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From OSIsoft PI to Big Data Analytics: A data 
driven solution to reduce the environmental 

impact of upstream operations
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Project Scope

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

• reduce energy consumption and CO2 emissions from 
stationary combustion 

• enhance hydrocarbon production

• improve asset integrity, process parameter 
optimization, HSE sustainability

3



#PIWorld ©2019 OSIsoft, LLC

Developing an integrated and real time 
data solution to:

Monitor and forecast 
global energy 
efficiency KPI

Promptly detect 
anomaly in energy 
consumption or 
efficiency

Help techincians to 
drill down into the root 
causes to find 
corrective actions

4



#PIWorld ©2019 OSIsoft, LLC

Reducing energy consumption is a key 
corporate objective:

low-carbon by reducing CO2 emissions as a step 
toward carbon neutrality

decrease the environmental impact 

maximize hydrocarbon production by increasing 
efficiency 
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• Monitor & forecast the 
energy efficiency of an 
upstream plant

• Help technicians detect 
anomalies and suggest 
corrective actions

e-deatm

6

e-deatm is the analytics 
dashboard tool that leverages 
machine learning models to:
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The e-deatm tool standard workflow 
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Field Data KPI Computation Forecasting Model

Prediction & Anomaly
Detection

KPI Variations

KPI Anomaly Ranking

PI Data Archive

PI AF

Big Data 

Infrastructure

Python

PI Vision

BI Tools
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Energy consumption in an upstream plant is 
localized in key equipment:
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Stationary Combustion CO2 Emission (EI) is 
the main KPI to monitor:

𝑬𝑰 =
𝑭𝒖𝒆𝒍 𝑮𝒂𝒔 × 𝑬𝒎𝒊𝒔𝒔𝒊𝒐𝒏 𝑭𝒂𝒄𝒕𝒐𝒓

𝑮𝒓𝒐𝒔𝒔 𝑯𝒚𝒅𝒓𝒐𝒄𝒂𝒓𝒃𝒐𝒏 𝑷𝒓𝒐𝒅𝒖𝒄𝒕𝒊𝒐𝒏

𝒕𝑪𝑶𝟐

𝒌𝒃𝒐𝒆

For each energy intensive equipment there are specific energy related KPIs
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Forecasting Model

• Gradient Boosting Regression algorithm, 
predicts the value Stationary Combustion 
CO2 Emission Index KPI for the next 3 
hours.

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

• On the train/ test test the model achieved 
a R2 about 0.80 and a MAPE about 5%.
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Prediction & 
Anomaly 
Detection

KPI 
Variations

KPI Anomaly 
Ranking

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. 

In the event of an anomalous situation 

the dashboard can be used to check 

various equipment. Gauge graph 

show the variation of energy related 

KPIs with respect to different time 

frame. 

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 
organize data from different 
sources, deal with missing or 
not valid data.

Data Science development in 
Eni uses open source tools 
from the python environment.

Data 
Exploration

Feature 
Building

Model 
Training

Evaluation

Data 
Gathering
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▪ 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;

Source of Data – eDOF
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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 

sec.
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PI Connection – Standard eDOF infrastracture
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Data from the 

asset are 

historicized at  HQ 

Green Data Center

Development of 

the system from 

HQ in tight 

collaboration with 

BU engineers

Full support from 

Eni HQ 
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PI speeding up the data science workflow

Fast and flexible access 
sensors time series

Consistent Data 
aggregation, Interpolation 

and KPIs Computation

Zero missing at random
data 
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3 steps to train a model from PI System data
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Explore source data to 

identify relevant time series

• Autonomous data gathering

Ingest only relevant time 

series in Big Data 

environment

• Automatic ingestion

• Consistency in data provided to modelling phase

• Continuous data update

Start modelling with data 

from big data storage

• Coherence in the environments and used in development 

• and production machine pipeline.

• Reduce query workload on critical systems.
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Explore source data
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Data discovery performed via direct connection to PI from Data Science development environment

ADVANTAGES

• Zero configuration access to PI 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

PI Data Archive

PI AF

PYTHON 

NOTEBOOK

Pythonnet

Wrapper

Data Scientist
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Ingest relevant time series
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ADVANTAGES

• No need to perform utopic PI complete data ingestion

• Data updated every 5 minutes for relevant time series

• Environment optimized for algorithm execution

• Reduced and efficient workload on PI server

• Data structure optimized fro machine learning pipelines

Big data platform ingests relevant time series identified during data discovery activity and make them 

available to production AI models for prediction and forecast.

PI Data Archive

PI AF

PI SQL DAS

SPARK SQL

HIVE L0
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Start modelling with data
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ADVANTAGES

• Common official data sets to all AI models

• Same data used for development and pipelines

• Access granted to pipeline logs and outputs

• Data scientists work in the same environment used for 
data discovery

• Direct model deployment to productive pipelines

• Output data exposed to dashboards and applications

Modelling phase works with ingested official data; data scientists development is directly integrated with 

Big Data environment enabling data access and AI model deployment

PI Data Archive

PI AF

PI SQL DAS

Spark SQL

Data Lake L0

PYTHON 

NOTEBOOK

Data Scientist

AI MODEL

Data Lake L1

Data consumers
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Technological Stack

Data sources

PI System

Code Versioning

GitLab

Data Science

All product names, trademarks and 

registered trademarks are property of their respective 

owners.

Exploration 

phase
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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 PI 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.
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Technological Stack

Data sources

PI System

Code Versioning

Serving/QueryDistributed computation and Data Storage

Cloudera

Impala

Data Science

GitLab

Data Ingestion

All product names, trademarks and 

registered trademarks are property of their respective 

owners.

Modelling phase
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PI System Architecture
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OSI PI

Field

&

other Data Sources

PI Interfaces

- OPC

- PI2PI

- PI RDBMS

PI Server

PI DA & PI AF

JDBC WebAPIPI AF SDK

PI DA SDK

PI VISION

Data consumers and/or producer

PI Integration

PI Analysis

PI Notification

PI DataLink

Users
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Data Flow and Connection Architecture
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PI-RDBMS

ODBC

Cloudera

Impala

PI System

Model 
Processing

JDBC

Qlik

ODBC

Field PI Interface
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Data availability: BI Tools and PI Vision
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Technological Stack

Data sources

Code Versioning

Serving/Query Data ConsumerDistributed computation and Data Storage

Cloudera

Impala

Qlik

GitLab

Data Ingestion

PI System

All product names, trademarks and 

registered trademarks are property of their respective 

owners.

Live Scoring 

Phase

Trained 

Model

PI 

System

PI-RDBMS

ODBC
PI VISION
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Field application: real case
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• e-deatm 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 %)
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Field application: Real case
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• 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.
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CHALLENGES SOLUTION BENEFITS

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

Data Driven Energy Efficiency

▪ 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 PI VISION 

▪ Use Pythonnet to wrap 
PI AFSDK

▪ Use JDBC connection 
to PI to ingest data into 
Big Data 

▪ Write back output into 
PI from Impala via 
ODBC

▪ Flexible access 
during data 
exploration phase

▪ Structured access to 
PI AF & PI Data 
Archive

▪ Discovery of possible 
efficiency actions by 
leveraging on 
machine learning 
tools
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• Lorenzo Lancia

• lorenzo.lancia@eni.com

• Data Scientist

• Eni

• Gianmarco Rossi

• Gianmarco.rossi@eni.com

• Production Engineer

• Eni
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Questions?

Please wait for 

the microphone

State your 

name & company

Please remember to…

Complete Survey!
Navigate to this session in 

mobile agenda for survey

DOWNLOAD 
THE MOBILE 
APP
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