From Grid to Charge:
A Data-Driven Approach to
EV Charging Networks

Data is the fuel powering the future of EV charging.
In this guide, explore how real-time data, Al, and
advanced technologies optimize charging networks
for enhanced efficiency, security, and scalability.
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Introduction

Electric vehicles have come a long way from futuristic
curiosities to mainstream must-haves.

Charging points now dot cityscapes and rural routes alike,
promising a cleaner, brighter future of mobility. Yet for
Charging Point Operators (CPOs), the rapid growth of EV
adoption brings pressing questions:

1. How do we ensure stable, event-driven architecture so

that chargers can handle ever-fluctuating loads
without bottlenecks?

Introduction

2. How do we keep costs down—through cloud cost
optimization strategies and Al cloud optimization—while
still delivering the best possible charging experience?

3. And most critically, how can we leverage advanced real
time data processing to shape a more resilient,
profitable, and future-proof operation?

This guide offers a comprehensive look at how cloud-
hative data engineering, real time streaming data pipelines,
and Al in automotive can transform the way you run your
charging network.

Even though many operators must handle both hardware

installations and software integrations, NaNLABS focuses on
supporting the software side—from building real time data
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pipelines that capture station performance to collaborating
seamlessly with utilities.

Plus, we'll cover preventing outages through predictive
maintenance analytics and optimizing cloud costs at scale.

Along the way, you'll see how NaNLABS applies modern
cloud data warehouse architectures, loT data processing
frameworks, and event-driven architecture best practices
to ensure your charging network isn’t just robust—it'’s
continuously improving.

Our goal? To help operators harness the power of data,
empowering the software side of their operation, so they
can focus on what really matters—powering the EV
revolution.

Introduction

“Charging infrastructure isn’t just about cables and
connectors. It's about orchestrating a constant flow of
information—session data, station health, grid signals—
to create a frictionless charging experience. That's
where data-driven thinking comes in.” Matias Alvarez
Duran, CEO, NaNLABS
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The Evolving
EV Landscape

The global shift toward electric mobility has been swift
and unrelenting. Governments are rolling out incentives
to make EVs more accessible, while automakers invest
billions in Al and Machine Learning to spark innovation
In electric vehicle lineups.

At the same time, consumers favor EVs for performance,

cost savings, and sustainability—driving demand for a
charging infrastructure that can keep pace.

The Evolving EV Landscape

As a result, stations once considered rare finds have
become everyday essentials for both commutes and road
trips, powering the future of transportation.

Number of EVs in US posed to grow by nearly
10-fold through 2030
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As shown above, a PwC study forecasts a nearly tenfold
jump in the number of electric vehicles on U.S. roads by
2030, underlining the urgent need for scalable, real-time
charging solutions.
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Yet the forces that have propelled EVs into the mainstream ﬁggggg
also complicate a CPO’s job. Demand patterns can spike

unpredictably—think holiday weekends or large events.
Real time data analytics tools are crucial to handle these
surges intelligently, or the local grid may feel the strain.
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This rapid increase in electricity consumption—driven by
both Battery Electric Vehicles (BEVs) and Plug-in Hybrid
Electric Vehicles (PHEVs)—highlights the urgent need for
charging operators to harness real-time data. Without
advanced cloud data warehouse modernization or event
driven architectures to manage charging loads, utilities risk
facing unexpected spikes that strain the grid. By
centralizing station data and employing real time streaming
data pipelines, CPOs can proactively balance loads,
optimize pricing, and ensure the availability of enough
charging capacity to meet growing demand.

Although new protocols like OCPP or ISO 15118-20:2022
standardize charger communication, many legacy stations
still rely on older setups, creating data silos. Cloud data
warehouse modernization becomes key for bringing all

The Evolving EV Landscape

these data streams—structured and unstructured—under
one roof.

“Charger reliability is the number one barrier to
widespread EV adoption. Real-time data tells us if a
charger hiccups and lets us fix issues before drivers even
notice.” Cathy Zoi, CEO of EVgo (TechCrunch Mobility
Session, June 2021)

Despite these hurdles, opportunities abound. Stations
equipped with real-time big data analytics architecture can
predict demand surges, optimize load distribution, and push
automated alerts for predictive maintenance—a cornerstone
of Al in automotive solutions. As we’ll explore, adopting a
data-driven mindset isn’t just about staying afloat—it’s
about securing long-term leadership in the EV space.
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Embracing the
Power of Real-
Time Data

Why Real-Time Matters (Beyond the Basics)

By now, most EV industry professionals understand batch
vs real time data processing. But for CPOs operating at
scale, batch processing simply won’t cut it.

The real question is: How do you process real-time data

at an enterprise level, ensuring low-latency performance
across thousands of stations?

Embracing the Power of Real-Time Data

Batch vs Stream Processing

Batch Processing Stream Processing

Source Destination Source Destination

Processed Processed
in batches in real time
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1. Advanced Load Balancing

Real-time data from chargers, grid, and traffic patterns
feed into an event-driven architecture with microservices.
This approach lets you instantly moderate charging
speeds or re-route drivers to underused sites.
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2. End-to-End Visibility

A real time data processing architecture gives you a
consolidated view of station health, usage patterns, and

cost optimization metrics, enabling swift decision-making.

3. Scalability in Cloud Computing

Modern MPP cloud data warehouses (e.g., Snowflake,
AWS Redshift) can ingest terabytes of streaming loT data,
automatically scaling up or down. That'’s the benefit of
cloud data warehouse solutions—no more manual
capacity planning.

“We have hundreds of thousands of activated ports on
our network, each reporting real-time data on usage and

Embracing the Power of Real-Time Data

health, and that’s the secret sauce behind how we expand
effectively and maintain reliability.” Pasquale Romano, CEO
of ChargePoint (CNBC Interview, Nov 16, 2021)
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How NaNLABS Can Help

Our Cloud Data Engineering squad specializes in creating
modern data architectures that seamlessly integrate large
volumes of both structured and unstructured data.

Here's how we make it happen:

e Design and implement data lakes and lakehouses on
AWS Redshift, Databricks, and other cloud data
warehouse solutions to centralize real-time charging
data.

e Leverage ETL pipelines with AWS Glue and AWS Data
Pipeline to streamline ingestion from loT sensors,
nayment systems, and operational logs.

Embracing the Power of Real-Time Data

o Create a scalable foundation that powers real-time
analytics and advanced Al models.

e Ensure high performance without exceeding budget.

Ready to build your high-performance data architecture?

Let's talk
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Building Real-Time
Data Pipelines for
EV Charging

Designing a real-time streaming data pipeline starts the
moment a driver plugs in.

The station’s IoT sensors capture crucial metrics—charge
rate, voltage, temperature, payment details—and forward

them into an event streaming platform for processing.

For example, you might use Apache Kafka if you need high

Building Real-Time Data Pipelines for EV Charging

durability and robust event replay, ideal for large-scale
deployments that demand granular control over data
retention and flexible replay capabilities. Alternatively, AWS
Kinesis offers a serverless approach optimized for AWS-
native integrations, letting you scale streaming throughput
automatically without managing cluster infrastructure.

Once ingested, the data is transformed or enriched in near
real time via serverless functions or streaming analytics
engines (e.g., AWS Lambda, Azure Stream Analytics).

These automated processes handle tasks such as anomaly
detection, usage predictions, and dynamic load
adjustments—all within seconds—giving Charging Point
Operators the agility to spot issues before they escalate
and optimize station availability on the fly.
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Key Considerations
e In-House vs. Outsourced Data Engineering

Building your own real-time infrastructure requires
specialized talent (e.g., Data Engineers, DevOps,
Machine Learning experts). Outsourcing to a partner
like NaNLABS can accelerate the process, especially if
you're looking to quickly adopt event-driven
architecture with microservices.

e Build vs. Buy Real-Time Data Solutions
Evaluate commercial platforms vs. fully custom

solutions. Some CPOs need total control over data,
making a custom approach more appealing.

Building Real-Time Data Pipelines for EV Charging

Going Deeper into Real-Time Data Processing with
NaNLABS

We go beyond simple ingestion to help you process data in
real time. Whether your charging stations are in dense
urban corridors or remote highway stops, we design
architectures that balance edge computing and cloud-
native processing:

1. Edge Computing for Local Analytics

In scenarios where ultra-low latency is crucial—such as
detecting hardware overheating or rapid load spikes—
edge nodes can run basic analytics closer to the
stations. This approach filters or aggregates data before
it's sent to the cloud, reducing bandwidth costs and
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ensuring faster response times.
. Streaming Platforms

We use Amazon Kinesis and Apache Kafka to handle
high-volume data flows, letting your system react
Instantly to anomalies like unauthorized access or
sudden demand surges.

. Serverless vs. Container-Based

For lightweight event transformations, AWS Lambda
offers a serverless model that scales automatically and
keeps overhead low. However, some CPOs need more
control or must handle heavier real-time workloads
(e.g., image recognition, advanced telemetry). In these

Building Real-Time Data Pipelines for EV Charging

cases, we may recommend container-based
alternatives such as AWS Fargate or Kubernetes (EKS/
GKE), where you can fine-tune resources, manage
custom runtimes, and maintain long-running processes.

By combining low-latency architectures, edge
intelligence, and the right compute model—serverless
or container-based—we empower your team to make
split-second decisions that optimize load distribution,
prevent station failures, and deliver a seamless driver
experience.
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ACti O n a b I e forecasting by factoring in variables like weather shifts,

demographic trends, and dynamic grid conditions.

I nte I I I ge n Ce T h rO u gh e Predictive Fleet Maintenance. For fleets, Al can schedule
o charging to minimize peak loads and battery degradation.
Al & Analvytics

« Connected Car Predictive Maintenance. As vehicle
telematics become more open, chargers can anticipate a
Demand Forecasting with Al car’s battery condition or software version, customizing
the charging profile for maximum efficiency.

In the automotive cloud computing realm, advanced Al

models analyze large volumes of data from key sources \\\.J\ &
like traffic flows, local events, and station logs to deliver \

actionable insights. By correlating this data with real-time 2
big data processing, you can predict usage peaks days— ( |
even weeks—ahead.. This approach outperforms manual -t - \_ -

Actionable Intelligence Through Al & Analytics 15



Preventing Downtime via Predictive Maintenance
Analytics

Predictive maintenance in the automotive industry has
evolved from simple sensor checks to Al-driven anomaly
detection.

By monitoring station performance such as average charge
completion time, we can flag potential failures early,
preventing station shutdowns and guaranteeing reliability.

“Predictive maintenance in the automotive industry isn’t
just about replacing parts before they break; it’s about
harnessing Al to keep the entire ecosystem—vehicles,
chargers, and grid—functioning at peak efficiency.”
Matias Alvarez Duran, CEO, NaNLABS

Actionable Intelligence Through Al & Analytics

From loT predictive maintenance sensors to advanced
data analytics for predictive maintenance, the focus is
on maximizing uptime. For instance, if a charging station
detects unusual temperature spikes, an automated
service ticket is triggered, sending technicians out
before a meltdown occurs.

That’s the power of real-time data analytics in action.
Personalized & Automated Experiences

High-level users already recognize the value of
personalizing the charging experience. But consider
tying loT automotive data with customer usage patterns

In a real-time data lake analytics environment to unlock
greater potential. This synergy enables features like:
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e Smart Reservation

Drivers can reserve chargers in real time, with dynamic
pricing based on demand.

e Virtual Queue Management
In peak hours, an event-driven microservice can
automatically notify drivers in the queue with estimated

wait times and alternative station suggestions.

Integrating Al & Machine Learning Solutions with
NaNLABS

As your tech sidekick, we simplify Al implementation.
Beyond dashboards, we integrate and fine-tune foundation

Actionable Intelligence Through Al & Analytics

models—Ilike GPT or domain-specific LLMs—into your
existing systems, ensuring Al-driven insights are
actionable across your operations.

Whether you're optimizing charging station performance
with predictive analytics or enhancing customer support
through NLP chatbots, we guarantee data safety and
fast deployment.

Unlock the power of Al with data-secure services

Let’s talk
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CO I I a b O rati n g W it h initiatives, where idle EVs feed power back into the grid

during peak times.

Utl I Itl es & E m b ra CI n g But facilitating two-way energy flow requires more than a

simple contract; it demands an event-driven architecture

I nte ro p e ra b I I It\/ capable of orchestrating real-time interactions among

chargers, vehicles, and utility systems.

Deeper Utility Integration For instance, when grid demand hits a critical threshold,

an automated event can trigger opt-in vehicles to begin
Utilities can be your greatest allies—especially if you share discharging. Another event halts the discharge once the
a real time data pipeline that provides immediate insight grid stabilizes. By leveraging streaming platforms like
into load spikes. In return, they might offer cloud cost Kafka or Kinesis—and, if needed, microservices for
optimization discounts or demand response incentives. orchestrating these events—CPOs can ensure V2G

transactions happen reliably and securely, without
Collaboration also extends to vehicle-to-grid (V2G) compromising the driver experience.

Collaborating with Utilities & Embracing Interoperability 18



Collaborating with Utilities & Embracing Interoperability

Data Lake vs. Lakehouse vs. Data Warehouse

= =

Data Lakes Lakehouses Warehouses

Open protocols like OCPP or ISO 15118-20:2022 unify data
from diverse station models, but how you store that data
Is equally critical. Many CPOs start with a cloud data
warehouse, which is far more scalable than on-premise
and excels at structured analytics.

However, you might also consider:

19



Data Lakes

Ideal for rapidly ingesting raw, unstructured loT data (e.g.,
JSON logs, telematics).

Schema is applied on-read, which is flexible but can lead
to “data swamp” issues if governance is weak.

Lakehouses

Combine the best of both worlds, letting you store raw
data while still enabling high-performance analytics.

Platforms like Databricks or AWS Lake Formation offer

ACID transactions, schema enforcement, and advanced
ML integrations in one ecosystem.

Collaborating with Utilities & Embracing Interoperability

Data Warehouses

Great for structured data and complex queries (e.g.,
historical reporting, Bl dashboards).

Typically enforce schema-on-write, providing consistent
performance and data quality—but less ideal for rapidly
changing, unstructured loT streams if carefully planned.

Regardless of approach, data warehouse cloud migration
can unlock advanced analytics, cloud cost optimization
case studies, and automated updates for real-time
insights. By choosing the right architecture—lake,
lakehouse, or warehouse—you can unify station data,
streamline analytics, and push updates to your chargers in
near-real time.
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Safeguarding
Security & Reliability

Chargers handle sensitive data—from payment details to
driver credentials. Event-driven architecture vs monolithic
approaches show how microservices can
compartmentalize each function, isolating security risks.

End-to-end encryption, robust IAM (ldentity and Access
Management), and SIEM integrations are mandatory in
automotive cloud computing to block attacks that could

disrupt charging or compromise user trust.

Redundant real-time streaming data pipelines span

Safeqguarding Security & Reliability

multiple cloud regions. If one zone fails, traffic reroutes
automatically, illustrating the difference between elasticity
and scalability in cloud computing. Implementing these
types of scalability in cloud computing means your
chargers never go dark, sustaining your brand reputation
and preserving driver loyalty.

Concerned about building a secure, scalable solution? At
NaNLABS, we specialize in event driven architecture use
cases for the EV sector.

Let’s talk
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Real-World
Success Stories

Explore the benefits of real-time data processing
technologies with the success story from one of our EV
customers—a fast-growing startup aiming to build a micro-
mobility charging network across multiple cities in the U.S.

Real-World Success Stories

Challenges

Fragmented Data Silos. Various charging hardware
generated massive loT data without a unified pipeline,
complicating real-time monitoring and cloud cost
optimization.

Scalability Concerns. As the network expanded, on-
premise solutions struggled to process the increasing
data stream, requiring urgent cloud data warehouse
migration.

Reliability Issues. Stations were going offline
unpredictably, impacting brand reputation.
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NaNLABS Solution e Cloud Cost Optimization Assessment. We reviewed
their new cloud architecture, eliminating overhead and

e Building Real-Time Data Pipelines. We introduced ensuring automatic scaling during peak loads.
Apache Kafka for efficient streaming of loT data and
Implemented a real-time processing layer leveraging an
event-driven microservices architecture.

Results

No major unplanned outages during peak holiday
weekends, ensuring continuous service and

e Cloud Data Warehouse Modernization. We migrated demonstrating reliability.

their on-premise data to a MPP cloud data warehouse
(Amazon Redshift), automating ingestion and
transformation to support advanced analytics at scale. Significant reduction in infrastructure costs through
cloud cost optimization strategies and elastic scaling.
e Predictive Maintenance Automotive. By applying Al and
Machine Learning in automotive industry models, the
system could detect anomalies (like sudden voltage
drops) and trigger alerts, which improved station uptime.

Marked improvement in driver satisfaction, thanks to
near-instant detection and resolution of station faults.

Real-World Success Stories 23



Tailored Cloud Data Engineering & Real-Time Solutions

At NaNLABS, our Cloud Data Engineering and Real-
Time Data Processing services are at the heart of
every success story. We seamlessly integrate diverse
data sources—Ilike charger telemetry, driver apps, and
payment systems—into a cloud-native ecosystem that
can effortlessly manage billions of streaming events.

This approach not only ensures your charging
stations stay operational and optimized, but also
sets the stage for future Al and ML innovations. By
consolidating your data into a modern lakehouse or
MPP cloud data warehouse, we enable continuous
Innovation and seamless scalability, so you're always
ahead of the curve.

Real-World Success Stories 24



Crafting Your Data-
Driven Roadmap

Shifting from a patchwork of systems to a unified, real-time
data analytics framework can be daunting. But the long-term
payoff—in predictive asset maintenance, scalability, and
data-driven decision-making—makes it a strategic must.
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Crafting Your Data-Driven Roadmap

. Assess Current State

Map existing station data flows, from loT sensors to
on-prem data stores.

Evaluate feasibility of a cloud data warehouse vs on
premise approach for better elasticity.

Consider the challenges of event driven architecture
VS. your current environment.

. Choose Your Tools & Approach

Build vs. Buy: Evaluate if you should license an
existing real time data processing tool or develop in-
house with a partner.

Look into alternatives to event driven architecture if
your use case demands synchronous operations, but
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keep in mind event driven architecture pros often processing architecture, and big data analytics real

outweigh cons in loT-heavy EV charging. time best practices.
e Embrace an agile mindset—your environment will

3. Pilot, Then Scale keep shifting as regulations and technologies evolve.
e Start small—integrate a limited number of chargers Looking Ahead—And Taking Action

into an event driven architecture example.
e Prove ROI by slashing downtime or demonstrating Experts predict that by 2030, more than half of all new

cloud cost optimization. car sales in certain markets will be electric, demanding
e |terate quickly, using a microservices approach to roll robust charging networks at scale.

out new features or expansions.
This future pushes CPOs to refine their real time big

4. Upskill & Evolve data analytics further—integrating loT in electric
vehicles, predictive maintenance automotive
e Train teams on differences between microservices capabilities, and even connected car predictive
and event-driven architecture, advanced loT data maintenance so drivers enjoy a frictionless experience.

Crafting Your Data-Driven Roadmap 26



“As EV adoption accelerates, success won’t hinge on
just having more chargers—it’ll hinge on who can
orchestrate them with advanced data pipelines, cloud
data architectures, and Al that optimizes every watt
delivered.” Matias Alvarez Duran, CEO, NaNLABS

To thrive, CPOs must double down on data-driven
strategies. Real-time alerts, electric vehicle charging in
loT synergy, and big data predictive maintenance are no
longer nice-to-haves; they’'re competitive advantages.

A station that welcomes drivers with dynamic pricing,
near-zero downtime, and immediate problem resolution

quickly becomes the station of choice.

Ready to transform your network but need guidance?

Crafting Your Data-Driven Roadmap

We’'ll help you chart a roadmap, tackle immediate pain
points, and ensure your ecosystem can scale—no
matter how fast EV adoption grows.

Let's talk
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Final Thoughts
& Next Steps

Moving your EV charging operation into a truly data-driven
future requires a cohesive vision, robust automotive cloud
data model practices, and the right cloud scalability
approach.

And once you harness real-time data flows, the benefits
multiply:

e Proactive Maintenance. Avoid station failures with Al
predictive maintenance that spots issues before they
become crises.

Crafting Your Data-Driven Roadmap

o Optimal Resource Allocation. Use cloud data warehouse
automation to track usage, reduce idle time, and lower
overhead.

 Enhanced Driver Satisfaction. With real-time updates,
drivers trust your network.

 Long-Term Scalability. Cloud scalability lets you add
stations, deploy microservices, and seamlessly integrate

new technologies like V2G or loT fleet management.

Ready to lead the EV revolution? NaNLABS brings cloud-
native data engineering, real-time analytics, and Al
expertise tailored to the automotive and EV space.

Big ideas, bigger solutions. Let’s build them together.
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Every hero needs a sidekick.
Let's power up together.

ask@nan-labs.com

<
@ nan-labs.com

IN NaNLABS

0 github.com/nanlabs

@O NaNLABS
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