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CERNSs Electrical Network
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CERNS Electrical Network

Heterogeneous Electrical Network

» Diverse Voltage Levels and Loads: 400kV, 130kV, 66kV, 18kV, 3.3kV, and others. Reactive loads.
« Varied Devices & Equipment

« |EDs, PLCs, Serial Devices, UPS, Diesel Generators, Battery Chargers, etc.

* Multiple Communication Protocols

« |EC 61850, IEC 60870-5-104, MODBUS, JBUS, and other proprietary serial protocols

« Organic Growth

» Developing with the laboratory and evolving to meet the requirements of its machines and systems

« Comprehensive Supervision System

« Multilevel Monitoring: Supervision at all voltage levels, from high voltage to low voltage equipment

« End-to-End Oversight: Ensures robust performance, reliability, and safety across the entire electrical
network
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Electrical Network Supervision - (ENS)

A constellation of systems and services:
» Typical 4 level SCADA (PSEN — RTUs — IEDSs) Q @
* Online configuration system (ENSDM)

« Energy Management System (Web Energy) _ T .:_ - @

« Connections to other CERN services @F N

WValues or
Alarms

___________________ Configuration
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Electrical Network Supervision - Layers
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SCADA - PSEN

« WIinCC OA based SCADA developed internally (BE/ICS)

* Monitoring CERN'’s Electrical Network

> Quicklist Filters

v Custom Filter

Devie T2
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] ot name T —

« 320,000 data points
« 24,500 devices

e 125,000 alarm states
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Supervision Layer — Network Layout
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Configuration workflow

« Automate as much as possible Commissioning sheel
Test SCADA Servers  SCADA Servers —Expm—hE»Stme
« Achieve uniformity through standardization and g = -

harmonization ii ii— \
Area responsible

b BOOSt eﬁICIGncy and mlnlmlze Eﬁort T T Push enerate configuratiom—— "
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configuration
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Substation operation — Evolution

~ EIC4UT/M4
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Energy Management
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The challenge

(EU) from January 2020 to July 2022

(in euros per megawatt-hour)
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Energy Management @ CERN - Web Energy

« Used to manage the energy consumption at CERN

« Generates energy consumption forecast

* Enables to identify early, deviations from forecasted consumption

» Assists with the management of the electricity contract

« Allows to evaluate assumptions

* Findings discussed at a dedicated panel — Energy Management Panel (EMP)

« Gives visibility of the energy consumption to the users
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Energy Management @ CERN - History

2007 2012 2018 2021

First attempts towards First version of Web Proposal for WE2: WE?2 in production
energy management Energy was made - Redesign of data

application available model

* Forecasting
 Stack modernization

After using other Next iteration of Web

external solutions with Energy Development of WE2

mixed results, internal « Stack consolidation started ISO 50000-1
development of a web- « Minor functionalities « Paper + Presentation at P
based system started added ICALEPCS Certification
2011 2015 2019 2022

N
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Energy Management @ CERN — Web Energy

Web Energy by EN!EL°
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Energy Management @ CERN — Web Energy

Deviation
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Total energy for V.16 (2022 ) 1,283,257.81 MWh
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Capabilities

Flexible Energy tree:
» Allows versioning
* Incorporates revisions
« Graphical editor for the tree:
* Ergonomic & intuitive
« Spike detection, logging & tracing:

« Enables to find abnormalities in the configuration
or data, quickly and efficiently

* Flexible file exports

* Responsive design
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Forecasting

« Based on accelerator schedule

« Enables to generate different scenarios in
short amount of time

* Important for strategy and decision making

« Continuously evolving and improving

» Indispensable tool for the management of the @
electricity contract
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Data model
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Dashboards

Daily Average Power of CERN per site in 2022

WebEnergy by EN/EL

Main Navigation v CERN per site v 022 v Allyear v

Energy Consumption of CERN per site in 2022 Energy Consumption of CERN per site in 2022
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Graphical tree editor
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Scenario comparison and planning

Forecast vs Actual Consumption Schedule
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1ISO 50001

Web Energy enables continuous improvement via assisting in the all steps of the PDCA Cycle (ISO50001)

- P
Identify significant energy uses

Establish EPIs, EB and Energy
targets

/

Use data to better understand and
make decisions about energy use

N—

Make users aware of their

7

( ™
energy consumption
Increased visibility reduces
energy consumption
_J
\
Monitor, measure, analyse,
J L evaluate and audit energy usage

_/
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Roadmap

» Add support for Gas and Water
« Advanced reporting & analytics
« Support for additional data sources

« Anomaly detection using Al

« Anomaly detection using a reconstruction
convolutional autoencoder model

ML System Anomaly

detection
TensorFlow REST
with Keras API
Maodel store

-«

Train model for Feeder,
Consumer
Check daily values for
anomaly based on model

Web Energy
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Conclusion

Q

Energy management is
Important for CERN

&

&

Web Energy handles many
aspects of the process

The system has been proven,
Is evolving and actively
maintained
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