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OSlsoft Product
Strategy & Customer
ShOWCaSGS @@ osi-.

@SPP Southwest
Power Pool

QIJALCONVW

Presented by Chris Nelson
Director, Visualization Products
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Our Vision: Industrial Digital Transformation

RSl

Multiple
Sensors

Multiple
Plants
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An Evolving Ecosystem

Expertise Providers Business Partners Service Providers

&

OSilsoft Cloud

Services

;

@
Customer A
Plant

9]
Customer B

©Q
Customer C
Plant

Enterprise
Enterprise
Enterprise

@ Process Equipment

=l « Remote * Limited
“ /i\ : K » Distributed Bandwidth
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Aligning with the Customer Journey L ovestr)

Challenge #2: different innovation cycles coveslro

How can we leverage tech developments more quickly on a broad base?

external
partners

Mobile

0

ERP

MES /
@ Pl System ({‘ @
-
“clay layer of automation”

DCS I SIS » slow and incomplete adoption

of standards (e.g. OPC UA)
« how to bypass / tunnel?

% @ @ Installed base # @ @ * #\ New equipment * how to retrofit installed base?
« how to build in security?
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An Evolving Ecosystem

Expertise Providers Business Partners Service Providers

@ &

OSilsoft Cloud
Services

/

[9)
Customer A

;

© ©

Customer B

Customer C

Enterprise
Enterprise
Enterprise

Plant

*

Plant Plant

4 Process Equipment 4 Control Hardware 4 IT Hardware % All Operational Data

* Remote
n * Distributed

e Limited

Bandwidth

Focus Areas

Display and Data
Sharing

Fleet-Wide Operations
Questions

Pl Vision

Evolution of the PI
System

Accessing all
Operations Data
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Accessing all Operational Data
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TransCanada Extends Pl System Connectivity to the Edge

Pl Server Collective

3 3 ~
7 & . \ S =
~ * * * Occasional data loss : * \ VQ
. ST Interface A
Restrictive interface deployment (Modbus)

Pl Server CoIIective

@ o - PI Connec

Connector \
: c ._
Data buffering — no data loss onnector »

Rela
Flexible connector architecture y
« Compression — minimize
bandwidth
Secured connectivity

Q) osisot. REGIONAL SUMMIT 2017 © Copyright 2017 OSsof, LLC

) (Modbus)




Source Categories

Your Equipment | Control Hardware

Equipment
Vendors

IT Hardware

Q» TransCanada

Rockwell
Automation

rnnuuu and Utica Shales

Cisco IR809 router
Cisco 10x (Linux)
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Next Generation Data Collection Architecture

Enterprise PI

Server

On Premises

DMZ Pl Connector : / Pl Connector
Relay Relay

Edge
Pl OMF Pl Edge
Application Gateway
Windows Linux Linux Windows Windows Linux
_____ -a—"'"';_-_'--_._._'--_-_-_--._._._'-'_'_'-""W-—._\ 3 :L?‘;'-;\'—'-.-‘_;;;;\_._.—'—s:-ﬁ. -
-"'a‘jﬁ EE:&-*‘RE*-I‘IE @& ' ;\:;gw‘\ S DD Ea D g D

Assets  Automation Systems Edge Devices / Sensors

Remote Assets Edge Devices / Sensors
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Featuring Pl System Connector

‘:’SPP Southwest
Power Pool

Brian Caserta

Programmer Analyst
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SPP: Helping our members work
together to keep the lights on ...

today and in the future.

* Located in Little Rock, Arkansas
* Approx. 600 employees

* Reliability Services

* Market Systems Operation

« Transmission Planning

© Copyright 2017 OSlsoft, LLC



SPP’s Operating Region

Miles of service territory: 575,000
Population served: 18M
Generating Plants: 756

! Lines: 6365

1 Substations: 4,940

Miles of transmission: 60,944
\ * 69kV 13,532
* 115kV 14,269
* 138 kV 9,117
* 161 kV 5,647
« 230 kV 7,608
« 345kV 10,772
Regional Transmission Organization
North American Electric Reliability Corporation

{
\
[ ]
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Asset Framework at SPP

. . g

« Tag creation Is based - gcap;umrs
EI FuelTypes

on templates ] Ee @ cod
] (F Fueldil

Y e ﬁ as
Monthly process with -l
custom plug-ins . @~ @ Other

P e @ Wind
° NI i [ [ Generators
Limited set of real- -

time model changes | 8 MereResurces
based on changes to ;;gizt;mﬁnns
network topology

- [ Transformers
- (§ Zbrs
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Pl Data in Real-time Displays

 Reliability and
awareness

« Pl tags directly
reported on real-time
displays

« Uses PI Analytics for
calculated values

 Analytics use existing
hierarchy for
calculations

@ osksoft. REGIONAL SUMMIT 2017

Ties
General | Child Elements | Attributes |Porls | Analyses | Version |
| Fiter
& ¢ B € Name - Value
F o m e MW 5-330.12;'9 MW
5 < O’ MW INUSECALC | -331.5974 MW
s @ 7 semw -349,6807 MW

s B @ ¢F SUM_INTEGRATED_IMWH -0.5212362 MW

s B €| & SUM_INTEGRATED_XMWH 0.2147445 MW

Net Tie L!ne_ Overview
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Pl Data in Real-time Displays (cont.)
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Challenge — Business Users Need the Data
Working with NERC: Critical Infrastructure Protection

Operations Corporate
(Electronic Security Perimeter)

Pre-CIP5

Source Pl System

Business Users
2,076,661 ~175K
Pl Points AF Elements

Interactive Remote Access
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Solution — Replicate Pl Servers with Pl System
Connector

Operati ons (Electronic Security Perimeter) Corporate

Destination Pl System

Pl System P1 Connector

ﬁ
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After-the-fact Analysis in the Corporate Environment

1 Ops Charting

Pl Tags | PiCalc | AF RT/DA | FFEADC | Outages

? =1 oad Eocmenet
Make Scatter
? de

L J

Use Actuals from Pl Hours Back | Y Interval

tings | Data

Hours Fwd [18 X Min

X Max

iaa

X interval

Load —— 1222017 —— 1212017 172012017

Reset

X Format

30

30

Defauk Sedes Type
Default Oveday Y Axds: [Eaasuebny

2.660 —

Base Seres Size
2.520 —

MDB Timeout seconds

2.940 -

. \ Netezza Timeout seconds: (RIS
3.080- ~ 20

2.800 —

Base Chart Text
2.380 T Prefer MDB and DSDB over
: 01/25/17 00-00 J Prefer MDB DSDB over Net

01/25/17 06:00 Pop-Up Emror Logging

B Night Mode
I AF Server: Il Mos: DSDB Netezza Server
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Current Focus: Evolution of the Pl System

Extend

A o

Increase the Associate quality Pl system tools
volume & velocity information with designed to work
of operations data measured values across the enterprise
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Expand the Pl System: Performance and Scalabllity

Increase the
volume & velocity
of operations data

Up Next:

100M+ event frames

Natifications — 100x

2016
2014
Asset Analytics — 10x PE
2010 |
Millions of AF elements ®

-
©

o \ 2009

o

" 2017

Concurrent Recalculation

Future data

2012

Data Archive — ~5x throughput
AF SDK — ~4x throughput

\ AF High Availability
\ 2007

Data Archive High Availability
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Extend the Pl System: Data Quality

Extend Asset Developer

Data Collection Storage Analytics Technologies
D

Calculations take
into account

: : - uality of inputs
Associate quality Colect dually quatity otinp
information with rom soure o ingress and
N
from source egress of data
measured values systems Natively with quality via
associate quality programmatic
information with means
data

Visualization

[
Display data
with quality
information
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Ease of Use with the Pl System: Management and Administration

N22s

(<)

Pl system tools
designed to work
across the enterprise

nnnnnnnnn

aaaaaaa

000000
SRR
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Featuring Pl Notifications 2016 R2

QUALCONVW

Keith Ward

Senior Staff Engineer
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Our model has succeeded in each generation of technology
Technology complexity is accelerating—we solve complex problems for the industry

Mobile i Mobile 2G Mobile 3G Mobile 4G Mobile 5G
¢ D-AMPS, CDMA2000/EV-DO LTE. LTE Advanced,
everywhere I GSM/GPRS, WCDMA/HSPA+, LTE Advanced Pro @
: cdmaOne . TD-SCDMA 'Y ® &
. ~=
Y o fa
7 3 B <0.5 Mbps © 63+ Mbps® 1+ Gbps® More than multi Gbps

Richer content  More connections ?
(video)

]
]
]
Global cellular ' - Ie n Q ® “Lb 4—80
. . h 4 o aih [
connections* : é . . o
. = G = ~ e
“GSMA Intelligence, Jan. "16 : GEWS ——— u u 0 - . \_\.,_t

Scale, reach and technology/IP powerhouse Technology leadership™*
V) N

~119,000 295+ 3G licensees” ~1.56B 3G/4G 932M g

Total worldwide Est. global MSM chipsets

patents” 170+ single-mode devices shipped shipped

in CY2015 **4) in FY2015 #1 #1in 3G/4C #1in smartphone apps

4G only licensees®
inRF LTE modem processor/SoC



A Little Background on Our Use of PI

(o0 cem] -
= Monitor 80 Datacenters worldwide @ Leverage Coresight for
Health of Datacenters

 Buildings

» Over 500+ Labs, Server Rooms and
Communications Closets

« 3 Co-gens

@@ osi-o.

» 80K PI points soon to be 100K
10K + elements

574 templates

13K + notification rules

20K analyses
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Managing Temperature to Avoid Downtime

* Mechanical Engineer
* IT manager
* Maintenance Engineer
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Aggregating Notifications Helps Manage the Business

& S — I ]

L
OS€ . .UPS . Generator UPS
Commercial (Uninterruptible > S > Status
Power! Power Supply) “Run’” “On Line”
Status “On
\ Battery”
‘-—__________ S

* Ensures system is self-healing as designed
+ Identify breaks in the process, and a course of action
» User is often not on site, sequence or missing notifications signal an issue
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Future Opportunities

* Investigating the use of Redfish Connector

 Discovering new use cases and areas to
improve performance and save costs every
week!
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Visualizing Operations Data

@ osisoft. REGIONAL SUMMIT 2017 © Copyright 2017 OSIsoft, LLC



Next Generation Integrated Visualization

Process monitoring | Ad-hoc analytics | Dashboards | Data entry

© PI Coresight

@ Related Events

Mine Truck 1 Brake Temp LR 2015-0.
92112015 7:33:27 AM - 912112015 7:3427 AM

Mine Truck 1 Brake Temp LR 2015-0. >
Mine Truck 1 Brake Temp LR 2015-0.>
Mine Truck 1 Brake Temp LR 2015-0.2>
Mine Truck 1 Engine RPM 2015-08-2.>
Mine Truck 1 Brake Temp LR 2015-0.>
Mine Truck 1 Brake Temp LR 2015-0. >
Mine Truck 1 Engine RPM 2015-09-2.>
Mine Truck 1 Engine RPM 2015-08-2.>
Mine Truck 1 Engine RPM 2015-09-2.>
Mine Truck 1 Motor 2015-09-21 06:35.
Mine Truck 1 Engine RPM 2015-08-2.>
Mine Truck 1 Payload 2015-09-21 06: >

Attributes

Mine Truck 1 Brake Temp LR 2015-09-21
07:33:27

Asset Performance
[ Ground Speed Avg - 20 652 mith
Brake System
#= Brake Excursion Location - Left R
F& Brake Temp Avg - 25525 °F
& Brake Temp Max - 25564 °F
Information

Comment
i Description - High Brake Tempera
= Driver - Neil Bardhan
[ Operating State - Loading
Payload System
[ Load Avg - 203.34 ton
Tire Monitoring System
= Tirs Praceirs Aun - 988 21 nei

Time series | Events | Assets | Analytics | Notifications

osisoft. REGIONAL SUMMIT 2017

Display: Frame Roll

Frame Roll Analysis

Name & Description Vaiue
Mine Truck 1 Frame Roll 2015.0.15 10:53.2° Average Pitch 094016
Mine Truck 1 Frame Roll 2015-09-15 1058:2 Maximum Pich 024419
WMine Truck 1 Frame Roll 2015.09-15 10532 Minimum Pich 230115
Mine Truck 1 Frame Roll 2015.09.15 10,532 Average Rack (Twisting)  0.17047
Mine Truck 1 Frame Roll 2015-09-15 10-58:2' Maximem Rack (Twisting) 135261
Mine Truck 1 Frame Roll 2015.09-15 10532 Minimum Rack (Twisting)  -1.11065
Mine Truck 1 Frame Roll 2015.09-15 10532 Average Roll 116594
Mine Truck 1 Frame Roll 2015.09-15 10532 Maximum Rol 23893
Mine Truck 1 Frame Roll 2015-08-15 10532 Minimum Roll 0075857
Mine Truck 1 Frame Roll 2015.09.15 10532 Frame Rol

Caterpillar

© Copyright 2017 OSlsoft, LLC




One VisIC Pl Vision

A unified visualizati ' ASTructure i F’umvaerview.]Tf--== |
Properties f,‘ g

‘;‘ 220
« o200
4 180
)

Gloe 180
. 140
120

A.‘

R

140, 1 L 1 L L 1 L
37212016 5:29:09 AM 3/2/2016 1:29.09 PM

@ osisoft. REGIONAL SUMMIT 2017 Gt T G G




Pl Vision Roadmap

2016 2016 R2 2017
IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII IIIIIIIIIIIIIIIIIII
* New Display Editor » Event Search » Collections
* Monitoring » Trend Configuration » Events Table
* Phone / Tablet » Event Details » Graphic Library
» Event Details » Adhoc Analysis / * Pinned Events
* PB Viewer Event  Scatter Plot
@ . Ad Hoc Analysis / Event Comparison @  Comparison @ - Drill-in Navigation

Event Detail (phone)

Q) osisot. REGIONAL SUMMIT 2017 © Copyight 2017 OSiso, LLC



Graphic Library

g 5 =
Drill-in Navigation Pt G TR B 8 ﬂ
N\"ww = -uri _.’“ 'I_'_

TATB0 AN 17 12:18.40 Pl 7410.40 A

Pl Vision 2017 Collections

-

- 4 B =
e =~

: f 7 x,

Mine_Truck_2 . Truck_3 Mine_Truck_4 Jear Super@ f-\ 3 I n n e ve n s

0 *Pinned
o e OSlsoft_201581181621 (CLEANING, >
" f..f{ \h : o B \h 2117201541521 AM - m«m‘nssaﬁnm’
Mine TRk S Mine_Trick. 6 X OSisoft 2015810231135 (CLEANING) >

2017 4 18:40 A

Mine_Truck_2 Overview

® OSisoft_201581202655 (CLEANING)
e ® OSisoft_2015810232451 (CLEANING)

x :
3
StoreRunnE ] {,\ s o ¥ OSisoft_20158519028 (CLEANING)
Speed © Osisoft_201585185135 (CLEANING)
o Do © OSisoft_2015853150 (CLEANING)

O OSlisoft_201584104839 (CLEANING)

vVVvvVvvYvywvw

% OSisoft_201584103941 (CLEANING)

XY Plot

Manufacturer vel ine Status

1262017 62143 AM 1262017 7:57:43 AM

Mine Truck 1 Caterpillar Jason Rice Running

Tummy
--

16826 159.87 Running

Mine Truck 2 Running

IEnwm1mwww
gt ———
07:14:43.000

Mine Truck 3

Gas Tank Level Low Thumpsm
2017-01-26 5P8 1262017 72343 AM 1262017 73213 AM Ackmowtedoed
w2000 Mine Truck 4 Caterpillar | Revill Swivel _-

Gas Tank Love Low Volvo John Sintilas
20170126 P8 G017 TIATIAM /262017 73613 AM Amowieages

I Engine Temperature Volvo  Brian Bostwick

High 2017-01-26 56 1262017 B2513AM 11262017 8:25 Avkmontedgen
Engine Temparature i Caterpillar Justin Brown
oo e

LA2E12000, Mine Truck 10 Bob Bonkers 1.719.7
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Fleet-Wide Operations Questions
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What is a Deep Query vs. a How does a Wide Query
Wide Query? Help Me?

Deep Query

For meter at 123 » Fleet asset performance

Washington St, which

days in the last 20 « Pattern Searches
years had missing
readings? « Aggregates across assets

» Performance diagnosis

Which meters in zip code _ _ _
85901 had missing « Asset maintenance diagnosis

readings yesterday?
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You Can Do This Today Using Pl + Integrators

Pl System tit+ableau
(“ y o RR—— @S otflre

-5 T\BCOS ftware
[ﬁ SAP BusinessObjects @
]| —
] . COGNOS
Power BI ) QlikView =
L | ORACLE
esr| s FUSIESS INTELLIGENGE

Pl Server
Data Warehouse / Data Lake

2780 Server  Ea

e 12s @ (O

esri
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Advanced Integrations — Supported Systems

Data Warehouse / Data Lake Streaming Analytics — 2017

Excel @S otfire’ @ =T ' : - _.
—a> TIBCO Software (3 P ,‘,‘@ ey

SAP Busi Objects Microsoft® H
S COGNOS SQL Server loT Hu Machine Learning

@ Busﬁ::ﬁ:Lt(i;wE ORACLE \/3 éz
esri ™ Zomsne 12° Spr K

+ 4+ . .
g D LR RS PR Stream Analytics
i) @ @ ﬁ
R . ) B ‘
’ ®
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Pl Integrator for
Microsoft Azure

Jevices & °°

,.-*a

PI Connectors | Interfaces

g
¥
[y
=
<)
®
E
S
w
@
<)
@
13
n
4]
=
c
@
3
o
&z
o
A0
)
[}

Pl Server(s)

Cortana Intelligence

Cleanse
Data Qua“ty ‘a) ?é‘irgata Warehouse | People
3
Augment
: )
Aggregation Azure S
L= g Data Lake store | ~ App
Q.
Shape [
w)
HIBIEEL g.- _’[%5 "-"’%—~ Cortana Intelligence — f;i‘e)mmd
Event Hub Stream Analytics
Transmit |
Normalization Data — Intelligence —_— Action

Insight [ Predictions as Futuwre Datw (to-PI 2015)
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Featuring PI Integrator for Microsoft Azure

Brian Faivre
Brewmaster, Operations

Tim Alexander

Assistant Brewmaster,
Engineering & Technology

© Copyright 2017 OSlsoft, LLC
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Located in Bend, OR
Founded in 1988

Pub opened in
Portland, OR in 2007

2 brewhouses

50+ vessels

Bottling and kegging

7t largest US craft brewer

© Copyright 2017 OSlsoft, LLC



Continually Improving Quality & Production
Capacity o

~  aNe = 5 | 572 7 e e
@0; \Jaew®” 1
2 2oy s 7 -

Vo
e )

1‘/'

| X!
2 = C
To? oF JACHET
K Erow VACWM
BecpreR = 6
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Manually Measuring Density Creates Production Delays

Diacetyl
Fermentation Rest Maturation Emptying
a Goal
\ * Increase production volume
e Impact
Filing Free Rise Cooling REAYIO  pro * Upto 72 hours lost in production per batch
Transfer
H To0 late =)y Challenges
° 1 » Transition occurs between measurements

Options
+ Automate measurements: ~$750K
* Predict transition from measurements

Transition

Constraints

Apparent Degree of Fermentation

4= 074529540007T135 » 8-10 hours between measurements
- b=0.0936677891007295 . .
R | | €=303205890015667 _ * No large capital expenditure
L I * No fully-dedicated data scientists in-house

Time (hours)

Q) ostsoit. REGIONAL SUMMIT 2017 © Copyright 2017 OSisof LLC



Brand Portfolio & Facility Size Complicates
Predictability

Batch Variety Brand Diversity

Apparent Degree of
Fermentation

Apparent Degree of
Fermentation

Time (hours)
50+ Vessels
WA £

Time (hours)

(@ osisoft. REGIONAL SUMMIT 2017 s A T e



Predicting the Transition is a Low-cost, Accurate Option

Indicate when transition happens

L T IR HEE———————————
3M1/2017 7:26:39 AM 31972017 7:26:39 AM

Use experience & predictions
to ensure high quality beer
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Operationalizing Predictions with Pl System and Azure

PUBLISH 3 CONSUME

DATA SOURCES PREPARE INGEST ANALYZE

Pl System PI Coresight

Microsoft Azure , Data Warehouse Learning Data Warehouse

(@ —
1

» » » »
1 1 1 1
| | | |
: Pl Integrator for : SQL : Machine : SQL
| | | |
| | | |
| | | |
| | | |
1 1 | 1

h LB A
‘ Azure Data Factory > CQ)

Predictions as!Future Data
T

On Cloud Mobile/Desktop
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Predicting Transitions for All Brands and All Vessels

Mirror Pond Pale Ale — Vessel 16 Hop Slice Summer Ale — Vessel 27

Loz 0.9
0.66 | . 0.8

0.6
F0.7
0.5 Lo6
0.4 F0.5

0.3 0.25461 e

0.2528 [ Fo.
0.2 ) 03

0.2
0.1

F0.1
0 ) " L 1 . . !
3/6/2017 7:54:32 AM 3/16/2017 4:00:00 AM

Black Butte Porter — Vessel 45

0.8 08

i L L L L
9/19/2016 10:00:00 PM

o7 Fo7
& 0.6
Los 05
Fo4 Lo4
[0-3 Los
[02 Loz

F0.1 ro.1

0 . ) ‘ ‘ ) T
: ‘ ‘ : ‘ : :
2/28/2017 7:56:36 AM 3/172017 7:00:00 AM 3/10/2017 7:53:42 AM 3/18/2017 7-53-42 AM

@ osisoft. REGIONAL SUMMIT 2017 s A T e



Detecting Early Deviations and Taking Corrective Action

Obsidian Stout — Vessel 23
Indications:

* Uncharacteristic fermentation

Actions taken:
« Transition to free rise early

Results:

* Production time reduced
« Batch saved

* Quality maintained

Q) ostsoit. REGIONAL SUMMIT 2017 © Copyright 2017 OSisof LLC
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Using Pl System and Azure Setup for Future
Projects

Diacetyl

Fermentation Rest Maturation Emptying
7 il Predict other transitions
e Q In the brewing process

Ready to

Fillin Free Rise Coolin
9 9 Transfer

Empty

Apply predictions to new
brands that enter production =
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Direct Access from PI Vision, Partner Apps, and Bl Tools

hi+ableau
(g‘ X SRS ©@Spotfire’

TIBCO Software

-~ @
SAP BusinessObjects Q
W & - = (OGNOS

esri —~ . QlikView oracLe
SAP Lumira N BUSINESS INTELLIGENCE

OSilsoft tools
Wide o
Pl System Queries Pl Vision

—Ta e
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Complimentary Capabilities

@ osksoft. REGIONAL SUMMIT 2017

Wide Queries

Native query surface for
fleet wide questions

APls

Open APIs for custom built
solutions needing to query
Pl

© Copyright 2017 OSlsoft, LLC
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Example Community: Knowledge Exchange

To improve wind e “Savings/
forecasting, Xcel | = Efficiencies are
Energy “went to the [E B = : roughly estimated
experts, the 4 & = Over the last six
National Center for i il /c2'S at $46 million.”
Atmospheric MR e [ — - Kasen Huwa,
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An Ecosystem of Communities
Enabling Sharing & Collaboration
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Building complimentary capabilities

Cloud Connect  Data Sharing  Display Sharing Partners
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Challenges of Sharing Information with External
Parties
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An Evolving Ecosystem Focus Areas

Display and Data
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Our Vision: Industrial Digital Transformation
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