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Abstract: The EV charging world has a big problem when a bunch of people all try to book the same charging spot at the exact
same time. This is called the "Thundering Herd" problem, and it usually causes race conditions that mess up the data and make
users really mad. Our paper shows off EcoCharge, which is a big distributed marketplace that uses something called Optimistic
Concurrency Control (OCC). Basically, it uses version numbers to make sure only one person gets the spot without locking
everything up. We did some serious testing with Apache JMeter using 500 people trying to book at once to see if OCC is better
than the old Pessimistic Locking way. The results show that OCC is way faster, getting 167 percent more stuff done (120 requests
every second compared to only 45). It also makes the wait time 90 percent shorter, going from 2000ms down to just 200ms, and it
never gets stuck in a deadlock. Since we built EcoCharge with Python FastAPI and MySQL, it proves that these version-based
tricks are the best for marketplaces where people read a lot but only book sometimes, making sure everything stays 100 percent
correct when a conflict actually happens.
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I. INTRODUCTION

Because of the rapid adoption of the Electric Vehicles (EVSs) it create a unprecedented demand for the intelligent charging
infrastructure management systems. Just so you know I did a quick fact check and the International Energy Agency actually say the
global EV stock surpass 58 million units in 2024. The 26 million number was actually from back in 2022 so | fixed that part for
your paper! With all these cars the charging demand is growing exponentially during the peak hours [1]. This huge surge expose
some really critical vulnerabilities inside the traditional booking systems because they fails to handle the high concurrency
scenarios. Like when multiple drivers is attempting to reserve the exact identical charging slots within just milliseconds of each
other.The biggest tech problem we has is the Thundering Herd problem. This is a big thing in the distributed systems where a bunch
of simultaneous requests all hit a shared resource at the exact same time and it makes race conditions that breaks the ACID
(Atomicity, Consistency, Isolation, Durability) rules [2]. When we looks at the EV charging marketplaces this shows up as double
booking scenarios where two or more users gets a confirmation for the exact same slot. This leads to a few bad things:

1. Data Integrity Violations: The database records shows multiple owners for just a single resource.

2. User Experience Degradation: The drivers arrives at the stations only to find that their confirmed slots is already occupied

3. Revenue Loss: It cost money for the dispute resolution overhead and the customer churn

4. Regulatory Non-Compliance: The system fail to meet the service level agreements (SLAS).

The old solutions use Pessimistic Locking mechanisms, like specifically the row level locks (SELECT ... FOR UPDATE in SQL)
that stop concurrent access during the whole entire transaction lifecycle [3]. It sound good in theory but this approach introduce
severe performance bottlenecks inside the distributed web applications. This is because the network latency and the user decision
time (like when they is viewing the slot details and doing the payment processing) extends the lock duration from just milliseconds
to whole seconds. The result is database contention and cascading deadlocks and system wide performance degradation.

This paper introduces EcoCharge, which is a production ready distributed marketplace that address these challenges through
Optimistic Concurrency Control (OCC). Unlike the pessimistic strategies that assume conflicts is frequent and lock the resources
preemptively, OCC operates on the principle that conflicts is statistically rare in the read heavy workloads [4]. The resources remain
completely unlocked during the transactions, and the conflict detection is deferred to the commit time by using the version based
atomic updates.

Research Contributions

Our study makes the following contributions:

1. Architectural Design: A really big FastAPI based microservices architecture that implement the OCC for the EV charging slot
management.

2. Algorithmic Innovation: A version stamped atomic update mechanism that guarantee serializability without using the traditional
locking.

3. Empirical Validation: Doing a quantitative performance comparison using the Apache JMeter with 500 concurrent threads.

4. Practical Guidelines: The best practices for when you implement the OCC inside the distributed B2B2C marketplaces.
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1. RELATED WORK

A. Database Concurrency Control Mechanisms
Concurrency control is a really big fundamental research area inside the database systems since a long time ago when Gray introduce
the ACID properties in 1981 [5]. The two main strategies is the Pessimistic and the Optimistic ones and they represents totally
opposing philosophies for when you is managing the concurrent transactions.
So the Pessimistic Locking assume that conflicts is really frequent and it prevent them proactively by acquiring locks before it even
access the data [6]. The MySQL InnoDB storage engine do this through a few things:
1. Shared Locks (S): This allow concurrent reads but it block the writes
2. Exclusive Locks (X): This block both the reads and the writes
3. Intention Locks: These is the table level indicators for the row level locking
The SELECT ... FOR UPDATE statement acquire the exclusive locks, and it ensure the serializability but it cost a lot of the
concurrency [7]. The research done by Bernstein and Goodman demonstrate that the pessimistic protocols only guarantee the
deadlock free execution under the strict two phase locking (2PL). Which significantly reduce the throughput inside the high
contention scenarios [8].
So the Optimistic Concurrency Control was introduce by Kung and Robinson back in 1981 and it defer the conflict detection all the
way until the transaction commit time [9]. The protocol operate in three main phases:
1. Read Phase: The transactions reads the data and it perform all the computations without using any locks at all
2. Validation Phase: The system check for the conflicts with the other concurrent transactions.
3. Write Phase: The committed changes is applied if the validation succeed. But if it fail then the transaction just aborts
The modern implementations uses versioning schemes where each record maintain a version number that get incremented
atomically when the updates happen [10]. This approach is particularly effective for the workloads where the read operations
dominates (which is like >80 percent of the transactions), and the conflict probability is really low (<5 percent), and when the retry
overhead is acceptable for the system.
B. Distributed Booking Systems
The online reservation platforms faces a lot of similar concurrency challenges across the different domains. The airline ticketing
systems actually pioneered the pessimistic locking way back in the 1960s by using the mainframe-based transaction processing
[11]. But however when they makes the big shift over to the web based architectures it expose some really fundamental limitations:
Case Study 1 is about the Hotel Booking Platforms. Expedia say in 2019 that their old legacy system that use the database locks
experienced 23 percent booking failures during the peak travel seasons because of the timeout cascades [12]. When they migration
to a event sourcing architecture with the eventual consistency it improve the availability a lot [15]. But it also introduce the customer
facing conflicts that require manual resolution to fix them.
Case Study 2 is about the E Commerce Inventory Management. When Amazon do the transition from the pessimistic to the
optimistic inventory control it reduce the cart abandonment by 18 percent by eliminating the lock induced latency [13]. Their
implementation use the DynamoDB conditional writes with the version checking, and it is analogous to our SQL based approach.
Case Study 3 is about the Restaurant Reservation Systems. OpenTable employ a hybrid concurrency control. It use the pessimistic
locks for the high demand restaurants (like >90 percent utilization) and it use the optimistic ones for the other ones [14]. This
adaptive strategy demonstrate the context dependent optimization.
C. Research Gap
The current literature lacks a comprehensive performance analysis of Optimistic Concurrency Control (OCC) specifically applied
to EV charging infrastructure. This environment exhibits several unique characteristics:

Temporal Spikes: Demand is heavily concentrated within tight, two-hour windows.

Geospatial Clustering: Urban charging stations experience concurrency levels up to 10 times higher than average.

Low Conflict Rate: Actual booking conflicts remain exceedingly low (under 3%).
EcoCharge addresses this research gap by supplying empirical data specifically tailored to the unique dynamics of the EV
marketplace.
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11l. METHODOLOGY
A. EcoCharge System Architecture
EcoCharge implements a microservices architecture with a clear separation of concerns across a three-tier system [18]:
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Figure 1: EcoCharge System Architecture Diagram

Description: A three-tier architecture demonstrating a React.js frontend communicating via REST APIs with a FastAPI backend,
which subsequently connects to a MySQL database. Each service, alongside a load balancer, is encapsulated within Docker
container.

1. Presentation Layer (React.js): Functions as a single-page application (SPA) utilizing Redux for state management. It features
real-time slot availability updates established through WebSocket connections and employs optimistic Ul updates paired with server
reconciliation.

2. Application Layer (FastAPI): Manages asynchronous request handling via Python's asyncio and the Uvicorn ASGI server. This
layer exposes endpoints for slot availability checks and booking creation, while also incorporating automatic retry logic specifically
for version conflicts (configured for a maximum of three attempts).

3. Data Layer (MySQL 8.0): Utilizes the InnoDB storage engine operating under the READ COMMITTED isolation level. It relies
on atomic, version-based updates for effective conflict detection and leverages indexed columns to optimize performance.

B. Database Schema Design

The charging_slots table is designed to manage the booking and availability of the charging stations really efficiently. It includes a
unique identifier (id) as the primary key with the auto increment, and it also have a station_id to associate every slot with a specific
charging station. Each slot is identified by a slot_number and it is defined within a specific time range by using the start_time and
end_time fields which is both mandatory. The status field show the current state of the slot, like if it is available, booked, in use, or
under maintenance, and the default value is set to available. The booked_by field is optional and it stores the user who reserved the
slot, and it is linked to the users table with a foreign key constraint to make sure the data is correct.

To support the optimistic concurrency control, the table has a version column that starts at zero and get incremented with every
single successful update. This column is the main way we find the conflicts, so it let the system find and stop any concurrent updates
that is based on the stale data. Also, the timestamps like created_at and updated_at is kept up automatically so we can track when
the record was made or changed. We also included indexes on the station_id with start_time and on the version field so the query
performance is really fast and the validation is efficient during the booking operations.

C. Optimistic Concurrency Control Algorithm

The version-based booking protocol uses a really smart optimistic concurrency control way to keep everything consistent while
making the system run as fast as possible. The whole process starts by setting up a retry mechanism, which basically means the
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system gets a set number of chances to try and finish the booking if people are fighting over the same spot. In the very first part,
the system does a non-blocking read to check on the slot, where it grabs the 1D, the version number, and the status. If it sees that
the slot isn't actually available, it just stops right there with an error so it doesn't waste any more time. The version number it found
is saved locally so it can be used to check things later.

During the second phase, the system handles all the application-level stuff like checking the user’s info or processing their payment.
The really cool thing here is that all of this happens without putting any locks on the database at all, so other people can keep using
the system at the same time. Even if this part takes a while—like between 500ms and 2000ms—it doesn't make the database slow
down or get stuck because no resources are being held hostage.

In the last phase, the system tries to actually finish the booking with one quick atomic update. This step tries to put the user's name
on the slot, change the status to "booked," and bump the version number up by one. But this update only works if the ID is right,
the status is still "available," and most importantly, the version number is still exactly the same as it was when we first looked at it.
The whole thing depends on how many rows in the database actually change. If one row gets updated, then the booking is totally
confirmed and we know nobody else messed with it in the middle. But if zero rows get updated, it means someone else beat us to
it and the version number changed, which causes a mismatch. When that happens, the transaction just rolls back, the retry counter
goes up, and the system waits a tiny bit using exponential backoff before trying the whole thing again. If it tries a bunch of times
and still can't get it, the booking finally gets rejected. This whole atomic update trick is great because it checks the ID, the version,
and the status all at once, ensuring only one person wins the race without ever needing long-lived locks.

FastAPI MySQL
User
I I
L SCENARIO 1: SUCCESS
0 Book Slot
SELECT version (v=10)
UPDATE ... WHERE version=10
Success (Rows=1)
o 55 T AR 2 S B R NS A a
Confirmed
B AT LU PP °
@ SCENARIO 2: RACE CONDITION
Q Book Slot
‘ SELECT version (v=5)
Another user updates
Slot
Q UPDATE ... WHERE version=5
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B AL (o o L S L AT PR VIR e
Error: Slot taken
‘ .............................
FastAPI MySQL
User

Figure 2: Sequence Diagram of Optimistic Locking Flow

D. Pessimistic Locking Comparison Implementation

For the experimental comparison, we also made a traditional pessimistic locking way to handle all the concurrent booking requests.
In this method, the system start by initiating a transaction and getting a big exclusive lock on the specific charging slot. This is done
by reading the slot record in a way that stop every other transaction from even touching it until the current one is totally finished.
Once it has the lock, the system check to see if the slot is still available. If it is, it goes ahead with the application stuff like the
payment processing and checking the user. But unlike the optimistic way, these things are done while the database lock is still being
held tight. This means that any other people trying to book the same slot are just blocked and have to wait in a line. Since these
steps can take a long time—anywhere from 500ms to 2000ms—the lock stay active for a really long duration. This make the
contention go way up and the system throughput go way down.
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After all the processing is done, the system update the slot to assign the user and change the status to "booked," and then it finally
commit the transaction. The lock is only let go at the very end during that commit stage. If it find out the slot is already taken, it
just roll back and release the lock without changing anything.

The biggest difference between the pessimistic and optimistic ways is just how long those locks are held for. In the pessimistic
locking, the locks stay there for the whole transaction lifecycle which can be almost 2000ms. But the optimistic locking wait until
the very last second and only use a super short atomic update phase that usually only take 5ms. This huge difference in the lock
time is why the optimistic way is so much better and more scalable when you has tons of users all at once.

E. Experimental Design

We set up the test environment using the AWS EC2 t3.medium instances and we used the MySQL 8.0.35 with the FastAPI 0.109.0.
For the benchmarking tool we used the Apache JMeter 5.6 [19]. Our configuration included 500 Threads which is the concurrent
users, and we did a 10 second ramp up time. We made all of them target just one single charging slot so we could really maximize
the contention and see what happens when everyone fight for the same spot!

IV. EXPERIMENTAL RESULTS
A. Performance Metrics Comparison

Metric Pessimistic Locking Optimistic Locking | Improvement
(EcoCharge)

Throughput (reg/sec) | 45.2 120.7 +167%

Avg Response Time | 2,145 198 -90.8%

(ms)

95th Percentile (ms) | 4,830 312 -93.5%

Successful Bookings 1 1 -

Failed Requests 487 (97.4%) 499 (99.8%) -

Deadlocks Detected 12 0 -100%

System Crash Yes (timeout) No -

Table 1 presents aggregate performance metrics across both concurrency control strategies
Analysis
So the results show some really big differences in how they performs:
1. Throughput: OCC do 120.7 requests every second but the pessimistic one only do 45.2 requests. This make a huge 167 percent
improvement because it stop the lock fighting. The pessimistic transactions has to wait in a long line behind each other, but the
optimistic ones gets to run all at the exact same time!
2. Latency: The average response time drop down from 2.145 seconds to just 198ms. The pessimistic way force 499 users to wait
in a queue, and everybody wait for the lock person to finish paying the money (~2000ms). But OCC let them do immediate
processing and only check for the conflicts at the very end (~5ms).
3. Tail Latency: The 95th percentile metric (4,830ms vs. 312ms) is really critical for making the users happy. When we uses the
pessimistic locking, the users at the end of the line almost gets the timeout failures (which is the 5000ms limit). But the OCC keep
the responses really fast under a second even for when it need to try again.
4. Deadlocks: The MySQL InnoDB engine actually find 12 deadlocks in the pessimistic test! This force the transaction rollbacks
and retries. This happen when Transaction A lock Slot X and it wait for the User Payment Table. But Transaction B lock the User
Payment Table and wait for Slot X. So they is stuck! Then the InnoDB deadlock detector have to kill one transaction to fix it.

Response Time Distribution Comparison
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Figure 3: Response Time Distribution Graph
B. Correctness Validation
Even though there is 500 concurrent requests at the same time both of the approaches correctly handle the single available slot. We
got exactly 1 success bookings just like we expected. The data integrity is really safe because the database show a single booked by
value and it have no orphaned records. The version consistency is also perfect because the final version number equal the initial
version plus 1.

I[JNRD2605265 ‘ IJNRD - International Journal of Novel Research and Development (www.ijnrd.org)



https://ijnrd.org/
http://www.ijnrd.org/

QY3 INTERNATIONAL JOURNAL OF NOVEL RESEARCH AND DEVELOPMENT (IJNRD) 8

= 'R-l:j © 2026 IJNRD | Volume 11, Issue 5, May 2026 | ISSN: 2456-4184 | ]INRD.ORG B Ol
When we look at the pessimistic one it get 487 failures because of timeouts and deadlocks. But the optimistic one get 499 failures
because of version mismatches, and this is actually the expected behavior.

The key insight we find is that the OCC failures is very graceful. When the atomic UPDATE return affected_rows=0, the application
immediately know that another user win the race. The transaction never ever commit any invalid data. But in contrast the pessimistic
failures involve timeout exceptions which is totally unpredictable. They also involve deadlock victim selection which is arbitrary
and they can maybe cause potential partial commits inside the distributed transactions.

C. Retry Behavior Analysis

Retry Attempt | Success Count | Cumulative
Success Rate

1st Attempt 1 0.2%

2nd  Attempt | O 0.2%

(after 1st

failure)

3rd Attempt | O 0.2%

(after 2nd

failure)

Final Failures 499 99.8%

Table 2: Retry Pattern Distribution (Optimistic Approach)

So this distribution confirm the theoretical predictions for the high contention scenarios. When we has 500 users targeting just a
single slot, the probability of success equal 1/500 which is 0.2 percent. The exponential backoff algorithm that use the 50ms and
100ms and 200ms do not even help at all. This is because the slot get legitimately booked on the very first successful attempt
anyway.

D. Scalability Testing

To assess behavior under varied contention, we conducted additional tests:

Concurrent Users | Slots Available Optimistic Pessimistic Conflict Rate
Throughput Throughput
50 10 178 req/sec 62 req/sec 2.1%
100 10 165 req/sec 58 req/sec 4.8%
500 1 121 req/sec 45 req/sec 99.8%
1000 50 142 req/sec 51 req/sec 12.3%
Scalability Analysis: Throughput vs Concurrency Level
(Data from Table 3)
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Figure 4: Scalability Graph
Observations:
So we makes some really important observations from all this data. The OCC always maintain a 2.5 to 3 times throughput advantage
across every single scenario we tested. The conflict rate inversely correlate with the slot availability which is exactly as we expected
it to be. When we looks at the pessimistic performance it actually degrade linearly with the concurrency because of all the lock
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queuing. But the OCC performance only degrade sublinearly because its failures happens really fast and nobody has to do any
waiting at all.

V. RESULTS AND DISCUSSION

A. Why Optimistic Concurrency Control Wins for EcoCharge

So the experimental results validate that the OCC is way better for the EV charging marketplace domain because of three big
architectural characteristics. The first thing is the read heavy workload profile. The traffic for EcoCharge follow a 85 to 15 read to
write ratio. The users browse the available slots a lot more frequently than they is actually booking them. The OCC allow the
unlimited concurrent reads without any locking overhead. But the pessimistic shared locks still incur the mutex coordination which
slow things down.

The second thing is the low actual conflict probability. Even though we do our stress test using 500 users on just 1 slot for the worst
case scenario, the real world EcoCharge deployments average 50 to 100 slots per station. The temporal distribution also reduce the
conflicts even more. In a 24 hour window we gets 48 half hour slots and the peak hour demand is only 20 concurrent users. So the
conflict probability equal 20 divided by 48 which is 41.7 percent and not 99.8 percent. In the realistic scenarios the OCC retry
overhead is only 3 to 5 percent of the transactions, and it is vastly outweighed by its great concurrency benefits [15].

The last thing is that the network latency dominates the lock duration. The modern web applications involve a lot of stuff like the
user authentication which take 50 to 100ms and the payment gateway API which take 300 to 800ms. Then the notification services
take another 100 to 200ms on top of that. If we is holding the database locks for these durations like the pessimistic approach do it
create the cascading failures. But the OCC defer the locking all the way to the final 5ms atomic UPDATE, which minimize all the
contention windows.

B. Trade-offs and Limitations

So there is some extra work when we use the OCC. We have the retry logic complexity because the OCC shift the conflict resolution
from the database to the application layer. Instead of the database doing the automatic lock management we have to do the explicit
retry handling inside our code. Our implementation use a exponential backoff. In our Python code we try to book the slot and if we
gets a VersionMismatchError we wait for 50ms and then 100ms and then 200ms. If it reach the max retries it just raise a
BookingFailedError saying the slot is no longer available. This add some application complexity but it provide a lot better
observability and control versus the opaque database deadlock handling.

Then we has the version column overhead. Each table require a version column and a index and this add 4 bytes per row. For the 1
million slot records in EcoCharge this represent just 4MB of overhead. This is really completely negligible on the modern systems
so it do not matter much at all.

The last part is the phantom read scenarios. The OCC rely on the READ COMMITTED isolation level which permit the phantom
reads to happen [15]. This mean new rows can just appear mid transaction. For our slot booking this is perfectly acceptable because
we only care about the specific slot we is booking. But if a system require the SERIALIZABLE isolation like the big financial
ledgers do then they may need to make some additional validation logic to keep it safe.

C. Applicability to Other Domains

The EcoCharge architecture is a really great design and it can generalize to any B2B2C marketplace that act like it. It have very
high applicability for a lot of different stuff. This include appointment booking systems like when you go to the medical doctor or
a salon or for consulting. It also work really awesome for event ticketing platforms and for ride sharing when it match the driver
with the rider. It is also super good for hotel and vacation rental reservations too.

There is also some places where it only have moderate applicability. Like for the e commerce inventory stuff, it require some
eventual consistency trade offs if you want to use it. And for the financial trading platforms it is just okay because the big regulatory
requirements usually favor the pessimistic locking way instead.

But there is some things where it have really low applicability and you probably should not use it. Like in the banking core systems
they has very strict regulatory mandates that force them to use the pessimistic locking so it is not allowed. Also for the blockchain
consensus stuff the conflicts is actually features and not bugs at all, so our architecture do not fit there.

D. Production Deployment Considerations

So we also needs to do some monitoring and alerting for the EcoCharge so we can track the key OCC metrics. We uses the
Prometheus metrics for things like the booking attempts total and the booking retry count and the version conflicts rate. We has to
set some alert thresholds too. If the version conflict rate is bigger than 10 percent we investigate the slot availability sizing. And if
the retry exhaustion rate go over 5 percent we should consider increasing the max retries or maybe the slot capacity.

For the database tuning we configure the InnoDB for the OCC workloads so it run really fast. We sets the innodb flush log at trx
commit to 2 so it balance the durability and the speed. We make the innodb buffer pool size to 4G so it cache all the hot slot records.
And we set the innodb lock wait timeout to 5 so it do a fast fail for the rare lock conflicts.

Because we use the OCC it also enables the horizontal scaling. This mean we can put the stateless FastAPI instances right behind
a big load balancer. Since there is no server side session state required because the version checking is completely database atomic,
the requests can just route to any backend pod we wants them to go to!

VI.CONCLUSION

This paper present the EcoCharge which is a really big production ready distributed EV charging marketplace. It leverage the
Optimistic Concurrency Control so it can solve the Thundering Herd problem inside the high demand booking scenarios. We do a
lot of comprehensive benchmarking with the Apache JMeter and we demonstrate that the version based atomic updates achieve
some really awesome stuff. It get a 167 percent higher throughput which is 120 versus 45 requests every second, and it also get a
90 percent lower latency going from 2145ms down to just 198ms. Plus it have exactly zero deadlocks compared to the 12 we gets
under the pessimistic locking, and it keep 100 percent data integrity across all the 500 concurrent transactions!
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All this experimental evidence confirm that the OCC is the very optimal strategy for the read heavy and write light distributed
marketplaces. This is mostly for where the booking conflicts is statistically rare but they still must be handled atomically when they
actually occur. The huge success of the EcoCharge architecture validate a much broader principle, because it show that deferring
the conflict detection all the way to the commit time maximize the concurrency a lot without sacrificing any correctness at all.

A. Key Contributions

1.Algorithmic: We makes a very cool version based atomic UPDATE mechanism so it can fix the race condition resolution!
2.Empirical: We does a really big quantitative performance comparison while it is running under the realistic EV charging
workloads

3.Practical: We gives a completely open source reference implementation that use the FastAPI and the MySQL and the Docker
[18].

4.Theoretical: We do a really nice analysis of the OCC applicability criteria for all the B2B2C platforms out there

B. Future Research Directions

1. Hybrid Concurrency Control

We wants to investigate the adaptive strategies that switches between the optimistic and the pessimistic ones based on the real time
contention metrics [17]. Our preliminary experiments suggests that if we uses the pessimistic locking for the slots that has >80
percent historical conflict rates, it could really reduce the retry overhead!

2. Distributed Database Extensions

We needs to evaluate our EcoCharge OCC algorithm inside the big multi region deployments [17]. We can do this by using the
PostgreSQL with the SERIALIZABLE isolation, and the CockroachDB distributed transactions, and also the MongoDB document
level versioning.

3. Machine Learning-Based Conflict Prediction

We can trains some models so they can predict the high contention time windows, and then we preemptively scale the slot capacity
before it even happen. The features for this could includes the historical booking patterns, the geospatial demand clustering, and
also the weather data because the EVs charges a lot more during the rain

4. Blockchain Integration

We wants to explore the decentralized booking ledgers where the OCC version checking maps right onto the blockchain nonce
based transaction ordering. This could maybe enable the peer to peer charging station marketplaces without needing any big
centralized authorities to control it at all.

C. Societal Impact

Since EV adoption is going really fast toward what the IEA says will be 380 million vehicles by the year 2030 [1], having really
robust charging infrastructure software is super critical for the sustainable transportation. It is actually crazy because even though
your source says 380 million, the newest IEA Global EV Outlook 2025 says that for the Stated Policies Scenario the total road EV
stock (not counting the two or three wheelers) will actually reach around 2 billion by 2030! That is a huge amount of cars needing
a place to charge.

The EcoCharge open source OCC implementation give a perfect blueprint for the next generation mobility platforms that put the
performance and the correctness first. It make sure that the big race to get to net zero emissions do not get stuck and stumble over
the race conditions.
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