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Executive Summary

Operating global public High Power Charging (HPC) networks raises different challenges in terms of
interoperability, data quality, KPI consistency, and increasingly, integration with digital products and
services beyond EV charging and offering a holistic customer experience at scale. These lead to the
importance of introducing Global Network Performance KPIs in order to monitor the reliability and perceived
customer experience of the operated HPC charging infrastructure. Furthermore, the massive ramp-up plans
for charging infrastructure on a global scale require a multi-system (and/or partner) approach operating
multiple HW, CPMS, and digital technology providers at the same time. To strive for engineering &
operational excellence in this highly complex and dynamic environment, interoperability and observability
is key from an end-to-end perspective including the evolving need for a data standard that enables a “plug &
play” integration of new ecosystem elements, and implementing best practices of technology operations at

scale.
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1 The Status Quo

1.1 Complexity of the Public Charging Ecosystem

The public charging ecosystem is shaped by many stakeholders operating different Hardware and IT systems
for charging infrastructure operations and billing and have access to different charging data sources.
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Figure 1: Example overview of a public charging ecosystem

1.2 Status Quo - End to end Interoperability from Engineering Excellence Perspective

Practical experience show that interoperability and data transparency varies across interfaces. OCPP as key
enabler for diagnostics & maintenance, but is shows variety of vendor specific implementations.

Ecosystem Actors w Charging Infrastructure OEM “ eapaerer “ CPO/ MSP
public charging - [ I e Wit I e Bl M Bt

Ecosystem Elements

O (= == (@]
A E== = O
O 4 BERR = =
— = ==
Data Flow and i
Data Transparency
- SoC - Charger statusdata  + Charger health data + Error messages + Charge detail - Charge detail - Customer incident
Relevant Data & - Charging status - Charger health data - Monitoring record (CDR) data record (CDR) data data
Capabilities signals (e.g. cable « Error codes « Remote control (ext. CPO) - Contract data
(exemplary) check) - Charger log data
Data Sources 150/ IEC 1518 // DIN SPEC 70121
(exemplary) B2C Incidont/ Holpdesk

L J
T

Open, de-facto standard leads to vendor-specific implementations (OCPP 1.6J “dialects”) that
increases integration complexity for operators and can limit quality of operations.
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Figure 2: Quality of data transparency across the ecosystem interfaces

1.3 Status Quo - Vendor Error Codes as an example for Data quality and Data
Consistency

Vendor Error Code Analysis showing large differences between equipment manufacturers. At the same
time they are key for smart maintenance.
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Figure 3: Distribution of Breakdown Causes, Malfunction Categories, Top Errors incl. Severity Class & Remote Reset
Opportunity. Deeper colors indicate greater severity of errors.

2 The Challenge and Opportunity Ahead

In order to provide a compelling customer value proposition the EV Charging Services must be reliable,
every transaction should be successful, and the services should offer a seamless customer experience
alongside other offerings. We see the following areas as a challenge and an opportunity:

2.1 Uptime & Customers Charging Success as key elements for EV charging network
operating reliably

<@ Focus Areas £ Challenges @ Improvement Potentials m Key Enablers
— Incident data and error + Create customer support concept incl.
transparency: realtime Shorten ticket system (1 level, 21 level,, 3 level-support)
availability and completeness d i + Establish incident & error handling process
owntime Continuous monitoring & KPI reporting
— Difficulties with error +  Assign professional workforces
handling due to variety of Increased uptime of
dor-specifi d ing i
vendorspecilic srror codes charging infrastructure Establish certification process for new HW models
_ Chargi lated dat v High utilization Prevent | t advanced diagnostics and
arging refated cata v High revenue potentials downtime clu';omated, self-healing algorithms

usually not accessible due to

complex system interfaces Develop predictive maintenance concepts

- High maintenance Decr'euse * Integration of external maintenance service
management & service costs service & providers incl. access to logs via platform
for charging infrastructure maintenance + Develop service & maintenance cockpit
costs (OPEX) + Increase remote troubleshooting capabilities
Increased efficiency of
~ High grid connection and charging operations
energy supply costs Decrease Design and operate efficient charging solutions

Operations i S“’:“’iln"ble business energy incl. integration of battery storage (OPEX)
g mode + Planning of demand requirements and forecasts in
Efflmency costs (OPEX) collaboration with grid operators (OPEX)

Figure 4 Focus areas, challenges, the potential of improvement, and the key enablers

2.2 Importance of Maintenance and Diagnostics Concepts on Uptime & Customers
Charging Success
Maintenance and diagnostics concepts have a major impact on operating hours and resistance to error of

charging hardware: ‘Condition-based Maintenance’ towards ‘Predictive Maintenance’ as key concepts for
successful operations.
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P-F curve model ad | for charging infrastructure operations (X: time-to-error: Y: resi: to-error)
B “xa ) : P . Optimize error detection
. = i < .
Ad d Di ics & Mai Concepts Traditional Maintenance Concepts time (T"“e'to'dete‘:t)
Improvement Potentials Status Quo i )
Detect errors in real-time (by full
integration of station status and
~
A\ p - potential error A error codes)
/7N E=E o g
rrer Apply predictive analytics to
detect abnormal behavior of
A RE = Reported Error stations (detect errors before
they occur)
; . Optimize error resolution
Precise [ Prescriptive Condition-based Pr Reactive ti Ti 5
: ime (Time-to-fix
Installation |  Maintenance Mai Mai Maintenance ( )
& Operationi e Solve errors before drivers can
i Maintenance)
detect them
+ Automated, remote  + Potential error + Reaktime error + Scheduletriggered  « Reported Error by Guided Juti
error resolution for detection (before detection inspection (onsite) Customer uided remote error resolution
known errors codes  breakdown) + Alert management  + Time. or usage- « Eventiriggersd .
also: selfhealing . i . i trigger - Reactive Automated error resolution (self-
algorithms) {abnormal behavior) + Guided and remote : + Preventive maintenance 9
+ Al algorithm error resolution maintenance actions healing)
application actions

Figure 5: P-F curve model adapted for charging infrastructure operations (X: time-to-error; Y: resistance-to-error)

2.3 Customer demand for differentiated and integrated offerings

Within the Shell business context, the EV charging offering is not standalone, but part of a differentiated and
integrated offering, across all EV charging use cases and integrated with other offerings such as convenience
retailing. Therefore the EV charging technology solution will be integrated across new and legacy digital
products and thus require integrated observability and maintenance approaches.

Leveraging competitive differentiators Aiming to become a global leader...
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Figure 6: Shell Mobility EV Charging — Building the Mobility offer of the future by leveraging differentiators. 1.
Includes charge points at Shell forecourts and new locations as well as operated charge points owned by customers and
third parties 2. On-street and at-home charge points will be additional to the 55K mobility locations. Growth levers in
waterfall indicative and not to scale ©Shell Plc
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Global presence and differentiating capabilities... ...driving early-stage utilisation and profitability...
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Figure 7: Shell Mobility EV Charging — Global presence and capabilities driving growth across all major EV charging
use cases ©Shell Plc

3 Potential Approaches — Dialogue Invitation

3.1 Introducing Global Network Performance KPIs..

.in order to monitor the reliability and perceived customer experience of the operated HPC charging
infrastructure demand for differentiated and integrated offerings.

Uptime KPI - Introduction Uptime Calculation - Measurement Concept

Fault Cause Category ~ Downtime Options Status over time (24 hour period)

The following fault cause categories have been identified to have an

impact on the Uptime KPI:
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categories have been identified. While faults in other categories
render the charge post unusable, faults in these categories lead to
the charge post still being partially usable (due to multi connector /
multi authentication methods). How different aggregation scenarios
impact the resulting Uptime numbers has been analyzed and

di d with respective market stakeholders.
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Figure 8: Defining the KPIs and Measurement Concepts for HPC Charging Infrastructure

3.2 From Insight To Action

We marry the feedstock of KPI definition and methodologies with the best practices and platforms from
enterprise Information Technology Operations — in order to arm frontline technicians with the tools to

= diagnose and actuate change through remedial or proactive action

* integrate end to end with legacy and digital platforms

= deliver a picture of the customer experience and business outcomes
= automate for reliability, uptime, efficiency, and customer satisfaction
= and as a metholodogy to track maturity of operations.
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The key opportunity to manage complex ecosystems is understand the technical detail and establish
intelligent operations solutions. We aim to deploy “deep” & “wide” monitoring mapped to customer

journeys, augmented by Al, enabling immediate and proactive action. In doing so, progressively advance
the maturity of EV charging technology operations in line with (IT) industry recognised maturity models,

and delivering the value therein.
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Figure 9: From Insight to Action, transforming our KPIs into actionable outcomes
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Figure 10: Evolution of IT Operations Monitoring Maturity and the progressive value of each stage of maturity.

[1] referenced diagram source © Gartner

4 Takeaways for Discussion

Today’s diagnostics and maintenance concepts (error detection incl. root cause & error resolution)
in the EV charging market mainly focus on reactive approaches. Reactive approaches include
corrective maintenance (based on reported customer errors) and preventive maintenance (based on
historical data and OEM specific maintenance schedules).

A global analysis of breakdown classes for EV charging (AC + DC) shows significant improvement
potential (~ 50 % of charging attempts fail). Major breakdown classes are “EVCommunicationError”
and “BackendCommunicationError” (> 50% of all derived error causes) followed by “Occupied”
and “Out of Order/ Maintenance Mode”. Further breakdown classes “Malfunction” and “Restricted
Access” show low overall share.

An analysis of error codes across different charging hardware OEMs shows that OCPP standard error
codes “EVCommunicationError” are widely supported and further developed into vendor-specific

EVS36 International Battery, Hybrid and Fuel Cell Electric Vehicle Symposium - Abstract 6



Error Codes with focus on “EVCommunicationError”.  Furthermore, error codes are not
standardized and can differ across charging hardware OEMs in quantity and quality (e.g. DC: from
30-200 error codes; AC: ~ 20-25 error codes).

Remote error resolution options in the EV charging market mainly focus on soft resets or hard resets.
Charging hardware OEMs provide guidelines for (remote) error resolutions. Error resolution
guidelines are usually linked to OEM-specific error codes and therefore are not standardized.

Data and insights must not only be formed for the EV charging solution but across all integrated
offerings that a company aims to deliver for a seamless customer experience. For example, via a
unified digital app.

Once the KPIs, data, and insights foundation is formed, these then need to be translated into
actionable outcomes.

Frontline technology operations need to be enabled with the right tools and practices at scale in order
to effectively actuate the changes needed to improve reliability and charging success.
Implementing the the best practices, platforms, and capabilities of enterprise Information
Technology may be effective in achieving these goals.
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