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== |ntroduction

* Power industries need to monitor equipment performance and to respond to energy
market requirements at short time intervals.

* A process of data check, validation, substitution, reconciliation and equipment/business
calculations every 10-15 minutes is needed.

* Pimsoft has focused its effort on developing a product to satisfy those functional and
business requirements.

Sigmafine for Power is a set of Data References, Analysis plug-ins
and Element templates with predefined configurations, that all live
on Sigmafine infrastructure.
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== |ntroduction
Pyramid of Process Operations for Online Industrial Applications

KPIs calculations/ rmance Monitoring/
ion
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== Steady State Detection

x :
5 o =« The Steady State Analysis detects unsteady
[ ’ - states in processes in a given period of time.
Pl System : [ samngond 20 =
Database . [ - |
s Bl = » For each element, the analysis output is either
e 4 0 or 1, indicating a steady or unsteady state
+ Fam - Test

for that element respectively.
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« After the steady states are verified, users may:

W Seect M o0 Automatically exclude the unsteady state period
| _8n | from further analysis
| :::: o Mark the period or element as ‘unsteady’ for that
Das: Mo Meutes  Seconds specific period
o = Jo = o 3 [o 3
gm | 3w |
Ready
0 [ Bl e

Moving window algorithm
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== Online Data Validation
"= Why Data Validation?

Online data validation:
* Meters are generally subject to errors, due to a variety of causes.

« Data validation needs to be the first step for checking the reliability of data.
It becomes the first warning that users receive about potential bad measurements
because it is done online.

« After validation, data can be reconciled.

* As a result, equipment calculations are more reliable because they are performed
with validated data.
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== Online Data Validation
Data Validation Features

Pimsoft MPM Data Reference provides the following pimsoft Detection Rule Configuration (<& [

set of features for Data Validation:

. Check of a set of data validation rules:
- Spike and multi-spike
. Freeze
Operational limits
Multiple measures comparison
Bias
Drift

- After validation check it is possible to:

— Detection Category
{* Operational Limits " Freezing
" Spike = Multiple Comparizon
" Bias  Drift

—Operational Limits Rule Defimtion

Measured Value Attribute: [MeasuredValue ~|

Minimum Limit Attribute: Il'u'linum'rt

|
- Substitute invalid data with a required value i i L
. . QI LI Il L=} Mz Limni -
or formula or filtering of data | e i =
- Track validation results: writing of results
back to historian (tags, annotations..)
. . . . — Motification Sething
. Seno! _notlflcatlons (emails, warning ..) to 7 Enable Notification
specific operators I —
) ] ) Motification Attribute: IOpemtlnnallJrnrthtrﬁcatmn ;I
- Validation analysis can be scheduled and run at
the desired time frequency. 0K Cancel |
—_—
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== Online Data Validation
Data Validation Rules

1.4

. . . Spike
» Spike and multi-spike detection : e PIKES
A spike is a sudden change in the B T\
measured value within a short time oa
interval. Single or multiple spikes in i
a time interval are identified and 5 Al -
users are notified. {7 [ Sk MW,M

.Q_} — | — " —l —i ST - —
a2 A4.24 4.38 A58 a4 4.4 A .44 4.408

 Freezing detection -

Freezing happens when the measurement remains fixed on a
same value for a certain minimum time. The event is identified
and users are notified.

» Operational limits check -
Checks if the measure value is inside a range of specified
upper and lower limits. Values outside those limits are noted.

) Mu/t‘/p/e measu,‘es compaflson : Izmsr'.'_-u-]-] 00:22:30 & = 3,35 hours = .~ 27/05/2011 03:43:18
This rule can be applied to multiple measures of the same quantity.

The measurement trends are compared and if one or more of them differ within a

range limit from the others, this measurement is considered invalid and is noted.

© Pimsoft Inc. 2012

Sigmafine Users Conference - San Francisco, April 23, 2012 P B M S@5
All rights reserved. g AP ’ I | I

INMNOVATIYE SOLUTIONS



== Online Data Validation
- Bias and Drift

Bias and drift are detectable within a longer time period, comparing measured and
reconciled meter values.

38
3 M
. ) ) 3 _7.&‘ N
« Bias - When a meter is biased, the - .,J\,M*”\W
difference between the reconciled 0
and measured value tends to remain »* —
stable with the time. ) = reconctes
22
20 L A S S s B S B B m e S e p e
1 3 5 7 9 11 13 15 17 19 21 23 25 27 29
38
 Drift : Drift is an observed change “
in meter performance that occurs 34-7H+.vrk.+./"+h“\.
over a period of time and is usually 2
uncontrolled. When a meter is in S e TN
drift, the measured values tend to & LA
diverge from the reconciled value ® N
with time. * o meeued
2 econciled
20 T T T T T T T T T T T T T T T T T T T T T T T T
1 3 5 7 9 11 13 15 17 19 21 23 25 27 29
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== Online Data Validation
Data Validation Product — Example of ProcessBook Display Report

i P1 ProcessBook - [ENEL_DataYalidation,PDI*]

E%Eile Edit View Insert Tools Draw Arrange Window Help -5 X
HAN=2 = NEENr- N N X @wlmal ZEE 6w -alke @ A K
A INOBEO 0L Ol & 3% 6 H=Rrr RN oL == |
' | | | | | & sbout
& AF Mavigator L X » | | Details L v x
o @ LaSper —i| Elemento : SP31.3RHO16TA 1 | Data Source Option
=&Y CircuitaisFumi 70 60 oD VEMELMLITOVSP3L.E - Data
t--f" SP3.353GONE TE2XU_M ! o =
» % . - E00E FRREREREE  PRAE fEEEE A EIRE ERE TR_Trend! QAALDE
%T Desax Ewent Time Walueg a & S
SP31.3METO3CA 28-fg-11 00:06:05 |  90.43 3
5P31.DPGASDESDx 28-4ug-11 000615 | -4.9185
SP31.353F0NE ST 301 —
SP31. 353FINESTTX_M 28-4ug-11 00.06:25| 83873
SP31.391FATHET15E_M 28-4ug-11 00:06:35 | -32.501
-8 SP31IHFATNETT58_M o8 hug 11 D00645| 70717
=] g Condengatore
g SPI.3 1PMCTOI M 28-A0g-11 00:06:55 | -25.803
=] g Caldaia 28-4ug-11 00:07:05 | 70372
T_TubiPrimoFasso - ]
g T_metalloRH 28-A0g-11 00:07:15 | -B7727
SP31.3RHD4TA 28-A0g-11 00:07:25 | 13147
SP3.ZRHOTETA 4:00 o e
SP31.3RHMOTA
SF31.3RHO0STA Da: 28-Aug-11 A: 28-Aug-11 01:00:00 Raw 1 of 8843
SP31.3RHO23TA
SPI.IRHO24TA Attribute Mame Yalue | Uahi | Tag Mame 1= dH 9 | X
SP31.3RHOT3TA BiasMofification =<null= €P SP31.3RHOT6TA
SPI . SRHO09T A Drifthatification =null=
5P31.3RHO19TA x_Bias 0 26-Aug-11 00:00:05 |
SPI ARHOZO0TA Freezelimit 0.001 Win
SPI .SRHOIATA FreezeMotification =null= b
SP31.3RHO0ETA MaxLirnit 580
T_TuhiSecondoPasso Measuredvalue 24 4797248840332 NEMELMLITOWEP3T ...
[+ Turbinayfapore || MinLirnit 400
=] Denox o_Biasindicatar 0
H SPILKW2INT I
SPI1 IRADTEAA o_GlobalindicatorStatus_toP| 2447972 WENELMLITOWSP3T .. | |
5P 353G0MCTSE_M o_MultipleTrendFlag 0
Ansiliar OperationalLimitMotification =null= —
2 Altematare - Reconciledvalue a -l |L| |
1] | J]4 IR KT [+l
Ready [Server Time & & [=]

distart| | &

J |53 De\Pimsoft_applicationiR... I ] AFExplarer

"D PI ProcessBook - [ENE...
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== Sigmafine for Power
- Data Validation and Calculations: Process Flow

Data validation: Calculation of KPlIs:

- Detection of invalid Short time

data Reconciliation: . calcilation of turbine Reports :
- Data substitution efficiency. Specific

: consumption. Heat :
- Write back on PI tag - Writing of reconciled exchangper L - PB display / Excel

of status of data, data on PI tag. p y
validated data on g - Write of calculation Data adjustments

result Pl tag - Alarm sent on bad results on Pl tags. - Data on web portal

. . data
- Alarm sent on invalid - Alarm sent on bad

data values

Manual adjustments
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== Sigmafine for Power
- Sigmafine for Power: General Features

» Consists of a set of Data References, Analysis Plug-ins and Element templates with
specific configurations

« Hierarchical AF model can be designed and implemented to represent the set of
equipment and meters of the plant

« Validation, reconciliation and calculations analysis can be run and scheduled on the
desired time range

»  Correction/Characteristic curve can be managed through a web interface

g4 AFExplorer

File View Help
T@Database | [ New [Checkin  + fpply % Carcel | 4@ = | wmUoMs |

E] General | Elements | Attrbutes | Layers | Connections | Model Analyses | Ports |
Name: [Pianthael
Description: |
Template:  [MPM_Model Type:  [Other
Categories: |
Resision: 306002
Comecons...| | Lovers. | Modsk.
B SP31.3KwW2NT
oo B SP31.3RA0TEAN
- @ Desox
S B SP31.353FONESTT:_M
Lo B SP31.353FONES1301M
B SP31.391FATNETTSS_M
wo B SPITIFIFATNETI15B_M
o B SP31.3METO3CA
S B SP31.0DPGASDESOR
® Trasfc h
v B Turbingt'
£ Layers
- ¥ Model Analyses
¥ DetectionRulednaly:
~ @y Element Templates
~ @ Elements
—+ Transfers
Tables
(1] Categorie:
- 30 Plugdns
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== Sigmafine for Power
== Features

Previously validated process data is used to perform the following steps:

Technical Performance
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== Sigmafine for Power
"= Technical Performance Monitoring

Technical Performance Monitoring: Equipment Calculation

« Calculates, from validated/reconciled data, significant performance data and
indicators as:

0 Turbine efficiencies
0 Specific consumption
0 Heat exchangers fouling factor

* Warnings are issued in the event of significant deviations from the expected values.
e Current deviations are analyzed by comparing them to historical performance data.

« Calculated data is written to Pl Tags. e 701,728, TIT=T00K
c  0.148n
2 o5 " =
o : ] —a— RIT=1400K
E _ 0.1447 \\. —e— RIT=1500K
2 "c 0143 i 4 RIT=1600K
2 = 0.142 . “‘qﬁ“‘“—-_-__q_‘_‘_‘_h\_ e
2 201417 T ] .
° ] S st
£ 01407 A - . %
2 0139 a . a
a ]
1050
E’f < 1000 A -
== 4 A
&L 9504 * e —
2® T
58 0] R
2 i n
2§ 850 L i
[ B .d_ﬂ—-—~‘_’
o !““Tﬂfu . 1 . 1 2 1 " 1
800
2.0 22 2.4 2.6 2.8 3.0
Reheat pressure ratio, ot
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== Sigmafine for Power
"= Technical Performance Monitoring

Turbine Efficiency — Specific Consumption

The Specific consumption is the ratio between the consumed heat and the produced net
power of a turbine and reflects its level of efficiency.

SC = Q/P [MJ/MWh or KJ/Kwh]

where
Q = Input heat [kJ/h] 1 7301, 728, TIT=1700K
c 0146
2 o4 " =
= 5 0145 —=— RIT=1400K
P =net power [kW] E _0.144 \. —e— RIT=1500K
2 "c0.143 i 4 RIT=1600K
S Zomq Ty .
2 Soan] TT— T~
= j i .
AT B S PR
8 0.139 A 4
w
1060
G ] A
3297 -
52 w04 = g
2 E | —
£§ 900 e .
2 | we== =
gE 850 .;_H___,.,f—f'f
(] 5 '_._.--—-’”"
800 L 1 L 1 L 1 " 1 " 1 J
2.0 22 2.4 28 2.8 3.0
Reheat pressure ratio, Lt
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== Sigmafine for Power
"= Technical Performance Monitoring

Turbine Efficiency

Example of a turbine model

3l P1 ProcessBook - [Turbina.pdi]
BHFl Edt Yiew Insert Tods Draw Amange Window Help

NEH B@E 2= |09 & Bl - 8 8 3 #r & &

M2 NO5O0HO L v Ll & % 6 & e

R — ] Eeas

Y

= 4 S E 2l | @ st A |ErergyBalance [P 1m0 fh |Casa19-Sap-11na:nn:nn-19-5ep-1m4:nn:nn jm i

AF Browser

—
ENEL Fia - J

Q Elem.| &y Tem. 7]Hocs]

[H- £ Lapers B 5 gls

B (€] Tubins Erey LI e il Bemy Erery 14 W Pressure CUT Pressure
@ Elements 533.32°C 53136°C s3T9T 93345°C 24191 kPa 2401 kPa 24645°C 2440 245.22°C MB.22°C

1041.28 Geal 1039.24 Geal 103968 Geal 1041 40 Geal
1211.00 Mith 1208.64 Mah 120915 M 121115 Mk

EFFICIENCY = - |

Energy_o_1 Energy_o_2 Energy_o_3 Energy_o_4

5 B e s s

908 86 Geal 906 57 Geal 907.76 Geal 908 66 Geal
1057 .01 Mih 105445 Mith 1055.72 Wi 105677 M/h

R II>

- h o

M ?avamaars

CaseResullz

|

Power

L

347 357 Geal
403 98 WAk

Tubinal

[+~

* | Generdl| Ements Atibutes | P |
x| Energy_i_2in Case Case 195ep-11 030000 - 19Sep 11 0400.00

™ Show Categaries

<[] 2] 1| Name /| Vahie Walue Type | Data Reference Seltings ]
= ValidationFlag_Freeze 0 Integer Pimsaft MPM DataReference.DetectionRule | ConfigRule=1.0L_MaxLim=<None> 0L_MirLim=cMone> 0L_MeasVal=<None> FR_Lim=-Meas\'alus_T_Freeze
& [ValidationFlag_Limit 0 Integer Pimsoft MPM DataReference.DetectionRule | ConfigRule=0,0L_MaxLim=MeasValue _T_Up LimitOL_MinLim=Meas\alue _T_Low Limt0L_Meas/al=T empe
E ValidationFlag_Spyke 0 Integer Fimsoft MPM.DataR eference.DetectionRule | CorfigRule=2.0L_MarLim=cNone 0L _MinLim=cNone> 0L_MeasVal=<Nonex FR_Lim=Nonex FR_MeasVal
Ready [ [server Time B [w=df [

Bstart] | @ | 3 Dipimsost_sgpicatiort.. | [ Mcrosoft Excel- Repott... | [IT) P1 ProcessBook - [Tur... || im0
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== Sigmafine for Power

Additional Features

Notification

« Emails can be sent to users when any critical events occur (e.g.: invalid raw data,
invalid calculated data, gaps with the expected results, etc...).

* The processing and organization of the data can allow quick and clear
identification of root causes for many conditions.

Curves Management
- Dataset of AF tables containing all data of correction curves.
« Different functional forms supported: Table, Formula, Polynomial

« Correction and characteristics curves are loaded, managed and updated through
the Pimsoft web data interface.

Reporting
« Validated and calculated data are reported in Excel report and/or PB Displays.
* Report data is exposed in the web portal.
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== Sigmafine for Power
== Benefits

* Visualize, monitor, and analyze real-time data from both operational and business
perspectives

* Improve availability and reliability due to online monitoring of key components
«  Offer advice to operators on specific actions to reduce energy costs

» Targeted equipment maintenance program

* Reduce equipment maintenance costs

» Completely integrated with plant historian system
« Easily configurable and customizable
«  Simple maintainability
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Thank you.

Katia Molino

katia.molino@pimsoftinc.com
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