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Agenda

Time

Topic

Speaker

Moderator: Mr. Mario Beier, DIN

Welcome speech BMWK

Mr. Dr. Thomas Zielke (BMWK)

15 min | Welcome speech SAMR Mr. Wang Yu (SAMR)
Welcome speech and opening of the meeting | Mr. Dr. Michael Stephan (DIN)
10 min Report of Sino-German SWG Workshop from | Mr. Ni Ffang (FNARI Group)
29" August, 2024 and follow-up Mr. Mario Beier (DIN)
14:25 Bidirectional Charging
15 min | Prospect of key standards on Vehicle-to-grid | Ms. Zhou Libo (CEC)
15 min | V2L status and strategy Mr. Tan Yi (BYD)
14:55 Battery Technology
10 min | Deep discharge in the recycling process g;&g;tEii?:cr;é?ep'gg';hpkaﬁiC ~ The
15 min Current progress on EV battery recycling Mr. Tongzhu ZHANG (CATARC)
standards in China
15 min Application of retired battery energy storage Mr. Qin Chao (TELD)

system




Agenda

15:35 Charging Technology
20 min Loaddump — Current status on developments | Ms. Meixia Pan (Mercedes Benz)
regarding GB/T 18487.1/1S0O 21498
30 min Charging Performance of EV - Testing proce- | Mr. Michael Scholz (P3-Group)
dure ISO/SAE 12906
Ms. Liu Lifang (SPIC)
15min | Status charging infrastructure for ships
Ms. Liu Minming (SUNGROW)
16:40 Break (20 min)
17:00 Review and Closing remarks
10 min | Review of the draft Report of the SWG Mr. Liu Yongdong (CEC)
Review of the SWG presentation
10 min | (to be presented during the Sino-German Mr. Mario Beier (DIN)
Commission-Meeting)
, , Mr. Florian Spiteller (DKE)
9 min Closing remarks
Mr. Wang Yu (SAMR)
5 min Group photo of SWG attendees all

17:30

END
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Report of
Sino-German SWG Workshop
from 29th August, 2024
and follow-up

Ni Feng (NARI) / Mario Beier (DIN)

2024-10-14



Introduction

e Based on results of the last Sino-German SWG-meeting in November
2023 a couple of topics have been identified for further bilateral
discussions and information exchange

* Following, the arrangement of a virtual Workshop with more than 30
attendees was agreed to address various topics in the areas:

e Megawatt Charging System

e Adapter Safety

e Bidirectional Charging (V2G / V2L)
e AC/DC Overlay



Megawatt Charging System (MCS)

e Germany provided an overview regarding the status of MCS
e Relevant standards and timelines
e System overview
e Key harmonization items
e Overall safety concept
e Basic signaling
e HLC physical layer and 15118-10/-11
* Sequences

e China provided an overview regarding China's MCS demonstration project
 Development of Heavy-Duty-Vehicle market
e Application Scenarios and Technology currently used in China
e Current demonstration projects in China and their objectives
e Standardization activities



Megawatt Charging System (MCS)

Discussion regarding

* integration of UltraChaoli in IEC 61851-23-3
* relation between UltraChaoli and MCS

* maximum Power of MCS

e dimension of short circuit bridge

e Status of current IECTS 62196-7



Adapter Safety

e China provided a brief introduction of vehicle adapter

e Background (several types of adapters used in China, DC/DC and AC/DC)
e Definition and classification

o Safety design (electrical, mechanical, thermal)

e Standards (international, national)

 Germany provided an overview about field observations and

gave an outlook

e Background and position paper
 Market Observations (offers, transparency, field samples)
e Learnings, Questions (standardization, safety issues, ...)



Bidirectional Charging (V2G / V2L) + AC/DC Overlay

V2G - Vehicle to Grid

e Germany provided an overview regarding the progress and status of Vehicle to
Grid (V2G) reverse power transfer

e System overview and standards

e General system approach
* Electrical Safety
* Grid Integration

* Next steps in AC-and DC-BPT standardization

e China provided an overview regarding standardization progress of EV-Grid
interaction in China
e Scenario and System Architecture
 Demands and general use cases
* Work progress, standardization plan and current standards
* Working group and links to national technical committees
e OQOutlook regarding further needs for research and developments



Bidirectional Charging (V2G / V2L) + AC/DC Overlay

V2L - Vehicle to Load

e Germany provided an overview regarding the topic of Vehicle to Load (V2L)
adapter
e Overview of relevant use cases
e Overview of EV requirements for the application of the standard
» Definition for detection configuration

e China provided an overview regarding the V2L status and strategy
e Current market status, use cases and development process
» Classification (AC/DC V2L)
e Strategy (protections mechanisms) and requirements
e Qutlook and further developments



Bidirectional Charging (V2G / V2L) + AC/DC Overlay

AC/DC Overlay

e China provided an overview regarding the concepts and development
of AC/DC Overlay

e Background and potential use cases
* Possible solutions and options
* Done research work and projects (coupler, control pilot, system architecture, communication,

)

e Further approach and plan (coupler, charging system, communication)



Bidirectional Charging (V2G / V2L) + AC/DC Overlay

Discussion regarding (V2G)

the role of certificates for grid access and country specific requirements

the national implementation in China concerning grid codes (DC in use, AC
requires further developments, Ethernet could be a future option)

The relevance of frequency stabilization caused by an increasing number of
renewable energies

the current developments on ACV2G in Germany

electrical safety and compliance to the grid codes (stationary EV supply
equipment, (non-)use of adapters, ...)

Smart charging in China (currently no mandatory standards and further
developments are required)



Bidirectional Charging (V2G / V2L) + AC/DC Overlay

Discussion regarding (V2L)

e safety issues (IMD, RCD, grounding, waterproof, prevent indoor devices to be
used outside, communication, ...)

e development expectations in China for V2L and future standardization activities
and a potential collaboration on IEC level for future standardization efforts

e Safety analysis and to share/ discuss them in further meetings in the future

— A high need for future exchange between Chinese and German side has been
seen from both sides regarding V2L



Further steps and follow-up

e For most of the topics a continuation of the information exchange and
discussions on expert level could take place accordingly to the individual
development of each of the topics and the concrete needs of both, Chinese and
German experts (as conducted in the past)

e Megawatt Charging System
* AC/DC Overlay
* Adapter Safety

e Regarding bidirectional charging an exchange of information, experiences and
further developments is recommended

 |n particular, it is recommended to continue the exchange regarding Vehicle to
Load (V2L) aspects and topics. Therefore it is proposed that China and Germany
figure out the opportunity for an appropriate collaboration format (e.g. a follow-
up workshop).



Thank you!
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. Types of VGI and Stakeholders

T T

CHINA ELECTRICTTY COUNCIL

VGI includes various operational modes such as coordinated charging, V2H, V2B, and V2G; multiple application
scenarios including coordinated charging(discharging), microgrid operations, electricity markets, and emergency

power supply; and involves multiple stakeholders including EV users, grid companies, operators, and trading

institutions.

Operational
Mode

Application
Scenarios

—

Coordinated charging
V2H
V2B
V2G

Coordinated charging
(discharging)
Microgrid operations
Electricity markets
Emergency power

supply

Load
aggregator/

Charging

service

operator VPP operator

Stakeholders

Trading Grid

institutions companies




O National Policies

€9 pEmheovBass

Release
Date

2015.10

2018.11

2020.11

20221

2023.5

Policy

“Guiding Opinions of the General Office
of the State Council on Accelerating the
Construction of Electric Vehicle Charging
Infrastructure”

“Notice on Issuing the Action Plan for
Enhancing the Guaranteed Charging
Capacity for Electric Vehicles”

"Development plan for the new energy
vehicle industry (2021-2035)"

"Opinions on further improving the
guaranteed servicing capability of
electric vehicle charging infrastructure”

“Implementation Opinions on
Accelerating Charging Infrastructure to
Support Rural Adoption of New Energy
Vehicles and Revitalization”

Main Content

Build Smart Charging Service Platform to Facilitate Bidirectional Energy and
Information Interaction Between EVs and Smart Grids. Actively Explore
Technical Solutions for the Integration of Charging Infrastructure with Smart
Grids, Distributed Renewable Energy, and Smart Transportation, and Strengthen
R&D of Key Technologies for V2G.

Accelerate the Promotion of Intelligent Coordinated Charging for EVs.
Address issues such as insufficient power capacity in older residential areas by
guiding EVs to charge during off-peak hours.

Encourage Local Areas to Carry Out V2G Demonstration Applications. Promote
the Construction of Multifunctional Integrated Stations for “Distributed
Photovoltaic Generation—Energy Storage Systems—Charging and

Discharging” .

Promote Technological Innovation and Pilot Demonstrations for VGI.
Accelerate the Advancement of Testing and Standardization Systems for VGI.
Explore Implementation Pathways for NEVs to Participate in the Electricity Spot
Market. Encourage the Promotion of Coordinated Charging.

Promote New Models Such as Coordinated Charging. Encourage Research on
Key Technologies for Bidirectional Interaction Between EVs and the Grid
(V2G), and Collaborative Control of Photovoltaic and Energy Storage.
Implement Time-of-Use Pricing Policies and Encourage Users to Charge During
Off-Peak Hours.



O National Policies €9 pEmrcwvEas

Release Policy Main Content

Date

2023.6 “Notice on Issuing the Action Plan for Vigorously Promote the Application of Intelligent Charging Infrastructure.
Enhancing the Guaranteed Charging Actively Advance the Intelligent Transformation of Distribution Networks to
Capacity for Electric Vehicles” Strengthen Control Over EV Charging and Discharging Behavior

2024.1 “Implementation Opinions on Collaboratively Advance Key Technical Breakthroughs for VGI, Accelerate the
Strengthening the Integration and Establishment of a VGI Standard System, Optimize and Improve Supporting
Interaction Between New Energy Pricing and Market Mechanisms, Explore Comprehensive Demonstrations of
Vehicles and Power Grid” Bidirectional Charging and Discharging, Actively Enhance the Interaction

Level of Charging and Swapping Facilities, and Systematically Strengthen the
Support and Assurance Capabilities of Grid Enterprises.

China's First Top-Level Design Policy
Document for VGI

2024.7 “Action Plan for Accelerating the Strengthen the Integration and Interaction Between EVs and the Grid,
Construction of a New Power System Establish and Improve the Standard System for Charging Infrastructure, and
(2024-2027)" Accelerate the Integrated Development of EVs and Energy Transition.

2024.9 “Notice on Promoting the Scaled Comprehensively Promote Coordinated Charging for New Energy Vehicles,

Application of Vehicle-to-Grid

Interaction Pilot Work” Expand the Scale of Bidirectional Charging and Discharging (V2G) Projects,

and Enrich the Application Scenarios for VGI. Focus on Cities to Improve
Scalable and Sustainable Policy Mechanisms for VGI. Use V2G Projects as the
Core to Explore Advanced Technologies, Clear Models, and Replicable Business
Models, Striving to Guide the Scalable Development of VGI Through Market
Mechanisms.



. Progress in VGI Policies

© smansumasz

A\

® "The Implementation Opinions on Strengthening the Integration and Interaction

Between New Energy Vehicles and the Power Grid” sets forth the development

goals for VGI

2025

China’ s VGI standard system has been initially established
Significant progress has been made in the development of

market mechanisms

The peak-valley electricity pricing mechanism for
charging has been fully implemented and is continuously
being optimized

Increase efforts to conduct VGI pilot demonstrations, aiming
for over 60% of annual charging volume in participating
cities by 2025 to occur during Off-Peak Hours, and over
80% of charging volume at private charging stations to
occur during Off-Peak Hours.

The potential of new energy vehicles as mobile
electrochemical energy storage resources has been
preliminarily verified through pilot demonstrations.

2030

China’ s VGI standard system has been largely
established

Market mechanisms have become more refined
V2G has achieved large-scale application

Smart coordinated charging has been fully
promoted

NEVs have become an important part of the
electrochemical energy storage system, striving
to provide the power system with bidirectional
flexibility and regulation capabilities at a scale
of 10 Gigawatts
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. Achieve comprehensive V2G implementation in phases B o
| and dCross dlfferent scenarios CHINA ELECTRICITY COUNCIL

€ In 2023, the largest market-oriented VPP
in China had a demand-side resource
capacity of over 1,900 MW

€ more than 20 VPP projects

€ 2 VPP management centers were
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Advance VGI in the process of deepening power system

€ pEancwvEas
reform - - Y CO

EV users

® \oluntarily participate in bidirectional EV charging and discharging interaction based on personal needs, and

follow the instructions of charging and discharging service operators for coordinated charging (discharging)

Charging and discharging service operators

® Responsible for operation management, status monitoring, fault handling, charging and discharging services,
and billing and settlement of charging and discharging equipment. Service operators can represent EV users

in grid dispatch transactions and distribute interaction profits to EV users

EV load aggregators/ VPP operators

® Organize EV load resources for coordinated operation, participate in grid interaction transactions, and
determine the scale, participation model, and responsibilities and rights of EV load resources involved in grid
interaction transactions. Aggregate EV load resources through load aggregation platforms or VPP platforms,
and conduct charging and discharging adjustments according to grid demands. Carry out clearing and

settlement in accordance with electricity market trading rules.



. Advance VGI in the process of deepening power system R
reform HINA ELECTRICITY COUNCT

Power grid companies

® Provide power supply services to electricity users, and carry out grid operations such as dispatching,
transmission and distribution, and demand response. In the bidirectional interaction of EV charging and
discharging, manage the dispatch of aggregated resources, such as EV charging and discharging

facilities connected to the grid

Electricity trading institutions

® Responsible for the construction, operation, and management of electricity trading platforms, organizing
medium- and long-term market transactions, and coordinating with dispatch institutions to organize

spot trading and ancillary services. Provide fair and high-quality trading services to EV load aggregation

operators



. Emphasize on the integration of technology across multiple O it

scenarios N
O Collaboration between EV battery technology O Integration of EV charging/
and charging/discharging technology discharging with photovoltaics and

energy storage systems
« EV technology and charging/discharging technology 9y g€ sy

require further research to achieve comprehensive and « The solution integrating solar, energy
specific coordination with grid demands. The response storage, and charging/discharging can
time for charging and discharging must take into account create a clean energy usage loop of 'solar
the response times of vehicles and V2G equipment. power generation, energy storage, and
Additionally, due to differences in the structure and cooling charging station power consumption

systems between EV battery packs and conventional
energy storage devices, thermal management issues also
need to be considered

Lo

3 years of testing so far — 1 hour discharge and 1 hour charge with rate tests every 100 cycles
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Do the math! 350 km per cycle x 10000 cycles = 3.5 M km!



. Ecn;ﬁ::?is;:e on the integration of technology across multiple @ pmansumas

O Integration of charging/discharging

O Integration of load aggregation and
with microgrid technology

discharge forecasting technology with

electricity trading
« Smart charging microgrids are the primary

application scenario for aggregated, adjustable « Consider travel patterns and user behavior to
EVs. Strengthen research on the integration of reasonably assess and forecast the participation of
charging/discharging with microgrid technology. V2G resources in electricity market transactions
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Accelerate the establishment of sustainable business

models for V2G

A
L

50 phEmhsVBES

CHINA ELECTRICITY COUNCIL

O Establish sound V2G business models by ensuring benefits for EV owners.

17
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TCO of A-class car in China after subsidies quit
(10 thousand Yuan)

/

0 1 2 3 4 5 6 7 8 9

Gasoling  e=———EV w/oV2G EV w/V2G

10

The economic performance of low-intensity used,
private BEVs and commercial vehicles is hard to
surpass that of ICEs and PHEVs. In Beijing,
approximately 40% of vehicles have an annual
mileage of less than 10,000 km.

140,000 RMB for energy storage station to invest for 70kWh battery

= —

Uncertainty in mobile energy storage

20-25% standstill rate + presence rate during morning and evening
peak hours>50%

= =

The equivalent energy storage potential is expected to be greater than
20-30%.

Source: Tsinghua Sichuan Energy Internet Research Institute; Statistics from the Annual Report on Transportation Development in Beijing

By leveraging the 'equivalent energy storage value’ ,
the 'rental and shared energy storage capacity value'
of mainstream private cars is about 20,000 to 30,000
RMB, equivalent to reducing the cost of mainstream
BEVs by approximately 20%.
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. Standard - Establishment of Working Group

€ pEancwvEas

CHINA ELECTRICTTY COUNCIL

Standards Committee: Energy Sector EV Charging Facilities Standards Committee

(NEA/TC3) (China Electricity Council)

Approved in September 2023, the group consists of 50 experts from 48 organizations, including grid companies,

automakers, operators, equipment manufacturers, and research institutions.

Among them are 12 power companies, 10 automakers, 9 operators, 9 equipment manufacturers, 5 research

institutions, 2 universities, and 1 association.

R BTRR, 5, 10%
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MEBR, 1, 2%

Composition of working group
=1%, 2, 4%

=4, 10, 21%

m BB
=

MEHER

i T T B L b I = 51 2
& o Tk AR S AT 2
LR IEPME LA E

Yo Pl A Tl % SO bbbk fed
A% DL 22 406 T bt 1 ALYl

e il bl LA AL




. Unified Standards for EVs, Charging Piles, Platforms, T ETp——
| and the Power Grid CHINA ELECTRICITY COUNCIL

O Uphold the unity of standards from the standpoint of unifying the electricity

market and the national charging and discharging service market.

National
Standard

Association
Standard

Sector
Standard

Local
Standard



Unified Standards for EVs, Charging Piles, Platforms,
and the Power Grid

O wmancwsas

Key Standards: Charging and Discharging Communication Protocols (AC, DC),
Grid Connection Safety Standards, Charging Pile-Platform Standards
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AT

. Standards - Newly Issued National Standards © wmancwmas

September 7, 2023, the National Standards Committee announced (Announcement No. 9 of 2023) the
release of two national standards for conductive charging systems, GB/T 18487.1-2023 and GB/T 27930-
2023, which are officially implemented on April 1, 2024. These two standards provide solutions for achieving
coordinated power regulation and bidirectional charging and discharging in vehicle-pile interaction systems,
serving as foundational standards for realizing Vehicle-to-Grid (V2G) interactions.

GB/T 18487.1-2023 " Electric Vehicle Conductive Charging System- Part 1: General Requirements”: Specifies the
control guidance circuits and control timing for AC and DC charging, clarifying the method by which AC charging
stations and vehicles adjust charging power in real-time through PWM duty cycle. The informational appendix provides
the V2G DC charging and discharging technical solution for charging connection devices using GB/T 20234.4 (ChaoJi
interface), including the control guidance circuit and the charging and discharging control process.

GB/T 27930-2023 "Digital Communication Protocols between Off-Board Conductive Charger and Electric Vehicle™:
Defines the interactive protocols and procedures by which DC chargers send command messages such as charging
start/stop and power adjustments during the charging phase, and how vehicles receive and process these command
messages. It outlines the application scenarios for charging and discharging systems using charging interfaces
compatible with GB/T 20234.4 (ChaolJi interface), including the interactive protocols and processes for vehicles and

charging stations to receive and handle command messages.
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CHINA ELECTRICITY COUNCIL

. Standards - Draft Standards

According to the standard system planning and standard formulation/revision plan, 9 NB
standards are currently being developed and revised, and related standard project applications are

continuously being submitted.

Starndard Name

Standard Type

Formulation/

Revision

Current Status

Target
Completion
Date

NB/T33021 Technical specifications for off-Board charging and discharging

Final Draft

L equipment for electric vehicles A NETEIEH (Approved) Al
> General requirements for.shared DC bus optical storage and charging NB Formulation Final Draft 2024
integrated systems (Approved)
3 NB/T33023 Planning Guidelines for E.It.ac.tric Vehicle Charging and Swapping NB Revision Final Draft 2024
Facilities (Approved)
4 Design Standards for the Connection of Electric Vehicle Charging and NB Formulation Final Draft 2024
Swapping Facilities to the Distribution Grid (Approved)
Draft for
5 Electric Vehicle Off-Board Conductive Charging Module NB Formulation comments 2024
6 Testing Requirements for Off-Board DC Chgrging and Discharging Devices NB Formulation Working 2025
for Electric Vehicles Draft
. e . . . . Working
7 Technical Specifications for Electric Vehicle Load Aggregation Systems NB Formulation Draft 2025

40



CHINA ELECTRICTTY COUNCIL

. Standards — Draft Standards € pmamrowvBas

According to the standard system planning and standard formulation/revision plan, 2 GB
standards are currently being developed.

Formulation/ Target
Starndard Name Standard Type Revisi Current Status Completion
evision
Date
8 Communication Requirements for Resource Access in Electric Vehicle Load NB Formulation Working 2025
Aggregation Systems Draft
Technical Specifications for Grid-Connected Operation and Control of Workin
9 Adjustable Loads — Part 15: Inspection and Testing Specifications (Electric NB Formulation Draftg 2025
Vehicles)
. . . . C e . . Working
1 Technical specification for intelligent bi-directional EV supply equipment GB Formulation Draft 2026
> Technical guidelines for the .constructlon.and operation of electric vehicle GB Formulation Working 2026
coordinated charging system Draft

41



. Standards — Next Steps @qnmmme-ﬁ-

The VGI Working Group will actively implement the requirements of the "Implementation
Opinions on Strengthening the Integration and Interaction between New Energy Vehicles and the
Power Grid" issued by the National Development and Reform Commission and other
departments regarding the acceleration of establishing the VGI standard system. The next steps
will focus on the following three areas:

« Accelerate the Revision and Development of Key Technical Standards for Charging and Discharging Equipment and Interfaces, Load
Aggregation Systems, Communication Access Specifications, and Related Testing Standards. Organize Technical Standard
Verification and Actively Pursue New Technical Standard Project Applications in the Field of Vehicle-to-Grid Interaction.

« Strengthen Research and Analysis on Industry Technology Development Trends, Market Demand, and Practical Application

Scenarios, Continuously Optimize and Improve the VGI Standard System, and Essentially Form a Systematic Support Framework for
VGI Business.

« Fully Leverage the Role of the VGI Working Group, Organize Timely Discussions on Key Technical Roadmaps and Standards,
Strengthen Collaborative Efforts with Relevant Standardization Committees in Cross-Sector Areas, and Jointly Promote the
Standardization and Industrialization of VGI Interaction Technologies.




' thERDEIES=S

CHINA ELECTRICTTY COTIMNCIL

Thank You!

China Electricity Council

email: zhoulibo@cec.org.cn
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China V2L Status and Strategy



Current status

General requirements
Strateqy

Standard system




[ Current status

Definition
V2L (Vehicle to Load) is defined as the technology of vehicle discharging outward, which allows electric vehicles to output electric energy to external

devices when they are parked.

Background

With the continuous development of electric vehicle technology, the range and battery capacity of electric vehicles have been significantly improved,
making V2L technology possible. This technology can meet the needs of outdoor electricity, emergency rescue and other scenarios, and further expand

the scope of use of electric vehicles.

O Vehicle-to-load - V2L

EV wilh V2L g
y Loads AC e =\ L'-i'clf".]l'r'f
il - LY
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. 220V \ )
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[ Current status

Application of V2L in the field of electric vehicles

Outdoor leisure activity

Electric vehicles can provide power for outdoor
camping, picnics and other activities through V2L
technology to meet the needs of lighting, cooking

and so on.

Emergency power supply

In case of power failure or emergency, electric
vehicles can be used as emergency power supply
to provide power for household appliances,

medical equipment and so on.

Environmental protection
and energy saving

By using the energy storage capacity of electric
vehicles, we can reduce the dependence on traditional
power generation methods, such as fuel-based power

generater in construction fields, which can reduce
carbon emission and contributes to sustainability.
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[ Current status

V2L classification
According to the type of vehicle output power, V2L is divided into AC V2L and DC V2L.

AC V2L

The direct current of the battery is inverted into
alternating current through the OBC, and is
discharged to the alternating current load through
the alternating current charging coupler.

AC Load

DC V2L
The direct current of the battery is discharged to

the DC load through the DC charging coupler, and ,
the load receives the direct current. battery m .
O Q DC Load
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[ Current status

Development process

Since BYD launched V2L off-board discharge in 2015, the domestic market has developed AC V2L and DC V2L with 3.3-6.4 kW.

Model Y equiped with One-
Way OBC,
discharging through DC
interface and external
inverter equipment

The NIO ES6 has no OBC
configuration.
Instead, the official

TN »
\ 7 u“‘ k.

In 2015, BYD Qin The maximum specifications indicate that
introduced the V2L discharge power of BYD 41E ;eoﬁ};gst'zjr?:ég?g‘é')"v'th
external discharge Tang in 2021 is 6 kW. charging and discharging

function with a
maximum power of
3.3 kW.

all-in-one machine.

Growing discharging power Different technical approaches
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[ Current status

V2L application comparison

Usage proportion of V2L functions used

in famil

[l Used in a single month

[l Notusedinasingle
month

99,5%

Frequency of using V2L for family vehicles
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Average number of times used per month
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Usage proportion of V2L functions used

[ Used in a single month

[l Notusedin asingle
month

91,7%

Frequency of using V2L for off-road
vehicles

3 4 ) 6 7 8 9 10 >10

Average number of times used per month
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[ Current status

V2L application, not only for entertainment, but also for emergency

In China, people used V2L function to provide People used his electric In Australia, people used
basic power supply to the local community car to help people affected V2L function to provide
after flood disaster by power outages in power to Hemodialysis

Bonogin machines in sudden power
shutdown caused by flood
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I General requirements

V2L AC V2L DC V2L

Conform to GB/T20234.2-2015 Conform to GB/T20234.3-2015

Coupler
Discharge Maximum 220V/32 A or 380V/63 A Maximum 1000 V/250A
specification
Grounding Grounding protection Grounding protection
protection provided by the load provided by the load
Insulat.lon Provided by vehicle Provided by vehicle
detection

Communication PWM communication CAN communication



B Strategy-AC V2L

Electric shock protection of V2L

&  Discharging ¢ Vehicle & Electrical

T ] = v couple e st

: vehicle o uprer = load

! . I I

: High voltage Bi-directional on board o ! i

| y charger L b

1 1 1 : 1

( ) L ] =

! i ( \J T

! : ! ! 1 ;

| p— | U o Load

| : N ~h : or

: i ] I T i |

: —_— A\ N P Ug

: T Insulation A\ = strip

l Monitorin Y — T

: g L |

| N o e

-\ Y ! T R SO

: | | . 1 Grounding protection . !

, - '} of Conductive —

I Lo T enclosure of Class | — X

| EV platform —— o |01 equpments |

. Electric shock protection measures for discharging . Vehicle . Protective measures for electric shock at load
vehicles: coupler: side:
1. ACdischarge insulation monitoring 1. Double 1. 360 ° shielded cable with protective conductors at
insulation or both ends
reinforced 2. Protective conductor of Class | equipment is
insulation grounded
3. Double insulation or reinforced insulation for Class I
equipment

4. Gounding warning sign



[ Strategy-AC V2L

Other protection

€ Coupler protection

> After connected with the protection
device, the level of protection is IP54;

» After the coupling of vehicle coupler,
the level of the protection raise to
IP55;

» The vehicle coupler is equipped with
a drain for water release;

» Adding sealing rings to vehicle
coupler;

€ AC output short circuit protection

€ AC output overload protection

Sealing ring

Overload
protection
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B Standard system

V2L standard system in China

Aspect Standards
GB/T 20234.2(AC) Connection set for conductive charging of electric vehicles—
Coupler Part 2: AC charging coupler

GB/T 20234.3(DC) Connection set for conductive charging of electric vehicles—
Part 3: DC charging coupler

Connection set

Specific standard for V2L is under consideration

Control pilot

GB/T 18487.4 Electric vehicle conductive charging and discharging system—
Part 4: Discharging requirements for electric vehicle (FDIS)

Safety

GB/T 43332 Safety requirements of conductive charging and discharging for electric
vehicles

Communication

GB/T 18487.4 Electric vehicle conductive charging and discharging system—
Part 4: Discharging requirements for electric vehicle (FDIS)
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Value Chain Batteries

Recycling Pre-Treatment

Energy Storge
(2nd Life)
Sales [ Dealer User
y
Raw Materials Material Component Assembly / 4 : Diagnostics Defact /
Processing Manufacturing  Manufacturing End-of-Life

S @‘

Spare Parts

(2nd Use)

@1

Repair
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Variety of recycling processes

Gehause, .
Tabs, etc. Wirme Cu

@«
N '

ﬁ
——
elektr. Gehause, . . Co, Ni,
Energie Tabs, etc. Cu, Al Co, NI Li Mn
| Legende: Co = Cobalt Li = Lithium Ni = Nickel Mn = Mangan Cu = Kupfer Al = Aluminium |
——
D K E V D ﬁ Normenausschuss
D I » | Auto und Mobilitat

VDE DIN



Potantial hazards of Batteries & Advantages of deep discharge in recycling

= Electrical hazards

= Fires

Our aim is to develop a

standardized definition for deep

Arcing etc. discharge, including the
associated procedures,
requirements and a test

Work safety procedure.

Recyclingprocess

= Burns

Transportation

Warehousing

Normenausschuss
Auto und Mobilitat

DKE VDA

VDE DIN

=
Z



Working Group Information

Call for Experts on 11.10.2023

DKE/AK 371.1.19 "Tiefentladung von Lithium-lonen Batterien vor dem Recyclingprozess*
» (engl.: Deep discharge of lithium-ion batteries before the recycling process)

1. Meeting: 31.01.2024 (8 meetings held in the meantime)

Number of persons: 18

Industry, Research & Development, employers' liability insurance association etc.

Normenausschuss
Auto und Mobilitat

DIN DKE VDA

VDE DIN

=



Current work status

First the definitions at cell level, then module level, then battery level
 Start at the cell level

Splitting the process into: before, during and after deep discharge

Definition of which parameters, data, requirements are relevant during these steps

Presentation of best practice

Goal: Completion by the end of the year

Normenausschuss
Auto und Mobilitat

DIN DKE vpa

VDE DIN
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Contact details

Mathias Nippraschk

BLC — The Battery Lifecycle Company GmbH
Brunnenstraf3e 138, Liinen
Mathias.nippraschk@the-blc.com

+49 151 18490504
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Current progress on EV battery recycling
standards in China

Mr. Tongzhu ZHANG
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China Automotive Technology and Research Center Co ., Ltd.

Current progress on EV battery recycling
standards
In China
Tongzhu ZHANG

zhangtongzhu@catarc.ac.cn
Bonn (Germany), 14 October 2024
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Partl : Standard framework of EV battery recycling co

2023%F, PEFREERSEHEREL0000, FRESEEEI20415%, BiRENREE =858

With the rapid growth of electric vehicle industry in China, nearly 10 Million NEVs were sold in 2023, the number of electric vehicles exceeded 20
million, more than 0.58 millon tons of EV batteries retired and there will be quantity of retired EV batteries in the future.

1500 : : : . 40%
mmm NEV Production mmm NEV Sales The proportion of NEV sales in all vehicles 31 60% °
, (o]
26,12% 30%
1000
20%
13,59%
500
9 9 5,42% 10%
. 1 849 2 74% 4,57% 4,83% °
0,08% 0133% 1,39%) ! o
0 — — [ T I N . . - - . . 0%
2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023
120 160 3 ’

= e o o
~100 F :"-}L'.: R R é-;_
E “ -iﬁ%-:ﬁ-w (Gwh) - K2l Rer
w | %2 | E, |
HE 6o g E 'l
= § 1t #H:{ 3t
ﬁ 40 % § I 2t
: i
: 20184 2 LU 20194F 20204 20214F 20224 20184F K LAl 20194 20204 20214 20224F

’ 201620172018201920202021202220232024 202520262027 20282029 2030 E 1.3.1 E#E I3] %UJ %ﬂb#&ﬂfﬁ! @ 1.4.1 )35#—:& 2] 1‘5#)’3 %ﬂh #{_tfﬂm !_—
Quantity of retired EV batteries Quantity of batteries that to be repurposed Quantity of batteries that to be recycled
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Partl . Standard framework of EV battery recycling St e e

AEHSELEGRAPREDLY. SIERRE. WMREFRIP, W7 ISEFSRREIAMTEDSFRESR

In order to promote the sustainable development of auto industry, we have built a green, low-carbon and circular developmen standard system
focusing on resources conservation, climate change mitigation and environmental protection in China, including EV battery recycling standard system.

Automotive sustainable development standard system framework

1 Green development standards 2 Low-carbon development standards 3 Circular development standards
1.1 General standard 2.1 General standard 3.1 General standard
1.2 green factory assessment 2.2 carbon monitoring and Measurement 3.2 RRR of new vehicles
1.3 green supply chain assessment 2.3 product carbon footprint accounting 3.3 reuse of recycled materials
4' e e I —I 2 A Antarnricne narhan Amiceinn annnilintina I —I 2 A wiatar affinriancul wiatar fantnrint I

Environmental Cllmate change Resources
protection mitigation conservatlon

] & veinus nruuur an yuaiy | || ot SN R I R i | Lt P Ut v |
1.8 evaporative Pollutants of vehicle and part 2.8 carbon assessmen  (low/high/neutrality) ———| 3.8 remanufactured parts of ELVs |
1.9 exhaust Emissions 2.9 carbon emission & footprint threshold lr 3.9 recovery of EV traction batteries
1.10 Vehicle noise emission 2.10 carbon management system & technology T— ;10_reuﬁzaa)n ;W;te_(sﬁilliq_uidaas)_ -
1.11 electromagnetic radiation pollution 2.11 carbon reduction technology standards 3.11 recycling rate/ recovery rate of ELVs

< 4 comprehensive sustainable assessment (LCA, OEF, PEF, ESG, CSR) /comprehensive sustainable management (digital passport, Supply chain due diligence, expanded producer responsibility) >
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Partl: Standard framework of EV battery recycling St e e

20124F, 1RIR (PEeSHEERSESIRREMRE (2012-20206) ) , BahzhHEitENFIBERITERR

In the year 2012, The Chinese governmentissued {Energy Saving and New Energy Vehicle Industry Development Plan (2012-2020) ) , it
clarified the requirements for EV battery recycling standards, so we started to make EV battery recycling standards from the year 2012.

_[ Sellaular S ] FEARRHEPRARBE — (5) Strengthen the echelon use and recycling

"':;,', o The Central People’s Government of the People's Republic of China R

[ 31 General standard SIRC LRI S I U IR PR Y | management of EV traction batteries.

SAifUE: AR AR BRI BEiRE

3.2 RRR promoting

B RS v cov e E0EE 0By RE: EERHAR B Formulate management methods for EV battery recycling,
Cib: & b ) [ s1e0am ] [ 7@

3.3 Use of recycled materials

) establish a cascade utilization and recycling management system
3.4 Water consumption/PWF

, {Energy Saving and New Energy Vehicle for EV batteries, and clarify the responsibilities, rights and
5 Biological/mineral Industry Development Plan (2012-2020 . : : :
SR RIS y P o (o ( ) ) obligations of all relevant parties. Guide EV battery production
p : () 1=
Sl L IEEEREy R . enterprises to strengthen the recycling of waste batteries, and
, E4. SRR, EETARER, ESREHE. SEENM:
3.7 Part reuse from ELVs M RSB RS BT (012—20208) DEIELIR, BUESH encourage specialized battery recycling enterprises.
7o . : :
B ————— T B To set the access conditions for EV battery recycling enterprises,

ZO-CHERAZHNE

and clarify the technical standards and management
——I 3.9 Traction battery recovery l

) requirements for the collection, storage, transportation, treatment,
3.10 Solid/liquid/gas waste dispose %ﬁggﬁﬁﬁﬁﬁifﬁ%ﬁﬁﬂﬂ

{ 20122020 )

recycling and final disposal of EV batteries.

3.11 Actual recycling rate of ELV
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Partl: Standard framework of EV battery recycling oy ndsecCatr .

ElSishHmitFhm e OiGgT. BEAitiRE. S%sh,. $XFIH. BEFAFEEEHRIRERR

Our standards research have been carried out around new battery design for recycling, retired battery removal, disassembly, packaging and
transportation, repurposing/echelon use and recycling/recovery, focusing on the whole life cycle of EV traction batteries.

M ' BT snsionconl ~ Battery disassembly
Design for recycling Battery removal Packaging & transportation  Tack-back service network

Life cycle assessment and management
.. for EV traction batteries

Use of recycled materials

Recycling report Material recycling Disassembly equipment Battery discharge Repurposing & Echelon use
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China Automative Technology and Research Center Co , Ltd

2016FELAREZMANR (PEIBNSERECIIEIEEE) SENINFHR M5 BREREIRX/BE EERE

From 2016,we have issued 4 versions of “Roadmap for the Standardization of EVs in China” ,including a sub-roadmap for recycling /recovery of EV
traction batteries, focusing on “General requirements”, “Echelon use requirements”, “Recycling requirements” and “Management specifications”.

Bt B ¥ 4 8
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Partl: Standard framework of EV battery recycling St e e

A s NHEBONEXERL2EV{TIR IR, HRSfRiEAER1IR, Ha2lk, SE2IR, HiR4R, BEIR

We have formulated 12 National standards and 1 industry standard around “general requirement” , “New Battery requirements” , “Management
specifications” , “Echelon use”, “Recycling” of EV batteies recovery, and there will be many other standards to be drafted in the future.

> Eb >> e >> P >> L > No. Type Name of standards
{200 {2001} {2002-2024) (20252009 1 General Recovery of traction batteries used in EVs—general requirements (GB/T 44132-2024)
, , . , 2 Dimension of traction Battery for electric Vehicles (GB/T 34013-2017)
. | REREL ) prgriFaN | 3 New Battery coding regulation for automotive traction Battery (GB/T 34014-2017)
i : i @ .ﬂ 44 i 4 Recovery of traction batteries used in EVs—management specifications—Part 1: packaging and transporting (GB/T 38698.1-2020)
Py, i : @.* FPeTT) >: 5 zlpl)aer;igc:tri]s:; Recovery of traction batteries used in EVs—management specifications—Part 2: Take-back service network (GB/T 38698.2-2023)
' | ' ' 6 GBIT 38698 Recovery of traction batteries used in EVs—management specifications—Part 3; Information manual for recovery (studying)
i : i’* LT LS : : 7 Recovery of traction batteries used in EVs—management specifications—Part 4: handling and transport (studying)
' ' ' ' 8 Recovery of traction batteries used in EVs—management specifications—Part 5: Storage specification (studying)
iw : i i 9 Recovery of traction batteries used in EVs—Echelon use—Part 1: test of residual capacity (GB/T 34015-2017)
# : THEHAAAES 10 Recovery of traction batteries used in EVs—Echelon use—Part 2: removing requirements (GB/T 34015.2-2020)
R @ ; 1 chelon use Recovery of traction batteries used in EVs—Echelon use—Part 3: echelon using requirements (GB/T 34015.3-2021)
i : : : : 12 GBIT 34015 Recovery of traction batteries used in EVs—Echelon use—Part 4:labels for echelon used battery products (GB/T 34015.4-2021)
i @ ARAEE ' ' 13 Recovery of traction batteries used in EVs—Echelon use—Part 5:Battery design guide for echelon use (drafting)
4 | ! i shal 8.3 i i 14 Recovery of traction batteries used in EVs—Echelon use—Part 6: Residual life evaluation specification
%R iﬁ?ﬁf-‘rﬂ’fé{#‘- > 15 Recovery of traction batteries used in EVs—Echelon use—Part 7: Retired and classification
W5 : i i i 16 Recovery of traction batteries used in EVs—recycling—Part 1: disassembly specifications (GB/T 33598-2017)
. . ' ' . 17 Recovery of traction batteries used in EVs—recycling—Part 2: materials recycling requirements (GB/T 33589.2-2020)
1 : : @ @: 18 Gii?yggggs Recovery of traction batteries used in EVs—recycling—Part 3: specifications for discharging (GB/T 33589.3-2021)
it i i i Ll > i 19 Recovery of traction batteries used in EVs—recycling—Part 4:Recovery report preparation (studying)
: ? ? ? ! 20 Recovery of traction batteries used in EVs—specifications for secondary cell disassembly (QC/T 1156-2021)
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Part2: Key Standards introduction and appllcation @D e

2.1General requirements

2.2New battery 2.3Management specification 2.4Echelon use 2.5Material recycling

“GBIT 44132-2024 Recovery of traction battery used in electric vehicle—General requirements”, it gives the “principles of battery recovery”, “basic
requirements”, “collecting requirements”, “comprehensive use requirements”, including echelon use and recycling requirements and so on.

BNz AR RN ZEEN R {Rm RN BAIRERN 4R

G ‘: principles of recovery principles of safety principles of green principles of recycling  principles of whole lifecycle
v AE N RS G R IE I 5K bR Ak

ICS 43120
CO5 T4

basic general product tracing safety environment emergency
requiremd,nts
FRHNRBEKNE BREX [k TREEK WL PREK BARIEEEK W-fFEEsK
Frmm———r—5, collecting removal collecting classification  packaging & transportation storage
Recovery of traction battery used in requirements
electric vehicle—General requirements R F BBEk — —
=aF| }Eﬁy;_k Echelon use Echelon use production Echelon used products
requirements AERIAER
\L - Recycling Recycling production Recycled products
2024-05-28 £ 7 2024-05-28 E£iE
R ML BiRA BEMEERRITELDE

Appendix Calculating method of recycled material usage
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Part2: Key Standards introduction and appllcation
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2.1General requirements

2.2New battery 2.3Management specification 2.4Echelon use 2.5Material recycling

“GBIT 34013-2017 Dimension of traction battery for electric vehicles”,

gives the specifications and dimensions of traction battery cells, modules and

standard boxes for EVs. Applicable to lithium-ion batteries and nickel metal
hydride batteries used in electric vehicles. This standard can promote the
large-scale disassembly and repurposing of retired batteries.

oA N RS JE R ] 5K s dE

GB/T 340132017

BEAFERA BRI RMERST

Dimension of traction hattery for electric vehicks

Dimension of traction battery
for electric vehicles

2017-07-12 @ %

e AR ICRIA S R, o
B R R R E RSN

20180201 B

P e e e e e e e e R

1R AR RS R 2=k

module/box/cell’dimension

RS WRBERRTEN

| >
1 &1"@ Mog,, les

WA EMABAMRTEN

o o o e e e e e e e e R e e e e e

“GBIT 34014-2017 Coding regulation for automotive traction battery”,
gives the code object, code structure composition, code structure
representation method and data carriers. Applicable to EV batteries,

supercapacitors and other rechargeable energy storage devices.This standard
can promote the tracing of batteries through all the lifecycle.

O
O

— e e e e R M e e R e e e e ey,

—— —

. RERREN .
Codings and theirmeaning

X1, X2. X3J ifkes
X4 F=ahy

P. M. COBIRERE. &R, Bk
X5 Fajth 3B
A. B.ZDRIERIRE. BEEREAEE... Hith

X6, X7 ¥UEICHD
TWEITEN, BFEFEA, KETEIIREES

X8, X9..X14 EMERMRET (BRHEithTE)
PWEITEX, BXER, RNE-mEHINE

X15, X16, X17 &7=HHAHS
RIET R EP RN BRI TR

X18, X19..X23, X24 FEHIS
HHEF— SRR B R RIS

X25, X26 BRERFIRMES (FREBtE)

— o o e e e e

- o Em EE EE o o EE EE EE EE EE EE EE EE EE EE O Em Em Em

K5 43040
Tar

GB

G S N S L L EC RS o

GB/T 34014—2017

REDHNERMBEDAN

Coding regulation for automotive traction battery

Coding regulation for
automotive traction battery

200170712 B 2018-02-01 B
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Part2: Key Standards introduction and application o

China h Center Co , Ltd

2.1General requirements

2.2New battery 2.3Management specification 2.4Echelon use 2.5Material recycling

“GBIT 38698.1-2020 Recovery of traction batteries used in EVs— “GBIT 38698.2-2023 Recovery of traction batteries used in EVs—
management specifications—Part 1: packaging and transporting”, . management specifications—Part 2: Take-back service network”, It provides
provides the terms and definitions, classification requirements, general the construction requirements, operation requirements, safety requirements,
requirements, packaging requirements, transporting requirements and . environmental protection requirements and emergency requirements of take-
marking requirements for retired batteries used in EVs. back service network for retired EV batteries.

ore G!
ot KRS 3 R R S ke ik

GB/T 3B6%8.2—2023

_ GB R

i ABS 3% IR [ SE bR

GB/T 38508.1—2020

GRS, RANENE S, &
LN G R E RN S

TR HARE R FIEHEAE

ELHEA—REK—TULS ‘R,
BRI e e

FRshBBEEFE FEMRE FRHhBERFMA FERE

£ 185 %58 ;sgggm;g;ggggg#g;m %2 4 B S A A
Recycling of traction battery used in electric vehicle — Management specification— : Recovery of traction baitery used o ebeciric vehicle—
Part 1, Packing and transporting ~ ! yx —_— Management specilication—Part 2. Take-hack service network
0 BERERER HEEX ) ; PRI IR MR RS AR ERERE
Recovery of traction batteries used in . Sl 2 1 e p— RO EFIE ST 552885 EERSMS Recovery of traction batteries used in
EVs—management specifications— T A0 Lo WS 194 ' 5 ! ' = o EVs—management specifications—
Part 1: Packaging and transporting . ARuER _ Part 2: Take-back service network
B I | = semsrrarEsRaEEE, FROVESR N
+ B35 Z8ER; REARRN . e ! s
B, 6. 168, 24306 PR | ermlkRRE
2020-03-11 B % 2020-10-01 86 | L — N N I A N 2023-09-07 X & 2053-00-07 W
P — ! W BAFREEAEBERS M RZIRIESEK, GHERNR .
ki dd vy PR CREEY N R e M : i H e P

el AnbsEs, THER . IRFHEEthEISER
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Part2: Key Standards introduction and application
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China Automative Technology and Research Center Co , Ltd

2.1General requirements

GE
A A BS 3G R R SE bR A

GB/T 34015—2017

FHRZBHNBRMEBIKFIAE RERN

Recycling of traction battery wsed in electric vehicle—Test of residual capacity

Recovery of traction batteries used in
EVs—Echelon use—Part 1: test of
residual capacity

2017-07-12 4% 2016-02-01 &M

vpoAE N RS G R IE R S b o

GB/T 34015, 2—2020

ERAshmmEWRA #HIFA
%28 REER

Recyeling of traction battery used in clectric vehicle—
Echelon use—Part 2, Remsoving requirements

Recovery of traction batteries used in
EVs—Echelon use—Part 2: removing
requirements

2020-03-31 M & 2020-10-01 X M

2.2New battery 2.3Management specification 2.4Echelon use 2.5Material recycling

e N RS IR R L E 5K bR dE

GRY/T 34015, 3=2021

ERzh Nt EF A Bk A
563 ARG KRR B ER

Recovery of traction batteries used in
EVs—Echelon use—Part 3: echelon
using requirements

2021-08-20 2% 2022-03-01 Kl

]

o
=

[0 46 i b X 1 4% AL
166 b o 5% A &

=i

R ]

vhro A N G 3k R I TE S ke dEE

GB/T 34015.4—2021
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Recovery of traction batteries used in
EVs—Echelon use—Part 4:labels for
echelon used battery products

2021-08-20 B 2022-03-01 X

It provides the test requirement,
test method and test process of
residual capacity for retired
batteries used in EVs, so asto
decide whether the retired
battery can be reused or not.

It provides the basic requirement,
removing process requirement,
temporary storage and manage
requirement for removal of
batteries, in order to ensure the
battery be removed safely.

It provides the basic requirement,
appearance / performance
requirements and echelon used
battery products requirements,

to determine whether the battery
can be reused.

It provides the label composition,
logo requirements, location
requirements, marking method
and requirements of echelon
used battery products labels,to
tell the consumer product info.
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Part2: Key Standards introduction and application
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China Automative Technology and Research Center Co , Ltd

2.1General requirements

S 41128
T ar

GB
B el S N EIE L ST Ec e i o

GB/T 33598—2017

ERBNRMEKR A FRAE

Recycling of traction battery used in electric vehiche—Dismantling specification

Recovery of traction batteries used in
EVs—Recycling—Part 1: disassembly
specifications

2017-05-12 # T 2017-12-01 X

[ R N E R Lo S B E e Tl TR [

CB/T 235328,2—2020

ERABHBEMEKRMAE BEMA
£ 2 s MBI ER

Recycling of tracthon battery used in electric vebicle—Recycling—
Part 2 Materials recycling requirements

Recovery of traction batteries used in
EVs—Recycling—Part 2: materials
recycling requirements

2020-03-31 B 2020-10-01 %

2.2New battery 2.3Management specification 2.4Echelon use 2.5Material recycling

1% 41500 _
o @E
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GB/T 33588.3—2021
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K3 ERSy BARALSE

Recovery of traction hattery used in electric vehicle—Recycling—
Part 3, Specification for discharging

Recovery of traction batteries used in
EVs—Recycling—Part 3: specifications
for discharging

2021-10-11 #F 2022-05-01 KM

10K 43, 020
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QC/T 1156—2021

|

Az H R E T R
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Recyeling of traction battery used in ebectric vehicle—
Specificatians for secondary cell disasseaibly

Recovery of traction batteries used in
EVs—specifications for secondary cell

disassembly
FL) e
2021-08-21 #4 2022-02-01 1
VRS SE R TR R AT & 6

It provides general requiement,
disassembly process, storage
and management requirements
of EV battery disassembly, so as
to disassemble battery package/
module into modules/cells.

It provides the basic requirement,
staff /site requirements,recycling
rate and environment pollution
control requirements, in order to
ensure the safety, environment
protection & resources efficiency.

It provides the basic requirement,
discharging process selection,
discharging methods, storage
and environment requirements,
to ensure the retired batteries
can be discharged completely.

It provides general requiement,
disassembly process, storage
and management requirements
of battery cells disassembly, so
as to make battery cells into
recycled battery materials.
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3 national standards of traction battery recovery support Chinese government (MIIT) issuing the policy of “Management measures for echelon use of
traction batteries used in new energy vehicles” in 2021. The policy and 3 national standards regulate the battery echelon use enterprises in China.
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Management measures for echelon use of traction
batteries used in new energy vehicles
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4 national standards of traction battery recovery, such as coding requirements/ take-back service network/echelon product labels/ material recycling,
support Chinese government (MIIT) issuing the policy of “Management measures for comprehensive utilization of traction batteries for NEVSs” in 2023.
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Management measures for administration of
comprehensive utilization of traction batteries for

NEVs (Draft for comment)
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7 national standards of traction battery recovery, such as disassembly/coding/echelon use/echelon product labels/discharging/ packaging&transporting
Icell disassembly, support MIIT issuing the policy of “Regulative conditions for NEV waste traction battery comprehensive utilization industry” in 2024.
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comprehensive utilization industry
(Draft for comment)
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We have made more than 10 standards now, and we will make more battery recycling/recovery standards around general requirements/ new battery
design for recycling/ green factory, GHG management/ safety/ equipment and echelon used /repurposed / recycled products & materials and so on.

EV Traction battery recycling / recovery standard system planning 1

‘ __________________________ 4

Echelon use Recycling GHG manage Equipment echelon product recycled material

New battery

1
1

residual capacity disassembly package&transport green factory echelon use collection storag safety safety box Backup battery recycled anode material
GBIT 34013-2017 GB/T 34015-2017 GB/T 33598-2017 GB/T 38698.1-2020 enterprise
Coding removal material recycling take-back energy consumption echelon used product echelon use safety discharging box energy storage recycled negative
materials
GBIT 34014-2017 GB/T 34015.2-2020 GBIT 33598.2-2020 GBIT 38698.2-2023
discharging comprehensive water saving recycling enterprise recycling safety disassembly equipment low speed vehicle recycled...
GB/T 34015.3-2021 GB/T 33598.3-2021 use info.
echelon label cell disassembly
handling green supply recycled product
GBIT 34015.4-2021 QCIT 1156-2021 .
chain
Recovery report storage green product

residual life

GBIT 44132-2024 {Recovery of traction batteries used in electric vehicles—General requirement)
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Application of retired battery energy storage
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?E}‘E@ Application of retired battery energy storage system
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EV development

80-100 million evs to be expected by 2030

Explosive growth from 2016 to 2023 with - ] ,
annual growth rate exceeding 56% 4.39 million new registered EVs in 2024H1

EV in China (million) 8 hEAREHNELRE

-
H Ministry of Public Security of the People’s Republic of China
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Trend of retired battery

Based on a 4-8 year service life for lithium batteries, Note: Retired battery
estimates sourced
from China

800,000 tonnes (approx. 134GWNh,) of batteries to be retired by 2025, Merchants Securities'

"In-Depth Report on
Lithium-ion Battery

30 billion yuan of retired battery market size to be reached by 2025, andover 100 Recycling and

Secondary Use". )
billion yuan by 2030.

Forecast of retired batteries (GWh) Market size of retired batteries(billion)




PaCk UtiIiZing of Retired battery to

maximize battery potential and usage

Raw Materials Power Batteries Products Disassembly
’ Y Retired battery Recycle—Energy Storage—Recourse & Reuse” chain

-  Refining & Reprocessing



Application Scenarios

Charge Cloud Platform Energy Cloud Platform
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Key points of energy storage : Safe'ty & COSt




Safety Protection for end-of-life Batteries




Retired Battery Energy Storage System



Product paramaters

e System configuration: 6 units

e Single battery pack capacity: 30~60kwh
e Total capacity: 180~300kwh

® charge/discharge cycle: 3h

Total capacity: 180~300kWh, Sufficient to charge 4-5 electric vehicles in one discharge
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System Configuratic

ver conversion system
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Automatic Tripping —

'gy management sytem

~ Fire isolation layer

Retired Batteries

Underground
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Cell Temperature

1 cut off

Input/output
disconnection

=

Shell temperature

5 dimensions

)\
\%/

Voltage and Voltage difference

2 drops

Battery trip




Multi brand, multi model, fuIIy compatible with software and hardware



Cheng Du
Configuration: 150kwh;100kW

Shang Hai
Configuration: 200kwh;100kW

Qing Dao
Configuration: 300kwh;120kW




| Application data of TELD industrial park
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The cumulative discharge
capacity is
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Loaddump — Current status on developments
regarding GB/T 18487.1 / ISO 21498

Ms. PAN Meixia

Mercedes-Benz




Sino-German
Sub-Working Group Emobility

DC Charging Load Dump Tests in
China @ Catarc and State Grid

14.10.2024
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Problems of Load Dump Overvoltage:

« EVSEs may violate load dump overvoltage
requirement

» Overvoltage is harmful for onboard HV
components

e.g. MOSFET avalanche breakdown

Breaddown

Likchi/dt -
l— Drain 1

VDD Cati 1 : | Wenn reaches
o } VDS 1l - breakdown voltage,
current flows

g [ oA =y
sSource s . 4
(14 OFT

(Y1 1]

If the withstand voltage is exceeded, current will flow
even when the MOSFET is in the OFF state, huge
damage may occur

Purpose of the China Test Trip:

» Observing the charging load dump overvoltage
in China

« Demonstrating the test to internal and external
partners

« Address potential risks transparently

» Harmonization of load dump requirement in DC
charging standards

* Promote safer and robuster DC charging
infrastructure

» Handover further investigation to Mercedes-
Benz RD China
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Impressions

@ Catarc Charging Interop Validation Hall
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Load Dump Requirement in DC Charging Standards

IEC 61851-23 Edition 2, 2023:

CC.6.1 Requirements for load dump

In case of a load dump, after the first 3 ms, the voltage overshoot at side B between DC+ and
DC- shall be less than or equal to

— for a rated maximum voltage of the EV, as communicated (in the last request message
before t3) during the initialization phase, > 500 V: 110 % of the rated maximum voltage of
the EV, or

— for a rated maximum voltage of the EV, as communicated (in the last request message
before t3) during the initialization phase, < 500 V: rated maximum voltage of the EV plus
50 V.

See Formula (CC.16).

Vevse_out S Max(110 % * Vey max_cpor Vev_max_cep * 50 V) (cc.18)

where

Vevse out is the present voltage at side B, expressed in volts;

Vev max cpp s the maximum voltage of the EV, communicated in the Ilast
ChargeParameterDiscoveryReq message, expressed in volts.

GBT 18487.1 for GBT 2015 and Chaoji, and GB
39752

GB/T 18487.1-XXXX

B.3.7.105 In the power transmission phase, when the load drops (such as load dump)
due to a fault. the instantaneous output overvoltage value shall not exceed
the bigger one between 110% of the output voltage at the vehicle adapter
during the load drop and the output voltage +50 V (d.c.), and no hazardous
conditions shall occur.

Note: The instantaneous voltage lasting up to 10ms that may occur during
load drop may be negligible.

Compliance test will be defined in NBT 33001
NBT 33008.1 Amd., the amendment is ongoing
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Loaddump Test Setup

EV Load Dump Box
Contactor
S I_Powernet
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Contactor
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What to Measure?

|1 A 102 Vi 630 V
« Overvoltage peak I | i \, y
- Overvoltage duration I I — :JL —_ — — 906V Limit
« Charging station =
shutdown curve
* Loaddump with and R
without Cx capacitance T \\

Example from a CCS 80KW EVSE, tested in Netherland during the
visit to ELAAD, overvoltage limit calculation based on IEC61851-23-
2014
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Load Dump Box and its HMI Interface

Emergency-Stop button (HMI)

Touchscreen

Physical buttons
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High Voltage Circuit of the Load Dump Box

Loaddump contactors Voltage measurements Precharge
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Test Results

Red marked: EVSE showed deviations

EVSE Nr Breaktg:ntacmévzoo 0 Cxin L[;BséuF) 1350 Charging voltage (V) Charging current(A) ovl:e?'sgﬁ:g:e’zV) over-voltage limit

M1 X X 387 240 422 437
M2 X X 383 240 421 433
M3 X X 383 240 421 433

1 M4 X X
M5 X X 384 240 421 434
M6 X X 384 240 423 434
M7 X X 384 240 422 434

P M8 X X 388 250 411 438
M9 X X 388 250 413 438
M10 X X 386 250 419 436
M11 X X error

3 M12 X X 388 250 420 438
M13 X X 389 250 420 439
M14 x x 390 E¥sE s overyoltage islightly gver the atlowed [imi
M15 X X 380 80 468 430
M16 X X 381 80 464 431

4 M17 X X 381 80 455 431
M18 X X 381 80 470 431
M19 X X 381 80 465 431
M20 X X 383 80 455 433
M21 X X 392 250 430 442

5 M22 X X 394 250 432 444
M23 X X 395 250 433 445
M24 X X 396 250 438 446
M25 X X 396 230 433 446

6 M26 X X 396 230 436 446
M27 X X 397 230 436 447
M28 X X 397 230 438 447
M29 X X 392 125 433 442

7 M30 X X 394 125 431 444
M31 X X 393 125 430 443
M32 X X 393 125 433 443
M33 X X 397 208 432 447
M34 X X FAIL

8 M35 X X 397 208 433 447
M36 X X 398 208 428 448
M37 X X 398 208 427 448




Test Results

Red marked: EVSE showed deviations

Contactor Cxin LDB (uF
EVSE Nr. Breaktor| EV200 0 350 1350 Charging voltage (V) Charging current(A) Loaddump overvoltage(V) over-voltage limit
M1 X X FAIL
M2 X X 401 250 448 451
9 M3 X X 402 250 450 452
M4 X X 403 250 449 453
M5 X X 403 250 450 453
M6 X X 403 390 460 453
M7 X X 403 390 461 453
10 m8 X X 403 390 462 453
M9 X X 403 390 463 453
M10 X 403 200 452 453
M11 X X 403 250 460 453
1 M12 X X 403 250 457 453
M13 X X 403 250 455 453
M14 X X 403 250 460 453
12 M16 X X 400 100 441 450
13 M17 398 80 434 448
M18 ERROR
14 M19 ERROR
M20 401 100 451
15 M21 x x 405 200 Abnormality of current ripple duringsgharging
M22 X X 405 200 501 455
16 M23 X X 407 200 470 457
M24 X X 406 200 469 456
M25 X X 406 200 504 456
M26 X X 407 200 510 457

10




Test Results

Red marked: EVSE showed deviations

Contactor Cx in LDB (uF)
Breakto
EVSE Nr. r EV200 350 1350 Charging voltage (V) Charging current(A) Loaddump overvoltage(V) over-voltage limit
M1 X 378 80 433 428
17 M2 X X 378 80 406 428
M3 X X 378 80 406 428
M4 X 378 80 435 428
18 M5 X 375 20 421 425
M6 X X 375 20 407 425
19 M7 X 379 80 414 429
M8 X X 379 80 408 429
20 M9 X 379 80 410 429
2 M10 X 389 250 435 439
M11 X X 388 250 425 438
22 M12 X 390 250 442 440
M13 X X 392 250 441 442
2 M14 X 391 200 418 441
M15 X X 393 200 419 443
M16 FAILURE
24 M17 X 394 250 425 444
M18 X X 394 250 423 444
25 M19 X 391 150 EVSH's overvoltageés slightly over the alkwed limit
M20 X 395 250 467 445
2 M21 X X 396 250 457 446
M22 X X 396 250 452 446
M23 X 397 250 464 447

11




Test Results

Red marked: EVSE showed deviations

Contactor Cx in LDB (uF)
EVSE Nr. Charging voltage (V) | Charging current(A) Loaddump overvoltage(V) over-voltage limit
Breaktor| EV200 0 350 1350
M1 X 405 388 448 455
27 M2 X X 406 384 445 456
M3 X x failure EVSE's-overvoltage-is-slightly-ovef-the-allowed-limit
M4 X 408 380 450 458
M5 X X 407 287 469 457
28 M6 X X 408 286 467 458
M7 X X failure
M8 X X 407 286 467 457
M1 X X 400 100 445 450
29 M2 X X 400 100 437 450
M3 X X 401 100 425 451
M4 X X 401 100 445 451
]
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Test Results: Deviations from EVSE Nr.4

EVSE overvoltage violates the overvoltage limited defined by DC charging standard

1:config 2: page2 v
E 16.1 - 6.2] Graphic Rekorder_manual_2024-07-25_15-16-51.mf4
* Name
.= | cAR =-0.152625A |l
oM EVSE = 0.152625A |
2 .
4 Charging current 80A
5 ;
2
=
NI
s
2
m
EI
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2
g
&
S
£=Q
(=1
o
4]
S
* [v|B U CAR = 376923077V =
1= U EVSE = 467.948718V | L{L Overvoltage

w

o

o
]

Charging voltage 381V

| Graphic Rekorder_manual_2024-07-25.15-1...




Test Results: Abnormality from EVSE Nr.16

EVSE's overvoltage peak is above the allowed limit, but for less than 10mS, counts as compliant.
Charging current ripple ist over 50App, GBT has currently no requirement on current ripple, will be
regulated in NB/T 33001 Amd.

1: config 2: page2
E [6.1 - 6.2] Graphic Rekorder_manual_2024-07-26_15-36-43.mf4
* Name

/1= |_CAR = 0.076313A 1

"M 1 EVSE = 0610501A Current r|pp|e > , 20KHz

WAV

Charging current 200A ‘

3

|6.1] Lrapnic Kekorder_manual_ 2Uea-U/-26_ 15

« [J1BR U_CAR = 395726498 V T

,[]&= U_EVSE = 500610501V __| Ove%oltage
! ervoltage Limit: 456V

=
)
I
5
w
m
5]
@

angvliage Uoy.

400

1| raphic KeKorder manual_2U24-U7-2b.15-3



Purpose of the China Test Trip:

Observing the overvoltage and demonstration test

S . Address potential risks transparently
u a ry - Harmonization of requirement in DC charging standards
«  Asuccessful test trip in China and the visit to Catarc and State Grid: Promote safe and robust DC charging infrastructure

— The tested 29 EVSEs have reached market share of over 4.54% * Handover further investigation to MB RD China

— Among the tested EVSEs, about 10% EVSEs show deviations from load dump overvoltage

» Load dump overvoltage has been defined as mandatory requirement, EVSEs should be certified accordingly from 1st Aug.
2025 on for new type approval and 15t Aug. 2026 on for production EVSEs:
— GB 39752-2024 Safety requirements of electric vehicle conductive supply equipment (EVSE only)
— GB 44263-2024 Safety requirements for electric vehicle conductive charging system (EV and EVSE)

* Follow-up:
— Compliance test to be defined in NBT 33001 NBT 33008.1 Amd. Further exchanges to harmonize it with international
standards
Preparation of load dump compliance test by CATARC
Test equipment handed over to MB RD China for further investigation of 800V charging load dump
Further exchange between MB RD China and CATARC to convert 1ISO21498 to GBT standard

* Based on CATARC EVSE market research

DIN DKE VDA

VDE DIN
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Testing procedure ISO/SAE 12906

Charging Performance of EV
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Sino-German
Sub-Working Group Emobility

Charging Performance of EVs
- Testing procedure ISO/SAE 12906 -

14.10.2024
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Initial situation: Various indicators for charging performance

@ @, T=SLA PORSCHE

%,

OPEL
In Unterwegs Ladezeit fiir Gleichstrom (DC) mit maximaler La- 22,5
Laden Sie bis zu 282 km in nur deleistung (5 auf bis zu 80%) min
32 mlﬂ 2 7 . 15 Minuten* an einem von
min 50.000+ Superchargern weltweit.

auf 80 % geladen(2] DC-Aufladung: 20 - 80%"

o Polestar
Ladegeschwmdlgkeﬂ Aufgeladene Kapazitidt von 10% auf 80% in ca.
Der Polestar 2 kann an Ladestationen mit bis zu 11 kW Wechselstrom

Bl - (AC) oder bis zu 205 kW Gleichstrom (DC) aufgeladen werden. Sie
G kinnen eine Wechselstrom-Wallbox installieren und bequem zu Hause 2 1
Min.?

aufladen. AuBerdem finden Sie unterwegs viele passende
Ladestationen.

—7 00:05h ﬂ

‘ 8 Long Range Varianten - 205 kKW DG, von 10 auf 80 %' bei maximaler DC-Ladeleistung von bis zu 270 kW<
% an der High-Power .

—— ‘ 28 min =Tl

Standard Range Variante - 135 kW DC, von 10 auf 80 %'

34 min 29 min

Schnellladen 30-80 % SOC

Lodestatio
100 km

W D K E VDA Verband der

VDE DIN Automobilindustrie



Motivation: Harmonization of indicators and test methods

The performance indicators used in The test methods are not

the media differ widely. standardized. -
Harmonization Is

* Recharged range in x minutes Lacking provisions for

» Charging duration for x kilometers + Temperatures needed.

» Charging duration 0—100% SoC * Pre-conditioning T e S T

* Charging duration 20-80% SoC * Voltage tolerances o

. etc. . comparability.

Furthermore, Peak-Power-Definitions
are not unified, as well as ,start” and
.end of charging® (from connection,
from current flow, etc.).

Verband der
Automobilindustrie

DIN DKE ,pa
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Development and status of ISO/SAE 12906

SAE J2953/4 (T|R§ ;

51N 70680 - —'_—V Jomt international ISO/SAE standard ISO/SAE 12906 IS0 %-

F2F Detroit

| WD F2F Los Angeles
DIN 70080 and SAE J2953/4 CcD
have been published in 2021 s

: ! DIS \
and served as a baseline for : FDIS @

the development of

ISO/SAE 12906. * One international standard, jointly developed in one working group with SAE and

ISO (hosted in ISO TC22/SC37/WG6), co-project lead between Germany and US.

* Continuous active participation from DE, IT, JP, US, KR (CN experts particpated in
the beginning).

Imitability and
plausibility

Premises

Reproducibility

Comparability

O

I_ D K E VDA Verband der
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Test procedure and performance indicators according to ISO/SAE 12906

Minimum 12 hours @ 23°C N Relocations

A optional
. . . . » The EV may be relocated betw.
. Egr:ﬁirndnve cycle or extended soaking for max. " the steps of the test procedure
Preparation phase « Optimizing features may be activated + Only passive movement
* Ambient temperature range of 0 °C to 30 °C AR o
optional R + Optimizing features
s not activated
_ + Starting with any value of remaining electric s * Max. 30 min
: range = 15 km and < 60 km (can also be set \\
Charging phase via SOC calculation) ..
+ Measurement of performance indicators N
test procedure charging duration charging efficiency max. charging power recharged ADT* range
Normal Charging (full charge) xx h xx min xx,X % xx,Xx kW xxx km after 60 min
Fast Charging (10 - 80%) xx h xx min xx,X % xxx KW xxx km after 10 min

*ADT = Applicable driving test (country specific, in EU it's WLTP)

I_ D K E VDA Verband der

VDE DIN Automobilindustrie
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Challenge: Determination of recharged ADT range (1)

—(ﬁ

oy
Key

1  energy added to the RESS (see MP3 in Figure 4
2 Qo for recharging (e.g. loss due to cell chemistry, heating in RESS)

So we synchronously measure the energy drawn
from the battery and the SOC during the
discharging of the ADT drive cycle.

DBE [kWh]
A
80 T
DBEsqc start = 72 KWh = = 7|

3 Qs for recharging (e.g. loss due to cell chemistry, heating in RESS)

4 rUBE (see MP4 in Figure 4 0.
DBE =58 kWh = =1
100 RESS SOC_end

During charging, we can only measure
what goes into the battery (1). However,
to determine the recharged range, we
need to know what is drawn from the
battery for driving (4). 0

—

SOC _start=7 %

100

I_ D K E VDA Verband der

VDE DIN Automobilindustrie

*DBE = Discharged battery energy
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Challenge: Determination of recharged ADT range (2)

indicated SOC recharged ADT range
[%] [km]
80 300
= calculated via DBE of
recharged SOC points
T T 150 72 KWh — 58 KWh = 14 kWh
40 - (see slide before)
- 100
30
20 B T 50 after
10
min
10 = 0
e e S O
ol >
Beginning of charging t [mln]
— y [t rocdire | [ceging cvraton. | [[mrggeticenry | [ cvrgi [reimrged A0 e |
Begggnn%eiirr:nlng mmln Normal Charging (full charge) och oo min ox % X kW Jam after 60 min
Fast Charging (10 - B0% xxh xx min ) oex % 000 KW so0¢ km after 10 min )

ey s 7 > Test results
I
| DKE VDA. | veroand der
wu

VDE DIN Automobilindustrie
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Informative Annexes: Test procedures @ low temperature and for HDV

Two Annexes have been drafted with quite some effortto describe procedures for charging at low temperature (-7 °C) and for heavy
duty vehicles. These need further practical evaluation with the goal to move them to the normative part of the document.

The “low temperature method” determines the ratio of charging { charaing power -
. ) fici
duration at low temperature to normal temperature. e -| 10-30% |-| 30-50% |-| 50-80% |— e
Ixxkallxuka” xxx kW || xxkall xx %
Full Charging
Preparation phase recharged energy
charging duration
after 15min || after30min || after 45 min 10-80%
fon it S0C- Soaking phaze Charging phase e ____JL__________J
E fmpeatiis adjustment -77C) [-7°C) | xxx kWh xxx kWh xxx kWh XX hxx min
E Hatioof charging duration
%‘ narmn! anient sS0C- Soaking phase Charging phase
vepeatace - gdjustment (23°C) (0-30°C) recharged energy
Intermediate
; ' Charging after 15 min
: o et S0c- Soaking phase Charging phase
i ; remperatare agdjustment (-720) [-7°C) I 06 kWh I
g Retio of charging duroation
= + . . .
S wwstwiiw  SOC- Soaking phase Charging phase The performance indicators for HDVs differ as HDVs have
regeratie aqljustment [23°C) {0-30°C)

specific use cases and different framework conditions

(commercial focus, vehicle configuration specific consumption).

W D K E VDA Verband der
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ISO/SAE 12906: Summary

* ISO/SAE 12906 defines standardized test procedures to determine charging performance indicators
*  All values can voluntarily be determined (ISO/SAE 12906 doesn‘t require to determine the entire set) and further indicators may be
given, of course.

3 Recharged range

8 S for DC in 10 minutes Charging duration Peak Power Charging efficiency
EQ and for AC in 60 minutes for DC 10% to 80% SOC for DC 10% to 80% SOC
of= for 30 seconds

E = (further DC-values after 5 and and AC full Charge and AC full Charge
o 20 minutes recommended)

‘;‘3 @ . Preconditioning to optimize the operation temperature is allowed

z 2 *  SOC at the beginning of the measurement < 10% (15-60 km remaining range, < 9% SoC respectively)

% g +  Soaking @ 23°C

i © «  Environmental temperature during preparation phase and charging phase: 0°C to 30°C

I
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Outlook

today

— i We have started to plan for a 2" Edition 2. A catalogue of
&@ potential work items has been established (e.g. high
temperature procedure).

China is more than welcome to use the 1st Edition and to
participate in the development of the 2nd Edition of
ISO/SAE 12906.

Verband der
Automobilindustrie

DIN DKE pa
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Many OEMSs already apply the performance indicators of ISO/SAE 12906

10-80+ ©

LIHEOOVEESICIHUBEFH

Nachgeladene Reichweite von bis zu Aufgelader

255 km

in 10 Min.3

0:32h PORSCHE

DC Schnellladestation (bis 350kW) @ Maximale Ladeleistung fiir Gleichstrom (DC) 270 kW
Values for recharged range in 10 min Ladezeit fiir Wechselstrom [AC) mit 11 kW (O auf bis zu 100%) 10,00 h
under preparation. Ladezeit fir Gleichstrom (DC) mit maximaler Ladeleistung (10-80 %) 21 min 28800V BERR
Nachgeladene Reichweite (WLTP) in 10 min bei maximaler Ladeleistung 240 km ~ne ; \
& 2.
% Reichweite nach 10 Minuten High-Power-Laden [HPC) in km 2 1_%3
156 - 196
. &
Ladezeit von 10% auf 80%
Maximale Lodeleistung AC in kW Minimale Ladedauer AC 0-100 % Ladezustand in b
m/223 8:30/4153

N

. Maximale Lodeleistung DC in kW' Minimale Ladedaver DC 10-80 % Ladezustand in h
I I I I [ I 205 0:30

I_ D K E VDA Verband der

VDE DIN Automobilindustrie
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Federal Ministry EF' ?ﬁ)ﬁ‘[&%ﬂ%ﬁ%

i I for Economic Affairs Standardization Administration of the P.R.C.

and Climate Action

Status charging infrastructure for ships

Ms. Liu Lifang
SPIC
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International Trends in Low-Carbon Development of Ships

n

250
0 EfRg=AR IMOME, B2023F 18 1 B, MR IBKEIIENRHEERGEEL o W M= N ETE) 206
(EEXI) BERUAIE, BERHAEFUIEE COHEMERE, REFEIzERRERSR (Cll) <
The International Maritime Organization (IMO) stipulates that from January 1, 147
2023, ships must obtain an Energy Efficiency Existing Ship Index (EEXI) I
certification, collect CO2 emission data and report the annual operational Carbon ol iy
Intensity Indicator (ClI).
O HIKEENESET023FMEm, N20305FE, EIELIEERFEBOMAE 49 40
e, SARAS T HIRAONRE). ) I 19 =
The Maritime and Port Authority of Singapore announced in 2023, from 2030, o ’ | = —
new ships operate must be electrified or powered by net-zero emission fuels. LNG Electic ~ Methanol  Hydrogen  hybird it Total
 EfR IMO 0O HEBFEENRSFEESHFNE BREMEREERT,
o ez age KIS AR IR, SEFR RS
i | Sm o8 g | OB SR wom | mw | MR BRNSIAIRENDE, BT KRB, RURRSHA,
Bin s o man | SRR S GRS MR oINS ewen DE NSNS, TSR . ..
B}%ﬁu o _ %EJ%UI _*'ﬂgﬁi = _ = ﬁrﬁ% _ mﬁgﬁt ﬂ&%& = China accelerate the scrapping and renewal of old

. . . . ) ships with high energy consumption and high

2003 2005 2009 2012 2013 2014 2015 2016 2018 2019 2020 2023 2024 emissions, support new energy powered ships,

s Gk improve infrastructure and standards for new energy

CCSETR l%l%ﬁ ccs (| CCSGR - ccs IR : i i
ég%%ﬂﬁﬂa %ﬂé ﬂgﬁfﬂg Feagn Eggj%ﬁ;bﬁ e [y powered ships, gradually expand the application
WE) LK1z HRAAT sy | AERK SRR eI - :

(ARARAE3 DEER e EE&,‘;} ) AERSE) Fapharn scope of new energy ships such as electric power,
BRI S E fpemge | (ARAARE 75%) : : L

#fER) 1) B ;&gﬁ% — liquefied natural gas power, biodiesel power, and
— b2l 120

| WE =) %) green methanol power...




A |}
| hERKZE Q BFEH
Low-Carbon Transportation Revolution in China

0 IR ERIA 0 2 REIRZE
Environmental protection requirement Energy security demand

BB ABHE R S FER R 0%, — REAIRR S LRRER,

High degree of crude oil and natural gas importation.
NARFFE, FRENRITFRIEEFIERE,
Chinais rich in solar and wind resources, and its capabilities
and development efforts have increased year by year.

CO, emissions from transportation sector account for about 10%
in China,

Hep, fefASIFERBaliRAEISERr721.2% ( 20205F) .

Among them, ships account for 21.2% of the total
emissions from non-road mobile sources (as of 2020).

O #EtUEFAERHERS, —51800/EREBI SN EET TS EWAR10
B, BEZSRHER2601E, 83 TF578RAENHE; 1.19

Compared to a traditional fuel-powered cargo ship, an 1800-

1.05

ton electric cargo ship can save 100,000 liters of fuel and

reduce carbon dioxide emissions by 260 tons annually. This is e

equivalent to the emissions of 57 passenger cars. -

IRIBEEIMRE (EPA) 8, — N ERRSRAESFRAHI4. 6 Stk (ET173 2019 2020 2021 2022 2023
150008, BINC/RRTH22EEITH) .

*According to data from the U.S. Environmental Protection Agency (EPA), a typical
passenger car emits about 4.6 tons of carbon dioxide per year (calculated based on @ RVE&ilSt The proportion of solar and wind power installed capacity IR¢FEEEL The proportion of solar and wind power generation

driving 15,000 miles with a fuel efficiency of 22 miles per gallon).

B XeRiESETotal installed capacity of wind and solar power (Trillion Watt) R¢&eEE@Solar and wind power generation ( Trillion kWh)
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The Foundation and Measures for Low-Carbon Development of Chinese Ships

180
— BAU _— 2 — 1.5°C
160 ~
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O HARFKA, EEIHEEE;E%&”Z&EﬁEC‘F, FEMMATI 2060 F K
NS WRHERER R2019FMN=F L. KxEEEF T2040-
2050F KL, ﬁrHFﬁﬂZLyllﬂEEo

Under BAU mode, the carbon dioxide emissions of China's
shipbuilding industry in 2060 will be more than three times that
of 2019. Under low-carbon mode, carbon emissions will peak in
2040-2050 and gradually decrease.

*HEDRSMIBRERR . RIBBCRMRERIARH 1A

* Decarbonizing China’s coastal shipping: The role of fuel efficiency and low-carbon fuels

O PEW¥EE Decarbonization measures:
o BEIRRUEIRIME Energy efficiency standards
. FHIZHEEGIW Shore power installation
- EKZ|BAEAA Obsolescence of old ships
.  KEIHAHAFEE Trend of larger-sized vessel
o (EKWMAEl Low-carbon fuel

@ 2Rz )

QIYUAN GREEN POWER

rh | BB P [ R 2R 28(2021/2022)
Typical inland river port shore power coverage in China (2021/2022)

RARDAUEBREERE (%) B 2020 [l 2021

100% 100% 100% 100% 100%

100%

75%

50%

25%

0%

i){;ﬁ@ »@Q\%} _ .‘\SQ%% ,&Ag& g{?’

\Z_Oé?%%ﬁﬁ, REKEIEHMRZY12.667588, 90%LA LR
IEZ3nE.
By the end of 2023, there were approximately 126,600
ships in China, with over 90% being inland waterway
vessels.

IR0, EATIFERE2EE, inigBOT

OHE  URAEREEETSASA%, Heh/NBOmIA100%,
21 ports along the Yangtze River achieved full
coverage of shore power, and shore power coverage
for coastal ports is about 84%, with 7 ports reaching
as high as 100%..

BREGR RIS, GRm. BATN. WILID. S

Charging, Battery Swapping, Hybrid Power, Internal
Combustion Engine Power, Hydrogen Power, etc.

BURIKGM SR ARRIRELABEEST. REEERR
Policy-driven equipment renewal: large-scale
equipment replacement with old for new, pilot projects
for strong transportation industry of China

NERRELE

FFEEL

LAIB#EFT



B iRmhaN7)

QIYUAN GREEN POWER

P LAEENI6 ERIRRRHIRIRILEER RRERTE Q

The low-carbon shipping development with mainly focused on electrification.
B BIRRARMKIRNGE: BEECEES

Electric power is the optimal propulsion solution with high direct conversion
efficiency.

mEREXENEIENEEERE: B, S, LNG

Range-extended hybrid systems balance efficiency and operational mileage:
methanol, hydrogen, LNG.

B EERSLIEE: MRS ETETIRERMRIRAGAS =

(

HEFERG AEAR AR/ =RE {5t
Cor%:i?eafzmp Bquca?go il pas'ser?ger Ship i%%‘ Energy-intensive operation: transitioning from ship and power separation to

energy modules and ship separation.

m HRWzE. ERNE: FIRGIR 7iRE, fYEREER .

Adapt charging or swapping modes to different scenarios: utilize power plants

along the river for electric ship, reducing the occupation of power facilities.
WEEB R Earlzzb| 1giEliRamh =1 V)
Energy supplementation Electric Extended Hybrid Hybrid

FEIRER IR
Battery-swap station

B oo e o e e — — — — — — — —

Battery bank Ship leasing

RIS XIRE. VYRR,
RNTEER. BIEEL.
RiTARBUEIREE SN, BUER

e

Pleasure-boat, Short

distance ferry, Inland bulk
cargo and container ships

EFEAREY
Applicable ship types

R, TRIELFES.
RIEALSHREE. REREHEG, PO
SREE
scientific research ship,
Engineering ship, Cruise,
Inland River Container Ship

wNIIR ith %EEEgiiﬂ. %liﬁiﬂlﬁ%ifﬂ;m %Iiﬁﬂmﬁﬂfﬂétﬂ
. " —— " Power Source ithium batte Diesel engine + batte! Diesel engine + batter
Pt AR A/ M THE - o T
. : . o . . F . = sesAA
ferryboat Public Service Shlp Monitoring Shlp Engineering Shlp Propulsion Electric Electric Diesel Or Electric
______________________________________________________________ ' L= RAR (i BYR
Noise Very low Low Low
HERR THIR. TSR BYR —R
Emission Zero Low Medium
ZinEE 3v] HikiER BEK
Mileage Short Medium to long distance Long distance
RIRER B —hg BYR
Initial Investment High Medium Low

SRR, W mE
Sea container ship, Bulk
cargo ship. Oil tanker,

Chemical Tanker



P iR HEE1 20tRFE SR R IR AR Q BREa)

The world's first 120-TEU container ship with battery swapping technology.
m fTIVEE): EREREREEREEM

The First Battery-Swap Commercial Container Ship in Operation;

B SHkbEE:  BIFERNKR” HREEAET, BUKIREB(NGR 2090%, MFELUNERERA2200E,;

Efficient Recharging, B-S mode, each swap taking only 20 minutes and a full charge range up to 220 kilometers;
B ERtnE: BEFLRE "FEMR3 mE (RTMRERESSR) |

The Highest Standard: The construction class meets the “Green Ship 3" standard.

B EkiEE: SFUER1600E5EH, RDLI5000EmHERY,

Clean Transportation, it can replace 160 tons of diesel fuel and reduce approximately 500 tons of carbon
emissions.

B EEHHE: REIEEEREI3ER1THR, MR RERESRATERE.

High Comprehensive Energy Efficiency: The fuel consumption is essentially equivalent to 3 kWh of electricity
per liter of fuel oil, indicating a significant potential for cost savings on the ship's energy expenses.

B PR RO BEIIHR TIMEARENA, BERENNHNESSEFREIEERWEFEZR.

The separation of ship and power supply reduces the investment for ship owners, but economic viability of
charging operators for the stage of BS industrial promotion
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Yushan Shanghu Intelligent Charging Yacht Project

r =148 Scene Introduction:

MBERLRARXIRM6FZERELTASHME. BalEEAN, FE
HEEERENEEFERYEIAK, 1ZIET2024F7H1HIEEE.
The project deploys six intelligent unmanned yachts with a capacity of
eight passengers each in the Yushan Shanghu scenic area. The yachts
automatically dock and undock, providing visitors with a highly quiet,
private, and comfortable experience. The project officially began
operation on July 1, 2024.

FARFB X Technical Solution:

SERIT NS, M ELTTESWMR, SURFTEEEHARATE16/MT,
Fully intelligent unmanned vessels, no crew members required on
board, with a battery life of 16 hours on a single charge.

mEER, Business Model:

MRBEMRBHANRKIEE. REHZERRRAPRXRH/EERS, K
FREFEE D AR,

The yachts are financially procured through leasing and rented out to

the scenic area operators, and charging pile operators construct the
infrastructure and provide energy replenishment services to the scenic
area, with a long-term cooperative operating revenue-sharing modeI.J
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An oil-to-electric conversion container ship with charging & BS power supply

T

I =948 Scene Introduction: [RSTF “IMEES-Feak” ik,
AERUR49.95K, MREE13K, AUE1SAE/MY, 2023512 ERXFERNEE,
RICFHRIR LRGN "FEaIRX” .

Serving the "Guangzhou Nansha - Dongguan Shilong" freight route, the
ship has an overall length of 49.95 meters, a width of 13 meters, and a
speed of 15 kilometers per hour. It officially began cargo operations in
December 2023, taking the lead in opening the "electric era" for core Pearl
River shipping cargo vessels.

¥ ARFBZE Technical Solution : R “HNE" HABEHEIEBNEREE
R, LA NHEHEIR, shhRGETEREBMEANRIS-RenewableFgEiR
MPDRFENBHEERRNBERRES, RB2 V" EEBARER, BI1MEERN
1935kWh, ZfrsEmRthIEH+3870kWh, izt et Rmis=iE,

As the first electric container ship transformed using "oil-to-electric”
technology, it uses box-type batteries as the propulsion power source. The
power system is equipped with the S-Renewable new energy power
system and the mobile container power supply system based on direct
current networking technology by CSSC. It is configured with two
container-type power sources, each with a capacity of 1935kWh, and the
total lithium battery capacity of the ship is 3870kWh, accommodating
both charging and battery swapping operational modes.
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Electric Xiangjiang - Range-Extended Hybrid Vessel Demonstration Application

B EHEET
Seh R

OFARTE: 257208 TEURBZNEAIM ARG+ 2EERaRAFE RN,

Technical Solution: 2 electric 208TEU multi-purpose

DC
AC

i3

—

e

container ships + 2 vessel charging and battery swapping RENE ~DEl ]
stations { A
OOEEARABOREN, PE(EIMFE: 2BRERACFEARFEFRIh, 1935kWhx 2,48 !
fn300km, . mZs
Entire vessel is electrically driven to reduce fuel | [N
o 9 g o 0o
consumption: 2 container ship batteries, 1935kWhx2, — —

AC

capable of supporting a range of 300km.

OffFREEEENZSERE: 2N ERENHEIEN8IT. 400kwiSHARENL, SRBINMEECE7HSSHAE, SEEMEREE150028., Bk
PSR ARRR R3], ?EEJE%,BI

Addressing range anxiety and safety issues: 2 container fuel range extender power units. 400kw diesel generator, 2-ton diesel tank
built into the container, and a 5-ton backup diesel tank in the ship's hold, with a total cruising range of over 1500 kilometers. Even if
the battery fails, the vessel still has power, expanding its scope of application.

ZpTiEElf. UREFRT, SHE: EERNAKEERREINRE, SFnF TR, BEERAMN. RIEIDEIMAA. Mk
AREETIHEBELL. MR AEE K,
More economical and adjustable, with a wide range of applicability: The range-extended hybrid system greatly reduces the initial
battery investment, making it far more economical than pure electric vessels, and it is profitable. The ratio of oil to electricity can be
flexibly adjusted based on the cost of power batteries and charging costs, and it has great potential for large-scale application.
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Advantages of Electric Vessel Operation

HERTIRE ~ A8

Al VESTSIS

2R RN HEN

TRENBEE30% LA _EHER

TR NIES AtE1IE 6055 I
Environmental protection and

energy saving, silence: zero
delay in power response, zero

emissions with pure electricity,

hybrid reduces emissions by
more than 30%, cabin noise
does not exceed 60 decibels
during navigation.

=S=Ze%

RERALBETOIAR]
Eig17IGB38031, UN38.3,
GB/T36276. UL9540A, IEC
62619%F%%. MEEli
ZeaE
High safety, classification
soclety type approval, passed
industry GB38031, UN38.3,
GB/T36276, UL9540A, IEC
62619 and other safety,

performance tests, safety is
controllable.

K RA

SHERENAYERRAME:
HEIP AR
WRAITE1-2A/M

R ARSHAFERI40% A
RERIAI BN 1T H50% LA L

Low cost: The cost of use over
the entire lifecycle is low, with
low maintenance costs, 1-2
crew members can be saved
per vessel, the cost per
kilowatt-hour of electricity is
about 40% of that of fuel power
generation, and the energy
efficiency is increased by more
than 50% compared to fuel
power.

) BiRtEN))

QIYUAN GREEN POWER

O

HEILEE
JIEIE IR A RETREN
S EREIRMETE TS
EEEE

ELTRE

P E

Digital and intelligent
management: Provides the
energy foundation for digital
control, offers data support
for intelligent operations,
online management, online
early warning, and cloud
Inspection.
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Advantages of the Electric Shipbuilding Industry Chain.

Energy Refueling gEExM A RIS Development of Marine

nAAT 4 I
Network Construction IZBUEE LA Power Systems.
and Operation.
> FEmigINGt. B8, B2 > Rl Motor,
> s Electric Control, Battery

> FRBIZINEE

Design, survey, and construction of charging and battery
swapping stations; operation of charging and battery
swapping stations.

, . e it Complete Ship
gpell(ratlon of battery BB Es 3 ESE I Manufacturing and
anks.

System.

> HRR

Sales.
> BRI > FhRERRARREET Design of New Energy Vessels
Demlan_d resporllsle, f(;equency > RS Supgrvision of Nengynergy |
regulation, peak loa ShIES s Ipeses .
adjustment, electricity spot . > HhREIRRRRE LIS Vessel Construction.
market trading, V2G (Vehicle- ~ ~ MRS
to-Grid). > V2G
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Industrial Development Trends.

2023 HiRERIRAZRE, 20225320255k EATHAITRIK690038E, HIHMIR, EELERE, HARHB1{C.

The market developed rapidly in 2023, with a minimum of over 6,900 vessels in the first batch of demonstration provinces and cities
from 2022 to 2025, reaching a scale of hundreds of billions; continuing development, tens of thousands of vessels and trillions of scale.

Passenger Ship &
Passenger-Cargo Ship

Ehpe. &L

Official Vessel

Working Boat

T1HEH

Cargo Ship

Cruise Ship

60%
_._._._._.

ERGAG. B

Houseboats,Cruise Ships.

HeR. REOAR. PBIE M WhiERe. WOThEG. IS
. PSV ((F&TI4E) Pidis

Tugboats, Rescue Vessels, Urban Ferries, Sightseeing
Dredgers, PSVs (Platform Cruise Ships, Car Ferries.
Supply Vessels).

% H. ljl_'d'iZ]R

TS, el

Maritime Vessels, Fisheries
Surveillance Vessels.

BLKE, GE, FEaE
NS

Hib3fn, SRS,

Bulk Carriers, Container
Ships, etc.

KRG, E=EF

i, ¥k BiLARET, ASEHR s, EETEFAmHR

Bulk Cargo, Container

transportation in inland rivers,

coastal, and ocean-going
scenarios.

Maritime patrol, inspection,
fishery protection, and other
official marine uses.

Harbor, river, and other
related scenarios.

KPR

Cities with rivers for the
waterborne transportation of
people and vehicles.

X

Scenic areas of rivers and
lakes such as West Lake and
Qinhuai River.
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Challenges in the Scale-up Application of Electric Vessels.

O EjfFEd: BB SR ERRARIS0%

Battery accounts for 50% of the total cost of an electric ship.

O FEBES: REBEMRERERAEE. R

Improvement and sharing of battery swapping infrastructure to reduce charging
cost

O tRE, SR FRREERER A

Standardization and modularization: Modular and standardized manufacturing
for ships with strong commonality to reduce construction and approval costs.
O FA/HENESH: B ETASHMEEGRANLS

Unmanned/assisted driving: Electrification has inherent advantages in the field
of unmanned driving.

O &7 BFHERERREE. TR

Digitalization: Improve the dispatching and navigation efficiency of ships.
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Joint Report
Sino-German Standardisation Cooperation Commission
Annual meeting of Sub-Working Group Electromobility

14th October 2024

The 11t Plenary Meeting of the Sino-German Sub-Working Group Electromobility was held in
Bonn, Germany on 14t October 2024. German and Chinese related government bodies and
standardization organisations, including SAMR, CEC, CATARC and BMWHK, DIN and VDA
attended the meeting. Mr. Thomas Zielke (BMWK), Mr. Wang Yu (SAMR) and Dr. Michael
Stephan (DIN) gave respective speeches. The delegations were headed by Mr. Wang Yu
(SAMR), Director, Division for Standardization of Information Technology and Automation,
and Dr. Michael Stephan (DIN), Member of the Management Board, Chief Operations Officer
(CO0). About 50 representatives from ministries, standardization bodies and industry from
both, China and Germany, attended this meeting.

Both delegations affirmed the purpose of the activities within the Sino-German Sub-Working
Group Electromobility aiming on technical harmonization of standards in order to reduce
development efforts for the industry and their products to comply with different market
requirements. This is also in the interest of sustainability and the improvement of the
environmental footprint since it lowers the costs for users and supports the proliferation of
Electromobility.

Both delegations exchanged information and continued their harmonization efforts on
various topics in the context of the Sino-German cooperation on electric vehicle
standardization. Chinese and German representatives conclude to continue and strengthen
the cooperation on bilateral and international level. This includes a continued cooperation
and information exchange regarding the work on the following topics and standardization
projects:

Bidirectional charging

— Areport was given regarding the status of Vehicle-to-Grid (V2G) and Vehicle-to-Load
(V2L) activities in China

— Furthermore, German and Chinese experts presented a status regarding V2G (with a
focus on AC) and V2L in a virtual Workshop on 29t*"August 2024

— Based on that comprehensive collaboration efforts in the context of V2G and V2L it was
agreed to continue the exchange of information and experiences regarding these both
topics

— In particular, it was agreed to arrange a follow-up meeting to continue the exchange on
V2L aspects and developments

Battery Technology

— Germany gave a presentation regarding “Deep discharge in the recycling process”

— China gave a presentation regarding the “Progress on EV battery recycling standards in
China” and the “Application of retired battery energy storage system”
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A continuation of the information exchange and discussions on expert level will take place
accordingly to the needs of both, Chinese and German experts

Charging Technology (several topics)

Germany gave a presentation regarding the “Charging Performance of EV - Testing pro-
cedure ISO/SAE 12906”

China gave an overview about the current status of the “Charging infrastructure for
ships”

A continuation of the information exchange and discussions for these topics on expert
level will take place accordingly to the needs of both, Chinese and German experts

Loaddump (GB/T 18487.1 and 1SO 21498)

An overview has been given concerning the “Current status on developments regarding
GB/T 18487.1 / 1SO 21498”

A continuation of the information exchange and discussions on expert level will take
place accordingly to the needs of both, Chinese and German experts and according to
the informal exchange as it has taken place in the past

Further relevant topics according to the workshop report

Based on the Sino-German Workshop on 29""August 2024 the results of these workshop
were introduced in the annual meeting of the Sub-Working Group Electromobility
Regarding Megawatt Charging System (MCS) a status report has been given concerning
the progress of MCS projects in China, Germany and on international level

Regarding AC/DC Overlay China gave an overview regarding concepts and developments
in China.

Regarding vehicle adapter German and Chinese experts exchanged their experiences
made in the field.

The given overview could serve as a basis for a further exchange of experiences.
Following, regarding all topics a continuation of the information exchange and
discussions on expert level will take place accordingly to the needs of both, Chinese and
German experts

Regarding the next steps, Chinese and German representatives conclude to coordinate
mutually the implementation of the conclusions. This comprises the management and
distribution of relevant information to pursue the cooperation regarding international
standardization activities and to support the initiation of bilateral collaborations, e.g. the
arrangement of dedicated workshops. For further details please see the attached work plan.

Mr. Wang Yu Mr. Christoph Winterhalter
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Attachment

Sino-German Standardisation Cooperation Commission
Work Plan 2025
Sub Working Group Electromobility

Objective Harmonise DEU and CHN concepts and relevant standards related to
Electromohility nationally and internationally.

Topics of Megawatt Charging System (MCS) for Heavy Duty Vehicles (international/

cooperation China)

e Collaborate and exchange information and experiences regarding
the development of a Megawatt Charging System (MCS) for
Heavy Duty Vehicles and exploring harmonization potentials

e Give aregular update and exchange information regarding the
developments of MCS, UltraChaoJi and e.g. GB/T 20234

Charging infrastructure for ships and planes

e Providing an overview of current developments in China in order
to figure out the potential for a further information exchange

AC/DC Overlay

¢ Providing an overview of current developments in China in order
to continue the exchange of information and experiences

Loaddump

e Harmonise loaddump overvoltage protection and limit related
requirements in CHN national standard GB/T 18487 and ISO
21498

¢ Germany will keep China updated regarding relevant
developments and continue the information exchange and
discussion on expert level

Bidirectional Charging

e China and Germany well keep each other updated regarding
further developments with regard to Vehicle to Grid/ Load (V2G /
V2L)

e In particular, a further exchange and/or meeting regarding V2L
has been agreed

Battery Technology/ Recycling

e Based on the decision in the SGSCC plenary meeting in 2023
regarding battery recycling this topic is to be covered in the SWG

e Based on a first information exchange on aspects regarding
battery recycling a continuation of the collaboration, discussions
and information exchange will take place accordingly to the needs
of both, Chinese and German experts

Vehicle Adapter
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China and Germany well keep each other updated regarding
further developments in the field and, based on that, both will
continue the exchange of information and experiences

Stakeholders

German Federal Ministry of Economic Affairs and Climate Action
(BMWK)

State Administration for Market Regulation (SAMR), Ministry of
Industry and Information Technology (MIIT)

German Institute for Standardisation (DIN)

China Electricity Council (CEC), China Automotive Technology &
Research Center (CATARC)

Other relevant industry associations and stakeholders from both
sides
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SGSCC-Meeting October 2024

Results of SWG Electromobility

2024-10-16



Introduction and overview of topics

e Since the last SWG meeting in 2023 it was considered by China and Germany to organize a
technical Workshop between experts of both countries based on the topics discussed in 2023.

* Following this considerations, a virtual Sino-German Workshop could be organized on 29t August
2024 to conduct a technical discussion on various topics (Megawatt Charging System,
Bidirectional Charging (V2G / V2L), AC/DC Overlay, Adapter Safety).

* In the SWG meeting in October 2024 parts of these topics addressed in the workshop in August as
well as further topics have been discussed between experts of China and Germany

e Bidirectional Charging
e Battery Technology

e Charging Technology
e Loaddump



Workshop on 29t August 2024 - Results

Megawatt Charging System (MCS)

e |n 2021 it was agreed to collaborate and to exchange information and
experiences regarding the development of a Megawatt Charging System (MCS)
for Heavy Duty Vehicles exploring the harmonization potentials

o After further bilateral workshops in 2022 and a status update in the SWG meeting
of 2023 a status report has been given in the workshop concerning the progress
of MCS projects in China, Germany and on international level

AC/DC Overlay

e Regarding AC/DC Overlay China gave an overview regarding concepts and
developments in China



Workshop on 29t August 2024 - Results

Vehicle Adapter

e Regarding vehicle adapter German and Chinese experts exchanged their
experiences made in the field

Conclusion for these three topics (MCS, AC/DC Overlay, Vehicle Adapter)
 The given overview could serve as a basis for a further exchange of experiences.

e Following, regarding all topics a continuation of the information exchange and
discussions on expert level will take place accordingly to the needs of both,
Chinese and German experts

Bidirectional Charging = see separate slides



Results of SWG Electromobility
on 14th October 2024



Bidirectional charging

* |n 2023 China gave an overview about Vehicle to Grid (V2G) technology,
demonstration projects and standardization efforts and a continuation of the
information exchange and discussions on expert level accordingly to the needs of
both, Chinese and German experts, has been agreed

e German and Chinese experts presented a status regarding V2G (with a focus on
AC) and V2L (Vehicle to Load) in a virtual Workshop on 29t August 2024. Main
results were presented in the SWG Electromobility meeting in October 2024.

* |n the SWG meeting in October 2024 an additional report was given regarding the
status of V2G and V2L activities in China



Bidirectional charging

e Based on that comprehensive collaboration efforts in the context of V2G and V2L
it was agreed to continue the exchange of information and experiences regarding

these both topics

* |n particular, it was agreed to arrange a follow-up meeting to continue the
exchange on V2L aspects and developments



Battery Technology

* |n 2023 Germany and China gave an overview about current developments
regarding battery standardization activities in China and Europe and a
continuation of the information exchange and discussions on expert level
accordingly to the needs of both, Chinese and German experts, has been agreed

 Furthermore, in 2023 is has been agreed in the SGSCC Plenary meeting to
integrate topics dealing with battery recycling in the SWG Electromobility

* |n the SWG meeting in October 2024

* Germany gave a presentation regarding “Deep discharge in the recycling process”

e China gave a presentation regarding the “Progress on EV battery recycling standards in China’
and the “Application of retired battery energy storage system”

)

e A continuation of the information exchange and discussions on expert level will
take place accordingly to the needs of both, Chinese and German experts



Loaddump (GB/T 18487.1 and ISO 21498)

 Analog to 2023 and the former exchange regarding loaddump aspects in the SWG
meeting in October 2024 an overview has been given concerning the “Current
status on developments regarding GB/T 18487.1 / ISO 21498”

e A continuation of the information exchange and discussions on expert level will
take place accordingly to the needs of both, Chinese and German experts and
according to the informal exchange as it has taken place in the past



Charging Technology

* |n the SWG meeting in October 2024 a new topic was addressed as Germany gave
a presentation regarding the “Charging Performance of EV - Testing procedure
ISO/SAE 12906”

)

e Furthermore, China gave a status update of the “Charging infrastructure for ships’
based on the overview already given in 2023

e A continuation of the information exchange and discussions for these topics on
expert level will take place accordingly to the needs of both, Chinese and German
experts



Conclusion

e A continuation of the information exchange and discussions will take place
accordingly to the individual development of each of the topics and the concrete
needs of both, Chinese and German experts (as already conducted in the past)

e This comprises the management and distribution of relevant information to
pursue the cooperation regarding international standardization activities and to
support the initiation of bilateral actions (e.g. the arrangement of dedicated
workshops).



Thank you!
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