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Introduction to Pampa Energia S.A.
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3.1 million end users
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Introduction to Pampa Energia S.A.

Q We are the largest independent power company in Argentina
O
Argentina’s Power Generation

Operating 15 Power Plants, 1
4,751 MW Across Argentina Market Share

ﬂ 3 wind farms, 206 MW?2

Q = D Gov't

D owned
4,751 MW installed capacity 28%
. k&
QG a& + 471 MW under construction?
5,222 MW total capacity
'legacy’ capacity?
—() 60% AES
‘new’ capacity® PrIOt{'erco 8%
——) < 40% vate .
31%
Pampa’s Historical Availability v. Peers, in %
o
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Working together: IT&OT

* Preparing for the future: Digital Transformation
« Convergence of Information technology and Operational
Technology is about a new way of thinking
« Benefits:
o Cyber Security
o Synergy in Specific Skills (Networking, Industrial Processes,
Sensors, Analytics, Data Management)
o Data Governance Practices

&: 0Slsoft
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Introduction to Genelba

Near Future Installed Power 1.226 MW

COMBINED CYCLE GENELBA PLUS: 552 MW

ADITIONAL POWER:
383 MW

|
ACTUAL GT PLUS =T168)'5 MW
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Business Challenge

Avoid catastrophic failures in the compressors of the Gas Turbines,
Implementing a predictive maintenance algorithm that allows early
detection of a failure in the compressors of the Gas Turbines.

Eé 7 oslsoft
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Background

At 00:33 am on 2018-08-14, an operator detected a compressor bearing casing vibration
step change from 2.1 mm/s to 2.8 mm/s occurred. All further bearing casing vibrations,
i.e., GT TE, GN TE and GN EE were only slightly affected. As well as a power decrease of
approx. 5 MW were reported. No alarm appeared in the control system.

Since this operational behavior was unusual for SGT5-4000F
units with 17 stage compressor, a shutdown of the unit and a
subsequent borescope inspection of the compressor and

turbine sections was recommended.
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Research

From the root cause analysis, the following observations were made based on
operational data analysis, i.e., comparison before and after “bearing vibration step
change incident”

« Slight decrease in compressor efficiency (irreversible), two days before the
operator detects the fault

The isentropic efficiency of a compressor is defined as a ratio of energy that would be
transmitted in an ideal process to the energy supplied in a real process

Compression

specific enthalpy Isentropic Work (],lzf - ]2 1 f )id

isentropic

compression p1 udL — o
i Actual work (hory, — hy,)act

real compression

pom Mo hashs o Py, Kl 1 1, 1
Weear  har — hy nﬂdc — _— S e i
specific entropy Pl[ Tlf
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Research

Using Python with Pandas, and data coming from Pl Data Archive all efficiency

values were calculated for the year 2018 and expressed according to the Active Power
of the GT:

Efficiency based on Active Power
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Research

Using Polynomial Features and Multivariable Linear Regression models, efficiency can
be expressed as a function of Active Power, Compressor Inlet Temperature and Inlet

Pressure [degree=2].

sklearn.preprocessing PolynomialFeatures

sklearn linear_model
sklearn.model _selection train_test_split
df_sin_falla[['Potencia’,'T1','P1']].values.reshape(
df_sin_falla.iloc[:, 2].values.reshape(-1, 1)

poly = PolynomialFeatures(degree=2)
poly_variables = poly.fit_transform(Xx)

poly var train,poly var test,Tes_train,Tes_test = train_test split(

poly variables, Y, test_size = , random state = %)
Tegression = linear_model.lLinearRegression()

model = regression.fit(poly_var_train, res_train)

score = model.score(poly_var_test, res_test)

print( Intercept: \n', regression.intercept_)
print(* fficients: \n', regression.coef )

print('R: \n', score)

) 0Slsoft

PIWoi

SAN FRANCISCO 2020

Efficiency [%0]

Efficiency based on Active Power

92

Q0+

88 1

86 1

84

170

180 190 200 210 220 230
Active Power [MW)]

#PIWorld ©2020 OSilsoft, LLC

11



3

Research

Using Polynomial Features and Multivariable Linear Regression models, efficiency can
be expressed as a function of Active Power, Compressor Inlet Temperature and Inlet
Pressure [degree=2].
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Model

Results:
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70% of the data were
used to -calculate the
model and 30% to
evaluate it.

The green dots show the
predictions for the year
2018.

Approximation of first
order was tested, but it
was discarded since
they failed in Active
Powers around of 190
MW.

The score of the model
is 87 %
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Research

As can be seen, in the days before the failure, the model coincided with the
calculations (left image). Since 14/08, the calculated efficiency decreases, departing

from the efficiency of the model (right image).
Before Failure

Prediction Efficiency (green) and Calculated Efficiency (red)
based on Active Power (from 8/5 to 8/7)
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After Failure

Prediction Efficiency (green) and Calculated Efficiency (red)
based on Active Power (from 8/14 to 8/16)
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Research

Calculating the histograms for the two situations mentioned above, a shift to the right
is observed (more points exceeding a 0.4% difference between Prediction Efficiency -

Calculated EffICIenC¥
efore Failure

Prediction Efficiency - Calculated Efficiency (from 8/5 to 8/7)

Number of Occurrences

0.0 0.2 0.4 0.6 0.8
Residue
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Applications and Use Case / How the Pl System
was Applied

The next questions are:

How can we capitalize on what we have learned?
What can we do so that a failure of this type does not happen again?

The answer:

(@ osi:-.

7 osisoft
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Imple

File Search View Go Tools Help

FO1\Calculos Eficiencia - Pl System

mentation Detalls

@Daiabase [ Query Date ~ © @ o Back o H/ CheckIn %) « a Refresh | (3 New Element - 2] New Attribute

Search Elements o - ‘

Elements Eff_Compresor TG11
&3 Elements General Child Elements Attributes Ports  Analyses Notification Rules Version
- () Deteccion_Nivell Group by: [] Category [] Template
= g ch?:fmmpmsm o Fiter o) v‘ Name: ‘Numero,Evemos,D\ferenc\a\
() Eff Turbina TG11 ‘I| +|m|#|8Name 2/ value | Time Stamp @ |~ | |Descipron: | |
g Egi:ggzz; Tz B _ Category: Cikculos Intermedios Propertes: | <None> v
) Eff_Compresor TG22 B¢ | 2Pl 1,0142 02/12/2019 01:51:16.612 p.m. Categories: ‘Resultados del Analisis | @
(2} Element Searches Bé& | =Zip2 13,766 02/12/2019 01:51:16.647 p.m. Default UOM: <None>
B¢ =T 300,75 K 02/12/2019 01:51:16.677 p.m. Value Type: 32
Bé | =ZiT2 668,15 °C 02/12/2019 01:51:16.685 p.m. Value: ‘374 ‘
S0 et Data Reference: I Point M
| = | < Nombre T611 01/01/1970 12:00:00 a.m. i
B ) Category: Curva Estadfstica Eficencia Drspiay Digis: ‘-5 ‘
ra | =l a0 0,24621 01/01/1970 12:00:00 a.m. Settings... |
- . F = =laz 0,00027626 01/01/1970 12:00:00 a.m. \\PIGENELBADA\TG11_Numera_Eventos_Diferencial
Coeffl C|ents 2 Zlab -0,00061918 01/01/1970 12:00:00 a.m.
o =l ac -0,00030587 01/01/1970 12:00:00 a.m.
from the mOdel al =b 1,9292 01/01/1970 12:00:00 a.m.
- - —y a8 =i b2 -0,0021692 01/01/1970 12:00:00 a.m.
O bta | n e d | n b @ =l b -0,0015355 01/01/1970 12:00:00 a.m.
P h al &lc -0,12023 01/01/1970 12:00:00 a.m.
yt on 2 e 9,5149E-05 01/01/1970 12:00:00 a.m.
L .- & ¥ Eff pred 88,622 02/12/2019 01:50:00 p.m.
2=t g I- | Intersec 109,76 01/01/1970 12:00:00 a.m.
r i PEF k 1 TEI' 1 B _J Category: Resultados del Andlisis
ol Py, T V\ B4 | Aama 1 02/12/2019 01:50:00 p.m.
® ¢ | & Desv_Eff_Compr_TG 0,84326 02/12/2019 01:50:00 p.m.
I- == ——Ef B 02/12/2019 01:50:00 p.m.
() Elements 5 h & ¥ Numero Eventos Anteriores |856 02/12/2019 01:50:00 p.m.
[~ Event Frames B ¢ {” Numero_Eventos_Diferencial ;374 02/12/2019 01:50:00 p.m.
i Library B & | ¥ Numero_Eventos_Total 1230 02/12/2019 01:50:00 p.m.
== Unit of Measure B¢ | Warning 1 02/12/2019 01:50:00 p.m.
2 Contacts B _J Category: Tabla v94.3a
3¢ Management | ¢ = Tam 0,68397 |01/01/1970 12:00:00 a.m. v/ || Umits Forecasts

Numero_Eventos_Diferencial
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Implementation Details

Q \\PARGEVWPIAFO1\Calculos Eficiencia - Pl System Explorer

- X
File Search View Go Tools Help
@ Database ¥ Query Date ~ ® @ @ Back ) |H, CheckIn <  [#] Refresh |3 New Element - Search Elements P -]
Elements Eff_Compresor TG11
% Elements General Child Elements Attributes Ports ~ Analyses  Notification Rules Version

() Deteccion_Nivell
= (J Procesos
[z (J Eff_Compresor TG11
() Eff_Turbina TG11
() Eff_Compresor TG12
() Eff_Compresor TG21
() Eff_Compresor TG22
{2}, Element Searches

“Analyses”
Implementation that
calculates:
Efficiency, Prediction
and counts the
deviations between
them in a two day
window. Taking into
account the results

) ] Name: Eff_Compr
" Description:

e B & & Name Backfilling

9 = feo  Eff Compr o Categories:

[V f®  Promedio_Movil_Eff Compr (V] Analysis Type: (@ Expression Rollup Event Frame Generation sQc

Add a new variable

Name Expression Value at Evaluatio Value at Last Trigc  Output Attribute

Kany LR=L)/K wiag .
CpFinal TXAQTHTXALTHFITZ2 XA TR TZ2 A2+ XAS TR T TZ2 A3+ T XAL KT TZ2 T M XAS X T TZ2 A5+ XAG T X T TZ2 "6+ XA Map

H2H1 Cp_Prom*(T2-T1) Map

P2P1 P2/P1 Map

EffCompr if not(badval('Potencia')) and 'Potencia’ > 178 then (((P2P1~Kinv)-1)/(T2/T1-1)*180) else P Eff Compr

EffEstd if not(badval('Potencia')) and 'Potencia' > 17@ then ('a@'*'Potencia'+'b'*'Tin (°C)'+'c'*'P Eff pred

if not(badval('Potencia')) and 'Potencia’ > 17@ then ('a@'*'Potencia’+'b'*'Tin (°C)'+'c'*'Pamb (mBar)'+'a2'*'Potencia’~2+'ab'*'Potencia’*'Tin
(°C)"+'ac'*'Potencia"*"Pamb (mBar)'+'b2"'*'Tin (°C)'~2+'bc"*'Tin (°C)'*'Pamb (mBar)'+'c2'*'Pamb (mBar)'~2+'Intersec’') else "Eff_compr'

of the h|stogram. alarmacomp if not(badval(Eff Estd)) and not(badval(EffCompr)) then (EFf Estd-EffCompr) else ® Desv Eff Compr TG

NEventos If BadVal('Numero Eventos Total') then prevval('Numero Eventos Total','*') else 'Numero Eve Map

ContadorEventos |if (not(BadVal(AlarmaComp)) and AlarmaComp > @.5) then NEventos+l else NEventos Map
) Elements

EventosTOTa if not(badval('Potencia')) and 'Potencia’ » 170 Then (if 'Numero_Eventos_Total' > 105120 th Map
|~ Event Frames
1] Library EventosTOT if not(badval('Potencia')) and 'Potencia'<1@ then @ else Eventos_TOTa Numero Eventos Total -
== Unit of Measure

Scheduling: Event-Triggered Periodic
@ contacts o O - ®
22 Management Period: 00h 05m 00s ® Connected to the Pl Analysis Service.
OSlsoft.
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Implementation Details

“Preview Results”: It allows us to evaluate the behavior of the analysis developed.

o Preview results Tor EN_Compe a 4
Start Tirmes (17772018 ;1 End Tima: |2/7/2018 ; Generate Results
Evaluation
Tngger Time n T2 M 73 TProm TZ CpProm K Farwe CpFmal HZH1 P2P1 EffCompr EffEstd AlarmaComp MEventos ContadorEventos EventosTOTa EwentosTOT EventosAla  EventosAT EventosDIF  Cantidac o
01/07/2018 12:00:00 am.[ 283,54 [655,75]1,0102|15,531| 186,71 [0,45925] 10269 | 1,388 |0.27955( 10756 |382,21(15375| 87354 86,95 -0,40444 1322 1322 1322 1322 123 1281 41 4 "I ' 100%
01/07/2018 120500 am.[ 283 52 | 653,45 1,0102 | 15,347 | 184,96 [0,45811| 1,0267 |1,3881) 0,2796 | 10756 |379,79]15192] 87,362 | 86871 -0,49153 1322 1322 1322 1322 1281 1281 41 4 A . d
01/07,/2018 12:10:00 a.m.| 2835 [653,95]1,0101|15551| 185.22 | 045837| 1,0267 |1,3681|0.27958) 1,0756 |380,34|15,395| 87.836 |86965( -0,87039 1322 1322 1322 1322 1281 1261 41 4 Progress
01/07/2018 121500 aum.| 283, 49| 65525 1,0101 | 15,598| 185,88 [045903) 1,0268 | 1,388 |0.27256( 1,0756 |381,74|15,442| 87,645 |87042 -0,60309 1322 1322 1322 1322 123 1281 41 4 o
010772018 12:20:00 aom. [ 283,47 [655,25]1,0107 | 15,524| 185,89 [0,45904] 10268 | 1,388 |0.27956( 10756 |381,76|15428| 87594 |8704 057988 1322 1322 1322 1322 120 1281 41 4
01/07/2018 12:25:00 am.[ 283 45[656,35| 1,01 |15784] 18645 [ 04596 | 1,0269 | 1,388 |0,27953( 1,0756 |382,94| 15,628| 87,902 |387,135 -0,76754 1322 1322 1322 1322 123 1281 41 4
01/07/2018 12:30:00 am.( 283 43 [655,63| 101 |15636] 1861 [0,45925] 1,0269 | 1,388 |0,27955( 1,0756 |382,21|15,482| 87,637 | 37,009 -0,62848 1322 1322 1322 1322 123 1281 41 4 P
01/07/2018 12:35:00 am. 283,41 |655,55| 1,0099 | 15,562 | 186,07 [0,45922| 1,0269 | 1,388 |0,27955( 1,0756 |382,14| 1541 | 87433 |86936 -0,49702 1322 1322 1322 1322 1281 1281 41 4 40&9ms}|
010772018 12:40:00 aum.[ 283, 39( 655,47 | 1,0099 | 15,607 | 186,04 [0,45919) 10289 | 1,388 |0.27955( 10756 |3B207|15454| 87572 | 86067 080538 1322 1322 1322 1322 20 1281 41 4 \‘l;h_x‘/
01/0772018 12:4500 am.[ 283,37 (833,65 1,0092 | 15,6817 | 185,14 [0,45929| 1,0269 | 1,388 |0.2/955( 10736 382,281 15508) &768 aruor 087332 1322 1322 1322 1322 123 1281 41 4 —
010772018 12:30:00 am.[ 283,35 (655,85 1,0098 | 15,582 | 186,25 | 04594 | 10269 | 1,388 |0.2/954( 10756 |38251(15427) B8/392 [26901 04208 1322 1322 1322 1322 20 1281 41 4 :."|3ﬂ‘|m;\'
01/07/2018 12:55:00 am.[ 283,33 |654,85| 1,0098 | 15,584| 185.76 [0.45891] 10268 |1,3881|0.27957 | 1.0756 |381.48|15432| 8763 |364858 -0,77261 1322 1322 1322 1322 1281 1281 41 4. N _/‘I

<

L Columns m the table above display results for all caloulated values and mput atinbutes. The trend below displays data tor the irst 8 columns (excluding Lime).

. A
® 2851719 657.55+ 1 5 O 045884 & 10268 4 1,38806 286,171
2900666 158 18!
o2
657,55

283 650 1 14,6 182 0,455 1,026 13878 e
01/07/2018 12:00:00 a.m. 1 day U2A07/2MB 20000 am. & gy prgm 7

289
Value Scale: O Single ® Multiple Revert Evaluations

Export Results
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Implementation Detalls

o WPARGEVWPIAF01\Calculos Eficiencia - PI System Explorer
File View Go Tools Help

gDatahase ez Query Date ~ @ @' 0 Back ﬂ/ CheckIn <} « j] Refresh

|
w)
X

Management Analyses
Choose a type 2 total analyses selected (2 on this page) 1-130f13 [ < | > Operations
(@) Analyses -
- E status % B Element Name Template Backfilling Enable | Disable selected analyses
() Notification Rules - £ Turbi ysis "
0 e Jeo Procesos\Efi_Compresor TG21\EFf_Turbina TG2L Analysisi Analysis1 Enable | Disable automatic recalculation for selected analyses
Analysis Searches O & fiy Procesos\Eff_Compresor TG11\Eff_Turbina TG11 Analysis1 Analysis1
- Backfill/Recalculate selected analyses
+ O 9 fid | Procesos\Eff_Compresor TG12\Eff_Turbina TG12 Analysist Analysisi
Al & O @ |+  Deteccion_Nivel1 Bajo_Nivel Bajo_Nivel Start ‘011011'2017 12:00:00 a.m.
Enabled - O & fisy  Procesos\Eff_Compresor TG21 Eff_Compr Eff_Compr end ‘ S r_=1
O & fisd | Procesos\Eff_Compresor TG12 Eff_Compr Eff_Compr
Disabled <« 9 flk) Procesos\Eff_Compresor TG11 Eff_Compr Eff_Compr V] What should we do with existing data?
0 @ ftd Procesos\Eff_Compresor TG22 Eff_Compr Eff_Compr () Leave existing data and fill in gaps
® istil
) f6d Procesos\Eff_Campresor TG11 Promedio_Movil_Eff_Compr Promedio_Movil Eff_Compr () ® Pe""““"'t"" de':le e’“:t'"g datla andlipeallate
Recalculate dependent analyses
O Q fisd | Procesos\Eff_Compresor TG22 Promedic_Movil_Eff_Compr Promedio_Movil_Eff_Compr g B i
D 9 flx) Procesos\Eff_Compresor TG21 Promedio_Mevil_Eff_Compr Promedio_Movil_Eff_Compr ‘ Queue
O @ f® Procesos\Eff_Compresor TG12 Promedio_Mevil_Eff_Compr Promedio_Movil_Eff_Compr
O & fod  Deteccion_Nivel1 Promedio_Nivel Promedio_Nivel Recalculation will permanently delete all the
data within the time range. For event frames
7S Will result in 1055 ol fons an
acknewledgements.
Pending Operations
Mo pending operations
Analysis Details @
13 H | k&
Overview | Errors And Warnings ac I o ca cu a e
~ ) Promedio_Movil_Eff_Compr ¢ ion - @) status - »
5 Bements PN —— ErsbiedDeates:  Eraed the analysis since
Description: In PI Analysis Service:  Running
i~ Event Frames Element path:  Procesos\Eff_Compresor TG11
TR, Template: Promedio_Movil_Eff_Compr
u Libeary Schedule: Frequency=600 "
@ Unit of Measure Categories:
A Contacts
% Management Analysis configuration
Analyses
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Results Obtained and Business Impact

O P.ll.VISiOI'I ) NewDisplay | m | pamwacso | @
@ Conlrol_Eff_Compr  Asset: | Ef_Compresor TG11 ¥ «AdHocDispay [ (@ [v

3 Control de Eficiencia GT11 @ Desvio en la Eficiencia del Compresor en GT11

Tendencia: Eficienca del Compresor GT11 Prediccion & Calculada

Compress T S %
B ceanai Eficiencia Isentrépica del Compresor:
specific enthalpy
1 isentropic Radio de Energia que seria transmitida en un proceso ideal
compression
N
R

con respecto a la ransmitida en un proceso real

Isentropic work — (hy — Iy, )id

4 real compression
' £ B Actual work (fyey — Iy Jact

specific entropy

1cia (MW)

13/8/2018 00:00:00 14/8/2018 00:00:00
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Results Obtained and Business Impact

O Pl vision

@ Control_Eff Compr  Asset: ‘Eﬁ' Compresor TG11 ¥

wAdHocDispay [ [M v
% | Controlde Eficiencia GT11 || @

Eomnassion _ L. Tendencia: Eficienca del Compresor GT11 Prediccién & Calculada
ﬂﬂ\ — Eficiencia Isentrépica del Compresor:
specific enthalpy

isentropic
mmp'm‘:” con respecto a la transmitida en un proceso real
2 p
£ rostcompression Isentropic work — (hy — fy,)id

~ Actual work ~ (hy, — By, )act

© New Display | D | Pamwanan | @

Radio de Energia que seria transmitida en un proceso ideal

Eficiencia [%)]

Tl' —1
Ty

specific entropy

15/8/2018 00:00:00

Numero_Eventos_Dife
155

Eff_Compr_Avg
© Efi_Compr_2d

Eficlencla

14/8/2018 00:00:00 15/8/2018 00:00:00

Potencia (MW)

14/8/2018 00:00:00

15/8/2018 00:00:00
F ) OSlsoft
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Results Obtained and Business Impact
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Conclusions

Throughout this work, the technologist's experience could be
capitalized, implementing a predictive algorithm that allows us to:

* Provide the Operations sector with a tool that complements the
control system and helps them to make better decisions.

» Detect failures in the turbine compressor in advance.

« Avoid losses of MM$, due to catastrophic failures.
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PdM on Gas Turbine Compressor

P.

CHALLENGES

= Avoid catastrophic
failures in the
compressors of outs
Gas Turbines.

P

SOLUTION

Using Pl AF and

Pl Vision we could
implement a
predictive
maintenance
algorithm that allows
early detection of a
failure in the
compressors of the
Gas Turbines.

-Pampa energia

BENEFITS

Provide the Operations
sector with a tool that
complements the
control system and
helps them to make
better decisions.

Detect failures in the
turbine compressor in
advance.

Avoid losses of MM$,
due to catastrophic
failures.

We developed an algorithm that allows us to detect failures in advance in our

gas turbines, anticipating catastrophic situations. We are working on extending
this solution to the rest of our company's assets.
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Contact Information
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« Gabriela Maria Romero Dutruel

* System Engineer

« Pampa Energia S.A.

* gabriela.romero@pampaenergia.com
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Questions?

Please wait for
the microphone

State your
name & company
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