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Project Scope

Forecast & detect anomaly in energy consumption
exploiting real-time data to:

* reduce energy consumption and CO, emissions from
stationary combustion

« enhance hydrocarbon production

* improve asset integrity, process parameter
optimization, HSE sustainability
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Developing an integrated and real time
data solution to:

Monitor and forecast
global energy
efficiency KPI

OSlsoft

PlWorld cothensures 2019

Promptly detect
anomaly in energy
consumption or
efficiency

Help techincians to
drill down into the root
causes to find
corrective actions
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Reducing energy consumption is a key
corporate objective:

low-carbon by reducing CO, emissions as a step
toward carbon neutrality

decrease the environmental impact

maximize hydrocarbon production by increasing
efficiency
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e-dea™

‘.'

e-dea
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eni
digital
energy

analytics

e-dea'™ is the analytics
dashboard tool that leverages
machine learning models to:

* Monitor & forecast the
energy efficiency of an
upstream plant

* Help technicians detect
anomalies and suggest
corrective actions
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The e-dea'™ tool standard workflow

Prediction & Anomaly
Detection

Field Data

KPI Computation

Forecasting Model

KPI Variations

J \

KPI Anomaly Ranking

!

Pl Data Archive

OSlsoft
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Pl AF

!

Big Data
Infrastructure

Python

Y
Pl Vision
Bl Tools
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Energy consumption in an upstream plant is
localized In key equipment:
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Stationary Combustion CO,, Emission (El) Is
the main KPI to monitor:

_ Fuel Gas X Emission Factor tCOzl
"~ Gross Hydrocarbon Production lkboe

For each energy intensive equipment there are specific energy related KPIs

Plant level Plant KPI

Unit level Unit A KPI Unit B KPI Unit C KPI

Equipment level KPI'1 ‘ KPI 2 KPI 3
Variable level Variable x Variable y | Variable z

EDOF

Control Room

7 oslsoft
PlWorld cotrensurs 2019 #PIWorld ©2019 OSlsoft, LLC



Forecasting Model

. Gradient Boosting Regression algorithm, STATIONARY COMBUSTION CO,

predicts the value Stationary Combustion EMISSION (El)
CO, Emission Index KPI for the next 3 _
hours. Real value Predicted Value

» Predictors features are KPI and
operational parameters for all the energy
intensive equipment, seasonal features and
exogenous like temperature or humidity.

tCO2/kboe

* On the train/ test test the model achieved
a R? about 0.80 and a MAPE about 5%.
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Prediction &
Anomaly
Detection

o e previsione Indice di emissione (7 giorni) [tCO2/kboe] RGO

Using the predicted values, site
operators will get a plant status report.
By confronting real values with
predictions we can detect anomalies
in plant consumption.

KPI

Variations

In the event of an anomalous situaton
the dashboard can be used to check O 346%
various equipment. Gauge graph [ I 1 I

show the variation of energy related

KPIS Wlth respeCt to diﬁ:erent tlme 0,14% 1,669 3,350 0,23% 19,12% 35,75%
frame. , X

KPI Anomaly
Ranking

7 OSlsoft
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To avoid temporary or non relevant
fluctuations to trigger unwanted
response. Another graph is shown in
the dashboard displaying fluctuations
normalized by sensor standard
deviation
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Developing a machine learning model means
iterating through a series of steps:

And having to manage and
%g ot ) ata Q‘i organize data from different
M Gathering Exploration sources, deal with missing or
A not valid data.

Data Science development in

N Eni uses open source tools
Feature .
Building / from the python environment.

Model %
Training Jupyter !

° python” =" ANACONDA
'
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“r
Source of Data — eDOF el

Mature technology adopted by O&G Industry various names: Smart Fields®, Field of the
Future®, i-Field®, Intelligent Field or Integrated Operations;

Based on high frequency data acquired automatically in real time, integrated with lower
frequency data (daily, monthly...), results of modelling and simulation and manually
collected data to support better decision making processes;

eni
digital
oilfield |

Eni standard configuration is named eDOF:

» based on configuration of state-of-the art off-the-
shelf components

 design, implementation and deployment activities
are performed by Eni people, both from IT and
business disciplines, incorporating Eni Intellectual
Property.

« eDOF is actually acquiring/calculating 350*106
values every day, with an average frequency of 20

SecC.
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Pl Connection — Standard eDOF infrastracture cdot | doal

‘ oilfield
[ Site ] Sites and BU offices o HQ~ Data from the
asset are
%?\/ historicized at HQ
Sy Green Data Center

_~ Plinterface

~— g Development of
wonioringand s — the system from
i , HQ in tight

collaboration with
BU engineers

Full support from
Eni HQ

DCS with OPC Server
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Pl speeding up the data science workflow

Fast and flexible access Consistent Data Zero missing at random
sensors time series aggregation, Interpolation data
and KPIs Computation

/ OSlsoft.
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3 steps to train a model from Pl System data

Explore source data to

identify relevant time series

Ingest only relevant time
series in Big Data
environment

Start modelling with data

from big data storage

OSlsoft.

PlWorld cothensures 2019

Autonomous data gathering

Automatic ingestion
Consistency in data provided to modelling phase
Continuous data update

Coherence in the environments and used in development
and production machine pipeline.
Reduce query workload on critical systems.

#PIWorld  ©2019 OSisoft, LLC
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o
Jupyter
o

@

OSlsoft

Explore source data

Data discovery performed via direct connection to Pl from Data Science development environment

Data Scientist

PYTHON
NOTEBOOK

Pythonnet g
Wrapper m@

Pl Data Archive

PlWorld cothensures 2019

ADVANTAGES

Zero configuration access to Pl Data Archive

Complete access to time series and PI functionalities
Security granted by PI profiles and NT authentication
Language and environment optimized for data science
Real-time update

interpolated

#PIWorld  ©2019 OSlisoft, LLC
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Ingest relevant time series

Big data platform ingests relevant time series identified during data discovery activity and make them
available to production Al models for prediction and forecast.

ADVANTAGES
* No need to perform utopic Pl complete data ingestion

®
g « Data updated every 5 minutes for relevant time series
-] . - . .
HIVE LO o « Environment optimized for algorithm execution
3]
SPARK SQL * Reduced and efficient workload on PI server

« Data structure optimized fro machine learning pipelines
PI SQL DAS

@e Pl AF
Pl Data Archive
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Start modelling with data

Modelling phase works with ingested official data; data scientists development is directly integrated with
Big Data environment enabling data access and Al model deployment

ADVANTAGES
Data Scientist Data consumers « Common official data sets to all Al models
Data Lake L1 « Same data used for development and pipelines
. o g » Access granted to pipeline logs and outputs
A PYTHON Al MODEL o . .
Jupy 3 « Data scientists work in the same environment used for
©

NOTEBOOK Data Lake LO
Spark SQL

° data discovery

Direct model deployment to productive pipelines

Pl SQL DAS Output data exposed to dashboards and applications

@® Pl AF
Pl Data Archive
0Slksoft
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Technological Stack Exploration

phase
[ Data sources ] \_ GitLab
[ Data Science ]
o ° e
e & 0
@ python’ o~ ANACONDA
Pl System

All product names, trademarks and
OSlsoft registered trademarks are property of their respective
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Modelling

 Training a ML Regressor with tag time series batch
collected from Big Data

* Only essential feature transformation demanded to
model. Most operation assigned to either Pl Server or
Big Data Spark Job.

* Training done in Jupyter Environment to evaluate
performances.

* After training a serialized object (pickle) is exported for
deploying the model for live scoring.

) OSslsoft
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Technological Stack Modelling phase

[ Code Versioning ] [ Data Science ]

v "3 Jupyter D
GitLab python’ o~  ANACONDA

[ Data sources ] [ Data Ingestion ] [ Distributed computation and Data Storage ] [ Serving/Query ]

-l

Pl System Impala

v
[ Lﬂ ] {Sﬁaf’:z] Cloudera
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Pl System Architecture
@

OSIPI

Field Pl Server

&
other Data Sources

Pl VISION

Pl DA & Pl AF

Users

Pl Integration

Pl AF SDK JDBC WebAPI Pl DataLink
Pl DA SDK

Data consumers and/or producer
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Data Flow and Connection Architecture

SEEE \
/ Model
Fetd | [ > ; .
; PIsystem | | _ Processing
E ! ODBC

Isoft
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Data availability: Bl Tools and PI Vision
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Technological Stack Live Scoring

Phase

[ Data sources ] [ Data Ingestion ] [ Distributed computation and Data Storage ] [ Serving/Query ] [ Data Consumer ]
Pl System E p hadaﬂ[ﬂ Spr‘Az ( Qlik
i \

3

Code Versioning ﬁ

Cloudera
Impala ﬂ
python” PIRDBMS (¢ PI VISION
Trained P
GitLab Model System
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Field application: real case

» e-dea!™ detects an anomaly in energy
consumption, foreseeing the increasing of
the KPI

 and drill down into the root causes,
Indicating the equipment with bad
performance (positive variation %)

Variazione percentuale 04-10-2018 16:00 rispetto alla media su 7 Giorni

V330 L1 Vapore/Ammina V330 L2 Vapor v3zoLy V330 L4 Vapore / Ammins

fapoce | Olio

'-33,27% -2,64% -1,89% -1,83% 0,24%
i | |

V580 Sect900 Vapore/ Ammina V580 Sect1S0 Vapore/Ammina V580 Sect100 Vapore/Ammina V210 L4 Vapore/ Ofio poce / Olio

0,35% 2,24% -4,63% -1,39% 4,12% 0,09%

OSlsoft
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Energy Efficiency >
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Field application: Real case

» The production engineer easily checks the parameters and trends on PI-
Vision, knowing in advantage on which unit to look.

 Action to reduce energy consumption are implemented and monitored.

* The tool is also very useful to restore the optimal condition after a variation
In the operating conditions.

O I;I.ﬂ\;ision
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Data Driven Energy Efficiency

1

&

CHALLENGES

How to get access to PI
Data from Data Science
standard tools.

Deploy a Model into Big
Data environment

Make the output of data
science model available
in tools familiar to
operations technicians
like Pl VISION

OSlsoft
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>

SOLUTION

Use Pythonnet to wrap
PI AFSDK

Use JDBC connection
to PI to ingest data into
Big Data

Write back output into
P1 from Impala via
ODBC

b

BENEFITS

Flexible access
during data
exploration phase

Structured access to
Pl AF & PI Data
Archive

Discovery of possible
efficiency actlons by
leverag |n?

machlne earning
tools

A

e-dea

From the beginning of real field application we implemented more

than 15 energy efficiency actions leading to a significant reduction in
co2 emission of an upstream giant oil field

#PIWorld

eni
digital

energy
analytics
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Speakers

e Lorenzo Lancia
* lorenzo.lancia@eni.com

» Data Scientist
* Eni

« Glanmarco Rossi
 Glanmarco.rossi@eni.com

* Production Engineer
* Eni
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Questions?

Please walt for

the microphone &

State your
name & company
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Please remember to...

Complete Survey!

Navigate to this session in
mobile agenda for survey

=—
TO DOWNLOAD &

APP, SEARCH
OSISOFT

PIWorld

£ Download on the ETITON
@& AppStore P> Google Play
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