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About this publication

The Global Project Quality Infrastructure (GPQI)
of the German Federal Ministry for Economic Af-
fairs and Climate Action (BMWK) enables tech-
nical policy dialogues with Germany’s important
trading partners worldwide. In cooperation with
Brazil, China, India, Indonesia and Mexico, the
project is implemented with the support of the
Deutsche Gesellschaft fur Internationale Zusam-
menarbeit (GIZ) GMbH.

In this context, this publication was developed
within the framework of the German-Mexican
Dialogue on Quality Infrastructure, established
between the BMWK and the Mexican Ministry of
Economy. This bilateral dialogue is a platform
that brings together representatives from rele-
vant ministries, quality infrastructure institutions,
and companies as well as industry associations
and chambers from both countries to address
topics of mutual interest in the field of quality
infrastructure.

This publication is the result of a collaboration
since 2019 between stakeholders of the bilater-
al expert group within the project line ‘Strategic
cooperation on electromobility: standardisation,
certification and technical regulation’, which
was agreed in the German-Mexican Dialogue on
Quality Infrastructure’s joint work plan.

This is the third document in a series of four pulb-
lications on quality infrastructure in the field of
electromobility. This series will address four pri-
ority topics: 1) charging infrastructure, battery
safety and disposal; 2) heavy-duty vehicles for
transporting passengers and goods; 3) fun-
damentals of electric vehicles and specifics
for passenger vehicles; and 4) micromobility
(two-wheelers).
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1. Introduction

In response to the global commitment to miti-
gate climate change and reduce Greenhouse
Gas (GHG) emissions, the transportation sector
is experiencing a transformative shift towards
electromobility. According to data from the In-
ternational Energy Agency (IEA), the first quarter
of 2023 saw an increase in global electric vehicle
(EV) sales compared to the same period in 2022.
In the context of Mexico, the sale of hybrid and EVs
in May 2022 was 2.5% higher than in May 2021. This
growth trajectory is expected to deeply trans-
form this industry by integrating new value chain
components related to the EV powertrain, as well
as reducing the need for 5 million barrels of oil a
day—which are now being consumed by internal
combustion engine (ICE) vehicles—by 20302

To consolidate its position in the automotive
manufacturing sector and make the most of the
economic prospects arising from this transition,
Mexico, the seventh-largest vehicle producer
worldwide, must harmonise its Quality Infrastruc-
ture (Ql) with the technical demands of EVs.

The QI system, comprising technical regulation,
standardisation, conformity assessment, accredi-
tation, metrology and market surveillance, plays a
pivotal role in ensuring product safety and quality.
However, for the purposes of this white paper, the
focus is set on technical regulation, standardisa-
tion and conformity assessment.

The mandatory technical regulations establish
essential public interest protection goals by lay-
ing down characteristics for products, processes,
production methods or services®. Voluntary stan-
dards provide, “for common and repeated use,
rules, guidelines or characteristics for products or
related processes and production methods”™ and
may become mandatory if referenced directly in
a technical regulation. Lastly, an adequate con-
formity assessment procedure (CAP) enforce-
ment is key for an effective implementation of
technical regulations and standards through a

Electric vehicle production.

set of testing, inspection and verification activi-
ties that serve to evidence compliance.

Internationally standardised QI frameworks can
streamline trade processes by minimising dupli-
cated testing and harmonising technical regula-
tions and CAPs. This, in turn, enhances commercial
efficiency across borders by cutting costs for
businesses, which otherwise would need to show
compliance with various regulations.

The objective of this white paper is to identify
opportunities for the harmonisation of Mexican
standards, technical regulations, and CAPs with
international equivalents, fostering competitive-
ness and innovation in the field of electromobili-
ty in Mexico. The document’s scope and content
were discussed and agreed upon with the bilat-
eral expert group overseeing the ‘Strategic co-
operation on electromobility: standardisation,
certification and technical regulation’ project line,
within the German-Mexican Dialogue on Quality
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Infrastructure. It lays out the current challenges
and presents recommendations for strengthen-
ing the Mexican panorama of standards, tech-
nical regulations, and conformity assessment
schemes for EVs.

This document focuses on three primary areas
of interest: 1) charging infrastructure, 2) opera-
tional safety of EVs and 3) circularity of the value
chains of EV batteries and other vehicle compo-
nents. Strengthening the relevant Ql framework
of these areas is essential for advancing the shift
towards electromobility, ensuring that the tech-
nical regulations, standards and CAPs underpin-
ning the dependability, safety and sustainability
of EVs are in place.

This publication is part of a series addressing
various aspects of electromobility and Ql, includ-
ing (1) charging infrastructure and batteries,
(2) heavy-duty vehicles for transporting pas-
sengers and goods, (3) EV fundamentals and
specifics for passenger vehicles and 4) micro-
mobility (two-wheelers).

To promote an enhanced understanding of the
national and international Ql frameworks, the
document provides a mapping of existing tech-
nical regulations and standards globally and
from Mexico, the European Union (EU), Germany
and the United States (US), as well as international
best practices for the three primary topics. Given
the transversality of CAPs, we dedicate Chapter 4
to it. Based on the status quo in Mexico and the
international best practices mapped, Chapter 5
contains the recommendations made by indus-
try stakeholders, which are essential to strengthen
the Ql framework for the successful expansion of
the EV industry in Mexico.
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1. Three pillars for the transtion

towards electromobility

The availability of charging infrastructure, op-
erational safety of the vehicles and circularity
of their production and parts are key elements
in driving a successful and sustainable adoption
pathway of electric vehicles. While the access to
charging infrastructure is important to address
the common range anxiety with respect to EVs®,
guaranteeing operational safety of the vehicles
in light of the particular risks associated with their
high-voltage batteries is key to ensuring consum-
er protection. Given the reliance of the technology
on non-renewable resources, particularly in the
batteries and the powertrain, developing circular-
ity strategies around EVs and their components is
necessary both to gradually reduce EVs environ-
mental footprint and ensure the availability of the
raw materials underpinning electrification of the
automotive industry.

The functional, safe and efficient development
of these three pillars, in turn, depends on the
existence, robustness and level of internation-
al harmonisation of QI frameworks, particularly
technical regulations, standards and conformity
assessment procedures. In the following, we dis-
cuss in further detail what concerns are to be re-
solved within these pillars to promote a greater
adoption of electric vehicles and expansion of the
EV industry in Mexico and how a Ql approach is
not only helpful, but necessary to address them.

Charging Infrastructure

As stated in the white paper volume on “"Quality
Infrastructure for Electromobility — Charging In-
frastructure, battery safety and disposal”é, charg-
ing infrastructure is a critical element to promote
the transition towards electromobility in Mexico
and internationally. Therefore, and considering its
deep interrelation with EVs, this topic is reexplored
in this paper with a focus on the specific needs of
passenger vehicles.

\
/Y

Electric vehicle charging

Firstly, accessibility to charging infrastructure
continues to be one of the major concerns of both
users and manufacturers. The EV Driver Survey
Report 20237 informed that 50% of respondents
across Europe highlighted range anxiety -mean-
ing the concern about the distance that could be
traveled on a single charge and the fear of get-
ting stranded during the journey— as a top-three
barrier to EV adoption yet representing a 10% de-
crease in contrast to the 2022 report. In the case
of Mexico, according to a Frost & Sullivan study
published in 2023, there are currently 1,336 pub-
lic charging stations distributed throughout the
country, with a total of 3,206 connectors®.

The maijority of these charging stations are lo-
cated in Mexico City, with approximately 221 sta-
tions. Jalisco and Nuevo Ledn closely follow, with
approximately 110 and 100 stations, respectively.
In contrast, the Mexican Association of the Au-
tomotive Industry (AMIA) reported 10,206 electric
and plug-in hybrid vehicles sold between Jan-
uary and December 2022, representing a 120%
increase in comparison to 2021°. This illustrates
the urgent need to deploy additional charging
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infrastructure to satisfy market demand. There-
fore, expanding the charging infrastructure —not
only in urban areas, but also throughout high-
ways— is key for users to be confident of having
charging points available throughout their jour-
neys, thereby encouraging the adoption of EVs
to achieve the transition towards low- and ze-
ro-emission mobility.

Additionally, defining the type of EV charg-
ing connectors, sockets and plugs required by
the country —considering market demand and
characteristics of the national electric system-—
is crucial to ensure national and regional inter-
operability and effective access of customers
of different EV brands charging infrastructure
in Mexico and increase the efficiency of infra-
structure investment. This is also relevant to the
improvement of user safety, as well as of the
vehicles, the charging infrastructure and electric
grid, by reducing the need of using adaptors and
thus the probability of an accident derived from a
human or technical error while charging.

A proper and safe installation of charging infra-
structure is another critical aspect to address,
with the aim of reducing electrical hazard inci-
dents such as electric shocks or short circuits,
which could damage not only users and con-
nected EVs, but also the charging infrastructure
and even the electric grid. In that regard, expert
personnel with specialised training for the instal-
lation, operation and maintenance of charging
infrastructure is also essential.

For all the above-mentioned priority topics re-
garding charging infrastructure, technical reg-
ulations, standards and CAPs play an essential
role to guarantee compliant, high quality and
safe products and services. Relevant best prac-
tices already exist at the international level, of-
fering Mexico accessible references containing
consensus-based technical guidelines for charg-
ing infrastructure, among other products within
the electromobility ecosystem. These are briefly
presented in chapter 2.1, as further detailed infor-
mation is available in the white paper volume on
the charging infrastructure, battery safety and

disposal.

Operational Safety

The surge in EV popularity has also come with a
set of safety concerns related to both their me-
chanical and software components. If left un-
attended, these issues could affect not only the
safety of drivers but also that of first responders
and pedestrians and may have negative im-
pacts on the trust of consumers into EVs. Thus,
it is essential to address these global EV-related
risks from a Ql perspective, given the intercon-
nected nature of the international EV production
industry.

One significant distinction between EVs and ICE
vehicles lies in the voltage level of their batteries
(400-800V) for EV's and (12V) for ICE. The signifi-
cantly higher voltage at which EVs operate, pre-
sents risks such as electric shock and explosions,
which can have severe consequences under cer-
tain conditions. Additionally, the increased weight
of EVs poses risks for other traffic participants in
the event of an accident.

Among the prominent technical factors contribut-
ing to incidents involving EVs are general EV dam-
age, high-voltage circuit malfunctions, equipment
wear and weathering. The most common causes
of incidents stem from excessive usage, internal
faults, technical faults during charging, submer-
sion in water and collisions with other vehicles and
objects®. Moreover, the escalating software com-
plexity in EVs, necessary for tasks like autonomous
driving and connectivity, underscores the need for
robust security strategies to protect users against
potential cyber threats.

Therefore, the implementation of technical regu-
lations and standards is key to mitigate risks as-
sociated with both the hardware and software
aspects of EVs.

Circularity

The transition to electromobility has become a
key component of decarbonisation strategies
worldwide. While the shift from ICE vehicles to
electric ones offers great potential for emission
reduction and directly reduces local air pollution,
other environmental risks associated with EVs
need to be highlighted.
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Goal Strategy Description

RO — Refuse Make product redundant by abandoning its function or
smart offering same function with radically different product
product R1 — Rethink Make product use more intense
use and (e.g. product-sharing, multi-funcational product)
manufacture . -

R2 — Reduce Increase efficiency in product manufacture or use by

consuming fewer natural ressources and materials
R3 - Reuse Reuse of functional discarded product by another consumer
R4 - Repair Repair and maintenance of defective product

Extend lifespan

to restore its original function

of product and

its part R5 — Refurbish

Restore an old product to bring it up to date

R6 — Ramanufacture

Use product or parts in a new product with its orginal function

R7 — Repurpose

Use product or parts in a new product with a different function

Useful R8 — Recycle

application

Process the materials to obtain the same (high grade)
or lower(low grade) quality

of materials RO - Recover

Incinerate materials to recover energy

Figure 1: The 9 R-Strategies for the transition towards a circular economy.

Particularly, the production of Lithium-lon-Bat-
teries and electric motors containing rare earth
metals require highly geographically concen-
trated non-renewable minerals like lithium, co-
balt, neodymium and praesodymium that are
energy-intensive to mine and often extracted in
regions with low enforcement of environmental
standards. This adds to the contamination poten-
tial of EV components that can also be found in
conventional ICE vehicles like industrial plastics,
electric components and tires. Additionally, due
to the heavier weight of EVs, components like tires
also tend to wear out more quickly, contributing
to increased waste generation.

To minimise EVs environmental footprint, it is nec-
essary to develop Circular Economy strategies
for the different EV components that allow to cir-
culate them at their highest value. Differentiated
strategies to reduce their environmental footprint
will need to be developed based on the state of

maturity of circularity approaches and technolo-
gies for the respective component value chain in
Mexico, combining different R-strategies (see fig-
ure ).

Adopting relevant technical regulations, stand-
ards and conformity assessment procedures
is key for an economy-wide implementation of
R-strategies around different vehicle compo-
nents. For the effective implementation of these
R-strategies, in turn, ensuring traceability of
components and materials as they undergo
transformative processes and circulate between
different actors emerges as a main challenge
that has led in Europe to the development of an
innovative tracking solution, the Digital Product
Passport (DPP). By storing important product-re-
lated data such as manufacturing details, own-
ership or recycling instructions, the DPP facilitates
the exchange of information along global value
chains. What differentiates DPPs from traditional
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tracking solutions is their ability to be updated
throughout a product’s lifecycle, accounting for
changes in product characteristics or uses.

While for some strategies corresponding Ql-ap-
proaches are still to be developed at the inter-
national level where technologies are still being
refined, as in the case of EV battery recycling,
there are already some international and na-
tional standards offering standardised techni-
cal solutions for the repurposing of EV batteries
or recycling processes of other components'.
On the other hand, countries and regional as-
sociations have started to develop technical
regulations aiming at the reduction of EVs envi-
ronmental footprint and the promotion of circu-
lar value chains, for example through mandatory
levels of recycled content for batteries® With re-
gard to component traceability, the European
Commission has opted for promoting the DPP as  cqrs sustainability.
a key tool to accelerate the transition towards a

circular economy: under the new proposal for the

Ecodesign for Sustainable Products Regulation

(ESPR)*, by 2026, sectors such as the automotive

industry, the chemical industry and the plastics

industry that are related to EV-value chains will

e obliged to use the Digital Product Passport for

products sold in the EU.

These proposed or already implemented inter-
national best practices in technical regulation,
standardisation and conformity assessment will
be mapped and contrasted with the Mexican
status quo in the second part of this white pa-
per, with the objective of identifying possible next
steps to strengthen Ql for the circularity of EV val-
ue chains in Mexico.
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2. Mapping of national and international

technical regulations and standards

for the three pillars

2.1. Charging Infrastructure

As anticipated in the first chapter, detailed infor-
mation on relevant standards, technical regu-
lations and conformity assessment procedures
for EV charging infrastructure and battery safety
and disposal in Mexico, Germany, the EU, the US,
and at the international level is available in the
white paper volume on “Quality Infrastructure for
Electromobility — Charging Infrastructure, batte-
ry safety and disposal”. Therefore, some of the
information presented there is included under
this section in a summarised manner, along with
complementary information.

Technical Regulations

Mexico

Technical regulations in Mexico are known as
Norma Oficial Mexicana (NOM). They are deve-
loped by regulatory authorities in their respecti-
ve fields of competence. Competent regulatory
authorities in the field of electromobility are the
Ministry of Economy (Secretaria de Economia),
the Ministry of Energy (Secretaria de Energia —
SENER), the Ministry of Infrastructure, Communi-
cations and Transports (Secretaria de Infraes-
tructura, Comunicaciones y Transportes — SICT)
and the Ministry for the Environment and Natural
Resources (Secretaria de Medio Ambiente y Re-
cursos Naturales — SEMARNAT).

Currently, in Mexico no technical regulations
specifically for charging infrastructure has been
developed vyet. Electrical safety requirements
for EV charging infrastructure are established
through technical regulations which apply in
general to electrical installations and products.
For example, NOM-001-SEDE-2012" for electrical

installations establishes the technical specifica-
tions and guidelines these must meet to be safe
for people and their property. EV charging equip-
ment is also covered in this NOM. Parameters
concerning ground fault are an example of one
of the main elements covered by this regulation
which are particularly relevant for the protection
of users, for instance against leakages of current.
The updated version of this NOM was tabled in
2018, but as of 2023 has not been published yet.
However, it is expected to be included as part of
the National Quality Infrastructure Programme
(Programa Nacional de Infraestructura de la Ca-
lidad — PNIC) 2024 to resume its final publication
and entry into force. Due to the electrical safety
scope of the NOM, the publication of its updated
version is deemed necessary to guarantee the
protection of users as well as of the electric grid.

NOM-003-SCFI-2014" sets characteristics and
safety specifications for electrical products im-
ported to or commercialised in Mexico. The gene-
ral requirements established in the NOM cover the
principles of protection against product hazards
and those caused by external factors, as well as
the safe functioning of the product, and infor-
mation on the usage, preservation, and labelling.
This NOM references several Mexican standards
(NMX) that must be applied, depending on the
product in question, to prove compliance with
NOM-003-SCFI-2014. Among them, standards
NMX-J-668/1-ANCE-2013 Electric Vehicles (EV) -
Personnel protection systems for supply circuits
- Part 1: general requirements and J-668/2-AN-
CE-2013 Electric Vehicles (EV) — Personnel pro-
tection systems for supply circuits — Part 2: Parti-
cular requirements for protection devices for use
in charging systems are also included. NOM-003-
SCFI-2014 was inscribed in PNIC 2020 to undergo
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a modification process. However, the updated
version of the NOM has not been published yet.

International

Globally, there are no technical regulations yet
for off-board charging. This is rather guided by
international standardisation, mainly in the Inter-
national Electrotechnical Commission (IEC). The
summary of relevant IEC standards for charging
infrastructure identified by the bilateral expert
group is presented in the upcoming Standards
section under this chapter.

European Union/Germany

In the case of the EU, European Directive
2014/94/EU addresses the deployment of alter-
native fuels infrastructure. It introduces measu-
res for the implementation of such infrastructure
in the EU and outlines the minimum criteria for its
development, including electric vehicle charging
points. It also establishes standard technical
specifications for these charging and refuelling
points, as well as user information and labelling
requirements.

United States

Public Law No. 114-94 instructed the US Depart-
ment of Transport to designate national corridors
for electric vehicles (EVs) and other alternative
fuels, aiming to identify the necessary infrastruc-
ture for charging EVs, among other alternative
fuel vehicles, at strategic locations along major
highways in the country.

Title 16, Part 309 of the Code of Federal Regula-
tions establishes the requirements for labelling
certain vehicles that are powered by alternative
fuels, including EVs. According to this regulation,
specific information must be disclosed on the la-
bels, such as the kilowatt (kw) capacity, voltage,
type of current (alternating current (AC) or direct
current (DC)), electric current limits, and char-
ging mode (conductive or inductive).

Standards

Mexico

Currently, Mexican standards (NMX)'® may be pu-
blished by Ministries for their respective areas of
mandate of private standardisation and certifi-
cation bodies. The national standardisation bo-
dies responsible for developing voluntary techni-
cal documents, known as NMX, in the automotive
sector, are ANCE (Asociacion de Normalizacion
y Certificacion A.C.), IMNC (Instituto Mexicano de
Normalizacion y Certificacion, A.C.), and NYCE
(Normalizacion y Certificacion NYCE, S.C.).

Some Mexican standards (NMX) apply to both
the charging infrastructure and the vehicle due
to its scope, for example NMX-J-678-ANCE-2020
and NMX-J-683-1-ANCE series regarding plugs,
socket outlets and couplers. These are shown in
further detail in the “Operational safety” section.
The NMX applicable to charging infrastructure
include the following:

International

At the global level, the International Organisa-
tion for Standardisation (ISO) and the Interna-
tional Electrotechnical Commission (IEC) are
prominent standardisation bodies in which re-
levant standardisation developments in the field
of electromobility take place.

Standards on communication protocols, as well
as on plugs, socket-outlets, vehicle connectors
and inlets, key components of the charging in-
frastructure, not only apply to them, but also to
the EVs itself, because of their interrelation. The-
refore, these standards are detailed in the “ope-
rational safety” section.

European Union/Germany

Following the principles of EU harmonisation le-
gislation, several European and German stan-
dards are derived from international standards.
In Germany, the responsible bodies for standar-
disation are the German Institute for Standard-
ization (DIN) and the German Commission for
Electrical, Electronic & Information Technologies
of DIN and VDE (DKE). In this regard, information
on the relevant internationally harmonised Ger-
man standards that apply to both the charging

15 Quallity Infrastructure for Electromobility: Fundamentals of Electric Vehicles and Specifics for Passenger Vehicles


https://dof.gob.mx/nota_detalle.php?codigo=5595539&fecha=25/06/2020#gsc.tab=0
https://www.dof.gob.mx/nota_detalle.php?codigo=5619062&fecha=21/05/2021#gsc.tab=0

Theme

Mexican standard

Concordance with
international standards

Personnel
protection systems
for supply circuits

Supply equipment

Electric vehicle
conductive
charging system

Electric vehicles — in-
ductive
charging systems

Charging infrastructure

NMX-J-668/1-ANCE-2013 Electric
Vehicles (EV) — Personnel protec-
tion systems for supply circuits —
Part 1: General requirements

NMX-J-668/2-ANCE-2013

Electric Vehicles (EV) — Personnel
Protection Systems for Electric
Vehicle (EV) Supply Circuits —
Part 2: Particular Requirements
for Protection Devices for Use in
Charging Systems

NMX-J-677-ANCE-2020 Electric
Vehicles — Supply equipment

NMX-J-684-ANCE (series),
including:

e NMX-J-684-1-ANCE-2021
Electric vehicle conductive
charging system — Part 1:
General requirements

e NMX-J-684-21-1-ANCE-2021
Electric vehicle conductive
charging system - Part 21-1
Electric vehicle on-board
charger EMC requirements
for conductive connection
to AC/DC supply.

«  NMX-J-684/22-ANCE-2014
Electric vehicle conductive
charging system - Part 22:
AC electric vehicle charging
station. (Note on status: This
NMX is expected to be with-
drawn in its the next revision
due to the withdrawal of IEC
61851-22).

NMX-J-725-1-ANCE-2016
Electric vehicles — Inductive
charging systems — Part I:
General requirements

Regionally harmonised with
the Council for Harmonization
of Electrotechnical Standards
of the Nations in the Americas
(CANENA).

Modified concordance with
IEC international standards,
respectively: IEC 61851 series
Electric vehicle conductive
charging system —

- |EC 61851-1Part 1: General
requirements, ed3.0 (2017-02).

e |EC 61851-21-1:2017 Part 21-1
Electric vehicle on-board
charger EMC requirements
for conductive connection
to AC/DC supply.

e |EC 61851-22 Part 22: AC
electric vehicle charging
stationed1.0 (2001-05).

Note on status: Withdrawn in 2017.

Modified concordance

with international standard

IEC 61980-1, Electric vehicle wireless
power transfer (WPT) systems —
Part I: General requirements,

ed1.0 (2015-07).

Table 1: Mexican standards applicable to charging infrastructure and batteries for EVs
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infrastructure and the EVs is presented in the cor-
responding section of operational safety.

United States

The National Electrical Code® (NEC)" is developed
and published by the National Fire Protection As-
sociation (NFPA) on a three-year cycle. The Ame-
rican National Standards Institute (ANSI) is re-
sponsible of approving it as a national standard in
the US.NEC sets the minimum electrical code requi-
rements that govern electrical safety in residential,
commercial, and industrial occupancies to assure
safety from potential electrical hazards. As a natio-
nal code, complying with NEC becomes mandatory
when itis adopted at a municipal or state level. The
current NEC edition was published in 2023. NEC also
covers the installation of EV charging systems in its
Article 625%.

The National Electrical Manufacturers Associa-
tion (NEMA)* is another standardisation body in
the US. It congregates representatives from the
private sector, mainly from electrical, enginee-
ring, and scientific sectors, to develop and pu-
blish electrical and medical imaging standards
and technical documents.

Additionally, the Society of Automotive Engineers
(SAE) International and Underwriters Labora-
tories (UL) are two standardisation bodies that
create voluntary standards for various industries,
including automotive. As in the previous cases,
several of the standards for charging infrastruc-
ture are also applicable to EVs because of their
interrelation. Therefore, these are presented in the
corresponding “operational safety” section.

2.2. Operational Safety
Technical regulations

Mexico

In Mexico, there are currently no technical re-
gulations specifically for EVs. However, there are
NOMs that consider EVs in their scope, or are ap-
plicable to these type of vehicles because of the
broad scope of the NOM:

« Safety devices NOM-194-SE-202 Essentiall
Safety Devices in New Vehicles - Safety
Specifications.

+  Maximum Noise Emission NOM-080-
ECOL-1994, Establishing maximum permis-
sible limits for noise emissions from the
exhaust of motor vehicles, motorbikes
and motor tricycles in circulation and the
method of measuring them.

International

At the international level, the World Forum for
Harmonization of Vehicle Regulations (WP.29)
is engaged in developing technical regulations
for vehicles, including EVs. It oversees the 1958
Agreement concerning the Adoption of Harmo-
nized Technical United Nations Regulations for
Wheeled Vehicles, Equipment and Parts which
can be Fitted and/or be Used on Wheeled Ve-
hicles and the Conditions for Reciprocal Recog-
nition of Approvals Granted on the Basis of these
United Nations Regulations, as well as the 1998
Agreement on UN Global Technical Regulations.
The 1958 Agreement, initially limited to European
subscribers, gradually expanded to encompass
countries such as Japan, South Africa, and Ma-
laysia, now comprising 58 participating nations.
Serving as the basis for Economic Commission
for Europe of the United Nations (UNECE) Vehicle
Regulations, this agreement is legally binding for
all contracting parties, with a total of 160 regula-
tions published to date.

In contrast, the 1998 Agreement on UN Global
Technical Regulations laid the groundwork for the
development of United Nations Global Technical
Regulations (UN GTRs), which establish harmo-
nised performance criteria and test procedures
for vehicles and their components. However, un-
like UNECE regulations, UN GTRs require incorpora-
tion into national or regional law to achieve legal
enforcement. To date, 38 countries are part of the
1998 Agreement, with 24 UN GTRs published in the
Registry of Global Technical Regulations adminis-
tered by WP.29. Both UNECE regulations and UN
GTRs are accessible to the general public.

The following UN GTRs and UNECE regulations are
relevant to EVs:

« General Safety Requirements for EVs
UN GTR No. 20 Global Technical Regulation
on the Electric Vehicle Safety (EVS)
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+ Lighting UNECE No. 48 — Uniform provisions
concerning the approval of vehicles with
regard to the installation of lighting and light-
signalling devices.

«  Power UNECE No. 100 — Uniform provisions
concerning the approval of vehicles with re-
gard to specific requirements for the electric
power train.

+ Sound Emission UNECE No. 138 — Uniform
provisions concerning the approval of Quiet
Road Transport Vehicles with regard to their
reduced audibility.

UNECE Regulation No. 100 outlines specific provi-
sions for the approval of vehicles concerning the
electric power train, emphasising safety requi-
rements for electrically powered road vehicles,
excluding those permanently connected to the
grid. It covers vehicle and Rechargeable Energy
Storage System (RESS) requirements, along with
corresponding test methods to ensure the RESS's
safety performance. The third revision of this re-
gulation was published and implemented on 25
March 2022.

UNECE Regulation No. 51 addresses the approval
of motor vehicles with a minimum of four wheels
regarding their sound emissions. It includes spe-
cifications for the sound reduction system, sound
levels, and exhaust systems containing fibrous
materials.

Regulation No. 138 establishes standardised
provisions for the approval of Quiet Road Trans-
port Vehicles, emphasising reduced audibility.

European Union/Germany

EU member states are automatically bound by
UNECE regulations, including 14, 16, 48, 100, and
138, due to their participation in the 1958 Agree-
ment. These regulations serve as pertinent EU
Technical Regulations, establishing essential sa-
fety standards for EVs within the EU.

In addition, Regulation (EU) 2018/858 serves as
the legal framework for the certification process
for specific types of vehicles, systems, compo-
nents, or separate technical units. This regulation
outlines administrative provisions and technical
requirements for the type-approval and market

introduction of these products, along with regulo-
tions for their market surveillance. It applies to mo-
tor vehicles falling under categories M (passenger
transport), N (goods transport), and O (trailers).

Regarding sound emissions, Regulation (EU)
2017/1576 stipulates the inclusion of an acoustic
vehicle alerting system (AVAS) in every new mo-
del of electric and hybrid vehicles. This system is
programmed to generate a sound automatically
when the vehicle is moving at speeds between 0
and 20 km/h, as well as during reverse movements,
to warn pedestrians of the vehicle’s presence.

United States

In the US, the National Highway Traffic Safety
Administration (NHSTA) serves as the federal
government body tasked with the establishing
and implementing the Federal Motor Vehic-
le Safety Standards (FMVSS). These standards
delineate compulsory minimum safety prerequi-
sites for vehicles, some of which pertain specifi-
cally to EVs, while others are relevant to vehicles
in general. Manufacturers are obligated to cer-
tify their vehicle or equipment to demonstrate
FMVSS compliance if they intend to market their
vehicles and components in the US.

The following list gives an overview over the tech-
nical regulations applicable to electric vehicles.

« Controls and displays FMVSS No. 101
Controls and Displays

+ Lighting FMVSS No. 108 Lamps, Reflective
Devices, and Associated Equipment

+ Brakes
FMVSS No. 116 Motor Vehicle Brake Fluids
FMVSS No. 105 Hydraulic and electric
service brake systems

« Crash protection
FMVSS No. 301 Fuel System Integrity
FMVSS No. 302 Flammability of Interior
Materials

» Electric shock FMVSS No. 305 Electrolyte
spillage and electric shock protection

« Sound emission FMVSS No.141 Minimum
sound level requirements for low-speed
operation of hybrid and electric vehicles
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FMVSS no. 305 sets electrical safety require-
ments for the operation and post-crash perfor-
mance of vehicles equipped with high voltage
sources. These requirements aim to protect ve-
hicle occupants, rescue personnel and individu-
als who may contact the vehicle after a crash
against electric shock.

FMVSS no. 141 outlines minimum sound level re-
quirements for low-speed operation of hybrid
and electric vehicles, including multipurpose
passenger vehicles, trucks and buses. This re-
gulation also establishes as band range for the
sound that the vehicle must emit.

FMVSS no. 105 establishes the braking distance
specifications for ICE and EV equipped with hy-
draulic brake systems, electric and regenerative
service brakes and parking brake, considering
the behavior to be met in case of eventual fai-
lure of any of its components. Its aim is to ensu-
re safe braking performance under normal and
emergency conditions. It applies to multi-purpo-
se passenger vehicles, trucks, and buses with a
gross vehicle weight rating (GVWR) greater than
3,500 kilograms (7,716 pounds), equipped with
hydraulic or electric brake systems.
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Standards

Mexico

The following table includes NMX that, while not exclusive to EVs, apply to them and address the topics
of brakes, ergonomics, and lighting systems. They are accompanied by the international standards
they are harmonised with. Also, standards pertinent to the charging infrastructure, given their impact
on the vehicle's safety, are included. Since some of these standards were already mentioned in the
white paper on charging infrastructure, they are presented here in a summarised manner.

Theme

Standard

Harmonised with

Cords and cables

Plugs, socket
outlets, vehicle
connectors and
inlets.

Charging infrastructure

NMX-J-436-ANCE-2021 Wires
and cables — Flexible cords
and cables — Specifications

NMX-J-738-ANCE-2020 Wires and
cables - Electric vehicle cable —
Specifications and test methods

NMX-J-677-ANCE-2020 Electric
Vehicles — Supply equipment

NMX-J-683-1-ANCE-2020 Electric
vehicle — Plugs, socket outlets,
vehicle connectors and vehicle
inlets — Conductive charging of
electric vehicles — Part 1: General
requirements.

NMX-J-683-3-ANCE-2020 Electric
vehicles — Plugs, socket outlets,
vehicle connectors and vehicle
inlets — Conductive charging

of electric vehicles. Part 3:
Dimensional compatibility and
interchangeability requirements
for DC and AC/DC pin and
contact-tube vehicle couplers.

Table 5: Mexican standards for EV.

Regionally harmonised
standard with US standard
UL 62 and Canada standard

Regionally harmonised standard
with US standard UL 2263 and
Canada standard CSA 332.

Modified concordance

with international standard

IEC 62196-1 Plugs, socket
outlets, vehicle connectors

and vehicle inlets — Conductive
charging of electric vehicles —
Part 1: General requirements,
ed3.0 (2014-06). (Note on
status: updated to ed 4.0 in
May 2022).

Modified concordance with
international standard IEC
62196-2 Plugs, socket outlets,
vehicle connectors and vehicle
inlets — Conductive charging

of electric vehicles — Part 2:
Dimensional compatibility and
interchangeability requirements
for AC pin and contact-tube
accessories, ed2.0 (2016-02).

Modified concordance

with international standard IEC
62196-3 Plugs, socket outlets,
vehicle connectors and vehicle
inlets — Conductive charging
of electric vehicles — Part 3:
Dimensional compatibility and
interchangeability requirements
for DC and AC/DC pin and
contact-tube vehicle couplers,
ed1.0 (2014-06).
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Theme Standard Harmonised with

Charging infrastructure

NMX-J-612-ANCE-2018 Modified concordance with
Protection Protection against electric international standard IEC
equipment shock — Common aspects for 61140:2016 ed4.0 (2016-01).

installation and equipment

NMX-D-313-IMNC-2015: Partially harmonised with:
Air brake systems
« Regulation from the US: 49
Code of Federal Regulations
(CFR) 571121 Standard No. 121
(FMVSS 105) - Air brake
systems

« Standards from the
American Society for
Testing and Materials ASTM -
an international standards
Brakes development organization-:

+ ASTM EI337-19 - Standard
Test Method for Determining
Longitudinal Peak Braking
Coefficient (PBC) of Paved
Surfaces Using Standard
Reference Test Tire

- ASTM ENI36-19 — Standard
Specification for P195/75R14
Radial Standard Reference

Test Tire
NMX-D-233-IMNC-2021: Partially harmonised with:
Lighting Products for use in carriers —
systems Exterior lights + Regulation from the US: 49 CFR

571108 Standard No. 108

+ US Standard SAE J759.

Table 5: Mexican standards for EV.

International

The standards that were identified as most relevant for the operational safety of EV's considering the
scope of this white paper are listed below. They cover the themes of protection against electric shock
for persons inside and outside the vehicle and safe driving automation features.

Regarding communication protocols, the Open Charge Point Protocol (OCPP) is an open-source com-
munication system which enables the interaction between charging stations and the Charging Sta-
tion Management System (CSMS). OCPP enables bilateral commmunication between EV chargers and
software backend systems, allowing the exchange of information such as meter values and charging
events. Additionally, OCPP supports smart charging functionality, enabling the transmission of charging
commands from the CSMS to the EV charger. However, it must be noted that this protocol is not an offi-
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cial international standard, but is advocated by the Open Charge Alliance (OCA), formed by public and
private charging infrastructure providers?.

Additionally, regarding battery testing, the United Nations Manual of test and criteria addresses in its
Part 3, Section 38.3 (also known as UN/DOT 38.3) the requirements applicable to lithium cells and bat-
teries?. It also includes information on the specific tests applicable to these products, such as altitude
simulation, thermal test, vibration test shock test, external short circuit, impoct/crush test, overcharge

test and forced discharge test?.

Theme

Standard

Communication
protocols

Supply of electric
energy to electric
road vehicles

Performance

Plugs, socket-
outlets, vehicle
connectors and
inlets

Protection of
individuals

Autonomy

Charging infrastructure

ISO 15118-1:2019: Road vehicles — Vehicle to grid communication
interface — Part 1: General information and use-case definition

ISO 15118-2:2014: Road vehicles — Vehicle-to-Grid Communication
Interface — Part 2: Network and application protocol requirements

I[EC 63110-1:2022: Protocol for management of electric vehicles
charging and discharging infrastructures - Part 1: Basic definitions,
use cases and architectures.

ISO 17409:2020 Electric safety requirements for conductive connection
of electrically propelled road vehicles to external electric circuits.

ISO/DIS 5474-1 Electrically propelled road vehicles — Functional and
safety requirements for power transfer — Part I: General requirements
for conductive power transfer. (Note on status: The voting on the draft
of the international standard closed on 28 July 2022).

ISO 6469-1:2019 Electrically propelled road vehicles — Safety
specifications — Part I: Rechargeable energy storage system (RESS)

IEC 61851-23:2014: Electric vehicle conductive charging system -
Part 23: DC electric vehicle charging station. (Note on status: Edition
2.0 is forecasted to be published in December 2023).

IEC 62660-3:2022 Secondary lithium-ion cells for the propulsion of
electric road vehicles - Part 3: Safety requirements

I[EC 62196 series - Plugs, socket-outlets, vehicle connectors and vehicle
inlets - Conductive charging of electric vehicles.

I[EC 62752 In-Cable Control and Protection Device for mode 2 charging
of electric road vehicles (IC-CPD)

ISO 6469-3:2011 Electrically propelled road vehicles — Safety
specifications — Part 3: Protection of persons inside and outside
the vehicle against electric shock.

ISO 26262-1:2018: Road vehicles — Functional safety —
Part 1: Vocabulary

ISO 21448:2022: Road vehicles — Safety of the intended functionality

Table 6: Identified International standards for EVs.
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European Union/Germany
Based on the principles of the EU harmonisation legislation, numerous European and German stan-
dards are based on international standards. In that sense, the following table displays the international-

ly harmonised German standards based on the international standards listed above. United States
The table below displays specific standards created by SAE and UL for EVs, which aim to enhance their
operational safety. These standards encompass general safety guidelines, safety measures for batte-
ries, and cybersecurity.

Theme German [ European standard

DIN EN ISO 15118-1:2019-08: Road vehicles - Vehicle to grid
communication interface - Part 1: General information and
use-case definition (ISO 15118-1:2019)

DIN EN ISO 15118-2:2016-08 Road vehicles - Vehicle-to-Grid
Communication Interface - Part 2: Network and application

Communication

protocols .
protocol requirements (ISO 15118-2:2014)
DIN EN [EC 63110-1:2023-07
VDE 0122-110-1:2023-07
Protocol for management of electric vehicles charging and
discharging infrastructures - Part I: Basic definitions, use cases
and architectures (IEC 63110-1:2022)
DIN EN ISO 17409:2020-10: Electrically propelled road vehicles -
Conductive power transfer - Safety requirements

Supply of electric

energy to electric DIN EN IEC 61851-1:2019-12

road vehicles VDE 0122-1:2019-12

Electric vehicle conductive charging system - Part I: Generall
requirements (IEC 61851-1:2017); German version EN IEC 61851-1:2019

DIN EN 62196 VDE 0623-5 series
Plugs, socket-outlets, vehicle connectors and vehicle inlets —
Conductive charging of electric vehicles (IEC 62196-1:2014, modified)

Plugs, socket-
outlets, vehicle
connectors and
inlets

Table 7: Internationally harmonised German/EU standards identified as relevant.
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United States

The table below displays specific standards crea-
ted by SAE and UL for EVs, which aim to enhance
their operational safety. These standards encom-
pass general safety guidelines, safety measures
for batteries, and cybersecurity.

« Automation
SAE J3016: Levels of Driving Automation

+ Cables
ULB2 Standard for Safety for Flexible Cord and
Fixture Wire, UL 62 in the United States, Mexico,
and Canada.

+ Cybersecurity
SAE J3061_202112: Cybersecurity Guidebook
for Cyber-Physical Vehicle Systems

UL 2900-1: Standard for Software
Cybersecurity for Network-Connectable
Products, Part I: General Requirements

« Guidelines for EV safety
SAE J2344_202010: Guidelines for Electric
Vehicle Safety

+ Battery
UL 2580 UL Standard for Safety Batteries
for Use in Electric Vehicles

+ Rechargeable energy
storage system (RESS)
SAE J2929 Safety Standard for Electric and
Hybrid Vehicle Propulsion Battery Systems
Utilizing Lithium-based Rechargeable Cells

SAE J2464_202108: Electric and Hylbrid
Electric Vehicle Rechargeable Energy
Storage System (RESS) Safety and Abuse
Testing

International

The standards that were identified as most rele-
vant for the operational safety of EV's conside-
ring the scope of this white paper are listed be-
low. They cover the themes of protection against
electric shock for persons inside and outside the
vehicle and safe driving automation features.

Regarding communication protocols, the Open
Charge Point Protocol (OCPP) is an open-source
communication system which enables the inter-
action between charging stations and the Char-
ging Station Management System (CSMS). OCPP
enables bilateral communication between EV
chargers and software backend systems, all-
owing the exchange of information such as meter
values and charging events. Additionally, OCPP
supports smart charging functionality, enabling
the transmission of charging commands from
the CSMS to the EV charger. However, it must be
noted that this protocol is not an official interna-
tional standard, but is advocated by the Open
Charge Alliance (OCA), formed by public and pri-
vate charging infrastructure providersZ.

Additionally, regarding battery testing, the Uni-
ted Nations Manual of test and criteria addresses
in its Part 3, Section 38.3 (C1|SO known as UN/DOT
38.3) the requirements applicable to lithium cells
and batteries?. It also includes information on the
specific tests applicable to these products, such
as altitude simulation, thermal test, vibration test
shock test, external short circuit, impoct/orush
test, overcharge test and forced discharge testz

European Union/Germany

Based on the principles of the EU harmonisation
legislation, numerous European and German
standards are based on international stan-
dards. In that sense, the following table displays
the internationally harmonised German stan-
dards based on the international standards lis-
ted above.

2.3. Circularity

While Mexico has very strong records in the im-
plementation of circularity strategies for some
materials like PET, where recycling rates are alb-
ove 50%, circularity strategies for automotive
parts in general and EV components in parti-
cular are less explored. However, as the sales of
hybrid (both plug-in and non-PHEV) and electric
passenger vehicles reached 52.983 in 2022, pro-
moting circularity solutions based on internatio-
nal best practices and standards becomes an
imperative. This chapter discusses the current
state of technical regulations, standards and
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conformity assessment the for the three R-stra-
tegies Rethink, Repurpose and Recycle, as well as
traceability solutions in Mexico, contrast it with
the panorama in the EU, the US and available
international standards.

Technical Regulation

Mexico

While in Mexico there are currently no active tech-
nical regulations specifying circularity or sustai-
nability requirements for electric vehicle compo-
nents, in 2022 the first draft technical regulation
regarding circular economy strategies for electric
and electronic devices and EV batteries was pu-
blished by the Ministry of Economy.

The proposal for this preliminary draft regulation
ANTEPROY-NOM-XXX-SE-2022, ,Circular Econo-
my - Safety specifications for electrical and elec-
tronic equipment and batteries for electric and
hybrid electric vehicles” pursues the objective is
to establish specifications to be met by electri-
cal equipment, electronic equipment and bat-
teries for electric and hybrid electric vehicles to
increase their durability. It makes reference to the
international standard IEC 62430: Environmentally
conscious design (ECD) and the United Nations
Global Technical Regulation (UN GTR) No. 22. on
In-vehicle Battery Durability for Electrified Vehicles.

As adopted from UN GTR No. 22, if this draft is ra-
tified, manufacturers would be required to install
state of certified range (SOCR) und state of cer-
tified energy status (SOCE) monitors on board of
the vehicle that allow consumers to oversee the

EV life cycle stage

From start of life to 5 years or 100,000 km,
whichever comes first

Vehicles more than 5 years or 100,000 km, and
up to whichever comes first of 8 years
or 160,000 km

performance level of the EV batteries over their
life cycle. Minimum performance requirements
for EV batteries at different stages of their life
cycle are also adopted from UN GTR No. 22 and
are displayed in table 2. Accordingly, until a life of
5 years or a driven distance of 100.000 km, whi-
chever of the two thresholds is reached first, the
battery is required to still retain 80% of its original
energy capacity.

Additionally, and beyond the scope of UN GTR No.
22, according to the NOM draft manufacturers,
importers and traders would need to provide the
necessary information for the correct repair and
reuse of their products, and bear the economic
and physical responsibility for their products. They
are also made responsible for the traceability
of electrical and electronic waste to its destina-
tion or final disposal. Additionally, distributors and
marketers would be obliged to take back pro-
ducts in the categories they sell in order to ensure
a second life. However, these obligations are not
yet further specified.

Another technical regulation relevant to the circu-
larity of EVs, even it is not specific to EVs and their
components, is the NOM-161-SEMARNAT-2011.
This technical regulation defines the list of mate-
rials that are considered special handling was-
tes, as well as the guidelines for the elaboration
of management plans for this waste types that
companies are obliged to develop. In the current
state of the regulation, residual EV batteries are
defined as special wasteZ as the concentration
of hazardous substances is below the threshold
defined in NOM-052-SEMARNAT-20052 that esta-
blishes the characteristics of hazardous wastes.

Battery Energy Capacity

80%

70%

Table 9: Minimum Performance Requirements in terms of Battery Energy Capacity for different stages of the EV life cycle.
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In consequence, lithium-ion batteries fall under
the scope of the requirements of the NOM-161-SE-
MARNAT. Amongst other elements, the waste
management plans defined in the NOM have to
disclose information on the main materials com-
posing the waste, current management of the
waste, identification of the potential use or exploi-
tation of the waste in other productive activities,
targets for the coverage of the plan, recovery or
use of the waste during the implementation of the
management plan and mechanisms of opera-
tion, control and monitoring for the follow-up, as
well as for the evaluation and improvement of the
management plan. Once the management plan
has been elaborated, it must be submitted to the
Federal Entity that corresponds to the territorial
scope of implementation. However, no conformity
assessment procedure is defined to verify com-
pliance with the technical regulation.

The NOM-024-SCFI-2013 defines commercial
information for packaging, instructions and war-
ranties for electronic, electrical and household
appliance products, and can thus be related to
the R-strategy of repairing. In the scope of NOM-
024-SCFI-2013, electric products are defined as
equipment that is used for the purposes of ge-
neration, conversion, transmission, distribution
or utilisation of electrical energy, which includes
batteries. The NOM defines that the duration of
the warranty cannot be less than three months
in the case of electrical and electronic products
and, in the case of household appliances, can-
not be less than one year. The warranty minimum
requirements offer an entry point to define war-
ranty requirements specific to EV batteries to in-
centivize designs for durability and repairability. In
the case of the California Advanced Clean Cars
Regulation, which is explained in the upcoming US
section, warranties are related to minimum per-
formance requirements as those that are to be
established in the draft Circular Economy NOM.

International

As mentioned in the previous chapters, at the glo-
bal level there are UN Global Technical Regulati-
ons (UN GTR), which, however, need to be trans-
posed in national law to become mandatory in a
specific country. The relevant UN Global Technical
Regulation for the environmental performance

of electric vehicles is the aforementioned United
Nations Global Technical Regulation No. 22 on
In-vehicle Battery Durability for Electrified Vehicles,
on which Mexico’'s Technical Regulation Proposal
NOM PROPANTEPROY-NOM-XXX-SE-2022, ,Circular
Economy - Safety specifications for electrical and
electronic equipment and batteries for electric
and hybrid electric vehicles” is partly based.

UN GTR No. 22 contains requirements for display-
ing battery health information and usage data
from the vehicle, minimum durability criteria for
EV batteries expressed in terms of two indicators
SOCE (State of Certified Energy) and SOCR (State
of Certified Range), as well as testing proce-
dures for different vehicle types to assess their
conformity to the Technical Regulation by me-
ans of a Pass/Fail test. The minimum durability
requirements are the same that can be obser-
ved in table 9.

European Union/Germany

The EU has recently introduced or announced
new Technical Regulations (EU Regulations or
Directives) that are relevant for the promotion
of different R-strategies for electric vehicles and
their components. Because of their pioneering
role at the global level, this overview will focus on
the EU Battery Regulation and the EU Ecodesign
Directive.

The EU Battery Regulation (Regulation 2023/1542)
concerning batteries and waste batteries entered
into force 17 August, 2023, amending Directive
2008/98/EC and Regulation (EU) 2019/1020 and
repealing Directive 2006/66/EC. It takes a full life-
cycle approach to assessing and reducing the
environmental footprint of different types of bat-
teries, addressing raw material sourcing, manu-
facturing, use and recycling. Because of its com-
prehensive character, it is expected to become
the global benchmark for technical regulation
promoting the circularity of battery value chains.

The main provisions included in the new EU Battery
Regulation that are relevant to electric vehicle
batteries can be observed in table 10.

Additionally, from 2025 onwards, the Regulation
will gradually introduce performance classes and
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Theme

Disposal

Labelling

Provisions applicable to EV batteries under Regulation 2023/1542

Total prohibition on landfilling waste batteries, — including EV batteries.
They must be collected by Economic Operators free of charge for
end-users, regardless of the nature, chemical composition, condition,
brand or origin of the waste battery in question.

All EV batteries with a capacity of more than two kWh must have a
.Clearly legible and indelible” carbon footprint declaration and label,
indicating amongst others, the levels of recycled cobalt, lead, lithium

and nickel used in the battery production.

Raw materials

Restricts the use of mercury, cadmium and lead in EV batteries.

Compulsory minimum levels of recycled content for reuse in new EV

Recycled content

batteries: six per cent for lithium and nickel, 16 per cent for cobalt and
85 per cent for lead. Every battery will be required to specify the amount

of recycled content it contains.

EV batteries, with more than two kWh will need a ,digital battery pass-

Digital Battery
Passport

port”, with information on the battery model, the specific battery and its
use. All batteries must have labels and QR codes detailing their capacity,
performance, durability and chemical composition, as well as show the

.separate collection” symbol.

Table 10: Main provisions in EU Battery Regulation relevant to EV batteries

rmaximum limits on the carbon footprint of electric
vehicles and light means of transport.

Besides this regulation which already entered into
force, in 2022 and 2023 two regulation proposals
were published by the EU Commission that con-
tain relevant provisions for promoting the circu-
larity of EV value chains: The End-of-life vehicles
regulation proposal, and the Ecodesign for Sus-
tainable Products Regulation.

The End-of-life vehicles (ELV) regulation pro-
posal®, published July 13, 2023, forms part of the
EU Circular Economy Action Plan. It expands, and
will ultimately replace, Directive 2000/53/EC on
end-of-life vehicles and Directive 2005/64/EC on
the type-approval of motor vehicles with regard
to their reusability, recyclability and recoverab-
ility. While the regulation proposal is not speci-
fic to EVs, it covers components and materials
common to both ICE and electric vehicles, such
as plastics, steel and aluminium. The proposal
aims to promote the transition of the automotive

sector to the circular economy, taking a full life
cycle approach considering all stages the de-
sign to end-of-life-treatment. Amongst others,
the proposal introduces the following measures
relevant to EV:

The proposal further promotes extended produ-
cer responsibility, including financial responsibility
for vehicles at their end-of-life, and obliges manu-
facturers to develop circularity strategies for each
new vehicles type.

On 30 March 2022, the proposal for the Ecodesign
for Sustainable Products Regulation (ESPR)% was
published. It aims to expand the existing Ecodesign
Directive 2009/125/EC, which currently only covers
energy-related products, towards most products
placed on the internal market, exempting only
food, medical products and living organisms. Ai-
ming to make products last longer and be easier
to repair, upgrade, and recycle, it is a key element
of the EU Commission’s approach to more envi-
ronmentally sustainable and circular products.
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Theme

Recycled content

Provision description

Mandatory minimum of 25% of recycled content of plastics used in new
vehicles. Additionally, the EU commission is empowered to set minimum
recycled contents for other materials such as steel in the future. These

must be based on feasibility studies.

Maximum concentration levels of lead, cadmium, mercury and hexa-

Toxic substances

valent chromium in vehicles are defined: Concentrations of up to 0,1 %

by weight in homogeneous material for lead, hexavalent chromium and
mercury and up to 0,01 % for cadmium will be tolerated. (ANNEX III)

Design
requirements

The design of new vehicles must not hinder the removal of parts and
components that have an important potential for reuse. EVs should be

designed in such a way that batteries and electric motors can be
replaced both during the use and the disposal phase.

Improvement of the monitoring of ELV through more inspections,

Monitoring of ELV

improving interoperability of national vehicle registration systems,
improved distinction of used vehicles from end-of-life vehicles and

a ban on exporting ELVs that are not roadworthy anymore to non-OECD

countries.

Establishes a circularity vehicle passport, a digital tool used to improve

Circularity Vehicle
Passport

the provision of information on the safe removal and replacement of
vehicle parts and components, while being interoperable with other
digital information tools and platforms that already exist or are under

development in the automotive sector.

Table 11: Provisions applicable to EVs under the ELV regulation proposal

The proposal establishes a framework to set eco-
design requirements for specific product groups
to significantly improve their circularity, energy
performance and other environmental sustaina-
bility aspects. Ecodesign working plans guide the
route towards the final versional of the ESPR.

While vehicles are not yet included in the priority
product groups that are to be addressed in the
first phase, the list includes important industry in-
puts such as steel, aluminium, tyres and paints. As
in the other introduced regulations, the ESPR will
mandate the use of Digital Product Passports for
the regulated product groups. These are to con-
tain information relevant for economic operators
and other actors like repairers and recyclers, as
well as for consumers to allow informed purcha-
sing decisions based on sustainability indicators.

United States

To date, the US has no federal circularity require-
ments for EVs. However, at the subnational level,
states like California have started to take import-
ant steps towards promoting the circularity of EV
value chains through durability and traceability
requirements.

The Advanced Clean Cars Il regulations in Cali-
fornia set battery durability regulations that go
beyond the minimum requirements established
in UN GTR No. 22 (see above). Accordingly, EVs
for model year 2026-2029 electric vehicles will
be required maintain at least 70% of their certi-
fied test-cycle range for 10 years or 240,000 km
(150,000 miles), whichever occurs firstZZ. This re-
quirement will gradually be increased over time:
For 2030 and subsequent electric vehicle mo-
del years, the requirement is increased to 80%
of their certified test-cycle range for the same
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age or usage level. Similarly to UN GTR No. 22,
the regulation will also require a monitoring of
the state of health (SOH) of the battery accessi-
ble to buyers and users. Based on this metric, EV
manufacturers will be obliged to clearly specify
the SOH percentage that qualifies for warranty
repair.

Further, and in line with the requirements esto-
blished in the EU Battery Directive, California will
start requiring electric vehicles registered from
2026 onwards that batteries are labelled with a
digital identifier that links to online information on
the battery chemistry, manufacturer, date of ma-
nufacture, minimum voltage, and rated capacity.

Standards

Mexico

Private Mexican Standardisation and Certifica-
tion Bodies like ANCE and NYCE have been ac-
tive in the development of national standards
and the adoption of international standards that
are relevant for the implementation of circularity
strategies for EVs.

The first one, NMXJ-692-ANCE-2014 (07/05/2015)
Guidelines for end-of-life information provided
by manufacturers and recyclers for recyclabi-
lity rate calculation of electrical equipment, is
a generic standard applicable to EV powertrain
and other electric components that can also be
found in ICE vehicles. It is based on the interna-
tional standard IEC/TR 62635 ed1.0 (2012-10) that
goes by the same name and provides a metho-
dology for the exchange of information involving
manufacturers and recyclers of electrical equip-
ment and for the calculation of recyclability and
recoverability rates. NMXJ-692-ANCE-2014 aims
to enable recyclers to implement suitable treat-
ment operations and end-of-life optimisation,
to enable manufacturers to implement effec-
tive environmentally conscious design guideli-
nes that facilitate the recycling of materials and
evaluate recyclability and recoverability rates
based on product attributes.

The Mexican standard NMX-E-285-NYCE-2021
Plastics Industry — Guidelines for the Recovery

and Recycling of Waste Plastics published by
the standardisation and certification organisati-
on NYCE applies to the plastic components of EVs
and ICE vehicles. It provides generic guidance for
the development of standards and specificati-
ons covering the recycling of different types of
plastic waste, including different management
options for post-consumer and post-industrial
plastic waste, where the latter is the one relevant
for the automotive industry. This standard sets
out the quality requirements to be considered
in all steps of the recycling process, and provi-
des general guidelines for inclusion in material
standards, test methods and product specifica-
tions. It is based on International Standard I1SO
15270:2008 Plastics - Guidance for the recovery
and recycling of plastics waste.

International

At the international level, several standards rele-
vant to the implementation of circularity strate-
gies for EVs have been developed in the Technical
Committee No. 21 concerned with battery stan-
dardization inside IEC and the TC No. 323 of ISO.
They address different components of EVs and
different R-strategies.

Second Life

Current retirement criteria for lithium-ion batte-
ries in electric vehicles cite 75-80% capacity for
end-of-first-life, as the range of EVs is significant-
ly impacted at that point. However, while they are
no longer fit for powering EVs, the batteries may
be used as industrial batteries or perform ener-
gy-storage services equilibrating the intermittent
energy generation of renewable energies, also re-
ferred to as “second life” of the battery. Recent stu-
dies indicate that the carbon footprint of an elec-
tric vehicle lithium-ion battery can be reduced by
up to 17% if it is reused in a second life%.

As the use of retired EV batteries as industrial
batteries implies both a different purpose and
environment of application, the battery must be
assessed to the applicable safety and perfor-
mance standards for the new industry. Table 12
shows the relevant standards for a second life of
EV batteries published by the IEC together with
a short description as the table is no longer set
directly below it.
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Standard

IEC 62620:2014: Secondary cells and
batteries containing alkaline or other
non-acid electrolytes - Secondary
lithium cells and batteries for use in
industrial applications

IEC 61427-1:2013: Secondary cells and batter-
ies for renewable energy storage - Generall
requirements and methods of test - Part 1:
Photovoltaic off-grid application

IEC 61427-2:2015: Secondary cells and
batteries for renewable energy storage -
General requirements and methods of test
- Part 2: On-grid applications

IEC 62933-4-4: Electrical energy storage (EES)
systems - Part 4-4: Standard on
environmental issues battery-based

energy storage systems (BESS) with reused
batteries — requirements

Table 12: Relevant standards for second life of EV batteries

However, it must be noted that only the last one
of these standards is specific to reused batteries.
While the previous standards in principle apply
to all kinds of batteries, ultimately it will be im-
portant to develop standards specific to repur-
posed EV batteries due to higher hazard risks as-
sociated with aged Lithium-lon batteries.

Description

Specifies marking, tests and requirements

for lithium secondary cells and batteries used
in industrial applications including stationary
and motive applications. Stationary applications
include telecom, uninterruptible power supplies
(UPS), electrical energy storage system,

utility switching, and emergency power,
amongst others. Motive applications include
fork-lift truck, golf cart, AGV, railway, and
marine, excluding road vehicles. Applies to cells
and batteries.

This standard is part of the series IEC 61427. It
provides general information regarding the
requirements for the secondary batteries used
in photovoltaic energy systems (PVES) and to
the methods of test used for the verification of
battery performances. This part deals with
cells and batteries used in photovoltaic off-
grid applications. It is applicable to all types of
secondary batteries.

This standard is part of the IEC 61427 series.

It provides associated testing methods for the
verification of endurance, properties and
electrical performance of secondary batteries
used in on-grid Electrical Energy Storage (EES)
applications. In on-grid applications, batteries
are connected to an electricity grid and act as
energy sources and absorbers to stabilize the
grids’ performance in face of fluctuations of
electrical energy generated from renewable
energy sources. It is applicable to all types of
secondary batteries.

The document provides details and
requirements for identifying and preventing
environmental issues in each life cycle stage,
i.e, from the design to the disassembly of such
reused batteries in a battery-based energy
storage system (BESS).

Recycling

While, as discussed above, recycling strategies
and technologies for EV batteries are still under
development, there are well-proven internatio-
nal standards providing guidance on recycling
methods for other EV components. In table 13, we
present IEC/TR 62635:2012: Guidelines for end-of-
life information provided by manufacturers and
recyclers and for recyclability rate calculation
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Standard

IEC/TR 62635:2012: Guidelines for end-of-life
information provided by manufacturers
and recyclers and for recyclability rate
calculation of electrical and electronic
equipment

ISO 15270:2008: Guidelines for the recovery
and recycling of plastics waste

Description

This standard provides a methodology
for information exchange involving EEE
manufacturers and recyclers, and for
calculating the recyclability and
recoverability rates.

This standard provides guidance for the
development of standards and specifications
covering plastics waste recovery, including
recycling. The standard establishes the
different options for the recovery of plastics
waste arising from pre-consumer and
post-consumer sources. It also establishes
the quality requirements that should be
considered in all steps of the recovery process,
and provides general recommendations for
inclusion in material standards, test standards
and product specifications.

Table 13: Relevant International standards for end-of-life information and for the recovery and recycling of plastic waste

of electrical and electronic equipment and ISO
15270:2008: Guidelines for the recovery and recy-
cling of plastic waste as examples that are refe-
renced by the standardisation bodies ANCE and
NYCE in Mexico. To explore other relevant inter-
national standards relevant to the recycling of
electronics or plastics integrated in EVs, consult
the Standardisation Roadmayp Circular Economy
by the German standardisation bodies DIN and
DKE, that provides a full mapping of published
international and national standards.

European Union/Germany

In the EU, EU standardisation bodies European
Committee for standardisation (CEN) and the
European Committee for Electrotechnical Stan-
dardization (CENELEC) have a Joint Technical
Committee responsible for developing circularity
standards for energy-related products, the TC 10
~Energy-related products - Material Efficiency
Aspects for Ecodesign”Z.

The Technical Committee has the mandate to de-
velop European standards and publications con-
cerning material efficiency aspects for products in
the scope of the Ecodesign Directive 2009/125/EC
and the proposed Ecodesign for Sustainable Pro-
ducts Regulation (see above). Key topics addres-

sed by the Committee are the extension of pro-
duct lifetime, reusability of product components
and recyclability of materials, and integration of
reused components and recycled materials in
new products. Thus, the committee takes an inte-
gral approach towards circularity that goes be-
yond recycling, with publications corresponding
to multiple R-strategies including also rethinking
(increasing durability), repairing, reusing, remanu-
facturing, and refurbishing.

The TC 10 developed a series of eight European
Standards (EN) containing generic principles re-
garding the application of these R-strategies to
energy-related products. While these are not spe-
cific to EVs, in containing generic principles appli-
cable to any energy-related product, they are no-
netheless relevant and may set the base for the
development of more specific standards for EV
batteries and powertrains. Some of the standards
like EN 45553:2020 (WI=65686) and EN 45555:2019
(WI=JT010001) require product-specific informa-
tion for a correct selection and application of the
assessment methods included.

A selection of the standards developed by CEN-
CENELEC TC 10 can be observed in the table on
page 32.
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Circularity Strategy

Information
provision
Recycling

Information
provision

Recycling

Recycling

Repair
Reuse
Refurbish

Remanufacture

Standard

EN 45558:2019 (WI=65687)
General method to declare

the use of critical raw materials
in energy-related products

EN 45559:2019 (WI=65688)
Methods for providing
information relating to material
efficiency aspects of energy-
related products

EN 45557:2020 (WI=JT010002)
General method for assessing

the proportion of recycled material
content in energy-related products

EN 45555:2019 (WI=JT010001)
General methods for assessing
the recyclability and recoverability
of energy-related products

EN 45554:2020 (WI=65685)
General methods for the
assessment of the ability to
repair, reuse and upgrade
energy-related products

EN 45553:2020 (WI=65686)
General method for the
assessment of the ability
to remanufacture energy-
related products

Description

This standard describes
requirements for the appropriate
declaration of information on
the use and recyclability of
critical materials contained

in energy-related products.

This standard describes guide-
lines for providing appropriate
information related to material
efficiency in the documentation
and/or marking of energy-related
products.

This standard provides a general
methodology for assessing the
proportion of recycled material
in energy related products.

This standard provides a general
methodology for assessing the
recyclability of energy related
products, their recoverability, the
ability to access or remove com-
ponents and the recyclability of
contained critical raw materials.
While it addresses these issues

in a generic, cross-product way,
a correct assessment has to be
product-specific. Accordingly, the
standard defines parameters to
consider when calculating pro-
duct-specific recycling and reco-
verability rates.

This standard defines parame-
ters and methods for assessing
the ability to repair and reuse
products, to upgrade products,
access or remove certain com-
ponents or assemblies to facili-
tate repair, reuse or upgrade. It
also defines reusability indexes or
criteria.

This standard provides a general
methodology for the assessment
of the ability to re-manufacture
energy related products. However,
a correct assessment needs to be
product-specific.

Table 14: CEN/CENELEC standards developed within TC 10 on Energy-related products.
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Standard

DIN VDE V 0510-100, “Safety of
lithium-ion batteries from electrically
propelled road vehicles for use in
stationary applications”.

VDI 2343 series “Recycling of
electrical and electronic products”

DIN SPEC 91446 “Classification of
recycled plastics by Data Quality
Levels for use and (digital) trading”.

DIN/TS 54405 “Construction adhesives
- Guideline for separation and recycling
of adhesives and substrates from
bonded joints".

Description

This draft national pre-standard provides

basic safety requirements for this repurposing,
e.g. in industry as temporary or auxiliary storage.
The draft was published in 2021.

Parts 1to 7 of the VDI 2343 series of guidelines
provide all concerned parties with recommenda-
tions for action on the recycling of electrical and
electronic products. It specifies the terms used in
waste electrical and electronic equipment (WEEE)
recycling, describes the necessary planning and
processes of logistics and the structures for the
efficient collection of WEEE, the operation of
collection points and/or transfer points as well

as the transfer to treatment plants from an
economic and ecological point of view.

The DIN SPEC establishes a system for classifying
recycled plastics according to the data depth

of their description, which removes obstacles

to their industrial use. This allows material to be
classified according to four different data quality
levels.

This specification states the processes commonly
available for separating and recovering adhesives
from bonded joints. It applies to commonly used
metal and plastic surfaces and non-metallic
inorganic joining part surfaces. This Technical
Specification thus contributes to the better
recyclability of resources.

Table 15: CEN/CENELEC standards developed within TC 10 on Energy-related products.

In addition to the work done by the European Stan-
dardisation Bodies CEN and CENELEC, the German
Standardisation Bodies (SBs) DIN and DKE, as well
as the Association of German Engineers (VDI) and
the Association of German Electrotechnicians
(VDE) have published several standards and gui-
delines relevant to the implementation of circula-
rity strategies for EVs.

They cover different components of EV, including
the battery and power train, but also industrial
plastics and adhesives used to bond metallic and
non-metallic parts in vehicles. They address the R-
strategies of reusing and recycling.
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United States

In the US, the UL, a Standards Development Orga-
nization (SDO) accredited by the American Natio-
nal Standards Institute (ANSI) is an active deve-
loper and promoter of standards to enhance the
circularity of EV value chains.

The two relevant standards identified concern EV
batteries and cover the R-strategies of reusing
and rethinking (increasing durability).

UL 1974: Creating a Safe Second Life for Electric
Vehicle Batteries addresses sorting and grading
processes of used battery packs, modules and
cells that are to be repurposed in different ap-
plications, such as energy storage systems. It in-
cludes guidance to determine the state of health
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(SOH) of the battery to decide on the viability and
safety of further use and protocols to measure the
condition, safety and energy capacity of each in-
dividual battery pack before it can be integrated
into a stationary energy storage system.

The second relevant standard published by UL is
UL 2580: Electric Vehicle Battery Testing and Cer-
tification. It offers guidelines for assessing batte-
ry performance, thermal management, design,
and construction. Amongst the testing methods
to avoid potential hazards like overheating, short-
circuiting, and mechanical failure, UL 2580 inclu-
des mechanical testing to evaluate a battery's
durability and resistance to common hazards on
the road. Ensuring that the batteries suffice mini-
mum durability requirements is important to avo-
id a premature end-of-life and maximize the time
that the batteries can be used for the propulsion
of EVs before entering a potential second life as
industrial batteries or energy storage systems.

+ Automation
SAE J3016: Levels of Driving Automation

+ Cables
ULB2 Standard for Safety for Flexible Cord and
Fixture Wire, UL 62 in the United States, Mexico,
and Canada.

« Cybersecurity
SAE J3061_202112: Cybersecurity Guidebook
for Cyber-Physical Vehicle Systems

UL 2900-1: Standard for Software
Cybersecurity for Network-Connectable
Products, Part 1: General Requirements

« Guidelines for EV safety
SAE J2344_202010: Guidelines for Electric
Vehicle Safety

- Battery
UL 2580 UL Standard for Safety Batteries
for Use in Electric Vehicles

+ Rechargeable energy
storage system (RESS)
SAE J2929 Safety Standard for Electric and
Hybrid Vehicle Propulsion Battery Systems
Utilizing Lithium-based Rechargeable Cells

SAE J2464_202108: Electric and Hylbrid
Electric Vehicle Rechargeable Energy
Storage System (RESS) Safety and Abuse
Testing

2.3. Circularity

While Mexico has very strong records in the im-
plementation of circularity strategies for some
materials like PET, where recycling rates are ab-
ove 50%, circularity strategies for automotive
parts in general and EV components in parti-
cular are less explored. However, as the sales of
hybrid (both plug-in and non-PHEV) and electric
passenger vehicles reached 52.983 in 2022, pro-
moting circularity solutions based on internatio-
nal best practices and standards becomes an
imperative. This chapter discusses the current
state of technical regulations, standards and
conformity assessment the for the three R-stra-
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https://www.shopulstandards.com/ProductDetail.aspx?productId=UL2900-1_1_S_20170705
https://www.sae.org/standards/content/j2344_202010
https://global.ihs.com/doc_detail.cfm?document_name=UL%202580&item_s_key=00577445
https://www.sae.org/standards/content/j2929/
https://www.sae.org/standards/content/j2464_202108

3. Conformity assessment procedures

Conformity assessment procedures (CAPs) con-
sist of a set of actions ‘used, directly or indirectly,
to determine that the relevant requirements in
technical regulations or standards are fulfilled™.
These procedures include sampling, testing and
inspection, evaluation, verification and assuran-
ce of conformity, as well as approval, among ot-
hers. As CAPs are transversal to the effective im-
plementation of any of the technical regulations
and standards discussed in the previous section,
we dedicate this special chapter to contrasting
Conformity Assessment Procedures in Mexico, at
the international level, in the EU and the US.

Mexico

The Law on Quality Infrastructure in Mexico es-
tablishes that NOMs must include within the re-
gulation which is the applicable CAP according
to the level of risk or required protection to safe-
guard the legitimate objectives of public interest
that the NOM intends to fulfil. In the case of stan-
dards, they must contain a CAP when appropria-
te —according to the provisions stated in the or-
dinance of the QI Law, which is currently under
development— depending on the nature of the
good, product, process or service. When the NMX
does not include nor defines a specifically appli-
cable CAP, whomever is responsible for the good,
product, process or service may carry out a self-
declaration of conformity provided that they im-
ply a low level of risk. The ordinance of the QI Law
will also establish the terms in which a self-de-
claration of conformity be used.

In Mexico, there are four conformity assessment
procedures that can be used according to the
level of risk or required protection to safeguard
the legitimate objectives of public interest:

1. Laboratory tests: These are carried out by ac-
credited testing laboratories according to NMX-
EC-17025-IMNC-2018 “General requirements for
the competence of testing and calibration labo-
ratories”. Regarding NOMs, the testing laboratory

must have the approval of the regulatory autho-
rity which issued the NOM in question. Foreign
testing laboratories may also be recognised and
their test reports accepted if there is a mutual re-
cognition agreement, mutual recognition arran-
gement or equivalence agreement in force.

2. Inspection: This procedure is carried out by in-
spection bodies duly accredited in accordance
with NMX-EC-17020-IMNC-2014 “Conformity As-
sessment — Requirements for the operation of
different types of bodies performing inspections”,
and approved by the competent regulatory au-
thority. The process consists of the visual verifica-
tion through sampling, measurement, laboratory
tests or examination of documents that is carried
out by the inspection units to assess conformity
at a certain time and at the request of an interes-
ted party. These conformity assessment bodies
(CABs) generally issue certificates of compliance
with NOMs concerning commercial information
for importation purposes.

3. Certification: Certification bodies (CB) —which
by nature are third party— are responsible for this
CAP. CBs must be accredited according to NMX-
EC-17065-IMNC-2014 “Conformity Assessment
— Requirements for bodies certifying products,
processes and services”. In the case of NOMs,
CBs must have the approval of the regulatory
authority that issued the concerning NOM. These
conformity assessment bodies issue certificates
of conformity for the purposes of product im-
portation. This CAP is used when the NOM invol-
ves a high level of risk.

4. Self-declaration: This procedure is carried out
by a first party, meaning the supplier of the pro-
duct, process or service, to declare compliance
with NOMs or standards. It is generally used for
NOMs when the level of risk is considered low by
the corresponding regulatory authority. The self-
declaration is usually accompanied by accre-
dited and approved laboratory tests, as well as

35 Quallity Infrastructure for Electromobility: Fundamentals of Electric Vehicles and Specifics for Passenger Vehicles



other requirements to be determined in the ordi-
nance of the Ql Law.

5. Other mechanisms adopted by Mexico to
boost international trade are Mutual Recognition
Agreements (MRA), mutual recognition arrange-
ments and Equivalence Agreements (EA). These
mechanisms contribute to saving costs, time and
resources implied in importation and exportation.

A MRA is an intergovernmental agreement that
specifies the conditions under which CABs are
mutually recognised and their CAPs results are ac-
cepted in the territory of the other partner country.

A Mutual recognition arrangement or multilate-
ral recognition arrangement is an international
or regional arrangement between accreditation
bodies to mutually recognise the results of the
signatory conformity assessment bodies or the
equivalence of accreditation systems based on
peer review.

An Equivalence Agreement is a resolution that
specifies the conditions under which foreign
technical regulations, sanitary and phytosanitary
measures or the conformity assessment results
— with at least the same degree of conformity to
achieve the legitimate objectives of public inter-
est pursued by the corresponding NOM— are uni-
laterally or reciprocally recognised.

These three mechanisms also help to generate
trust among economic actors. To achieve this,
the requirements and guidelines established by
the technical regulations and standards from the
countries signatory to these agreements should
be commensurate. For example, an advantage
of the CAPs in Mexico is the recognition of the
certificate of origin to prove compliance with a
particular NOM, when the requirements of the re-
gulation from the country of origin are compara-
ble to those of the NOM. This facilitates trade by
eliminating the need of double testing and cer-
tification and helps to generate trust on product
quality and safety.

Regarding charging infrastructure, even though
safety and quality are assured through the com-
pliance with NOMs, the lack of a specific techni-

cal regulation for EV charging infrastructure hin-
ders functionality, as well as the development
of conformity assessment infrastructure. Testing
laboratories are crucial to prove that products
are compliant with regulations and standards.
However, conformity assessment infrastructure
requires significant investment to be developed
and maintained, which is in turn dependant on
the demand of CA services. Therefore, the ne-
cessary technical regulations to cover minimum
safety and quality requirements, as well as ade-
quate CAPs for both charging infrastructure and
EVs must be developed in order to strengthen
and further develop capacities and infrastructu-
re of testing laboratories, which at the same time
must also be accredited.

International

Harmonised CAPs help to reduce trade barriers,
as they increase reliability and objectivity with re-
gard to the safety and quality of products and
services. Thus, the acceptance of foreign confor-
mity assessment results and certificates can be
increased, helping to reduce costs and facilita-
ting international trade. Conformity assessment
standards and guides developed by ISO and IEC
are an example of the efforts being made to pro-
mote the harmonisation of CAPs.

European Union/Germany

In the European Union, the Whole Vehicle Type-
Approval System (WVTA) enables a manufactu-
rer to obtain certification for a vehicle type in one
EU country®2. Through the process of type appro-
val, national authorities certify that a model of a
vehicle complies with all EU requirements regar-
ding safety, environmental (e.g. noise and emis-
sions) and production aspects. These approvals
issued by Member States are mutually recogni-
sed within the EU, thus enabling manufacturers
to market the approved vehicle type throughout
the EU without additional testing. The Regulation
(EV) 2018/858 is the legal basis of the EU vehicle
type-approval framework.

EU countries appoint type approval authorities
and notify them to the European Commission.
These approval authorities have competence for
the whole process of approval of a type of vehic-
le, system, component or separate technical unit,
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as well as the authorisation process. They are also
responsible for the issuing and, when approprio-
te, withdrawing or refusing approval certificates.
They act as the contact point for the approval
authorities of other EU countries, designate the
technical services and ensure that the manufac-
turer meets its obligations regarding the confor-
mity of production. In Germany, the Federal Motor
Transport Authority (Kraftfahrt-Bundesamt -
KBA) is the national type approval authority3*.

For their part, the national approval authority de-
signates technical service organisations or bo-
dies as testing laboratories to carry out tests. They
can also be designated as a CAB to carry out the
initial assessment and other tests or inspections
on behalf of the approval authority. EU countries
must notify the European Commission the name
and details of designated technical services for
motor vehicles, their trailers, systems and compo-
nents, among other types of vehicles.

Compliance with EU law and EU type-approval
requirements is proven through the certificate of
conformity (CoC) issued by the manufacturer for
every vehicle®. This certificate enables the regis-
tration of the vehicle anywhere in Europe®®. CoC
shall include the description of the vehicle’'s main
characteristics, its technical performance and
the date of manufacture. It shall be delivered to
the buyer, together with the vehicle.

The type-approval system offers manufacturers
the advantage of free circulation of goods in the
single market of the EU. Once the authority of an
EU member country has issued its approval, this
is valid in all the other member countries.

United States

Title15 of the US Code of Federal Regulations con-
cerns commerce and foreign trade. In its chapter
II'on National Institute of Standards and Techno-
logy, Department of commerce, section 287.2.
states the definition of conformity assessment: A
demonstration, either direct or indirect, that the
specified requirements related to a product, pro-
cess, system, person or organism are met®. Re-
quirements for products, services, systems, peo-
ple, and organizations are those defined by law
or regulation, by a regulatory or procurement
agency, or a policy established by the agency. It
is important to note that conformity assessment
does not include mandatory administrative pro-
cedures (such as notification of registration) for
granting permission for a good or service to be
produced, marketed or used for a stated purpose
or under established conditions.

Law 15 CFR 2872 also indicates the responsibili-
ties of each Federal Agency regarding the con-
formity assessment of regulations. The agency in
charge of road safety in the US is the National
Highway Traffic Safety Administration (NHTSA).

Function

Party Supplier's Testing Inspection Certification Accreditation

Declaration

of Conformity

(spocC)

Who declares
First- Manufacturer/ Manufacturer/ Manufacturer/ — —
party supplier supplier supplier
Second- - - Buyer . .
party
Second- - Independent Independent Independent Accreditation
party testing control body certification entity

laboratory body

Table 16: Summary of the CA stages and the actors responsible for them in the US
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According to the Federal Motor Vehicle Safety
Standard (FMVSS) and Federal Motor Carrier Sa-
fety Administration (FMCSA) regulations —which
depend on the Department of Transportation
(DOT)-, NHTS is responsible for elaborating and
publishing the corresponding regulations of ve-
hicle safety or to review the published regulations
for their update. This with the purpose of reducing
accidents, material and human damage and
fatalities involving heavy trucks and buses. Both
agencies work in coordination.

NHTSA regulations establish how to carry out
conformity assessment for ground vehicles.
OEMs perform the tests deemed as necessary to
comply with the regulations and it does not have
to submit results reports to the DOT. In contrast,
imported vehicles do need the certification from
NHTSA proving compliance with safety regula-
tions FMVSS and FMCSA®*. Table 6 below shows
which parties may carry out which functions du-
ring the CAPs*.

As part of the NHTSA, the Office of Vehicle Safety
Compliance (OVSC) is responsible for developing
the test procedures (TP). TPs are a guide to inter-
pret the regulation, test method, registry and pre-
sentation of results. It is important to note that, in
contrast to NOMs in Mexico, US regulations only
establish what are the requirements that pro-
ducts must comply with, but not how to comply
with them or which CAP to use.

In contrast to the EU, in the US conformity assess-
ment does not need to be carried out by third-
party verification units or bodies but is rather
optional. According to US policy, accreditation of
conformity assessment bodies is not mandato-
ry either. Testing laboratories, certification bodies
and inspection bodies choose whether or not to
be accredited based on the needs and require-
ments of their customers (e‘g. manufacturers, re-
gulators, consumers, suppliers, etc.).

Certification of verification units is also voluntary.
Section 280.101 of law 15CFR* states the process
for the approval of documents related to certi-
fication, accreditation of people and laborato-
ries. The approval of accreditation bodies is done
through National Institute Standard and Techno-
logy (NIST).
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4. Recommendations

In the previous sections, important elements of
the existing Ql framework were identified for the
three focus areas charging infrastructure, opera-
tional safety and circularity in Mexico. Also, tech-
nical regulations, standards and conformity as-
sessment procedures at the international level
as well as in the EU, Germany and the US were
mapped.

Contrasting the status quo in Mexico and inter-
national developments, a set of recommendati-
ons for each focus area were identified that aim
at guiding the next steps in strengthening the
Quality Infrastructure for E-mobility.

1. Recommendations for
Charging Infrastructure

Reinforcing the recommendations stated in the
white paper volume on charging infrastructure,
battery safety and disposal, and in complement
with their interrelation to EVs, recommendations
to strengthen technical regulations and stan-
dards related to charging infrastructure, their
electrical safety, functionality and interoperability
are presented in the following:

Concerning technical regulations

Modifications of existing technical regulations
As a first step, it is suggested to update current
regulations NOM-001-SEDE-2012 and NOM-003-
SCFI-2014, which address fundamental electrical
aspects, also applicable to EV charging infrastruc-
ture. Considering that, due to regional alignment
the Mexican national electrical system is based
on UL/NEMA standards, it is important that Mexican
regulations’ updates are in line with international
developments. As the current version of NOM-
001-SEDE dates from 2012 and takes the NEC® 201
as a reference, it becomes more relevant to up-
date such NOM according to the current version of
the NEC® that has been published in 2023.

It is suggested for the updates of such NOMs to
include the following aspects:

«  NOM-001-SEDE-2012 on electrical
installations:

o Should include new technical guidelines
specifically for EV charging infrastructure
installation to guarantee not only safety but
also functionality.

o Requirements should be included for EV
charging hubs in condominiums, particularly
regarding energy distribution. Required pow-
er and infrastructure characteristics should
also be considered from the planning of the
installation in order to assure an effective

energy supply.

+  NOM-003-SCFI-2014 on electric products
and safety specifications:

o Include additional references to already
existing Mexican standards for EV charging
infrastructure specifically.

New technical regulations

As stated in the other volumes of this series of
white papers, vehicle connectors and socket
outlets is a crucial topic the minimum safety
requirements of which must be established in a
new NOM. Mexico should define, based on market
demand and the characteristics of the electrical
grid, which type of connector(s) and socket out-
let(s) will be used in the country. This is important
to ensure interoperability, safe charging process
and access to charging infrastructure for al EV
users. The use of is associated with high risk of
accidents, given the high voltage and the diffi-
culty to eliminate the possibility of human errors
in the use of the adapter. The regulation must be
adaptable to facilitate a swift adoption of future
technological developments regarding connec-
tors and socket outlets. This way, the need for an
extensive regulatory review may also be avoided.
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Similarly, @ new NOM on communication proto-
cols is identified as necessary. This should con-
sider an open-source communication protocol
standard to facilitate effective interaction and
data exchange between the charging infras-
tructure and the EV, as well as to enable swift
updating processes. IEC 63110-1:2022 should be
used as a reference, as it covers aspects which
are also part of the Open Charge Point Protocol
(OCPP), such as:

« management of energy transfer during
charging sessions, including reporting and
information exchanges related to energy
usage, grid usage, contractual data, and
metering data.

« asset management of the charging infras-
tructure, including its controlling, monitoring,
maintaining, and firmware updates.

« authentication, authorization, and payment
of charging and discharging sessions, inclu-
ding roaming, pricing, and metering infor-
mation.

« cybersecurity.

New standards

+ Regarding standardisation, the development
of a standard in Mexico to certify technicians
specifically for EV charging infrastructure in-
stallation and maintenance is recommen-
ded. This way, technicians may ensure they
possess the necessary knowledge and skills
to carry out their tasks safely and effectively.
Standardised certification also guarantees a
consistent level of quality and professiona-
lism in the industry, instilling confidence in
both consumers and manufacturers.

2. Recommendations for
operational safety

Concerning technical regulations

Modifications of existing technical regulations
Minimum noise emission of EVs is a relevant sa-

fety factor for pedestrians and other people in
circulation routes. However, in Mexico, there are
currently no minimum noise emission levels de-
fined for EVs. Accordingly, it is recommended to
update NOM-079-SEMARNAT-1994 that spe-
cifies the maximum permissible noise emission
limits of new motor vehicles and their measu-
rement method should be updated to include a
requirement for minimum noise emission levels
for EVs at slow speeds. The international techni-
cal regulations UNECE R138 that establishes mini-
mum noise emission levels should be used as a
reference to avoid the creation of technical bar-
riers to trade and impose additional costs on the
automotive industry from differing regulations.

New technical regulations

The EV battery is the principal new component of
EVs associated with security risks for users and
other actors such as maintenance technicians.
Due to the risk of electric shock and leakage of
toxic substance, we recommend the develop-
ment of a new NOM establishing minimum re-
quirements for batteries of new and retrofitted
EV concerning protecting against electric shock
and liquid leakage, adequate structural support
of the battery, caution and warning labels, and
handling and storage indications. The interna-
tional technical regulations UN GTR No. 20 on the
Electric Vehicle Safety (EVS) and UNECE R100:
“Uniform provisions concerning the approval
of vehicles with regard to specific requirements
for the electric power train” are recommended
as references for his new NOM.

Concerning standards

Regarding battery safety and performance tes-
ting, Mexico should also keep close attention to
and actively get involved in internationally har-
monised standards on such matter for its later
adoption. Standardised testing ensures rigorous
and consistent procedures, which guarantees re-
liability and safety for users. This would also fa-
cilitate trade through common and mutually re-
cognised sets of testing procedures. At the same
time, this would generate demand which would in
turn promote the further development of capabi-
lities and infrastructure of testing laboratories. The
UN Manual of test and criteria: Lithium Battery Tes-
ting Requirements is suggested as a reference.
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Given the increased interconnectivity of vehicles
and devices, and particularly taking into account
the safety risks associated with the EV power
train, it is recommended to adopt a cybersecu-
rity standard for vehicles in Mexico that specifies
guidelines for the prevention of cyberattacks ai-
ming to take control of the vehicle. Above, we lis-
ted SAE J3061_202112: Cybersecurity Guidebook
for Cyber-Physical Vehicle Systems and UL
2900-1: Standard for Software Cybersecurity for
Network-Connectable Products, Part 1: General
Requirements as important references from the
US that could be adopted by Mexican standar-
disation bodies. At the same time, efforts should
e undertaken to sensibilise and inform industry
stakeholders and users about cybersecurity risks
associated with EVs and thereby promote the
active demand of the use of these standards in
the development of the vehicles’ software com-
ponents by both end-users and manufacturers.

3. Recommendations
for Circularity

Based on the mapping of international best prac-
tices, in the following, we will present a series of
recommendations to strengthen technical regu-
lations and standards related to the promotion
of the circularity strategies, including the topics of
battery durability, second life of EV batteries, tra-
ceability and safe handling and storage of end-
of-life batteries, but also other EV components.

Concerning technical regulations

Modifications of existing technical regulations

A transversal aspect for the successful imple-
mentation of post end-of-life circularity strate-
gies is the safe handling of aged EV batteries,
given their increased risk to enter a thermal run-
way and cause battery fires. In this regard, the
Working Group for the Electrification of Transport
of the Ministry of Foreign Affairs recommended to
modify the NOM-052-SEMARNAT-205 that de-
fines the criteria for classifying hazardous was-
tes*, as it excludes Lithium-lon batteries from this
class in its current form. Aligned with the recom-
mendation of the Working Group for the Electrifi-
cation of Transport, it is considered important to
update this classification to ensure adequate so-

fety conditions in the handling, transport and sto-
rage of retired EV batteries containing hazardous
substances. If the NOM-052 was be modified as
suggested, this would imply that EV batteries fall
into the scope of the technical regulation NOM-
055-SEMARNAT-2003, establishing the require-
ments for sites to be used for controlled confi-
nement of hazardous waste, mitigating security
risks in the storage of end-of-life batteries.

New technical regulations

Regarding the topic of battery durability, the bi-
lateral expert group recommends to elaborate
a new NOM specifying minimum requirements
of battery performance and the respective test
procedures based on UN GTR No. 22 “In-vehicle
Battery Durability for Electrified Vehicles”. Set-
ting mandatory minimum requirements regar-
ding durability that are gradually extended as EV
batteries evolve is an important circularity strate-
gy for EVs in the current context where recycling
technologies are still lacking market maturity. UN
GTR No. 22 represents a solid international fra-
mework of reference not only for specifying the
minimum requirements (see above), but also
introduces the relevant conformity assessment
procedures (CAPs) including detailed specifica-
tions for the tests to be carried out to evaluate
compliance with the regulation and permissible
threshold levels.

Concerning standards

A second relevant R-strategy for EV batteries in
absence of recycling standards is the repurpo-
sing of used EV batteries for energy storage in
industrial plants or renewable energy parks. Ho-
wever, as of today, in Mexico there is limited ex-
perience and awareness about the practice of
EV battery repurposing at the end of first life. Due
to the absence of a relevant regulation or stan-
dard, where repurposing is practiced, it is done
without necessarily observing safety guidelines
in the handling of end-of-life EV batteries. The
lack of reliability implied for potential customers
of second life batteries represents an obstacle
for the creation of markets for retired EV batte-
ries and the establishment of second life EV bat-
teries as safe and reliable alternatives to new
industrial batteries. To address this problem, it is
recommended to introduce a standard on sa-
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fety requirements for second life applications of
EV batteries in Mexico. As possible references the
group recommends to consider DIN VDE V 0510-
100, ,Safety of lithium-ion batteries from electri-
cally propelled road vehicles for use in stationary
applications”, UL 1974: Creating a Safe Second Life
for Electric Vehicle Batteries, the IEC 61427 series
“Secondary cells and batteries for renewable
energy storage” and the IEC 62933 series on Elec-
tric energy storage (EES) systems.

General recommendations

Finally, an important prerequisite for the effec-
tive implementation of different circularity stro-
tegies is the availability of relevant information
on the battery, such as its material composition
and instructions for its safe handling. While in
the EU a Battery Passport is promoted as con-
tainer of this information, it is still under develop-
ment and several standardisation issues such
as data formats and the specific information to
be included are still under discussion. Here, the
recommendation is to wait for the respective
results and new standards before setting own
regulations, engage in international exchanges
on the technological and standardisation ad-
vances of the Battery Passport and strengthen
existing measures to actively promote the digi-
talisation of SMEs in the sector, which will be a
prerequisite for the adoption of the Battery Pass,
and ultimately, for getting access to the growing
EV markets in the EU.
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. Conclusions

Around the globe, the commitment to limit the
emission of Greenhouse Gases (GHG) is trans-
forming the automotive industry towards elec-
tromobility. Mexico, already the seventh-largest
vehicle producer in the world, is candidate for
becoming an important hub for EV manufactu-
ring in the context of the current trend towards
nearshoring. However, a necessary step for a
successful transition towards electromobility and
materialisation of the opportunities offered by
the double-trend of e-mobility and nearshoring
is the alignment of the relevant Quality Infras-
tructure (Ql) in Mexico with the specific technical
demands of EVs and relevant international stan-
dards to ensure the safety and sustainability of
such vehicles.

In this sense, this white paper explored possible
modifications to the existent Ql, particularly tech-
nical regulations, standards and conformity as-
sessment procedures that are necessary to faci-
litate a safe evolution of electromobility in Mexico
and to remove regulatory barriers that persist for
the proliferation of electric passenger vehicles in
particular.

Based on a comparative mapping of the state of
technical regulations, standards and conformity
assessment procedures for electric passenger
vehicles in Mexico, at the international level, in the
EU and the US, the bilateral expert group identi-
fied a series of recommendations to strengthen
and harmonise Mexican Quality Infrastructure for
electromobility with international standards. Gi-
ven their importance for ensuring that EVs are
reliable, safe and have a limited environmental
footprint, the mappings and recommendations
were grouped into the three thematic areas of
1) Charging Infrastructure, 2) Operational Safety,
comprising both mechanical safety and cyber-
security, and 3) Circularity of EV value chains.

Electric cars charging.

The resulting recommendations include modifi-
cations of existing technical regulations in Mexico
that currently do not consider specific features
of EVs, making compliance impossible or failing
to guarantee basic safety standards of EVs. Also,
the introduction of new technical regulations ad-
opting for example minimum durability criteria
for EV batteries already defined in international
technical regulations, and suggestions for inter-
national standards that could be adopted in Me-
xico to, for example, strengthen the cybersecurity
of EVs and promote the safe repurposing of EV
batteries after their end of life.

These recommendations present specific and
feasible steps that can be taken to adapt the
Quality Infrastructure, particularly technical regu-
lations and standards in Mexico to the needs of
electric passenger vehicles, thereby promoting a
safe, reliable, and sustainable transition towards
electromobility and contributing to the competi-
tiveness of Mexico as key location for electric ve-
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