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Characteristics of Big Data

OSlsoftt REGIONAL SEMINARS 2012 © Copyright 2012 OSlsoft, LLC. 5



) 4.8K data streams, 120Hz ;¢ ~

3 years online

100K cells, 2M breakers

20M meters, 5-min reads ‘ 1K assets, 1M points

10 years online 7 years online

1 410 Unique Events: 177 Trillion

Estimated Data: 1,410TB

10 years online
Unique Events: 6,307 Tr
Estimated Data: 50,460TB

Unique Events: 55 Trillion
Estimated Data: 430TB

Unique Events: 105 Trillion
Estimated Data: 840TB
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Pl System as
Infrastructure

Ly ¥ Hﬂwh
mwod b .”_ou_.-mﬂ %.M EEE-.H_H.

sﬂﬁr@g@n _n . 3
Qo {1k Dc@a__e_u. O X @.

O oy Wl g oo J< 2 Al Ll B e
N AR o &< > ‘



Capabillities of the Pl System

Integrate — Exchange data with external systems

OSlsoft. REGIONAL SEMINARS 2012 © Copyright 2012 OSlsoft, LLC.



Reliability

~Availability

INTRINSIC Scalability
VALUES OF THE

Pl SYSTEM o
"+~ Searchability

[
INFRASTRUCTURE ‘e

_ Interoperability

- NEXIENSIDINLY

- Security
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Pl System Overview

Health % [ ]
" Monitor Pl ProcessBook

Pl DataLink

" Pl WebParts

COLLECT (0 PI Coresight
C ->

Pl Server

Access SQL Server2012

Schnelder
EMERSON ectric o
ll DD Rockwell :Er=.=: maximo
A Automation Pl Event
Honeywell GLALTANY
SIVERSPRING D, Notifica- \5
SlEMENS eISter METWOR| tions

OSlsoftt REGIONAL SEMINARS 2012 © Copyright 2012 OSlsoft, LLC.



Pl System Overview

Pl ProcessBook
Pl DataLink
Pl WebParts
Pl Coresight

3rd Party

ﬁ SQL Server2012

2T 4
"N

COLLECT

Pl Interfaces ‘

Schnelder

EMERSON ‘‘‘‘‘‘
n nn Rnckwell _
AP Automation “GEMEESVCIEY

Honeywell NGVl

/ Notifica-

SILVERSPRING 7 | :
SIEMENS eISter NETWOR tions
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INFRASTRUCTURE
Highway for your data
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PERFORMANCE
Move your data faster

4 '
Y
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RELIABILITY
Most stable system for your data

P .
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MANAGEABILITY
Bring all your data onllne

W v -
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Have Identification and
Documentation Ready
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SECURITY
Better protection for your data
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Pl Asset
Framework
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A Complete Picture of Your Asset

Real-time Values - - | B Real-time Values

* Inlet pressure o Ty e V- Y *  Exhaust temperature
* Inlet flow o il gl (| N £ b7 "W + Exhaustflow

- Ambient temperature = N — L% A '~ M . Measured MW output

sl Dl B . A NI Notifications
« Name T BES e S \E 5 ¥ N .

M \ Y T = i s M\ - P o Performance excursions
. ake o » : il I :

S - A, A = *  Temperature difference
*  Model : —— : w—ihy | O\ .
e ' Ln »  High temperature

aTTY 131418

External Databases > :

. Business Events
«  Performance curves Calculations S S
» Last service date - » Performance calculations -

+ Design documents + KPI's Startup
. . *  Excursions
* Inspection best practice

OSlsoft. REGIONAL SEMINARS 2012 © Copyright 2012 OSlsoft, LLC.



How does the Pl Server enable insight?
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Pl Data
Archive

REGIONAL SEMINARS 2012

5 Blements Element
_ . = Big Creelk Power Plant Attributes
E‘ ﬂ B |¥] 221 Flow Model ? Gas Fuel Fow
P| Asset . G Condenser  ssrssssssssssnsssnssndonndl & Condenser %
....... (G Gas Tubing  =rersserssnsssnsngziinnni. ( Gas Turbine 1 (Gas Fuel Presssure
Framework ....... (§§ Heat Recovery Steam Generator -,._ et (F Gas Turbine 2 == o Gas Fuel T
....... (G Steam Turbine .., .::.. . & HRSG 1 as Fuel Temperaturs
J LTI “tear,.. | . G HRSG2 £ Gas Turbine Speed
s by (3§ Steam Turbine
/ Event Frame
s Q) \ Pl Event powntime Startups — Altrbutes
‘ \ Frames Shutdowns - & Deess i
| | Process Excursmns« < Product Loss
Shifts Environmental Excursions =] Reason Code
Grade Changes Batches | <& Temp.Max

© Copyright 2012
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Pl Event
Frames
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23 Sub-stations = 10

B0.05

Az " 2 min=babUl vValues

PMU Frequency Data — Electrical Grid
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Now you can see the events right

-- in front of you ...

598
2/13/2012 9:33:50 PM
= u]

OSlsoft.

63 600 Values (2 min)
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#_ =, 2.00 minutes db

21372012 9:35:50 P
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2 60 > 6.3683

Over time,
the events

)3 80

wﬂlﬁl Il[[u 11 YMW’ Lj \“

it’s difficult to remember where

are in allithe data

(~20 years)

01/01/1990 12:00:00 AM

[05/2511995 11:41:36 PM|

19.23 Year(s)

OSlsoft.

REGIONAL SEMINARS 2012

03/20/2008 9:57:16 AM

3.8382
KPA




When was the last time a
downtime event occurred?

/

OSlsoft. REGIONAL SEMINARS 2012 © Copyright 2012 OSlsoft, LLC.



What happened in the batch
with the highest yield ever?

OSlsoft. REGIONAL SEMINARS 2012 © Copyright 2012 OSlsoft, LLC.



What was the root cause for
the $200,000 process

rsp vent’?
= ﬁ T
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Simplify Data Analysis Perform Asset Comparisons
m y Eve nt s% Weekly Downtime Weekly Cumulative

SRR (Instances) Downtime (hrs)
140
120
100
80
60
40

16
14
12
10

117.6

o N B O

20

DT101 DT102 DT103 DT101 DT102 DT103

Event Overlay Trend Downtime Events

Name | Temp.Max Product XYZ (1)
Downtime (2)

EF1 122.47

EF2 109.34

EF3 112.73

EF4 98.61

EF5 125.24

Perform Event Comparisons Discover Event Interrelationships
OSlsoft. REGIONAL SEMINARS 2012 © Copyright 2012 OSIsoft, LLC.



Pl Event Frames =

eve

nts +

A

related data

Excursions (4) Downtime (3)

Product XYZ (1)

I

OSlsoft. REGIONAL SEMINARS 2012

Event Attribute Value

Name Ex 20121215-0002
15-Dec-2012
Start 10:35:02
15-Dec-2012
=re 10:47:26
Duration 12 min, 24 sec
Asset Boiler-459
Excursion Type High Violation
Fuel Gas
Flow.Avg 37.12 k sft3/h
Fuel.Start 823.48 k sft3/ton
myPIKPIl.Max 47.19 bbl/d

© Copyright 2012 OSlsoft, LLC. 32
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Pl Analytics

g il POUEIS [ o
> T % DO |
B m..w%wou« Lo e
@— m“m NA“ o&hmﬂ%ﬁl?ﬂ&imﬂh“
E)

ety ._ﬁ.m.mﬂ@ v

3



Pl Analytics — Streaming calculations

=] Categany: Temperature
{.‘é Caszing Temperature
= Categony: Operation
< Power Dra

OSlsoft. REGIONAL SEMINARS 2012

=l Categarny: Calculation
< Cooling Power R atio

“What is the hourly
temperature average per
total power draw that hour?”

© Copyright 2012 OSlsoft, LLC.



Pl Analytics — Compare asset performance

| Categony: Temperature = Category: Calculation
(}E Qil Termperature (,E il Temperature Aate of Change

“How fast is this thing
heating up?”

OSlsoft. REGIONAL SEMINARS 2012 © Copyright 2012 OSlsoft, LLC.



Pl Analytics — Choose the best for you

Q Pl AF Formula Data O Pl Performance O Pl Advanced Computing
Reference Equations Engine (Pl ACE)

O Pl AF Point Data O PI Totalizers

Reference summary

O PI Statistical Quality
O PI Client calculations Control (SQC)

OSlsoftt REGIONAL SEMINARS 2012 © Copyright 2012 OSlsoft, LLC. 36
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& Pl Data
AcCCess

Pl Notifications
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Pl Notifications — keeps you informed of your assets

“One of the turbine’s exhaust thermocouples has been acting up... Let's keep

an eye on it and create a work order for maintenance if it fluctuates more than
5% in 5 seconds. Make sure Bob is notified of this also.”

FIMataAdrmin

From: g ) Wind Farm availability is under 70% o=
To: &I Matiana Sandin
Ca
Subject: Transformer TROG42 Loadis int P
- { ! - ;
TR | = 1 Instant P WebParts Trend 2
- \ | Arknowledge With Comment Wi b
. v A Acknowledze Nam
A - B v Serv
¢ "
- Dat:
1 ) Marre: Transormer load - | "
\‘.‘ 4 pr— High Trigg me (GMT-07:00:00)
1§ A8 :

: 1 7Y s Trigger Time: 7/29/2012 S:07:01 T

| -

A i Start Tirme: 74222012 F:07:01 State <Control
2
= | End Time: 11/1970 12:00:00 /| Prioritys Norma!
TTA -
Q 131 413“ . 2l D E L IV E R Triggering Condition:||Load = 22 Link:
Target: TROS42 Wind Farm Overview

OSlsoft. REGIONAL SEMINARS 2012
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Pl Data Access — Integrate your events

- Time-
Series
Data

T | Assets

Events

e a R GT Exhaust Temp Anomalies - Fuel Oil Temp & Pressure

» [ re—
y .lll l -
R | [ [T] [TT™yem—— | [ | -

1+ G Dot Gan Tevpweatars dromehy
= k

Big Creak Power Plant
Summary Report

OSlsoftt REGIONAL SEMINARS 2012 © Copyright 2012 OSlsoft, LLC.
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How does the Pl Server enable insight?

- Time-
| Series
Data

« Stores the raw data (not summaries)

« Enables ALL the possible analyses

« Don’t miss critical information needed for
analysis / reporting

OSlsoft. REGIONAL SEMINARS 2012

© Copyright 2012 OSlsoft, LLC.



How does the Pl Server enable insight?

. Time- Store Full Data
| Series Fidelity }Z
Data l

l

Perform Asset )Z
Comparisons H

Asset Current Day.Peak Week.Total Month.Avg
1.22 MW 1.97 MW 13.32 MW 1.93 MW
0.56 MW 1.53 MW 15.56 MW 2.21 MW
WT103 0.72 MW 1.78 MW 9.34 MW 1.59 MW

OSlsoftt REGIONAL SEMINARS 2012 © Copyright 2012 OSlsoft, LLC.



How does the Pl Server enable insight?

.~ Time- Store Full Data }ﬁ

Series Fidelity
Data

Perform Asset

Comparisons
| Asset | # Downtime Total Downtime

Perform Asset
0 00:00:00

& Event

. 1 08:21:23

Comparisons
WT103 4 06:47:35

OSlsoftt REGIONAL SEMINARS 2012 © Copyright 2012 OSlsoft, LLC.



Visualization Landscape

Pl Coresight: Pl WebParts: Composite
Ad Hoc Analysis & Apps, Shared broad|
Collaboration 3

Explore Review

Pl DataLink:
Reporting and table
based analytics in

e —— - Monitor .
“-._] e Microsoft Excel
—_— w - . ”' ‘."" { L L —
e _{' u...S‘iz-: l'{ ? Pl ProcessBook:
il = Display authoring and

Process monitoring
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@f1ogresioht | ¢ |
Teoiler-481

\\DFPIAF\OSIsoft Enterprises CS

EX[E

4 [T\Wichita\Cracking Process
B oiler-352
T eoiler-481
T Pump-209
B rump-365
Brump-723

r [.I\Houston\Cracking Process
T eoiler-210
T boiler-235
Trump-214
B rump-456
T Pump-560

4 []\Little Rock\Extruding Process
T eoiler-045
B Pump-077
T rump-247
Trump-724

4 [.I\Wichita\Distilling Process
B Boiler-459
T Pump-230
nPump-}M
T Pump-550

A [.]\Little Rock\Distilling Process

T Boiler-125
Search

Cart

} @ DownTime

> E Upset Boiler -481

| &

Boiler Comparison

Boiler-481|Burner | | Boiler-4.ntState | | Boiler-4..ion Date |

4/6/1980 9:00:00
PM

Mame Description Value Units. Trend Minimum Maxirnum

Boiler-481|Water Relative Maka-Up Water Use per tor 18243 koo UM n/ja nfa
Boiler-481|Make-Up W, Maka Up Warer Flow 608 Bbljd Pt g 541 536
Boiler-481|Fuel Gas Flo' Fuel Gas Flow Rare 3082 csram WA 2532 EEFS]
Boiler-481|Fuel Relative Fuel Gas Use perton of Fee 92436 xsazion Mg nia na
Boiler-481|Equipment € Mode of operation Auto STATE il nia nfa
Mame Description Value Units  Trend Minimum  Maximum

Pump-209|Power Relative Power Use per ton of Feed 93112 KWhiton -“'\;\rW" n/a nfa
£ ' oo i 1254 A v 1250 1309

e e N ot W Y W W O

® Boiler-481[Water
180.88 k sft3/ton
195 1,050 1,950

Boiler-481|Fuel
84648 k sft3/ton

iler-352|Fuel

o
‘ k sft3

155 700

W (Read Only)

Pl Coresight
Ad-hoc Visualization & Analysis

5/15/2012 2.

OSlsoft. REGIONAL SEMINARS 2012

5/15/2012 3:32:00 AM

10 PM

45
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d by EnCana - XP

Eil= Edit Wi Favorites Tools Help ?

eﬂack - \‘) E @ (h ps.aarch ‘?::{Favurites @ B- ’i_;e - |_J . n

| Address (4] hetp:/idaar/SPiceance/Prad/Pages/Gas2.20Praduction. aspsx

Eﬁ Production Variance Analysis

This Sike: Production Yariance | I

South Piceance | Reports  Document Center | applications =

South Piceance = Production Yariance Analysis = Pages = Gas Production.aspx

@ Field Hierarchy - & RtTimeRange -
EIEﬂ South Piceance

&% Buzzard crask Start Time [*-3mo |E=  Endimime [« |ma (Reev] (o) [l ()

&y Divide Creek

@@ Actual vs Forecast Production -

& Eakaopelli 172008 10:29:15 AN
£ 12-00
& Circhard

&% Plateau e

]
Y

1

&% Rulison x——’ﬁk_‘ .
Eﬂ Sheep Creeslk 11,00 J
L

1

1

1

e
&L South Parachute /WW- —

B/25/2008 Week(s)
®  Forecast volume - Lookback # 7 day rolling average < 30 day rolling average

@ production variance

A o ¥Yolume yesterday volume 7 day avg Yolume 30 day avg Forecast volume ¥Yariance 7 day avg ¥Yariance 7 day avg
ocation  fmcf) {mcf) {mcf} {mcf} {mcF) (%)

Route 1 15,819 15,175 15,509 13,461 1,713 12.73
Route 2 11,569 11,643 10,602 10,853 789 7.27
A Route 3 TA7S 10,41 10,710 11,452 £1,011) -5.83
Foute < 5,953 5,7 g,5485 2,315 (574 -5.17
8,539 8,623 8,258 za1 341

5,445 5,348 5,080 365 4.51

6,455 6,658 8,087 t1,e52) [
e artS 876 547 z7z &05 zz2.56

5,959 9,129 5,955 El 0.04
Showing 1 to 9 of 17

Interactive Dashboards
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2] PIProcessBook - Wind turbine overview @@
Eile Edit Miew [nsert Tools Draw Arange Window Help

Element Relative Display p X
(7}
r—rs N
=l Turbine Overview g
Fam e - > _ Capacity
WOFPIAFVWindtopiaWyind Power Generation Fleet\Black Mesa Wind Farm\GEOB
Elements of Interest
T aner ol General Unit Information Generation Information
Fier I Unit Name:  WTGD6 At
|/ Name S| Unit Model: 1.5 esCWE SAELRLLL U 1 cive and Reaclive Power Outpit
® ME@ Big Buifalo Wind Fam E LS I CoilOpe raton | I 6002 101507
. 1507.03 kW 2 . =
B B (J Black Mesawind Fam e ! Jr‘l o
B [ @ Biock Wol Wed Fam Availability Information Reacive Powar RRIIWRV 041 5165
@ 8 @ DeepValeyWindFam Ener!;!':_! (Daily): - 27553.75 k\Wh | e IV E w 1 : KA
@ 89 M : Capacity Factor (Daily): 7640 % 3282012 8:0352 AM 3282012 8:13:52 AM
rado Wind Faim veilabilite Fatar (Dailyl: o 41.52 kVA
B 8 5 GrandRidge WindFam Ayailability Factor (Daily):  98.23 % 0
B B G WhiteBearWind Fam Apparent Power
| Turbine Wind Speed

1505.80 kVA

Pl ProcessBook
Real-Time Monitoring

;#1169

Power Factor: tomis
ad 060,01

0.98 i Hz
3ZBRMI2EB13:52 AM
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A | B | C | O | E | F | i DAILY PRODUCTION REPORT - Papermachine
1 |2008 CO2 Emissions (Ibs) SRR O e R .
- — SHIFT FOREMAN John Smith Mike Jones Peter Richards
2 | ACMD Unit ID: | Facility ID: | Type: | January | Fehruarﬂ March | S = =
FIBRE INPUT Shift 1 Shift 2 Shift 3 Total Spec Unit
15 0-15 K-25 Major 0 93,584 | 3,375,547 | |Base NSSC - Grubbens 15 50 50 115 BDT
16 D-18 T K-27 Major 1] 59,113 | 2,639,550 Total fibre input " ke BDT
17 0-83 H-& Process | 96374 | 56348 | 13,120 FIBRE TO FAN PUMPS Shift 1 Shift 2 shift 3 Total Spec | Unit
18 D-24 H-20 Process | 37 588 13,418 2,71 Liner pulp 10 20 50 100 BDT
19 0-175 H41E Process | 244634 | 151,862 | 5,328 | |BaseKd 15 55 20 150 BDT
20 D-175 Ha17 Process | 19283 2 ] Base NSSC 25 70 60 155 BDT
21 D177 H418 Process | 225835 95,620 ] Base broke 1 5 15 21 BDT
22| E-173 (M24) AC R219 54,400 | 48,711 13,842 Total fibre to fan 51 170 205 426 BDT
23 E-15 Air Compressor R219 1,302 22 897 PAPER PRODUCTION End of day
24 E-16 Generator R219 143 0 18 Grade (Shift start) ML140 ML140 ML225 ML225 Spec Unit
25 E-18 Air Compressor | R219 1,109 292 11,618 Standard speed 500 500 490 ViR
26 E-18B Air Compressor | H219 | 16,188 320 13,096 gf("“s:' ;‘;’:;“gfozmn i%” fgg ig - 'L”‘E:‘
27 E-22 Trash Pump R219 0 0 0 Bone Dry Production 35 160 200 395 BDUday
28 E-23 Trash Pump R219 0 0 0 Fibre Loss on Machine 160 100 50 31 BDUday
29 E-24 Trash Pump R213 3,128 3,054 1,046 PM Production Over Scaie 38 180 720 138 vday
30 E-25 Steam Cleaner R213 G645 o o |Saleable PM Production 10 160 220 390 | 400 tday
3 E-27 Welder R219 5,869 123 4 289 Rewinder Production 0 0 10 10 tday
32 E-28 Light Plant R219 -1 4 113 Total Sai 10 160 230 400 | tday
33 E-29 Generator R21% 1] 1] 1] Broke 2 5 0 25 vday
34 E-30 Welder R219 | 11,804 125 3,404 s“;':n’:fz'; g ‘05 g z; zg::
35 E-31 Air Compressor R219 1 2 ]
36 E-32 Generator R219 ] ] ] Jumbo's on Kitchen
37 E-33 Pressure Washer | R219 0 1] 0 » .
8 @, @
39 Major 10,320 | 997,616 |10,645707 ~ —
40 Large 276570 [ 272035 [ 452744 C Ol'lc 20 =010
41 Process 964375 | 565436 | 85,568
42 | Gasoline 5,685 3,369 13,578
43 | R2719 Diesel 34 610 572 20,881
a4 Nat. Gas 54400 | 45711 | 13,942
45 |Major, Large, Process, Natural Gas all in MMSCF
46 |Gasoline, Diesel in gallons

OSlsoft. REGIONAL SEMINARS 2012
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® Factory 1 Satch Cyde Time
= Factory 1 8atch Trend Comparison
DLES

« Factory 18atch Trend Caks

= Add new knk

@ Alarm Query Time Range ~

e T . = SR ER SUE

Start Time
[273/2010 12:00:00 AM [ 1]

End Time

[27472010 12:00:00 AM 3]
ooty | o] «|

@ Sclect a Unit »

ET‘ All Factory 1 Units
| p: All Units
{ Q Broos
&
|4 CIPOOS
| 9’ CIP006
| p TADOL
| 1 00z

W eNOULE W N

SREERES

BEET

A B 3 [ E F G H J K L M N o 3 a R
Unit: BioPharma\Factory 1\All Factory 1 Units\TAOO2 start Time: 2010-02-03T00:00:00 #Values: 1434
Tag: BioPharma:TAOO2.AE.All End Time: 2010-02-04T00:00:00
Event & Category Breakdown Alarms and Events: TA002 All
1600
1400
1200
1000
800
600
®Process Alarms 400
®Process fvents 200 l
0O 0 0000 000 00O OCOOC | O 0000 OO0COO0COOOOTO
gaie s aoroqa 8 eraaia s aiosa aig aaiasa8 ola0
SO 0 0 O 0 0 0 0 0 00 00 0O mMOoO OO0 00 O 00 0O o0 o0 900
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When There’s No Such Thing as Too Much Information

‘ Net Gain — Output and Productivity 5 % to 6 % higher in
DDD (Data Driven Decision Making)

Reference: Brynjolfsson, et al., MIT, How does Data-Driven Decision making Affect Firm Performance, 2011.
http://www.nytimes.com/2011/04/24/business/24unboxed.html
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