as cable-based charging.

The business model is more important
than technology

In our analysis of battery swapping solutions for
passenger vehicles and heavy trucks, we have
noted that technology is important. However,
even more important is the related business
model being developed by the Chinese actors
might enable the commercialization of swap-
ping technology on a large scale.

The swapping stations are fully automated and
are capable of swapping one battery in three to
five minutes.

The new business model for battery swapping
stresses financial and business-wise decou-
pling and unbundling, i.e., separation of vehicle,
battery, and charging. In practice, the vehicle
owner:

a. buys the vehicle excluding the battery,

b. rents the battery of the size customer need,
and

c. subscribes to the charging/swapping of
batteries.

This way, the customer requires a lower
investment cost for the vehicle, can choose the
size of the battery needed, and can over time
exchange the battery for a smaller or larger one
depending on needs, and does not have to worry
about the quality and life cycle of the battery.

Finally, the customer can choose a subscription
to swap, pay per swap, or recharge via cable
on their own.

Battery
renting

Vehicle
purchasing

Charging
subscription

Figure 1: The new business model for battery swapping —
The unbundling concept (own construct)
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In 2022, the Chinese vehicle developer NIO established operations and
sales of NIO cars and started to set up swapping stations in Norway.

One swapping station is in place, with 21 more planned for Norway and
an additional 10 in Sweden. Already about 92% of their Norwegian cus-
tomers have chosen this new business model where the provision and
charging of batteries are seen as service, decoupled from the purchase of
the vehicle.

From the technology to the business of battery swapping

A new ecosystem needed to be developed to commercialize battery
swapping-based solutions based on the new business model of sepa-
ration, decoupling, or unbundling of vehicles, batteries, and charging.
Additional motives for this were the necessity to have energy storage,
energy balancing, and dual electricity flow to and from vehicles. Thus, the
new ecosystem and the new business model involved a range of actors
such as energy producers, electricity distributors, battery manufacturers,
swapping station operators, swapping technology developers, and vehicle
manufacturers.

Figure 2 illustrates the new ecosystem for battery swapping solutions.
This ecosystem and business model are similar for both passenger
vehicles and heavy trucks. The way of thinking that informs the design of
the ecosystem and business model is based on the Chinese experience,
context, stages, and development speed. The new ecosystem requires
the emergence of an entirely new value chain that enables new actors to
develop both technologies and business aspects in an integrated way.

BATTERY SWAPPING AS AN EMERGING COMPLEMENTARY TECHNOLOGY AND SYSTEM SOLUTION

Government
& politics
Institutions
Gasoline station & experts

operators

IT providers, Regulators &
service & policy makers
maintenance
providers

Industry
associations

Swapping station
operators Battery swapping

ecosystem

Energy &
electricity

Battery producers

manufacturers

Transmission
system
operators

Customers,
commercial &
private consumers

Green
OEM automotive investors
manufacturers
& suppliers

Figure 2: Symbiotic relationships between the main players in the new battery swapping
ecosystem. Dynamics of establishing battery-swapping in China. (Own construct).
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Battery swapping takes off
The sale of electric heavy trucks (EHTs) has accelerated in China.

The total sales of EHTs in China amounted to less than 700 in 2018, and
in 2021 rose to a significant figure of 10,513. This was an indication of the
rapid growth of EHTs in China between 2018-2021.

It is estimated that by the end of 2021, the total sales of EHTs in China
2022 might reach 25,000-35,000 vehicles.

Sales volume of NEHT

Less than 700

Year

More than 5,034

2,619

10,513

In the period January — June 2021, battery swapping-based EHTs ac-
counted for 17.99% of new energy heavy trucks, while pure EHTs repre-
sented 67.2%. Thus, in 2021 the battery swapping EHT had just begun to
be fully commercialized.

The situation started to change more radically in 2022. In the first half of
2022, January — June, the proportion of battery swapping-based EHTs
jumped to 48.29%, while cable charging-based EHTs accounted for 46%
of new energy vehicles. This indicates that already in the first half of 2022,
battery swapping-based EHTs are bypassing cable charging-based EHTSs.
The total number of battery swapping-based EHTs has increased by 15
times. The cluster of new energy vehicles includes hybrid solutions but not
pure fossil fuel-based technology-based vehicles.

BATTERY SWAPPING AS AN EMERGING COMPLEMENTARY TECHNOLOGY AND SYSTEM SOLUTION

Based on these numbers, we have reason to believe that battery swap-
ping-based EHTs will continue to increase and will become one of the key
charging/recharging solutions complemented by cable charging-based
EHTs.

Figure 3: SANY’s first intelligent battery swapping station.
Source: https://carnewschina.com/2022/05/10/sany

Based on our analysis, we believe that these two charging solutions,
battery swapping and cable charging, are complementary and will com-
plement each other. There are scenarios where swappable solutions are
more effective, such as high-intensity operations, where there are high
energy requirements, heavy vehicles that must operate continuously, and
where operations cannot allow for charging stops. At the same time, it is
reasonable to believe that there are scenarios where cable charging is
more efficient, such as short driving distances, inter-city transportation,
and densely populated areas where it is difficult to establish swapping
stations.
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THE WEBINAR CONTEXT - EXPLORING THE ENTIRE VALUE CHAIN

The Sweden-China Bridge project arranged a webinar with leading actors
in China to share experiences and knowledge on battery swapping for the
benefit of Swedish actors. More than 200 people participated in the
webinar. The event was organized with dual simultaneous interpreting.
This report aims to outline the key experiences shared by Chinese actors.

The webinar is co-hosted by the leading Chinese association in the elec-
trification of transport, the EV100, and major industrial representatives
from along the value chain. The focus of the webinar is on heavy trucks.
Our ambition was to cover the entire value chain, including energy pro-
duction, electricity distribution, heavy truck manufacturers, swapping sta-
tion technology providers, and operators of heavy trucks based on battery
swapping technology.

The purpose of the webinar

The purpose of the webinar is to exchange and discuss experiences

of battery swapping technology for electric heavy trucks (EHTs) from a
system perspective. The aim is to connect Swedish actors in the electrifi-
cation of transport with Chinese actors in order to exchange knowledge,
experiences and learnings on battery swapping technology and business
for EHTSs, from electricity generation and transport and logistics to the
reduction of carbon emissions.

Purpose of the webinar:

+ Exchange and discuss experiences of battery swapping technology for
electric heavy trucks (EHTSs).

+ Explore the value chain for efficient battery swapping operations from
green energy production and distribution to usage in operations of
EHTs.

+ Explore technology being developed, business models being applied
and experiences of battery swapping-based EHT operators..

+ Explore the new business model for battery swapping based on
decomposition of buying the vehicle, renting the battery and
subscribing to charging and swapping.

Content of the webinar

Battery swapping has emerged as a solution and as a complementary
infrastructure for charging electric vehicles.

Battery swapping enables vehicles to quickly recharge by exchanging
batteries in 3-5 minutes. Battery swapping also enables energy balancing
and energy storage, and opens for new business opportunities in buying
and selling electricity. Thus, battery swapping creates value for electrici-
ty generation, distribution in the grid systems, buyers of green transport
solutions, transport company operators and truck drivers.

In the webinar, participants developed a deeper understanding of how
battery swapping works from the perspectives of key actors, putting bat-
tery swapping in large scale operations in China.

Sweden-China Bridge, a Swedish academic research project, estimates
that by 2025 about 25,000 battery stations for passenger vehicles and
more than 400 battery swapping stations for heavy trucks will be opera-
tional in China. Already in 2021 battery swapping become one of the two
main charging infrastructure solutions for heavy trucks. In 2021, battery
swapping became one of the two main charging infrastructure solutions
for heavy trucks, and more than 30% of new sales of electric trucks were
battery swapping based.
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ORGANIZERS OF THE WEBINAR
Host: Sweden-China Bridge

Sponsors:

+ Sweden-China Bridge < The Swedish Transport Administration (TRV)
+ Swedish National Road and Transport Research Institute (VTI)

* Logistikia + EV100 + Shanghai DianJi University

LIST OF PARTICIPANTS & AGENDA OF THE WEBINAR

Mr. Jan Pettersson, TRV Opening the webinar and welcoming speech.
Director of the electrification program
The Swedish Transport Administration

Mr. Zhang Yongwei Opening the webinar and welcoming speech.

Vice President and Secretary General of EV100 EV100 is the leading association in China on the electrification of transport.
Mr. Jan Pettersson, TRV Sweden’s national strategy for electrification of transportation and practice
Director of the electrification program for

The Swedish Transport Administration electrification of transport

Dr. Jonas Jansson, Research Director, Exploring VTI’s research on electrification of transport

Swedish National Road and Transport Research Institute (VTI)

Mr. Per Lindahl Exploring operators’ perspectives on electrification of transport — demand
Director Logistikia and application scenarios for battery swapping EHTs in Sweden.
Professor Mike Danilovic, Halmstad & Lund University Exploring application scenarios for battery swapping EHTs in Sweden and

Project leader Sweden-China Bridge steps that are needed to support Swedish actors.



Mr. Yang Yixiu, Director of Carbon Trading Research Division, Green
Electric Transportation Industry Innovation Center, SPIC (State Pow-
er Investment Corporation)

Mr. Li Yujun, General Manager of Mobile Energy, GCL New Energy
Holdings

Mr. Yu Xinrui, CTO, Aulton New Energy

Mr. Li Tao, General Manager of Specialty Vehicles Charging Solu-
tion, Star Charge

Mr. Li Liguo, Secretary General of the Battery Swapping EHT Pro-
motion Alliance of China and Professor of Qing Hua University

Mr. Zhang Xing, Vice General Manager of Power Energy Technology,
Sany Heavy Truck

Mr. Gao Yi, Vice President of Overseas Business and General Man-
ager of Europe Business, Foton

Mr. Wang Bo, Vice President, Beijing Highway & Railway Green
Chain Multimodal Transportation Company

LIST OF PARTICIPANTS & AGENDA OF THE WEBINAR

SPIC is a pioneer developer of battery swapping solution for EHTs in China.

It is one of the leading energy producers providing an energy production
perspective on battery swapping solutions.

GCL is a leading developer of battery swapping stations, systems, and
energy storage and a distribution network supplier.

Aulton is a pioneer in battery swapping and the leading third-party actor in
battery swapping system development.

Star Charge is the top EV charging solution provider in China, now expand-
ing to the battery swapping field. The company has participated in drafting
all the Chinese domestic charging standards, as well as the IEC international
standards as a Chinese representative.

China’s national policy for electrification of transport and development of
battery swapping technology.

Sany is one of the top truck OEMs in China deploying battery swapping for
EHTs.

Foton is one of the pioneers in battery swapping for EHTs and one of the
top truck OEMs in China deploying battery swapping for EHTSs.

Exploring the experiences of battery swapping EHT operators.
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QUOTES FROM THE PARTICIPANTS

Mike Danilovic

Professor of Industrial
Management, Project
leader Sweden-China
Bridge, Halmstad Univer-
sity & Lund University and
Shanghai Dianji University

Jan Pettersson
Director of the electrifi-
cation program

The Swedish Transport
Administration, (Trafikver-
ket, TRV)

“Large-scale electrification of transportation
is dependent on combinations of different
complementary technologies. Battery swap-
ping has been proven to be a very interest-
ing solution that needs to be explored deeply
and understood how it can help Swedish
and European electrification. This webinar
is a wonderful arena for experience sharing
and joint knowledge creation that all of us
need to develop the future solution for the
electrification of transport. To achieve the
global targets for green solutions we must
collaborate, learn from each other, take bold
actions and be brave to try new solutions. ”

“Electrification of road transport is crucial to
rapidly reduce the use of fossil fuels in the
road transport system. The development of
electrification solutions is now extensive and
rapid, and it is of the utmost importance that
Sweden monitors, follows, and also drives this
development. Battery swapping is a very in-
teresting technology that is developing rapidly
and has a good chance of contributing to the
transformation of the road transport system
that is needed if Sweden is to achieve the
climate target of zero net CO2 emissions by
2045.”

Arne Nabo
Lic. Technology, EUR ING
Research Leader Electro-
mobility, VTI

Per Lindahl
Director Logistikia

“Pollutions and climate change are global
challenges. Thus we need to address these all
together, globally. Thanks to the project Swe-
den-China bridge we have been able to gather
scientists and practitioners from both countries
to share knowledge on electrification of trans-
port. | see battery swapping as a promising
technology. It has great potential as an enabler
for a fast and efficient way to electrify heavy
duty vehicles, as it so well fits to the users’
needs. My expectations on this seminar is that
the participants will increase their knowledge
on battery swapping and that it will lead to new
business contacts.”

“Electrification of road transport is crucial to
rapidly reduce the use of fossil fuels in the road
transport system. The development of electri-
fication solutions is now extensive and rapid,
and it is of the utmost importance that Sweden
monitors, follows, and also drives this devel-
opment. Battery swapping is a very interesting
technology that is developing rapidly and has a
good chance of contributing to the transforma-
tion of the road transport system that is needed
if Sweden is to achieve the climate target of
zero net CO2 emissions by 2045.”
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LOGISTIKIA - A LOGISTICS PERSPECTIVE ON ELECTRIFICATION OF TRANSPORTS

By Mr. Per Lindahl, Managing director Logistikia

Ostergétland is a major logistics region

Sweden is one of the largest countries in
Europe by size with a population of 10 million
people and with logistics as an important indus-
trial and societal function. Ostergétland, and

its two main cities Linkdping and Norrképing,

is a leading logistics region with a central
demographic situation in Sweden and Scandi-
navia, only 200 km from the capital Stockholm.
Ostergétland constitutes a point of gravity in the
southern region of Sweden (south of the town
of Uppsala) where 80% of all heavy trucks in
Sweden are registered.

The region has an excellent infrastructure, a
long history of trade and industry and vast com-
petence and knowledge emanating from com-
panies and academia. Forestry, paper & pulp,
trade, energy, steel, manufacturing industry,
and agriculture are important business areas
in the region. All are depending on efficient
logistics across Sweden and internationally.
The Port of Norrkdping is a regional node for
the growing trade on the Baltic Sea, handling
4,5 million tons in 2021. More than 3500 heavy
trucks are registered in Ostergétland which
makes it the fourth largest region in Sweden.

LOGISTIKIA

OSTERGOTLANDS LOGISTIKNLUSTER

Electrification is a challenge to logistics
and transportation companies

Transportation and logistics are a low-margin
business, extremely stretched, balancing filling
rates, lead times, and time slots, with fleet utili-
zation, optimizing routing design, fitting driver’s
schedules with mandatory breaks, etc. Thus,
the context is creating conditions that must be
considered when transforming from old diesel
trucks to modern electric trucks and related
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charging infrastructure. The performance of
new electric trucks now entering the market is
certainly impressive. But comparing a single
electric truck with a diesel truck is misguiding
when aiming to transform the entire transporta-
tion system.

The dominant solution based on cable charging
not only introduces a new planning restriction in
time, location, and operating distances, but also
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increases the idle time for drivers and trucks.
This new situation risks creating a complicated
equation where operational and business logic
must meet the new technical solutions and
restrictions.

Introducing a few electric trucks (EHT), where
customers are positive and excited, is not a
problem. It rather creates opportunities for pro-
filing and goodwill. But when a significant part
of the fleet is to be electrified, it becomes more
difficult. The most challenging is the charging of
EHTs. Charging overnight at the depot, “filling
up” at customer sites while collecting or de-
livering goods, or charging on the road when
taking a break, will certainly be part of a solu-
tion. But it will not be sufficient from a systemic
and efficient perspective. Today’s global and
integrated transportation system has evolved
for over a century, building on the diesel engine
and flexible, available fuel in abundance at low
cost. To change this fast enough, we need to
consider the fundamentals of the transportation
system and how different components depend
on and interact.

In this perspective the concept of battery
swapping stands out as an important, comple-
mentary solution to cable charging, because

it meets the needs of the business, keeping
flexibility and minimizing the idle time for drivers

LOGISTIKIA - A LOGISTICS PERSPECTIVE ON ELECTRIFICATION OF TRANSPORTS

and vehicles, which is fundamental for a truck
operator’s business margin. Battery swapping
also enables a faster and more cost-efficient
building of a sufficient charging infrastructure.
Already today there might be a lead-time of a
year or more, before a company may have an
upgrade in electrical capacity for charging, a
situation that may very well worsen as demand
increases. This situation risks delaying electri-
fication and creating more uncertainty for truck
owners.

A battery swapping demonstrator in
Ostergétland

Logistikia is a cooperation platform aimed at lo-
gistics excellence in the region of Ostergétland.
Logistikia advocates and facilitates a develop-
ment towards sustainable logistics, supporting
businesses and exchange between academia
and companies, authorities, and municipalities.

In the dialogue with transportation compa-
nies, we notice a deep concern about how
cable-charged EHTs at any significance, can
be feasible from a cost and operational per-
spective. When companies in the network were
introduced to the concept of battery swapping,
the understanding of the benefits was intui-
tive, and there was a large interest to test and
evaluate the concept. Starting in this attention,
Logistikia, Linkdping University, Sweden-China

Bridge, Halmstad University, and The Swed-
ish National Road and Transport Research
Institute (VTI), have outlined a demonstrator of
battery swapping connecting Ostergétland to
the Stockholm region. 15 organizations have
signed into this project. The consortium in-
cludes major parts of the logistics value chain
and if the demonstrator can be put in operation,
large companies are committed to operating the
trucks and buying significant transport volumes.
Hence, we are well prepared to establish, oper-
ate and evaluate a demonstrator in the region.
The demonstrator will be rolled out in 2-3 steps,
from where a full-scale implementation can
continue, covering the south of Sweden with 40
battery swapping stations supporting at least
4000 trucks on daily basis. The first set-up will
be based on daily traffic with Stockholm, where
involved companies already today transport
large volumes in both directions.

Our ambition is to set up this demonstrator

in 2024 and to be the first battery swapping
demonstrator site for heavy trucks in Europe.
This way Logistikia and Ostergétland can take
the lead in the electrification of trucks in Eu-
rope. With a large platform for communication
and the participation of Linképing and Halmstad
universities, Sweden China Bridge, and VTI, the
ability to evaluate, invite, and chair experience
nationally and internationally is solid.
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HEREBY WE ARE INVITING NEW PARTNERS TO COLLABORATE WITH US

to establish and operate the first battery swapping demonstrator for heavy trucks in Europe.

Step 1 Step 2 Step 3 Step 4

Demonstrator project with three Expand to Jonkdping as one of the ~ Cover the main highways in the Expand across the south of Swe-
battery swapping stations between key logistical hubs in Sweden with south of Sweden and connects to den. 40 battery-swapping stations
Linkdping/Norrképing and one additional battery swapping Oslo. could cover the southern part of
Stockholm. station. Sweden with swapping stations

to serve >4,000 trucks daily with
battery swappings along the main
roads in the south of Sweden.
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REFLECTIONS ON THE CONTENT OF THE WEBINAR

There is no single technology that fits all

The current rapid development and diffusion

of the electrification of transport are based on
rechargeable batteries, while in the future there
will be refillable hydrogen-based solutions as a
complementary technology solution.

For battery recharging, cable-based solutions
have emerged as the dominant technology.
However, cable-based solutions have weak-
nesses such as high purchasing costs, relative-
ly short operational distance on one charging,
heavyweight, long charging times, degradation
of batteries due to high currents, electricity de-
mands and peak effects, sudden, unpredictable
electricity demands, and the need for energy
balancing and energy storage to balance the
supply and demand side, besides development
of a new electricity distribution system.

To manage these challenges, a new solution

is being developed, deployed, and diffused

in society. This battery swapping-based solu-
tion is based on new technology enabling the
decoupling of vehicle and battery, external and
cable charging, and a new associated business
model where the customer buys the vehicle
without the battery rents the required battery
and subscribes to charging and swapping.

Battery swapping: an innovation?

It is not unusual that innovation happens on the
part of newcomers who see opportunities that
established key actors in the industry either do
not see or do not understand how to turn into
new solutions. This seems to be the case with
battery swapping.

Often innovation involves a mix of old and

new technologies. New business models are
needed for solutions to become innovative to
enable commercialization and diffusion. Tech-
nology itself is not enough until the latent value
is exploited through business opportunities and
real value creation. The transformation from

fossil-based to electrical-based technologies
for vehicles entails the radical transformation of
technology.

When the battery swapping technology was first
introduced, many established vehicle manu-
facturers did not accept it. Earlier experiences
from Tesla and Better Place indicated that the
solution was not fit for the early times of electric
cars or was immature. But those early expe-
riences formed the contemporary collective
mindset of the failure of battery swapping solu-
tions in the transport industry. However, times
are changing, and new solutions are meeting
today’s needs and expectations.
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China takes the lead in developing and commercializing battery swapping

The development of battery swapping requires
a new ecosystem involving actors along the
value chain of battery swapping technology and
business actors.

What we see in the expansion of battery swap-
ping in China is that the new battery swapping
solutions were pushed by outsiders — people and
companies that traditionally had not operated

in the vehicle manufacturing industry. Thus,
they were not entrenched in old technologies,
solutions, or value chains.

+  One major group of actors in the develop-
ment of battery swapping solutions was
energy producers that realized early on the
impact of electrification of transport on the
national grid system, energy supply, unbal-
anced situation of electricity supply, and
peak demands. To manage the electricity
supply side and support rapidly growing
electrification, companies such as SPIC ini-
tiated the development of battery swapping
solutions.

+ Technology developers such as GCL,
Aulton, and Star Charge realized that the
new battery swapping-based solutions
presented opportunities for them and rapidly
grasped the challenge. Several technology
companies were early pioneers of solutions
as third-party technology providers.

* Focus on business operational scenarios.
The initial focus of battery swapping solu-

tions was identifying and targeting specific
operational scenarios putting operators and
customer demands and needs in focus.
Thus, the main areas were the mining in-
dustry, construction industry, short-distance
transport, specific vehicles such as tractors,
dumpers, and mixers, and river operating
vessels. Later, these specific scenarios
were opened to include generic operations.
Now, long-distance operations are in focus.
Thus, gradual diffusion is taking place to
include new operational conditions.

The development of battery swapping fo-
cused on the system level of operation and
the entire value chain of battery swapping.
From the very beginning, the entire value
chain was involved in the development of
battery swapping solutions: energy pro-
ducers, grid system operators, technology
developers, battery manufacturers, new-
comers such as vehicle manufacturers, etc.
The involvement of operators and users was
intensive from the start. Thus, the entire val-
ue chain emerged with early demonstration
projects and was gradually scaled up to the
commercialization of solutions. Most of the
established heavy truck manufacturers were
at some point engaged in this process.

Industry, academia, and decision-making
alliances were formed to support knowledge
development and early demonstration proj-
ects based on specific business scenarios.

REFLECTIONS ON THE CONTENT OF THE WEBINAR

Later, new projects were broadened to new
application areas supported by actions by
regulators, standardization actions, and de-
fining battery swapping as a national tech-
nology strategy. Gradually, battery swapping
solutions received wide recognition and
acceptance.

Those from outside the established vehicle
manufacturing industry, such as Sany (en-
tering the heavy truck industry in 2018) and
Foton (founded in 1998 and already one of
the largest manufacturers of commercial
vehicles in China and the largest exporter of
commercial vehicles, with extensive expe-
rience in the machinery industry), saw the
electrification of transport as an opportunity
and developed new vehicles that from the
start were battery swapping-based. They
have developed stationary stations and
mobile swapping solutions.

The third generation of battery swapping
technology and stations was introduced in
2021. The speed at which solutions were
developed, demonstration projects creat-
ed, and commercialization implemented is
based on what we call experimental design
and development. Instead of long laboratory
testing and careful verification periods,

real life is used as a laboratory to develop
and verify solutions, learn with operators
and users, and further develop new solu-
tions. Thus, we are already seeing the third
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generation of battery swapping solutions for
heavy trucks being put into operation. The
new solutions can swap batteries in less
than two minutes, and one battery swapping
station of the third generation holds ten bat-
teries and swaps 100 batteries per day.

One important experience of battery swap-
ping system solutions was focusing on the
experiences and needs of operators and
users and the commercial aspects of swap-
ping. Without being commercially viable, the
battery swapping route would not have been
fully developed and would not have been
scaled up to the national strategic level.

From the user’s perspective, the ca-
ble-charging solution indicates that the
operational efficiency decreased by 28%
due to charging time. The battery swapping
mode decreases the investment cost to a
similar level to that of diesel-based solu-
tions, extends the lifespan of the battery by
20%, and improves operational efficiency.

Summary

From the annual data, since 2021, the sales

of new-energy vehicles in the Chinese market
have shown rapid growth. From 2018 to 2020,
the annual sales volume of new-energy vehicles
was about 1.2 million. In 2021, this figure in-
creased by 156% year-on-year, reaching 3.266
million — 2 million more than in 2020.

According to statistics from China Automobile
Association, in the first half of 2022, China’s
new-energy vehicle market completed 2.6 mil-
lion retail sales, with a year-on-year increase
of 120%. By the end of June 2022, the number
of new-energy vehicles in China had reached
10.01 million, of which 8.104 million were

pure electric vehicles, accounting for 81% of
the total number of new-energy vehicles. It is
worth mentioning that the huge growth in sales
of new-energy vehicles is a result achieved
against the background of a shrinking automo-
bile market, which also means that new-energy
vehicles are accelerating to replace traditional
fuel vehicles in the Chinese market.

As a comparison of data, from January to

June of 2022, the total sales volume of China’s
automobile market was 12.057 million, a year-
on-year decrease of 6.6% . The sales volume of
new-energy vehicles in China in 2022 is esti-
mated to be more than five million.

According to data released by BYD, the cumu-
lative sales volume of new-energy vehicles in

REFLECTIONS ON THE CONTENT OF THE WEBINAR

2022h1 is about 641,000, with a year-on-year
increase of 314%. Meanwhile, Tesla recently
released its Q2 production and delivery re-
port. According to the report, Tesla delivered
564,000 electric vehicles worldwide in the first
half of this year. According to the above data,
BYD leads Tesla in sales by nearly 80,000 ve-
hicles and becomes the world leader in electric
vehicle sales.

It is estimated that the development of new-en-
ergy commercial vehicles will accelerate shortly
in the commercial vehicle field. Mining, ports,
steel plants, coal bases, urban logistics, en-
gineering and environmental sanitation, and
other scenarios will apply a large number of
new-energy commercial vehicles. New-energy
commercial vehicles will also be diffused further
from megacities to second-tier cities in China.

Based on our observations, the develop-
ment and commercial diffusion of battery
swapping EHTs in China are speeding up.
Key stakeholders are joining the field
actively. Institutions and infrastructure
supporting the battery swapping solution
are been developed rapidly. It seems that
2022 is a turning point that marks the bat-
tery swapping EHTs entering the high-speed
commercial growth stage and the year when
battery swapping solutions is passing the
threshold of becoming one major solution
for electrification of heavy trucks in China. 22



As we can see from the numbers, electric heavy
trucks are rapidly expanding in China. We also
notice the fast-growing charging infrastructure
based on battery swapping technology.

Battery swapping does not get much attention
in the west. However, it is seen as a strategi-
cally important complement to cable-based
charging for passenger vehicles, heavy trucks,
and special vehicles in China.

In our research on the electrification of transport
in China, we have noticed that collaboration is
one key aspect of technology development and
diffusion of solutions, initially in demonstration
sites and later in large-scale establishments.
This collaboration is three-dimensional, vertical,
horizontal, and lateral. The vertical refers to
collaboration within the domain of different min-
istries on national, provincial, and local levels.
The horizontal refers to collaboration among
actors along the value chain, from material, and
components to system suppliers. The lateral
refers to collaboration across ministry levels
and between key actors along different value
chains. To achieve a high degree of electrifica-
tion all are needed.

We observe in the Chinese context now that
this collaboration is rapidly moving from isolated,
single technology development and imple-
mentation to system-related multi-dimensional
collaboration integrating different solutions in
integrated complementary system solutions.

In China, as well as in the rest of the world,
the charging infrastructure is crucial to sup-
port electrical vehicles to run. We have seen
in China large-scale diffusion of cable-based
charging and isolated sites with battery swap-
ping, inductive charging, and solar roads.

Now, the focus of China is to move to large
system-based integrated solutions in cities and
along the highways. This ambitious cable-
charging and battery swapping solutions are

complementary and create a large-scale sys-
tem solution. To achieve this acceleration of
charging infrastructure several ministries are
jointly working out action plans.

In China, as well as in the rest of the world,
the charging infrastructure is crucial to sup-
port electrical vehicles to run. We have seen
in China large-scale diffusion of cable-based
charging and isolated sites with battery swap-
ping, inductive charging, and solar roads.
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REFLECTIONS ON BATTERY SWAPPING ACCELERATION -

“Joint Action Plan” for establishing large-scale charging infrastructure system solutions

On the 25" of August 2022, the Ministry of
Transport, the State Energy Administration, the
State Grid Corporation, and the China South-
ern Power Grid Corporation jointly issued The
Action Plan for Accelerating the Construction
of Charging Infrastructure Along the Highway,
proposing to strive to provide basic charging
services in the highway service areas in the
country except for high altitude and cold areas
by the end of 2022.

The Action Plan points out to explore and
promote the application of new technologies
and new equipment to improve the life-cycle
efficiency of charging facilities; formulate and
implement a phased plan, promote the con-
struction of super-fast charging and high-power
charging infrastructure in the highway service
areas around the city clusters, and support the
construction of battery swapping stations in

the highway service areas by enterprises such
as electric vehicle manufacturers and large-
scale transportation companies. Strengthen the
collection and release of service information

of charging infrastructures, provide real-time
information service for the public, and actively
explore charging services based on appoint-
ments.

Following is the major content of The Action Plan

In principle, the charging infrastructure built in
each service area or the parking space reserved
with construction and installation conditions (for
charging infrastructure) along the highway shall
be no less than 10% of the parking space for
passenger vehicles.

Financial support

Based on The Implementation Opinions of
the National Development and Reform Com-
mission and Other Departments on Further
Improving the Service Capacity of Electric
Vehicle Charging Infrastructure, financial
support will be given to the construction of
charging infrastructure along the highway,
and the operation subsidy standard linked to
the charging service quality will be explored
to strengthen the subsidy of high-power
charging and other demonstration facilities.

+ Optimize construction implementation
procedures
Charging facilities are necessary public
service facilities in the service area (sta-
tion), and the land required is included in the

scope of highway land. If it is necessary to
increase land, the local government shall
provide support according to the land use
policy for the main works of the highway,
simplify the handling procedures and orga-
nize the implementation as soon as possi-
ble. The layout and wiring of new charging
facilities shall be well connected with the
road site and facilities, and the layout de-
sign of driving routes and parking lots shall
be optimized.

Strengthen the construction of support-
ing power grids

Power grid enterprises should increase in-
vestment in supporting power grid construc-
tion, reserve high-voltage, and high-power
charging capacity, and meet the needs of
charging facilities construction. For remote
service areas (stations) where power grids
have not been extended in place and do not
meet the large capacity power supply con-
ditions, priority should be given to using the
distributed power supply and other methods
to supply power nearby.
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Suggestions on charging service

Local governments are encouraged to
introduce relevant preferential measures

to reduce the rent of charging infrastruc-
ture sites in stages, to create conditions for
accelerating the construction of charging
infrastructure. The charging service opera-
tors are encouraged to consider the balance
between the reasonable income of the
investment and operation entities and the
user’s use economy, and charge reasonable
service fees during the market incubation
period.

CHINESE MINISTRIES AND KEY ACTORS ENTERED THE “JOINT ACTION PLAN”

Comments

The overall approach to developing charging
infrastructure is that different technologies need
to complement each other based on the specif-
ic societal, commercial, and consumer expec-
tations in different parts of China. Thus, both
cable charging and battery swapping will be
established for passenger vehicles and heavy
trucks. Now the focus is on establishing an
open, public charging infrastructure along the
highways enabling long-distance driving and
commercial operations.

To achieve the targets of large-scale charging
infrastructure establishment, different ministries
and key stakeholders were involved in design-
ing the joint plan and ensuring that the joint plan
is communicated with related actors and im-
plemented accordingly. This also shows clearly
the extensive horizontal and lateral dialogue
and collaboration between energy producers,
grid system operators, technology developers,
operators of charging infrastructure, and vehicle
manufacturers.

The major learning from this illustration is the
multi-dimensional (vertical, horizontal, and lat-
eral) collaboration across traditional administra-
tive and organizational silos and domains, joint
collaborative efforts to achieve results, and an
open system integrating approach to developing
solutions.

Reference:

G20 battery swapping industry alliance
https://baijiahao.baidu.
com/s?id=1742120516137400860&wfr=spider&-
for=pc
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SPIC

Pioneer developer of battery swapping
solution for EHTs in China. SPIC is one of
the leading energy producers, providing an
energy production perspective on battery
swapping solutions.

Speaker

Mr. Yang Yixiu, Director of Carbon Trading
Research Division,

Green Electric Transportation Industry Innova-
tion Center

SPIC is one of China’s five major power gener-
ation groups with a total capacity of 197GW, of
which 62.52% is green energy. The company
was ranked 293rd among the Fortune 500 in
2021. The battery swapping truck service is
one of the company’s six businesses.

Advantages of battery swapping mode

We have invested in the battery swapping
mode because it can separate the vehicle from

ExRER
SPIC

Battery-Swap Electric Heavy-Duty Truck:

A Low-Carbon Transportation Like No Other

_ June 2022 .

State Power Investment Corporation Limited (SPIC)

Shanghai Qiyuan Green Power Technology Co., LTD.

the battery. When our users buy trucks, they
can choose to buy pure trucks without the need
to buy batteries. Users can rent batteries and
payment is billed by time and consumption of
electricity. This can reduce purchasing costs

by 50% and operating costs by 15 to 30%. In
addition, it can improve the efficiency of energy
replenishment because the time taken for bat-
tery swapping is only about five minutes.
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: EIRBiZ
Star Models: BS Truck and Machinery SPIC

4x2 B-S 4x2 B-S Heavy-
Heavy-Duty Port Duty Tractor
Specialized Tractor

B-S Electric Mining B-S Electric Mining
Truck (70 tons) Truck (120 tons)

Eleglric Empty Electric Container Electric Heavy- et Elechric Loader (55 tons)
Container Handler reach Stacker Duty Forklift
At the same time, the responsibility for mainte- platforms, which can help us better cooper-
nance of the battery is no longer borne by the ate with the power grid for electric ancillary
vehicle owner but by us. This provides users services. In addition, we also provide online
with greater convenience. The battery swapping payment and clearing services, mainly through
mode can also become a cluster of operation cloud platform aggregation.
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Solutions

Our battery swapping station can support T p——
160 different electric truck models, including m///
heavy-duty port specialized tractors, heavy-du-

ty tractors, heavy-duty dumpers, and heavy
mining trucks.

We have stationary battery swapping stations
and skid-mounted battery swapping stations,
which can further reduce operating costs. There
are also battery distribution and swap vehicles
which can distribute and replace batteries.

In 2016, SPIC started running battery swapping
heavy truck projects and became a pioneer

in this field. We have supported more than ] . Ex=R
10,000 units of battery swapping heavy trucks DirMadsin G5 siation e
in operation with an accumulated mileage of
over 100 million km. Our battery asset service
capacity has reached 934MWh, our nominal
rated charging and consumption capacity has
reached 872GWh per year, and we have 151
battery swapping stations in 31 provinces and : vt e
cities in China. 4 stationary B-S station

Green Island Pro
Skid-Mounted B-S Station

e R e e e -

Project cases :

In Ningbo Meishan port, 40 battery swapping

semi-trailers are supported by one static battery
swapping station. In the Rizhao port, 30 battery , _ Ly .
swapping semi-trailers are supported by one : _ Star Path o Star Path Pro i

Battery distribution Vehicle and stationary B-5 station N Battery distribution and Swap Vehicle

static battery swapping station. SPIC 2021, Al Rights Reserved
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At the Huolingol south open-pit mine project, two battery swapping sta-
tions have been put in service to 21 battery swapping mining trucks with
a maximum nominal rated payload of 120 tons. Heavy load downhill
energy feedback reduces operating costs by 15-30%. Under heavy load
uphill conditions, electric trucks possess a power advantage compared to
traditional diesel trucks. The plan is that by 2023, 15 more battery swap-
ping stations will be constructed to serve a fleet of 300 mining trucks. The
world’s first mining truck with a maximum nominal rated payload of 220
tons will be put into operation.

Experience sharing

1. Battery swapping mode can greatly reduce the cost of operations. We
not only need to look at the difference in the cost of the truck itself, but
also to consider the use cost, including the price difference between
electricity and diesel fuel itself.

2. The government is increasing its pragmatic environmental protection
planning, which provides significant support to some local govern-
ments, who can encourage the purchase of battery swapping heavy
trucks.

3.

5.

WEBINAR PARTICIPANT PRESENTATIONS - SPIC

Third, in terms of (battery swapping station) construction, we need

to take into account the government’s infrastructure planning, and

the (station location) needs to have good access to the power grid to
have a sufficient electricity supply and benefit from reduced electricity
prices.

We hope that a relatively high-speed mobile internet connection can
help us achieve real-time operational monitoring.

We need to realize multi-functional and full-function electric vehicles
and an after-sales service network for the whole battery pack. We
need to cooperate with local financial institutions to provide financial
support for battery swapping heavy trucks, to truly promote the com-
prehensive development of the whole industry.

Suggestions

We believe that battery swapping heavy trucks can be developed well

in Sweden. We suggest that in the early stages, focusing on centralized
vehicle operation scenarios with long-term and stable transportation
demand will be beneficial. In some areas, such as ports and coal mines,
promoting battery swapping mode operations is very important and bene-
ficial. In addition, we need to develop good after-sales service.
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GCL

Leading developer of battery swapping sta-
tions, systems, and

energy storage and distribution network
supplier.

Speaker

Mr. Li Yujun, General Manager of Mobile
Energy

Commercial vehicles are a means of trans-
portation and production. Time is money for
drivers, and relying solely on charging cannot
meet the needs of the operation. Therefore, the
demand for battery swapping is put forward by
the users.

Stakeholders

There are several parties involved in battery
swapping mode. First, goods transportation
buyers are the core guarantee for the sustain-
ability of the whole ecosystem. Second, there is
the battery swapping service provider, followed
by battery holders, land/electricity holders,
drivers, and vehicle holders. To benefit all six
parties, the question of how to balance and co-
ordinate activities should be our core concern in
the process of promoting the battery swapping
project.

#

Business scope

GCLs battery swapping business covers four
fields: trunk line, branch line, urban distribu-
tion, and passenger vehicles. How do deal with
these different fields? Our idea, which is also
agreed on the idea of the industry, is to stan-
dardize battery packs. For heavy trucks, light
trucks, and battery packs, the technical route of
single package standardization will be adopted.
In the whole life cycle of battery swapping, the
most important factor for energy storage is to
include all kinds of battery packs after the stan-
dardization of battery packs.

WEBINAR PARTICIPANT PRESENTATIONS - GCL
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We perceive that the technical route of battery
swapping solutions for heavy trucks, light
trucks, and passenger vehicles originate from
the same source. The same technical solution
for the three types of vehicles can be shared
among them. This will provide a practical foun-
dation for future full utilization of batteries in
other scenarios, for instance, utilize as energy
storage.
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Industrial |Gather various forces to build an intelligent, efficient and green energy

ECO'OQY service network ecosystem

B thEeER
i@’ GCL | GCLET

B With cars as the energy carrier, batteries as the core resources, and ports as the infrastructure, we will build a
green energy service network, gather various forces, and improve the overall operation efficiency of the industrial

ecology.

Source of goods Provider
* Improve logistics efficiency

Vehicle owner @

* Reduce vehicle purchase cost

Driver

* Increase daily mileage

Industrial ecological construction demand

Battery swapping operator

* Improve the utilization
rate of the battery
swapping station

Battery owner

= Improve the full life
cycle value of battery

Land/power provider

*  Strengthen preferential
policies and convenience
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V1.0 V2.0 Solar heavy swapping station swapping station
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logistics truck A Y .. "
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Light truck bottom battery swapping
Standard battary C Side direction batery Energy storage at
swapping station power generation
side
Urban l;"rir;'— VAN ' - o
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Large VAN Medium VAN Battery swapping stalion of pamery swapping Energy storage at
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Battery swapping technical route

Location of the battery behind the driver’s cabin and battery swapping
overhead as the earliest battery swapping solution for EHTs has been well
applied nationwide, especially in terms of battery standardization. Battery
swapping across multiple truck models and manufacturers has been grad-
ually realized, which provides a technical basis for us to build a battery

swapping network for commercial vehicles. At the same time, however,
we can also see that this solution has been developed based on modi-
fying traditional diesel trucks into electric trucks, and there is still a lot of
room for upgrading in terms of energy consumption, weight, and center of
gravity ratio.
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We are now developing the next generation

of battery swapping heavy trucks based on
totally new platforms. We are cooperating with
a domestic heavy truck enterprise and expect
to launch the next generation of products on
the market next year. For several core indica-
tors of the new generation of products, energy
consumption will be reduced by 30%, and the
space for the battery pack will be nearly dou-
bled. The range of this vehicle can reach 500
km. The new truck can be applied in all areas
and scenarios with battery swapping.

Battery
swapping station

C_c()mpa[ible

Highly compatible

| Highly compatible, intelligent and upgradeable, cost-effective

S_smarl

Intelligent and upgradeable
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E_effic ient
High efficiency

ecological Alllance
Multi vehicle sharing battery
swapping station
Multi vehicle shared battery pack
Energy storage battery and vehicle
battery sharing

Battery swapping station of

T T ot

— | ‘Rapid energy replenishment ,
fair price

S5-year hardware embedment
*  Meodular design
OTA intelligent iteration

Battery swapping station
of light truck

+  Whole process 90s quick energy
supplement
Double channel + unattended
operation
Industrial chain low carbon green
electricity

Battery swapping station of

passenger vehicle

heavy truck
= =g N
1 | 7 g
Oe | w i |
Top biattary Mobile bastery Bottomn battery Side drection batie
Swapping staton SWapping station SWagRiIng station Swapping statkon

Key characteristics of battery swapping stations

1. Compatibility
On the premise of keeping the characteris-
tics of different brands, the interconnection
of the battery swapping network is realized
through compatibility at battery swapping
stations. In terms of batteries, to achieve
interchangeability, we must achieve the
unification of electrical, communication, and
mechanical interfaces.

2.

Intellectualization

To cope with the progress of technology
development, on the infrastructure (battery
swapping station) side, hardware embed-
ding, and software intelligent upgrading
should be done, including the development
of a software strategy based on the data
drive.

SWapping station |

Battam bastery

High efficiency

The battery management system of the bat-
tery pack for battery swapping mode should
be a full scenario, full life cycle manager, so
its design and development requirements
and functions are very different from the
BMS under the charging mode. Of course,
this is inseparable from cloud management
and deployment, including battery status
monitoring and evaluation.

33



The concept of a battery swapping
station as a “super home port”

We believe that for passenger cars, the bat-
tery swapping station should be a place where
the next generation of electric vehicle owners
can benefit from leisure, entertainment, and
energy supply. For heavy trucks and commer-
cial vehicles, the battery swapping station is a
distribution center of goods, an industrial park,
a logistics park, an energy supply center, and
a source of clean energy and electricity. This
is the core of the “super home port” we are
currently committed to building. By the end of
this year, we will build such battery swapping
stations in Inner Mongolia, South China, and
southwest China.

Battery | Adopt the financial model of separation of vehicle and battery to boost the
promotion of battery standardization

Battery standardization
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* Interface standardization and electric quantity
serialization,

+  One battery shared by multiple vehicles, enabling
the shared attributes of the battery swapping.

storage

Echelon energy | Maximize the value of batteries and promote the comprehensive
integration of "green electricity" and "new energy vehicles" GCL | GOLET
-

Modular battery cluster

. scheme, building block
5 S management, compatible with

, different types of battery pack
docking; _)

BMS technology

Energy managemsent

Standard and unified energy
management control, and in-
depth exploration of source-
network-load-storage

interactive control technology: /

Batlery asset management company ;
(energy storage attribute + financial attribute + asset attribute +

technology attribute)
Asset holding + data monitoring

L 1 3 Finamce "
Tha batte =
ey, 80 e O Ry Y B
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| User i J

« Standardized customization of battery rental
products.
+ Get through the liquidity of battery assets
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Case studies

ower supply, power grid, Xinjiang Zhundong ' Integration of power supply, power grid, load and ener .
oad and energy storage storage’ ——Effectively reduce the operation cost of power exchange netwgr g’cﬂl_ BREH

GCL-ET

B Relying on "cloud computing, big data, Internet of things, mobile Internet, artificial intelligence” and other technologies, we wﬂurther strengthen the
multi-directional interaction of power supply side, power grid side, load side and energy storage, increase the peak load regulation capacity of the
power grid, improve the PV acceptance capacity of wind power, improve the security and stability of the power grid, and effectively reduce the
operation cost of the power exchange network.

FRAREELS

Project introduction
300000 kW PV 400000kw wind power

Wind and sobar power plaot

Ninjiung Clangji
Zhundoeng Feonomie
Prevelopment Zone

& ' \ G, o,
Railway station |‘ \ N@ e %
k 2

' \ o *‘*e%' Configure 5% energy storage, and the en-ér_gy- _storage
| \ ,& duration is 2hours

m

Cnal mine plant Fuctory

Construction site: Zhundong Xiheishan area, Changji, Xinjiang

Advantages: rich scenery resources and heavy truck logistics scenes

Scale: 700000 kw

Integration project of power supply, power grid, load and energy storage :
The energy storage battery is shared by the battery swapping station and the wind power plant to reduce

the investment cost of battery swapping operation equipment.
¥ The charging separation mode is adopted for the battery swapping station . The energy storage capacity

of the wind and solar power plant is more than 50% and the power cost can be reduced by 0.05 yuan /kwh.

v The utilization rate of equipment energy storage in wind power plants has increased from 8% to more than
80%.

<A AN
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Bulk material | Erdos coal mine short shift — battery swapping mode can efficiently -
transportation  match short shift transportation scenarios O ha  naiH

=’ GCL  GCLET
-~

Taking Ordos coal mine short trip project as an example, with a one-way ftrip of 54 km and an average daily operating mileage of 324 km, the battery

swapping mode can efficiently match the short trip transportation scenario.

The praoject adopts the vehicle and electricity separation financial scheme, and the purchase cost of the battery swapping vehicle is the same as that of the
fuel vehicle, which is 47% lower than that of the charging vehicle.

WIS EIs0RE  BUOEE
wHE-uN002 pEsoRE  MWIZoomE
WROCI—RS002 S HORE

. BHERY
HETE500M/A
Mig14:00-1XA7:00

| meEeEE o @ ® { ]
m’_mmu i
MES:00—18;: 00

Coal mine loading silo Short haul reshipment
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| Guangxi trunk line logistics - expand the short-term reverse scenario int R | SAER
(i B

Line Haul long-distance trunk line transportation = aCt | GoLET

B Guangxi battery swapping network layout has successfuﬂy expanded the short-term reverse scenario into long-distance trunk line
transportation; Compared with fuel vehicles, the energy cost saved by the battery swapping vehicles is about 137900 yuan.

Place of departure Battery swapping station A Battery swapping station B Destination:
Place of departure About 50 km About 100 kin TAELO‘:; StO k:n
Loading - departure ----Remaining power 15% ----Remaining power 15% il

Unloading, loading - return starting the place of departure

B The battery has been replaced for 4 times in the whole journey of about 400 km. one round trip every day, and 200 times in total according to the current daily battery swapping
times ofSlg battery swapping vehicles.

: : ' Baitery swapping
Lo ES- ] BEwN . n[:r_h:vntl|1||:;|;
Aarrim chicle an
e e Data type

- : electricity
Place of - 2 FFL? S i
i MEN I S ] u-parauon]

departure N Merin W

BE L AL T iy 45 50 160
== T s per 100 km o
. = e s E ;
%= = L TIRE = AE*&@_\. PR LAL%Wh
o BT v U b fupe Unit price (yuan) 6 1.5
Energy cost per
rridiaty 369 300 240
Annual operation
days (days) 330 330 330
Daily operating
wiileage (km) 324 324 324
(10000 yuan) 39.45 32.07 25.66
Annual encrzy A—
saving cost (10000 / 7.8 | EmEsEe g
yuan) ’
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rban distribution
logistics |
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| Logistics and transportation of light trucks around the city in Donggu
effectively improving the daily operating mileage of electric vehicles
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® The battery swapping mode will increase the driver's daily operating mileage to more than 200 km, creating more
revenue for the driver, with an increase of 21% over the charging version and 33% over the diesel version.

- - -

Battery ;
project Changlng
- L BT T L T 1 swappm
Q= = 'Echlgymuwmpnu\'
- s per 100 km 43 43 18
i L/L&Wh
ol | o Energy Usit price 1.657 1.06 718
S = 1 4 cost L {yuan/kWh/L) ' ' :
. | [Energy cost per 100 71.25 45.58 129.24
- - = m {ywan)
o Energy cost per
AL : | lhdometeram| 071 | 045 | 129
LR CRE S - Operating charge per
e Rln i - kilometer (yuan £ kmj ) S S 5
T i ©unwy Five year total revenue of
single vehicle (10000 yuan) 210 165 180
u ~ T Five year total profit of single
ST Ok, O (= vehicle (10000 yuan) 1857 12 17
|Battery swapping vs. charging|
Qrieiine - / fuel income increase (10000 = 28.6 38.7
= Yua__ﬂ}
N Income Increase ratio - 22.5% 33%
Dawan district west line (Shenzhen Guanhui) battery swapping network
B |ogistics distribution around the city;
B The one—way distance is 80—100 km. and the driver's one—day operation mileage is more than 200 km:
B The maximum daily service capacily of each battery swapping station is greater than 400 times.
BN HE

In our understanding, battery swapping is not only a solution for the
electrification of transportation; it also brings opportunities for improving
transportation and logistics efficiency.
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AULTON

Pioneer in battery swapping and the leading
third-party actor in battery swapping system
development. Mainly operates in battery
swapping for passenger vehicles and is how
expanding to battery swapping for heavy
trucks.

Speaker
Mr. Yu Xinrui, CTO

Aulton’s practice and business experi-
ence

Aulton began its battery swapping business
development in 2000. We have established
610 battery swapping stations and our battery
swapping solution can achieve battery swap-
ping for passenger vehicles in 20 seconds. Our
company owns 2,600 patents.

Based on our 14 years of commercial opera-
tion experience, the battery swapping solution
has proved reliable and safe. Up to now, we
have not had a single fire incident in our battery
swapping service.

Through more than 10 years of large-scale
battery swapping practice, we have now estab-
lished cooperative relations with 16 mainstream
car companies and developed more than 30
models of battery swapping vehicles, which

Ezh
4 lulton
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New Mode of Extremely-Quick-Shared Battery Swapping
New Era of Boosting Carbon Neutrality and Emission Peak Efficiently

BazhEheER s
XinRui YU from Aulton
2022.6

have been deployed in 36 cities in China. At the
same time, we have launched our battery swap-
ping business in Germany and Japan. To date,
26 million instances of battery swapping have
been completed, and the vehicles have trav-
eled a total of 3.6 billion km. Among them, the
vehicle with the greatest mileage has reached
1.3 million km, which also testifies to the ef-
fectiveness of battery life extension of battery
swapping mode.

Last year, Aulton signed a strategic cooperation
agreement with Sinopec to build a comprehen-

sive energy service ecosystem jointly. We will
work together to build a battery swapping sta-
tion at Sinopec’s gas station. Last year, we also
signed a strategic cooperation agreement with
BP to create a city-level joint venture. Through
cooperation, we will accelerate the implemen-
tation and promotion of our battery swapping
business.

Aulton launched its business in the electrifica-
tion of passenger cars earlier, so we have a lot
of accumulation in this field. At the same time,
Aulton also provides battery swapping for
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commercial vehicles. Our battery swapping
technology has covered the whole range of
vehicle models, such as passenger cars, mini-
vans, light trucks, heavy trucks, and buses. We
use the same snap-fit locking technology for
all models. Our cumulative driving data cover-
ing billions of kilometers have fully verified the
reliability of this locking system.

Aulton’s battery swapping solution for
heavy trucks

Vehicle side

Power battery pack equipped under
chassis: low gravity center, no occupation to
the container. Aulton unified locking and con-
necting technology: high compatibility and high
efficiency.

Compact vehicle structure design, lightened
weight, lower cost, and optimized layout.
Flexible adaptation to a new generation of elec-
trical platforms for heavy trucks.

We also believe that electric heavy trucks
should have a development process of grad-
ual modification based on diesel vehicles to a
new generation design based on pure electric
platforms.

WEBINAR PARTICIPANT PRESENTATION - AULTON
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Battery-swap-under-chassis Solution to HDT - vehicle

~

Q) eEdmRE
EERE. PR TESE
Compact vehicle structure design,
lightened weight, lower cost,
reasonable layout
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BiME. AAOAEEE

Power battery pack
equipped under chassis:
low gravity center, no
occupation to container

RiEiERiRLt
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miRe. BaE

Inherited locking & connecting
technology: high compatibility
and high efficiency

—
Step 1 ) Step 2 ‘ {21 Step3

EFRRIREGE-HhE

Chassis Battery Swapping System-Battery Pack
EHRTRIFER, BiEE
FATF510mm, REERIERTTE

Scientific and compact design in
structure: battery height no more than
510mm, perfect adaptation to chassis
layout

Flexible adaptation to electrical
platform of HDT

AECE4S0ELL EEE R,
EARSA. KIERER

Accessible to over 450kwh
battery capacity, high frequency
and long haul use case

JEEESE. BHE. HESES

IFRRIT, REtT,
SHEEEE

BREREF SARZ(E)

Standardized design and good
compatibility, lower space requirement
for battery pack system

b Step 4

Adaptable to multiple bodytype including
traction truck, dump truck and freight truck

40



Battery swapping station side

+ Extremely fast swapping finish within 40
seconds.

+ Better service capability with dual swap
electro-mechanic robots.

+ Highly reliable connecting and locking tech-
nology. Durability is as high as 20,000 times
connecting and locking.

» Modular design. Low area coverage.
10m*9m.

+  Convenient. No need to dig a ground pit or
hang the system from the high end. Modular
installation.

We will launch the battery swapping station
solution this year.

Battery pack

+  Scientific and compact design in structure:
battery height no more than 510mm, perfect
adaptation to chassis layout.

+ Standardized design and good compatibility,
low space requirement.

+ Accessible to over 450kwh battery capacity,
suitable for high-frequency and long-haul
scenarios. 450kWh battery capacity can
support a driving range of 300km.

+ Adaptable to multiple vehicle body types.

WEBINAR PARTICIPANT PRESENTATION - AULTON

Figure 4: Aulton battery swapping station. Source: https://www.aulton.com/

Aulton battery swapping solution for EHTs

application scenarios

+  450kwh battery pack capacity can meet the
requirements of most application scenarios.

* Long-haul transportation: fixed route, long
distance, high efficiency.

+  Short-haul shuttle transportation: long oper-
ation time, frequent use.

+  Dump trucks operating in urban settings:
fixed and periodic operation time.

2 in 1: Battery swapping and energy storage
Our power exchange station offers a combina-
tion of battery swapping and energy storage.

In this way, land, electricity, and batteries can
be intensively utilized, energy can be efficiently
interactive and locally consumed, and battery

swapping and storage can be integrated. Power
can flow in two directions. Our station is now
fully compatible with two-way chargers. It can
realize the charging and discharge of energy
storage batteries, which are well capable of
meeting the emergency power consumption in
the station. It can also achieve the interaction
between stations and the grid. Through the
efficient energy interaction between vehicle,
station, and grid, the user side can participate
in the transaction with the power market. The
battery swapping station and the power grid can
realize the interaction of energy up and down,
and can use electricity in an orderly manner, cut
peaks and fill valleys. By constructing this new
battery swapping system, it becomes possible
to promote the new transformation of the power

system, including the interaction with terminals.
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STAR CHARGE

China’s leading EV charging solution pro-
vider, now expanding to the battery swap-
ping field. As a Chinese representative, the
company has participated in drafting all of
China’s domestic charging standards and
the IEC international standards.

Speaker

Mr. Li Tao, General Manager of Specialty Vehi-
cles Charging Solution

Our company has been focusing on electrifica-
tion of transportation and digitalization of ener-
gy. We are collaborating with the Mobility Team
of the Shell group to establish charging and

battery swapping networks in Italy and France.

In our view, in the future, specific products will
be replaced by scenarios, and ecology system
ecology systems will replace scenarios. (In
applying a new product solution, identifying
suitable scenarios for the new solution is very
important.)

Star Charge Introduction

Co~building the world” s largest mobile energy network
ecosystem

WEBINAR PARTICIPANT PRESENTATION - STAR CHARGE
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Scenario Analysis

Eight scenarios of commercial vehicles

01.City construction

-
Scenario: Muck truck, Sanitation
truck, Cement mixer truck, etc.

Solutions: Charging, PV,
Battery bank,
Swap station,
Green energy trade

05.Mine transportation

L]

Scenario: coal mine, metal
mines, etc.

Solutions: Charging, PV,
Batlery bank,
Swap station,
Green energy trade

02.Factory short barge

Scenario: Steelworks, Cement
plant, power plant, etc.

Solutions: Charging, PV, V2V
Battery bank,
Swap slation,
Green energy trade

06.Construction machinery

Scenario: Excavator, Loader, Stacker,
etc.

Solutions: Charging, V2V, PV

Eight scenarios for battery swapping mode

Currently, in China, 47% of battery swapping operation exists in the mine
transportation scenario and 27% in city construction and construction ma-
chinery scenarios. With the right infrastructure support, inland river vessel

WEBINAR PARTICIPANT PRESENTATION - STAR CHARGE

04.City short barge

Scenario: City express, Green
distribution, et.

Scenario: Truck and AGV for

container ports

Solutions: Charging, PC
Swap station,
Auto-charging

Solutions: Charging, V2V, PV
Swap station,
Green energy trade

07. Locomotive transportation 08. Inland river vessel

Scenario: Charging for inland

river vessel,

Solutions: Charging, PV,
Swap sation

Scenario: Charging for locomotive
transportation

Solutions: Charging, PV,

Auto-charging

transportation is also suitable for battery swapping mode. We believe that
battery swapping, charging and automatic charging should complement

each other to support future smart cities.
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Scenario Solutions
Full scenario solution
Power source

¢ i

= Green

® Mormal ﬁ@,m

L] ‘H: [

\_ PV industrial park

Green vehicle
operation

—

All Green
Energy 100%

Quota: 15%
Trade: 85%

Electric van

Digital platform
improves
efficiency 15%

N\
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) Green power supply

All Green

Eniergy 100% ¥ EVSE rate 3:1~4:1

Trans-Cap 300kVA*N

Charging station
EVSE rate 30:1~50:1

LW“L Trans-Cap 2000kVA

Swap station

e

" Mobileswapstation

«\

\

= R=0N
e Mobile |
EVSE Vehicle bl
dispatching platform  / ( SOHA0f J
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CaSB Show ) PV generation: 3.456wn per year
PV + Energy storage + Charging + Swap Cost Saving: 2.04Million yuan per vear

3'2 SMW Emission Reduction: 34531 per year

— R _
1 Mw/ 3mwh -
Electric bill saving: RMB 805K . o
yuan per year Energy i
Storage

Carbon-zero Park = 12000w
Skw - 11HE

: via alliadbe "
o Plant Power
z:!i:-gr::::r Sma rt Micr(‘_') -g rid Consumption
360kW*3

Charge per day: 1080kWh = 1 1.1 - |
Emission reduction: 393t per year . |

High Power -
evsE 282*10 Bl o oa
1 Reduction
Battery Storage Storage & Swap
Station
Carbon Cost Saving: 2.845Million yuan per year CO2Emission Reduction Rate: 28.5%
Neutralization  CO;Emission Reduction: 28461 per year Purchase green energy: GO0MWH per month
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CHINA BATTERY SWAPPING INDUSTRY PROMOTION ALLIANCE

Speaker

Professor Li Liguo, Secretary General of the
Battery Swapping EHT Promotion Alliance of
China and Professor of Qing Hua University

Under the guidance of the Chinese govern-
ment’s development strategy for new energy
vehicles and carbon peaking and carbon neu-
trality, the central and local governments at all
levels have issued a series of specific policies
to encourage the electrification of heavy trucks
and the construction of heavy truck battery
swapping infrastructure, especially in 2021. In
2021, a program of pilot cities for battery swap-
ping heavy-duty trucks was launched, and key
promotional demonstrations were carried out.

The electrification of heavy trucks can effec-
tively reduce oil consumption, reduce nitrogen
oxides by about 70% and particulate matter
emissions by 50%, and drive the new energy
heavy truck industry at a scale of nearly CNY
one trillion.

China has demonstrated and promoted electric
heavy trucks for many years, but it is plagued
by problems such as high purchasing costs due
to large battery capacity, long charging times,
battery space and weight encroaching on cargo

85| P Alliance
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Development status and challenges of China Battery-Swap industry of Electric Heavy-Duty Trucks

FuUB TEEMEFRRETLEHERE B8k EPEESRLI IS BSES

Li Liguo, Secretary-General of BSIP Alliance, EVP of Ouyang Mingao Academician Workstation

capacity, and difficulty in constructing charging
infrastructure. Development has been severely
restricted and has progressed relatively slow-
ly. The battery swapping mode involves the
physical separation of the vehicle body and the
battery, and the separation of the vehicle and
the battery assets. Through physical separa-
tion, battery swapping can be achieved in five
minutes instead of hours of charging. Asset
separation means that the cost of the battery
is subtracted from the vehicle purchase cost,
which reduces the initial purchase cost.

The battery swapping mode will redefine elec-
tric heavy truck transport in the future. Through

multiple 150-km short-distance ranges, plus
five minutes of battery swapping, it can achieve
unlimited range within the coverage of the
battery swapping network, instead of charging
for hours at a time, while traveling limited longer
distances of around 300 km. In this way, the
number of battery packs installed on the truck
can be reduced. By reducing the number of
batteries, the cost and the impact on cargo
capacity can also be reduced, and the econom-
ic efficiency of operations can be improved. To
sum up, the battery swapping mode helps the
electric heavy truck transcend the limitations of
charging mode, has good economic efficiency
and applicability and has developed rapidly in
recent years. 46
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As of April 2022, there were 309 models of heavy trucks in the catalog of recommended battery-swap EVs in China, among which tractors and dump trucks were the main models

with a continuously increasing population,
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In lanuary through April, 2022, China's new energy heavy-duty truck sector sold 5886 units in total, including 2,666 battery-swap electric heavy-duty trucks, accounting for 45.3% of

the total, an increase of 14.6 percentage points compared with 2021.
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This slide shows that since 2019, the proportion of battery swapping Truck companies are focusing on the introduction of battery swapping
heavy trucks in each batch of new energy heavy trucks has increased EHTs. It can also be seen from the sales chart for new energy heavy

from a very low level at the beginning to close to 60% of each batch of trucks on the right of the slide that the sales and proportion of battery
announcements (of newly launched new energy vehicle models in China). swapping heavy trucks are rising rapidly, and they are increasingly

receiving recognition by market users. .
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At present, leading enterprises such as State Power Investment Corpora-
tion, CALT, Jinmao Smart Transportation, and GCL have entered the field
of construction and operation of battery swapping stations in China. Major
heavy truck manufacturers have launched models of battery swapping
electric heavy trucks.

We have an optimistic attitude towards the construction of China’s battery
swapping heavy truck market and the development of battery swapping
infrastructure. We predict that the sales volume is expected to reach
400,000 vehicles in the next five years, and the overall market size is
expected to reach CNY 500 billion per year.

By 2026, we predict that the stock of battery swapping heavy trucks will
reach 800,000 units and 1,600 battery swapping stations, which will drive
a total of nearly 300GWh of power batteries and bring huge opportunities
for the development of the entire industry.

Is battery swapping the best way to supply energy for heavy trucks? We
conducted a modeling analysis using the ton-kilometer cost as the evalu-
ation index. The results of our analysis are described below. We selected
a 49-ton tractor as the research object, took full-load continuous trans-
portation as the freight scenario, and carried out modeling simulations
according to the following energy supplement conditions: 4C super-fast
charging, 1C standard fast charging, and five-minute battery swapping.
The ton-kilometer transportation cost is composed of the main costs such
as the cost of the vehicle and battery (battery swapping station/charging
station construction and operating cost) and the driver’s salary.

This is a typical short-distance scenario with a driving range of 150 km.
According to the cost calculated under the condition of 50% of the
charging and swapping station load rate, we find that the cost of running
electric vehicles is significantly lower than that of traditional vehicles.

We also analyzed the impact of different power supply intervals on the
economy. This power supply interval refers to the energy supply point and
the construction interval of the charging and swapping station. Super-fast
charging can only have a slight cost advantage in the case of short-dis-
tance operations and densely distributed energy supply points below 60
km. However, under conditions of 68-272 km energy supply intervals, bat-
tery swapping mode has significant economic advantages. For scenarios
where the recharge interval must be greater than 300 km, fast charging
has a significant advantage. The average transportation distance of road
freight in China is about 170 to 180 km. We judge that the battery swap-
ping mode has very strong adaptability and promotion value in the context
of freight transportation in China.

In addition, we also analyzed the change in the cost of different supply
methods when a different number of vehicles utilize the energy supply
network. We found that when the load rate is below 37%, fast charging
remains the best way to replenish energy, but when the load rate exceeds
37%, battery swapping mode continues to have the strongest compet-
itiveness. From this, it can be inferred that charging is more suitable
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for low-frequency scenarios, and battery swapping is more suitable for

high-frequency scenarios. The transportation network has different trans-
portation densities and usage frequencies, so we judge that a heavy-duty

truck power supply network where charging mode and battery swapping
complement each other will be formed in the future.

All of these scenarios have already been demonstrated by battery swap-
ping heavy trucks. However, we have seen that the industry generally
believes that the highest proportion of applications is still in short-haul

scenarios. What is the reason for this? Because in this scenario, it is often

possible to build just one station to carry out operations, which is easy
to implement. It does not mean that battery swapping mode is only suit-
able for short-haul scenarios. We have seen that battery swapping EHT
demonstration projects in long-haul scenarios with more than 1,000 km
distances has begun to emerge. For example, CALT company planned a
line to transport batteries from Yibin to Shanghai by using battery swap-
ping EHTSs, which also reflects the wide adaptability of battery swapping
EHTSs for transportation scenarios.

The successful application of the battery swapping mode of heavy trucks
is inseparable from innovation by leading companies regarding technol-
ogy and business models. The first key point is technological innovation,
exchanging the traditional integration method of physical connection
between vehicle and battery for a structure of automatic separation and
automatic combination of battery and vehicle body. This has experienced
practical verification in tens of thousands of vehicles, proving that the
technical route of battery swapping is feasible.

On the other hand, there is the innovation of battery swapping equip-
ment. It can automatically locate the vehicle and automatically complete

the battery replacement. At present, there are two main domestic tech-
nical routes: side replacement type and top suspension type, and both
have been tested in practical application. This slide shows a typical
side-mounted power station. Through the fusion of lidar and vision, the
vehicle and battery positions can be accurately identified, and then auto-
matically grasped and replaced by a high-precision multi-degree-of-free-
dom robot, without the driver needing to exit the vehicle. All identification,
payment, and replacement processes are completed automatically, the
automatic replacement time is less than four minutes, and the total ser-
vice time is less than five minutes. This is an actual muck truck operation
scenario.
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3.1 Innovation in Battery-Vehicle Separation for Heavy-Duty Trucks in China (DD BN R Al 3 15 B

REAHERASE (2150%%)

Swap-Battery System Assembly

FRIRBRADAE

Vehicle-mounted Battery Swapping
Battery Swapping Truck System Assembly

FRIRBIRE (FEEEE)

Vehicle-mounted Swapping Foundation

This slide shows the most common type of top-mounted battery swapping  What has just been discussed are several technological innovations that

equipment. It adopts the structure of a gantry crane. Its structure is sim- solve the problem of the physical separation of products. Another key
ple, the technology is highly mature, the sling is flexible, and the adapt- point is the innovation of the business model which separates vehicles
ability of automatic positioning is relatively strong. The driver completes and batteries. The battery assets are held by battery banks, and users
the alignment and parking. The requirements for the control system are only need to pay a price that is similar to that of a traditional heavy truck
also relatively low. It is currently the earliest and the largest scale applied to acquire the EHT vehicle body. Users then pay a monthly battery rental
battery swapping equipment. The battery replacement time is five min- and battery swapping service fee that is lower than the cost of fueling a

utes, and the total service time is six to seven minutes. traditional vehicle. In this way, the operating and maintenance costs of
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4.1 Industrial Ecosystem of Battery Swapping for Electric Heavy-Duty Trucks

TR,
o 3
£ @
i ]
A, A4
'\-\_.-J

MEE-RFWEERELAEN, RBREHNRE. BREEG. BT, HFERESHEEIAR=IES

An industrial ecology has been composed of truck plants, battery-swap equipment suppliers, battery-swap operators, battery banks, digital energy
providers and other enterprises in battery-swap industry of heavy-Duty Trucks.
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Provider for

Supplier of Vehicle-mounted
Battery-Swap System

the vehicle can be reduced without increasing the initial investment. This
payment model is very user-friendly and is also an important factor in
accelerating the promotion of battery swapping heavy trucks.

The industrial innovation and ecological construction of Chinese enter-
prises have achieved good results. This slide shows a simplified diagram
of the ecological chain whereby truck companies sell bare truck bodies,
battery banks provide battery leasing services, and battery swapping

ith i EIERRSS

Battery asset manag. &service

EEREIEEE

Operator of Battery-swap HDT

IMEBIEE RS

RIS F R

REBIZEIRSE
Suppliers
of Battery-swap Equipment

Provider for Battery-
swap Operat. Service

operators build battery swapping stations and provide a complete user
service for battery swapping. We call these actors direct suppliers. At

the same time, a supply chain system has also been formed providing
services to direct suppliers such as battery systems, onboard battery
swapping systems, battery equipment, battery swapping station operation
management, and other products and services. Several corresponding
suppliers can provide a stable supply.
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In the early stage of the demonstration of battery swapping EHT oper-
ation, we found that most of the battery swapping stations in China are
owned by the users of the scenario and the battery swapping operators
provide financial services. This is only applied to the situation when users
own their vehicles, which we call closed-running battery swapping sta-
tions. What is now more often the case is that battery swapping station
operators invest in the construction of stations.

The operation mode of the public interconnected battery swapping net-
work has received wide recognition, and the battery swapping service
network has been formed at the regional level.

This slide shows all enterprises in China’s heavy-duty truck battery indus-
try chain. At present, they have formed a relatively sufficient, active, and
healthy industrial ecology.
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In November 2021, CAAC issued the Roadmap for Standardization of Electric Vehicles in China (Third edition). Based on the development needs of China's new
energy vehicle industry, the roadmap systematically combs the standard architecture of new energy vehicles, and introduces existing standards at home and abroad
and the lack of standards by field. The standard of battery swapping has been included in the short-term and medium-term tasks.
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At the same time, under the guidance of the Ministry of Industry and
Information Technology and the Administration of Energy, the inter-

changeability standard system for battery swapping for heavy-duty trucks
is also rapidly being constructed, which is paving the way for the healthy

development of the industry.

This slide shows the "Roadmap for Standardization of Electric Vehicles in
China (Third Edition)” issued by the China Automobile Standards Commit-
tee in 2021, in which creating the electric vehicle battery swap standard is
listed as a key task in the short and medium term.
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battery-swap Promulgated by CEC, Charging Infrastructure Standards of Electric Vehicle (2020 edition) covered the charging equipment manufacturing, testing, planning,

construction and operation management, etc, mainly to solve key problems such as charging security, connectivity, equipment quality, facility layout, measuring the

facilities

billing in the process of using electric vehicle. The standard system was divided into three parts: basic standard, construction and operation standard, and service

network standard.
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This slide shows the "Standard System of Electric Vehicle Charging
Facilities (2020 Edition)” issued by the China Electricity Council, which
also focuses on the layout of heavy truck battery swapping.
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Arounds the standard system of electric velhicles and charging &battery-swap facilities in heavy-duty trucks, the management departments of national and industry standards

have organized professional power to establish related standards whichh focus on compatibility in order to realize vehicle-mounted systems Interchangeably in recent years.
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This slide shows a list of specific standards. At present, there are seven
national standards and five automotive industry standards in the process
of revision and formulation, mainly focusing on the safety and interchange-
ability of battery swapping.
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At the same time, there are also several associations and regional
standards involved in the designation process. At present, the regional
standards for battery swapping in Jiangsu Province and the association
standards from the Battery Swapping Connectors’ Association have been
released. All stakeholders are striving to realize interconnectedness and

55



WEBINAR PARTICIPANT PRESENTATION - CHINA BATTERY SWAPPING INDUSTRY PROMOTION ALLIANCE

compatibility within groups or regions as soon as possible. All attach great
importance to exchangeability and interoperability and a consensus has
been formed on the vision to build an interoperability and exchangeable

battery swapping network for the entire industry in the future. - ittt isiilh, gy ars ,-
'u o e SEEmED + = i ‘:.::;ﬁ.p

While there has been rapid development, there are many risks and - ; i sﬁ'_.; ,,H“” i i3 >

difficulties to be overcome throughout the entire industry. Due to time e S/ 2l . = -:5...-.-.;-.::{

constraints, today | mainly want to mention two that | think are the most : ; / .

important. The first is that the current differences between the standards
of various groups and regional local standards are very large, and it is
difficult to achieve national unity. If the development of regional and group
standards is too fast, the development of national standards and automo-
bile industry standards is too slow. It is easy to form the inversion of stan-
dards, hindering the development of the industry and leading to a waste
of resources. This issue has also received the attention of the Ministry of
Industry and Information Technology. Some coordination and promotion N
may be carried out in this regard in the future to speed up the introduction
of industry standards and national standards.

The second problem is that the battery bank centrally holds 50% of the
assets of the battery swap system, but there is currently no effective
method of battery asset management. This brings great risks to the bat-
tery asset management of the battery bank and hinders the participation
of many financial parties. The battery bank participates in the process
of battery asset investment. We also perceive that this is hindering the
speed of development of the current industry.

Our alliance has done a lot of work in interoperability, including research
on standardized technical solutions, organization of interoperability
groups, and identification of high-quality interchangeable products.
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This slide shows our research on interchange-
able standard technical solutions.

First, the formulation of the standardization
scheme requires mature and proven products
to reduce the technical risk of the standard
formulation.

Second, battery swapping technology is
currently in the early stage of industry devel-
opment, product design optimization is not
sufficient, and technological innovation is also
very active. While ensuring interoperability and
exchange, the restrictions on specific technical
test forms should be limited as much as possi-
ble so that the innovation space of the industry
can be protected. This is the hardest part of
the job. Our alliance has innovatively proposed
a unified battery frame interface, which can
liberate the innovation of the lock mechanism.
At present, it has received technical recognition
and support from companies in the industry. We
are currently conducting in-depth discussions
in this direction. In the bottom left corner of this
slide, we can see a typical locking base from
each company. The differences are still signif-
icant; it is very difficult to exchange batteries
directly. The main idea of battery swapping pas-
senger cars is to share battery swapping stations.
We propose a solution to standardize the sin-
gle-side interface of the battery system so that
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Group standards and local standards have the advantages of short time for formulation and strong relevant, certain level of technical foresight, independent innovation,

and so on,
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These standards can not only serve the specific graups and local industries in a timely manner, but also provide initial results of innovation and research as well as

sufficient testing and verification for comprehensive consideration, demonstration and formulation of industry standards and national standards in the long term, thus

promaoting the establishment and improvement of the industry standard system for battery swapping for electric heavy-duty trucks in China.
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the mechanism on the left can be matched with
the battery on the right. All parties involved are
interconnected without changing their prod-

uct and technology roadmaps. At present, we
are also conducting detailed digital-to-analog
matching with many companies. About three

or four companies have had no problems at all
utilizing our interface solution. Other companies
may need to make slight changes. The feasibil-
ity of our interface solution is very strong, and it
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is expected that relevant standardization plans
will be released this year.

Due to the complexity of the electrochemical
characteristics of batteries, the management of
battery assets faces many management pain
points such as safety, life, performance, residu-
al value, etc. We are also promoting the digital
management of battery assets and the con-
struction of a digital trading system.
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6.3 Work of the Alliance
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To realize vehicle-mounted systems’ interconnection of battery swapping heavy-duty truck,CAAC has set up a project of industry standard " Vehicle-Mounted
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Systems'Compatibility of Electric Commercial Vehicle i" series standards. Alliance has actively participated in, put forward feasible and compatible standard solution, which got

the majority of peer recognition , and has promoted unified standard specification.
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This slide shows our establishment. It is the
bottom-level infrastructure, the infrastructure for
the digitization and operation, and maintenance
of battery assets. We have now built a bat-

tery asset full life cycle management platform
based on battery big data, Al algorithms, and
cloud-controlled battery management technol-
ogy. It can comprehensively record the operat-
ing data and status of the battery and provide
support for the upper-level operation platform,
operation, and maintenance platform, and asset

transaction. If there is an opportunity, | will dis-
cuss it with you in detail at a later stage.

Finally, | would like to briefly introduce our
Alliance. In September 2020, professor Ouyang
Minggao of Tsinghua University and professor
Wu Feng of Beijing Institute of Technology,
China Electricity Council, China Youth Acad-
emy, CCID Research Institute, CALT, China
Merchants State Grid, South Grid Electric, and
other industry experts, standard supervisors,
and leading enterprises jointly initiated the
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establishment, which is positioned to promote
the formulation of technologies, standards,
and industrial cooperation, and to promote
the healthy and efficient development of the
heavy-duty truck battery swapping industry.

| hope to have the opportunity in the future to
communicate and cooperate with all parties in
China and Sweden to jointly promote the devel-
opment of the global battery swapping heavy
truck industry. Thank you for listening.



SANY HEAVY TRUCK

Sany is one of the top truck OEMs in China
deploying battery swapping for EHTSs.

Speaker

Mr. Zhang Xing, Vice General Manager of
Power Energy Technology

Sany has been deeply engaged in construction
machinery, ranking first in China and second

in the world. Sany entered the heavy truck
industry in 2018. In 2019, we began to explore
electrification. Today, electrification is one of the
three strategies of our whole group. We have
now launched our total solution encompassing
electric trucks, battery swapping stations, and
operation management platforms. With support
from financial organizations, trucks, and battery
swapping equipment are provided to operators.

Our solution is based on a battery swapping
station for standard road transportation, while
for non-standard-road operation, the battery is
delivered by a mobile battery swapping truck.
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Swap battery in 1.9 min
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Battery swap heavy trucks
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Electric dumper truck

1.9 7R
SifnEFE120km

B ANER 2 30°

Be 1 201500kg

Swap battery in 1.9 min
Maximum ramp angle: 230°
Range:120km

Curb weight 21,500kg
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Swap battery in 1.9 min
Maximum ramp angle: 2307
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Concrete loading capacity: 10m?
Curb weight: 14,980kg

Sany battery swapping truck products Because Sany is a world-leading construction machinery supplier, we have

We have launched three major types of battery swapping trucks: tractors, also explored the electrification of construction machinery. Our electric mining
dumpers, and mixers. The battery swapping can be achieved in 1.9 minutes. trucks, electric excavators, electric road roller, mobile electric crane, elec-
The battery swapping tractor’s energy consumption is 1.5kWh/km. The range tric loaders, and electric reach stackers are undergoing testing and will be

of the dumper is 120km. The curb weight of the mixer truck is below 15 tons. launched to market this year.
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fime is 5 minutes.

Sany battery swapping station solution

We have also launched our battery swapping station solution, now in its third
generation.

The first-generation solution was launched last April. It is a fixed battery
swapping station, which adopts visual positioning, a three-axis trolley, flexi-
ble charging, and other technologies, and is equipped with a restroom. The

battery swapping time is five minutes, which is equivalent to the industry
standard level.

The second-generation solution is based on integrated design, which adopts
the idea of a container. It covers a relatively small area, and the installation
time is relatively short. It can be installed in only three to five days, and the

battery swapping time is five minutes.
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The third-generation solution was launched last October and is a radical solu-
tion. The battery swapping station adopts a ring layout and a double gripper
battery swapping mechanism so that the time of battery swapping action is
controlled to within 90 seconds. From driving into driving out, the vehicle can
complete the battery swapping in less than two minutes, that is, 1.9 minutes.
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for battery swap and battery delivery, to assist battery swap of heavy

7 (LB
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With 10 batteries in the station, there is no need for a spare cabin position,
and the service capacity can reach up to 100 vehicles. We have been testing
the system since its production last year, and there have been no faults in
more than 10,000 tests so far. The battery swapping process is fully automatic.
The station and vehicle, which are all our own, are deeply integrated. We have

also developed our intelligent operation platform.
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The electric heavy truck market is growing rapidly in China, and the battery swap era of vehicle is accelerating
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Cumulative sales data of Sany electric heavy truck from January to April

2021 m 2022
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Electric tractor Electric mixer truck Electric dumper truck
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Sany’s perception of battery swapping EHT market

The electric heavy truck market in China is growing rapidly. We believe that top-selling truck. According to our sales data, the number of electric trac-

the era of battery swapping is coming fast, or has already arrived. Last year, tors sold has increased by more than 300 times from 2021 to 2022, and the
more than 1,000 Sany heavy trucks were sold on the market, which is also the ~ number of electric mixer trucks has increased by eight times. Since the dump
top-selling truck in the whole Chinese market. In April this year, it was also the  truck was not sold last year, its sales this year are also relatively good.
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9 battery swap stations completed and put into operation, among them, 2 fixec
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Sany fixed battery swap station
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Start mode: manual

Han Dan integrated swap station

The two stations on the left of the image above are first-generation stations.
The three stations on the right are second-generation stations.
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Sany integrated sample battery swap station
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Starl mode: manual
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Xi jiang Ba Gang integrated swap station
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Sany RGV sample battery swap station
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These are Sany’s third-generation battery swapping stations. We call them
RGV stations. The Hubei E’zhou swapping station can serve different kinds
of trucks, as shown in the image above. Many of our stations can now serve
different kinds of trucks.

In the next two months, we will build six battery swapping stations. In the city
of Wuhan in Hubei province, we are establishing a city-level battery swapping
network, which diverges from the traditional way of building isolated battery

PO) | | pREBRG Vg LLIFRTEERG Vs
Cheng Du RGV swap Shandong zibo RGV swap
station

swapping stations for closed project scenarios. In Wuhan, we are trying to
establish a public battery swapping station network.

In summary, we perceive that in the era of the electrification of transport, the
charging mode has not succeeded in realizing the electrification of heavy
trucks. It is with the application of battery swapping mode, we believe, that
electrification of the heavy truck industry can be achieved.
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FOTON

Foton is one of the pioneers in battery
swapping for EHTs and one of the top truck
OEMs in China deploying battery swapping
for EHTSs.

Speaker

Mr. Gao Yi, Vice President, Foton Intl. & Gener-
al Manager, Europe Business Unit, Beigi Foton
Motor Co., Ltd.

Introduction to the company

Founded in 1996, our company is the largest
manufacturer of commercial vehicles in China
and the largest exporter of commercial vehicles.
We have exported our commercial vehicles to
more than 10 countries, with a total export vol-
ume of about 720,000 vehicles.

We have a series of commercial vehicle prod-
ucts, including heavy trucks, light trucks,
pickups, buses, etc. Our first hybrid bus was
launched in 2003, and then we began to pro-
duce and manufacture China’s first hybrid bus.
Meanwhile, we also provided electric bus fleet
services for the 2008 Beijing Olympic Games.

WEBINAR PARTICIPANT PRESENTATION - FOTON
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Later, in 2009, our first electric truck was
launched. Later, our range of electric vehicles
was expanded to other product categories,
such as trucks. As well as electric trucks, in
2019, we launched the first liquid hydrogen-fu-
eled truck, with a total mileage of 1,000km. At
the 2022 Beijing Winter Olympic Games, we

e 0 0 0 overseas outlets

CSOUUZEINR R

S

1 3 regional service training centers
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provided 1,223 new energy vehicles, including
511 fuel cell electric vehicles to serve the event.
In addition, we also took the lead in launching
driverless trucks in China in 2016. At present,
L3-level automatic driving technology has been
put in use for this purpose.
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Why do we need Battery Swap for heavy duty trucks?
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The very huge power consumption of heavy duty trucks put Depot Charge into a dilemma of “long range ” or “ reasonable payload”.
Power consumption per day

1.2Zkwh/km * S00km = 600kwh i

BRGEERREEEX B
BERHBNN1 2T ERISE * 50045 H = 600FEAY

VERY HUGE power consumplion of Heavy-duty Trucks

‘ i.e. mileage 500km per day
N - EEHC S0048/K

OPTION 1

® Capacity - 800kwh f 80% = 750kwh
® Battery Weight - 8000 kg
® Charing time: 6-8 hours at night

Large capacity batteries,

—
One charge per day o
EIh— o

® Fi-600T EE/80%=750T Bt
e H-5000F5%
XEWEH, SEXFR—R <1 charge o xmum: &ime-s

® Capacity - 250kwh

® Very Low payload (4000kg Less
than diesel truck)

® \Very expensive
IFRMOEER (RESHZEL4000kg)
® JERTSAIRE

OPTION 2
) ) @ ® Battery Weight — 1700 kg
Small capacity Batteries, ® Charging time - 2 hours per charge * 3 = .
< multi- 8 hours (1 charge at night time and 2 ® Working hours occupied (4-6 hours)
Multi-charges per day s :
ges al day lime) o SEI(EENE ()

i) (i charges o e

° — 250FER
B, SXERRR o Hlil -1700FS

® FERREE - 2B ERCIR=6 (RET
Bk, OXFTE2R)

Battery swapping for heavy trucks

Why?

Heavy trucks consume a large volume of power,
and we must consider how to solve the problem
of energy supply reasonably and effectively.

First, let’s calculate that for a typical heavy truck
if the daily mileage is 500 km, the daily power
consumption is 600 kWh. So, if we choose to
have a large battery capacity and charge it

once a day, the battery capacity needs to be
very large. The capacity of the battery is 750
kWh, and the weight will reach 4,300 kg. The
charging time is about six to eight hours over-
night. The loading capacity will be very small
because the battery weight is very heavy.

In addition, the cost will be extremely high.
Thus, these conditions are unacceptable, and
the customer will not choose such an option.

200

¢ — Dilemma of

Depot Charge

thusFE BRI

The second option is to charge three times a
day, and the battery capacity can be relatively
small. In this case, the battery capacity is 250
kWh, the weight is 1,400 kg, and the charging
time is at least six hours. It takes a long time to
charge, once at night and twice during the day,
so there is a need to develop the technology of
battery swapping with heavy trucks.
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The Battery Swap Trucks rightly fit for the working scenarios with following features,

. PG ERA (> 300km/day)
Muoderate duty operations
(> 3002 2/K)
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# Battery capacity - 282kwh & Number of swapping times — 160-180/24hours
. HbEE: 282FRA $HREN: 160-180R/24/E

inEEfiEK16-24h i

Long operation time - °

16-24 hours per day

Port Handling

Industrial Undertakings

The fleet of trucks > 40 vehicles

wmeEs (<s0nm) | [ ' L
Single range <150km : @ s IERAEELL (>408)

Suitable scenarios for battery swapping heavy truck operation

First, the running mileage of the whole truck short, and the one-way haul distance is less
fleet of the battery swapping mode operation than 150 km.

is relatively high; that is, the work intensity is

relatively high. For example, the fleet’s opera- The number of truck fleets is relatively large,
tion intensity is more than 300 km per day. Its and there are a relatively high number of vehi-
operation time will be relatively long; for exam- cles. A fleet of more than 40 vehicles should

ple, the daily operation time can reach 16 hours be more suitable for battery swapping heavy
or even 24 hours. The haul distance is relatively trucks.

{power plant, steel plant)

The suitable operation scenario is probably at
ports, construction sites, mining areas, steel
mills, power plants, etc.
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Battery swap truck products introduction - TRUCK
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Tractor(EV) Dump Truck (EV) Mixer Truck(EV)
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Battery Maker CATL, LFP Battery Maker CATL, LFP Battery Maker CATL., LFP
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Rated Energy 282kw-h Rated Energy 282kw-h Rated Energy 282kw-h
WHETh 282 [ Hul/if wsE g 282 [l WL th+ 282 T-Tu/ i
Range 200km Range 190km Range 200km
ULEAE '8 20041 LR 1902811 LiP | 200441
FOTON battery swapping vehicles
FOTON launched our battery swapping buses Vehicles

in Beijing in 2009, and those buses are still in
operation today. In 2020, we delivered our first
batch of 20 battery swapping heavy trucks to
customers in Beijing. By the end of 2021, we
had sold 2,000 units of battery swapping heavy
trucks.

Our company’s products in terms of battery
swapping heavy trucks include tractors, mixers,
and dump trucks. For example, the series driv-
en by tractors includes 6 x 4, the dump truck is
8 x 4, and the mixer truck is 8 x 4.

The total weight of the tractor truck and dump
trucks can reach 49 tons to 55 tons. For the
mixer, the total weight of the vehicle is 40 tons.
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The battery swap station consists of 4 parts, including intelligent hoisting jack, swaping space, monitoring room and maintenance

Stations

The design of the battery swapping station is
composed of four parts, which can meet the
daily battery swapping demands of 50 vehi-
cles. The total power distribution capacity has

-

HAEak i
i i LA
Monitoring
Battery Swap
Romm Laria

IRSER (%) - 400E

BRSNS 7

BiEEE: =2000KVA

? RFEAEE: 456Ah

Top sl | meashshiamR: <120m?

Station GEATE: 3min
SERAEER: <2700kg

o RHEERESGn: =20000:%

RS RAEN2LENEE
| Bk E: 280

e L
¥ Intelligen Hoisting Jack

suipifx
Charging Space

o

_ 4sx
Maintenance
”-_ 8 Room
—— , bl
Charger

Quantity of service vehicles (standard station): 40
Quantity of batteries: 7 boxes

Capacity of ower-supply-and-distribution-equipment: 2
2000kVA

Capicity of batteries: 456Ah

Area of the statio: £ 120m?

Time of battery swap: 3min

Weight of battery box in the vehicle: £ 2700kg

Service life of power exchange connector: 2 20000 times
Emergency disposal: Emergency disposal function

Automatic level: Full automation /

reached 2,000 kVA, and the area of the battery
swapping station can be less than 120 square
meters. The time taken for battery swapping is
three to four minutes.
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Building an ecological System - Based on the customers requirements, providing customers with the integrated solution

including vehicle, financial leasing, operational leasing, charging infrastructure, battery leasing, battery echelon utilization, etc.

. i IREBIRG+ AS T
TIhES Battery Swap Facilities +
Unpowered Auto Parts Spare Battery Modification Cost
Bodywork = m— .

A total solution for customers

We have established a good business eco- vehicle sales, vehicle modification, financial overall business model does not concern only
system based on the needs of customers. For leasing, operational leasing, battery swap- a single party but rather integrated solutions
example, we work with our partners to provide ping stations, charging piles, battery leasing, provided together with our partners.
customers with integrated solutions, including and battery echelon utilization. Therefore, the
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Concrete Industry cases in China HPEFRELTIER J @

Beijing — The first Zero-Emission Transportation Project in concrete industry
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Cargo Transport Volume
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. TECHNOLOGY LEADING INTO THE FUTURE

Case studies

The first case is the concrete industry. There The second project is for the Qinghai lithium The third case concerns port transportation,
are two power stations in this project, which mine. They have a total of 150 vehicles, includ- mainly vehicles used in port loading and un-
mainly serve tractors and mixers for aggregate ing tractors, trailers, and mixers, which are used loading. There are a total of 50 vehicles. This
and concrete transportation. for transportation throughout the entire lithium port is also one of the largest in China, includ-
mine, including at the mine site and outside the ing these operating vehicles inside and outside

mine. the port. 72
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Mine(Area Closed) Qinghai Lithium Mine
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Cargo Transport Volume EV quantity
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150 units
15047

Salt mine Tractor/trailer/Dumper 19500 Tons/day
By S IFAETE T 19500/

Mines (Salt precipitation)
W H (GMRRE)

TECHNOLOGY LEADING INTO THE FUTURE
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Dubson Train
Station

Qinghai Lianyu Potash
Fertilizer Plant
EERFHIEEEAS

| EARRRAEL

73



WEBINAR PARTICIPANT PRESENTATION - FOTON

Port Handling(Area Closed) Guangzhou Port (One of the largest ports in China)
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Cargo Transport Volume EV guantity Operating distance (km)
IESEY ERTE BB BN EEEE (22)

Grain, coal, containers Tractor/trailer/Dumper 1.74 million Tons/day 50 units 80-150km/day
B, Wk, =R S| AEF AT 174 50/K 5047 80-150A2/K

shipping dock
HEIRRL

100-120km : e

R S R L SR SN SRR R e, | wee. 100-120 11t destination of
delivery
AEtEiha

= TECHNOLOGY LEADING INTO THE FUTURE
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BEIJING HIGHWAY & RAILWAY
GREEN MULTIMODAL TRANS-
PORTATION

The first transportation company that pio-
neers operating battery swapping trucks in
China.

Speaker
Mr. Wang Bo, Vice President

Battery swapping operation experience

Founded in August 2019, our company is the
world’s first transportation service company to
build and operate battery swapping stations for
electric heavy trucks.

We began to invest in establishing China’s first
three battery swapping stations in November
2019 and 2020. The total investment in the
construction of station 1 is about CNY 6 mil-
lion, and for station 2 and station 3 about CNY
5.9 million each. The cost of batteries is CNY
410,000 for each station. By 2022, the cost

of construction for a battery swapping station
(including the cost of equipment) has been
greatly reduced to below CNY 4.5 million. We
now have 96 battery swapping dump trucks
and 96 tractors, among which 15 are charging

WEBINAR PARTICIPANT PRESENTATION - BEIJING HIGHWAY & RAILWAY GREEN MULTIMODAL TRANSPORTATION

electric vehicles. The total annual transportation
capacity has reached 4 million tons. One power
station can meet the battery swapping needs of
40-45 vehicles.

At present, the time taken for battery swapping
is five minutes, the success rate of automatic
battery swapping is 99.9%, and the charging
power is 2,100 watts. There are a total of eight
charging cabins in each station, and the service
capacity is 168 times in 24 hours. All kinds of
heavy truck models can be served. At pres-
ent, one station covers an area of 200 square
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meters. In 2022, the construction cost of our
battery swapping station, including equipment,
is about CNY 4.5 million.

We have now reduced the energy consump-
tion of our truck fleet by 10% under the battery
swapping mode. First, the vehicle is separat-
ed from the battery, and the purchase cost is
relatively low. Second, energy replenishment is
faster than refueling. Third, power distribution
and land are saved. Fourth, the vehicle oper-
ating cost is low, and the battery operation is
safer.
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Device data
Average daily driving distance: 600 km

Daily freight of sand and gravel: 100 trucks
travel four times with 28-ton loads each time.
11,200 tons per day in total.

Annual transportation volume: 340 million tons.

Annual driving distance: 100 trucks * 600 km *
300 days/year= 18 million km

Annual electricity consumption: average elec-
tricity consumption is 1.4 kWh/km, 23.58 million
kWh per year.

Annual electricity bills: average electricity bill is
0.72 Yuan/kWh, 17 million Yuan per yeatr.

Decreased carbon emissions compared to
diesel trucks: calculated by 50 liters per 11 km
and 300 days a year with 30,000 liters per day,

the annual diesel consumption is 9 million liters.

This means a decrease of 23,670,000 kg of
CO, emissions.

Disadvantages of electric heavy truck
charging mode

Heavy battery weight. Cargo capacity declines
by 10% to 20%.

High-power charging facilities are in short sup-

ply.

Conventional fast charging takes a long time,
and the operation time declines by over 20%.
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Device data:

600 kilometers

100 trucks travel 4 times with

28t loads each time
11200t per day in total.
340 million tons

100 trucks * 600 kilometers * 300days

per years
18 million kilometers in total

average electricity consumption

1.4 kWh per kilometer
23.58 million kWh in total

average alectricity bill 0.72 Yuan/kWh

17 million-Yuan in total

Calculated by 50 liters per hundred kilometer and
300 days a year with 30 thousand liters per day, the annual

diesel consumption is 9 million liters.

It means that 23670000 kilograms of CO, emission decrease
which equals to 699300 kilograms of carbon emission decrease,

- happens when using 76500t of diesel.

The size of the vehicle is relatively large and
occupies a large space in charging sites. The
utilization rate of charging power is low, the
capacitor occupation is high, the impact on the
power grid is relatively high, and the planning
and construction of the charging station is also
relatively difficult.

Advantages of electric heavy truck
battery swapping mode

High efficiency.

Decreased cost. When separating the vehicle
body and battery, the purchase cost of trucks
decreases to a level similar to traditional diesel
trucks.

Flexibility. According to the working conditions,
we can flexibly replace different batteries and
battery packs. According to the transportation
distance, at present, our battery pack is 282
kwh, and the approximate weight is less than 3
tons, reducing the body weight and improving
the effective utilization rate of battery assets.

Safe. Centralized charging management, safe
and reliable. It can extend the service life of
the battery by more than 20% and increase the
echelon utilization value of the battery.

High efficiency in utilizing urban land resourc-

es. Avoids long charging times and occupies

large areas of land, which is the greatest advan-
tage of the battery swapping mode compared to

the charging mode. 76
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Q&A FROM THE AUDIENCE TO THE CHINESE
PARTICIPANTS

Below are some questions asked by the Swedish audience to the Chi-
nese participants and their answers.

1. What is the influence of battery swapping mode on the gravity,
stability, and balance of heavy trucks?

Sany: Based on our road testing results, the safety performance
satisfies national regulations. After the battery is placed, the width
of the truck is still the same as before; however, the length of the
vehicle will indeed increase by 850 mm, which is equivalent to a
decrease in the turning radius. This is the main change the battery
swapping mode brings to heavy trucks.

2. Under the battery swapping mode, truck OEMs have concerns
that they might lose control of batteries and the whole vehicle.
How does the current business model of battery swapping
mode for EHTs address this issue?

Sany: At present, this kind of situation in China generally does not
happen. Why? The data from the battery throughout the whole oper-
ation process is connected to the cloud and can be retrieved through
the network. On the other hand, in China, we have the advantage of
this battery and vehicle separation mode. Centralized management
will be of great help to the health of the battery.

3. Truck OEMs have concerns that they will lose economic
benefits under battery swapping mode. How can we address
these concerns?

Sany: This is a situation we have encountered, and | can share our
experience here. In the beginning, we adopted the charging mode

Be 1 i
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for our electric mixer trucks. We thought that the price of charging mode
electric mixer trucks is high and can therefore bring a higher profit when
we sell the truck. However, this perception ignores the fact that even
though the charging mode brings higher unit profit when the price is too
high and customers are unwilling to buy the truck, in the end, we will
sell fewer units of trucks and achieve lower economic results.

As | have said earlier, charging mode does not open up for the era of
electrification of heavy trucks. Based on our past two years of experi-
ence in the field, after we adopted battery swapping mode for heavy
trucks, and especially after we established our battery swapping station
solution, the sales of electric heavy trucks increased significantly. It is
beneficial very much to support OEM’s sales volume. The reason is the
advantages of the battery swapping mode. First, there is the advantage
of fast energy replenishment. Second, there is the decreased purchase
cost of EHTs. As long as battery swapping stations are established
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in one area, when other customers see operators, operating battery
swapping EHTs, they will also opt to buy battery swapping EHTs and
establish stations.

In terms of concerns that battery swapping mode EHTs might decrease
OEMSs’ economic benefit, this did cause hesitation among OEMs in the
early stages. However, as long as OEMs have tried the mode, espe-
cially when the mode opens door to market sales volume, it won’t be a
problem anymore.

. What is the influence of battery swapping mode for EHTs on the
grid side?

SPIC: Compared with the charging mode, there are great differences

in the structure and operation of the battery swapping mode. First, in
terms of structure, the battery swapping station is positioned not only
as a stable and orderly charging load but also as a distributed energy
storage unit. On the contrary, the charging mode reflects more of the
characteristics of a pure load, and because the customer’s vehicle
needs to be charged immediately after it arrives, it may require a very
large number of charging piles and a large amount of land to allow
several vehicles to charge concurrently. The impact on the power grid is
therefore inevitable because the load is unplanned. Once the custom-
er’'s vehicles come into the charging station, their vehicles need to be
charged immediately and concurrently. The generation of high-power
loads can easily impact the power grid. | believe we will encounter this
problem when pushing large-capacity heavy vehicles all over the world.

Second, in terms of the operation mode whether it is the charging mode
or the battery swapping mode, the V2G (vehicle-to-grid) mode we men-
tioned previously is essentially the interaction between the battery and
the power grid. In the charging mode, the battery goes with the vehicle
without being removed. The time when the battery will interact with the

grid is highly random. Only when the vehicle needs to be charged and
stops can it participate in the interaction with the power grid, so there is
no way to form a truly planned scheduling, and it is difficult to match the
auxiliary power response time required by the V2G power grid. When
the frequency and power required by the power grid cannot match the
rhythm of heavy truck operations of logistics companies, it cannot pro-
vide matching services.

There is a lot of overlap between the logistics industry and the peak-to-
valley period of power grid dispatching. Manufacturing companies need
a lot of electricity. When they are producing at full power, it is precisely
the busiest time for logistics, so under the charging mode, it is difficult
for the EHT to provide support to the grid side.

There are always backup batteries in the battery swapping station. V2G
in the battery swapping station has become the interaction between the
backup battery and the power grid. Because there is always a backup
battery, the interaction with the power grid becomes smooth and orderly.

If the battery swapping station is public, it is not easy to forecast pat-
terns of customer consumption. However, for scattered single battery
swapping stations that serve specific projects, the load of the battery
swapping station can be well planned and scheduled. We can predict
exactly the idle period of the battery swapping station. We can use the
predicted idle power and the energy storage capacity of the backup
battery to interact with the power grid. Therefore, in terms of the feasi-
bility of the interaction with the power grid, the battery swapping mode
is also significantly better than the charging mode.

To sum up, the first point is that because the battery swapping station
and the battery swapping mode have the characteristics of energy
storage, they can provide the feasibility of frequency modulation and
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peak shaving, to improve the operational stability of the power grid. At
the same time, as the end point of the power grid, the battery swapping
station can smooth the load fluctuation and reduce power loss at the
distribution network level. In the process of renewable energy power
generation, namely wind power and photovoltaic power generation,
natural energy storage are needed to improve the quality of electric
energy. The combination of battery swapping stations and clean ener-
gy power generation can supplement the current weak links of the grid
system and provide a backbone network for stable power generation.

. What is the progress of standard development in the field in
China?

Professor Li Liguo: At present, from the management department of
the automotive industry to the China electricity union under the Energy
Bureau responsible for charging, the focus is on the standardized layout
in two directions. The first is the interchangeability standard and safety
standard of the vehicle end, and the second is the interchangeability
standard and safety standard of battery swapping infrastructure. These
standards are currently in the process of project approval, opinion
consultation, and standard formulation and have not been released at
the industry and national levels. However, we predict that there should
be some releases this year, and major standards may be released next
year.

Internationally, we have participated in the communication of interna-
tional heavy truck supercharging standards. We see that internationally,
we mainly follow the standard of megawatt charging level.
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