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Pl System Software Components

Pl System Software Components
The Virtual Machines used for this lab have the following Pl System software components installed:

Software Version

Pl Data Archive 2018

Pl Asset Framework (Pl AF) Services 2018

Pl System Explorer (Pl AF Client) 2018 SP1

Pl Vision 2017 R2 SP1
Pl Integrator for Business Analytics 2018
Microsoft Power BI 2.66.5376.1681

Virtual Learning Environment
The machines being used are all in the PISCHOOL domain. The architecture is as follows:

PIDC PISRV01 PICLIENT01 PICLIENT02 PICLIENTO3 PICLIENTxx
[ [ |
E.-
PISCHOOL

Each user has a client machine that will be used to access the data from the Pl Data Archive via
Microsoft Power BI, Pl System Explorer, and PI Vision. We will be using Remote Desktop to access these
servers. Please ensure to select “use a different account” when prompted for credentials, and use the
account PISCHOOL\studentO1:

Windows Security X

Enter your credentials

These credentials will be used to connect to

R te Desktop C cti — 4 .
% smote Leskiop L-onnection 3001ripmv3wg.cloudapp.net.

| | Remote Desktop | pischool\studentXX |
»¢ Connection |

b

Domain: pischool
Computer: | 300 ripmy 3wg.cloudapp net: 60002 w

D Remember me
Usermame:  pischool'student02

i i
You will be asked for credentials when you connect. More choices
pischool\student01

'\Y Show Options Connect Help
Connect a smart card

e Use a different account

OK Cancel
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Introduction

Welcome to Essential Data Analysis Skills for the Pl User. In this lab, we'll be using Microsoft Power Bl to
develop rich reports and dashboards using a pre-published data set. There will be no Pl Asset
Framework (Pl AF) or Pl Integrator for BA configuration or setup work. We will just be diving straight
into Power Bl to quickly develop the skills necessary to discover insights and analyze large, complex data
sets.

Background

The data set we will be working with comes for a fictitious wind farm. We will be taking a look at one
specific wind farm in a fleet of wind farms to analyze key operational factors and gain insights into how
the wind farm operates. The source data comes from a real Pl System and has been published in a data-
science ready format using Pl Integrator for BA. We'll configure an array of Power Bl visuals and
integrate the results with Pl Asset Framework and Pl Vision.

The wind farm has 10 wind turbines each with multiple operational factors which need to be analyzed.
We will examine data from these 10 wind turbines over 12 days to see how the wind turbines are
performing. Large data sets with hundreds of thousands of rows are difficult to work with in MS Excel
and this is where Power Bl can provide value.
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Introduction

Intro to Pl AF hierarchy and Data Set

There is no need to copy what the instructor is doing on screen for this section, feel free to just sit back
and watch.

We will take a few minutes to better understand where the data set came from and relate this lab back
to the Pl System. We are working with a data set for a fictitious wind generation company. They have
built a PI AF Hierarchy for their wind farms and turbines in different geographical areas. In this lab, we
will focus on analyzing the wind turbines.

Open Pl System Explorer and head to the Wind Power Generation AF database. Drill down to Black
Mesa Wind Farm, this is the wind farm we will be working with and inspect the available attributes for a
specific wind turbine (GEOX). We will be using a sub-set of these attributes for all our analysis, in
addition to leveraging the AF hierarchy. Note that not all attributes will have data as only relevant
attributes pertaining to the lab were added.

laDatahase [ Query Date ~ (0 @ ) Back H, Checkin ¥} « [#]Refresh | (3 New Element = (] Mew &

Elements GEDM
5 Elements General Child Elements  Attributes ports  Analyses Notification Rules v
= (F Wind Power Generation Fleet
- () Big Buffalo Wind Farm
: - |H@"fer
=) (F Black Mesa Wind Farm
= ) GEO1 |.¢’ t | E| & 5 Name 2 Yalue
- [ GE02 .
- 5 GED3 =3 &7 Active Power 115258 kW
e (5 GEQ4
g GEOS | &F Apparent Power 1526.6 kVA
- (G GEDS ;@ E4€ | gF apparent Power (calc) Calc Failed
- () GEOT7
. & GEOS P =1 BatchWindBinFilter WTGD1_*
- () GED3 ;B ¥ Bearing A Temperature 37.333°C
- (5 GE10
- (F Black Wolf Wind Farm ;| ¥ Bearing B Temperature -7.5785 °C
- (F Deep Valley Wind Farm
P | i =
G- (5 Eldorado Wind Farm &7 Bearing Shaft Temperature 19.933 °C
E:l ﬁ Grand RldgE Ilﬂ.lllﬂlj Farm g ] <;f BIEdE 1' ACtLlﬁl '|.'IE|LIE 1.1306 @
[ (F White Bear Wind Farm
[~ () Wild River Wind Farm G - | &F Bladel, Set Value 0.68706 =
[ Windy Valley Wind Farm
| Blade2, Actual val 1.6743 ¢
- (F Yelow Creek Wind Farm & Blade2, Actual Value
(£}, Element Searches ¢ B <7 Blade2, Set Value 0.68706 =
¢ B <7 Blade3, Actual Value 1.3457 =
;| &F Blade3, Set Value 0.68706 ©
[ci] =1 Blade 1Error 0.44355 =
= =1 Blade 2 Error 0.98721*=
= =1 Blade 3 Errar 0.65863 =
@ =1 Blade Total Error 1.2668 ®
¢ B < Capadty 29.08 %
| &F Circuit Breaker Cut-Ins 4202, 7 count
;| &F CurrentLl 1535.8 A
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Navigate to the Analyses tab of the Wind Turbine to see the pre-configured analyses. These
analyses will help us add additional attributes which may provide added value when
creating BA dashboards.

GED2
General  Child Elements  Attributes  Ports Notification Rules  Version
iﬂﬂ ] Name: Power Factor
e B & = MName Backfilling SEEL LT
| it (1] Categories:
o = fi  Production Delta (1] Analysis Type: (@ Expression
O = H  Turbine Curtailment
Add a new vaniable Evaluate
MName Expression Cutput Attribute
PF |'Acti\.'e Power"/"Apparent Power (calc)’ |PS'.'.'EI' Factor (calc) |
' Analyses support a wide variety of functions and are useful for creating
L measurement which may not exist natively.
Tip

Data from this Pl AF hierarchy has been published to a Microsoft SQL Server table using the PI Integrator
for Business Analytics. This product is designed to make publishing data in a data-science ready format
as easy as possible.
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Introduction

Pl Integrator for BA View Configuration

e Stepl: Open a web browser and navigate to https://pisrv01:444/ to access the Pl Integrator for
BA web Ul or open the shortcut on the desktop. Use the same credentials you used to log into
the machine when prompted

e Step 2: Select the Wind Turbines View and click Modify View:

&« C & https//pisrv01:444
+ Create Asset View + Create Event View C" Modify View MK rRemove View
Build a data view starting with your Build a data view starting with your Modify existing data view Remove selected view
asset hierarchy event frame hier E'C"'..-
[ Name Run Status Type
ﬂ Wind Turbines Published Asset Oonce
@  Transformer Loading ‘Completed With Errors Asset ‘Once

e Step 3: Choose Edit a Copy of this View and give it a dummy name.

Take a note of the shape configuration. It is leveraging Pl AF Templates in order to select a subset of
attributes for all wind turbines in the Black Mesa Wind Farm based on the wind turbine template.

¢ C . ! - )
= e locame=o]
Select Dota > Mocify > “
© Source Assens ¥ Sedcch Shase  Matcres
QAL Shace -
. ¢ Powe /%
N /%
o 7 x
e /%
5 L s %
5 . /%
'j' 3 . /%
Qw o Fi
' /%
e - 7 x
o 'L /%
> e / %
- L4 /s x
> on / %
¢ /%
¢ /%
e /%
¢ /%
= @ i /%
@ /%
O o @ / x
e ok o /%
L ° @ o 7 %
% ° o /%
. o P /%
- ° L s %
¢ o P o / x
- o

e Step4: Leave everything as-is and click next. The next page shows a preview of the publication.
Note that we’re publishing data every minute for about 12 days:
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https://pisrv01:444/

“« C & mynipontt o O
(= eenee __________________________________inoouuesc]
Wt Teve e T
: :
A o - st 3 Temrpesstare et Basa ¥4
" T ax "
o 015 7.6 ' ‘ e
N 4 * 65
o e %61 . ‘
s 5 " 54
' o 4 e
' 59 ' 54
o o s - "
: ared o 4
£t anr 4 4 “
‘ 0 454 504 4
£ 34 458 ot ‘
s 53 081 it
¢«  mowr2  lswon . ‘ w54
‘ " s 54
o 4 o4 o o
4 4 3
£04 7 887 508 24
' 9219 ¢ 54
o 42200 ‘ 4 4
ot s a4
4 5 954 e 84
' L " o ‘
£ e " s ‘
: o4 4 a
] £ 246 o 654 4
u £ 1 4 654 4
u o 47 4 e o
. " ' s s 54
v 0 AM > ' : ¢ 5

e Step 5: Click Next, the publish page is where the publication target is chosen. In this case we are
publishing to a Microsoft SQL Server. Alternatively we can publish to a text file via the text
option. We have already done this, see the BlackMesaWindFarm.txt which is available in the
C:\Class folder. DON’T CLICK PUBLISH. It will work but we don’t want to add clutter to the SQL
Server.

< & hitps//pisnv01:444/Designer

Select Data > Modify View > Publish

Target Configuration Summary
PISRWOT v Shape and Matches

Run O » There are 10 Matching Instances
L un Unce
Timeframe and Interval

« our Start Time is 41872017 6:31:00 AM

= Your End Time is 430/2017 12:00:00 AM

« “our Time Interval gets an interpolated measurement
Every 1 minute

Run on a Schedule

e Stepb6: At this point close the web browser. It will save automatically.
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Introduction

e Step 7: Optionally open SQL Server Management Studio and inspect the dbo.Wind Turbines
table in the Pl World database.

42 SQLQuery1.sql - PISRVOL.master (PISCHOOL\student01 (57)) - Microscét SOL Server Management Studio (Ad

¥ Script for SelectTophiRows command from SSMS
SSELECT T0P 1009 [19)

.[Wind Power Generation Fleet)

J[Timest:

,[Black Mess Wind Farm | Wind FarsTesplate]
.[Wind Turbine]

Tower Base 2 Tempersture]
Tower Base 1 Tesperature]
Power Rated]

.[Nacelle Revolution)
.[Nacelle Positica)

.[Montly Energy Actusl]
.[Mentlhy Energy Expected]
.[Line Frequency]

J[L3+% Voltege]

J[L2+% voltage]

L[L1- Voltage]

,[Geaerator Speed, Set Valve 2]
.[Generator Speed, Set Value 1]
,[Generator Speed (PLC)]
.[Generator Speed (CCU)]
,[Generator Cooling Alr Tesperature]

i
i

Poisoing
W% -
3 Rests [y Messages
4 Wod PowerGananten Fot  TmeSamp Biack Mesa Vind Fam | Wind FamTerpiste  Wed Tubne  Enery Aouert Power W Speed Tutine Name  Tower Base 2 Tempersire  Tow &
1 [17] Wt Power Ganerston Fest 20170418 66310000 Blsck Masa Wosd Fom GED XGRS DTS 716076 WTGH 27 BARUSBE0% 2
2 2 WindPowerGenenstion Fleet 20170412 063200000  Black Mesa Wind Fam GEO1 2625327634375 399 T01BAB04E 7 26167964305303  WIGHT 27 543214566046 27
33 WindPoweGeermon et 20170418063300000  Black Mesa Wind Farm GED1 W GNG  ABAOSNTIE?E  BINANTNTRE  WTGH 27 BAUSHOE 2
e Fe 7 Back Mesa Yind Fom GEnt WMSAT IWSIMBUT  TUSTZRSIT WIGH 2765421458504 2
5 5 Wed PowsGroeston st 20170418063500000  Back Masa Wid Fam GE0 2 WTGH! 27 651586045 2
§ 6 WindPowerGenentonflest  20170418063600000 Bock Mesa Wind Fom GED [ wrcor 27 654214585006 z
i (3 Management T 7 WindPows Genenton Flest  20170818063700000  Black Mesa Wind Farm GED NGNS CR2632NGKS ST WTGH 27 6543214506048 2
(23 Integeation Services Cataiogs 8 8 WindPoweGenentonflet  20170418063800000 Bk Mesa Wind Fom GEDY s 8 wTGH 27 6543214506046 2
i b SQL Server Agent S 9 VindPoweGeoentonfest  20170478063900000  Back Mesa Wind Fom cen 26104197526 SI10SSEEUTE 8 RUAITISI0E WIGHH 276415045 2
10 10 Vind PowsrGenerston Peet 20170618 064000000  Back Mesa Wi Fom GEDY WML MINNESI  7IN27STITNS WIGHL 27554321450604% 2
1 11 Wind Power Genenation Fleet 20170418 064100000  Black Mesa Wind Farm GEO 2 wWiGH 27 543214586045 27
2 o2 7 Back Mesa Wed Fomn GEM s wTGat 27 6543214586045 7
"o P 7061806 Back Mesa Wind Fom oen wrcer 276583214508008 2
T W Wed Powe Gemengon fet 20170818 06.4400000  Back Mesa Wid Fam GEn WIREITHHLS 4GNGO 6 TR WIGH 2765432506045 7
515 et 20170¢ Biack Mesa Wind Fom GEDt 6IMITEHT N4 1SSITS  7NWETNINE WIS 27 654321506046 2
6 16 VWindPowerGuenonfest 20170618 064600000  Biack Mesa Wind Fom GEon n wiGH 27654 214506045 2
17 17 Wind Power Generston et 20170418 064700000 Black Mesa Wind Fam GEOY H00TSEH0625 204 METITIAN 591041 WTGH 2765421458508 2
® o ot 207 3 Black Mesa Wind Famn Gen KW ABEHMAETITH B INOIENGE  WIGH 2765405 2z,
PR At et 2 e e s e e oty T
D Query executed successhully. PISRVOT (120 RTM) | PISCHOOU\student01 (S7)  master 0Q:00:01 1000 rows.
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Intro to Power BI

Power Bl is a business analytics service and client provided by Microsoft. It provides interactive
visualizations with self-service business intelligence capabilities, where end users can create reports and
dashboards by themselves, without having to depend on information technology staff or database
administrators.

Some of the benefits of Power BI:

e Less work than Excel for more complex analysis and visuals

e (Can solve problems that are simply too large for Excel and Pl DataLink
e Cheap - Free download or $9.99 / month per user for Power Bl Pro

e Live reporting and centralized web-based dashboards in Office 365

e Slick visuals including 3™ Party Visuals in Microsoft AppSource

We will start by getting a feel for Power Bl using the starter file.

e Step 1: Open C:\Class\ Starter File - Essential Data Analysis Skills for the Pl User.pbix. You
should now see a blank report:

FILTERS

For now we are looking at the Report View where the report and visuals are configured. You can switch
between the different views on the left-hand side of the report:
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Introduction

e Step 2: Click on the Data Tab to inspect the data set we’ll be working with:

Paste

Home

X, cut
Eg copy

% Format Painter

Clipboard

51128
51129
51130
51131
51132
51133
51134

e

Modeling Help
3 [ B B [
C] 74 e
Get Recent  Enter Edit Refresh
Data = Sources = Data Queries =
External data

Wind Power Generation Fleet Iz‘

Wind Power Generation Fleet
Wind Power Generation Fleet
Wind Power Generation Fleet
Wind Power Generation Fleet
Wind Power Generation Fleet
Wind Power Generation Fleet

Wind Power Generation Fleet

TN S S,

[-]

4/18/2018 4:03:30 PM
4/18/2018 4:04:30 PM
4/18/2018 4:05:30 PM
4/18/2018 4:06:30 PM
4/18/2018 4:07:30 PM
4/18/2018 4:08:30 PM
4/18/2018 4:09:30 PM

Afanfanen s.an.an naa

TimeStamp

MNew AskA B
Visual Question

Mew
Page

Insert

Black Mesa Wind Farm |Z|
Black Mesa Wind Farm
Black Mesa Wind Farm
Black Mesa Wind Farm
Black Mesa Wind Farm
Black Mesa Wind Farm
Black Mesa Wind Farm
Black Mesa Wind Farm

[ T .

Note that all the columns are available in the Fields List, the name of the table is shown above the
columns:

FIELDS
:| Bearing A Temperature E Bearing B Temperature I

H 33.9058532714844 3.068031734 ™
7 33.9236030575513 3.0811966790
H 33.9413565589355 3.0943637424 BlackMesaWindFarm
3 33.9591064453125 3.1075286865 .

Active Power
5 33 9768600463557 31205936308

Apparent Power
I 33.9946098327537 3.1338585747 :

Bearing A Temperat...
] 34.0123634338379 3.147023518 -

Bearing B Temperat...
7 34.0301132202148 31601884629

Bearing Shaft Tempe...
H 34.12284085813477 3.1733534071

Black Mesa Wind Far...
: 34 4665145874023 21865183512 ack Mesa Hing rar
i 34.510188293457 3.199683255 fregloveis Te

- Qo -

7 35.15385818458145 32128482394 Blade1, Set Value
: 35.4975518908691 32260153 Blade?, Actual Value
3 35.84120553692348 3.2391802469
; 36 1848793029785 32523451811 Blade3, Actual Value
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e Step 3: Go back to the Report View and note the Visualizations Pane and Fields Pane. These
sections are where the bulk of the configuration take place.

The visualizations pane contains all of our visuals or symbol which display the data. Columns from the

data set are dragged and dropped from the Fields Pane onto the various sections in the Visualizations
Pane such as the values field.

VISUALIZATIONS > FIELDS

ik n
Y

B @& . E BladkMesaWindfarm
H =

Values

Add data fields here Bladel, Actual...
Bladel, Set Val...
FILTERS lade2, Actual...

2

Page leve lade2, Set Val...
Drag data fi ere

Report level filters

Drag data fields here

DRILLTHROUGH

Keep all filters
offt O—
7. Daily Energy E...

yrag drillthrough fields he:
Drag drillthrough fields here e —

VISUALIZATIONS > FIELDS

ik = [
EH
" ] 4 EE  Blacki{
- | A

b
H=
H=
|
H=
> Page Information B>
H=
b
> Page Background 3
H=
b

> Page Size

> Wallpaper
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Introduction

Importing a Data Set

We'll go through the exercise of importing a data set however we will not complete the final step, since
we are sharing a SQL Server and don’t want everyone importing millions of rows at the same time.

e Step 1: Open a new file.
e Step 2: Select Get Data -> SQL Server Database.

@l | H = | Untitled - Power Bl Desktop

Home View Modeling Help
W o B E

Copy
Paste ) Get | Recent Enter E
Format Painter | Data~ |Sources~ Data | Qus
Clipboard Most Common ta
o Auto recovery E Excel =t

Power Bl service

SOL Server

Analysis Services

|_b1,_| Text/C5V

e Step 3: Enter PISRVO1 as the server name and click OK.

o7 || gr

SQL Server database

Server (i

| PisrVO1| |

Database (eptional)

Data Connectivity mode G
® Import
DirectQuery

I- Advanced options

OF Cancel
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e Step 4: Leave “Use my current credentials” selected and click Connect:

Windows

Database

Microsoft account

SOL Server database
pisrvO1

Use your Windows credentials to access this database.

Back Connect

Cancel

e Step 5: There will be a warning that the connection is not encrypted, this can be safely ignored,

click OK:

Encryption Support

We were unable to connect to the data source using an encrypted
connection. To access this data source using an unencrypted
connection, click OK.

16| Page



Introduction

e Step 6: Select the Transformer Loading Table and briefly inspect the preview. At this point the
user would have the option to click Edit and explicitly select columns.

Do NOT click the load button. It will work, but it will take several minutes and we’re all sharing a SQL
Server. We don’t want everyone in the class importing millions of rows at the same time. Instead the
following exercises will use a Starter file with the data pre-loaded.

Navigator

Display Options ~
4 pisnv01 (6]
PIFD
PlintegratorDB
b PlVision
Bl eword 2
3 Transformer Loading

P

e

l ¥ 1 Wind Turbines

ReportServer
ReportServerTempDB

Select Related Tables

Wind Turbines )
id Wind Power Generation Fleet TimeStamp Black Mesa Wind Fari

1 Wind Power Generation Fleet
2 Wind Power Generation Fleet
3 Wind Power Generation Fieet
4 Wind Power Generation Fleet
5 Wind Power Generation Fleet
6 Wind Power Generation Fleet
7 Wind Power Generation Fleet
8 Wind Power Generation Fleet
S Wind Power Generation Fleet

10 Wind Power Generation Fleet

4/18/2017 6:31:00 AM Black Mesa Wind Farr
4/18/2017 6:32:00 AM Biack Mesa Wind rzm-;i
4/18/2017 6:33:00 AM Black Mesa Wind Farrj
4/18/2017 6:34:00 AM Black Mesa Wind Farr]
4/18/2017 6:35:00 AM Black Mesa Wind Farr
4/18/2017 6:35:00 AM Black Mesa Wind Farr
4/18/2017 6:37:00 AM Black Mesa Wind Farr‘:
4/18/2017 6:35.00 AM Biack Mesa Wind Farr
4/18/2017 6:35:00 AM Biack Mesa Wind Farr
4/18/2017 6:40.00 AM Biack Mesa Wind Farr]

0 The data in the preview has been truncated due to size limits

[ losd | & Cancel
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Alternatively, you can Load a text file, like the one we have provided in the
C:\Class\BlackMesaWindFarm. This is the file we will be using for our dataset. It is very similar to the
data we have imported into the SQL database but has a few additional attributes.

e Step 7: You can import text files via Get Data > Text/CSV.

al | H = | Starter File - Essential Data Analysis Skills for the Pl User - Powe

File View Modeling Help
B IE== =
O] 72 lAve

Copy
Paste . Get || Recent  Enter Edit Refresh New
Format Painter || pata ~ |ources= Data  Queries = Page"
Most Common External data

Excel
Power Bl datasets
I

FE Power Bl dataflows [Beta)

D 5QL Server

T Analysis Services
I [E Text/CSW

[:_. Web

D OData feed
[.Er Elank Query

Maore...

The Starter File

To save time importing the data set, and to make it easy for students to work on the exercises in their
own environment, a starter .pbix file has been created with the raw data set (From the
BlackMesaWindFarm.txt file) already imported. The file is C:\Class\Starter File - Essential Data Analysis
Skills for the Pl User.pbix. Additionally, all the exercises solution files can be found under the
C:\Class\Solutions folder as well.

Students may download the free version of Microsoft Power Bl and save a local copy of the starter file.
The majority of the exercises will not actually require the use of the VMs.
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Exercise 1 — Power Generation

Exercise 1 — Power Generation

In this exercise we are going to analyze the power generation of each of our wind turbines in the Black

Mesa wind farm. We are going to look at the power generated by each turbine over the course of each

day and each hour within the day.

The final display you create for this exercise will look similar to this:

Total Active Power by Day

25M

Daily Average Active Power
Wind Power Generation Fleet Sunday | Monday Tuesday Wednesday Thursday Friday | Saturday

Wind Power Generation

Black Mesa Wind Farm 20M

GEO1

GEO1 Hourly Average Active Power

1500

GE02 15M

GE03

GEO4 10M

GEOS

GEO6 5M

GEO7

GEO08 oM

GEO9 Sunday Meonday
GE10

®GE01 @GEO2 @ GEO3

GEO4 ®GEO5 ®GEO6 ® GEO7 @ GEO8 @ GE09 © GE10

Tuesday

Wednesday

Thursday Friday Saturday

nd Turbine, Latitude and Longitude

Wind Turbine @GE01 @GE02 @GE0? @ GEC4 @GEOS ®GE0S

/
GEO2 T —
1500 oK — @
Power Rated
0 5 10 15 20 25
GEO3 O
Day Name @Sunday @Monday @ Tuesday ®Wednesday @Thursday @ Friday @ Saturday @
1500
Power Rated I} . - o .
Hourly Average Wind Speed B o
20 @
GEO4
_ N &) ®
¢ o M — —— — |
—
GEO5 o
0
LOOD s [ 5 10 15 20 25
Day Name @Sunday @Monday @ Tuesday @Wednesday @Thursday @ Friday @ Saturday L 8ing ©2018 HERE, © 2018 Microsoft Corporation Terms
| 5 ~A

»

The main attribute we will be look at is Active Power for each turbine. The resulting report will help us
see how power changes as a function of time of day and day of week and establish a correlation with

wind speed on a given day. General Steps are:

e Configure a Hierarchy

e Configure a Matrix to show average active power per turbine

e Configure a Stacked Column Chart to show the average active power per day of week

e Configure a Multi-row Card to show rated power

e Configure a Line Chart to show the average active power per hour of day
e Configure a Line Chart to show the average wind speed per hour of day

e Configure a Map to show wind turbine location
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Configuring the Hierarchy

e Stepl: We will now create a hierarchy. In the Fields List, click the ellipses next to Wind Power

Generation Fleet and select New hierarchy:

FIELDS

|| Power Rated
|| Production De...
Check

I Mew hierarchy

Mew measure
Mew column

Mew quick measure

Rename
Delete

Hide

View hidden
Unhide all

Collapse all

Expand all
Mew group
Properties
Add to filters »
Add to drillthrough

| Wind Power G...

e Step 2: Within the fields list, drag and drop the Wind Farm field on top of the new wind power

generation fleet hierarchy:

B = Wind Deviatic...
B Wind Farm
||
B

Wirnd Prwwer (5
Wind Faym

————ww oo W o

|- ———— S —— =k e —n

B Wind Power...
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Exercise 1 — Power Generation

e Step 3: Repeat for Wind Turbine so that your hierarchy looks like this.

B " : Wind Power G...
B Wind Power...

B Wind Farm
B  Wind Turbine

Weekly Average Power - Matrix

We're going to display the daily average power on a per wind turbine basis using the hierarchy we just
created. First, we need to create a new column for our data set so that we can group our timestamps by
days of the week.

e Stepl: Go to the data view, right click on any column header, and select New column:

@l | | “5 o < | StarterFile - Essential Data Analysis Skills for the Pl User - Power Bl Desktop

Home Modeling Help
S R == =
® A e

E@ Copy ]
Paste . ) Get  Recent Enter Edit Refresh Mew  Mew  Ask A  Button
¥ Format Painter  pata~ Sources~ Data  Queries~ Page =~ Visual Question
Clipboard External data Insert

Id |E| Wind Power Generation Fleet |E| 'I'imfi Sort adcending Farm |E| Wind
@ £1128 Wind Power Generation Fleset 4/18/20 ) arm
Sort descending
51129 Wind Power Generation Fleet 418,20 arm
Clear sort
51130 | Wind Power Generation Fleet 4/18/20 B arm
51131  Wind Power Generation Fleet 4/18/20 Clear filter ‘arm
51132 Wind Power Generation Fleet 4/18/20 Clear all filters ‘arm
£1133 Wind Power Generation Flest 4/18/20 Copy arm
51134 | Wind Power Generation Fleet 4718720 arm
/18/ Copy table
51135 | Wind Power Generation Fleet 4/18/20 arm
51136 | Wind Power Generation Fleet 4/18/20 MNew measure ‘arm
51137 Wind Power Generation Fleet 4/18/20 I CELE U |’arrr|
51138 | Wind Power Generation Fleet 4/18/20 Refresh data arm
51139 Wind Power Generation Fleet 4/18/20 Edit query arm

21| Page



Next, we will use a DAX formula to format our timestamp column so that only days of the week are
show.

Data Analysis Expressions (DAX) can be used for basic calculations and data
L analysis in Power Bl. More information can be found Here.

Tip

e Step 2: Copy and paste the DAX formula below into your new column:
Day Name = FORMAT('BlackMesaWindFarm'[TimeStamp], "dddd")

This new column will be called Day Name and will reference the timestamp column of our
BlackMesaWindFarm data set and show the weekday name ("dddd" format):

al | E = | Starter File - Essential Data Analysis Skills for the Pl User - Power Bl Desktop

Home Modeling Help

Cut D D D E'1 D Text box gl Mew Measure
@] g |
O /J = JNewColumn

E‘@ Copy Image
Paste Get  Recent Enter Edit Refresh Mew  Mew  AskA  Buttons From From Switch Manage .
Format Painter  pata~ Sources* Data  Queries~ Page * Visual Question Shapes Marketplace  File Theme Relationships L /g| New Quick MeasL
Clipboard External data Insert Custom visuals Themes  Relationships Caleulations

I‘l Day Name = FORMATY{'BlackMesaklindFarm'[TimeStamp], "d::d"][

tatus OnOff | ~| Vacuum - External Oil Heater | ~| Wind Curve |~ | Wind Deviation 10s | ~ | Wind Deviation 1s |~ Wind Farm ~| WindSpeed [~| Wind Turbulence |~ | Day Name |}
1 0 11 3005104064541 22.0597534179688 | Black Mesa Wind Farm = 11 613808531897 12 3368128026382 | Wednesday
1 0 -13.6361932754517 -25.8067526953125 | Black Mesa Wind Farm | 11.2997665405273 16.5118415397921 | Wednesday
1 0 -12. 6958045555473 -30.7588075866659 | Black Mesa Wind Farm | 10.4581534467163 16.16605094083589 | Wednesday
1 0 -23.4885177512305 -8.41728587286377  Black Mesa Wind Farm | 8.31438037105375 15.4713674066807 | Wednesday
1 0 -4 12627025418545 -12.3283409347534  Black Mesa Wind Farm | 11.46152114865816 14.7832322800642 | Wednesday
1 0 -3.56202755275948 -4 5470027523584 | Black Mesa Wind Farm  9.11727619171143 14 1017286438332 | Wednesday
1 0 5.41053485870361 -5.41956090927124  Black Mesa Wind Farm | 10.21226501464584 13.1727530500317 | Wednesday

e Step 3: Now, navigate back to the report view (E) and add a Matrix to the canvas by clicking
the Matrix icon in the Visualization Pane:

VISUALIZATIONS
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https://docs.microsoft.com/en-us/power-bi/desktop-quickstart-learn-dax-basics

Exercise 1 — Power Generation

e Step 4: Drag and drop the Wind Power Gen Hierarchy for the Rows, Day Name for the columns,
and Active Power for the Values:

findFarm

Active Power
Apparent Power

Beanng A Tem...
Bearing B Tem...
Beanng Shaft ...
Black Mesa Wi...
Bladel, Actual...
Bladel, Set Val...
Blade?, Actual...
Blade2, Set Val...
Blade3, Actual...
Blade3, Set Val...
Capacity

Circuit Breaker...

Rows

Wind Power Generation

Wind Power Generatio...
Wind Farm
Wind Turbine

Columns

Day Name
S Current L1
Active Power Current L2
Current L3

Daily Energy A...
Daily Energy E...
Daily Revenue
Active Power i@ Day Name

FILTERS

Visual level filters

H B EEEEEEEEEEEEERNEDO

e Step 5: Change the value field to summarize by Average Active Power:

Remaove fisld
Rename

Maove to ]

Conditional formatting »

L/ Lverage

Minimum

Maximum

Count (Distinct)
Count

Standard deviation
Variance

Median

Show value as k

New quick measure k}i
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r

Step 6: Now we will drill down into the hierarchy. Press the drill down button

“" located on

the bottom. Once this button is highlighted, any time you click on a name within this symbol, it
will drill down to expand the hierarchy instead of slicing and dicing the data. Now click on Wind

Power Generation Fleet to drill down:

Wind Power Generation Fleet Friday = Monday @ Saturday

580.71
W1 een71 100142 520,71
| Wind Power Generation Fleet |0

T - o .71

| Wind Power Generation Flget | 660.71 1,001.42
Black Mesa Wind Farm
Total

Sunday | Thursday

627.83
627.83
627.83

399.50
399.50
399.50

Tuesday

759.31
75931
759.31

N

L - - I
e Step 7: Expand all the way to the bottom until the Matrix looks like this:
Wind Power Generation Fleet Friday | Monday Saturday  Sunday | Thursday
Wind Power Generation Fleet | 660.71 1,091.42  580.71 627.83 399.50
Black Mesa Wind Farm 660.71 1.091.42 580.71 627.83 399.50
GEO1 68044  1,129.95 631.14  616.54 420.08
GEO2 757.66 112962 66884 650.63 421.53
GEO3 670.03 116704 547.85 605.36 443732
GED4 681.19 1,163.18 617.00 636.87 416.80
GEOS 483.86 740,87 45746 49400 24442
GEOG 661.07 1,198.02 58493 635.52 402,56
GEO7 73490 1,098.77 63519 685.78 423,78
GEO8 666.34 1,179.57 58198 694.20 43018
GEOY 573.65 03744 40576 580.72 38762
GE10 688.99 1,151.91 586,04  677.87 405.30
Total 660.71 1,091.42 580.71 627.83 399.50

Tuesday Wednesday | Total 7
759.31 418.2T 626.10
759.31 418.2T 626.10

791,18 340.06 638.73
81548 476.87 681.15
304,76 45141 642.25
800.62 44172 65408

338,65 35064 45876
840.78 43515 650.27
85832 43232 6T8.63
839.56 475.80 667.81
443.04 256.90 525.01
860.73 471.75  663.57
759.31 418.27 626.10

. |

T 0 A «++
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Exercise 1 — Power Generation

e Step 8: You can navigate back up the layers by clicking the Up Arrow on the bottom right of the

visual:

Wind Power Generation Fleet Friday | Monday Saturday Sunday | Thursday Tuesday Wednesday | Total
Wind Power Generation Fleet | 660.71 1,091.42  580.71 627.83 39950 759.31 418.27 626.10
Black Mesa Wind Farm 660.71 1.001.42 580.71 627.83 39950 759.31 418.27 626.10
GEO1 58944 1,129.95 63114 81654 42008 79118 340,06 638.73
GEQ2 757.66  1,129.62 668.84 650,63 42153 81548 476.87 681.15
GEO3 670.03 1,167.04 547.85 605.36 44272 80478 451.41 642.25
GE04 681.19 1,163.18 61790 636.87 41680  800.62 441,73 654.98
GEO5 432.86 T4087 45746 40400 24442 53865 350,64 458.76
GEO6 661.07 1,198.02 584.93 63552 40256 84078 43515 650.27
GEO7 73480 109677 63510 68578 42378 85832 482,33 678.63
GE08 666.34 1,179.57 581098 694.80 43018  839.56 475.89 667.81
GEQ9 573.65 05744 49576 58072 38762 44304 256,90 525.01
GE10 688.99 1,151.01 586.04 B7T.97 40530 860.73 471,75 663.57
Total 660.71 1,091.42 580.71 627.83 39950 759.31 418.27 626.10

Drill Up

e Step 9: Drill back down to the lowest level and turn off Drill Down mode by clicking on the drill
down arrow to deselect it. This will allow us to filter the rest of the report by clicking on Active
power and wind turbines rather than drilling.

Wind Power Generation Fleet Friday | Monday @ Saturday Sunday | Thursday Tuesday Wednesday | Total
Wind Power Generation Fleet | 660.71 1,091.42 580.71 627.83  399.50 759.31 418.27 626.10
Black Mesa Wind Farm 660.71 1,091.42 580.71 627.83  399.50 759.31 418.27 626.10
GED 689.44 112995 83114 ©16.54 42008  791.18 34006 63873
GED2 757.66 1,129.62 668.84 65063 421,53 B15.48 476.87 681.15
GEO3 670.03 1,167.04 547.85 ©05.36 44272 BD4TE 45141 642.25
GED4 681.19  1,163.18 617.00 636.87 41680  B00.62 44173 654.98

GEOS 483.86 740,87 45746 49400 24442 53863 35064 45876 |

GEDG 661.07 1,198.02 58493 635.52 402,56  B40.78 43515 650.27
GEOT 73490 109677 63519 68575 423,78  B58.32 48233 678.63
GED8 666.34 1,179.57 551.98 6£94.80 43018 839.56 47580 667.81
GE09 573.65 03744 40576 58072 38782 44304 256.90 525.01
GE10 688.99 1,151.91 586.04 67797 40530 860.73 471.75 663.57
Total 660.71 1,0901.42 580.71 627.83 39950 759.31 418.27 626.10

N 5
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Notice that the days of the week are not ordered. We will create a new column called day to represent
the timestamps of each day numerically and order our day name column by this new column.

e Step 10: Navigate back to the Data View ., right click the column header of any column and
select New Column, and add the following DAX formula to create a new column called Day:

Day = WEEKDAY(BlackMesaWindFarm[TimeStamp])

Home Modeling Help
ey M Cut D I:B‘ D [-. D Text box | @l Mew Measure
(T ]
D B Copy \ /J L

= Image JNEW Column
Paste . Get  Recent Enter Edit Refresh MNew  Mew  AskA Buttons From From Switch Manage .
Format Painter  pata - Sources~ Data Queries = Page = Visual Question Shapes Marketplace File Theme Relationships L/l New Quick Measur
Clipboard External data Insert Custom visuals Themes  Relationships Calculations

-, I I:l Day = WEEKDAY(BlackMesaWindFarm[TimeStamp] )l

Vacuum - External Oil Heater |~ | Wind Curve |~ | Wind Deviation 10s | - | Wind Deviation 1s | - Wind Farm ~| Wind Speed |~ | Wind Turbulence |- | Day Name |~ Day -
0 11.3005104064941 22.0597534179688 Black Mesa Wind Farm | 11.613808631897 12.3368128026382  Wednesday 4
0 -13.6361932754517 -29 8067626953125  Black Mesa Wind Farm | 11 2997665405273 16.5118415997521  Wednesday 4
0 -12 6958045959473 -30.7598075866699 | Black Mesa Wind Farm | 10.4581534467163 16.1660509408389 | Wednesday 4
0 -23 4885177612305 -8.4172B6B7286377  Black Mesa Wind Farm | 5.81488037109375 15.4713674066807  Wednasday 4
0 -4.12627023418545 -12.3293408347534 | Black Mesa Wind Farm | 11.4615211486816 14.7832922800642  Wednesday 4
0 -3.5620276827548 ~1.5470027823584 Black Mesa Wind Farm | 8.11727519171143 14.1017285498332  Wednesday 4
o 5 41053485870361 -5 41956090927124  Black Mesa Wind Farm | 10 2122650146484 13 1727530500317 | Wednesday 4

e Step 11: While still in the Data View tab, select Day Name, open the Modeling Ribbon, and Sort
by Column -> Day:

ol | H = | Starter File - Essential Data Analysis Skills for the PI User - P
Help

‘g0 & 5 [EE)

Format: Text
Manage Mew Mew Mew Mew Sort by
Relationships  Measure Column Table Parameter [Column ™

Operating Efficiency
Operating State
Power Offset

-1 1=

Power Rated
Production Delta
Reactive Power
Rotor Speed

Serial Mumber
Torque, Actual Value
Torgque, Set Value
Tower Acceleration
Tower Deflection
Turbine Availability
Turbine Count
Turbine Name
Turbine State
Turbine Status OnOff
Vacuum - External Oil Heater
Wind Curve

Wind Deviation 10s
‘Wind Deviation 1s
‘Wind Farm

‘Wind Speed

Wind Turbulence L\,

" | Day -
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Exercise 1 — Power Generation

e Step 12: Go back to the Report View, the week day headers should now display in chronological

Sunday | Monday Tuesday Wednesday | Thursday Friday _ Saturday | Total

order.

Wind Power Generation Fleet
Wind Power Generation Fleet | 627.83 1,091.42 759.31
Black Mesa Wind Farm 627.83 1,091.42 759.31
GEO1 616.54 1,129.95 791.18
GEO2 65063 1,129.62 815.48
GEO3 605.36 1,167.04 804.76
GE04 636.87 1,163.18 800.62
GEO5 494.09 740.87 538.65
GEOB 635.52 1,198.02 840.78
GEOT 685768 1,096.77 858.32
GEO8 694.80 1,179.57 839.56
GE09 580.72 057.44 443.04
GE10 67797 11519 860.73
Total 627.83 1,091.42 759.31

41827  399.50 660.71 580.71 626.10
41827  399.50 660.71 580.71 626.10
340.06 420,08 68944 63114 638.73
476.87 421,53 757.66 660884 681.15
45141 44272 67003 54785 642.25
44173 416.80 681.19 617.90 654.98
330.84 24442 433.88 45748 458.76
435.15 402,56 661.07 58493 650.27
48233 42378 73490 63519 678.63
475.89 430,18 666.34 58198 667.81
258.90 387.62 573.65 49578 525.01
471.75 40530 688.99 586.04 663.57
418.27  399.50 660.71 580.71 626.10

Next, we will add conditional formatting to highlight wind turbines with high average active power
generation. Conditional formatting is set from the Values field in the Visualizations Pane.

e Step 13: Select the drop down by Average of Active Power and click Conditional Formatting ->

Background Color Scales:

Columns

Day Mame

Values

Average of Active Powe

Remove fisld
Rename

Mowve to

Blade3, Actual...
Blade3, Set Val...
Capacity

Circuit Breaker...
Current L1
Current L2
Current L3

Daily Energy A...
Daily Energy E...

Conditional formatting

ML .

Background colcﬁ\

.emove conditional formattin
Sum

+"  Average
Minimum

Maximum
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Step 14: You can change the maximum and minimum colors to your liking. For now, let’s make

lower values red and higher values green and Click OK.

Background color - Average of Active Power

Format by Leam more

Based on field Summarization Default formatting @
[t s 1 [ o] [ 1
Minimum Maximum

ou e Highest value v || -
— ———————

Towest value) Tighest value)

Diverging

Step 15: Turn off the Subtotals using the formatting options:

" General
Matrix style
Grid
Column headers
Row headers
Values
Subtotals

Row sub...

Column ...

Font color
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Exercise 1 — Power Generation

e Step 16: Add a Title to the Matrix using the Formatting Options. Call it Daily Average Active
Power, change the color to black, and increase the font size:

Subtotals
Grand total

Field formatting

Conditional formatting

Title On —@

Title Text
Daily Average Active Po...

Font color

-

Background color

-

Alignment
Text size

14

e Step 17: Increase the font size of the Column headers, Row headers, and Values:

General

Matrix style
Gnd

Column headers
Row headers
Values
Subtotals

Grand total

Field formatting

Conditional formatting
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The matrix should look something like this:

I-Daily Average Active Power - ™ =

Wind Power Generation Fleet Sunday  Monday | Tuesday Wednesday Thursday | Friday Saturday

Wind Power Generation Fleet ‘
Black Mesa Wind Farm

|
GED
GEO2
I GEO03
GEO4
GEOS
GEO6
GEO7
GEO8
GE09
GE10

L

=l

Daily Total Active Power — Stacked Column Chart

Next, we’ll configure a new visual to show total active power daily for all the wind turbines in our farm
for the 12 days of data we have.

e Step 1: Click the Stacked Column Chart icon in the visualizations pane.

VISUALIZATIONS

e Step 2: Use Day Name for the Axis, Wind Turbine for the Legend, and Active Power as the
Value:

Axis

Day Name
Legend

Wind Turbine

Value

Active Power
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Exercise 1 — Power Generation

The result visual should look something like this:

Wind Turbine @GEO1 @ GEOZ @GEDZ @ GEO4 @GEDS @GE0S @ GEO7 @GEDS @GEDS B GETD

25M
20M
- . .
10M —
SM ]
L Sunday Monday Tuesday Wednesday Thursday Friday Saturday I
e Step 3: Select the wind turbine GEO5 from our Matrix and see how the corresponding clustered
column chart changes:
rDai|y Average Active Power - (NN B2 -~ JActive Power by Day Name and Wind Turbine

Wind Turbine @GE01 @ GE02 @GE0Z @ GE04 @GE0S @GEN6 @ GEO7 @GE0S @GE0Y B GE10

25M

Wind Power Generation Fleet Sunday  Monday Tuesday Wednesday Thursday | Friday Saturday

Wind Power Generation Fleet ‘

Black Mesa Wind Farm
20M

15M
1 1

GEOS | dS09 TOST | S3863 3064 A 48385 5146 [r—

5M — —

oM

L | Sunday Monday Tuesday ~ Wednesday  Thursday Friday Saturday

We are slicing and dicing the data here so that only the selected parameters are highlighted in all of our
visuals.

Note that Wednesday seems to produce the least total as well as average active power for all of our
turbines. We will look at factors that affect power generation in the next report, but we can extrapolate
that since these wind turbines belong to the same farm, they should follow the same trend for active
power generation.

Also note that for wind turbine GEO5 the average active power delivered is significantly lower than the
other wind turbines.
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e Step 4: Left Click GEO5 again to deselect it and turn off the filtering.
e Step 5: Select the stacked Column Chart visual, and adjust the formatting:
o Move the legend to the bottom, remove the legend title, and increase the text size
o Change the Chart Title to “Total Active Power by Day” with black text, increase the text
size

~ General
# Legend
Position

Title

Legend ...

Color

Font fam...

Text size
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Exercise 1 — Power Generation

Rated Power — Multi-Row Card
e Step 1: Select the Multi-row card symbol from the Visualizations pane and add Power Rated
and Wind Turbine to the Fields section. Make sure to configure Power Rated to Don’t
Summarize:

VISUALIZATIONS

Fields

Power Rated

Wind Turbine

e Step 2: Sort the Card by wind turbine and so it is ascending:

I ! [ | |
n GEO-S D, Export data
X Remove
1000 =1 Spotlight
Li sort descending

GEO4
| Sort by 4 Power Rated

1500 | Wind Tuﬁine

GEO3
1| 1500 1
GEO02
1500
GEO1
1500
| p— M |

Discussion: Note the rated power of each of the wind turbines. Does it make sense now that GEO5 has
the lowest average and total daily active power generation?
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Active Power by Hour — Line Chart

We also want to see how the power generation for our wind turbines change over the course of the day.

We will display this information using a Line Chart.

We will need to create a new column yet again to convert and group our timestamp column by the

numeric hour of the day.

e Step 1: Create a New Column from the Data View tab again by right clicking the header of any
column -> New Column and add the following Dax Formula:

Hour = HOUR((BlackMesaWindFarm[TimeStamp]) )
ol | H = | Starter File - Essential Data Analysis Skills for th 2 e e
Home Modeling Help
pie GLMEBEDR
Ty g
ER Copy ,,j L5
Paste ) Get Recent  Enter Edit Refresh Mew
Format Painter  pata~ Sources» Data  Queries~ Fage
Clipboard External data

Speed |~ | Serial Mumber |~
PEa11132513  MOOOOOD
B 74000545932 MO00000

4572753506 | MO0D00OC

l Hour = HOUR{{BlackMesallindFarm[TimeStamp]l)} ) |

Torque, Actual Value |~

Torque, Set Value |~

63.3187561035156 §3.502956350380<
86.1289138793045 B86.267127990722;
82 7468032836514 B83.286758422851¢

e Step 2: Now it’s time to configure the visual. Click some blank space, and add a Line Chart:

VISUALIZATIONS

L]

I

e
R
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Exercise 1 — Power Generation

e Step 3: Use Hour as the Axis, Day Name as the Legend, and Average of Active Power as the
values (summarize Active Power as an Average):

Average of Active Powe

e Step 4: Adjust the formatting of the Line Chart:
o Move the Legend to the bottom
o Change the title to “Hourly Average Active Power”, text color black, and increase the text
size of the title to match the other visuals
o Optionally change the trend colors

The line chart should look something like this:

II-Ic:urI}r Awverage Active Power
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Wind Speed by Hour — Line Chart
We also want to see how the wind speed change over the course of the day. We'll display this
information using a Line Chart right below our Hourly Average Active Power Line Chart.

Since we want the new Line Chart to have the same formatting as our previous symbol, we can simply
copy and paste the above symbol and change the values field to average of wind speed.

e Step 1: Select the Hourly Average Active Power Line Chart and Ctrl-C to copy it and Ctrl-V to
paste it below. It will copy and paste the symbol like below.

Hourly Average Active Power
1K /\f __.___—-
_I:Laurly m \‘/
) W __,____—,4__5\*-
1K — N
= %:‘K?‘HC\ N{ 25

-
a

Day Nagpe @Sunday @Monday @ Tuesday S Wednesday- @Thursday — ~—
0 5 10 13 20
Day Name @Sunday @Monday @ Tuesday @ Wednesday @Thursday @ Friday @ Saturday
L -

e Step 2: Drag the symbol down and change the Values field to Average of Wind Speed.

Ayerage of Wind Speed

e Step 3: Adjust the formatting of the Line Chart:
o Change the title to “Hourly Average Wind Speed”
o Align the chart so that it is below the Hourly Average Active Power Line Chart
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Exercise 1 — Power Generation

The line charts should look something like this:

-l W ALuE e aaL s LT v

Hourly Average Active Power

0K

0 5 10 15 20 25

Day Name @Sunday @Monday @ Tuesday @ Wednesday @Thursday @ Friday @ Saturday
r : - "
Hourly Average Wind Speed

20

0 5 10 15 20 25

Day Name @Sunday @Monday @ Tuesday @ Wednesday @Thursday @ Friday @ Saturday
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Wind Turbine Location — Map
e Step 1: Click on an empty white space in the Report view and select the Map Symbol:

VISUALIZATIONS

e Step 2: Add Wind Turbine to the Legend, Latitude to the Latitude field, and Longitude to the
Longitude field, making sure to select Don’t Summarize for the latitude and longitude fields or
you will receive an error:

L)
Location
Add data fields here
Legend
Wind Turbine
Latitude

Latitude

Longitude

Longitude
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Exercise 1 — Power Generation

The report should now look similar to the example outlined at the start of the exercise:

Daily Average Active Power

Wind Power Generation Fleet Sunday Monday Tuesday |Wednesday Thursday Friday | Saturday

Total Active Power by Day

25M

Wind Power Generation
Black Mesa Wind Farm
GEQ1

GEO1 Hourly Average Active Power

1500
Power Rated

1500 -
Powervated Hourly Average Wind Speed

20

GEO4
1500

GEO5
1000 0
Power Rated

] 5

Day Name @ Sunday @Monday @ Tuesday ®Wednesday @ Thursday
L

GE02 15M

GEO3

GE04 10M

GEO5

GEO6 5M

GEO7

GE08 oM

GE0% sunday Monday
GE10

®GE01 @ GEO2 ® GEO3 ® GEQ4 @ GEOS ® GEO6

GEO02
1500 0K
Power Rated
0 5
GEO3 Day Name @ Sunday @Manday @ Tuesday @ Wednesday @ Thursday

wer Rated e w’——\t

20M

=t —
L = =5 —~———

15 20

Friday ® Saturday

,7/<><=4

___/-""\-
15

20

Friday ® Saturday

Tuesday  Wednesday

GEO7 ® GEO8 @ GEO9 @ GE10

- (I
[
- -
Thursday Friday saturday

Wind Turbine, Latitude and Longitude

Wind Turbine @GECT @ GE02 @GE03 @ GE04 @GEDS @ GEO6

> Bing
|

You can rearrange and format the symbols to your liking. Optionally you can add a title and save the

report and transfer it to your machine.

Takeaways

You should now feel comfortable with the following Power Bl features:

e Hierarchies
e Formatting symbols
e DAX formulas

e Adding additional columns to your data sets
e Different types of summations of attributes

e Slicing and Dicing of data

Discussion: Slicing and Dice the data to look at each day of the week. Does the active power line chart
closely follow the wind speed line chart for each of the days?

Discussion: Are there days and times of the day when the correlation does not hold? Are there additional

factors at play which could affect correlation? We will explore this in the next exercise.
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Exercise 2 — Power Generation Analysis

In this exercise, we will analyze factors which affect wind power generation with respect to our wind
farm. The final display you create for this exercise will look similar to this:

GEO1 GE02 GEO03 GE04 GEO5 GEO6 GEO7 GEO8 GEO09 GE10

Power Curve Correlation Matrix
- P |

2,000 Turbine Direction =]

North-East 5 3

" North-West 2.
South-West “ -
&z 3 2
.
Sout Actve Power . s
E=] &
< I 1 “
Wind Speed N
lo
.
s
Wind Turbuence s

Wind Turbine @GEOT @GE02 @GE03 @ GEO4

GE06 @ GE07 @GE08 | S

Active Power by Air Temperature

2,000

-500

40 60 80 100

Wind Turbine @GEOT @GE02 @GE03 @ GEO4 @GEOS @ GE06 @ GEO7 @GE0S @GE09 ®GE10 Wind Turbine @GEQ1 @GE02

GEO3 @ GEO4 @GEO5 @GE06 @ GEO7 @ GE0S @GE09 ®GE10

The goal is to assess how power generation changes as a function of environmental factors. General
steps:

e Configure a Scatter Chart for the wind turbine power curve

e Configure a Group to create bins for air temperature and wind turbulence

e Configure a R CorrPlot to analyze correlation between active power and environmental factors
e Configure Line Charts to Active power by air temperature and wind turbulence

e Create a New Table to convert turbine position to compass directions

e Configure a Pie Chart to show Turbine directions

Before we start, rename Page 1 to Power Generation and add a new page for exercise 2. Rename the
Page to Power Generation Analysis.

Duplicate Page

Rename Page E!
Delete Page

Hide Page

Page 1 Page 2
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Exercise 2 — Power Generation Analysis

Power Curve — Scatter Chart
First let’s add a slicer to filter our report by Wind Turbine.

e Stepl: Select the Slicer symbol and add it to the report. Add Wind turbine to the Field section.

VISUALIZATIONS

Field

Wind Turbine

e Step 2: Format the slicer so that the orientation is horizontal and stretches across the top of
our report.

' General

Outline color

-

Qutline weight
1]

-

-

Orientation

Herizontal

GEO1 GEQ2 GE03 GEO4 GEO5 GE06 GEO07 GEO8 GE09 GE10
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Step 3: Select an empty part of the report and add a Scatter Chart to the report. Add Wind
turbine as the Legend, wind speed as the X Axis (Don’t Summarize), and Active Power as the Y

Axis (Don’t Summarize):

VISUALIZATIONS

i o

5 L]

| g R

Details

Add data fields here
Legend

Wind Turbine

X Aoas

Wind Speed

Y Axis

Active Power

Step 4: Format the Scatter chart so that the legend is on the bottom and the Title is “Power

Curve”.

> Fillpoint  On
' Title On

Title Text

Power Curve

Font color

-

Background color

-

Alignment

—o
—o
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Exercise 2 — Power Generation Analysis

The Power Curve should look something like this:

= .
: Power Curve l =
! 2,000

o

)

c.

Q@

=

2 i

-500
0 5 10 15 20 25

: Wind Speed
;Wind Turbine @GEQ1 @ GE02 @ GE03 @ GEO4 @GE05 @ GE06 @ GEO7 @ GEO0S >
E - A

Power Curves of wind turbines indicate how large the power generation of a given wind turbine would
be at a given wind speed. The typical power curve looks something like this:

Power (kilowatts)
A Rated output speed Cut-outspeed

Rated output power * Ye

Cut-in speed

35 14 25
Steady wind speed (metres/second)

Typical wind turbine power output with steady wind speed.
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Note that there is a fair bit of noise which makes it difficult to see the power curve. We will talk above
data manipulation in the appendix via python as a way to filter out that noise. For now, filter the report
by selecting GE02 from the slicer on the top and you should see a clearer power curve for turbine 2.

™

1 GEO1 GE02 GEO3 GEO4

L
Power Curve

Wind Turbine @GE02

This can be useful for analyzing actual vs. expected power curves and determine if a wind turbine is
behaving ideally.
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Exercise 2 — Power Generation Analysis

Correlation — R Corr. Plot
We will now add a custom symbol by taking advantage of R integration with Power BI.

The R Corr. Plot is provided by the community and more details about it can be found here:
https://community.powerbi.com/t5/R-Script-Showcase/Correlation-Plot/td-p/58462

We have already installed the R Engine and R scripts needed for the plot on the VMs.

e Step 1: Note that we will be using Generator Cooling Air Temperature to determine ambient air
temperature, so let’s rename that attribute to Air Temp:

B  Gearbox Type

B = Generator Co...
Check

Mew hierarchy
Add to hierarchy P

Mew measure
Mew column

Mew guick measure

Rename "

e Step 2: Select R script visual from the visualization pane and add Active Power, Wind Speed,
Wind turbulence, and Air Temp to the Values field. Make sure to select Don’t summarize for all
the values.

VISUALIZATIONS

Values

Active Power

Wind Speed

Air Temp

Wind Turbulence
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https://community.powerbi.com/t5/R-Script-Showcase/Correlation-Plot/td-p/58462

e Step 3: Open Rcorrplotscript.txt from the classes folder and copy and paste the text into the R
script editor:

R script editor

M Duplicate rows will be removed from the data.

mar = defMar, tl.col = tl.col, thcex=tlLcex,
number.digits=number.digits, number.cex=number.cex, addCoef.col=addCoef.col)
jelse{ #Fempty correlation plot
plot.new()
pbiWarning <-paste(pbiWarning, "Mot enocugh input dimensions”, sep="yn"}
i
#add warning as subtitle
if(showWarnings)
title(main = NULL, sub = pbiWarning, outer = FALSE, colsub = "gray6(", cexsub = 0.75)

e Step 4: Name the Corrplot “Correlation Matrix” and increase the text size. Your Corrplot should
look something like this:

Wind Turbulence

=)
@
i
(<3
i
=
=
=

Active Power

Active Power

Wind Speed

(=8

E

(tF]

|_

=
Air Temp .

Wind Turbulence

You can add more variables to the Corrplot to determine other relationships.

Discussion: What conclusions can you draw from this Corrplot?
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Exercise 2 — Power Generation Analysis

Active Power by Air Temperature — Line Chart
e Step 1: Insert a Line Chart into our report.

e Step 2: Use Air Temp as the Axis, Wind Turbine as the Legend, and Average of Active Power as
the Value:

T

Axis

Air Temp
Legend

Wind Turbine

Values

Average of Active Powel

The line chart will look something like this:

I'J

;rActive Power by Air Temperature i

2,000

500

-500

SUU

-10 0 10 20 30 40

This is not very helpful to display as we were expecting more of a line for each of our turbines as the
temperature increases. Since each turbine will have a distinct value for active power and a different
value for the air temperature for each row in our dataset, we see that all of the active power and air
temperature values are plotted by the line chart and it looks more like a scatter plot.

What we really want is the average of active power and each discrete air temperature, for example at
every 1-degree Fahrenheit. We can solve this by grouping all the continuous values of air temperature
into discrete 1-degree groups and plot that instead.
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' Power Bl allows for the creating of groups which will group continuous into

]
Tip

discrete groups of the size of our choosing. More information on groups can be

found Here.

Let create a new group to group our reading for Air Temperature into 1-degree intervals.

Step 3: Click on the ellipses next to Air Temp and select New Group:

Check

MNew hierarchy
Add to hierarchy ~ »

Mew measure
Mew column

MNew quick measure

Rename
Delete

Hide

View hidden
Unhide all

Collapse all

Expand all

New group r

Step 4: Name the new group “Air Temp (1)” and change the Bin Size to 1. This will group all
readings from our rows into 1 -degree groups allowing for easier visualization. For example, Air
temperatures like 2, 2.3, 2.4, 2.8 will now all be grouped into the 2 bins of Air Temp.

Groups

MName Air Temp (1)

Group type | Bin

Bin Type Size of bins

Reset to default

Binning splits numeric or date/time data into equally sized groups. The default bin size is calculated based on your data.

X

Field Air Temp.
v Minvalue  -13862120575375

¥ | Maxvalue 36.0880279541016

“ e
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https://docs.microsoft.com/en-us/power-bi/desktop-grouping-and-binning

Exercise 2 — Power Generation Analysis

e Step 5: Adjust the Line plot to report with the Axis as Air Temp(1) instead of the non-binned Air
Temp.

VISUALIZATIONS

Auxis

Air Temp (1)
Legend

Wind Turbine

Values

Average of Active Powe

e Step 6: Format the symbol by moving the Legend on the bottom and changing the Title to
“Active Power by Air Temperature” and making it larger:

grActive Power by Air Temperature_ =5
2,000

1,500
1,000

500

i —s00

You can see that this give a nice line graph without trying to draw a line for each data point of Air Temp.

We can confirm that increasing Air temperature does correlate with an increasing Active Power.
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Active Power by Wind Turbulence — Line Chart
Wind Turbulence is a measure of wind speed changes, and we are calculating this variable in AF via the

following formula:

(Wind Speed 10 Min StDev/ Wind Speed 10 Min Avg)*100

We can navigate to the AF from Pl System Explorer to see how this formula is defined:

Group by: [[] Category [] Template

[

" " PI Data Archive 'DFPIServer' was not fDLII‘Id‘

£

va; [(A/B)*100]

GEO2
General Child Elements  Attributes ports  Analyses  Notification Rules  Version
|Eo’(e' R | Name: |Wind Turbulence
|I ! 8% & Name | Value 5] | 2 Description: |
=1 Power Rated 1500 kW Properties: <None>
@ | ¥ Production Delta 32677kW R [vet
Default UOM:
'] ¥ Reactive Power PI Point not found 'GED2_Q' e =
VSIS IR
i ¥ Rotor Spe| Formula Configuration T
Ll =] Serial Num
Parameters Equations
- | ¥ Torque, Al |A=Wind Speed 10 Min StDev e (/ET*100 #
. 1 |B=wind Speed 10 Min Avg
i B < Torque, 3¢ [} F >< x
Yom «<F Tower A Y b
b & Tower Bas *
b & Tower Bas )'
F Tower Det
7@ ¥ Turbine Ay
£ Turbine Cg
& £ Turbine Nz
0@ .
om & Turbine Stf [] Default values Alowed
L1 =1 Turbine 5t
| Result
yoB Vacuum -
7 Uom: <Default> (%) ~ | Minimum: Maximum:
Ll =1 Wind Cury
| ‘ | [] stepped
vom & Wind Devi
Y B | & windpeyi | EvaLat | |
=] Wind Farm Cancel
b &F wind Speed 12.827mjs ||
5@ B & Wind Speed 10 Min Avg PI Paint not found "\\PISRVO1\GEDZ ...
1] el &7 Wind Speed 10 Min StDev PI Point not found "\\PISRVO1\GED2_. ..
o : £ Wind Turbulence iDaia wasg not available for attribute *...
v Limits Forecasts

Note that we have not brought over Wind Speed 10 min Avg and StDev into this specific Pl Server, but
they exist on the source Pl Server.

v

Best Practice

Use Asset Analytics to create and manage complex calculations and write the
outputs directly to Pl Points to avoid having to write multiple DAX formula for each
dataset and sacrificing standardization and manageability.
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Exercise 2 — Power Generation Analysis

e Step 1: Create a New Group for Wind Turbulence and make the Bin Size 5 and change the name
to “Wind Turbulence (5)”:

X
Groups
Name ‘Wind Turbulence (3} Field Wind Turbulence
Group type | Bin ¥ Minvalue 141285016653179
Bin Type Size of bins ¥ Maxvalue 1640.14168931959

EBinning splits numeric or date/time data into equally sized groups. The default bin size is calculated based on your data.

Ein size 5

Reset to default

e Step 2: Add a new line chart to the report, with Wind Turbulence (5) as the Axis, Wind Turbine
as the Legend, and Average of Active Power as the Values:

VISUALIZATIONS

?_'1

BAxis

Wind Turbulence (3)
Legend

Wind Turbine

Values

Average of Active Powe:
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e Step 3: Also Filter the data in the visualization pane by expanding wind turbulence (5) and only
show items when the value is less than 100:

FILTERS

Vizual level filters

Average of Active Po...
is (All)

Wind Turbine
is (Al

Wind Turbulence (5)

15 Iess than TWJ
Filter type

Advanced filtering

Show tems when the
value:

is less than

100

Format and resize the symbol so that the chart looks like this:

ro . : - —
Active Power by Wind Turbulence BT -k
000
500
! ;
0

0 20 40 60 80 100 §

Wind Turbine @GEO1 @ GE02 @GED3 B GE04 @GE0S WGE0S @ GEO7 @ GEOR »
b AP —————————-————- ~F

Discussion: What conclusions can we draw from this graph? Is greater wind turbulence preferable for
wind power generation?
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Exercise 2 — Power Generation Analysis

Nacelle Direction — Pie Chart

An interesting measure for power generation might be the direction the wind turbine is facing as well as
wind direction. We do not have wind direction data in our data set but we can analyze whether the
turbines tend to generate more power for a specific direction.

Turbine direction is best depicted by nacelle direction, but this reading is given in degree with 0 degree
specifying North. We will need to covert the degrees to compass headings.

e Step 1: Let’s create a New Table by going to the Relationships pane and selecting Enter Data:

M | H 5 & = | Exercise 1 - Power Generation - Power Bl Desktop

Home Modeling Help
o GRE® R
\ Vs |
E@Cnpy @ "/J L=

Paste . _ Get Recent | Enter Edit Refresh
¥ Format Painter  pata~ Sources~| Data | Queries~ f
Clipboard External data

Wind Power Generation Fleet

TimeStamp

Black Mesa Wind Farm
Wind Power Generation Fleet.B
Daily Revenue

Farm Total Power RU
Wind Turbine

Active Power

Apparent Power

Bearing A Temperature
Bearing B Temperature
Bearing Shaft Temperature
Blade1, Actual Value
Blade1, Set Value

Blade2, Actual Value
Blade2, Set Value
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e Step 2: Fill in the table as shown, naming it Directions. Alternatively, a text file called
Directions.txt is located in the Class folder that you can copy and paste:

Create Table

Direction
North
North
North-East
East
South-East
South
South-West
West
North-West

e e e e W

Starting Deg...

3378
0
22.6
67.6
11286
157.6
2026
247.6
202.5

Ending Degree

360
225
67.5
1125
157.5
2025
2475
292.5

3376

Mame: | Directions |

Edit Cancel

This table lists the degree ranges of each direction.

e Step 3: Create a new column in the BlackMesaWindFarm table and use the following DAX for the

column:

Direction = CALCULATE(VALUES(Directions[Direction]), FILTER(Directions,
BlackMesaWindFarm[Nacelle Position]>= Directions[Starting Degree] &&
BlackMesaWindFarm[Nacelle Position] < Directions[Ending Degree]))

Clipboard External data

Insert

Custom visuals Themes  Relationships Caleulations Share

|]| Direction = CALCULATE(VALUES(Directiens[Direction]), FILTER(Directions, BlackMesalindFarm[Nacelle Position]>= Directions[Starting Degree] && BlacklesalindFarm[Nacelle Position] < Directions[Ending Degreel})

Torque, Set Value [ -] Tower Acceleration |~ | Tower Deflection |~ | Turbine Availability |~ | Turbine Count [~ | Turbine Name [~ | Turbine State [~ | Turbine Status OnOff |~ | Vacuum - External Ol Heater [~| Wind Curve |~ | Wind Deviation 10s [~ | Wind Deviation 15 |~
63.5029563503509 88.4314041137695 2552 100 1| wrGos Load Operation fl 0 113005104064941  22.0597534179658
56.2671279507227 93.5145645141602 2552 100 1| WTG04 Load Operation 1 0 -136361832754517  -29.B067626853125

93.2857584228516 95.6845775418945 2552

1| wrGos

Load Operation 1 0 12 6958045359473

-30.7598075855655

This will populate the new column with values from the Directions table from the Direction column
where the nacelle position column of our BlackMesaWindFarm table is within the starting and ending

degrees on the Directions table.

This gives us a way to merge the 2 tables together without defining an explicit relationship.

Wi
Black 1
Black D
Black )
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Exercise 2 — Power Generation Analysis

e Step 4: Add a Pie Chart to our report and select our new column Direction for the Legend and
Nacelle Position for the values. Change Nacelle Position to Count of Nacelle Position:

VISUALIZATIONS

Legend

Direction

Details

Add data fields here

Values

Count of Macelle Positia

The report should now look similar to the example outlined at the start of the exercise:

GEO1 GEO2 GE03 GE04 GEO05 GE06 GEO07 GE08 GE09 GE10

Power Curve i BS - _ Correlation Matrix
S0 Turbine Direction & -

Wind Turbine @GEOT @GE02 @GE03 @ GEO4 @GEOS @ GEOS @ GEO7 @GE0S @GE09 @ GE10
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Takeaways
You should now feel comfortable with the following Power Bl features:

e Slicers

e Adding custom symbols (R Corr. Plot)

e Creating groups to bin continuous measurements
e Adding new tables

e Linking multiple tables via DAX formulas

We can also splice the report in interesting ways to determine more relationships. For example,
selecting wind turbine 2 (GE02) from the slicer and South-East for the turbine direction from the pie-
chart shows a much more traditional power for wind turbines:

GEO1 GEO3 GEO4 GEO5 GEO6 GEQ7 GEO08 GE09 GE10

Power Curve Correlation Matrix =
2,000 Turbine Direction

North-East

North North-West

Wind Turbulence

Active Power

Wind Speed

. Active Power
.. Wind Speed
@00 -
S

S

Air Temp

Wind Turbulence
South-West

@ o nm

-

Wind Turbine @GEO2

Active Power by Air Temperature Average Active Power by Wind Turbulence

15 20 25 0 10 20 30 40 50 60

Wind Turbine @GEO2 Wind Turbine @GE02

We can see that generally when the wind was coming from South-East the turbine was behaving
according to its power curve.

Wind Direction may affect power generation just like wind temperature and turbulence. These are all
factors to consider outside of wind speed and we can see why wind speed might not always correlate to
an increase in power generation like we mentioned in Exercise 1.

Go ahead and try different combinations to see if you can make any more conclusions.
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Exercise 3 — Curtailment Report

Exercise 3 — Curtailment Report

In this exercise we’re going to analyze the effect of curtailment on the power generation for our wind
farm, as well as explore which turbines experience the most curtailment and what factors contribute to
this curtailment.

In AF, we have configured event frames to capture periods of curtailment. These event frames are
triggered when the operational status of the turbine is “Feathering Position” and are closed when the
turbine leaves this status. In the context of wind turbines, being in the feathering position means that
the turbine blades are turned parallel to the wind direction, to prevent the blades from spinning
excessively.

With the Pl Integrator for Business Analytics, we can export the attributes, calculations, and metadata
from these event frames. You would do this by selecting “Create Event View” at the main menu for the
integrator:

4 0Sjsauden &

For this exercise, the integrator view has already been published for you. The view in this exercise
contains all of the Curtailment event frames for the same timeframe as the previous two exercises,
along with all of the attributes included in the event frame template. General steps:

e Configure a Clustered Column Chart to discover which turbines suffer the most from curtailments

e Create a Matrix to show statistical details about our curtailments

e Create a New Table to find the longest curtailment per turbine

e Utilize PI Vision by creating dynamic links to Pl Vision displays from the report

e Write DAX Formulas to find out what times we most frequently experience curtailments

e Leverage the power of Python by creating a visualization from a python package to gauge
operational efficiency

The final product for this exercise should look something like the screenshot below:

Curtailment Report

39
82 79.88 6550

Oparating Efficiency

GEQ9  GEOS  GEO6  GEO2  GEO7  GEOL  GEO4  GEO8  GEL0  GEO3
Wind Tuirkine



Importing the Data
Let’s import our data into Power BI.

e Step 1: To do that, click the Get Data button on the Home tab, and then select the source you
want to get data from. In our case, we’ve exported the data as a text file, so select Text/CSV:

s[> A BE

Recent  Enter Edit Refresh
fources - Data  Queries -

Most Common

Excel

I:g Power Bl datasets

Ij% Power Bl dataflows [Beta)
D SQL Server

D Analysis Services

I:E Text/CSV

Web

F

OData feed

EBlank Query
E

More...

e Step 2: Select the “BlackMesaCurtailmentEvents” file. Power Bl will then attempt to connect to
this file, and once it does, it will display a preview of the data in the file.

e Step 3: If the breakdown of data into their respective columns looks correct, click Load to load
the data into the workspace:

o X
BlackMesaCurtailmentEvents.txt
File Qrigin Delimiter Data Type Detection
65007: Unicode (UTF-8) - Tab - Based on first 200 rows - [“é
Id Wind Curtailment Event Frame Start Time Event Frame End Time Event Frame Duration TimeStamp Active Power

GEDG 2018-D4-18 13:35:39 4/18/2018 1:35:40PM | 4/18/2018 2:15:24 PM
GEDS 2018-D4-19 14:08:35 4/19/2018 2:08:35PM | 4/19/2018 2-18:01 PM
GEDS 2018-04-2012:26:42  4/20/2018 12:26:43PM | 4/20/2018 12:48:32 PM
GEOS 2018-D4-20 14:35:03 4/20/2018 2:35:03PM | 4/20/2018 2:43:22 PM
GED1 2018-D4-20 15:18:49 4/20/2018 3:18:49PM | 4/20/2018 4:21:05 PM
GEOS 2018-D4-20 15:32:26 4/20/2018 3:32-26PM | 4/20/2018 4:35:39 PM
GEOS 2018-D4-20 20:02:52 4/20/2018 B:02:53 PM | 4/20/2018 8:49:30 PM
GEOS 2018-04-2023:07-51  4/20/2018 11:07-51PM |  4/21/2018 3:24:56 AM
GEO1 2018-D4-21 02:56:47 4/21/2018 2-56:48 AM | 4/21/2018 4:00:36 AM
GELD 2018-D4-21 09:38:51 4/21/2018 9:39:51 AM | 4/21/2018 9:49:53 AM

4/18/2018 2:15:24 PM -2.95671463
4/19/2018 2-18:01 PM | -5.643662453,
4/20/2018 124832 PN 1846318722
4/20/2018 2:43:22 PM -9.71769047
4/20/20184:21:05 PN -1.001827598,
4/20/2018 4:35:39 PN -5.033802509
4/20/2018 8:49:30 PN -4.557208061
4/21/2018 3:24:56 AM | -5.002447605
4/21/20184:00:36 AM  -1.014738917
4/21/20189:49:53 AM -0.006217386

wom N m e e e

e
15

11 GE03 2018-D4-2109:41:09 4/21/2018 9:41-10AM | 4/21/2018 9:50:52 AM 4/21/2018 9:50:52 AM 0.217351899
12 GEO7 2018-04-2114:43:38 4/21/2018 2:43:39PM | 4/21/2018 2:53:39 PM 4/21/2018 2:53:39 PN -2.031810045
13 GEOS 2018-04-2117:51:51 4/21/2018 5:51:51PM | 4/21/2018 G:01:36 PM 4/21/2018 6:01:36 PN -4.847641945
14 GEOS 2018-04-22 02:23:27 4/23/2018 2:23:37 AM | 4/22/2018 3:45:58 AM 4/22/2018 3:45:58 AM -5.272522449

4/22/2018 3:46:03 AM | -1.021662951

=
s}

GEDL 2018-04-22 02:33:47 4/23/2018 2:33:48 AM | 4/22/2018 3:46:03 AM

N O N D O R KD 0O DN AR MR G D O R

16 GED62015-04-2205:02:08  4/22/2018 6:02:08AM  4/22/2018 6:11:53 AM 4/22/2018 6:11:53 AM -
17 GEO22015-04-2208:27:03  4/22/20186:27:03AM | 4/22/2018 6:37:04 AM 4/22/2018 6:37.04AM | -8.405778885
18 GEDS 2015-04-2208:34557  4/23/20186:34:58AM | 4/22/2018 8:32:28 AM 4/22/2018 :3228AM | -0.377943575
19 | GEOS 2018-04-22 06:36:27 4/22/2018 6:36:28AM | 4/22/2018 6:46:27 AM 4/22/2018 6:46:27 AM | -4.683037758
20 | GEO3 2018-04-22 06:48:20 4/22/2018 6:48:21AM | 4/22/2018 8:25:51 AM 4/22/2018 8:25:51 AM -6.972935014
< >
Edit Cancel

e Step 4: Once the data has been imported, you should see the columns for the data set
populated into the Fields tab on the right-hand side of your workspace. From here, we can
proceed to work with our dataset.
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Exercise 3 — Curtailment Report

Production Loss by Turbine — Clustered Column Chart

The first thing we want to know about our curtailments is which of our turbines have experienced the
greatest loss in energy production as a result of these curtailments. A great way to view this data is in
the form of a clustered column chart.

e Step 1: Start by selecting the visualization symbol that we want to use. In this case, select the
Clustered Column symbol (M).

e Step 2: select value that we want to view — Production Loss — from the Fields section of the
workspace.

e Step 3: Add the Turbine field into the Legend section.

VISUALIZATIONS >  FIELDS

4

= WD &g

|

Event Frame D...
Event Frame E...
Event Frame 5...
Expected Power

Add data fields here

Legend

Turbine Manufacturer
Operating State
Production De...

Production Loss

Value

Production Loss

Tooltips TimeStamp

Turbine
Wind Curtailm...

FILTERS Wind Farm

Add data fields here

Visual level filters

Production Loss

is (All)

Turbine

is (AIl)

Page level filters
Drag data fields here
Report level filters

Drag data fields here

DRILLTHROUGH

Keep all filters
off O—

Drag drillthrough fields here
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The result will look like the graph below, which allows us to quickly and easily see which of our turbines
have suffered from the greatest production loss due to curtailment:

Turbine @GED1 @GEOZ @ GEO3 @ GED4 @GEDS @ GEO: @GEDT @ GEOS @GE0Z @ GE10

0
-500 r
-1,000
-1,500
-2,000

-2,500

From this graph, we can see that turbine GEQ9 has suffered the greatest amount of production loss due
to curtailments. But, one graph doesn’t tell the whole story. We need to investigate these curtailments
further to get a better idea of the trends behind these production losses.
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Exercise 3 — Curtailment Report

Curtailment Statistics and Pl Vision Links — Matrix
Our next task is going to be to get insights into the number and duration statistics of our curtailments.

Before we begin, we need to calculate the duration for each curtailment event. We can do this easily by
making a new column in our data table and utilizing the DATEDIFF() function.

e Step 1: Click the Data tab . on the left side of your workspace, which will bring you to the data
table we imported before. Here, on the Home tab in the Calculations section, select New

Column.
“ Home Madeling Help
B ¥ cut D 1 Text box 2] Mew Measure
N 2z (el
E@ Copy - - Image JNew Column
Paste et Recent  Enter Edit Refresh New M k Buttons From From Switch Manage Publish

G Ask A
Format Painter  pata~ Sources~ Data  Queries™ Page - Visual Question Shapes Marketplace File Theme - Relationships L gl New Quick Measure

Clipboard External data Insert Custom visuals Themes  Relationships Calculations Share

e Step 2: In the formula bar, enter in the following formula to generate a column which calculates
the number of minutes each curtailment event has lasted:

Curtailment Duration = DATEDIFF([Event Frame Start Time],[Event Frame End
Time],MINUTE)

e Step 3: Once this column has been populated, we can then go back to the Report tab on the left
side of the workspace to create our matrix symbol.

e Step 4: Click a blank area of the report, then click the Matrix symbol (n). We want our matrix
to contain one turbine per row, with the curtailment statistics taking up the columns. Thus, we
will start by dragging the Turbine field into the Rows section of the visualization pane. Then,
drag the Curtailment Duration field into the Values section.

Power Bl allows us to do quick, ad hoc calculations on our fields when we bring them into a symbol. We
will use this to highlight various statistics around our curtailments.

e Step5: To change the calculation applied to our value field, simply select the drop-down symbol
on the field and choose a calculation. First, we will get the count of the curtailments, so click the
drop down next to Curtailment Duration and select Count:

Values

: Count of Curtailment Di = X
Remaowe field
Rename
Move to 3

Conditional formatting 3

Sum
Average
Minimum
Maximum
Count (Distinct)
+/ Count
Standard deviation
Mariance
Median
Show value as 4

Mew guick measure

Drag drillthrough fields here
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Our matrix now looks like this:

Turbine | Count of Curtailment Duration

GEO1 10
GEQ2 5
GEO3 4
GEQ4 4
GEOS 10
GEOB 7
GEOY 3
GEOS g
GEO9 26
GE10 4
Total 82

e Step 6: We then want to add columns for the average duration of the curtailments and the total
duration of curtailment. We can follow the same sets of steps as above to add value fields for
the Average and Sum of Curtailment Duration. After this, your matrix should look like this:

Turbine | Count of Curtailment Duration  Awerage of Curtailment Duration  Curtailment Duration

GEM 10 70.30 703
GED2 5 3840 192
GEO2 L 3375 155
GED4 2 36.00 144
GEOS 10 108.90 1929
GEDG 7 3243 227
GEOV 3 30.33 91
GEDS g 25.89 233
GEOG 26 102.96 2677
GE10 2 3475 139
Total 82 79.88 6550

This table highlights that GE09 has experienced the most curtailments by far, and the curtailments for
the turbine tend to be pretty long. However, the curtailments for GEO5 are much longer in duration,
which might indicate more significant issues.

While our table can tell us quite a bit, we may want to see more about what was going on during the
periods of curtailment. In particular, we can leverage the power of PI Vision and event frames to see the
values for our Pl tags throughout our curtailments. Our next step is to build in a link to a Pl Vision display
highlighting the longest curtailment period for each turbine.
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Exercise 3 — Curtailment Report

We will start this process by creating a related table for our main data table, to hold the information for
the individual curtailments with the longest duration. This table will contain one row per turbine, along
with the metadata information for the longest curtailment event frame for each. We will then construct
a link to PI Vision from the information in this table.

e Step 7: Go to the data tab. Then, in the External Data section of the home bar, select Enter Data.
In the “Create Table” window that appears, change the name of Column1 to Turbine, and then
in the rows beneath, enter the names of the 10 turbines we’re examining (GEO1-GE10). Then
name the table Curtailment Details. After this, your table should look like the picture below:

Create Table

s

Name: | Curtailment Details

Based on the shared Turbine column name in both tables, Power Bl will automatically create a
relationship between the tables.

e Step 8: We can confirm that Power Bl has done this by opening the Manage Relationships
menu, and confirming that there is an active relationship present:

Cut ) _‘-| Text box New Measure
. [% B B [ Eng [.Iﬂ;
Copy * Image New Column

Paste ; Get  Recent Enter Edit Refresh MNew  New Ask A Buttons From From Switch Manage . Publish
Format Painter  pata~ Sources- Data  Queries~ Page~ Visual Question Shapes ~ | Marketplace File  Theme~ |Relationships W QI 2 L e

Clipboard External data Insert Custom visuals Themes  Relationships Calculations Share
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T BlackMesaCurtailmentE

X Production Delta~ * [ Curtailment Details [E]
 rredicienios - Twie

Turbine

Wind Farm

v
— ... .
Manage relationships
Active From: Table {Column} To: Table {Column)
vy BlackMesaCurtailmentEvents (Turbine) Curtailment Details (Turbine)
New... Autodetect... Edit... Delete
Close

Our next step is to build out the Curtailment Details table with our curtailment information. The
columns we’re eventually going to have are:

e Longest Curtailment Duration

e longest Curtailment Start

e longest Curtailment End

e Curtailment Start Vision Formatted
e Curtailment End Vision Formatted
e Vision URL

The table will eventually look like the following:

Turbine |~ | Longest Curtailment Duration |~ | Longest Curtailment Start |~ | Longest Curtailment End | ~ | Curtailment Start Vision Formatted |~ | Curtailment End Vision Formatted |~ | Vision URL -]
(= 215 4/25/2018 12:13:32 AM 4/25/2018 3:45:17 AM | 2016-04-25T00:13:322 2015-04-25T03:48:172 hutps://pistvOL. pischool.int/PiVision/#/Displays/3{TurbineDisplay?
GEO2 101 4/23/2018 3:26:03 PM 4/23/2018 5:09:16 PM | 2018-04-23T15:28032 2018-04-23T17:09:172 hutps://pisrvO1. pischool int/PiVision/#/Displays/3/TurbineDisplay®
GEO3 o7 4/22/2018 6:48:20 AM 4/22/20188:25:51 AM | 2018-04-22T06:48:212 2018-04-22T08:25:512 hutps://pisrvO1. pischool int/PiVision #/Displays/3/TurbineDisplay®
GE04 51 4/22/2018 6:55:50 AM 4/22/2018 8:29:21 AM | 2018-04-22T06:58:512 2018-04-22T08:29:212 hitps://pisrvOL. pischoolint/PIVision /#/Displays/3/ TurbineDisplay?
GEQs 1741 4/25/2018 7:56:05 AM 4/26/2018 12:57:36 PM | 2018-04-25T07:56:052 2018-04-26T12:57:362 hitps://pisrvOL. pischoolint/PIVision /#/Displays/3/ TurbineDisplay?
GEOs as 4/22/2018 7:15:07 AM 4/22/2018 8:40:38 AM | 2016-04-22T07:15:082 2015-04-22T08:40:382 hutps://pistvOL. pischoolint/PiVision /#/Displays/3/TurbineDisplay?
GEO7 66 4/22/2018 7:14:08 AM 4/22/20188:20:37 AM | 2018-04-22T07:14:082 2018-04-22T08:20:372 hutps://pisrvO1. pischool int/PiVision#/Displays/3/TurbineDisplay®
GE08 az 4/22/2018 7:09:42 AM 4/22/20188:31:27 AM | 2018-04-22T07:09:422 2018-04-22T08:31:272 hutps://pisrvO1. pischool int/PiVision/#/Displays/3/TurbineDisplay®
GE0s 514 4/25/2018 3:28:27 PM 4/26/2018 6:42:42 AM | 2018-04-25T15:28:272 2018-04-26T06:42:432 hitps://pisrvOL. pischoolint/PIVision /#/Displays/3/ TurbineDisplay?
GE10 75 4/22/20187:10:27 AM 4/22/2018 8:28:27 AM | 2018-04-22T07:10272 2018-04-22T08:28:272 hitps://pisrvOL. pischoolint/PIVision /#/Displays/3/ TurbineDisplay?
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Exercise 3 — Curtailment Report

To find the longest curtailment duration for each turbine, we will need to leverage the MAXX() function
in DAX.

e Step 9: First, we need to create a new column. From the Modeling tab, select New Column.
Then, the function we will use is:

Longest Curtailment Duration =
MAXX(RELATEDTABLE (BlackMesaCurtailmentEvents),BlackMesaCurtailmentEvents[Curt
ailment Duration])

This will find the maximum from the curtailment duration column in the BlackMesaCurtailmentEvents
table, per turbine.

' You can copy and paste the column definitions from this book directly to your
L Power Bl tables (assuming your table and column names are identical).
Tip

e Step 10: Next, we need to find the start and end time of this longest curtailment duration. This is
a little bit more involved, as we’ll have to use a combination of the CALCULATE() and
FIRSTNONBLANK() functions. The column definition we will use is below:

Longest Curtailment Start =
CALCULATE(
FIRSTNONBLANK(BlackMesaCurtailmentEvents[Event Frame Start Time], 1 ),
FILTER (BlackMesaCurtailmentEvents, BlackMesaCurtailmentEvents[Turbine] =
'Curtailment Details'[Turbine]),
FILTER (BlackMesaCurtailmentEvents,
BlackMesaCurtailmentEvents[Curtailment Duration] = 'Curtailment
Details'[Longest Curtailment Duration] )

)

What this is doing is essentially filtering the BlackMesaCurtailmentEvents table to only have values for
the turbine on each row, and then filtering that table to show only the duration in this table which is
equivalent to the longest duration of curtailment. Then we retrieve the first non-blank Event Frame
Start Time in this filtered table, which now only contains one row.
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e Step 11: We then use a nearly identical definition for our next column, Longest Curtailment End.
The only thing that changes is that we look for the first non-blank of the Event Frame End Time,
rather than the first non-blank of the Event Frame Start Time, as before.

Longest Curtailment End =
CALCULATE(
FIRSTNONBLANK(BlackMesaCurtailmentEvents[Event Frame End Time], 1 ),
FILTER (BlackMesaCurtailmentEvents, BlackMesaCurtailmentEvents[Turbine] =
'Curtailment Details'[Turbine]),
FILTER (BlackMesaCurtailmentEvents,
BlackMesaCurtailmentEvents[Curtailment Duration] = 'Curtailment
Details'[Longest Curtailment Duration] )

)

e Step 12: Now that we have our start and end times, we need to format these for a Pl Vision URL.
To do this we’ll use the Format() function. For the Curtailment Start Vision Formatted column,
the configuration is:

Curtailment Start Vision Formatted = FORMAT('Curtailment Details'[Longest
Curtailment Start],"yyyy-mm-ddThh:mm:sszZ")

e Step 13: The Curtailment End Vision Formatted column is almost the same:

Curtailment End Vision Formatted = FORMAT('Curtailment Details'[Longest
Curtailment End],"yyyy-mm-ddThh:mm:ssz")

Finally, we can make a link to our PI Vision display. For this exercise, a Pl Vision display has already been
created for you, and we’ll be linking to the time of our longest curtailment on that display. The URL for
the display is https://pisrv01.pischool.int/PIVision/#/Displays/3/TurbineDisplay . Utilizing Pl Vision’s URL
parameters, we can tack on a couple of strings to this URL to make it link to a specific asset and time
range. The basic format of a URL with these components is:

URL + “?Asset=<PATH TO ASSET> + “&StartTime=<START TIME> + “&EndTime=<END TIME>"
e Step 14: In practice, for the column in our table, it should look like this:

Vision URL =
"https://pisrvel.pischool.int/PIVision/#/Displays/3/TurbineDisplay"” &
"?Asset=\\PISRVO1\Wind Power Generation\Wind Power Generation Fleet\Black
Mesa Wind Farm\" & [Turbine] & "&StartTime=" & [Curtailment Start Vision
Formatted] & "&EndTime=" & [Curtailment End Vision Formatted]

' More information about Pl Vision URL parameters can be found in the Live
Library : https://livelibrary.osisoft.com/LiveLibrary/content/en/vision-v2/GUID-

g C643F092-EB0O7-41EC-8DC8-5981BF2692F4

Tip
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https://pisrv01.pischool.int/PIVision/#/Displays/3/TurbineDisplay

Exercise 3 — Curtailment Report

e Step 15: The last thing to do with this table is to make sure that our Vision URL column is
recognized by Power Bl as URLs. To do this, select the Vision URL column, and then in the
Properties Section of the Modeling tab, click the Data Category dropdown and choose Web URL:

Home Table:

Data Categony: Web URL =

Uncategorized 't summarize *
Address

- I

2 City & "IAsset=N0

k Continent

- I

a Country/Region Start Vision Form

21 County 0013327

2 Latitude 15:28:032

2 Longitude 06:48:217

21 Place 0658517

o Postal Code 07:58:052

& State or Province 07:15:08Z

2 v ! Web URL _E!'T:l-#:EIEE

2 f 07:09:427

I Image LREL

21 15:28:272
EBarcode

e e OT710:272

With this completed, the table you have put together should look like the picture below:

Turbine |~ | Longest Curtailment Duration [~ | Longest Curtailment Start |~ | Longest Curtailment End [~ | Curtailment Start Vision Formatted [~ | Curtailment End Vision Formatted [~ |

GEO1
GED2
GED3
GED4
GEDS
GEDS
GEO7
GEDB
GED3
GE10

215
101
97
81
1741

4/25/2018 12:13:32 AM
4/23/2018 3:28:03 PM
4/22/2018 6:45:20 AM
4/22/2018 6:55:50 AM
4/25/2018 7:56:05 AM
4/22/2018 7:15:07 AM
4/22/2018 7:14:08 AM
4/22/2018 705:42 AM
4/25/2018 3:28:27 PM
4/22/2018 7:10:27 AM

4/25/2018 3:48:17 AM | 2018-04-25T00:13:322
4/23/2018 5:09:16 PM | 2018-04-23T15:28:03Z
4/22/2018 8:25:51 AM | 2018-04-22T06:48:21Z
4/22/2018 8:29:21 AM | 2018-04-22T06:58:51Z
4/26/2018 12:57:36 PM | 2018-04-25T07:56:052
4/22/2018 8:40:38 AM | 2018-04-22T07:15:08Z
4/22/2018 8:20:37 AM | 2018-04-22T07:14.08Z
4/22/2018 8:31:27 AM | 2018-04-22T07:09:42Z
4/26/2018 6:42:42 AM | 2018-04-25T15:28:272
4/22/2018 8:28:27 AM | 2018-04-22T07:10:272

2018-04-25T03:48:172
2018-04-23T17:08:172
2018-04-22T08:25:512
2018-04-22T08:29:212
2018-04-26T12:57:362
2018-04-22T08:40:382
2018-04-22T08:20:372
2018-04-22T08:31:272
2018-04-26T06:42:432
2018-04-22T08:28:272

Vision URL [~]
heps:// pisrv 1 pischool int/PIVision /#/Displays/3/TurbineDisplay
htps://pisrvl pischool int/PIVision /#/Displays/3/TurbineDisplay ™
hitps://pisrvOL. pischool.int/PIVision /%/Displays/3/TurbineDisplay?
heps:// pisrvOL.pischool.int/PIVision %/ Displays/3/TurbineDisplay?
heps:// pisrv 1 pischool int/PIVision /#/Displays/3/TurbineDisplay
htps://pisrvl pischool int/PIVision /#/Displays/3/TurbineDisplay ™
hitps://pisrvOL. pischool.int/PIVision /%/Displays/3/TurbineDisplay?
heps:// pisrvOL.pischool.int/PIVision %/ Displays/3/TurbineDisplay?
heps:// pisrv 1 pischool int/PIVision /#/Displays/3/TurbineDisplay

https://pisrvO1pischool int/PIVision/#/Displays/3/TurbineDisplay™
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Now, we need to associate this link with our larger data table, so we can include the link as a column in
our report.

e Step 16: To do this, navigate back to the BlackMesaCurtailmentEvents table, and add a column
with the following configuration:

Vision URL = LOOKUPVALUE('Curtailment Details'[Vision URL], [Turbine],
BlackMesaCurtailmentEvents[Turbine])

This column uses the Lookupvalue() method, which allows us to find a value in another table based on a
value in our current table. For us, this means finding the Vision URL from the Curtailment Details table,
where the Turbine value in our row matches the Turbine value in the row in the other table.

Once more, we need to make sure that Power Bl recognizes these values as Web URLs.

e Step 17: Repeat the steps that we carried out for the Curtailment Details table to have this
column recognized as Web URLs. The column should look just like the one from the Curtailment
Details table.

Finally, we can add this URL to our matrix. Return to the Report tab of our Power Bl workspace.

e Step 18: Click the matrix we made earlier and drag Vision URL from the
BlackMesaCurtailmentEvents table into the Values section of the visualization. By default,
Power Bl will want to call this column “First Vision URL”. But we know that this is not accurate.
Luckily, Power Bl allows us to name our columns manually. Simply click the dropdown on the
“First Vision URL” field and select Rename. Rename this field to “Longest Curtailment Vision
Display”.

Values

Count of Curtailment Du

Average of Curtailment
Curtailment Duration

First Vision URL

Remove field

Rename

Maove 4

Move to ]

Conditional formatting 4
" First

Last

Count (Distinct)

Count

Mew quick measure
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Exercise 3 — Curtailment Report

Our matrix is almost done! The last thing we have to do is to change our URLs to symbols, so they don’t
take up so much space in the matrix.

=]
e Step 19: We can do that by first selecting our matrix, and then clicking the Format tab () of

the Visualizations pane. In the Values section, turn the URL icon option to On:

VISUALIZATIONS

Values

Count of Curtailment Dt
Average of Curtailment
Curtailment Duration

Longest Curtailment Vis

FILTERS

Visual level filters

Average of Curtailmen...

is (Al

Count of Curtailment ...

is (All)

‘Curtailment Duration
is (Al

Longest Curtailment Vi..

is (Al)

Turbine

is (All)

Page level

Drag data fields here

Report level filters

“ Values

Font color

-

Background color
H -

Alternate font color

-

Alternate background col...
| R

Banded row style
on —@

Show on rows

off O—

Qutline

None

URL icon
Oon —@

Finally, your matrix should look like the picture below. Click the link icon for each row to be taken to a
display for each turbine during their longest curtailment period!

r

Turbine | Count of Curtailment Duration
F

GEO1
GEO2
GEO3
GEO4
GEO5
GEDB
| GEO7
GEOS
GEO9
GE10
Total
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Average of Curtailment Duration

70.30
38.40
38.75
36.00
193.90
3243
30.33
25.89
102.96
34,75
79.88

Curtailment Duration

703
192
155
144
1929
227
91
233
2677
139
6550

Longest Curtailment Vision Displa
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TubineDisplay ~ Asset | GE01 ¥

WTGO1

Daily Generation:2121.01 kwh

Turbine Details

Manufacturer
GE

Model

1.5 csCWE
Power Rated
1,500 kw

42612017 1:41:47 AM

Capacity: 34.334 %

40

20 60

o 80

GEO1|Wind Speed
8.0514 m/s

« Ad Hoc Display

State: No Data

Operating Efficiency:101.09 %  Overheat Alarm: .

Active Power
502.29 kW

0, L n i L
4/26/2017 1:41:47 AM 8h

4/26/2017 9:41:47 AM
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Exercise 3 — Curtailment Report

Wind Curtailment vs Wind Speed and Hour of Day — Line Chart

One common reason that wind turbines are curtailed is due to high wind speeds. If the wind speeds
would cause the turbine to generate power beyond its rated capacity, it can cause significant damage to
the turbine motor.

To confirm that’s what’s happening with our curtailments, we’ll make a line plot to correlate between
the average wind speed and the number of curtailments. As an added point of analysis, we’ll compare
both of these parameters against the hour of day, to see if our curtailments are more frequent at a
certain time of day.

To begin, we will need to add another column to our BlackMesaCurtailmentEvents table to record the
hour of the day for the start time of each of our curtailments. As before, go to the data tab of your
Power Bl workspace, and select New Column. The definition of the column should be the following:

Hour of Day = FORMAT([Event Frame Start Time],"hh")

This function takes the Event Frame Start Time column, a timestamp, and formats it as a two digit hour
code.

With this column in place, we can now make our line plot. Return to the Report tab of your Power B
workspace, and click a blank area of the report. Then, select the Line Chart symbol to make a new line
chart:

Then, to add the appropriate data to the chart, drag the Hour of Day field to the Axis section, Wind
Curtailment to the Values section, and Wind Speed to the Values section. You'll notice that Wind
Curtailment automatically becomes Count of wind curtailment — which is something that we want.
However, you'll also notice that the line chart is sorted by most curtailments, so our Hour of Day axis is
out of order:

@ Count of Wind Curtailment @ Wind Speed
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To fix this, we need to sort the line chart by hour of day, as well as sort ascending. To do this, click the
ellipses (...) symbol on the top right of the chart, then select Sort by and choose Hour of Day. Then, click
the ... symbol again and select Sort ascending.

.

C

D} Export data
E‘o Show data
> Remove
=1 Spotlight
1I sort descending
17 sort ascending
Sort by k Hour of Day
Count of Wind Curtailment

Wind Speed

Doing these sorts will lead to a line chart that looks like this:

@ Count of Wind Curtailment @Wind Speed

60

fou

]

M
(=

]
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Exercise 3 — Curtailment Report

In this plot, we can clearly see that the higher the wind speed, the more curtailments that occur. This is
in line with our expectations. As well, we can see that time of day doesn’t seem to have a very
noticeable correlation with wind speeds or curtailments.

Operational Efficiencies — Violin Plot
Let’s examine the operational efficiencies of each of our wind turbines in the wind farm. We will use a
custom symbol to view the efficiencies using python and a library in python called seaborn.

e Step 1: Click on an empty white space on the report and select python visual from the
visualizations pane:

VISUALIZATIONS

This will open the python script editor and allow us to enter our script and the data we are interested in.

e Step 2: Enter Operating Efficiency (Don’t summarize), Wind Turbine, and Turbine state to the
values field from the BlackMesaWindFarm table:

Values

Operating Efficiency

Wind Turbine

Turbine State

You will notice that the python script editor has created a dataset (we will talk about this in the
appendix), and it gives us a place to write our script in the bottom:
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Python script editor

A Duplicate rows will be removed from the data.

# Create dataframe
# dataset = pandas.DataFrame(Operating Efficiency, Wind Turbine, Turbine State)

# Remove duplicated rows
# dataset = dataset.drop_duplicates()
Paste or type your script code here

e Step 3: Paste the following script in the python editor:

import matplotlib.pyplot as plt
import pandas as pd
import seaborn as sns

df = dataset
dfl = df.loc[df['Turbine State'] == 'Load Operation’]

sns.violinplot(x="Wind Turbine", y="Operating Efficiency", data=df1l)
plt.show()

You can see we are importing some libraries such as seaborn which has the actual violinplot visual. Also
note that we are filtering our dataset to only include rows where the Turbine state is equal to Load
Operation. Essentially, we only want to visualize operating efficiencies when the turbines are actually
running. Then we simply just call seasborn violin plot and specify our x and y axis.

The violin plot should look something like this:

- ¢¢¢*¢$¢

80 1

60 -

Operating Efficiency

o] I R R R B

GED9 GEOS GEOG GEQ2 GEQ7 GEO1 GEO4 GED8 GE10 GEOQ3
Wind Turhine
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Exercise 3 — Curtailment Report

We can see that most turbines have a good spread (more data points) at around 100 while GEO9 and
GEO5 have significantly more at lower efficiencies.

Discussion: Cross reference this visual with our other curtailment visuals, does this make sense?
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Takeaways

You should now feel comfortable with the following Power Bl features:

e Using event frames with Power BI

e leveraging existing Pl Vision displays with Power Bl reports

e DAX formulas to bring data from one table to another

e Bringing in Python scripts and libraries to create custom symbols

Bringing event frame data into Power Bl can reveal a lot of actionable information. With the
visualization we put together for this exercise, what might you investigate? Why are certain turbines
performing worse than their peers? Is that performance justified?

Of course, these exercises only cover a portion of what can be done with event frames in Power Bl. The
symbols and analyses that you use will be very dependent upon the kind of data your event frames
capture. Additionally, the ability to bring in Python scripts and visuals into your report opens up a world
of possibilities for further data analysis. What Python libraries have you used to analyze data in the
past? Could that be valuable to use with your Pl data in a report like this one?
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Appendix — Python Scripting in Power Bl

Appendix — Python Scripting in Power Bl
e Step 1: In order to enable python visuals and scripts in Power BI, we need to have the python
interpreter installed on machine. This can be installed from the python website:
https://www.python.org/downloads/

e Step 2: Next, we need to enable python support in Power BIl. This can be done from the file
menu by selecting options and settings:

i}
3

Options and settings

N
Options
Data source settings

Qpen

Save

Save As

Impart 3

Export 3

SHAmIUITN T

l Publish 3

pofi

-IEI- Export to PDF
I Options and settings >| %

e Step 3: Select python support from the preview features:

Options

GLOBAL Preview features

Data Load The following features are available for you to try in this release, Preview
. features might change or be removed in future releases.
Power Query Editor

Shape map visual Learn more

DirectQuery

R scripting M Intellisense  Learn more

Python scripting Spanish language support for QA  Learn more
Security Get data from PDF files Learn more

Privacy Enable column profiling  Learn more

Updates Show dates as a hierarchy in the fields list Learn more
Usage Data | »| Python support Learn more

Diagnostics Incremental Refresh Policies Learn more

Preview features Manage Aggregations Learn more

Auto recovery Enable fuzzy merge Learn more

Report settings Modeling View Learn more

CURRENT FILE MNew filter experience Learn more

Enable Q&A Live Connect Learn maore
Data Load

Regional Settings
Privacy
Auto recovery

Query reduction

Report settings
“ coneel

77| Page


https://www.python.org/downloads/

e Step 4: If you have the python interpreter installed then it should auto detect it
you can select it from the python scripting pane:

Options

GLOBAL
Data Load
Power Query Editor
DirectQuery
R scripting

Python script options

To choose a home directory for Python, select a detected Python installation
from the drop-down list, or select Other and browse to the location you want.

Detected Python home directories:

| C\Users\student01.PISCHOOU\AppData\Local\Programs\.., ~

|' Python scripting

Security

Privacy
Updates

Usage Data
Diagnostics
Preview features
Auto recovery

Report settings

CURRENT FILE

Data Load
Regional Settings
Privacy

Auto recovery
Query reduction

Report settings

How to install Python

To choose which Python integrated development environment (IDE) you want
Power Bl Desktop to launch, select a detected IDE from the drop-down list, or

select Other to browse to ancther IDE on your machine.
Detected Python IDEs:
Default 05 program for BY files -

Learn more about Python IDEs
Change temporary storage location
Note: Sometimes, Python custom visuals automatically install additional

packages. For those to work, the temporary storage folder name must be

written in Latin characters (letters in the English alphabet).

Cancel

. If it is unable to,

e Step 5: Now we should see a python visual in the visualizations pane, go ahead and select it:

VISUALIZATIONS

e Step 6: You should get a pop-up which allows you enable script visuals for your report, click
enable and you should see the python script editor opens.

Python script editor
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Appendix — Python Scripting in Power Bl

Before we can start writing python scripts, we need to create a dataframe, which is essentially the data
we will be using in the script.

e Step 7: Drag Wind Speed, Active Power, Wind Turbine, and Turbine State to the values field:

Values

Wind Speed
Active Power e M = Power Offset

Wind Turbine Remove fisld

Turbine State Fename

v  Sum

Visual level filters
Average
Active Power

i [All)

Minimum

Maximum
Turbine State

[]
f
Iviove
FILTERS [ Don't summarizh |
i

Count {Distinct)

i [All)

Count

e Step 8: Make sure to select don’t summarize for all of the values, we want the entire dataset,
i.e. all the rows and not a sum of the rows.

Note the following line: #dataset = pandas.DataFrame(Wind Speed, Active Power, Wind
Turbine, Turbine State)

This is creating a pandas dataframe, which is a tabular data structure with the specified columns.

' Reference for the pandas dataframe can be found here:
— https://pandas.pydata.org/pandas-

Ti docs/stable/reference/api/pandas.DataFrame.html
P
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Now that we have our table, in this case called dataset to work with, we can go about creating the
power curve we did in exercise 2.

o Step 9: Take a look at the following script:

import matplotlib.pyplot as plt
import pandas as pd

df = dataset
turbines = df['Wind Turbine'].unique()

df['clean'] =1

for i in df.index:
if (df.at[i, 'Active Power'] < 600) and (df.at[i, 'Wind Speed'] >12):
df.at[i, 'clean'] = ©
if df.at[i, 'Turbine State'] != "Load Operation":
df.at[i, 'clean'] = ©
if (df.at[i, "Active Power'] < 300) and (df.at[i, 'Wind Speed'] >9):
df.at[i, 'clean'] = ©

dfl = df[df['clean'] == 1]

fig, ax = plt.subplots()
for turbine in turbines:
df2=df1[dfl[ 'Wind Turbine'] == turbine]
ax.scatter(df2[ 'Wind Speed'], df2['Active Power'], label=turbine)
ax.legend()
plt.show()

Let’s go over this script. You can see that we import two libraries at the top, matplotlib and pandas. We
need pandas to create the DataFrame and matplotlib to call our plot function.

import matplotlib.pyplot as plt
import pandas as pd

Here we set our variable df to our dataset which contains the columns and rows for wind speed etc.
df = dataset

Now we create a variable called turbines which has all of the unique values under the wind turbine
column. So this variable should store 10 value, the name of each wind turbine.
turbines = df['Wind Turbine'].unique()

Now we can create a new column in our dataset called clean via the tablename[‘column name’]

notation. We will set all rows for this column as 1.
df[{'clean'] = 1
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Appendix — Python Scripting in Power Bl

We will use the for loop to iterate over the index (all the rows) of our dataframe (table) and if the active
power is less then 600 and wind speed is greater then 12 we will set the value of our clean column to 0.
This is eliminate periods were turbine is performing sub-optimally for any reason. Same with when the
turbine state is not load operationg (running) and the power is less than 300 at a wind speed of greater
then 9.
for 1 in df.index:
if (df.at[i, 'Active Power'] < 600) and (df.at[i, 'Wind Speed'] >12):
df.at[i, 'clean'] = ©
if df.at[i, 'Turbine State'] != "Load Operation":
df.at[i, 'clean'] = ©
if (df.at[i, 'Active Power'] < 300) and (df.at[i, 'Wind Speed'] »>9):
df.at[i, 'clean'] = ©

Now we will create a new dataframe (table) called df1 where we only take rows where the clean column
has a value of 1, i.e. the filtered data is thrown out
dfl = df[df['clean'] == 1]

Next we call plt.subplots to create a plot for each wind turbine (our turbines variable), and we only want
to plot the data for that wind turbine so we create a new dataframe (df2) which only contains rows for
the wind turbine we are currently iterating through, and the plot we call is a scatter plot (ax.scatter) and
give our x and y axis
fig, ax = plt.subplots()
for turbine in turbines:

df2=df1[dfl[ 'Wind Turbine'] == turbine]

ax.scatter(df2[ 'Wind Speed'], df2['Active Power'], label=turbine)
ax.legend()
plt.show()
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Now you should have a plot which looks like a more traditional power curve after the data has been

filtered.

Wind Speed,

Active Power, Wind Turbine and Turbine State

1600 -

1400 -

1200 ~

1000 -

800 -

600 -

400 A

200 +

GEO2
GEO06
GEO8
GE10
GEO4
GEO3
GEOS
GEO7
GEO9
GEO1

Step 10: We can splice this to view data for just 1 wind turbine (GE02) and you can see the
power curve is much clearer:

Wind Speed. Active Power, Wind Turbine and Turbine State

1600 -

1400 -

1200 -

1000 -

800 -

600 -

15.0

17.5

A
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e Step 11: Now we can export the dataframe we just created:

|| [2 Export dati\ |'|
# Remave
=1 Spaotlight

16001 ¢ GEO2

b g o
® GEO6 LR o o

e Step 12: Save it to your desired location and open up the CSV, you should see your new table.
This allows use to create and modify large datasets directly in Power Bl and create new datasets
to our liking.

e Step 13: Alternatively, we can modify dataset before we enter them into Power Bl. From the
home menu we can select edit queries:

View Modeling Help Format

=" oD BE[EG

() =

EZ Copy | A S

Paste N ) Get  Recent Enter Edit Refres
™ Format Painter  pata~ Sources~ Data  |Queries =
Clipboard > Edit Queries '

E .r. ............................ —

Data source settings
Edit Parameters

Edit Variables

e Step 14: This will open the Power Query Editor where we can select transform and run python

script:
@l | [ = | Python Scripting - Power Query Edito — O >
Home Add Column View Help e
% D g_fE Transpose Data Type: Whole Mumber = %-)Z - Eﬂ' ;33 -T;'_7 Statistics = ATngonometry' Date Ela R
I:E Reverse Rows 7] Detect Data Type m' E!ﬁ' EF standard ~ _)0_3 Rounding = Time
Group Use First Row | - Text _— = i . Structured Run R Run Python
By  as Headers~ !H count Rows Eﬁ Rename L. D Column~ 1@ Scientific = Information ~ Duration Column~  script script
Table Any Column Number Column Date & Time Column Seripts

Queries [1]

h .ABC Wind Power Generation Fleet

W Bla NindFarm
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1
2
£
4
5
6
7
8
9

Wind Power Generation Fleet
Wind Power Generation Fleet
Wind Power Generation Fleet
Wind Power Generation Fleet
Wind Power Generation Fleet
Wind Power Generation Fleet
Wind Power Generation Fleet
Wind Power Generation Fleet
Wind Power Generation Fleet
Wind Power Generation Fleet

Wind Power Generation Fleet

- E('g. TimeStamp

= ABc Black Mesa Wind Far

4/18/2018 1:35:30 PM
4/18/2018 1:36:30 PM
4/18/2018 1:37:30 PM
4/18/2018 1:38:30 PM
4/18/2018 1:39:30 PM
4/18/2018 1:40:30 PM
4/18/2018 1:41:30 PM
4/18/2018 1:42:30 PM
4/18/2018 1:43:30 PM
4/18/2018 1:44:30 PM
4/18/2018 1:45:30 PM

Afansanan a.aran e

Black Mesa Wind Farm
Black Mesa Wind Farm
Black Mesa Wind Farm
Black Mesa Wind Farm
Black Mesa Wind Farm
Black Mesa Wind Farm
Black Mesa Wind Farm
Black Mesa Wind Farm
Black Mesa Wind Farm
Black Mesa Wind Farm
Black Mesa Wind Farm

QUERY SETTINGS

4 PROPERTIES
Name

indFarm

4 APPLIED STEPS
Source
Promoted Headers
X Changed Type




Here you can type the python script just like we did in the python visual editor:

Run Python script

Enter Python scripts into the editor to transform and shape your data.

Script

# 'dataset' holds the input data for this script

The script will run with the following Python installation
CAUsers\student01.PISCHOOL\AppData\Local\Programs\Python\Python37-32,

To cenfigure your settings and change which Python installation you want to run, go to Options and settings,

Ok Cancel

Note that it creates a dataframe initially for us called dataset which has all of the columns from our
BlackMesaWindFarm and now we can reference that dataset and filter it how we like to create and
modify the BlackMesaWindFarm table.
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Have an idea how to
improve our products?

OSlsoft wants to hear
from you!

https://feedback.osisoft.com/
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Save the Date!

OSlsoft Pl World Users Conference in Gothenburg, Sweden. September 16-19, 2019.

Register your interest now to receive updates and notification early bird registration opening.

https://pages.osisoft.com/UC-EMEA-03-19-PIWorldGBG-ReqisterYourinterest ReqisterYourlnterest-
LP.html? ga=2.20661553.86037572.1539782043-591736536.1533567354
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