Pl World 2020 Lab

Pl Meets Bl



OSIsoft, LLC

1600 Alvarado Street

San Leandro, CA 94577 USA
Tel: (01) 510-297-5800

Web: http://www.osisoft.com

© 2020 by OSIsoft, LLC. All rights reserved.

OSlIsoft, the OSIsoft logo and logotype, Analytics, PI ProcessBook, PI DataLink, ProcessPoint, Asset
Framework (AF), IT Monitor, MCN Health Monitor, PI System, PI ActiveView, PI ACE, PI AlarmView, PI
BatchView, PI Vision, PI Data Services, Event Frames, Pl Manual Logger, PI ProfileView, PI

WebParts, ProTRAQ, RLINK, RtAnalytics, RtBaseline, RtPortal, RtPM, RtReports and RtWebParts are all
trademarks of OSIsoft, LLC. All other trademarks or trade names used herein are the property of their
respective owners.

U.S. GOVERNMENT RIGHTS
Use, duplication or disclosure by the U.S. Government is subject to restrictions set forth in the OSIsoft,

LLC license agreement and as provided in DFARS 227.7202, DFARS 252.227-7013, FAR 12.212, FAR
52.227, as applicable. OSIsoft, LLC.

Published: May 20, 2020

2|Page


http://www.osisoft.com/

Table of Contents

Contents
TADIE OF CONETENES ...ttt b e s bt s bt et e et e et e e sbeesb e e saeesab e eabeea bt e bt e beeameeeme e et e et e e nbeesheesenesaneeane 3
O ) oo [¥ Lot o] o IO USSP PRSP UPROPPRRPPR 7
1.1 Learning Objectives and Problem StatemMeNnt ........c.uiii i raeee s 7
1.2 The WINd GENEIAtiON FIEET......ci ittt ettt e sbe e e s bt e e bt e e st e e s beeesabeeebeeesaseesneeesareesnnes 7
N0 T I o T o B o Yo ] L OO OO ST TTT PSP RPUPPRORPPR 9
1.3.1 The Pl Integrator for BUSINESS ANAIYEICS ....cccccuiiiiieiiie ettt et e e et e e s eaaae e e e eanbeeesennraee s 9
1.3.2 The PISQL Client (for OLEDB, ODBGC, OF JDBC) ....ccccuuiiieeiiieeeeiiieeeeiieeeeeciteeeeeitteeeesaaeeesenaaeeeesnsaeessnnnseeesannsneans 9
1.3.3 WHhiICh 10Ol SNOUI I USE? ...ttt e sttt et e s bt e e st e e e sabeesabeesneeesabeeeneeas 10
2. WiINd TUrbIiNg OVEIVIEW REPOIT .ecueeiiiiiiiiie e ecitee ettt ettt sttt e e e st e e et e e e e s abeeeesasbeeeesasseeeeasbeeesesseeesannseeesesnsenesenssens 11
2.1 (0] oY =Tot {1V TR ST 11
P - T SO T OO P TO OO PR TSRO 11
3. Wind Turbine Data: Pl INtEZrator ASSET VIEW ......cccccuiiiiieiiiie e ccieee ettt e et e e tte e e e tee e e s ebt e e e e eabeee e eeabaeeessabeeeeeanseneeennsens 14
3.1 OVEIVIBW 1.ttt bbbt ab e s b e e s ab e st e e s ba e e s b e e s ba e e s bb e e saba e e sab e e sabe e s aa e e sabeeebae s 14
3.2 Create an Asset View for Wind Turbine metadata ..........ccoveriiriieiiiiienieece e e 14
3.2.1 Create the SEAICN SNAPE ... ..ttt e e ettt e e e et e e e e e ebteeeesbteeeeebteeeesstaeeesastesasessanananns 16
3.2.2 Y oo 13 AV d o TSIV A =1 PR 20
3.23 PUDBIISN TN@ VIEW....ceiiiiieiiee ettt st st ettt b e s b san e sane s bt e r e e neesnees 21
33 Create an Asset View for Wind Turbine Process Data .........cocueeiieiienienienienceeeeeeeree et 22
3.3.1 Create the SEAICN SNAPE ... e e e e e et e e e s bte e e e sbteeeesataeessntaeessntaeeeaans 23
3.3.2 [V oo 11 AV d o TR YA =) U 24
3.3.3 PUBIISH the VIBW ...ttt st sa e s e e e abe e e s b e e meeesnreesneeesareeennes 26
4.  Wind Turbine Data: Pl SQL Client Element MOdEl.........cc.uoiiiiiiiiieieeene ettt 27
4.1 L0 Y=Y VT TP R PO 27
4.2 CONNECE T0 ThE AF SEIVET ..ttt ettt e st e st e st e e e bt e e sar e e s be e e s areesabeeesabeesareeenenesareeennnens 27
421 Create a Catalog and Schema for the REPOIT .......ooi ittt etre e e e eare e e e earaeeeeans 27
4.3 Create a Template-Specific Data Model for the Wind TUrbINE .........coeiiiiiiiecee et 28
4.4 o o Ta Yo IR s TN D Fo Y = 0 o1 =Tt £ PSR 32
441 EXECULE Predefined QUUEKIES. ......ooviiiiee ettt s st sttt e b sae e sane s b e e b e e b e nnees 32
4.4.2 Update the Turbine INformation VIEW..........oei ittt e e e e e e et e e e e e e e e anrraeees 33

4.4.3 Create a view from the Table-Valued FUNCLION c....ueiiiieeeeee ettt e e e e e e e e e aes 34



5.

A VT Ve B WU T o 1T =T 2T o o APPSR 36
5.1 OVEIVIBW ..ttt sttt b e s e e e st a e e e s b et e st ab et e s s aba e e s s aba e e s s aaba e e e s aba e e s saabaeessnras 36
5.2 - 11T TSP P PP PPTOPOTTOTRRUR 36
53 Create @ NEW POWET Bl REPOIT ... .o e e e e e e e e e e e 36

53.1 Option 1 — Connect the report to Pl INtegrator Data.........cuvieieciiiiicciiee e 37

5.3.2 Option 2 — Connect the report to PI SQL CHeNt Data......c.ccuviiieciiie ettt e e s e e 38
5.4 CONNECE TNE TWO TADIES ... ettt b e be e st e b e b e sbeesaeesare e 41
5.5 Pa¥e Lo Y U1 38 o I V=T 2=T o o PSSR 44

5.5.1 Create a Funnel Chart to show Energy by Wind Farm .......c..ooeiiciiiiiiciiie et eeee et sireee e 44

5.5.2 Create Gauges to Show Availability and Capacity FACTOr ........cccviiiiiciiieccceee et et 45

5.5.3 Add a trend ShOWING POWET OVEF TIME ...eiiiiiiie ettt e e et e e e e tre e e e tre e e eeasseeesensbeeesennseees 47

5.5.4 Create a new measure for COMDINEA POWET ........ooiiiiiiie it e et e e e e eate e e e s ente e e e snreeaeeans 47

5.5.5 Fio [ I I - 1 (=] [0l O O O T O T O T T T U OO TSP PP PP VOTIOPPTOP 48
5.6 Create a tooltip page to ShOW MOre details........cuiiiiiii i e e e s e e e 49

5.6.1 Create and fOrmMat the PAGE.. ...t e et e e e et e e e e e bt e e e e ebteeeeebteeesestaeeesasteeesanssanaeanns 50

5.6.2 Fi¥o lo VI TUF: | E3 oo g Y=l fo o] 1 AT o 3 o T IR 51

5.6.3 Configure the power trend to use the tOOItIP PABE...cuviiiiciiie e e 51

Wind Turbine Downtime: Pl INtegrator EVENT VIEW .....ccoivuiiii ittt e et e e s st e e s s ate e e s snaae e s satneeeeans 53
6.1 OVEIVIBW ..ttt et ab e s b e e s ab e s b e e s ba e e s b e e s ba e e s bb e e saba e e sab e e sabeesaa e e sabeeera e s 53
5.2 TaSKS ittt ettt b e bt e bt e eh et ea et e bt e beeeheeeheeeateea bt e bt e be e beeeheeeaee et e e beeabeesheenaeesareeane 53
6.3 Create @ NEW EVENT VIBW ...ciiiiiiiiee ettt st e s s e s s e s s n e s s e e e s e nanes 53
6.4 Modify @and PUDIISH the VIBW .....cooeeiiiiccee ettt et e et e e s s be e e e e abe e e e enbaeeesnbeeesenanees 55

Incorporate Downtime Data iNto the REPOIT ....ciiieiiiiiiie et e s e e e s sabe e e e e arree e eeanees 57
7.1 OVEBIVIBW ...ttt ettt ettt et e e st e e s e e e e s ab et e e s mr et e e e am b et e e s mb e e e s s m b e e e e s mr e e e e e mreeeeeamreneeeannenessannenesennnens 57
7.2 Lo L] o AN AV LT I 1 ORI 57
7.3 Add the Downtime Data tO the REPOIt ... e e e e e e e e s e e e e e e e e s e e anbeaeeeeeeeeenannns 57
7.4 Connect the Downtime Table to the MOdel ..o e e 57
7.5 Create a Chart of Downtime By WINd FarM........coooiiiiiiiec ettt e tee e e e tte e s e eree e s e s baee s e saaree e e nanes 58
7.6 Create @ Date Table.. ..o e st ber e b e s re e e ne e e s reeenareas 58

7.6.1 Add Date Column to Turbine Data 1h SUMMaAry ... e e e e e e e e 60

7.6.2 Add Date Column to the Turbine Downtime Table .........ccei i 60

7.6.3 LINK the Date Table ...c.eeeeieeeeeeeee ettt st st st et et e sbe e s sane s b e e be e beesmees 60
7.7 Wind Turbine Running Performance: Pl Integrator Event View (Sampled).......cccccoeecieiiieciiee e 61
7.8 OVEBIVIBW ...ttt ettt sttt e e st e e e st e e e s e b et e e s aa b et e e s m b et e e e am b et e e e mb e e e e s m b et e e e mre e e s e mreeeeeanreneeeannenessanreneeennres 61

4|Page



7.9 I 61

7.10  Create @a NeW EVENT VIEW ..ooiiiiiiiiiiiiiiiiit et 61
7.11 Configure the Event View to publish sampled data.........cccociiiiiiiiiiiicece e 63
8. Incorporate the RUNNING Data into the REPOIt....ci i iiiii et ee e e e s ee e s e sbee e e e nanes 65
8.1 OVEIVIBW ...ttt ettt st e e e s b et e e s b et e st b et e s s b e e e s s ab et e s s aaba e e e s aba e e s saaba e e s s sara s 65
2 - T T OO T TP UPUPROPRRRPR 66
8.3 Add the TUrbIiNg RUNNING Data.....c.uiiiiiciiiieiiiiieeeeciiee et ee sttt e st e e e s ta e e e s tbe e e eabeeeesssaeeesansseeeennsseeesansnaeean 66
8.4 Create a drillthrough report page for Wind Farm DetailS........cceuiiiiiiiiiiiini ettt e s 67
8.5 Add a line chart showing Capacity Factor vS Wind SPEEM .......coovciiiiiiiiiiiiciiee ettt 68
8.5.1 Group Wind Speed Values INTO DINS........cocciiiiieiiec ettt ettt e e e s ate e e e e ate e e e snteeeesntaaeeeans 69
8.5.2 Normalize the performance MEASUrEMENT ........ociiciiii it rre e et e e e e bee e e e abee e e enreeeeennens 70

8.6 Add a title and test drilltRrOUGN.......coo e e e e r e e e raaee s 71
8.7 CopY aNd SYNC the date SHCET ...uuiiiiiiiee e e e e e e e et e e e e be e e e ssabeee e esnbeeeessareeeeennsens 73
8.8 Continue BUIIAING the FEPOIT ......oii e e e e e e e et e e e e be e e e ssabeeeeesnbeeeessabeeeeennsees 73
9. Appendix: Wind Turbine Downtime: PI SQL Client Event Frame Model .........c.ccooioiiiiiiciiie et 76
9.1 OVEBIVIBW ...ttt ettt e st e s ab et e s s e b et e s s b et e s s b et e s s b e e e s e b e e e s s abe e e s s abenessanrenesennres 76
9.2 Create a Template-Specific Data Model for the Downtime EVENt........coocveiiiiiie it 76
9.3 Update the TUrbing DOWNTIME VIEW ..cc..eiiiiiiiiiiectee ettt et e e s ee e e sbae e s s abe e e e snbeeesenbeeeesnnseeeeennsens 77
10. Appendix: Wind Turbine Running Performance: Pl SQL Client Model ..........coooeiiiiiciiiieieeee et e 79
LO.1  OVEIVIEW ..ttt ettt ettt e st e e s e et e e s b et e s s e mb e e e e s s b e e e s s m b e e e s s am b e e e s s mb e e e s e ebere s s nbenessanrenesennree 79
10.2 Create a Template-Specific Data Model for the RUNNING EVENt ........ooiiiiiiiiiee e 79
10.3 Get Sampled Data for the WIind TUIDINE .......ocuiiiiiiee ettt e e e e rae e e s sbee e e e sbree e e eanes 80
10.4 Update the Turbing RUNNING Data VIBW .....cciiciiiiiiiiiee ettt ettt e s ete e e s bee e e e s e e e s s tae e e s sabaae e e saneeeeesanees 82
11. APPENIX: LINKING TS .ooniiiieieiiee ettt et e e et e e et e e e e s tb e e e e stbeeesansbeeeeansbaeeeesbeseeasbeseeensseseeennssneesansens 85
11,11 LiNK the Date TabIe ...ttt h e bttt e et e e bt e s be e sate st e sabe e beenbeenbeenaeas 87

12. Appendix: Pl SQL FrameWork: All QUETIES .......ccccuiiiiieiiie e ceiiee ettt ee e taee s ettt e e e s tre e e e s baee e esabteesesaseeesesaseeeeennsens 89
12.1  Wind Turbine_GetSampPledValUES ........cccuiiii ittt e e e e e e e e e e e bre e e e st ee e e e s bae e e e sabeeeeesabeeeeenarens 89
12.2  Wind Turbine_GetSampPledValUES ........cccuiiiiiiiiie ettt e e e s e e e e e bre e e e et re e e e e bae e e ssabeaeeesabeeeeenasees 90
12.3  TUIDINE INFOIMAtION .. ittt ettt b e b e s bt e sat e et e e be e s be e sheesaeesabesabe e bt enbeenaees 91
12,4 TUrbing Data 1 SUMIMAIY .....ceuiiiiiiee it e e et e e s e e e et ete e e e e e e e s se e asbeeeeeeasesanssbeeeeeaaessaanssbaneaeaeessaansssennaeanans 93
12,5 TUIDINE DOWNTIME ..ciiiiiiieiieeteet ettt sttt et ettt e s bt e st e st st e bt e bt e s b e e sa e e e a e e et e e sbeesheesanesanesareeaneeneennees 93
12.6  TUrbiNg RUNNING DAta ..ccccuiieieiiiiiie ettt ettt e e et e e e e sabe e e e e e ba e e e saabaeeeeeabeaeeesaseeeeeansaeeeesnseeesennsteeeennsens 94
SAVE e DALE! ...ttt ettt eneens Error! Bookmark not defined.

5|Page



6|Page



1. Introduction

1.1 Learning Objectives and Problem Statement

Integrating the Pl System with Business Intelligence (BI) tools is an effective way to
use your process data for reporting and analytics. Bl client tools offer the ability to
run retrospective analyses on a much larger set of your real-time Pl System data. Bl
helps you learn from operational behaviors and patterns, identifying dependencies
and correlations of various factors within your operations.

In this lab, we will showcase two tools for connecting your Business Intelligence tool of choice to
your PI Data: the PI Integrator for Business Analytics and the Pl SQL Client. Using each tool,
we will show how to access Pl data in three different ways:

1. Retrieving PI Data for assets over time
2. Retrieving Event Frame summary information
3. Retrieving PI Data within the time range of an Event Frame

1.2 The Wind Generation Fleet

For this lab, we will be using a simulated Wind Generation dataset consisting of 55 Wind
Turbines across 4 Wind Farms. You can view this by opening Pl System Explorer (PSE) and
navigating to the Wind Generation AF Database.

Each of the turbines is built from the same AF element template, Wind Turbine, which can be
viewed in the Library under Element Templates. Each turbine has a variety of data associated
with it, including PI Point real-time values and metadata such as manufacturer information.
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Q \\PISRVOT\Wind Generation - Pl System Explorer (Administrator)

File Search View Go

Tools

Help

@Database EQuery Date - ® @ e Back H( CheckIn % « _a Refresh || @ New Element - | New Attribute

Elements

= 5 Elements
[ (3 Big Buffalo Wind Farm

BBO2
General Child Elements Attributes  ports

Analyses Notification Rules Version

Fiter
‘I :|-|0|E‘Name A|Value
5] Category: Energy Information
w4 o Power |222.14 kw0
Category: Metrics
B¢ | «F Avalabity 1 ratio
s B4 | ¢ Capadty Factor 0.13463 ratio
s @& | g Efficency 0.7672 ratio
B | Category: Status
L) ‘ ¥ Operating Mode Running
B Category: Turbine Specifications
[~ (J) Desert Lake Wind Farm =
o £ Mid Mesa Wind Farm =] = Blade Length 41.148 m
B () Pine Waolf Wind Farm a = CutIn Speed 2m/s
- (4 Element Searches m =1 Cut Out Speed 25 mfs
L] =) Manufacturer Siemens
L] = Model S5T4
L) 2l Rated Power 1650 kw
] ‘=l Rated Speed 15m/s
2] = Total Height 111m
|Bsemenss | S e
= & ¢ Wind Direction 1.8123°
== Event Frames
] <% Wind Speed 5.0589 m/s
ﬁ Library
B | Category: Yaw Information
== Unit of Measure
s B4 | F YawAnge 1.9447 ®
88 Contacts 4
P g B f &% Yaw Position 3.757°

By the end of the lab, we will have used this data to create a report in Power Bl report like the
. Along the way, we will best practices and tips for reporting on process data

one shown below
effectively

Wind Farm
Big Buffalo Wind Farm
Desert Lake Wind Farm
Mid Mesa Wind Farm
Fine Wolf Wind Farm

Date
Last w3

[ 2/28/2020 - 34172020

Capacity Factor

44 %

0% 100 %
Availability
86 %
0% 100 %

3.13bn

Energy
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Wind Farm Overview

Energy by Wind Farm

Days v

Mid Mesa Wind Farm

Desert Lake Wind Farm

Pine Wolf Wind Farm

Big Buffalo Wind Farm

Downtime Hours by Reas

200

Downtime Hours

High Winds

Maintenance

on

Planned

Unplanned
Maintenance

No Wind

ind Fai # Turbines Rated Power Combined Power

100M

50M

Combined Power and Rated Po..

oM

Big Buffalo Wind Farm 15 24,000,000 9,187,875
Desert Lake Wind Farm 10 30,000,000 13,664,733
Mid Mesa Wind Farm 20 38,500,000 18,687,083
49.2% Pine Wolf Wind Farm 10 20,000,000 9,738,594
Total 55 112,900,000 51,278,285
Combined Power and Rated Power by TimeStamp
@ Combined Power @ Rated Power
Feb 28, 12PM Feb 29, 12AM Feb 28, 12PM IMar 01, 12AM Mar 01, 12PM

TimeStamn



1.3 The Pl Tools

There are many ways to extract Pl System data depending on your needs. In this
lab we will focus on the two tools best suited to creating datasets that can easily be
brought into your Business Intelligence program of choice

1.3.1 The PI Integrator for Business Analytics

PI Integrator for Business Analytics presents Pl System data perfectly suited to
business intelligence tools including, but not limited to, Tableau, Tibco Spotfire,
QlikView, and Microsoft Power BI for reporting and analytics.

Native time-series data, asset context, and event context are exposed through web-
configured views. Data are dimensionally modeled, cleansed, and presented with
appropriate metadata so that Bl tools can properly browse, query, and consume Pl
System data seamlessly. Data can also be directly integrated and loaded into data
warehouse platforms. PI Integrator for Business Analytics eliminates the need for
programming or SQL expertise and manages the complete data lifecycle, including
access, updates, and data provenance.

1.3.2 The PI SQL Client (for OLEDB, ODBC, or JDBC)

P1 SQL Client is a Pl Developer Technology that offers data access to the Pl System
using SQL queries. There are three flavors to allow queries using OLEDB, ODBC,
and JDBC, although the principals of operation are the same across the three. The
P1 SQL Client uses a cost-based optimizer to provide the most performant queries of
the SQL-based data access tools.

' Developer Technologies products are available for download from
® the OSlsoft Customer Portal Products page at no charge. You can develop
Note applications using the Developer Technologies tools and your Pl Server. If

you do not have access to a Pl Server, you can obtain development
licenses for the Pl Server through membership in the Pl Developers Club.
For details, see PI Developers Club FAQ.

Deployment of an application into production requires a Pl System Access
(PSA) license. This is a runtime license that enables end users to access
Pl System data, including time series data in Pl Data Archive and asset
metadata in Pl AF Server, using any of the Developer Technologies. For
more information or questions, contact your Account Manager. In case of
technical issues with the PSA license, use the OSlsoft Customer Portal
Contact Us page.
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1.3.3 Which tool should | use?

As you will see in this lab, both tools can produce similar datasets, so the choice on
which tool to use will vary but may depend on some of the following factors.

In general, the PI Integrator provides a great platform for creating and updating
structured datasets used for wide-audience reporting, data science and machine
learning, and data warehousing use cases.

The PI SQL Framework, on the other hand, excels at targeted and varied reporting,
where the data is accessed by a smaller group of people. Its flexibility also makes it
a great choice for rapid development without requiring additional infrastructure

SQL familiarity

The PI Integrator provides a configuration-based approach to building the dataset
that does not require any programming or SQL expertise.

The Pl SQL Client requires the author to have some SQL familiarity, but also
provides examples and wizards to help guide users. Those with SQL expertise can
take advantage of additional functionality to create advanced queries.

Data set size and Audience

The PI Integrator publishes data to an external location on a schedule, and so it can
handle large data sets that are frequently accessed by many individuals. Since the
data only needs to be extracted once into the target system, no additional load is
placed on the Pl System when users access the data.

The PI SQL Client accesses data on-demand from the Pl System, so expensive
gueries may put an additional load on the PI System. By executing the queries on-
demand, however, the Pl SQL Client provides a more flexible approach which may
be beneficial during development.

Requirements to integrate with external datasets

When using the PI Integrator, additional datasets can be incorporated in the target
system, such as a Data Lake or Data Warehouse.

When using the PI SQL Client, additional datasets can be incorporated in the client
tool, such as Power BI.

User access to the Pl System

The PI Integrator publishes data to external targets, so no end-users require direct
access to the data.

The PI SQL Client requires that the querying system have access to the Pl System.
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2. Wind Turbine Overview Report

2.1 Objective

The objective of Sections 3, 4, and 5 is to publish calculated asset data in one-hour intervals using both
the Pl Integrator and PI SQL Client. This data will then be used create a report showing the performance
of the Wind Farms over a configurable time range. After building the data sets, the class members may
choose which data set (Pl Integrator or PI SQL Client) to use for building the report.

2.2 Tasks

o Pl Integrator
o Create an Asset View for Wind Turbine metadata
o Create an Asset View for Wind Turbine process data
e PISQL Client
o Create a Catalog and Schema for holding report queries
o Create a template-specific data model for the Wind Turbine
o Create a view from the Table-Valued Functions
e Power Bl

Import data from one of the sources

o

o Transform the data as necessary
o Join the metadata and process data tables
Build a report page

o

o Create additional measures

2.3 Preparing the Environment

Before beginning the class, it is important to backfill the data. This is accomplished
within PI System Explorer.

e

PI System
First, open Pl System Explorer from the desktop M
In the title of the window (at the top), you should see \PISRV01\Wind Generation. If
you do not see this, it means that you are in a different database. Click the
@ Database

Database button in the menu and choose Wind Generation
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Select Database

X
a New Database X Delete Database ’_"P Database Properties =

Asset server: ‘WPISR\M V‘ - [
Databases:

Fter £~
Name Description Last Modified

°C0nﬂguration A store for configuration...  5/20/2020 2:49:50 PM
ONuGreen

PI1 BI Project Asset Model 2/5/2020 11:52:58 AM
¥ wind Generation 5/20/2020 2:10:10 PM

o] [ o

Next, navigate to the Management section of Pl System Explorer (bottom left)

() Elements

== Event Frames
I Library
=2 Unit of Measure

&4 contacts

% Management

From here, click the check mark in the column heading to select all of the analyses,
then click Queue on the right hand operations panel and fill in the following options

e Start: 1-1mo
e End:*

¢ Permanently delete existing data and recalculate

Click the Queue button to complete
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@ \\PISRVOT\Wind Generation - Pl System Explorer (Administrator) - B
File View Go Tools Help
@ Database [% query Date - © @ O Back © & cngbhin 2 v (8] Refresh

| Management \ Anal
Choose a type || 224 tofél analyses selected (224 on this page)
© | E'S!ms Q@ @ Element Name  Template Backfilling Enable | Disable selected analyses.

O Notification Rules

] O%sart Lake Wind Farm \DLES { Dol | Dowmtiome. Enable | Disable automatic recalculation for selected analyses
Analysis Searches ) Desert Lake Wind Farm\DLO1 Downtime Downtime . i
+ ] Desert Lake Wind Farm\DLO4 Downtime Downtime Cuaeun | Cancel backiiing o recakcitation for selected ansiyses
Al P Desert Lake Wind Farm\DLO3 Downtime Downtime
3 — Start |1-1m0 e

T @ Desert Lake Wind Farm\DLO2 Downtime Downtime e :

Mid Mesa Wind Farm\MMO1  Downtime Downtime 4 —nd | =
Okabled C 2 Big Buffalo Wind Farm\8801 Downtime Downtime S v o eoina R
New Search ’ Pine Wolf Wind Farm\PW10  Downtime Downtime p

) Leave exsting data and fill in gaps
(@) Permanently delets existing data and recalculate
[] Recalculate dependent analyses

Pine Wolf Wind Farm\PW0S  Downtime Downtime
Mid Mesa Wind Farm\MM20  Downtime Downtime
Pine Wolf Wind Farm\PW08  Downtime Downtime.
Mid Mesa Wind Farm\MM1S  Downtime Downtime
Pine Wolf Wind Farm\PW07  Downtime Downtime
Mid Mesa Wind Farm\MM18  Downtime Downtime.
Pine Wolf Wind Farm\PW06  Downtime Downtime.
Mid Mesa Wind Farm\MM17  Downtime Downtime
Pine Wolf Wind Farm\PWOS  Downtime Downtime
Mid Mesa Wind Farm\MM16  Downtime Downtime
Pine Wolf Wind Farm\PW04  Downtime Downtime.
Mid Mesa Wind Farm\MM15  Downtime Downtime.
Pine Wolf Wind Farm\PW03  Downtime Downtime
Mid Mesa Wind Farm\MM14  Downtime Downtime.
Pine Wolf Wind Farm\PW02  Downtime Downtime.
Mid Mesa Wind Farm\MM13  Downtime Downtime.
Mid Mesa Wind Farm\MM12  Downtime Downtime

6

Pending Operations

Recalculating 224 analyses [orsmiss]
Time Submitted: 5/20/2020 2:26:01 PM
Queued by: PISCHOOL \student01

@ Complete

FRECEEERREEREERE

I S|
(SSRGS

Mid Mesa Wind Farm\MM11  Downtime Downtime
Mid Mesa Wind Farm\MM10  Downtime Downtime

IITIIIIIITIIITITIITIITIIIIIIIT

<

[T IO

This will backfill all of the data back to the beginning of the previous month.
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3. Wind Turbine Data: Pl Integrator Asset View

3.1 Overview

In the PI Integrator, a view is a modeled description of the Pl System data you want
to analyze.

e Asset views organize data around your assets and allow you to make
comparisons between assets.

e Event views organize data around event frames and allow you to detect
patterns in the event frames.

e Streaming views organize data around your assets and allow you to make
this data available in near real time for predictive analytics.

In this section, two Asset Views will be created — one for Wind Turbine metadata,
and the other for Wind Turbine process data. Since the metadata for the Wind
Turbine is static, we will separate it from the changing process data so that the two
views can be published on different schedules.

3.2 Create an Asset View for Wind Turbine metadata

The wind turbines have several attributes that contain static metadata, as shown
below. In addition, each Wind Turbine also belongs to a specific Wind Farm. This
is the information that will be captured in the first Asset View that we create.

B .| Category: Turbine Specifications
= = Blade Length 41.148 m
i =1 CutIn Speed 2 mfs
= =1 Cut Out Speed 25 m/s
= = Manufacturer Siemens
= 21 Model ST4
= = Rated Power 1650 kw
= =1 Rated Speed 15 m/fs
= = | Total Height 111 m

First, open Google Chrome and navigate to the PI Integrator webpage:
https://pisrv01.pischol.int:444
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https://pisrv01.pischol.int:444/

@ Advanced Edit x +

« C @ pisnOl.pischoolint444 * © 60
2 Apps @ PiVision @ Plintegrator for BA

& PISCHOOL\student01 &

4 Create Asset View + Create Event View 4 Create Streaming View

Jame Run Status Type Run Mode Start Time End Time Last Run Time

Solution - Turbine Data 1h Su Scheduled Asset Continuous 2020-01-01T05:00:00.000Z - Mar 1, 2020 5:24:24 PM
Solution - Turbine Downtime Scheduled Event Continuous 2020-01-01T05:00:00.000Z * Mar 1, 2020 5:21:30 PM
Solution - Turbine Information Scheduled Asset Continuous 2020-01-01705:00:00.000Z i Feb 29, 2020 8:30:10 PM
Solution - Turbine Running Data Scheduled Event Continuous 2020-01-01T05:00:00.000Z - Mar 1, 2020 5:21:17 PM

This is the home page where existing views can be managed or new views can be
created. Four views already exist as solutions.

Next, click the button in the top menu for +Create Asset View and name the view
Turbine Information.

=% Create Asset View
Build a data view starting with
your asset hierarchy ﬁj

Create New Asset View

Asset View Name

Turbine Information

Access Permissions @

Administrators
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' The view nhame becomes the name of the table or file in the target system.

Some targets allow this to be updated after a view is published
Tip

3.2.1 Create the Search Shape

The first page that comes up in the view builder is where the search shape is
defined. Click to Create a New View, and then choose the Server PISRV01 and
Database Wind Generation.

&+ L PISCHOOL\student01 &

Select Data Moadify View > Publish m

) Source Assets ~ ([ Search Shape + Matches

Server % Asset Shape

@ Assets
» (D) Big Buffalo Wind Farm
» () Desert Lake Wind Farm
» D Mid Mesa Wind Farm

» D Pine Wolf Wind Farm

To create a search shape, drag an asset, event, or attribute from the Source Assets
section on the left into the Search Shape section in the middle. The Matches
section on the right will the refresh to show how many matches were found in the
selected database.

' The search shape acts like a key and will return data from AF that match
its structure. It also defines what the data to include. By default, each

At entry in the shape will have a corresponding column in the output. For

Tip more information, see the section What is a shape? in the user guide.

For this shape, first drag the Big Buffalo Wind Farm asset into the middle section
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https://livelibrary.osisoft.com/LiveLibrary/content/en/bi-v5/GUID-E8C76C14-7266-42A9-A2D5-8A7BA2E2AD18

* # L PISCHOOL\student01 &

Select Data > Modify View > Publish m

+ Matches
Found 1 Match

) Source Assets w [ Search Shape

Server T2 Asset Shape

) Big Buffalo Wind Farm FE @ Big Buffalo Wind Farm

Database Wind Generation f

D Assets
» (D) Big Buffalo Wind Farm
» (D Desert Lake Wind Farm
» €D Mid Mesa Wind Farm

Attributes =[]
O select All

» & Wind Direction Li}
» & Wind Speed L]

Notice that one match has been found: Big Buffalo Wind Farm

Next, expand the Big Buffalo Wind Farm asset on the left pane, and drag BB01
into the middle section. Note that dropping the asset in different locations can have

different behaviors:

€ Search Shape ) Search Shape
T Asset Shape T Asset Shape
) Big Buffale Wind Farm @
O .
I Drop as child
Auto drop and place @ BBO1
@ BBO1
O Search Shape ) Search Shape
T Asset Shape . Asset Shape
@Drcp as parent r @
& BBO1
e@
Drop as sibling-bottom
@ BBO1

The shape should now look like below, and there should still be one match

) Search Shape + Matches
T Asset Shape Found 1 Match

4 [ Big Buffalo Wind Farm S % 4 @ Big Buffalo Wind Farm

& BBO1 &% € BBO1

Right now, the shape is searching based on names. That means it is looking
through the Wind Generation AF Database and finding case where there is an
element named Big Buffalo Wind Farm that has a child element named BBO1.

To make the shape more powerful, we can use AF Templates instead of element
"
names. To do this, click the pencil icon ¢ next to the item in the search shape.

First, click the pencil icon 4 next to BBO1
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) Search Shape
T Asset Shape

4 (@ Big Buffalo Wind Farm

) BBO1

+ Matches
Found 1 Match

\Af x 4 @ Big Buffalo Wind Farm
I BBO1

# x

In the dialog that appears, uncheck Asset Name and check Asset Template.
Choose the template Wind Turbine and click Save

Edit Filters

Asset Name

BBO1

« Asset Template Search Derived Templates

Wind Turbine

(¥) Add Filter

Cancel Save

Note that the shape now has 15 Matches. It is now finding all of the turbines within
the Big Buffalo Wind Farm.

v

Best Practice

When creating a shape, use templates instead of names wherever possible.

Repeat this process to use the Wind Farm template instead of Big Buffalo Wind

Farm.

D Search Shape
Ty Asset Shape

4 [ Wind Farm

) Wind Turbine

+ Matches
Found 55 Matches
SR » ) Big Buffalo Wind Farm
&S x » @ Big Buffalo Wind Farm
» [ Big Buffalo Wind Farm

» () Big Buffalo Wind Farm

Now that the search shape is matching the needed assets, it is time to add the
desired attributes to the shape. As with the assets, these are dragged and dropped
from the left pane. Once an asset is selected, its attributes will be displayed
underneath. If there are many attributes, it can be helpful to group by category
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Attributes | Fiiter * |

» W Energy Information Grouping
» Im Metrics Ungrouped
» I Status Group by Category
» [ Turbine Specifications .
Sorting

» I Wind Inf ti

ind Information Sort AZ
» I Yaw Information

Sort Z-A

-

For this example, drag the Turbine Specifications category onto the Wind Turbine
in the shape.

# * L PISCHOOL\student01 &

SelectData > Modify View > Publish ke m

D Source Assets v ) search Shape  Matches
Server SRR ) % Asset Shape Found 55 Matches
Database catio P 4 @ Wind Farm # % » @ BigBuffalo Wind Farm
4 @ Wind Turbine # % » @ BigBuffalo Wind Farm
@ Assets = Blade Length # % » ©BigBuffalo Wind Farm
4 @ Big Buffalo Wind Farm i Cut In Speed # % » @ BigBuffalo Wind Farm
© 8801 | = Cut Out Speed #x » @ BigBuffalo Wind Farm
@ BBO2 i Manufacturer # % » ©BigBuffalo Wind Farm
Gaces et e -' i= Model # % » ©BigBuffalo Wind Farm
resl - 6= Rated Power # % » @ BigBuffalo Wind Farm
i=| Rated Speed % » @ Big Buffalo Wind Farm
» I Energy Information i Total Height S x » © Big Buffalo Wind Farm
» B Metrics » © Big Buffalo Wind Farm
» I Status » (D Big Buffalo Wind Farm
4 M Turbine Specifications » @ Big Buffalo Wind Farm
= Model ‘ » © Big Buffalo Wind Farm
= Total Height ‘ » @ Big Buffalo Wind Farm
= Rated Speed I~ » 6 Desert Lake Wind Farm 4

Just like with assets, these attributes are used in the filtering process. If an element
does not have one of the attributes, then it will not be matched.

' Although we won’t use it in this lab, the attributes can be modified like the

assets and can be marked as optional.
L

Tip If marked as optional, they will not be part of the matching criteria, which is
useful when derived templates are used.

At this point, the shape is complete. Click Next to continue to the Modify View
page.
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3.2.2 Modify the View

Select Data > Modify View > Publish

+ Add Column

T Edit Row Filters

Wind Farm
Big Buffalo Wind Farm
Big Buffalo Wind Farm
Big Buffalo Wind Farm
Big Buffalo Wind Farm
Big Buffalo Wind Farm
Big Buffalo Wind Farm
Big Buffalo Wind Farm
Big Buffalo Wind Farm
Big Buffalo Wind Farm
Big Buffalo Wind Farm
Big Buffalo Wind Farm
Big Buffalo Wind Farm
Big Buffalo Wind Farm
Big Buffalo Wind Farm
Big Buffalo Wind Farm
Big Buffalo Wind Farm
Big Buffalo Wind Farm

TimeStamp
3/1/2020 11:03:53.023 AM

3/1/2020 11:04:53.023 AM
3/1/2020 11:05:53.023 AM
3/1/2020 11:06:53.023 AM
3/1/2020 11:07:53.023 AM
3/1/2020 11:08:53.023 AM
3/1/2020 11:09:53.023 AM
3/1/2020 11:10:53.023 AM
3/1/2020 11:11:53.023 AM
3/1/2020 11:12:53.023 AM
3/1/2020 11:13:53.023 AM
3/1/2020 11:14:53.023 AM
3/1/2020 11:15:53.023 AM
3/1/2020 11:16:53.023 AM
3/1/2020 11:17:53.023 AM
3/1/2020 11:18:53.023 AM
3/1/2020 11:19:53.023 AM

Wind Turbine
BBO7
BBO7
BBO7
BBOT
BBO7
BBO7
BBO7
BBOT
BBO7
BBO7
BBO7
BBO7
BBO7
BBOT
BBOT
BBO7
BBO7

Blade Length
41.148
41.148
41.148
41.148
41.148
41.148
41.148
41.148
41.148
41.148
41.148
41.148
41.148
41.148
41.148
41.148
41.148

MRRNRNRRNNRNRRNRN RN R R

Cut In Speed

Start Time End Time
Cut Out Speed Manufacturer Mode! Rated Power
25 Siemens ST4 1,650 15
25 Siemens ST4 1,650 15
25 Siemens ST4 1,650 15
25 Siemens 5T4 1,650 15
25 Siemens ST4 1,650 15
25 Siemens ST4 1,650 15
25 Siemens ST4 1,650 15
25 Slemens 5T4 1,650 15
25 Siemens ST4 1,650 15
25 Siemens ST4 1,650 15
25 Siemens ST4 1,650 15
25 Siemens ST4 1,650 16
25 Siemens ST4 1,650 15
25 Siemens 5T4 1,650 15
25 Siemens 5T4 1,650 15
25 Siemens ST4 1,650 16
25 Siemens ST4 1,650 15

Rated Speed

Using the information from the search shape and its matches, this page governs how

the data will be published. Additional columns can be added, existing columns can

be modified, and data range can be specified.

Since this view is publishing static data, set the sampling rate to 1 day by clicking
Edit Value Mode and choosing 1 days and click Save Changes.

Exact @

Edit Value Mode

® Sampled Values

® Sample values every

® Interpolate @

Cancel Save Changes

m
m
m
m
m
m
m
m
m
11
m
m
m
m
m

Total 1=

]
Tip

It's often best to use Interpolate with tag data. If Exact is chose, then all
attributes must have a compressed value in the archive that exactly
matches the timestamp, which is often not the case.

Notice that the TimeStamps do not have clean values. This is because the Start
Time is *-8h. Set the Start Time to 1-Jan-20 and notice that the timestamps are now

much neate
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3.2.

. TimeStamp . TimeStamp
5331f2020 11:25:08.592 AM _ 1/1/2020 12:00:00 AM
2311f2020 11:25:08.592 AM 1/2/2020 12:00:00 AM

At this point, the view should look similar to below.

Turbine Information

Select Data > Modify View > Publish

udent0l &

+ Add Column T Edit Row Filters I= Edit Value Mode Start Time End Time
te B Bryidmy 1-Jan-20 i C
Wind Farm TimeStamp _ Wind Turbine Blade Length Cut In Speed Cut Out Speed Manufacturer Model Rated Power Rated Speed Total Height  |=
Big Buffalo Wind Farm 1/1/2020 12:00:00 AM BBO7 41.148 2 25 Siemens ST4 1,650 15 m
Big Buffalo Wind Farm 1/2/2020 12:00:00 AM BBOT 41.148 2 25 Siemens 5T4 1,650 15 m
Big Buffalo Wind Farm 1/3/2020 12:00:00 AM BBOT 41.148 2 25 Siemens 5T4 1,650 15 m
Big Buffalo Wind Farm 1/4/2020 12:00:00 AM BBO7 41.148 2 25 Siemens ST4 1,650 15 m
Big Buffalo Wind Farm 1/5/2020 12:00:00 AM | BBO7 41.148 2 25 Siemens ST4 1,650 15 m
Big Buffalo Wind Farm 1/6/2020 12:00:00 AM BBOT 41.148 2 25 Slemens 5T4 1,650 15 m
Big Buffalo Wind Farm 1/7/2020 12:00:00 AM BBO7 41.148 2 25 Siemens ST4 1,650 15 M
Big Buffalo Wind Farm 1/8/2020 12:00:00 AM BBOT 41.148 2 25 Siemens ST4 1,650 15 m
Big Buffalo Wind Farm 1/9/2020 12:00:00 AM BBOT 41.148 2 25 Siemens 5T4 1,650 15 m
Big Buffalo Wind Farm 1/110/2020 12:00:00 AM BBO7 41.148 2 25 Siemens ST4 1,650 15 1
Big Buffalo Wind Farm 1/11/2020 12:00:00 AM BBO7 41.148 2 25 Siemens ST4 1,650 15 M
Big Buffalo Wind Farm 112/2020 120000 AM | BBO7 41.148 2 25 Siemens ST4 1,650 15 m
Big Buffalo Wind Farm 1/13/2020 12:00:00 AM BBOT 41.148 2 25 Siemens 5T4 1,650 15 m
Big Buffalo Wind Farm 1/14/2020 12:00:00AM | BBO7 41.148 2 25 Siemens ST4 1,650 15 11
Big Buffalo Wind Farm 1/15/2020 12:00:00AM | BBO7 41.148 2 25 Siemens ST4 1,650 15 1M1
Big Buffalo Wind Farm 116/2020 120000 AM | BBO7 41.148 2 25 Siemens ST4 1,650 15 m
Big Buffalo Wind Farm 1/17/2020 12:00:00 AM BBOT 41.148 2 25 Siemens 5T4 1,650 15 m

Click Next to move to the Publish page

3 Publish the View

Turbine Information

Select Data > Modify View > Publish

Target Configuration Summary
Pl View v Shape and Matches
« There are 55 Matching Instances
+ There are na Time Series attributes selected
Run Mode
Timeframe and Interval
® Run Once

« Your Start Time is 2020-01-01T05:00:00.000Z
- Your End Time is *
« Your Time Interval gets an interpolated measurement Every 1

Run on a Schedule

On this page, the target and schedule are set. The Target Configuration provides
the list of pre-configured targets, such as specific databases, data lakes, or folders.
If the PI View target is chosen, then users can access the data using the Pl ODBC
Driver. In this class, the SQL Server target will be used exclusively.

Choose SQL Server from the dropdown list
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For the Run Mode, choose to Run on a Schedule, and have the view Recur every

1 day. Doing this will ensure that any changes to the asset structure can be
reflected in the published data.

Target Configuration Summary
SQL Server v Shape and Matches
Run Mode
Timeframe and Interval
Run Once

® Run on a Schedule

First Run

« There are 55 Matching Instances

« There are no Time Series attributes selected

« Your Start Time is 2020-01-01T05:00:00.0002
* Your End Timeis *

» Your Time Interval gets an interpolated measurement Every 1

day

*

Recur every | 1

v || days =

Click Publish to create the dataset. On the home page, look for the new view
Turbine Information. Its Run Status will update to Publishing and then to

Scheduled once the data has been published.

=+ Create Asset View
E fata view 1

#+ Create Event View

% Create Streaming View [# Modify View

% Remove View

Name

Solution - Turbine Data 1h Su..
Solution - Turbine Downtime
Solution - Turbine Information
Solution - Turbine Running Data

Turbine Information

Overview Log Security
Run Status

View Name

Pl AF Database
Publish Target
View Type

Run Mode

Run Frequency

3.3 Create an Asset View for Wind Turbine Process Data

Run Status
Scheduled
Scheduled
Scheduled
Scheduled

Scheduled

Type

Asset
Event
Asset
Event

Asset

View Configuration Statistics

Scheduled

# Turbine Information
Wind Generation

SQL Server

Asset

Continuous

1 Days

Run Mode

Continuous
Continuous
Continuous
Continuous

Continuous

Publish Actions

Update Data

Start Time

2020-01-01T05:00:00.000Z
2020-01-01705:00:00.000Z
2020-01-01T05:00:00.0002
2020-01-01T05:00:00.000Z
2020-01-01T05:00:00.000Z

Asset Shape

Resume

End Time

4 (@ Wind Farm
4 @) Wind Turbine

[= Blade Length

= cut In Speed

[ cut Out Speed

= Manufacturer

= Model

= Rated Power

& PISCHOOL\student01 &

Last Run Time

Mar 1, 2020 7:54:24 PM
Mar 1, 2020 7:56:30 PM
Mar 1, 2020 5:37:47 PM
Mar 1, 2020 7:56:17 PM
Mar 1, 2020 7:45:53 PM

Now that we have a view created for the Turbine metadata, the next step is to create

a view for the process data. In this example, we will publish summary data at

intervals of one hour.

v

Best Practice

Don’t sample data more frequently than necessary. Instead, tailor the data
sets to the intended use case.

In a monthly or weekly report, hourly summaries (avg, total, min, max) often

provide enough time resolution while using fewer resources.
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This will follow the same process as the previous section to capture the following
data. For this lab, the Availability and Efficiency are kept as ratio for simplicity and
will be represented as percentages using the built-in functionality of Power Bl.

B .| Category: Energy Information

s & | &7 Power 39.204 kKw

B | Category: Metrics

¢ | <7 Avaiabiity 1 ratio
B ¢ | ¥ Capacity Factor 0.02376 ratio
¢ | «F Effidency 0.80947 ratio
B | Category: Status
¢ | ¢¥ Operating Mode Running
- Category: Turbine Specifications
B | Category: Wind Information
B & <7 Wind Direction 37.283 °
<% Wind Speed 4,4725 m/s
B | Category: Yaw Information
€ | <7 Yaw Angle -5.5419 °
B & | <% Yaw Position 31.741°

3.3.1 Create the Search Shape

Again, navigate to the PI Integrator home page and click Create Asset View.
Name this view Turbine Data 1h Summary.

Create New Asset View

Asset View Name

Turbine Data 1Th Summary

Access Permissions @

Administrators

Create a new shape, again choosing Server PISRV01 and Database Wind
Generation. Since the previous view already includes the name of the Wind Farm,
we can skip adding that to our shape. Instead, add BBO1 to the search shape and
modify it to use the template Wind Turbine instead of its name.
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D) Search Shape
T Asset Shape

@ wind Turbine &SR

Now, add the following attributes into the search shape

D Search Shape
Ty Asset Shape

E @ Wind Turbine S X
& Availability S n
& Capacity Factor k.
& Efficiency S %
& Power SR
& Yaw Angle S

Verify that the view has still found all 55 Matches and click Next

3.3.2 Modify the View

In this view, the goal is to publish summary information at one hour intervals. For
this data, each existing column will be configured to publish out an average value
over the interval, and an additional column will be created to totalize power, which
gives energy over that interval.

To begin, click Edit Value Mode and choose to sample values every 1 hour.
As before, update the Start Time to 1-Jan-20 and click Apply.

The view is now retrieving interpolated values at 1-hour intervals. The next steps will
change the columns to perform a summary calculation instead of retrieving the
interpolated value.

Click the Availability column. Notice the Column Details pane appears on the right
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® Column Details

Select Data > Modify View > Publish Name
.
TET e Feme s e e Tioe Recinaneio D
Every 1 i 1/1/20 12:00 AM ] |
Data Content ]
Wind Turbine TimeStamp Availability Capacity Factor Efficiency Pg Dl
BBO4 1/1/2020 12:00:00 AM 1 0322 0.467 530,687
BBO4 1/1/2020 1:00:00 AM 1 0.367 0.464 CEFM  Column Offset -]
BBO4 1/1/2020 2:00:00 AM 1 0.149 0458 245.121 - 0 +
BBO4 1/1/2020 3:00:00 AM 1 0017 0.565 28.223
BBO4 1/11/2020 4:00:00 AM 1 0.079 0453 Yl Unit of Measure
BBO4 1/1/2020 5:00:00 AM 1 dn 0.002 059 3,673 ratio
BBO4 1/1/2020 6:00:00 AM 1 0016 0634 25.905
Data Type
BBO4 1/1/2020 7:00:00 AM 1 037 0.458 611.041
BBO4 1/4/2020 8:00:00 AM 1 0.864 0.864 1,426.312 [Dowpe -]
BBO4 1/1/2020 9:00:00 AM 1 0.051 0.556 84.009
BBO4 1/1/2020 10:00:00 AM 1 0.866 0.866 1,428.256 Remave Column
BBO4 1/4/2020 11:00:00 AM 1 0847 0.847 1,397.576
BBO4 1/1/2020 12:00:00 PM 1 033 0545 544,537 Apply Changes
BBO4 1/1/2020 1:00:00 PM 1 0.039 0.603 64.596
B804 1/1/2020 2:00:00 PM 1 0.098 0.547 161.629
BBO4 1/4/2020 3:00:00 PM 1 0.149 0617 245,062
BBO4 1/1/2020 4:00:00 PM 1 0624 068 1,029.18

Change the Data Content from Value to Average

Data Content

Minimum

Click Apply Changes at the bottom. The column is now calculating an average over
the 1-hour interval.

Repeat this process for Capacity Factor, Efficiency, Power, and Yaw Angle.

Summary calculations are most accurate when performed at this stage. If
needed, add additional columns to perform other summaries.

To create Energy (a total of Power), click Add Column on the top left. This brings
up a window to add additional columns. Choose the Power attribute, a Data
Content of Total, and set the Conversion Factor to Hour (24). Name this column
Energy. This column will now contain the total kWh over the interval.
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Add Column x
Data Column Time Column Static Value
Select Column Data Source

4 @ Wind Turbine
Column Name

@ Availability
‘ Energy ‘
& capacity Factor Use Default Name
@ Efficiency Column Data Content @
& Power ‘ Total - ‘
& Yaw Angle
Unit of Measure
‘ kilowatt M ‘
Data Type
‘ Double v ‘

Calculation Basis @

‘ Time Weighted - ‘

Conversion Factor @

= ‘Hour(24) - ‘

Cancel Add Column

The page should now look similar to below

Select Data > Modify View > Publish

4 Add Column Y Edit Row Filters I8 Edit Value Mode Start Time End Time
0oy Fikes || sty 1/1/20 12:00 AM 2] Apely

Wind Turbine TimeStamp Availability Capacity Factor Efficiency Power Energy Yaw Angle =
BBO1 1/1/2020 12:00:00 AM 1 0.72 0.793 1,188.083 1,188.083 -3.264 -
BBO1 1/1/2020 1:00:00 AM 1 0.521 0.799 860.231 860.231 -0.187
BBO1 1/1/2020 2:00:00 AM 1 0.471 0.804 777.332 777.332 0.715
BBO1 1/1/2020 3:00:00 AM 1 0.132 0.742 218.145 218.145 -5.59
BBO1 1/1/2020 4:00:00 AM 1 0.051 0.788 84.592 84.592 -3.627
BBO1 1/1/2020 5:00:00 AM 1 0.075 0.796 123773 123773 -1.088
BBO1 1/1/2020 6:00:00 AM 1 0.012 0.765 19.321 19.321 4.653
BBO1 1/1/2020 7:00:00 AM 1 0.148 0.802 244211 244211 -2.359
BBO1 1/1/2020 8:00:00 AM 1 0.797 0.807 1,315.736 1,315.736 -7.443
BBO1 1/1/2020 9:00:00 AM 1 0.486 0.797 801.187 801.187 -2.699
BBO1 1/1/2020 10:00:00 AM 1 0.341 0.728 563.398 563.398 -2.875

Click Next to proceed to publishing

3.3.3 Publish the View

Configure the view to use the SQL Server target and recur every 1 Hour
Select Data > Modify View > Publish

Target Configuration Summary

SQL Server v Shape and Matches

+ There are 55 Matching Instances
Run Mode Timeframe and Interval

Run Once « Your Start Time s 2020-01-01T05:00:00.000Z

+ Your End Time is

« Your Time Interval gets an interpolated measurement Every 1
hour

® Run on a Schedule

First Run

N ) ‘

Recur every
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4. Wind Turbine Data: Pl SQL Client Element Model

4.1 Overview

In this section, two datasets will be created like those published in Section 3 — one
for Wind Turbine metadata, and the other for Wind Turbine process data.

Queries written for the PI SQL Client can be executed from any application
supporting OLEDB, ODBC, or JDBC as long as the computer has the appropriate
driver installed. For authoring, the Pl SQL Commander Lite application will be
used, as it is tightly integrated with the PI SQL Client and includes wizards and
sample queries to aid development.

4.2 Connect to the AF Server

Open PI SQL Commander Lite and right click on Pl SQL Client under OLEDB Data
Sources and click Connect. Fill in the AF Server PISRV01 and choose AF
Database Wind Generation from the dropdown

Data Source

AF Server: ‘ PISRVO1 ‘
AF Database: | v|

Authentication

Object Explorer
[«] Trusted connection

JalE
User
4 | JIOLEDB Data Sources
| {/PLSQL Client Password:
4 ?CEE 44 Cpponect
= j Refresh Test Connection
' For authoring purposes, there is no difference between OLEDB and
ODBC, as they are just translation layers that interface with the Real Time
. Query Processing (RTQP) engine on the AF server.
Tip

4.2.1 Create a Catalog and Schema for the Report
Since there may be many use cases for querying the database, it is helpful to create

Catalogs and Schemas to keep related queries organized. An additional Catalog
Solution already exists, and contains the solutions for this lab.
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For this lab, right click Catalogs and create a catalog called Report.
Then, right click Report and create a schema called WindGeneration.

4 | JIOLEDB Data Sources
4 | JJPISQL Client
4 ,d PISEVO1\Wind Generation
4 | _JCatalogs
| Master
4 | Report
-
| __Tables
[+ [ Views
[+ [ Table-Valued Functions
[+ |_JFunction Tables
[» |_JScalar Functions
| Solution

4.3 Create a Template-Specific Data Model for the Wind Turbine

The Pl SQL Commander Lite has built-in wizards to aid the creation of datasets for
reporting purposes. These Template-Specific Data Models produce similar
datasets to the PI Integrator and will be the focus of this lab.

' Unlike the PI Integrator, the Pl SQL Client can be used for general

purpose queries against the Pl System. These types of queries are
ot outside the scope of this lab, but the Query Compendium contains good
Tip examples to help get started.

To create the data model, right click on the schema WindGeneration and click
Create Template-Specific Data Model

4 |_JCatalogs
J Master
4 | || Report
4 | _yWindGeneration
_iTables X Drop
Views Create Template-Specific Data Model...

[_J Table-Value; %
Export Custom Database Objects...

A Function Tal
_dScalar Funci Import Custom Database Objects...
J Solution

Scrints 3

For Template Type, choose Element, and for Template choose Wind Turbine,
then click Next
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Template Template Type

Data Model Objects ® Element
Summary () Event Frame
Execution
Template
Wind Farm
Wind Turbine

The next page is where the Data Model Objects are specified. In this stage, an
Element View will be added to capture the turbine metadata and a Get Summaries
call will be used to get aggregate data.

Template Template-Specific Data Model Objects

Data Model

Objects Add Element View...
Summary Add GetSampledValue...

Add GetSummary...

Add GetSummaries...

|
|
Execution | Add GetSampledValues...
|
|

Modify..

Remove

For the Data Model Objects, first click Add Element View. This will open a column
definition window.

Set the View Name to Turbine Information
Select the metadata attributes (using Ctrl+click) and drag them into the main pane.
In the header of the table, deselect Timestamp, Unit of Measure, and Error

The window should look similar to the below image. The name of the Wind Farm
(the parent element) is not included at this stage but will be added in later steps.
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Element View Value Column Definition n

View name:
Turbine Information

Drag and drop attributes:

G Availability Attribute Value [] Time Stamp ] Unit of Measure [ Error
=@ Blade Length
g C:p:m?"édm =] |Blace Length | Blade Length | H H
=4 Cut In Speed ] |CutinSpeed  Cutln Speed
=4 Cut Out Speed =] |Cut Qut Speed  Cut Out Speed
@ Efficiency E] |Manufacturer ~ Manufacturer
=g Manufacturer =] |Model Maodel
;; g"\ode\ Mod =] |Rated Power Rated Power
perating Mode
@ Power =] |Rated Speed  Rated Speed
=4 Rated Power =] [Total Height  Total Height

=g Rated Speed
=g Total Height
@& Wind Direction
<@ Wind Speed
@& Yaw Angle

& Yaw Position

[ show hidden

oK | | Cancel

Click OK
Next, click on Add GetSummaries... (not GetSummary...).

Drag the following attributes into the table:

o Availability

e Capacity Factor
o Efficiency

e Power

e Yaw Angle
o Power (yes, add it a second time)

Configure all attributes except the second Power with Calculation Basis:
TimeWeighted and Summary Type: Average

Configure the second Power with Calculation Basis: TimeWeighted and
Summary Type: Total. This attribute will become our Energy calculation

In the header of the table, deselect Timestamp, Unit of Measure, and Error

For consistency with the PI Integrator views, remove the “_Average” suffix from the
Value column. This field will become the column name, so also rename the second
Power to Energy

The window should look similar to below
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GetSummaries Column Definition

Table-valued function name:

Wind Turbine_GetSummaries

Drag and drop attributes:

& Availability Attribute Calculation Basis Summary Type Value [ Timestamp [ Unit of Measure [ Error
4 Blade Length =1 |Availability TimeWeighted ™ || Average ~ | Availability
Capacity Factor

ﬁ(utpln ;’aeed ] |Capacity Factor | TimeWeighted ¥ || Average ¥ | Capacity Factor

= Cut Out Speed 3 |Efficiency TimeWeighted v || Average v | Efficiency
i Efficiency = |Power TimeWeighted ~ “ || Average ¥ | Power

: mazuracturer =] |Yaw Angle TimeWeighted ~ || Average ~| Yaw Angle

=4 Mode
& Operating Mode =] |Power H TimeWeighted 7 || Total ~ |l Energy ” || H
& Power

= Rated Power
=g Rated Speed
=4 Total Height
& Wind Direction
<& Wind Speed
& Yaw Angle

& Yaw Position

[ Show hidden

=
Tip

The Total Summary Type will always use a calculation basis of 1 Day

Click OK

There should now be two Data Model Objects defined as shown below

Template-Specific Data Model

(@ os

Template Template-Specific Data Model Objects

Data Medel

Objects Turbine Information Add Element View...
SrE Wind Turbine_GetSummaries | Add Value.

Execution

Add GetSampledValues...

Add GetSummary...

Add GetSummaries.
Modify...

Remove

Cancel

On the Data Model Objects page, click Next
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This brings up a summary page that shows the query that will be executed. Click
Execute to create the objects

' This query can be built and executed without using the wizard. The
statements within the query can also be executed individually without
ot creating the Data Model Objects.
Tip
At this stage, the two data objects should be listed within WindGeneration as shown
below:
4 | J Report
-
[ Tables
4 | JViews
[ Turbine Information
4 | | Table-Valued Functions
) @Wind Turbine_GetSummaries
__|Function Tables
|_JScalar Functions
' A copy of the resulting query is stored in the following file, and can be
- executed if you ran into any issues.
Tip C:\PI World\Solutions\PI SQL Client\4.3 - Create Initial Data Model.sq|l

4.4 Enhance the Data Objects

4.4.1 Execute Predefined Queries

Pl SQL Commander Lite makes it easy to see a sample query for most objects by
Right Clicking and choosing Execute Predefined Query. Do this for the View and
Table-Valued Function (TVF) to see the result.

4 | _JViews
l» 3] Turbine Information
4 | Table-Valued Functions
- @wmd Turhina CeiSummaries

dFunctic ¥  Execute Predefined Query...

|_JScalar Y% s

Two pieces of information are missing from our data:
1. The Turbine Information does not include the Wind Farm
2. The Wind Turbine_GetSummaries returns Energy in kwWd instead of kWh
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4.4.2 Update the Turbine Information View

To add the Wind Farm information, edit the view.

Right click Turbine Information > Scripts > Alter View > New Query Window

4 | _JWindGeneration L
[_JTables NI

4 __JVie'.'.-lr—s . L:IJEI
I D urbine NUI
4 [ Table-Valu ¥ Execute Predefined Query... NUI
) @WindT x Drop MU

CREATE VIEW  » ‘ Scripts A
ALTER VIEW » 24 New Query Editor Window Ih:l_Jl
DROP VIEW — » Clipboard N
! __JICIIJII:EI |I|Jl

To get the Wind Farm, append ParentName(e.PrimaryPath) AS [Wind Farm] to the
SELECT statement.

The default columns e.Description, and e.Comment may also be removed since
they are not needed for the intended report.

Optionally, for consistency with the PI Integrator, change the Name column to use
the alias Wind Turbine by adding e.Name as [Wind Turbine].

Line 3 should be as follows

SELECT e.ID, e.Name as [wind Turbine], v.*,
ParentName(e.PrimaryPath) AS [wind Farm]

ALTER VIEW [Solution].[WindGeneration].[Turbine Information]

AS

SELECT e.ID, e.MName as [Wind Turbine], v.*, ParentName(e.PrimaryPath) AS [Wind Farm]
FROM [Master].[Element].[Element] e

TNNER JOIN [Master].[Element].[ElementTemplate] et ON et.ID = e.TemplateID

TNNER JOIN [Master].[Element].[Value]

<

Bl'lddmd Toimbtme® Tomnl ot

click ¥ Becute o1 F5 1o execute the query and alter the view.

Execute the Predefined query once more to ensure that the view does not throw any
errors

33| Page



4.4.3 Create aview from the Table-Valued Function

The Table-Valued Function is not easily usable within Power Bl. To make it easier
for end-users, create a view.

Using the Predefined Query as a starting place, create the following query:

CREATE VIEW [Report].[WindGeneration].[Turbine Data 1h Summary]
AS

SELECT e.[Wind Turbine], s.*

FROM [Report].[WindGeneration].[Turbine Information] e

CROSS APPLY [Report].[WindGeneration].[Wind Turbine_GetSummaries]

e.ID, --Element ID

'"1-Jan-20', --Start Time

* --End Time

'1h', --Time Step

N'MostRecentTime' --Time Type
)s

Refresh the Views and two views should now exist:

4 | | Report
4 | _JWindGeneration
[_JTables
4 | _iViews
I> 3! Turbine Data 1Th Summary
[ Turbine Information
4 | | Table-Valued Functions
[ @Wind Turbine_GetSummaries
|__iFunction Tables
|__JScalar Functions

Execute the Predefined query for the new view to ensure that the view does not
throw any errors.

When creating an analysis, if an attribute value will be used more than
once, create its own variable and call that instead of the attribute.

Best Practice

! You can navigate to the Library section by using Ctrl-3 key combination.
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5. Wind Turbine Report

5.1 Overview

This section will detail creating a report in Power Bl using the data prepared in
Sections 3 or 4. Students may choose to use either the dataset published by the PI
Integrator or the views created for the Pl SQL Client.

5.2 Tasks

o Create a new Power Bl Report
o Connect the report to PI Integrator Data
o Connect the report to Pl SQL Client Data
o Transform the data as necessary
¢ Join the metadata and process data tables
e Build a report page

e Create additional measures

5.3 Create a new Power Bl Report

To build the report, first open Power Bl Desktop.
On the splash screen, choose Get Data.

Power Bl -
Take a look at what's new and improved in Power Bl in
D e S kto p this month’s update.

Power Bl has recovered files that you might want to keep POWER Bl BLOG

Keep up to date with the latest news, resources, and

[ Show recovered files

updates from the Power Bl team.

-—
I Getdata FORUMS
% R Slg nin to COIIa bO rate a nd Visit the Power Bl Forum to ask questions or interact
ecent sources i i "
with other users in the Power Bl community.
share content &
&I Open other reports Power Bl Pro enables you to collaborate across TUTORIALS
departments and distribute content to your Ready to learn more about Power BI?

organization. Sign in or sign up for a free 60-day
trial.

Try free

Sign in

36|Page



5.3.1 Option 1 - Connect the report to Pl Integrator Data

After choosing Get data, a new screen appears to assist with the data source
connection. To bring this up in the future, click on Get data in the ribbon

&

Get
data~

To use the data published by the PI Integrator, choose SQL Server database from
the list.

Get Data
Search Database
All SQL Server database % A
. A dotab
File ’_I'r:n.pon data from a S5QL Server database. I
Database SQL Server Analysis Services database

_ e - Oirarle datahasze

On the database connection screen, choose:
Server: PISRV01

Database: PI_World

Data Connectivity Mode: Import

SQL Server database

Server (i)

PISRVO1

Database (optional)
PI_World

Data Connectivity mode (i)
* Import
O DirectQuery

> Advanced options

oK Cancel



Click OK to move to the Navigator Window.

In this window, choose the two tables that we created before: Turbine Data 1h
Summary and Turbine Information

¥ [ Turbine Data 1h Summary

¥ B Turbine Information

After selecting these two tables, click Transform Data.

It is important that the Turbine Information table be filtered to return only the latest
result. If Load was clicked, don’t worry, just click Transform Data from the Home

tab of the ribbon
E_I

Transform
data v

This opens the query editor window.
At this stage, select Turbine Information from the list of queries on the left.

Choose the dropdown on the TimeStamp column > Date/Time Filters > IsLatest

o
Queries [4] < = ‘\23 Id - AEC Wind Farm - E‘@ TimeStamp - A!( Wind Turbine ~| 1.2 Blade Lengtl
1 Turbine Information 1 %l Sort Ascending BBOL
B Turbine Data 1h Summary 2 &l Sort Descending BBO1
[ Turbine Data 1h Summary (2) j Equals...
EH Turbine Information (2) : Before...
6 Remove Empty After.
7 Date/Time Filters b Between...
8
— Search In the Next...
9
¥ (Select All) In the Previous...
10 E A
. ¥ 1/1/2020 12:00:00 AM Is Earliest
2 ¥ 1/2/2020 12:00:00 AM T —
13 & 1/3/2020 12:00:00 AM |
. ¥ 1/4/2020 12:00:00 AM Is Not Earliest
- ¥ 1/5/2020 12:00:00 AM Is Not Latest

Now the table will include only the latest result. Click Close & Apply from the Home
tab of the ribbon to return to the report

=X
mp

Close &
Apply ~

5.3.2 Option 2 — Connect the report to Pl SQL Client Data

Click on Get data in the ribbon.
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&

Get
data~

To use the data using Pl SQL Client, choose OLE DB from the Other category of
connections.

Online Services

Get Data
Search Other
- LRl S L D )
All v7 Spark
File <> R script
Database <= Python script
Power Platform <+ ODBC
Azure <) OLEDB
=

BI360 — Budgeting & Financial Reporting (Beta)
Other 55

} Information Grid (Beta)

™ e

On the database connection screen, click Build to build a connection string. Choose:
Provider: Pl SQL Client

AF Server: PISRV01

AF Database: Wind Generation

Trusted Connection: Checked



[F| Data Link Properties

Provider Connection Advanced All

Selectthe data you wantto connect to:

OLE DB Provider(s)

Microsoft Office 12.0 Access Database Engine OLE DB Provider
Microsoft Office 16.0 Access Database Engine OLE DB Provider
Microsoft OLE DB Driver for SQL Server

Microseft OLE DB Provider for Analysis Services 11.0

Microsoft OLE DB Provider for Analysis Services 14.0

Microsoft OLE DB Provider for ODBC Drivers

Microsoft OLE DB Provider for Search

Microsoft OLE DB Provider for SQL Server

Microsoft OLE DB Simple Provider

MSDataShape

OLE DB Provider for Microsoft Directory Services

OLE DB Provider for SQL Server Integration Services

PISQL Client

~

EF| Data Link Properties >

Provider Connection Advanced All

Data Source

AF Server:

PISRVOL

Nind Generation ~

AF Database:

Authentication

[] Trusted connection

User

Password:

Test Connection

SQL Server Native Client 11.0
SAL Server Native Client RDA 11.0

0K Cancel

Next>>

Help OK

Cancel Help

Click OK to move to the credentials section.

Here, choose Windows on the left and select Use my current credentials

Neooanan

Default or Custom

Windows

Database

OLEDB provider

MBI FarAVaran TISE L¥3

< data source="Wind Generation";location=PISRVOT;p...

Use your Windows credentials to access a data source with an OLE DB provider.

"®) Use my current credentials

O Use alternate credentials

Credential connection string properties (optional) ()

Back

Click Connect to move to the Navigator Window.

Connect Cancel

In this window, navigate to Report > WindGeneration and choose the two tables
that we created before: Turbine Data 1h Summary and Turbine Information
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-

4 E' OLE DB (provider=PISQLClient.1;data source="...
I Master
4 Report [1]
4 WindGeneration [2]
v r'lj Turbine Data 1h Summary
v r'I:I Turbine Information

[ Solution

After selecting these two views, click Load.

5.4 Connect the two tables

At this point, the report will have two tables, either from the SQL Server (PI
Integrator) or PI SQL Client. If both sets of tables have been imported, choose one
set and delete the other.

Since there are two tables, it is important to define the relationship between them. In
this example, we want to use the Wind Turbine field to link the two tables.

To view the links between tables, navigate to the Model using the icon on the left
side of the window

Power BI will try to guess how tables should be connected, but it doesn’t always
choose correctly. Especially for the PI Integrator tables, Power Bl will usually choose
to join on the ID columns, which have no relation between tables.

To see the relationship, click on the link between the two tables



7] Turbine Data 1h Su...
[T Blade Length

1 Cut In Speed

£ Cut Out Speed
[ Efficiency g

1 Energy
- d

1 Availability
Fl Capacity Factor

[ Manufacturer
1 Model

3 PlintShapelD
3 PlIntTSTicks
[ Rated Power
1 Rated Speed
£ TimeStamp
1 Total Height
1 Wind Farm
B Wind Turbine

E1 PlintShapelD

Bl PlIntTSTicks
f Power

1 TimeStamp
1 Wind Turbine
[ vaw Angle

If the link is incorrect, Right Click on it and choose Delete

To create a new link, drag a field from one table onto the corresponding field from
another table.

For the PI Integrator tables, the relationship should look like below:
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7] Turbine Data 1h Su...

1 Availability
Fl Capacity Factor
[ Efficiency

1 Energy

B id

E1 PlintShapelD
F PlintTSTicks
1 Power

1 TimeStamp
| Wind Turbine
[ vaw Angle

7! Turbine Information

[T Blade Length
1 Cut In Speed
£ Cut Out Speed
Mid

M Manufacturer
1 Model

3 PlintShapelD

3 PlIntTSTicks
[T Rated Power
1 Rated Speed
£ TimeStamp
1 Total Height
1 Wind Farm
1 Wind Turbine

For the PI SQL Client, the relationship should look like below:

77 Turbine Data 1h Sum... - - -

1 Availability

f1 Capacity Factor
f1 Efficiency

M Energy

1 Power

£ TimeStamp

| Wind Turbine

M Yaw Angle

77 Turbine Information ... - - -

1 Blade Length
Fl Comment

£ Cut In Speed
M Cut Qut Speed
F1 Description
Bl ElementID
D

[ Manufacturer
£ Model

F1 Rated Power
£ Rated Speed
M Total Height
F Wind Farm
71 Wind Turbine

Since the directionality of the relationship is such that filters applied to the Turbine
Information table affect the Turbine Data 1h Summary, but not vice-versa, it is
important that users do not use the Wind Turbine field from the 1h data table for



filtering. To ensure this doesn’t happen, the column can be hidden from the report
view.

Right Click and choose Hide in report view for the Wind Turbine in the table
Turbine Data 1h Summary

A Wind Turbine
Yaw Angle

Create hierarchy

Delete from model

+/ Hide in report view

5.5 Add Visuals to the Report

Start by adding a Title. From the Home tab of the ribbon, choose Text Box.
Set the font size to 36

Type Wind Generation Overview

'Wind Generation OvervieM l

Segoe Ul

5.5.1 Create a Funnel Chart to show Energy by Wind Farm

Click on the Funnel Chart under Visualizations to add a funnel chart to the report.

Visualizations >
Funnel I:_ L L I_l_L
e bl Ul M [
[l oo < =
(v B & =

For Group, add the Wind Farm from Turbine Information by dragging and dropping
For the Values, add the Energy field from Turbine Data 1h Summary
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Energy by Wind Farm
1008

hJ: r.iesa I‘l“‘li"‘: FEIIT “
Wind Farm
Desert Lake Wind Farm 503.70K
Big Buffale Wind Farm 427.00K
Energy
Pine Wolf Wind Farm 3858.50K -
Tooltips

Add data fields here

Values

55.9%

5.5.2 Create Gauges to Show Availability and Capacity Factor

Create a new visualization by clicking into blank space on the report and
clicking on the Gauge " icon in visualizations.
For Value choose Availability from the Turbine Data 1h Summary.

Notice that the value does not match what should be expected.

Availability

66.24K

0.00K 1322.47K

then

The reason for this is that Power Bl generally defaults to Sum as the default
summarization, but availability is more useful as an Average. To change this
behavior, click on Availability in the Fields section on the right, and then in the

ribbon navigate to Column Tools.

~ HE Turbine Data Th Summary (2)

(= Availability

1'% ranaritu Fartar

File Home Insert Modeling View Help Table tools Column tools

@ Name Availability 5% Format z Summarization  Sum v E’ﬁl
Sort by

(1“23 Data type | Decimal number v $ ~% 9 -‘;03 Auto : E Data category  Uncategorized v AL

column v

Structure Formatting Properties Sort

8 e HEB

Data
groups >

Groups

Manage
relationships

Relationships

New
column

Calculations



In the center, change the Summarization to Average and set the Format to
Percentage. By publishing the data as a ratio, Power Bl can convert the data to a
percentage. This helps Power Bl choose default ranges for gauges and add the
percent symbol (%) to the values.

File Home Insert Modeling View Help Table tools Column tools
=]
- =
@ Name Availability 5% Format Percentage - z Summarization Average v Eﬁ {E - =] @
- Sort by Dat: M N
@3 Data type Decimal number v $ v % , ‘4’3 2 v E Data category  Uncategorized ~ ort by ata anage =

column+ groups v relationships | column

Structure Farmatting Properties Sort Groups Relationships Calculations.

Notice, however, that the data in the Gauge has not changed, but the title has
updated to Sum of Availability.

Sum of Availability

6.62365K%

0.00% 100.00%

Changing the default summarization in Power Bl does not alter existing
visualizations. To do this, click the dropdown on the value and choose Average

Rename

TJ @\ Move to »

sum

Value
— +/ Average b
Sum of Availability P L

Minimum
Minimum value 1 Maximum
The visual now shows an appropriate Availability
Availability
81.93%
0.00% 100.00%

Repeat this process to add Capacity Factor to the report page
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5.5.3 Add atrend showing Power over time

5.5.

Add a Line Chart " to the report.

For the Axis, choose Timestamp from Turbine Data 1h Summary. In the
dropdown, change from Date Hierarchy to Timestamp.

For the Values, choose Power from Turbine Data 1h Summary. Also add Rated
Power from the Turbine Information

Ensure that Power and Rated Power are aggregated as a Sum

Power and Rated Power by TimeStamp

@ FPower @ Rated Power

Axis

TimeStamp VX

Legend

Add data fields here

Values
Power X
Rated Power WX

100K

Power and Rated Power

0K
Feb 2020
TimeStamp

Mar 2020

4 Create a new measure for combined power

In the previous visualization, Power was aggregated as a sum. In most cases, data

that contains rates — flow rate, speed, power, etc. — should be averaged over time
and not summed. This can be seen by creating the following table.

Values
Wind Farm Rated Power | Power Average of Power i

Wind Farm X
Big Buffalo Wind Farm 2400000 10,245,116.39 464,77
Desert Lake Wind Farm  30,000.00 12,088,731.96 82235 Rated Power WX
"fji-:: Mesz "u'ei'ru:l Fam 3590000  16,685,102.44 56752 Power v %
Pine Walf Wind Farm 2000000 9324097.01 £34.29
Total 112,900.00 48,346,047.81 597.97 Average of Power X

Notice that when aggregated by Wind Farm, the Power (sum) has a wildly
inaccurate number. This is because every row for the wind farm is being summed
together.

Notice also that the Average of Power also isn’t quite showing the expected value.

Instead of showing the average power for the wind farm, it is showing the average
power across all the turbines.

In the previous visual (the Power Trend) the correct result was attained because the

power was summed up across each distinct timestamp, and was not aggregated
across timestamps.

The same result can be created using the following formula:



Sum(Power)

Combined P =
omomea FOWEr = pistinctCount (Timestamp)

i
MNew

To create this in Power B, click New Measure from the Home tab of the ribbon measure |
and use the following formula

Combined Power = SUM('Turbine Data 1h Summary'[Power])/DISTINCTCOUNT('Turbine Data 1h
Summary ' [TimeStamp])

In the Measure tools tab, ensure that the Home Table is set to Turbine Data 1h
Summary

File Home Insert Modeling View Help Table tools Measure tools
5 &
@ Name Combined Power 5% General ~ E Data category e
) New Quick
Home table | Tur 9 9 Auto o :
@ Turbine Data Th Su... v $ ~ % =30 v Uncategorized v measure measure
Structure Formatting Properties Calculations
| 1 Combined Power = SUM(’Turbine Data 1lh Summary’[Power])/DISTINCTCOUNT( Turbine Data 1h Summary' [TimeStamp])

Adding this value to the table shows that the result matches expectations

Wind Farm Rated Powsr Powsr Average of Power Combined Power
Big Buffalo Wind Farm 24,000.000  10,248,116.39 464.77 6,971.51
Desert Lake Wind Farm 3000000 12,088731.96 32236 8.223.63
Mid Mesa Wind Farm 35900.000 16,685102.44 567.52 11,350.41
Pine Walf YWind Farm 20,000.00 9,324,007.01 63429 634202
Total 112,900.00 48.346,047.81 597.97 32.888.47

5.5.5 Add adate slicer

Use a date slicer to allow dynamic date filtering in the report.

Add a slicer visualization =T and use the TimeStamp from Turbine Data 1h
Summary as the Field

T =

TimeStamp

1/1/2020 3/2/2020

Field O O

TimeStamp WX

When hovering on the slicer, use the dropdown at the top right to change the type of
filtering applied. For this report, choose Relative Date
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Betwesn

C Before

? E . After

List

@ Dropdown
REIatiIi'E Date

Set the slicer to show the Last 7 Days. The report will now update to show the
selected time range

TimeStamp

last ~ 7 Days

= 2/25/2020 - 3/2,2020

5.6 Create atooltip page to show more details

Tooltip pages can be used to show detailed information in a custom view. Once
created, these pages can be added to visuals, and will replace the default tooltip.
For this exercise, a tooltip page will be created that shows a detailed breakdown of
each wind farm’s contribution to the total power.
| I NN N —

= B g
Desert Lak... I

Combined Power and Rated Power by TimeStamp Mid Mesa ... 31K
@ Combinzd Power @ Rated Power n
Pine Waolf ... 15K

Wind Farm

100K

0K 20K 40K [
sax \/\/—/\/_\fh}\ﬁ Combined Power
—

oK
12:00 AR T:00 AN 1:00 PM T-00 Ph
limeStamp

Cambined Pawer and Raled P



5.6.1 Create and format the page

-
First, create a new report page by clicking the New Page icon in the bottom of
the screen. Name this page Wind Farm Tooltip

Next, configure the page as a tooltip page. To do this, click on the background and

then click on the Format icon ? in the Visualizations pane on the right
Under the Page information section, set the slider for Tooltip to On

Under the Page size section, choose Tooltip from the type dropdown

-~ Page information

Name

Wind Farm Tooltip
-~ Page size

Toaltip
Type

i % Tooltip ~

To make formatting easier, set the Page View to Actual Size in the View tab of the
ribbon

= LU

Page Phone
view v layout
3 .
| ‘,_'Ij Fit to page
E Fit to width

,I% Actual size L\J

To ensure users do not navigate directly to this page, right click the page tab in the
bottom of the screen and choose Hide Page

Duplicate Page
Rename Page

Delete Page

Hide Page
Wind Farm Tooltip Hid
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5.6.2 Add visuals to the tooltip page

Add a Stacked Bar Chart == to the page, and configure it as follows:
e Axis: Wind Farm from Turbine Information
e Legend: Wind Farm from Turbine Information
o Value: Combined Power from Turbine Data 1h Summary
In the Format section, turn off the Legend and Title and turn on the Data Labels

- @ = 7

/O Search

Big Buffalo... -
I ~ General
£ Desert Lak... Wind Farm WK ~ Legend off O—
LE v Y axis —9
£ i Legend
g Nflcl hﬂesa . g e anis _.
Wind Farm WX ~ Data colors
:)Ine \."\IIOHC .
~ Plot area
0K 10K Combined Power X -
Combined Power ~ Title off O—

5.6.3 Configure the power trend to use the tooltip page

On the Wind Generation Overview report page, click on the Power Trend visual.
In the Format section, turn on the Tooltip and choose

e Type: Report page

e Page: Wind Farm Tooltip

T R

,O Search
7 puruer i
~~ Tooltip Oon —@
Type
Report page ~
Page

Wind Farm Tooltip ~

Once this is done, the tooltip page should appear when hovering over the trend.



N ... e E
E  Desert Lak... I
8
u | B
Combined Power and Rated Power by TimeStamp £ MidMess.. 31K
‘@Combined Power @Rated Power l
R ; pine woif .. [RETY
§ 100K 1
: 0K 20K 40K |
& s b 4 Combined Power
S oK
K200 7o0am +000m 00 7w
5 & ]

TimeStamp

This functionality can be extended by adding other graphics to the tooltip page as
necessary

£
= Desert Lak... 12K
N
Combined P d Rated P by TimeSt, .
omoines ‘ower an ate 'ower Dy limestamp P\ne WDH B EK
@ Combined Power @Rst=d Powsr
C—. 0K 10K
é Combined Power
: Capacity Factor Efficiency Combined Power
3 sk f
g 9 04 0 24K
& 5 ' 19 % 66 %
12:00 AM 7:00 AM 1:00 PM T - -
TimeStamp - = [ [
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6. Wind Turbine Downtime: Pl Integrator Event View

6.1 Overview

So far, the published data has focused on data coming directly from assets. Often,
Event Frames can provide valuable information for reports that may be difficult to
include otherwise.

In this section, downtime events will be prepared using the PI Integrator, and will be
incorporated into the report in the next section. Steps for the Pl SQL Client are
included in the Appendix.

6.2 Tasks

e Create a new Event View
e Configure the Event View shape

e Set up the publishing schedule

6.3 Create a new Event View

Navigate to the PI Integrator webpage and from the home screen, click + Create
Event View
Name the View: Turbine Downtime

Click to Create a New Shape, and then choose the Server PISRV01 and Database
Wind Generation

* L PISCHOOL\student01 &

n
Select Data > Moadify View > Publish m

"4 Source Events w  "H Search Shape + Matches

f 4 Event Shape
Server PISRVOT P

Database

Event Frames Assets

Y Downtime - Big Buffalo Wind Farm - BBO1 - High Winds - 2019-12-3.

BBOT - High Winds - 2019-12-3
BBO1 - High Winds - 2019-12-3..
-BBO1 - High Winds - 2019-12-3
BBO1 - High Winds - 2019-12-3...

BBO1 - Hich Winds - 2019-12-3.

Filter the list of Event Frames by typing in Downtime in the filter box, and then drag
one of the downtime events into the search shape



Turbine Downtime &+ L PISCHOOL\student01 @

Select Data > Modify View > Publish m

3 Source Events v " search Shape + Matches
Server 4 Event Shape Found 1 Match
PISRVO1 4
Database *# Downtime - Big Buffalo Wind Farm - BBO1 - High Winds - 2019-12-30... # X *# Downtime - Big Buffalo Wind Farm - BBO1 - High Winds - 2019-12-30 ..
Wind Generation oo

[ 7] powntime

Event Frames Assets

» "8 Downtime - Big Buffalo Wind Farm - BBO1 - High Winds - 2019-12-3,

» "4 Downtime - Big Buffalo Wind Farm - BBO1 - High Winds - 2019-12-3...

» H Downtime - Rin Riiffaln Wind Farm - BRI - Hinh Winds - 2019:15.2
Show More

Expand the downtime Event in the left pane to show the referenced element. Add
this element into the Event Shape

Turbine Downtime &+ L PISCHOOL\student01 @
Select Data > Modify View > Publish m
3 Source Events v " search Shape + Matches
Server 4 Event Shape Found 1 Match
PISRVD1 v
Database . 4 " powntime - Big Buffalo Wind Farm - BBO1 - High Winds - 2019-12-30.. & % » "H Downtime - Big Buffalo Wind Farm - BBOT - High Winds - 2019-12-30

Wind Generation s I

B8l %R
Y | Downtime
Event Frames Assets

4 "4 Downtime - Big Buffale Wind Farm - BBOT - High Winds - 2019-12-3

2 8807 Q

» Hi Downtime - Rin Riffaln Wind Farm - BRI - Hinh Winds - 2019.15.2
Show More

Add the attribute for Reason (click on the event frame to bring up its attributes), and
configure the shape so that both the Event and the Element are matched using
templates instead of the names

Turbine

Select Data > Modify View > Publish m

Source Events w "3 Search Shape + Matches
Server J— . " Event Shape Found 100+ Matches
Database P . 4 ¥ Downtime # % » "8 Downtime - Pine Wolf Wind Farm - PWO3 - Planned Maintenance -
4 Reason # % » "4 Downtime - Big Buffalo Wind Farm - BBOZ - High Winds - 2019-12-.
E Downtime D Wind Turbine G PR » & Downtime - Big Buffalo Wind Farm - BBO1 - High Winds - 2019-12.

Event Frames Assets » ¥4 Downtime - Big Buffalo Wind Farm - BBO3 - High Winds - 2019-12-.

» "# Downtime - Big Buffalo Wind Farm - BBD4 - High Winds - 2019-12-
4 "4 Downtime - Big Buffalo Wind Farm - BBO1 - High Winds - 2019-12-3.

» "3 Downtime - Big Buffalo Wind Farm - BBOS - High Winds - 2019-12:

28801 Q
. » 3 Downtime - Big Buffalo Wind Farm - BBOG - High Winds - 2019-12-

b Nowntime - Rin Ruffaln Wind Farm - ARN - Hinh Winds - 2119.19.
Show More » " Downtime - Big Buffalo Wind Farm - BBO7 - High Winds - 2013-12-
» ¥4 Downtime - Big Buffalo Wind Farm - BBO8 - High Winds - 2019-12-
— —mE

» "H Downtime - Big Buffalo Wind Farm - BB09 - High Winds - 2019-12-
Atiributes | .. x » "t Downtime - Big Buffalo Wind Farm - BB10 - High Winds - 2019-12-
- . . . _2019-12-
O Select Al » ¥ Downtime - Big Buffalo Wind Farm - BB13 - High Winds - 2019-12
» "H Downtime - Big Buffalo Wind Farm - BB14 - High Winds - 2019-12-

& Reason (i}
» "4 Downtime - Big Buffalo Wind Farm - BB12 - High Winds - 2019-12-

=] Turbine o
» "H Downtime - Big Buffalo Wind Farm - BB15 - High Winds - 2019-12-

[ Wind Farm o

- » " Downtime - Bia Buffalo Wind Farm - BB11 - High Winds - 2019-12- i

Click Next to go to the Modify View Page
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6.4 Modify and Publish the View

Change the data type for Event Frame Duration from Integer to Single. This will
prevent the duration from being rounded to the nearest hour. Remember to click
Apply Changes

® Column Details

Event Frame Duration
Reset Name to Default

End Time

Event Frame Duration T

Data Content

Hour

Time Context
Event Frame Duration v

Data Type

NNNMNRNNNNNN NS

Set the Start Time to 1-Jan-20

Select Data > Modify View > Publish

4+ Add Column Y Edit Row Filters B Edit Value Mode Start Time End Time
Downtime Event Frame Start Time Event Frame End Time Event Frame Duration TimeStamp Reason Wind Turbine {5
Downtime - Pine Wolf Wind Farm - PW03 - Pianned Maintenance - 2019-12-30 03:20:00 12/30/2019 3:20:00 AM 12/30/2019 10:45:00 AM 7417 12/30/2019 10:4! Planned Mail PW03 =
Downtime - Big Buffalo Wind Farm - BB02 - High Winds - 2019-12-30 05:45:00 12/30/2019 5:45:00 AM 12/30/2019 7:30:00 AM 1.750 12/30/2019 7:30: High Winds BB02
Downtime - Big Buffalo Wind Farm - BBO1 - High Winds - 2019-12-30 05:45:00 12/30/2019 5:45:00 AM 12/30/2019 7:25:00 AM 1.667 12/30/2019 7:25: High Winds BBO1
Downtime - Big Buffalo Wind Farm - BB03 - High Winds - 2019-12-30 05:45:00 12/30/2019 5:45:00 AM 12/30/2019 7:30:00 AM 1.750 12/30/2019 7:30: High Winds BB03
Downtime - Big Buffalo Wind Farm - BB04 - High Winds - 2019-12-30 05:45:00 12/30/2019 5:45:00 AM 12/30/2019 7:30:00 AM 1.750 12/30/2019 7:30: High Winds BBO04
Downtime - Big Buffalo Wind Farm - BBOS - High Winds - 2019-12-30 05:45:00 12/30/2019 5:45:00 AM 12/30/2019 7:30:00 AM 1.750 12/30/2019 7:30: High Winds BBO5
Downtime - Big Buffalo Wind Farm - BB0G - High Winds - 2019-12-30 05:45:00 12/30/2019 5:45:00 AM 12/30/2019 7:30:00 AM 1.750 12/30/2019 7:30: High Winds BBO06
Downtime - Big Buffalo Wind Farm - BBO7 - High Winds - 2019-12-30 05:45:00 12/30/2019 5:45:00 AM 12/30/2019 7:30:00 AM 1.750 12/30/2019 7:30: High Winds BBO7
Downtime - Big Buffalo Wind Farm - BB08 - High Winds - 2019-12-30 05:45:00 12/30/2019 5:45:00 AM 12/30/2019 7:30:00 AM 1.750 12/30/2019 7:30: High Winds BB08
Downtime - Big Buffalo Wind Farm - BB09 - High Winds - 2019-12-30 05:45:00 12/30/2019 5:45:00 AM 12/30/2019 7:30:00 AM 1.750 12/30/2019 7:30: High Winds BBO09
Downtime - Big Buffalo Wind Farm - BB10 - High Winds - 2019-12-30 05:45:00 12/30/2019 5:45:00 AM 12/30/2019 7:30:00 AM 1.750 12/30/2019 7:30: High Winds BB10
Downtime - Big Buffalo Wind Farm - BB13 - High Winds - 2019-12-30 05:45:00 12/30/2019 5:45:00 AM 12/30/2019 7:30:00 AM 1.750 12/30/2019 7:30: High Winds BB13
Downtime - Big Buffalo Wind Farm - BB14 - High Winds - 2019-12-30 05:45:00 12/30/2019 5:45:00 AM 12/30/2019 7:30:00 AM 1.750 12/30/2019 7:30: High Winds BB14
Downtime - Big Buffalo Wind Farm - BB12 - High Winds - 2019-12-30 05:45:00 12/30/2019 5:45:00 AM 12/30/2019 7:30:00 AM 1.750 12/30/2019 7:30: High Winds BB12
Downtime - Big Buffalo Wind Farm - BB15 - High Winds - 2019-12-30 05:45:00 12/30/2019 5:45:00 AM 12/30/2019 7:25:00 AM 1.667 12/30/2019 7:25: High Winds BB15
Downtime - Big Buffalo Wind Farm - BB11 - High Winds - 2018-12-30 05:45:00 12/30/2019 5:45:00 AM 12/30/2018 7:30:00 AM 1.750 12/30/2019 7:30: High Winds BB11
Downtime - Desert Lake Wind Farm - DLO6 - No Wind - 2019-12-30 06:30:00 12/30/2019 6:30:00 AM 12/30/2019 6:35:00 AM 0.083 12/30/2019 6:35; No Wind DLO6

Click Next to advance to the Publish page.
Set the target to SQL Server and Run on a Schedule, with Recur every 5 minutes



Select Data > Modify View > Publish

Target Configuration

Summary
SQL Server v Shape and Matches
+ There are 100+ Matching Instances
Run Mode Timeframe and Interval
Run Once + Your Start Time is 2019-12-30T10:45:00.000Z
= Your End Time is *
L)
Run on a Schedule = Your Time Interval gets an interpolated measurement Every 1
First Run minute
* = |
Recur every

Click Publish
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7. Incorporate Downtime Data into the Report

7.1 Overview

In this section, the downtime information will be incorporated into the report.

7.2 ldentify the Tasks

¢ Add the downtime data to Power BI, either from the Pl SQL Client or PI Integrator

e Add a relationship to Join the Turbine Downtime table to the Turbine Information table
e Create a chart to show downtime for each wind farm

e Create a Date Table to allow filtering of all data

e Create a Tooltip page to show extra detail

7.3 Add the Downtime Data to the Report
Using the same procedure as in Section 5, add the table/view Turbine Downtime
into the report.

For convenience, you may use the Recent Sources dropdown from the Home tab of
the ribbon.

5 B lkald BEA W

Recent Transform Refresh New  Text Mare MNew Quick Publish
SOUrces v data~ visual box visuals~ measure measure

Most recent
| OLE DB (provider=PISQLClient.1;data source="Wind Generation";location=PISRV01 )

[}y PISRVO1: PI_World

More...

7.4 Connect the Downtime Table to the Model

After importing the table, navigate to the Model section on the left bar. Verify
that the Turbine Downtime table has a relationship with the Turbine Information
table using the Wind Turbine field. If necessary, delete the existing relationship and
create a new one.



[Z] Turbine Information - - - [ Turbine Downtime

[T Blade Length [ Description
[ Comment E1 Duration

[ Cut In Speed [ EventFramelD
[ Cut Out Speed H ID

[ Description El Name

[ ElementiD [ Reason

2= l0) [} wind Turbine

[ Manufacturer
1 Model

[ Rated Power
[T Rated Speed
[T Total Height
[ Wind Farm
[ Wind Turbine

7.5 Create a Chart of Downtime by Wind Farm

In the Report View, add a Clustered Column Chart i1 with the following fields:
Axis: Wind Farm from Turbine Information
Values: Duration from Turbine Downtime

Axis
Duration by Wind Farm Wind Earm X
6
o« Legend
H
z Add data fields here
2
Value
0K
Mid Meza Big Buffzlo Desert Laks Pine Wolf Duration K
Wind Farm Wind Farm Wind Farm Wind Farm
Wind Farm

Notice that the duration is properly split between the four wind farms.

7.6 Create a Date Table

Adjust the date slicer to choose a different date range. Notice that the Downtime
duration in the previous chart does not update.
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This happens because the slicer is configured with the Timestamp from the Turbine
Data 1hr Summary table, and so it does not affect the Turbine Downtime table.

To create a date slicer that will alter all the tables, it is best to create a separate Date
Table.

First, enter the Data section by clicking the it icon on the left side.

New

In the Ribbon, click on the Table Tools tab and choose New Table fable

Enter the following definition for the table:

Date = Calendar( Date(2020, 1, 1), TODAY())

Hit Enter

This will create a table with dates from 1-Jan-2020 to Today.

File Home Help Table tools
&) Name | Date @ E% @ @ H
Mark as date Manage New Quick  New  New
table relationships | measure measure column table
Structure Calendars Relationships Calculations
sl 1 Date = Calendar( Date(2028, 1, 1), TODAY())

Date -
1/1/2020 12:00:00 AM
1/2/2020 12:00:00 AM

o H

1/3/2020 12:00:00 AM
1/4/2020 12:00:00 AM %
1/5/2020 12:00:00 AM
1/6/2020 12:00:00 AM
1/7/2020 12:00:00 AM
1/8/2020 12:00:00 AM
1/9/2020 12:00:00 AM

This table can now be joined to any table that has date data.

To make the joining process smoother, add a date column to both the Turbine Data
1h Summary and Turbine Downtime tables



7.6.1 Add Date Column to Turbine Data 1h Summary

£

Transform |
dataw

To add a date column, click Transform Data
query editor.

Select the Table Turbine Data 1h Summary from the left.

Select the TimeStamp Column

In the Ribbon, navigate to the Add Column tab and choose Date > Date Only

@ | [ = | Wind Generation Report - PI SQL Client - Power Query Editor

“ Home Transform Add Column View Help
[ Conditional Column ,__#" Merge Columns
H E B g o

[L]: Index column ~ {‘gg Extract ~
Column From Custom Invoke Custom ’ Format Statistics Standard Scientific
Examples = Column AR [ Duplicate Column - Parse
General From Text From
lslles e < . A% wind Turbine - F@ TimeStamg
7] Turbine Data 1h Summary 1 BBO1 1/1/2
F1 Turbine Information 2 BBl 1/1/2
[ Turbine Downtime 3 |BB0L 112
4 BBO1 1/1/2
5 BEBO1 1/1/2
& BBO1 1/1/2
7 BBO1 1/1/2
5 BBO1 1/1/2
9 BBO1 1/1/2
10 BBO1 1/1/20
11 BBO1
12 BBO1
13 BBO1

This will create a column called Date

7.6.2 Add Date Column to the Turbine Downtime Table

in the ribbon to open the

v T
Trigonometry D I:/ L )
N

Rounding

Infarmation the
Age
Date Only
Parse L\\}
Year 3
Manth »
Quarter »
Week 4
Day »

Subtract Days
Combine Date and Time
Earliest

Latest

1/1/2020 11:00:00 AM
1/1/2020 12:00:00 PM
1/1/2020 1:00:00 PM

Time Duration

1 Date & Time

~ | 1.2 Capacity Fa

S O S S O A U B NP g WP Y

For event frame tables, the process is similar. Unlike the timed data, summary event
frames only have a start and end time, not individual timestamps. A robust approach
for this type of linking is included in the Appendix, but for this lab, the Start Time will

be used.

Follow the above procedure to create a Date column from the Start Time

7.6.3 Link the Date Table

Create relationships between the Date table and the other tables.
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Now, update the Date slicer to use the Date column from the date table, and watch
as the Duration updates properly .

Date

Last e { Days d

Duration by Wind Farm

600

400

El:l l:l . .
0

Mid Mesa Desert Lake Pine Wolf
Wind Farm Wind Farm Wind Farm
Wind Farm

Duration

7.7 Wind Turbine Running Performance: Pl Integrator Event View
(Sampled)

7.8 Overview

In the previous sections, the data sets have focused on summarized data and events
to capture an overview of the data while sampling as infrequently as possible. Some
analysis, however, requires high resolution data that has not been summarized.

In the Pl System, Event Frames have been configured to track when each wind
turbine is running (without curtailments or downtime). In this section, a data set for
Wind Turbine Running Performance will be created, with high resolution data
published at five-minute intervals while the events are active. This data will then be
used to track the operating characteristics of the wind turbines.

Steps for the PI SQL Client are included in the Appendix.

7.9 Tasks

o Create a new Event View
o Configure the Event View to publish sampled data

e Set up the publishing schedule

7.10 Create a new Event View

Navigate to the PI Integrator webpage and from the home screen, click + Create
Event View

Name the View: Turbine Running Data



Click to Create a New Shape, and then choose the Server PISRV01 and Database
Wind Generation

&+ L PISCHOOL\student01 @

Turbine Downtime

Select Data > Modify View > Publish

w  "H Search Shape ' Matches

"4 Event Shape

Source Events

Server

PISRVO1
Database Wind Generation
Y| Enter Event name
Event Frames Assets

» "4 Downtime - Big Buffalo Wind Farm - BBO1 -

» "H Downtime - Big Buffalo Wind Farm - BBO1

» "t Downtime - Big Buffalo Wind Farm - BBO1

» "8 Downtime - Big Buffalo Wind Farm - BBO1 -

» *H Downtime - Big Buffalo Wind Farm - BBO1 -

High Winds - 2019-12-3...

High Winds - 2019123

High Winds - 2019-12-3...

High Winds - 2019-12-3

High Winds - 2019-12-3...

» *H Downtime - Bia Buffalo Wind Farm - BBO1 - Hioh Winds - 2019-12-3

Filter the list of Event Frames by typing in Generating in the filter box, and then drag
one of the downtime events into the search shape

 r* X PISCHOOL\student01 &

Select Data > Modify View > Publish
+ Matches

v "4 Search Shape
Found 1 Match

*d Event Shape

9 Source Events

Server PISRVO
" Generating - Big Buffalo Wind Farm - BBO1 - 2019-12-30 00:00:00

“# Generating - Big Buffalo Wind Farm - BBO1 - 2019-12-30 00:00:00 s x

Database

[v]
Event Frames Assets

‘ » "8 Generating - Big Buffalo Wind Farm - BBOT - 2019-12-30 00:00:00
» "8 Generating - Big Buffalo Wind Farm - BBO1 - 2019-12-30 07:25:00

» " Genera ting - Big Buffalo Wind Farm - BBO1 - 2019-12-30 08:40:00

Expand the downtime Event in the left pane to show the referenced element. Add
this element into the Event Shape

 r* X PISCHOOL\student01 &

Select Data > Modify View > Publish
+ Matches

v "4 Search Shape
Found 1 Match

“d Event Shape

9 Source Events

Server PISRV!
ISRVO
» " Generating - Big Buffalo Wind Farm - BBO1 - 2019-12-30 00:00:00

4 "4 Generating - Big Buffalo Wind Farm - BBO1 - 2019-12-30 00:00:00 S x

Database Wind Generation
Qesn o

i
Event Frames Assets

4 "4 Generating - Big Buffalo Wind Farm - BBO1 - 2019-12-30 00:00:00

| DBB01 Ql

Add the following attributes from the Element:
e Capacity Factor
o Efficiency
e Power
e Wind Speed

e Yaw Angle
Configure the shape so that both the Event and the Element are matched using
templates instead of the names
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Select Data > Modify View > Publish

"4 Source Events
getiey PISRVOT

Database Wind Generation

| Enter Event name or string match patter
Event Frames Assels

4 Y Generating - Big Buffalo Wind Farm - BBO1 - 2019-12-30 00:00:00
| A BBO1
» M4 Generating - Big Buffalo Wind Farm - BBO1 - 2019-12-30 07:25:00
Show More

Attributes £

DO Select All

& hvailability

i=| Blade Length

Turbine Running Dats

~ "d Search Shape
#H Event Shape

4 " Running
4 £ Wind Turbine

# Capacity Factor

# Efficiency
& Fower
# Wind Speed
Q
# Yaw Angle
—mE

‘ & Capacity Factor

=] Cut In Speed

Click Next to go to the Modify View Page

£
% # X
£ R
El
xR
xR
;n

r* L PISCHOOL\student01 &

+ Matches

Found 100+ Matches

» ¥ Generating - Pine Wolf Wind Farm - PW04 - 2019-12-30 00:00:00
» "4 Generating - Pine Wolf Wind Farm - PW03 - 2019-12-30 00:00:00
» " Generating - Pine Wolf Wind Farm - PW0Z2 - 2019-12-30 00:00:00
» ¥ Generating - Mid Mesa Wind Farm - MM17 - 2019-12-30 00:00:00
» " Generating - Mid Mesa Wind Farm - MM20 - 2019-12-30 00:00:00
» " Generating - Mid Mesa Wind Farm - MM13 - 2019-12-30 00:00:00
» " Generating - Mid Mesa Wind Farm - MM18 - 2015-12-30 00:00:00
» ¥ Generating - Pine Wolf Wind Farm - PWOS - 2019-12-30 00:00:00
» " Generating - Mid Mesa Wind Farm - MM16 - 2019-12-30 00:00:00
» " Generating - Pine Wolf Wind Farm - PW01 - 2019-12-30 00:00:00
» i Generating - Pine Wolf Wind Farm - PWOG - 2019-12-30 00:00:00
» ¥ Generating - Desert Lake Wind Farm - DLO2 - 2019-12-30 00:00:00
» "4 Generating - Pine Wolf Wind Farm - PW08 - 2019-12-30 00:00:00
» " Generating - Pine Wolf Wind Farm - PWOS - 2019-12-30 00:00:00
» i Generating - Pine Wolf Wind Farm - PW10 - 2019-12-30 00:00:00
» ¥ Generating - Desert Lake Wind Farm - DLO1 - 2019-12-30 00:00.00

» P Caneratinn - Nazart | ake Wind Farm - Nl 03 - 2010.1 2230 D0-00-00

7.11 Configure the Event View to publish sampled data

Click the Edit Value Mode button to sample values every 5 Minutes.

Edit Value Mode

Summarized Values

s Sampled Values
e Sample values every

* Interpolate @
Exact ©

£= Edit Value Mode

Summarized Values

minutes «

Use Key Column | Capacity Factor v

Cancel Save Changes

The view will now publish data at 5-minute intervals while the event is active.

Remove the Event Frame Duration column, as it will not be needed.

For consistency with the other views, set the Start Time to 1-Jan-20



=

Select Data > Modify View > Publish Next
+ Add Column Y Edit Row Fifters B Edit Value Mode Start Time End Time
i e 2 A Hou 1/1/20 12:00 AM ‘ Apply
Running Event Frame Start Time Event Frame End Time TimeStamp Wind Turbine Capacity Factor Efficiency Power Wind Speed Yaw Angle
Generating - Pine Wolf | 1/1/2020 3:05:00AM  1/1/2020 3:15:00 AM  1/1/2020 3:05:00AM | PW04 0.146 0.671 292131 7.018 -17.241
Generating - Pine Wolf | 1/1/2020 3:05:00AM  1/1/2020 3:15:00AM  1/1/2020 3:10:00AM  PW04 0.002 0.777 4.493 3.844 -1.045
Generating - Pine Wolf 1/1/2020 3:05:00 AM  1/1/2020 3:15:00AM  1/1/2020 3:15:00AM  PW04 0 o 0 2202 15.976
Generating - Pine Wolf | 1/1/2020 3:05:00AM  1/1/2020 3:15:00AM  1/1/2020 3:05:00AM  PWO03 0.134 0.615 267.706 7.018 2.036
Generating - Pine Wolf | 1/1/2020 3:05:00 AM  1/1/2020 3:15:00AM  1/1/2020 3:10:00AM  PWO03 0.002 0.565 3.269 3.844 14.559
Generating - Pine Wolf | 1/1/2020 3:05:00 AM  1/1/2020 3:15:00AM  1/1/2020 3:15:00AM  PW03 0 0 0 2.202 -12.876
Generating - Pine Wolf | 1/1/2020 3:05:00AM  1/1/2020 3:15:00 AM  1/1/2020 3:06:00AM  PW02 0.204 0.936 407.322 7.018 3.493
Generating - Pine Wolf | 1/1/2020 3:05:00AM  1/1/2020 3:15:00AM  1/1/2020 3:10:00AM  PW02 0.003 0.942 5.445 3.844 -5.021
Generating - Pine Wolf 1 1/1/2020 3:05:00AM  1/1/2020 3:15:00 AM  1/1/2020 3:15:00AM | PW02 ] 0 0 2202 4.809
Generating - Mid Mesa| 1/1/2020 3:05:00AM  1/1/2020 3:30:00 AM  1/1/2020 3:05:00AM  MM17 0.977 0.977 1,464.818 22.094 3.477
Generating - Mid Mesa 1/1/2020 3:05:00AM  1/1/2020 3:30:00 AM  1/1/2020 3:10:00AM  MM17 0.991 0.991 1,486.361 22,985 23831
Generating - Mid Mesa 1/1/2020 3:05:00AM  1/1/2020 3:30:00 AM  1/1/2020 3:15:00AM  MM17 0.97 0.97 1,455.736 21.367 -1.651
Generating - Mid Mesa| 1/1/2020 3:05:00AM  1/1/2020 3:30:00 AM  1/1/2020 3:20:00 AM | MM17 0.965 0.965 1,447.443 19.617 3.586
Generating - Mid Mesa| 1/1/2020 3:05:00AM  1/1/2020 3:30:00 AM  1/1/2020 3:25:00AM  MM17 0.962 0.962 1,443.521 24.603 1.232
Generating - Mid Mesa 1/1/2020 3:05:00AM  1/1/2020 3:30:00 AM  1/1/2020 3:30:00AM  MM17 0.003 0 4.449 25.891 6.204
Generating - Mid Mesa | 1/1/2020 3:05:00AM  1/1/2020 3:30:00 AM  1/1/2020 3:05:00AM  MM20 0.969 0.969 1,454.104 22.004 0.644
Generating - Mid Mesa 1/1/2020 3:05:00AM  1/1/2020 3:30:00 AM  1/1/2020 3:10:00AM | MM20 0.975 0.975 1,462.49 22.985 0.717
Generating - Mid Mesa| 1/1/2020 3:05:00AM  1/1/2020 3:30:00 AM  1/1/2020 3:15:00AM  MM20 0914 0.914 1,371.439 21.367 -10.984
Generating - Mid Mesa  1/1/2020 3:05:00AM  1/1/2020 3:30:00 AM  1/1/2020 3:20:00AM  MM20 0.971 0.971 1,456.219 19.617 -0.196

Click Next to advance to the Publish page.
Set the target to SQL Server and Run on a Schedule, with Recur every 5 minutes

Select Data > Modify View > Publish

Target Configuration Summary

SOL Server v Shape and Matches

+ There are 100+ Matching Instances
Run Mode Timeframe and Interval

) Run Once « Your Start Time is 2020-01-01T05:00:00.000Z

+ Your End Timeis *
®
*» Run on a Schedule + Your Time Interval gets an interpolated measurement Every 5

First Run CnLIES

. m |

Recur every

Click on Publish
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8. Incorporate the Running Data into the Report

8.1 Overview

In the previous section, high resolution data was published while the turbine was
running. In this section, that data will be incorporated into the report. This section
will also show how to create Drillthrough report pages, which can be opened from

other visuals throughout the report

Energy by Wind Farm

100%

Mid Mesa Wind Farm
See Records

Desert Lake Wind Farm Show data
Include
Big Buffalo Wind Farm Exclude

Drillthrough »
Pine Wolf Wind Farm -

Group

Copy »

AC AL

9

500

Downtime Hours

Dio DoFgo W
Wind Farm Details

ake
Mid Mesa Wi
Pine Welf Wil

Tatal

L= ] e - Mid Mesa Wind Farm

Wind Turbine Manufacturer Model | Rated Power Combined Power Efficiency | Avzilability | Capacity Factor

MMO1 Vestas Va0 3,000 1,308 93 % 7o% I 4%
MMO2 Vestas vao 3,000 1,257 96 % 72 I 2%
MMO3 Vestas vao 3,000 343 97 % s0% [l 28%
MMo4 Vestas vao 3,000 918 69% 79% [N 31%
MMOS Gamesa T 2,000 818 95 % g1 Il 4%
MMOG Gamesa ™ 2,000 a0 95 % 7o I 0%
MMOT Gamesa ™ 2,000 775 95 % 789 I 0%
MMO3 Gamesa ™ 2,000 413 74% s145 21%
MMO9 Siemens 5T4 1650 589 96 % se I 5%
MM10 Siemens 5T4 1,650 462 97 % so% 28%
MM11 Siemens 5T4 1,650 629 96 % o1 NI z0%
MM12 Siemens sT4 1,650 639 96 % o1% [l 0%
MM13 Siemens 5T4 1,650 602 99 % 3% I 6%
MMI4  Siemens  ST4 1650 533 ga%  goc MEM 2w .
Total 38,900 13,432 94% 76 % 34%

Capacity Factor by Wind Speed (bins) and Wind Turbine
100% - Wind Turbine

@ MMO1

@ MMO2

@ MMO2

@ MMO4

@ MMO3

@MMOB

@MMOT
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% of Time
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Combined Power by Model

3K (20.97%) Model
4K (3221%) o0
o:Ts
3K (21.04%) ®15:
.
3K (25.79%) m

Downtime by Wind Turbine and Reason

Reason ®High Winds @No Wind ®Planned Maintenance ®Running ®Unplanned Maintena...
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8.2 Tasks

e Load the Turbine Running Data

e Create a new report page for Wind Farm Details
e Set the page to use Drillthrough

e Add visuals to the report page

8.3 Add the Turbine Running Data

Using the same procedure as in Section 5, add the table/view Turbine Running
Data into the report.

For convenience, you may use the Recent Sources dropdown from the Home tab of
the ribbon.

N B oG B8 @

Recent Transform Refresh New  Text Mare MNew Quick Publish
sources v dataw visual  box wvisuals« measure measure

Most recent

| OLE DB (provider=PISQLClient.1;data source="Wind Generation";location=PISRV01 )

[B PISRVO1: PI_World

More...

In order to join this table into the data model, follow the steps from Section 7.6.1 to
add a Date column based on the Timestamp.

Join Turbine Running Data to Date on the Date field
Join Turbine Running Data to Turbine Information on the Wind Turbine field
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[ Turbine Running Data - - -

[ Capacity Factor

[] Date

[ Efficiency

[F Event Frame Duration
[ Event Frame End Time
[F Event Frame Start Time
[ FilterLastTimestamp
[ Power

1 Running

[ TimeStamp

1 wind Speed

[ Turbine Running Data

T Capacity Factor

f Date

1 Efficiency

1 Event Frame Duration
1 Event Frame End Time
1 Event Frame Start Time
1 FilterLastTimestamp
T Power

1 Running

1 TimeStamp

1 Wind Speed

1 Wind Speed (bins)

R Wind Turbine

1 vaw Angle

[T Turbine Information

T Blade Length
[ Cut In Speed
[ Cut Out Speed
1 Manufacturer
M Model

1 Rated Power
[T Rated Speed
= TimeStamp
[ Total Height
1 Wind Farm
7 Wind Turbine

[ Turbine Information

[ Blade Length
E CutIn Speed
[ Cut Out Speed
Fl Manufacturer
1 Model

[ Rated Power
[ Rated Speed
& TimeStamp
[ Total Height
1 Wind Farm
"] Wind Turbine

8.4 Create adrillthrough report page for Wind Farm Details

+
Create a new report page by clicking the New Page icon in the bottom of the
screen. Name this page Wind Farm Details.

On the Visualizations pane on the right, drag Wind Farm from Turbine Information
onto the Drillthrough fields. This configures drillthrough to this page from any visual
that uses the Wind Farm as a category.

Ensure the Keep all filters is Off. This will prevent additional filtering of the page



T T

Values Values
Add data fields here Add data fields here
Drillthrough Drillthrough
Cross-report Cross-report
off O— off O—
Keep all filters Keep all filters
off O— off O—
Add drillthrough fields here Wind Farm

is Big Buffalo Wind Farm
Allow drillthrough when:

Used as category

/O

v Big Buffalo Wind Farm
Desert Lake Wind Farm
Mid Mesa Wind Farm
Pine Wolf Wind Farm

Notice that a Back Button @ now exists in the top left corner. This can be used
by Ctrl+Click from within Power Bl Desktop, or can be clicked on normally if the

report is published online.

8.5 Add aline chart showing Capacity Factor vs Wind Speed

Wind turbine power is strongly affected by the wind speed and generally follows the

trend as shown below under ideal operation:

Power (kilowatts)
A Rated output speed Cut-out speed

Rated output power +

Cut-in speed

35 14 25
Steady wind speed (metres/second)

Typical wind turbine power output with steady wind speed.

~ X5

15

20
10

Source: http://www.wind-power-program.com/turbine characteristics.htm
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With the high-resolution running data available, create a line chart to show this trend for the wind
turbines in each farm.
First, add a line chart “ tothe page and populate as follows:

e Axis: Wind Speed from Turbine Running Data
o Legend: Wind Turbine from Turbine Information
e Values: Power from Turbine Running Data (make sure the summarization is set to Average)

This should create the following trend for the turbines within Big Buffalo Wind Farm

Power by Wind Speed and Wind Turbine
Wind Turbine ®EE01 @EED2 ®BEOZ @EE04 @ERDS @BEOG ®EEQT7 @EEDS @BEOD P
2,000

1,500

1,000

Power

500

0 5 10 15 20
Wind Speed

M
o]

This shows the expected power curve, but a few improvements could be implemented to address the
following shortcomings:

1. The trend is noisy and makes the different turbines difficult to distinguish from one another
2. Using Power for the values makes it difficult to distinguish between a poorly performing turbine
and a turbine with a lower rated power.

8.5.1 Group Wind Speed values into bins

To address shortcoming 1 above, Power Bl has the functionality to create groups (or bins) from a given
column.

To configure the line chart to use Wind Speed bins instead of the raw Wind Speed value, Right Click on
Wind Speed in the Fields section and choose New Group

(] = Wind Speed @



Collapse all

Expand all
New group L\\s

Add to filters 4

Add to drillthrough

Set the Bin Size to 0.5 to create bins with a width of 0.5 m/s and click OK

X
Groups
MName Wind Speed (bins) Field Wind Speed
Group type Bin v

Binning splits numeric or date/time data into equally sized groups. Enter bin size.

Bin size 0.5

This creates a new field named Wind Speed (bins) which can be used as the axis for the line chart

Power by Wind Speed (bins) and Wind Turbine

Wind Turbine ®2201 ®BE02 ®BE03 @EE04 @BE0S @®EE06 ®ER0T7 @EBE0S @BEOS P

2,000
T = ? @\
Axis
o
g 1,000 Wind Speed (bins) WX
o
L d
500 egen
Wind Turbine X
0 — Values
0 5 10 15 20 25
Wind Speed (bins) Power v X

8.5.2 Normalize the performance measurement

To address shortcoming 2, first notice how the chart appears when showing a wind farm that has many
different models. To do this, change the drillthrough field Wind Farm to Mid Mesa Wind Farm. Note,
you may need to deselect all visuals by clicking in the backgroud to get this to show.
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Power by Wind Speed (bins) and Wind Turbine

Wind Farm A X G | Wind Turbine ®MMOT ®MMO2 ®MMO3 ®1MM04 ®MIMOS @MMOE @ MMOT
is Mid Mesa Wind Farm *
Allow drillthrough when:
Used as category v L
0 :
o
Big Buffalo Wind Farm 15 i«
Desert Lake Wind Farm 10
« Mid Mesa Wind Farm 20 0K
) . 5 10 15
Pine Wolf Wind Farm 10 Wind Speed (bins)

The turbines in this wind farm have Rated Powers between 1500 kW and 3000 kW, which makes it

difficult to see which turbines are underperforing.

To solve this, the power could be shown as a percentage of the Rated Power. For this case, the

calculation has already been performed in the Pl System, and is available as the Capacity Factor. If this

were not already in place, a new measure could have been created.

Update the chart to use Capacity Factor for Values instead of Power. Remember to set the

summarization to Average and format the column to Percentage

File Home Insert Modeling View Help Table tools Column tools

@ Name Capacity Factor s% Formay Percentage v Z Summarization| Average

q’%a Data type  Decimal number v $ v % 9 '4?3 2 : E Data category | Uncategorized
Structure Formatting Properties

Capacity Factor by Wind Speed (bins) and Wind Turbine

Wind Turbine ®nMMO1 @ MMO2 @ MMO3 @ MMO4 @ MMOS ®MMOS @ MNMOT

100%

Capacity Factor

0 5 10 15

Wind Speed (bins)

8.6 Add atitle and test drillthrough

5]
L

£

Sort by
column~

Sort

Add a title to the page by adding a value card = using the field Wind Farm from
Turbine Information. Paosition this at the top of the page and in the Format section

turn off the Category label.

B

Data
groups v

Groups



':L.]’—’ @ £ Search

Fields ~ Data label

First Wind Farm X
~ Category label  Off O—

Mid Mesa Wind Farm

Capacity Factor by Wind Speed (bins) and Wind Turbine

Wind Turbine ®MMO1 ®MMO2Z ® MMO3 @ MMO4 @ MMOS @ MMOE @ MMOT »

100%

a0% a8
.
s
o .
2 B60%
o
B40%
-9
&
(=)

20%

0%
0 5 10 15 20 25

Wind Speed (bins)

To test the drillthrough, navigate to the Wind Generation Overview page and right
click on one of the bars for the Energy by Wind Farm funnel chart.

Choose Drillthrough > Wind Farm Details and the page that was just created
should appear.

Energy by Wind Farm o 1
100% 3
I 500
£
T
Mid Mesa Wind Farm =y
See Records

Desert Lake Wind Farm . Show data
Include

|
Big Buffalo Wind Farm Exclude
) Di= DeFalo W
Drillthrough 4 Wind Farm Details kel
Pine Wolf Wind Farm Group -
roup Mid Mesa Wi
Copy 4 I Pine Walf Wil
AQ ASL Tntal
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8.7 Copy and sync the date slicer

Copy the Date slicer from the Wind Generation Overview onto the Wind Farm
Details page. An prompt to Sync Visuals should appear, which will let the slicers
stay in sync across the pages. Choose Sync so that the pages will share the slicer

Sync visuals

One or more of the copied visuals can stay in sync with the visual it was copied from. Do you want to keep them

in sync?

To sync slicers at a later point or disable syncing, open the Sync Slicers pane from
the View tab of the ribbon.

File Home Insert Modeling View Help
Aa

Aa Aa Aa Aa
Daluatall| Tnluaial] BN alsalal] Ialuatsl

i o Y R e N O L0 [

v Page Phone Enaeiclony Filters Bookmarks Selection Performancg Sync
viewwv layout Lock objects analyzer | slicers

Aa
1'ml

Themes Scale to fit Mabile Page options Show panes

8.8 Continue building the report

With the remaining time, customize the report by adding additional visuals, pages,
and tooltips. The images below show a few examples of the charts that can be
created, and they are included in the solution report.



last v~ 7 Days ~
[ 3/3/2020 - 3/9/2020
\L'de Turbine Manufacturer | Model | Rated Power Combined Power | Efficiency Availability | Capacity Factor
BEO1T Siemens 5T4 1,650 593 9% % 7% D 2%
BED2 Siemens sT4 1,650 587 95 % g7y I 4%
BB03 Siemens ST4 1,650 554 97 % a3 I 0%
BBO4 Siemens sT4 1,650 553 T5% 5% I 3%
BBOS Siemens ST4 1,650 586 97 % 72% N 36%
BEOG Siemens sT4 1,650 a78 93 % v I 4%
BBO7 Siemens sT4 1,650 591 95 % g5 DM 42%
BBOS Siemens ST4 1,650 s74 9% 2% Il 3%
BB09 Siemens sT4 1,650 706 %% 7% I 3%
BB10 Siemens sT4 1,650 706 97 % s7% I 4%
BE11 GE 1.5 1,500 501 99 % 79% M 0%
BB12 GE 155 1,500 576 93 % 79% I 38%
BB13 GE 1.55 1,500 502 96 % 6% [N 33%
BB14 GE 155 1,500 639 97 % g7 MM 43%
Total 24,000 9357  95% 81% 9%
Capacity Factor by Wind Speed (bins) and Wind Turbine
100% Wind Turbine
@EBBO1
0% @BBO2
i: 60% 8803
E @EBO4
| ®8805
20% @BB06
®BBO7
o 5 10 15 20 25 @BB08

Wind Speed (bins)

Big Buffalo Wind Farm

. Average Hourly Wind Speed
10%

5%

% of Time

0%
0

5 10 13 20

Wind Speed (bins)

Combined Power by Model

3 (30.18%)

Model
®5T4

®1.55

., 7K (69.82%)

Downtime by Wind Turbine and Reason

Reason @High Winds ®No Wind ®Planned Maintenance ®Unplanned Maintenance
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Yaw Angle and Efficiency

100 %
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5 Wind Farm Tooltip

g Wind Turbine Tooltip +
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9. Appendix: Wind Turbine Downtime: Pl SQL Client
Event Frame Model

9.1 Overview

This section will prepare the downtime event summaries using Pl SQL Client.

9.2 Create a Template-Specific Data Model for the Downtime Event
Open PI SQL Commander Lite and navigate to the Report > WindGeneration
schema.

To create the data model, right click on the schema WindGeneration and click
Create Template-Specific Data Model

4 |_JCatalogs
| Master
4 | || Report
4 | _yWindGeneration
_iTables X Drop

b [ Views Create Template-Specific Data Model...
I _J Table-Value; %
b C3Function Tal Export Custom Database Objects...
I+ [_JScalar Funci Import Custom Database Objects...

| Solution Serints »

For Template Type, choose Event Frame, and for Template choose Downtime,
then click Next

Template Template Type
Data Model Objects ) Element
Summary ®) Event Frame
Execution
Template
DOWIEIME s
Running

On the next page, click to Add Event Frame View. This will open a column
definition window.

Set the View Name to Turbine Downtime
Select the Reason attribute and drag it into the table.
In the header of the table, deselect Timestamp, Unit of Measure, and Error

The window should look similar to below
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Event Frame View Value Column Definition n

View name:

| Turbine Downtimel |

Drag and drop attributes:

@ Reason Attribute  Value [ ] TimeStamp [ | Unitof Measure [ | Emor  Desired Unit of Meast

: I\.ijir:c:nFZrm =] |Reason " Reason ” ” " "

<& Wind Speed - Avg

Click OK

There should now be one Data Model Object defined. Click Next to proceed to the
summary page, and click Execute to create the view.

At this stage, a new view should be listed within WindGeneration as shown below:

4 | _JWindGeneration

|_iTables

4 | _JViews
l» 3] Turbine Data Th Summary
I Turbine Downtime
' Turbine Information

4 | |Table-Valued Functions
[ @Wind Turbine_GetSummaries
|__JFunction Tables
|__ Scalar Functions

9.3 Update the Turbine Downtime View

As with the Turbine Information view, the Turbine Downtime view does not have all
the required information by default. Specifically, it is missing a Wind Turbine column
and a Duration column.

To add this information, we will edit the view
Right click Turbine Downtime > Scripts > Alter View > New Query Window

In the query, modify line 3 to include ef.PrimaryReferencedElement as [Wind
Turbine]

To include the downtime, modify line 3 to also include Double(ef.Duration, Hour) as
Duration

The full statement should be as follows:

SELECT ef.ID, ef.Name, ef.Description, v.*

, ef.PrimaryReferencedElement as [Wind Turbine]
, Double(ef.Duration, Hour) as Duration

, ef. StartTime

, ef. EndTime



|2y Query2:sql - PISRVOT\Wind Generation* X |= Queryl.sql - PISRVO1\Wind Generation*

ALTER VIEW [Report].[WindGeneration].[Turbine Downtime]
AS

SELECT ef.ID, ef.Mame, ef.Description, v.*

, ef_PrimaryReferencedElement as [Wind Turbine]
, Double(ef.Duration, Hour) as Duration

, ef.StartTime

, ef.EndTime

FROM [Master].[EventFrame].[EventFrame] eﬂ

INNER JOIN [Master].[EventFrame].[EventFrameTemplate] eft ON eft.ID = ef.TemplatelID
INNER JOIN [Master].[EventFrame].[Value]
<

N'Downtime'. --Template

Click ¥ BXecute or £5 10 execute the query and alter the view.

Execute the Predefined query once more to ensure that the view does not throw any
errors
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10. Appendix: Wind Turbine Running Performance:

SQL Client Model

10.1 Overview

This section will prepare a view of the running events with 5-minute sampled data
using P1 SQL Client.

10.2 Create a Template-Specific Data Model for the Running Event

This section will create a view of the event frames using the Running template.

Open PI SQL Commander Lite and navigate to the Report > WindGeneration
schema.

To create the data model, right click on the schema WindGeneration and click
Create Template-Specific Data Model

4 | _JCatalogs
1 Master
4 | || Report
4 | WindGenerstion,
[_iTables X Drop
A Views Create Template-Specific Data Model...

_1Table-Value: %
I Function Tat Export Custom Database Objects...

|- [_4Scalar Funci Import Custom Database Objects...
| Solution

Scrints 3

For Template Type, choose Event Frame, and for Template choose Running, then
click Next

Template Template Type
Data Model Objects O Element
Summary @) Event Frame
Execution
Template
Downtime
RUnning

On the next page, click to Add Event Frame View. This will open a column
definition window.

Set the View Name to Turbine Running Data
In the header of the table, deselect Timestamp, Unit of Measure, and Error

For this example, do not add any attributes. The next section will describe how data
will be populated.

Pl



Event Frame View Value Column Definition

View name:

Turbine Running Data
Drag and drop attributes:

@ Capacity Factor Attribute  Value [ ] Time Stamp  [_]| Unit of Measure  [_| Error
& Efficiency

& Energy

& Power - Avg

=@ Turbine

=@ Wind Farm

@& Wind Speed - Avg

Desired Unit of Measur

[] Show hidden

| oK | | Cancel

Click OK

There should now be one Data Model Object defined. Click Next to proceed to the
summary page, and click Execute to create the view.

At this stage, a new view should be listed within WindGeneration as shown below:

4 | _JViews
I Turbine Data 1Th Summary
Z Turbine Daowntime
l» 3] Turbine Information

[ Turbine Running Data

Execute the predefined query for this view. Notice that event frames are returned

10.3 Get Sampled Data for the Wind Turbine

This section will use a template-specific data model to generate sampled values for
the Wind Turbine.

To create the data model, right click on the schema WindGeneration and click
Create Template-Specific Data Model
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4 | _JCatalogs

b | Master
4 | || Report
4 |_;WindG
_iTables X Drop
b [ Views Create Template-Specific Data Model...
| i Table-Value; %
I [ Function Ta Export Custom Database Objects...
|» [_JScalar Fun Import Custom Database Objects...
) Solution

Serints 3

For Template Type, choose Element, and for Template choose Wind Turbine,
then click Next

Template

Template Type
Data Model Objects @ Element
Summary () Event Frame
Execution
Template
Wind Farm
[ Wind Turbine

For the Data Model Objects, click Add GetSampledValues... (not
GetSampledValue...).

Drag the following attributes into the table:

e Capacity Factor

o Efficiency

e Power

e Wind Speed
e Yaw Angle

Uncheck the Unit of Measure and Error columns

Table-valued function name:

Wind Turbine_GetSampledValues

Drag and drop attributes:

& Availability Attribute Value [] Unit of Measure [ Error Desired Unit o
“m Blade _I_ength =] |Capacity Factor Capacity Factor

& Capacity Factor ) ]

=3 Cut In Speed =] |Efficiency Efficiency

=4 Cut Out Speed =1 [Power Power

G Efficiency =] |Wind Speed Wind Speed

=g Manufacturer =] |Yaw Angle Yaw Angle

=@ Model

& Operating Mode

Click OK



There should now be one Data Model Objects defined. On the Data Model Objects
page, click Next to proceed to the summary page and click Execute to create the
object.

At this stage, the a new Table-Valued function should exist as shown below:

4 |_JTable-Valued Functions
) Wind Turbine_GetSampledValues
) @Wind Turbine_GetSummaries

10.4 Update the Turbine Running Data View

In this section, the Turbine Running Data view will be altered so that 5-minute
sampled data is added for each event.

First, execute the predefined query for Wind Turbine_GetSampledValues

SELECT e.Name, s.*
FROM

SELECT TOP 18@ ID, Name, Template

FROM [Master].[Element].[Element]
=
CROSS APPLY [Solution].[WindGeneration].[Wind Turbine_GetSampledValues]
(

e.ID, --Element ID
"v', --5tart Time
't', --End Time
"1h' --Time Step

) s
WHERE e.Template = N'Wind Turbine’

Notice the structure of the query. The CROSS APPLY creates sampled data for
each Element ID over a time range defined by a start time, an end time, and a time
step.

This CROSS APPLY will be used to create 5-minute data for each of the event
frames.

To add this information, we will edit the view
Right click Turbine Running Data > Scripts > Alter View > New Query Window
Modify the query as follows:

e Update line 3 to the following:

SELECT ef.ID, ef.Name, ef.Description,
ef.PrimaryReferencedElement as [Wind Turbine], s.*

¢ Include the Cross Apply, using the
o ef.PrimaryReferencedElementID
o ef.StartTime
o ef.EndTime
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CROSS APPLY [Solution].[WindGeneration].[Wind
Turbine_GetSampledValues]
(
ef PrimaryReferencedElementID, --Element ID
ef.StartTime, --Start Time
ef.EndTime, --End Time
'bm' --Time Step

)s
The final query should be as follows:

ALTER VIEW [Solution].[WindGeneration].[Turbine Running Data]
AS

SELECT ef.ID, ef.Name, ef.Description, ef.PrimaryReferencedElement
as [Wind Turbine], s.*

FROM [Master].[EventFrame].[EventFrame] ef

INNER JOIN [Master].[EventFrame].[EventFrameTemplate] eft ON eft.ID
= ef.TemplateID

CROSS APPLY [Solution].[WindGeneration].[Wind
Turbine_GetSampledValues]

(
ef.PrimaryReferencedElementID, --Element ID
ef.StartTime, --Start Time
ef.EndTime, --End Time
'5m' --Time Step
) s

WHERE ef. Template = N'Running'
OR eft.InheritancePath LIKE N\Running\%'
AND ef.StartTime >="'1-Jan-20'

ALTER VIEW [Sclution].[WindGeneration].[Turbine Running Data]
AS
SELECT ef.ID, ef.Name, ef.Description, ef.PrimaryReferencedElement as [Wind Turbine], s.%
FROM [Master].[EventFrame].[EventFrame] ef
TNMER JOIN [Master].[EventFrame].[EventFrameTemplate] eft ON eft.ID = ef.TemplatelD
CROSS APPLY [Solution].[WindGeneration].[Wind Turbine_GetSampledValues]
ef.PrimaryReferencedElementID, --Element ID
ef.StartTime, --Start Time
ef.EndTime, --End Time
"Sm'  --Time Step

) s

WHERE ef.Template = N'Running’
OR eft.InheritancePath LIKE N'\Running\%'
AND ef.StartTime »>= '1-Jan-20°

Click ¥ Becte o F5 40 execute the query and alter the view.

Execute the Predefined query for the view to ensure there are no errors.
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11. Appendix: Linking dates

Since events may span many days, neither the start time nor the end time are
suitable for converting to a date.

Instead, the solution is to create a linking table that will have separate rows for each

day an event frame is active.
7

Transform |
data ~

To create this, open the Query Editor by clicking from the ribbon if it is not

already open.

Right Click on the Turbine Downtime table and copy it.

Then Right Click and Past it to create Turbine Downtime (2).

Rename this table to Turbine Downtime (Linking).

Change data type of the Start Time and End Time columns to Date by clicking the

5 symbol in the column header and choosing Date

- E‘@ StartTime - E EndTime

|| . ) |

57|12 Decimal Number 2/17/2020 3:0

15 $ Fixed decimal number 2/3/2020 12:4
2

132 193 Whole Number 2/3/2020 3:5.
0,

75 70 Percentage 2/3/2020 2:4

132 [ER) Date/Time 2/3/2020 12:0.

133 [0 Date 5 2/3/2020 12:0

w67 (O Time 2/2/2020 10:2.

133 & Date/Time/Timezone 2/2/2020 9:4.

133 (O Duration 2/2/2020 6:21

J— S

Note that the columns may have different names depending on which tool was used
to publish

For the End Time click the dropdown arrow and choose Remove Empty. This will
remove in-progress event frames. An alternate approach could be to replace empty
values with the current time.

Next, navigate to the Add Column tab of the ribbon and choose Custom Column.
Enter the following formula to create a list of all dates between the Start Time and
End Time

Using the Integrator view:

{Number.From([Event Frame Start Time])..Number.From([Event Frame End Time]) }



Using the Pl SQL Client view:

{Number.From([StartTime])..Number.From([EndTime]) }

Name the Column Date

Custom Column

Add a column that is computed from the other columns.

New column name

Date

Custom column formula ()
= {Number.From([StartTime]). .Number.From{[EndTime]) }

Learn about Power Bl Desktop formulas

+/ No syntax errors have been detected.

Click OK. The column Date should now show many lists

ABC

Available columns

D

Name

Description

EventFramelD

Reason

Wind Turbine

Duration

oY, R

f5 startTime ~ | [ EndTime ~ 153 Date o
3/1/2020 3/1/2020 List
3/1/2020 3/1/2020 List
3/1/2020 3/1/2020 List
3/1/2020 3/1/2020 List
3/1/2020 3/1/2020 List

Click the ! button on the right side of the column header and choose Expand to

2./f1 fanan

2/1 fanan

New Rows. This will create a new row for each date in the range.

Next, change the data type from a number to a date by clicking the 123 icon on the

left of the header and choose Date

Finally, select the columns For the Event Frame Name, Start Time, and End Time

<< |nsert

OK

Right click the column header of a selected column and choose Remove Other

Columns
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Cancel



- ~ FndTimea -
By Copy
» Remove Columns
Remove Other Columns

F. Add Column From Examples..

Remove Duplicates

The table should now contain only dates and Event Frame Names

@ | & = | Wind Generation Report - PI SQL Client - Power Query Editor -

== == P [ Conditional Column fur Trigonometr frees
L B BA g edecoum- 1 rac - aE 3 Rounding
Column From Custom invoke Custom Format tatistics Standard Scientd Date Time Durat
Examples * Column Function I3 Duplicate Coloma > Perse o hoR L
General From Text From Number From Date & Time
Queries 4] < B <% Name - Query 56
[ Turbine Data 1h Summary 1 3/1/2020 Downtime - Desert Lake Wind Farm - DLOS - High Winds - 2020-03-01 .. “ PROPERTIES
B Turbine Information 2 3/1/2020 Downtime - Desert Lake Wind Farm - DLOA - High Winds - 2020-03-01. .
E R —— 3/1/2020 Downtime - Desert Lake Wind Farm - DLO - High Winds - 2020-03-01 . niing
4 3/1/2020 Downtime - Desert Lake Wind Farm - DLO3 - High Winds - 2020-03-01.. Al Propertie
[} Turbine Downtime (Linking)
3/1/2020 Dowintime - Desert Lake Wind Farm - DLOS - High Winds - 2020-03-01 .
6 3/1/2020 ime - Desert Lake Wind Farm - DLO1 - High Winds - 2020-03-01 .. 4 APPLIED STEPS
7 3/1/2020 Downtime - Desert Lake Wind Farm - DLOS - High Winds - 2020-03-01.. Source
8 3/1/2020 Dovtime - Big Buffalo Wind Farm - BBO6 - Planned Maintenance - 20. Navigation
g 3/1/2020 Downtime - Desert Lake Wind Farm - DL10 - Planned Maintenance - 20. Changed Type
10 3/1/2020 Downtime - Desert Lake Wind Farm - DLOS - High Winds - 2020-03-01 .. Added Custom
3/1/2020  Dovntime - Desert Lake Wind Farm - DLO3 - High Winds - 2020-03-01 Expanded Date
3/1/2020 Downtime - Desert Lake Wind Farm - DLOG - High Winds - 2020-03-01 Changed Type1
3/1/2020 Downtime - Desert Lake Wind Farm - DLO1 - High Winds - 2020-03-01  Removed Other Columns
3/1/2020 Downtime - Desert Lake Wind Farm - DLO7 - High Winds - 2020-03-01
15 3/1/2020 Dowmtime - Desert Lake Wind Farm - DLO8 - High Winds - 2020-03-01
16 3/1/2020 Downtime - Desert Lake Wind Farm - DLOS - High Winds - 2020-03-01 .
7 3/1/2020 Downtime - Desert Lake Wind Farm - DL0S - High Winds - 2020-03-01 .
18 3/1/2020 Downtime - Desert Lake Wind Farm - DLO2 - High Winds - 2020-03-01 .
19 3/1/2020 Downtime - Big Buffalo Wind Farm - BB14 - High Winds - 2020-03-01 1.
20 3/1/2020, Downtime - Big Buffalo Wind Farm - BB1S - High Winds - 2020-03-01 1.

11.1.1Link the Date Table

Create relationships between the Date table and the other tables. For the
relationship between the Downtime table and the linking table, double click it and set
the Cross Filter direction to Both



I Turbine Data 1h Sum... - - - [ Turbine Information - -- [~ Turbine Downtime

[ Availability [ Blade Length [ Description
[ Capacity Factor F Comment A Duration
[ Date M cut In Speed [ EventFramelD
[ Frficiency [ cut Out Speed i ]
[ Energy [T Description [ Name
1 Power 1 ElementlD 3 Reason
[ TimeStamp =[] [T Wind Turbine
A Wind Turbine 1 Manufacturer
[ Yaw Angle M Model
E Combined Power 1 Rated Power
[T Rated Speed
[T Total Height

1 Wind Farm [7 Turbine Downtime (L...-- -

71 Wind Turbine
[ Date

[ Name
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12. Appendix: Pl SQL Framework: All Queries

For reference, all PI SQL Framework Queries used in this lab are included below.
Before executing, replace [Report].[WindGeneration] with the appropriate catalog
and schema if they differ.

12.1 Wind Turbine_GetSampledValues

CREATE FUNCTION [Report].[WindGeneration].[Wind
Turbine_GetSampledValues]
(
@ElementID Guid,
@StartTime DateTime,
@EndTime DateTime,
@TimeStep String
)
AS
SELECT *
FROM [Master].[Element].[GetSampledValues]
<
N'Wind Turbine', --Template

{
N'|Capacity Factor', -- AttributeTemplatePath
N'Capacity Factor', -- ValueColumnName
NULL, -- UnitOfMeasureColumnName
NULL, -- ErrorColumnName
NULL -- UnitOfMeasure
3
{
N'|Efficiency',
N'Efficiency’,
NULL,
NULL,
NULL
}s
{
N'|Power',
N'Power',
NULL,
NULL,
NULL
¥
{

N'|Wind Speed',
N'Wind Speed',
NULL,
NULL,



NULL

}s
{
N'|Yaw Angle',
N'Yaw Angle',
NULL,
NULL,
NULL
}
>
(
@ElementlID,
@StartTime,
@EndTime,
@TimeStep
)

12.2 Wind Turbine_GetSampledValues

CREATE FUNCTION [Solution].[WindGeneration].[Wind
Turbine_GetSampledValues]
(
@ElementID Guid,
@StartTime DateTime,
@EndTime DateTime,
@TimeStep String
)
AS
SELECT *
FROM [Master].[Element].[GetSampledValues]
<
N'Wind Turbine', --Template

{
N'|Capacity Factor', -- AttributeTemplatePath
N'Capacity Factor', -- ValueColumnName
NULL, -- UnitOfMeasureColumnName
NULL, -- ErrorColumnName
NULL -- UnitOfMeasure
}s
{
N'|Efficiency',
N'Efficiency’,
NULL,
NULL,
NULL
}s
{

N'|Operating Mode',
N'Operating Mode',
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NULL,

NULL,
NULL
}s
{
N'|Power',
N'Power',
NULL,
NULL,
NULL
3
{
N'|Wind Speed',
N'Wind Speed',
NULL,
NULL,
NULL
}s
{
N'|Yaw Angle',
N'Yaw Angle',
NULL,
NULL,
NULL
}
>
(
@ElementID,
@StartTime,
@EndTime,
@TimeStep
)

12.3 Turbine Information

CREATE VIEW [Report].[WindGeneration].[Turbine Information]
AS
SELECT e.Name as [Wind Turbine], v.*, ParentName(e.PrimaryPath) AS
[Wind Farm]
FROM [Master].[Element].[Element] e
INNER JOIN [Master].[Element].[ElementTemplate] et ON et.ID =
e.TemplateID
INNER JOIN [Master].[Element].[Value]
<
N'Wind Turbine', --Template

{



N'|Blade Length', -- AttributeTemplatePath
NULL, -- TimeStampColumnName

N'Blade Length', -- ValueColumnName

NULL, -- UnitOfMeasureColumnName

NULL, -- ErrorColumnName

NULL -- UnitOfMeasure

N'|Cut In Speed',
NULL,
N'Cut In Speed',
NULL,
NULL,
NULL

N'|Cut Out Speed',
NULL,
N'Cut Out Speed',
NULL,
NULL,
NULL

N'|Manufacturer',
NULL,
N'Manufacturer',
NULL,

NULL,

NULL

N'|Model',
NULL,
N'Model"',
NULL,
NULL,

NULL

N'|Rated Power',
NULL,
N'Rated Power',
NULL,
NULL,
NULL

N'|Rated Speed',
NULL,
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N'Rated Speed',
NULL,
NULL,
NULL

N'|Total Height',
NULL,
N'Total Height',
NULL,
NULL,
NULL
}
>V
ON e.ID = v.ElementID
WHERE e.Template = N'Wind Turbine'
OR et.InheritancePath LIKE N'\Wind Turbine\%'

12.4 Turbine Data 1h Summary

CREATE VIEW [Report].[WindGeneration].[Turbine Data 1h Summary]
AS
SELECT e.[Wind Turbine], s.*
FROM [Report].[WindGeneration].[Turbine Information] e
CROSS APPLY [Report].[WindGeneration].[Wind Turbine_GetSummaries]
(

e.ID, --Element ID

'1-Jan-20', --Start Time

'*' --End Time
'lh', --Time Step
N'MostRecentTime' --Time Type

) s

12.5 Turbine Downtime

CREATE VIEW [Report].[WindGeneration].[Turbine Downtime]
AS
SELECT ef.Name
, ef.PrimaryReferencedElement as [Wind Turbine]
, Double(ef.Duration, Hour) as Duration
, ef.StartTime
, ef.EndTime
, v.*
FROM [Master].[EventFrame].[EventFrame] ef
INNER JOIN [Master].[EventFrame].[EventFrameTemplate] eft ON eft.ID
= ef.TemplatelD
INNER JOIN [Master].[EventFrame].[Value]
<
N'Downtime', --Template



N'|Reason', -- AttributeTemplatePath

NULL, -- TimeStampColumnName
N'Reason', -- ValueColumnName
NULL, -- UnitOfMeasureColumnName
NULL, -- ErrorColumnName

NULL -- UnitOfMeasure
}
>V
ON ef.ID = v.EventFrameID
WHERE ef.Template = N'Downtime’
OR eft.InheritancePath LIKE N'\Downtime\%'

12.6 Turbine Running Data

CREATE VIEW [Report].[WindGeneration].[Turbine Running Data]
AS
SELECT ef.Name
, ef.StartTime
, ef.EndTime
, ef.PrimaryReferencedElement as [Wind Turbine]
, Ss.*
FROM [Master].[EventFrame].[EventFrame] ef
INNER JOIN [Master].[EventFrame].[EventFrameTemplate] eft ON eft.ID
= ef.TemplatelD
CROSS APPLY [Report].[WindGeneration]. [Wind
Turbine_GetSampledValues]
(
ef.PrimaryReferencedElementID, --Element ID
ef.StartTime, --Start Time
ef.EndTime, --End Time
'S5m' --Time Step
) s
WHERE ef.Template = N'Running’
OR eft.InheritancePath LIKE N'\Running\%'
AND ef.StartTime >= '1-Jan-20'
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