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1. EDP at a glance

EDP is a multinational (present in 14 countries), vertically integrated utility company, present throughout the

electricity value chain ...
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2. Starting point

Power plants with different equipment and technological solutions in service.

Baixo Sabor Jusante

o There are databases with the historical
operational data and OT information;

o There is a network infrastructure, that enables
data flow from the source of information/signals
to an end point (SCADA/DCS/Dispatch Center).
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3. Our Journey
Skipper (OSI-Pl): The enabler

AHBIBOTE

caamRhls HidmcAS Ad

[ Pgb
e JUCERTEZ A

/ «€G &l-‘«'l’“
e .

HASAD

A EvoincAo
Do SkIPPER[//

- over 10 Yrs of experience
- Distributed OSI Pl architecture (plant process streaming

data with over 170k tags) + relational database
- Connecting multiple data sources

- Bl and reporting tools
- Broad coverage:
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3. Our Journey
Strategic Approach

3 possible strategic approaches to Digital Monitoring were considered ...

Strategic Approaches
- - E-Extensive library of built-in asset'§°DeveIop proprietary algorithms
*Deep domain expertise (root-cause ' specific algorithms (take on the specific for own asset base
analysis, diagnosis and its resolution | : : i
e . y g > )- C experience and R&D investment fromi . Sell Big Data/lloT solutions to 3
alue Levers /. Access to specialized tools for specific : the vendor) g parties
purposes (e.g. vibration analysis) * Ability to use commercial platform for§ « Innovative (and Digital) culture
. self-modeling and app development |

________________________________________________________________________________________________________________________________________________________________________________________________________________

Platforms (non-
exhaustive)
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Where do we want to be?



3. Our Journey
lloT Platform

l@\ Partnership
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Summary for Gas, Coal & Hydro
Power Plants

Appendix R: GE Technical Proj
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Issue Date: December 29,2017
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3. Our Journey

Scope of the contract (Iberia)

O1IBERIAN GENERATION

edp edp  hc energia

b/

OF THE GROUF'S
EBITDA

] GENERATOR AND CuPPLIER
IN PORTUGAL

#3 IBERIAN GENERATOR

Total
Iberian
Generation

Scope of
the
Contract

i

i

Hydro

Coal

e 168 units with a total

installed capacity of
6951,3 MW

e 35 units with a total

installed capacity of
433 MW

e 50 units with a total

installed capacity of
5319 MW

* 6 units with a total
installed capacity of
199 MW

4 units with a total
installed capacity of
1200 MW

3 units with a total

installed capacity of
1283 MW

4 units with a total
installed capacity of
1200 MW

2 units with a total
installed capacity of
917 MW

5 units with a total

installed capacity of
2110,6 MW

4 units with a total
installed capacity of
1721 MW

_______________________________________________________________________________________________________________________________________________________________________________________

5 units with a total
installed capacity of
2110,6 MW

4 units with a total
installed capacity of
1721 MW

_______________________________________________________________________________________________________________________________________________________________________________________



3. Our Journey

Digital Solutions

#\"A Operations
7] . . -
= Optimization

Description

Scope

Performance Indicators: Monitor a set of
KPIs for each plant including heat rate,
output and fuel consumption in startups.

What if Scenarios: Access the impacts of
an input condition change to output metrics.

Day Ahead Forecasting: Determine the
capacity of a power plant for a set of
forecasted variables, including ambient
conditions.

_________________________________________________________________________________________________________________________________________________________________________________________________________________________________________

Coal + Gas
Power Plants

Erange of
reducing

minimums or
' nominal capacity, to enable the -
optimization of other services |
~(like ancillary services, with a
~ greater range).

hydro
the

Subset of Hydro
Power Plants (5)

Extension of the operational Combustion

Optimizer: Use neural

turbines, - networks models to dynamically determine

technical | the optimal mix of air and fuel and control

extending the

the systems do make the necessary
- adjustments in real-time.
- Soot Cleaning Optimizer: Use neural

- networks to balance boiler cleaning actions
~ to reduce tube erosion and excessive thermal
- shocking, minimizing fouling, plugging and
slagging events in real-time.

Coal Power
Plants




3. Our Journey

Digital Solutions

Asset
Performance

Management

Predictive Analytics: Anticipate or identify failure of an asset with longer lead
time to improve reliability and performance by modeling the expected versus
observed states of the asset parameters.

AT different assets (failure modes embedded specific to those assets).

interactions and information (knowledge management).

Coal + Gas + Hydro Power Plants (the
most relevant units in terms of the
revenue generated)

Scope

|

Requires investment to install new sensors (DGAs for the
transformers, flow transmitters for the hydro units, ...)

Case Collaboration Management: Enable collaboration between domain
experts (SMEs) for a specific issue, workflow management and record all

____________________________________________________________________________________________________________________________________________________

Maintenance  Optimization  Policy:
- Common methodology to define actions and
~their mitigated risks from any asset and

. ] . ~ evaluate existing plans with basic qualitative
Analytics Catalog and Orchestration: Access a catalog of analytics for

- risk analysis.

Coal + Hydro Power
Plants (1 coal + 1 hydro)

10




3. Our Journey

Implementation Program

EDP Digital Transformation - Program
Ql Q2 Q3 Q4 Ql Q2 Q3 Q4 Ql Q2 Q3
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3. Our Journey

Implementation example (Hydro)

o Hydro turbine (wicked and intake gates,
vibrations, temperatures, bearings, flows, etc.);

O

Generator (temperatures, air gaps, PDAs, etc.);

Unit/Main Transformer (DGA, temperatures,
voltages/currents).

o Tag mapping and available in OSI PI

O

o Capture all the relevant data:
J DGA installation and connection to DCS and PI
[ Vibration and Airgaps connection to DCS and PI
[ Cooling, flow, etc. tags connections to DCS and PI

(d Permanent online Partial Discharge Analyzers
(with new equipment that allows the connections
to the PD sensors).

Edge RM Analytics Mapping
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® 2017, General Electric Company. All rights reserved.

® Dynamic pressure 9239

Dynamic pressure 9239

Dynamic pressure 9239
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|—0 Protection & power watchdog

Thrust Bearing Accel. 9230 @
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Generator Lower Bearing Accel. 9230

12



3. Our Journey

Implementation example (Hydro)

m 333

. | g
o The Edge Analytics will be installed in 12 Hydro power plants i 3333 = ;i.-.I:..{.E ek
(critical/important assets); : | . ,

o Local real time signal processing, specific for hydro machines,
with high resolution data.

A PP, Site test
measurement
1.0 -

0.8

|
| 0.5

. \
Classical T | /
operatingrange

\

o Risk management methodology related to Operation

i 1 e
. . . | ! I
Optimization; 06 : T
" . . > i A =
o The aim is to extend the operational range of hydro turbines, 5 I | _
hydro power plant studies are included in this contract; ==
. . L. L J - q Extended operating range
o Characterize the relative performance, Efficiency and the 02 | T aterthestudy |
dynamic behavior of the machine -> new working domain \ """" — o
proposal;

o Arrisk or severity chart showing a set of dynamic measurement
indicator (Vibrations and shaft displacement levels) with time
series of main relevant KPI.

[wirf] vopieiqa Jo apnyjdwe SWY

The hill chartis meshed using a grid, the The colored cells represent the zones where the
Digital Twin knows where the machine is KPis were stored. The bigger the amplitude of the
@ operating vibration, the redder the cells




3. Our Journey

Towards an integrated Monitoring & Diagnostics Center

What a M&D Center is not:

* its purpose is not to remotely operate the power plants,

* neither to access the performance of the O&M personnel,
* itis not built to hierarchically top up the power plants,

* itis not an emergency response team,

e and it is definitely not a decision center.

Scope:

M&D Center

Goals
&
Key Value Drivers

People Processes
(Key Pilar)

oz0°
g

Tools

X

Coal + Gas + Hydro Power Plants

Goals: Develop insights from
monitoring the health and efficiency

of the assets in a predictive
manner and turn them into value.

Key Value Drivers:

* Avoid efficiency losses

* Increase the availability
(reducing unscheduled
downtime by anticipating
failures)

 Reduce maintenance costs
(early warnings prior to failures
allows for a better resource
allocation)

* New working dynamics and
mindset




Thank You

g Nuno.Guedes@edp.pt




