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World’s leading producer of net-zero electricity
90% carbon-free electricity generation

Europe’s leading hydroelectric producer
A global leader in wind and solar

Europe’s top investor in energy transition
with € 16,4 bn of investment

Almost 180,000 collaborators in the world
with 75% located in France
Recruitment in progress of 20,000 more

First major French company to calculate its #impactscore
a framework that enables businesses to comprehensively assess their impact
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OUR PURPOSE

To build a net zero energy future through electricity and 
innovative solutions and services, 
contributing to environmental sustainability, well-being 
and economic growth.



EDF Hydro Division in video
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Who in the audience has ever asked themselves one of these questions ?

How to :
• Minimize the time spent to deploy AF template instances and enable users to do it ?
• Automatically generate AF hierarchies from the company’s asset repositories ? 
• Extend AVEVA PI System features ?
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Answering these questions was our challenge



Inventory of use cases

• Back in 2020, the Hydro monitoring and performance communities were considering the creation of 
more than 80 AF templates

• We classified the expected AF templates in 3 categories using 3 criteria :

© 2024 AVEVA Group Limited or its subsidiaries. All rights reserved.



Non exhaustive list of expected AF templates
Light Medium Heavy

Averages Calculation of startup and shutdown sequences of 
generation unit in all operating modes

Power plant and generation unit efficiency calculation + 
link to a Digital Twin

Totals Linear regression Head losses monitoring

Gradients Duration to a state since a date Linear interpolation (1 & 2 dimensions) using abacuses

Polynomial calculation Sensor monitoring Estimated date of the next Pelton Wheel inspection

Apparent power Generation unit braking time Alternator refrigerant fouling indicator

Number of occurrences Asset operating time Time counter after coupling a unit to the electrical grid

Distance traveled by a moving asset Monitoring of reservoir elevation constraints Threshold exceedance (several thresholds, Hysteresis…)

Edge counter Duval Triangle (transformers) email and SMS notifications

Deviation from the flowrate specifications Asset maneuvering time Counting of intermittency cycles

… … …

50 % 25% 25%
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We estimated the distribution of the 80 planned templates based on the categories



Is it suitable to use AVEVA tools (PI System Explorer and PI Builder) to scale up ?

Deploying instances of an AF template

• We decided to test the manual deployment process, on a medium complexity AF Template : 
• Calculation of the startup sequence of hydro generation units in generator mode (over 700 for that template)

• It took nearly 60 days to deploy the instances for just 30% of the fleet, involving hundreds of emails and Excel files

• By extrapolating, it could take more than 160 days to deploy the AF template on the whole fleet
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• We took a break to ask ourselves the right question : Is this manual method viable in the long term ?



Deploying instances of an AF template
• We estimated the workload for each team (PI & Hydro Communities) based on the categories :

• for the manual process

• for a potential automated process
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• This experience convinced us that the time saved could finance the development of a tool around the PI System to 
help us meet our goals

• Project name :

All numbers are in Days

-4547

-3013

-80%
A potential 80% reduction in the time 
required to deploy models



AVEVA Stack at EDF Hydro
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Development & integration
On Premise

Ancillary
On Premise

Production
On Premise

700k tags 700k tags

LB

: Actual instances behind a load balancerLB

LB

LB

LB

LB

LB

LB

: Forecasted instances behind a load balancerLB

LB LB

10370 displays179 displays

2255

N : Number of users who connected at least once

9712

16 displays

220 daily connected users (average)



How to minimize the time spent to deploy AF 
template instances and enable users to do it ?

QUESTION 1
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Web application
.Net 8 (C# , Blazor Server)
Microsoft SQL Server
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Using the existing AVEVA stack and EDF Hydro systems

Technical solution

EDF Hydro Repositories

Authentication
Authorization Ancillary

Production

• Managing backfilling is not available 
on PI WebAPI

• Waiting for AF SDK to be compliant 
with .Net 8 to remove the REST API! 

.Net Framework 4.8



AF Template Creation and Deployment process

• To enhance clarity and storytelling, let me introduce you to :
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Estelle : Member of the PI System team

Michael : Member of the Hydro monitoring & performance communities



Michael sends Estelle a formatted e-mail outlining his 
requirements.
This need has already been shared and discussed within the 
monitoring or production communities.

© 2024 AVEVA Group Limited or its subsidiaries. All rights reserved.

AF Template Creation and Deployment process

1: Sends AF template specifications by e-mail



2: Creates the AF Template on PI Ancillary 

Estelle : 
• Selects a model code
• Identifies the type of Hydro asset associated with the 

template (generation unit, transformer, penstock, valve…)
• Creates the AF template on the Ancillary system
• Prepares the documentation
• Develops a PI Vision display to assist Michael in testing 

the template
• Conducts the unit testing
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AF Template Creation and Deployment process

1: Sends AF template specifications by e-mail



3: Configures the AF Template

2: Creates the AF Template on PI Ancillary 

Estelle configures the AF Template in PI Utility.
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AF Template Creation and Deployment process

1: Sends AF template specifications by e-mail



4: Informs that the AF template is ready for testing

3: Configures the AF Template

2: Creates the AF Template on PI Ancillary 

Estelle informs Michael that the AF template is available in PI 
Utility.
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AF Template Creation and Deployment process

1: Sends AF template specifications by e-mail



5: Deploys test instances on PI Ancillary

4: Informs that the AF template is ready for testing

3: Configures the AF Template

2: Creates the AF Template on PI Ancillary 

For each selected asset, PI Utility performs the following actions on 
the ancillary PI System :
• Creates the AF Template instance
• Maps the input attributes to PI tags (using naming pattern)
• Creates the output tags
• Starts the analysis
• Initiates the backfilling if configured for the template

Michael selects the AF Template in PI Utility and chooses the 
assets to test it.
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AF Template Creation and Deployment process

1: Sends AF template specifications by e-mail

The single chevron indicates that the instance is deployed on the ancillary PI System only



6: Tests, back and forth exchanges to update the AF Template

5: Deploys test instances on PI Ancillary

4: Informs that the AF template is ready for testing

3: Configures the AF Template

2: Creates the AF Template on PI Ancillary 

Michael uses PI Vision and PI Datalink to test the AF template.

If necessary, Estelle updates the template and Michael 
continues testing.
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AF Template Creation and Deployment process

1: Sends AF template specifications by e-mail



6: Tests, back and forth exchanges to update the AF Template

5: Deploys test instances on PI Ancillary

4: Informs that the AF template is ready for testing

3: Configures the AF Template

2: Creates the AF Template on PI Ancillary 

Michael informs Estelle that he validates the AF template.
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AF Template Creation and Deployment process

1: Sends AF template specifications by e-mail

7: Validates the template



8: Deploy the AF Template in production

6: Tests, back and forth exchanges to update the AF Template

5: Deploys test instances on PI Ancillary

4: Informs that the AF template is ready for testing

3: Configures the AF Template

2: Creates the AF Template on PI Ancillary 

Estelle deploys the AF template to the production environment.
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AF Template Creation and Deployment process

1: Sends AF template specifications by e-mail

7: Validates the template



9: Allow the AF Template to be used in production by PI Utility

8: Deploys the AF Template in production

6: Tests, back and forth exchanges to update the AF Template

5: Deploys test instances on PI Ancillary

4: Informs that the AF template is ready for testing

3: Configures the AF Template

2: Creates the AF Template on PI Ancillary 

Estelle allows in PI Utility the AF template to be used in production.
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AF Template Creation and Deployment process

1: Sends AF template specifications by e-mail

7: Validates the template



10: Deploys all the required instances of the AF template

9: Allows the AF Template to be used in production by PI Utility

8: Deploys the AF Template in production

6: Tests, back and forth exchanges to update the AF Template

5: Deploys test instances on PI Ancillary

4: Informs that the AF template is ready for testing

3: Configures the AF Template

2: Creates the AF Template on PI Ancillary 

Michael deploys the instances of the AF template to production.
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AF Template Creation and Deployment process

1: Sends AF template specifications by e-mail

7: Validates the template

For each selected asset, PI Utility carries out the following actions 
in the PI Production system:
• Creates the AF Template instance
• Copies the attributes configuration from the ancillary 

instance
• Generates the output tags
• Starts the analysis
• Initiates the backfilling if configured

The double chevron indicates that the instance is deployed on both the ancillary AND 
production systems with the same settings



Dashboard that allows to monitor all the  deployed instances 
and their statuses
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Incomplete settings Deployed on ancillary only Deployed on ancillary AND 
production

Assets excluded from the 
template

Instances in 
error



Deviation from the flowrate specifications
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• Classification
• Light

• Objectives
• Calculation of the power produced by 

a plant when the downstream flow 
exceeds the specifications related to 
the concession.

• Time to build and test
• 2 days

• Time to deploy
• 2 days (40 power plants)

• Earnings
• Several hours saved per power plant
• Quality and precision of the results



Monitoring of reservoir elevation constraints

© 2024 AVEVA Group Limited or its subsidiaries. All rights reserved.

• Classification
• Medium

• Objectives
• Definition of up to 7 elevation 

constraints (Contextual levels, low 
water level, tourist levels, drinking 
water…)

• Overlay of the reservoir level over 
the last ten years

• Time to build and test
• 4 days

• Time to deploy
• 5 days (100 reservoirs)

• Earnings
• Instant visualization of reservoir 

history
• Real-time monitoring of compliance 

with the reservoir level constraints



Estimated date of the next Pelton wheel inspection
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• Classification
• Heavy

• Objectives
• Automatic calculation of the next Pelton 

wheel inspection, considering the history, 
the operation of the wheel and its load, 
and the EDF Hydro reference document 
on wheel monitoring

• Uses the past 3 years history to forecast 3 
possible dates

• Will be done on ~300 wheels at the target
• Time to build and test

• 13 days on AF + 30 on PI Utility
• Time to deploy

• Deployment in progress
• 20-30 days (at the target)

• Earnings
• Assistance in scheduling the wheel 

inspection at the most appropriate time 
(economically and according to 
production constraints)

• Days of work per wheel

History Forecast



Head losses monitoring
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• Classification
• Heavy

• Objectives
• Comparison of measured head losses 

with those calculated by the digital 
twin

• Time to build and test
• 6 days

• Time to deploy
• 50 days (297 generation units)
• Mainly spent searching for the exact 

values of the model’s static attributes

• Earnings
• Knowing the head losses of all the 

galleries, penstocks and the net heads
• Improving the quality of the energy 

models of our installations in the 
digital twin that are used for the 
calculation of the Hydro power plant’s 
programs

• Detecting abnormal head losses and 
problems in turbines

Example of comparison between monitored data and data calculated by the digital twin



How to automatically generate AF hierarchies 
from the company’s asset repositories ?

QUESTION 2
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Automatically generate AF hierarchies from the company’s 
asset repositories
• Deploying AF elements to represent assets is technically like deploying AF elements to perform calculations, so the 

same mechanism could be applied

• We just had to create

• One AF template per asset type (generation unit, dam, transformer, penstock, valve…)

• One AF template per organization entity (Production Unit, Group of power plant, power plant)

• Configure these templates in PI Utility
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Automatically generate AF hierarchies from the company’s 
asset repositories
• Create a mechanism to map AF attributes to PI tags using naming patterns and exceptions
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How to extend PI System features ?
QUESTION 3
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PI tags usage

• Tag usages are collected from various sources :
• PI AF, PI Vision, Predictive Analytics and few EDF Hydro systems 

• Provide insights on where these PI tags are used
• With tag additional information

• First and last value timestamp, tag frequency
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Data transfer between tags
• Data transfer between 2 tags (*)

• Checks : 

• UOM, 

• Point Source, 

• tags usage, 

• source last value < target first value…
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(*) Modifications applied to all the PI environments



Invalidate events between two timestamps
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• Invalidate events between two timestamps (*) and set an invalid data Digital state with annotation at the beginning of the period

(*) Modifications applied to all the PI environments



Archived events manipulation
• Add, edit or delete PI tag values (*)

• Import data from CSV files (*)
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(*) Modifications applied to all the PI environments



Additional features

• Visualize PI Web API statistics from all instances

• Data exports to various systems and formats

• Tag lifecycle history (renamed, deleted…)

• Abacus management (used by PI AF & PI Analysis)

• AF Template consistency check between PI databases

• Data transfers between PI environments

• …
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Results
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Results
• Teams

• PI System : 
• 2 development engineers focused on PI Utility

• 2 engineers dedicated to managing AF templates

• 1 team Leader

• Hydro monitoring & performance communities :
• 8 engineers

• Achievements since 2021 :
• Developed 92 AF templates, with ~16,000 instances deployed in production by Michael, resulting in 21,000 tags created

• Created 29 AF templates to synchronize ~14,000 EDF Hydro assets with the AF hierarchy

• Released 67 versions of PI utility

• Success Factors :
• Leveraging the openness of the PI System

• Effective design of PI Utility, enabling :
• Easy scalability : possibility to deploy thousands of instances of an AF template which is almost impossible manually

• Reduction of human errors (Tags and instances naming, parameters settings between Ancillary and Production systems)

• Huge time savings for both the PI System team and the Hydro monitoring community

• Seamless addition of new features when we need them
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What’s next for PI Utility?

Future considerations

• Implementation of new compression settings on existing archived events using swinging door algorithm 

• Implementation of data retention policies per tag

• Integration of Predictive Analytics template instances deployment from PI Utility

• Requires upcoming evolutions on AVEVA Predictive Analytics

• Automation of AF template instances attributes configuration

• …
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Testimonials from the Hydro monitoring & performance communities
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”PI Utility is an exceptional ergonomic 
tool that simplifies the creation and 
management of industrial data with 
remarkable efficiency and reliability”

Vincent F.

“PI Utility is a simple and effective interface to 
manage our monitoring data. This is a huge 
time saver on a daily basis and a guarantee of 
long-term maintenance of our models.”

Michael B.

“PI Utility helps improve monitoring and 
analysis by quickly and easily developing 
new user-specified models.
Data creation is instantaneous, reliable, 
provided with history, named according to 
a standard and controlled.”

Mathieu G.

“By allowing us to have control over creating 
new PI tags calculated from existing tags, PI 
Utility has significantly improved our ability to 
detect and analyze operating deviations in our 
hydroelectric facilities. It allows us to develop 
other operating services such as assistance in 
carrying out condition-based maintenance.” Guilhem T.

“The strength lies in offering, through the PI System, 
technical solutions that improve overall efficiency by 
focusing development teams on new challenges rather 
than deployment tasks. PI Utility has enabled the 
multiplication of use cases and quick gains without overly 
taxing development resources. I think it is a great success.”Frédéric G.D.

“PI Utility is an essential tool for us to develop 
advanced calculation and visualization within 
PI. Without this tool, our performance 
monitoring project would not have succeeded. 
It allows us to easily and flexibly manage PI AF 
calculation models by non-IT staff without in-
depth knowledge of PI.”

Jean H.



Challenge

Results

Solution

EDF Hydro reduces the time needed to deploy 
AF models instances

POWER GENERATION | FRANCE

• Minimize the time spent to deploy AF template instances and enable users to do it
• Automatically generate AF hierarchies from the company’s asset repositories
• Extend PI System features

• Development of PI Utility, a Web Application (.Net 8 C# , Blazor Server and Microsoft 
SQL Server) interconnected to EDF Hydro asset repositories and the Ancillary and 
Production PI Systems

• With a team of 6 Hydro monitoring engineers and 5 PI & development, we could 
deploy 92 AF models and almost 16K AF template instances in production.
It took 80% less time to deploy them compared if we had to do it manually.

• The development of PI Utility was financed by the time we saved in deploying 
instances. We had a huge gain in agility, efficiency and quality.

© 2024 AVEVA Group Limited and its subsidiaries. All rights reserved.



Presenter

• Jérôme BOUDON

• EDF SA, Hydro Division

• PI System Hydro Project Manager

• jerome.boudon@edf.fr
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EDF was an actor in that innovation!

mailto:jerome.boudon@edf.fr


Q&A
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This presentation may include predictions, estimates, intentions, beliefs and other statements that 
are or may be construed as being forward-looking. While these forward-looking statements 
represent our current judgment on what the future holds, they are subject to risks and uncertainties 
that could result in actual outcomes differing materially from those projected in these statements. 
No statement contained herein constitutes a commitment by AVEVA to perform any particular action 
or to deliver any particular product or product features. Readers are cautioned not to place undue 
reliance on these forward-looking statements, which reflect our opinions only as of the date of this 
presentation.  

The Company shall not be obliged to disclose any revision to these forward-looking statements to 
reflect events or circumstances occurring after the date on which they are made or to reflect the 
occurrence of future events.
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linkedin.com/company/aveva 

@avevagroup 

ABOUT AVEVA 

AVEVA is a world leader in industrial software, providing engineering and operational solutions across multiple industries, 
including oil and gas, chemical, pharmaceutical, power and utilities, marine, renewables, and food and beverage. Our 
agnostic and open architecture helps organizations design, build, operate, maintain and optimize the complete lifecycle 
of complex industrial assets, from production plants and offshore platforms to manufactured consumer goods.

Over 20,000 enterprises in over 100 countries rely on AVEVA to help them deliver life’s essentials: safe and reliable 
energy, food, medicines, infrastructure and more. By connecting people with trusted information and AI-enriched 
insights, AVEVA enables teams to engineer efficiently and optimize operations, driving growth and sustainability.

Named as one of the world’s most innovative companies, AVEVA supports customers with open solutions and the 
expertise of more than 6,400 employees, 5,000 partners and 5,700 certified developers. The company is headquartered 
in Cambridge, UK.

Learn more at www.aveva.com 
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http://www.aveva.com/
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