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Pl System
Infrastructure
i+ Overview

B
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WORLD’S INFORMATION




Characteristics of Big Data

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



(20 Sv”

1087
},,J it

100K cells, 2M breakers | L~ -

10 years online

1K assets, 1M points

3 years online 7 years online

1 410 Unique Events: 177 Trillion

Estimated Data: 1,410TB

10 years online

50 460 Unique Events: 6,307 Tr

Estimated Data: 50,460TB

Unique Events: 105 Trillion
Estimated Data: 840TB

Unique Events: 55 Trillion
Estimated Data: 430TB

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



Pl System as
Infrastructure
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Capabilities of the Pl System

@ Organize — Structure data and events based on assets
E Monitor — Trigger and notify on events

Integrate — Exchange data with external systems

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



Reliability

) R
—shAvallabiity
NTRINSIC Scalabllity
VALUES OF THE . Extensibility
Pl SYSTEM -

INFRASTRUCTURE (£ == -0
_ Interoperability

- Security
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Pl System Overview D%

I\:Iea'l';[h Pl ProcessBook
onitor Pl DataLink
Pl WebParts

PI Coresight

COLLECT
3rd Party
Pl Interfaces >
Archive PI Ser\/er ACCGSS;H Nicrosoft’ \

Pl Data,
@ é Sdéneider
| EMERSON Electric

QLServer2on2 (oH

ADD Rockwe : w ZZ5 maximo'
MDD Automatiej : 4 A
oecrx] Honeywellatiis =
e P Notifica-
SIEMENS % MVERSFRING 7) g tions

elster
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Health

: Pl ProcessBook
Monitor

Pl DataLink
Pl WebParts
PI Coresight

3rd Party

COLLECT

Pl Interfaces

— PI Data,
PI Ser\/er / A A icrosoft* x ' 2 ]l
: S W0\ Servero |
Toon S 2012 A
% EMERSON. -
ADD Rockwell= _ w IE5. maximo'
M Automatien PI y o
YOKOGAWAQ Honeywell =it fiuy ATELIES
o / Notifica-
SIEMENS SIVRSIING /" tions \
elster . s - ﬂ
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Pl Interfaces
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Connectivity

Real-time data acquisition from multiples sources
— Aggregates a broad range of data types
— Handles both time-series data and events
— Secures data access and transmission

— Redundancy

Sub-second to day freqguencies
Data available online forever.

The Pl System can connect to more than 450
different protocols.

OSlsoft. INDUSTRY SEMINARS 2012 © Copyright 2012 OSlsoft, LLC. 13



A large variety of data sources 'E‘

[ Real-time

SCADA

ICCP - TASE 2
IEC 60870-5-104
COMTRADE
DNP3

FFT

Phasors C37.118
OPC

[Web Services ]

Enterprise
Gateway
SOA

i 1

SNMP
Windows Performance
MCN Health Monitor

AMI ]

Elect Meters
Gas Meters
Water Meters

OSlsoft. INDUSTRY SEMINARS 2012

[Others ]

Text files
Manual
HTML

[Relational ]

OLEDB
ODBC/JDBC
ORACLE
SQL

[Custom }

SDK (Software
Development Kits)

© Copyright 2012 OSlsoft, LLC.
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Complete history online 'K‘

Customer Examﬂle - 20+ Years of History =» Pl System #104

D1/01/1990 12:00:00 AM |05f25[1 995 11:41:36 PM | 19.23 Year(s) 03/20/2009 9:57:16 AM

OSilsoft. INDUSTRY SEMINARS 2012 © Copyright 2012 OSlsoft, LLC. 16



Data stored with high precision

53 Sub-Stations * 10 Hz * 2 min = B3 BO0 “alues

B0.05

+59.993

059,996

*59.910

+59.910

059,972

+59.982

o HoEa.11

PMU Frequency Data - Electrical Grid

+59.972

0E0.008

59.5
2/13/2012 9:33:50 P ¥ =, 200 minutes A B O 211372012 9:35:50 P
* o . [=)

OSlsoft. INDUSTRY SEMINARS 2012 © Copyright 2012 OSlsoft, LLC. 17



Pl Server performances ’E‘

(g 2010 R3 L 2012

l Max Point Count  20M+ tags
l Max Data InRate = 1M ev/sec
l Max Data Out Rate >10M ev/sec
B Online Archives ~ >50K files

I Ma)TF:oint Count  2M+ tags

I Max Data In Rate <100K ev/sec
I Max Data Out Rate <1M ev/sec
I Online Archives <10K files

" Realtime Updates 200K signups l Real-time Updates  10M+ signups
Point Changes <10 pt/sec Point Changes 2,000 ptisec
Startup Time >20 minutes Startup Time <10 minutes

OSilsoft. INDUSTRY SEMINARS 2012 © Copyright 2012 OSlsoft, LLC. 18



Windows Integrated Security

* True Single Sign-On (SSO)

« Easier to Manage

— User Accounts in Windows/AD Only
— Leverage AD Tools and Security Policies

* More Secure

— Server-Side Authentication Control

« More Flexible
— Unlimited Access Control Lists (ACLS)

OSlsoft. INDUSTRY SEMINARS 2012 © Copyright 2012 OSlsoft, LLC. 19
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A Complete Picture of Your Assets

Real-time Values ", ' Real-time Values
* Inlet pressure : | *  Exhaust temperature
* Inlet flow «  Exhaust flow

*  Ambient temperature NS : N 'l - Measured MW output

.....

Asset Details
. Name
« Make
*  Model

Notifications

» Performance excursions
«  Temperature difference
* High temperature

M | 457400 UV’I(W;*.:.\. : = : \
0TT)| 131418 e Trx L.}

——

External Databases .
Business Events

O Performance curves Calculatlons . Downtime

* Lastservice date B © Performance calculations [ - Startup

» Design documents .  KPI's . Excursion
* Inspection best practice Xcursions

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



How does the Pl Server enable insight?

ALV LN O G gy

\
,n\u 1010 uu., Loyy
,Nv\ll“l"‘llml"

O AL E
AN HTOTD?
2100100
ol ]!
ninnj

(v
ol
|||’|‘|l
;l\”"l'\

|
i
LU ‘1\

\ O
Al ,,li N

\\

e oo

U o “,n ot
n“‘\‘ 1"“
A K

\

OSlsoft.

"\h‘."’

Pl Data
Archive

Frames

INDUSTRY SEMINARS 2012

Pl Event

£ Bemerts Element
o B- 0 ey Attributes
+ GECIOET - 2] 2201 Fow Nodel (72 ¢ e
P ﬂ Eﬂndeﬂser -------------------------------- ﬁ Eﬂﬂdeﬂsﬂf
: ------ (G Gas Tubing  ==xresernennennn, -:;;::--- ...... (§ Gas Turbine 1 (7 Gas Fuel Presssure
- (Jy Heat Recovery Steam Generator g i G Gas Turbine 2=
- [y Steam Tubine ..., . 5 HRSG 1 7 Gas el Tepesue
..................... 5 HRSG 2 ¢7 Gas Tumine Speed
------- J Steam Turbine
Event Frame
Startups Attributes
] &7 Pressure. Avg
Shutdowns Process Excursions _g
) _ _ <7 Product Loss
Shifts Environmental Excursions
=]l Reason Code
Downtime & Temp Max
© Copyright 2012 OSlsoft, LLC.



Pl Asset Framework

* Pl Asset Framework allows to @ AF - PI System Explorer
. File Edt ‘Viewm Go Help
— Manage assets in a scalable and TE————

extensible infrastructure. Elements
— Use a CIM compliant infrastructure. B ] SISC0 Mansged Model
i S Classview

— Search data from different Pl Servers % @ ACLineSegment
- @ Analog

— Access non time series data sources 5 @ bnsogisle

— Integrate with analysis tools D
#- @ BusbarSection
|1 7 ConnectivityNode
#-- (@ Data
g

& |1. Disconnector
; - (@ EnergyConsumer
-Ei.».

OSilsoft. INDUSTRY SEMINARS 2012 © Copyright 2012 OSlsoft, LLC. 23
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Pl Analytics — Streaming calculations 'E

Have

Category: Temperature

{}E Caszing Temperature
Cateqarny: Operation
¢ Power Draw

OSlsoft. INDUSTRY SEMINARS 2012

Need

Cateqony: Caloulation
¢ Cooling Power Riatio

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

© Copyright 2012 OSlsoft, LLC.



Pl Analytics — Compare asset performance

Have Need
Categony: Temperature Categary: Caloulation
< 0l Temperature ¢ Ol Temperature Frate of Change
“How fast is this thing

heating up?”

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



Pl Analytics — Choose the best for you

O 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

Q PI Client calculations Control (SQC)

OSilsoft. INDUSTRY SEMINARS 2012 © Copyright 2012 OSlsoft, LLC. 32
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Pl Notifications — keeps you informed of your assets

“One of the transformators has been acting up...

Let's keep an eye on the temperature and create a work order for
maintenance Iif it fluctuates more than 5% in 5 seconds.
Make sure Bob is notified of this also.”

. N ) |
| |
|
i
i A A -
f | ol ” .
{ . - ' AN
Y ST 2\ Ll [ J
3 - B '3
o™ : |8
A } @
sin J Lo 1)
PEETTEEI R ir cm . & j
it [: 4
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(| e B » 4 !
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DELIVER

From: PIMokAdmin
Tar #| Matiana 3andn
Co

Subject: Transformer TROG42 Loadisint

Instant Pl \WebParts Trend
Acknowledze With Cemment

Arknowledge

Name: Transformer Load -
Srate: High

[rigger Tie:  |7/29/2012 0700
[stat Tirre: |[7/2912012 B07am
[End Tire: gm0 12:00:00 ¢
|Triggermg Cond\rion:HLoad =22

[Farget: |Troa42

@Wmd Farm availabiity is under 10% /?\‘E‘

DF Pl Notifications - Offline

M Call - Video v Sharev A I

g \."w‘mé Fu‘rr'! av !Ihblh.?.)- is under 0%
Name: Wild River Wind Farm
Server: DFPIAF
Database: Windtopia
Start Time: &/1/2012 230:00 PM Pacific Daylight Time (GMT-07:00:00)
Trigger Time: §/1/2012 245:00 PM Pacific Daylight Time {GMT-07:00:00)
Target: Wind Power Generation Fleet\Wild River Wind Farm
State: CutsideControl
Priority: Normal
Link:

Wind Farm Overview

DF Pl Notifications
Wind Farm availability is under 70%

Redirect « Ignore
®

7

Actions:

Acknowledge
a5t message rece

© Copyright 2012 OSlsoft, LLC.



Pl Data Access - Integrate your events

- e e Rplied el M e e R e Rt R e e
S el S B GT Exhaust Temp Anomalies - Fuel Oil Temp & Pressure
il piopma i
b7 5 5 5353 T 0 25005 Y W TRV B A .. B )
\ : I::‘.-r'.mmmnlm wimiew " :l' Ill I :':Ml
AT | i om0 [ [TTT—] )| |
TI me- t e | 7t Tty - 11X L0 * D (-8 "

Series
Data

B S— 01

Y
. | TN
‘aliananniing -
|+ @ b
=2

G Tempwatiey dromaly - 11101 R400 A0

taed

s

& L
\

BTEA TN RS RS0S4 0 e

Assets

LD i o s Ot ol o]

Events

OSlsoft. INDUSTRY SEMINARS 2012 © Copyright 2012 OSlsoft, LLC.
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How does the Pl Server enable insigh ’E‘

Store Full Data
- Time- Fidelity
Series
Data

« Stores the raw data (not summaries)

« Enables ALL the possible analyses
Assets| * Don’t miss critical information needed for
analysis / reporting

W\ Fvents

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



How does the Pl Server enable insigh

-~ Time-
Series

OSlsoft. INDUSTRY SEMINARS 2012

Store Full Data
Fidelity

Perform Asset
Comparisons

e S

13.32 MW

7y

0.56 MW

1.53 MW

15.56 MW

2.21 MW

0.72 MW

1.78 MW

9.34 MW

1.59 MW

© Copyright 2012 OSlsoft, LLC.



How does the Pl Server enable insigh 'K‘

Store Full Data
. Time- Fidelity
Series

Perform Asset
Comparisons

{
ﬁ
i

Perform Asset

00:00:00

& Event
Comparisons 1 08:21:23
4 06:47:35

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



Visualization Landscape

Pl Coresight: Pl WebParts:
Ad Hoc Analysis & Composite Apps,
Collaboration Shared broadly

| Explore

Pl DataLink:
Reporting and table
based analytics in
Microsoft Excel

Monitor

Pl ProcessBook:
Display authoring and

‘ ; - 2 B )!vﬂa
| x T Th R . . .
g ~w « Process monitoring : ﬂ

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




Pl Coresight

homepage

kil

Feoiler-41

\\DFPIAF\OSIsoft Enterprises CS

HA
4 [.J\Wichita\Cracking Process
Blsoiler-352
TiBoiler-481
Bpump-209
Brump-363
Brump123
4 [.]\Houston\Cracking Process
Blsoiler-210
Beoiler-235
Brump-214
Bpump-456
T pump-560
A [ ]\Little Rock\Extruding Process
TBoiler-045
Brump-077 E
Epump-M—Y
Blrump-724
4 [.[\Wichita\Distilling Process
Tsoiler-439
Bpump-230
Epump-m
B pump-550
4 [.]\Little Rock\Distilling Process
T Boiler-125

Search

Cart
} E DownTime

} E Upset Boiler -481

‘ m Boiler Comparison | "W (Read Only)

Boiler-481|Burner | Boiler-4..nt State Boiler-4..ian Date

4/6/1980 9:00:00
PM

Name Description Value Units  Trend

Boiler-481|Water

Minimum  Maximum

18243 kshgjton UM ot nfa nfa
0 bhid MY 54l 636
082 ksmn MMy 2532 3322
92416 ksiafton Mgy n/a n/a
mﬁ nfa nfa

MName Description Value Units  Trend

Relative Make-Up Water Use per tol
Boiler-481|Make-Up W. Make-Up Water Flow
Boiler-481|Fuel Gas Flo' Fuel Gas Flow Rate
Boiler-481|Fuel Relative Fuel Gas Use per ton of Fee

Boiler-481|Equipment & Mode of operation Auto STATE

Minimum  Maximum

92112 kmion " n/a na

Pump-209|Power

Relative Power Use per ton of Fead

1294 & Jutsfih 1230 1309
® Boiler-481[Water | ©  Boiler-481|Fuel ¢ Boiler-352|Fue
180.88 k sft3/ton 84648 k sftd/ton 15573 ksft3fton
195 1,050 1,950
150 ‘ ‘
185
180
' f .
7 "
M4
i
AD
"
170
65
60
155 700 1,450

Pl Coresight

Ad-hoc Visualization & Analysis

5/15/2012 2:32:00 M [1h]

10 AM

5/15/2012 3:32:00 AM

10 PM 10 AM

OSlsoft. INDUSTRY SEMINARS 2012
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Gas Production.aspx - Microsoft Internet Explorer provided by EnCana - XP

File Edit Miew Favorites Tools Help #
Py - . ; T -
e Back ~ (LJ Ia @ {;j ,/ID Search 7 Favories @ @ - F.':_F . n
i Address @ http: /idaar /SPiceance/ProdiPages)Gas¥20Production. aspx b | Go Lirks
ﬁ Production Variance Anal‘fS'S This Sike: Production Yariance vI 0

South Piceance Reports Document Center Applications - Site Ackions *

South Piceance = Produckion Yariance Analysis > Pages > Gas Production,aspx

@ Field Hierarchy - @ RtTimeRange -
- Soullh Fiesemee Start Time [+ 3mo |rs) End Time [ |75 [eeeiy] (&) [« ()

5 Buzzard Creek
& Divide Cresk i@ Actual vs Forecast Production

& Kokopelli 917/2008 10:39:15 AM
& 1200 :

Orchard
& 12,00
& Plateau

& Rulisan %K—:
& Sheep Creek 11,001 =—
5 South Parachute \’\ /\WW"—V&‘W w

10,001 —

_— el Tk = = = =

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

@@ production ¥ariance

‘~f % L ti Yolume yesterday Yolume 7 day avag Yolume 30 day avg Forecast volume Yariance 7 day avg Yariance 7 day avg
ocation e tmcf) (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 7E9 7.27
A Route 3 7,479 10,441 10,710 11,452 {1,011} -5.83
Raoute 4 8,953 &,744 8,646 9,318 (574) 617

B 8,539 8,623 8,258 z81 341
6,445 8,348 8,080 365 4.51

6,455 6,658 8,087 (1,632) NN

P I Web Parts 8;;: g47 27z a0s5 2E22.56

9,129 5,955 4 0.04
Showing 1 to 9 of 17

Interactive Dashboards

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



2 ] PlProcessBaok - Wind turbine overview

Bile Edit Miew Inset Tools Draw Amange Window Help

Element Relative Display LT X

U
Seatch i - B

=i Turbine Overview
am R . Capacity

WOFPIAFYWindtopiaWyind Power Generation Fleet\Black Mesa Wind Farm\GEODB
Elements of Interest
Growpby: [7] Template | (REEE LW Il GEWT Generation Information
Fite R Unit Name:  WTGOG e
B Name AR Unit Model. 1.5 csCWE Clive Power Active and Reactive Power Output

Unit Status:

Load Operation

B B (3 BigBuffalo Wind Fam
B B 3 Black Mesa Wind Fam
@ B @ Black Wl Wind Fam
B B 3 DeepValleywind Fam
E
®
@

Availability Information

27553.75 kWh
76.40 %

98.23 %

Energy (Dally):

Capacity Factor (Daily):
8 (9 Eldorado Wind Fam pacity Factor (Laily)
B 3 Grand Ridge Wind Farm

B ([ White Bear Wind Fam

Availability Factor (Daily)

Pl ProcessBook
Real-Time Monitoring

OSlsoft. INDUSTRY SEMINARS 2012

| I
1507.03 ki

Reactive Power

.
4152 KVA

Apparent Power
|
1505.80 kVA

Power Factor:

|
0.98

TN SCTTTTI 32872012 8:.03:52 AM

600

-2

r

#1507

1

h YO

10-41.9163

oo

/
el

|

Y

1 kVA

ABO1280352AM 326201281352 AM

¢ 0

Turbine Wind Speed

#1168
1omis

06001

. Hz

3280012 61352 AM

© Copyright 2012 OSlsoft, LLC.



A | B | C | 0 | E | F _ ' DAILY PRODUCTION REPORT - Papermachine
; |2008 CO2 Emissions (Ibs) L st ,
- — SHIFT FOREMAN John Smith Mike Jones Peter Richards

2 | AQMD Unit I | Facility ID: | Type: | January | Fehruarﬂ March | == =

FIBRE INPUT Shift 1 shift 2 shift 3 Total Spec | Unit
15 0-15 K-26 Major 0 98,684 | 3,375,547 | |Base NSSC - Grubbens 1 50 50 15 BT
6] D16 | K&l Maior | 0 | 69,113 | 2639550 Total fore mput I I e BT
7] D&3 HE Process | 96274 | 56349 | 13,120 FIBRE TO FAN PUMPS Shift 1 Shift2 Shift 3 Tota Spec | Uit
12 D-24 H-20 Procesz | 37588 | 13418 270 Liner pulp 10 10 50 100 BDT
19 D-175 H416 Process | 244624 | 151,882 5,328 Base K4 15 55 80 150 BDT
20 D-178 Ha17 Process | 19,283 b 0 Base NSSC 25 70 60 155 BDT
i O-177 H418 Process | 225835 | 095620 1] Base broke 1 5 15 2 BOT
2| EAT3(M24) AC R210 | 64400 | 46711 | 13042 Totai fixetofan pumps| ___ 51 170 25 42 BOT
23 E-15 Air Compressor | R219 1,302 22 &97 PAPER PRODUCTION End of day
24 E-16 Generator R219 143 1] 18 Grade (Shift start) ML140 ML140 ML225 ML225 Spec Unit
25 E-18 Air Compressor | R219 1,109 252 11618 | |Standard speed 500 500 490 m::m?n
26|  E-18B Air Compressor | RZ19 | 16,188 | 320 | 13,09 gf;‘::' ::::“gfo:mn i%” fﬁg ig - "J(;‘a‘:‘
2 E-22 Trash Pump R219 0 0 0 Bone Ory Production % 160 70 395 BDUday
% BB TrashPump | RZ13 | 10 0 0| FibreLoss on Wachine 160 100 50 3 BDUday
2 E-4 Trash Pump R213 | 3123 | 3054 | 1046 | [GMProduction Over Scaie ® 180 720 8 tday
30 E-25 Steam Cleaner R219 649 0 1 Saleable PM Production 10 160 220 390 | 400 t/day
31 E-27 Welder R219 5,869 123 4 260 Rewinder Production 0 0 10 10 tiday
32 E-28 Light Plant R219 -1 4 113 Total Sa 10 160 230 400 | tiday
13 E-29 Generator R219 0 0 0 Broke 2 5 0 ] Uday
34 E-30 Velder R219 | 11908 | 125 | 3404 :e’::nzez':t 3 ‘05 g 2; zg::
35 E-H Air Compressor | H219 1 P 0
6 E-37 Generator R719 0 0 0 Jumbo's on Kitchen Rail 12 tons
37 E-33 Pressure Washer | R249 0 0 0
BE .
3 Major V10320 | 997616 110645707 Pl DataLink
40 Large 276,570 | 278,038 [ 452744 :
A e et o s Personalized Reports
42 Gasoline 5,685 3,368 | 13578
43 R219 Diezal 34 610 572 20,881
44 Nat, Gas 2400 | 48711 13,842
45 |Major, Large, Process, Natural Gas all in MMSCF
46 |Gasoline, Diesel in gallons
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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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