The Internet of Wind as Enabler for Progressive Asset
Management
Gregor Biering

Team Lead Application Development
E.ON Climate & Renewables GmbH

OSlsoft EMEA User Conference 2016
Berlin, September 28t 2016




The Internet of Wind as Enabler for Progressive Asset Management

Setting the scene
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Setting the scene

E.ON Climate & Renewables Operates a Capacity of 5.1 GW Across
Europe and North America!
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1. Includes Amrumbank West upgraded to 302MW in 2016.
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Setting the scene

Our Interpretation of Progressive Asset Management Covers Various
Initiatives, Tools and Processes
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Setting the scene

With Progressive Asset Management We Get More out of the Portfolio

- Revenue Model

" Prog. Asset Management

Extension

- Result ———

Total Costs
Reduction
Availability and Market

Performance

Grid
Penalties

Evaluation Platform

Planned Actual Accurate Power
Unavailability Tool Production Forecasting
Curtailment

Types .
Environmental T Forecasting

Lifetime

Higher levels of control to increase
availability and drive down O&M costs
significantly across on- and offshore wind
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Setting the scene

Energy Yield Increases Turbine Performance Through Three Primary Levers

Efficiency Availability Further Levers

100
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- + Turbine Model B (new) N = . 98
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- 96
- 95
- Availability targets
e Mt i sposa s ®2010time  ®2011 time 0 4 8 12 16 20
Identify performance deficits through pre- Improve reliability by identifying recurring Identify and implement performance
inspection analysis reports; support the issues in pre-inspection analysis reports; enhancing solutions offered by turbine OEMs
correction of these issues; quantify the Control Room and site teams rapidly respond and third-parties
production improvement benefits to faults aided by self-developed tools
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Setting the scene

Mission Impossible: Analytics Without an Integration Layer

B P
DSO / TSO Maps/ GIS T
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h [l SCADA Data
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\_ Analytic}:p\s Centre /.

SR 8
Spareparts /
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T T . Weather
~Forecast’ management

Add. Sensors

Proper integration layer is the key foundation for global operation m
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Setting the scene

E.ON Climate and Renewables Uses the Pl System as Integration
Layer and Standardization

The renewables Pl System architecture contains 3 Pl Servers:
* EC&R Central >

* US Central

= = =

* Development

More than 140 locations different types of PI Interfaces (OPC / Pl to PI
/ RDBMS / Modbus) collect data from the OEM systems and send it to

the central Pl Server. RS

| 58 I
The data can be accessed using OSlsoft products like | 5
Pl ProcessBook, Pl DataLink and Pl Coresight and analytical tools -9 T
like Tableau. The most extensive usage happens through the Pl SDK g Bt

and Pl OLEDB Interface.

E-E-E-E-E-E
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The Internet of Wind as Enabler for Progressive Asset Management

Use of existing data -
some use cases
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From Data to Action - Many Sources Used Inside SmartECR Platform ....

Data

Action

Asset
Information

SAP Plant
Maintenance

Technical Events/
Failures

OEM
Alerts

Master data

e
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order

Performance data

OEM SCADA
system

Greenbox
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Server _|

External data

Wind Farms
Control Room

%
OEM Rem
Control

A

ote
< Onsite Service
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Use of existing data
- use cases




Use of existing data
- use cases

.... 10 Manage Assets for EC&R Control Rooms and Analyst Teams

Concept
Master data Performance data External data
maton il s Guent || Pors Prens
o T "ﬁ_ s
—
— = .
— Centralized
e P ——
5 L e

EC&R North
American Control
Room in Austin

-oa-€’s have a logk at some concrete use cases .....

SCADA system

Rationale and benefit

SmarteECR:

* Global OEM-independent SCADA system to ensure efficient
operation and control of the entire fleet

* Integration of all SCADA data onto one single business
process database and analytics platform

* Automated fleet-wide operational reports on
yearly/ quarterly/ monthly/ weekly basis
EC&R Control Room:

* 2 EC&R owned and operated control rooms- Coventry for
Europe and Austin for US sites- monitoring all EC&R
operated sites

* Global real-time monitoring and control to realize full benefits
of large-scale deployment




Use of existing data
- use cases

KPI Reporting - Same Data Used for Different Target Groups

MlmenX4 © 7yl Report Date:  18.07.2014
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Use of existing data
- use cases

Use Case: Central Control Room for Monitoring and Control
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Central Monitoring Works on Different Layers

People Working
on wind farms

Transfer

Attendance | of Control = —

..u“ D4

VESSG

Wind farms &

turbines

Status & Error Codes,
Remote Control & Resets,
Condition Monitoring

Infrastructure /

Network

Connectivity
Network health
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Use of existing data
- use cases
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Lobby Screens in Every Office

10:15:04

HouTH 10 DATE
282,327
VEAR T0 DATE
9,471,270
ERMAN
AVOIDED
CO2 NOX SOX
YTD5,761.06 “15.25"  32.22

Easily Adapted to Local Needs
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Global screen

10:17:34
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Use of existing data
- use cases

U.S. screen per grid
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Use of existing data

- use cases

Use Case: Wind Turbine Performance Analysis

Moasured values over the period from 0U0L2013 to 15052013
(wi standard curve)
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Use of existing
data - use cases

Peer-to-Peer Benchmark of Turbines Helps Identify Abnormal Behavior

Before Correction After Correction

Measured values over the period from 01/01/2013 to 08/07/2013 (w/ standard curve)
(w/ standard curve)
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Months: Months:
= Jan 2013 « Feb2013 Mar 2013 Apr2013 * May 2013 * Jun 2013 * Jul 2013 = Jul 2013 *  Aug 2013 * Sep2013
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The Internet of Wind as Enabler for Progressive Asset Management

More Data
— higher benefit?

© Copyright 2016 E.ON Climate & Renewables GmbH



More Data
— higher benefit?

Where Do We See Potential for 10T?

e Additional sensors

* Partial replacement of standard
infrastructure

 Logistics — during construction
phase and spare part management

e Condition monitoring

e Environmental monitoring
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positive
business case
/ROI




ize of New York City Valencia Solar PV Park, Arizona (10 MW)

London Array, the world’s largest offshore wind farm (630 MW)



More Data
— higher benefit?

Bowbeat Wind Farm: an Example for New Sensors

Problem:
* |ce detection and how to react

Impact:
= ° HSSE - health and safety of people
-~ * Production - how to minimize production




More Data

— higher benefit?

How the “System” Interacts with Icing: Influences and Parameters

Turbine algorhythm and behaviour

Foundation Higher wear
T

Vibration of material

Bearing

= Atmospheric Bigger load on rmaterial
humidity

« temperature

Blades

Tower
Weather

conditions
Visitors

HSSE RISK -
technicians

location

Shape of

blades\

— heating

Frozen WTG

Sensors
eg anemoter
PLC detects
e j
T PLC stops WTG

Electrical
resistance

Warm air

Option A l

Remote reset /

new start
Operations Option B
Local,
counter
measures = TEGE]
Reset /
restart
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More Data
— higher benefit?

Test and Evaluate Model and Decide on Business Case / Investment

4 Apply and test sensors Ty,

— | =
Sl it
............ R ‘
=
=

l Re evaluate the model

Decision based on
business case
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More Data

— higher benefit?

More Data Can Help, But Please Stay Smart: Pareto Principle Is Valid!

MO0002 Turbine Active Power kw 10s
M0003 Turbine Wind Speed mis 10s
MO0004 Ambient Air Temperature °C 30s
. MO0009 Turbine Generator Current L1 A 10s
B e n efl ts b aS ed MO0010 Turbine Generator Current L2 A 10s
MO0011 Turbine Generator Current L3 A 10s
MO0012 Turbine Generator Power Factor cos phi 10s
. - M0013 Turbine Wind Direction ° 10s
O n aval | abl I Ity MO0015 Turbine Generator Temperature °C 10s
M0016 Turbine Gearbox Temperature 5G] 10s
MO0110 Nacelle Orientation ° 10s
M0113 Blade Pitch Angle ° 10s
MO0114 Generator Voltage 1 \ 10s
M0115 Generator Voltage 2 A 10s
MO0116 Generator Voltage 3 A 10s
M0143 Generator Winding Temperature 5G] 10s
_ - - — - MO0144 Generator Bearing Temperature - DE °C 10s
1 M0145 Generator Bearing Temperature - NDE 5G] 10s
| MO0149 Gearbox Bearing Temperature °C 10s
M0150 Gearbox Oil Temperature 5G] 10s
! MO0154 Rotor Speed rpm 10s
I M0155 Generator Speed rpm 10s
1 MO0158 Ambient Air Pressure mBar 10s
1 M0328 Blade A Pitch Angle ° 10s
1 MO0329 Blade B Pitch Angle ° 10s
1 M0330 Blade C Pitch Angle ° 10s
1 M5002 Site Active Power MW 10s
| M5101 Site Wind Speed m/s 10s
| M5102 Site Ambient Temperature EE 30s
N M5103 Site Air Pressure mBar 10s

FLAG/
1 MS5329 ¢ urtailment Flag INT 10s
1 M5330 Site Active Power Limitation MW 10s
1 M5340  Site Generation Price (Feed-in tariff) 10s.

1 M5501 Means that we're in a curtailment period (goes on each
~ Site night) 10s
7 M5512 instantaneous estimation of curtailed power 10s.
M5802 Meteo Air Pressure mBar 10s
d ata VOI u m e M5803 Meteo Air Temperature EC 10s
M5805 Meteo Site Wind Speed m/s 10s
M5806 Meteo Relative Humidity % 10s

But it tells only the first half of the story...
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More Data
— higher benefit?

To Get More out of It, You Have to Utilize More Data Sources

Future reality of Wind is characterized by: to get the full benefits you have to utilize
all data sources and types
* Increased competition through auctions will drive Senefite » Data-
cost pressures. B siructured data e

machine-generated

* Larger and geographically more diverse sites. unstructured data

e Squeeze more from existing and new sites
(scarcity of high yield options).

e Challenge of generating new revenues through

third party services 7

Type of data
Data variety
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The Internet of Wind as Enabler for Progressive Asset Management

What will come
next?
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What will come
next?

Wind Turbines and Children — Anything in Common?

y -~ . i
. ( . \(a | = \
58 . o R - “ or
. T al e '
e o ®) N = »
- » i,

Source: Google search / newborn babies / teenager



WTG

What will come
next?

An Analogy: Wind Turbines and Growth of Children

[2) Pure
3 Happiness
©
o
Kinder-
- Baby = garden Teenager Adult —>
o : :
S The same three phases we can see in the wind
Q business!
O
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Development Will Follow Three Waves

Data volume

Communication

Comparability of WTG
performance

Connectivity

Service contract

Limited information
provided by OEM to
operators

Via OEM Systems

Only on wind farm level

Limited with other data
sources — mainly
manual

Full service contracts,
time based availability

“Big data” — lots of
information central data
platforms

Hierarchically - WTG —
Windfarm - Operator

Centralized on fleet level
External benchmarks

Central operators
platform

Hybrid teams
Self perform
Energetic availability

Increase in local
intelligence — central
_supervision

What will come
\_\ next?

Peer to peer with
operators supervision

Individual performance
benchmark on turbine
level - globally

Decentralized, e.g..
WTG - service provider

Modular services
performance based

OEM dominated

© Copyright 2016 E.ON Climate & Renewables GmbH

Operator dominated

availability

WTG centric




What will come
next?

Better Analytics Help in The Second Phase...

~ Analytics since 2011 — Analytics today
(A T Wind
i
=0 __ -
| it mhln....._
Multiple reports Interactive analytics
1 day for creation 1/4 hour for creation
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What will come
next?

To Get a Better View into Turbine Performance and Behavior...

Cummulative Losses Site

— Cumulative losses —_

2000
1500

1000

Good visualization to check if losses
are under control.

Slope indicates that actions which
have been taken are successful 17 an 27.an 5 ren 2 Feb

Time Stamp Local System

Summe (lzufend) von Downtime Losses
g
=)
8

=]

_ ﬂat under Control Cummulative Losses Alarm

2000 Pitch thyristor? fault

- raising: problem still not fixed

2
1
=}

Safety chain

Summe (laufend) von Downtime

Pitch motor Svertemperature alamm

7. Jan 17.Jan 27_Jan 6. Feb 16. Feb 26. Feb 7. mar
Time Stamp Local System
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What will come
next?

To Move from Hierarchical Turbine Communication Combined with

Maintenance and Environmental Information ...

e
=

Substation o

,__-EWeather
- Forecast

Power Prices X\/

—> OEM SCADA <—

i)

. Plant
@ Maintenance

T Real

Centralized
Operator Control

Turbine Turbine Turbine
Controller Controller Controller
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Curtailment
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Controller Controller Controller




What will come
next?

Into a World with New Turbines with Interactive Communication \‘ )
a—

Direct Communication between Turbines

* Increase production flexibility by having
direct communication between turbines
and with the other sources

Compared to my peers I'm
producing 10% less at the
same wind speed

My oil temperature is to
high and there is a strange
noise. | should reduce my

production
E.ON
SmartBox

e OEM independent SCADA system
allows direct communication between
turbines from different vendors

E.ON
SmartBox

* Improve the maturity of wind turbines

* Turbine learn how to react to different
My health parameters are : . :
getting worse. 1ll call for situation via performance models

service

E.ON
SmartBox

* Real-time decision are taken locally
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What will come
next?

™

Summary / Outlook — What Can Happen?

/e

* Digitalization will massively influence the energy markets.
* The role of the electrical grid will change due to the usage of internet based services.

e Sensors are becoming cheaper and cheaper and computer power is constantly
increasing: this leads to growing up of turbine’s maturity

* Wind turbines and other decentralized generation units will play a more active role in
the future.

e OEM in depended control modules and open protocols will be the standard in the

future.
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Contact information

Gregor Biering
Gregor.biering@eon.com

Team Lead Application Development
E.ON Climate & Renewables
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mailto:Gregor.biering@eon.com

Questions

Please wait for the
microphone before asking
your questions

State your
name & company
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Please remember to...

Complete the Online Survey
for this session

Download the Conference App for
@ == | OSlsoft EMEA Users Conference 2016

2 Download on the

[ § App Store

* View the latest agenda and create your own
P> Google Play

* Meet and connect with other attendees "~ r—

search OSISOFT in the app store

http://ddut.ch/osisoft
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This document may contain forward-looking statements based on current assumptions and forecasts made
by E.ON Climate & Renewables management and other information currently available to E.ON. Various
known and unknown risks, uncertainties and other factors could lead to material differences between the
actual future results, financial situation, development or performance of the company and the estimates
given here. E.ON Climate & Renewables does not intend, and does not assume any liability whatsoever, to
update these forward-looking statements or to conform them to future events or developments.

E.ON Climate & Renewables GmbH
Brusseler Platz 1

45131 Essen

Germany

www.eon.com/renewables m
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