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About Us -Pampa energia

The largest independent integrated energy co.
in Argentina.

Sales LTM USS 1,662 million
’i Employees 4,956
S Generates 5,250 MW (15% of market share )
< @ 97% Availability
Operates 21, 104 km high voltage transmission lines.
@ Produces 45.5 kboepd?2

247 mcfpd natural gas

Transports 60% consumed gas (argentina)

Last twelve months (LTM) as of June 30, 2021 —
https://ri.pampaenergia.com/wp-content/uploads/sites/18/2021/09/PAMPA-2021-09-IR-Presentation-Web.pdf :
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Pl System @ Pampa Energia 79-aMpPa
enerqia

Pampa Energia Pampa explores PI
acquires Genelba expansion to
thermal plant additional sites

al,

@ * Corporate visibility
@ * Break information silos
* Quick response

2016 2019 2020 * Scalable

 Digital Transformation

* Business Initiatives

Discovered the Pampa Energia
benefits of the real signs a 5 year
time infrastructure Enterprise Agreement
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Pampa Energia Digitalization Program

 During 2020, different meetings and
workshops were held to gather a set of
business value initiatives.

e Different areas from all processes were
included in this effort.

* The result was a set of 15 initiatives, that
leveraged the use of Pl System.

* From all these initiatives, the Gas Turbine
Modeling was one of the main ones and is
the one that will be presented on the
following slides.

© 2021 AVEVA Group plc and its subsidiaries. All rights reserved.
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GAS TURBINE FOR ELECTRIC GENERATION

+ampa

. . enerqgia
Gas turbine modeling 9

: Pam
Business Challenge Addressed 9"ampa
Aero-derivated Turbine Performance as a Black box energia
= Predict failure events according to certain change in + Develop a thermodynamical model for a
variables. new and complex aero-derivated turbine.
C h a I I e n ge = Avoid major damage by helping operators to make fast * No model provided by the manufacturer.
decisions.

e TR

Analyze and detect gas turbines failures
in an early manner to enable making
fast decision avoiding major damage.
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GAS TURBINE FOR ELECTRIC GENERATION

Solution

Developed different gas turbine
models to deploy them in AVEVA
Pl System technology

Developed live monitoring
displays to predict the suitable
performance and anticipate
failure.

2021 AVEVA Group plc and its subsidiaries. All rights reserved.

Gas turbine modeling

Usinggthe PI System for Operational Insights -Parnpa

Performance Monitoring

energia

+ Developed automatic warnings/reports when a

deflection in performance appear.

AVZVA
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TGO5 - Rendimiento Compresor de Baja Presion

+4°3ampa
enerqia

Implementation Details -Pampa
Modeling Turbine Performance in real time energ{a

* Developed a thermo mical model
that fit in the aero-derivated turbine.

+2ampa
enerqgia

pCalc 863% pPred 86.0% 100.3 MW

j LPC Pred
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GAS TURBINE FOR ELECTRIC GENERATION

Benefits

Gas turbine modeling

Impact of the Implementation -Pampa
energia

Application in plant

* Online thermodynamical model running in PI
System (Pl AF and Pl Vision).

* Performance deflections set with warnings and
email nof

* Crossed analysis between Pampa Energfa power
plants.

* Increased understanding of the process.

Bengﬁt Achieved

+4°3ampa
enerqgia

+ampa
energia

* ADEFLECTION IN THE
PERFORMANCE OF THE LPC
AND IPT CAUSED BY AN
INTERCOOLER ISSUE.

* OPERATORS FIXED IT IN LESS
THAN 23 HOURS

Improved knowledge about gas turbines leading
to recognize different failure mechanisms in
turbine and balance of plant (BOP), prevented
efficiency decreases by the fast detection and
correction to normal parameters meaning a
production and income increase.

© 2021 AVEVA Group plc and its subsidiaries. All rights reserved.

AVIVA
Benefit Achieved +3 mpa
Gap between HPT blades and case energia
* A POWER DECREASE

FOLLOWED BY AN INCREASE IN
THE INLET TEMPERATURE OF
LPC

* ISSUE IN DISCUSSION WITH

MANUFACTURER.

AVZVA
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GAS TURBINE FOR ELECTRIC GENERATION

+2ampa

| | energia
Gas turbine modeling
[
[
Challenge Solution : Benefits
* Analyze and detect gas turbines * Developed different gas turbine models * Improved knowledge about gas
failures in an early manner to to deploy them in AVEVA PI System turbines leading to recognize different
enable making fast decision technology failure mechanisms in turbine and

balance of plant (BOP), prevented
efficiency decreases by the fast
detection and correction to normal
parameters meaning a production and
income increase.

avoiding major damage. * Developed live monitoring displays to

predict the suitable performance and
anticipate failure.
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523Mpa
enerqia

Real-time performance
monitoring in aero-derivated
turbines as a failure preventive
tool.
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Joseé Antonio Cardozo <~aMmpa
Operation Manager energlio
* Pampa Energia

* jcardozo@pampaenergia.com

Ramiro Eduardo Aban Munoz

Operation Manager Assistant
* Pampa Energia

* raban@pampaenergia.com

Leonardo Yanzon
Instrumentation and Control Chief
* Pampa Energia

* lyanzon@pampaenergia.com
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This presentation may include predictions, estimates, intentions, beliefs and other statements that
are or may be construed as being forward-looking. While these forward-looking statements
represent our current judgment on what the future holds, they are subject to risks and uncertainties
that could result in actual outcomes differing materially from those projeéted in these statements.
No statement contained herein constitutes a commitment by AVEVA to perform any particular action
or to deliver any particular produét or product features. Readers are cautioned not to place undue
reliance on these forward-looking statements, WhICh reflect our opinions only as of the date of this

! presentatlon

Th'e Company shall not be obliged to disclose any revision to these forward- -looking statements to
reflect events or circumstances occurring after the date on which they are made or to reflect the
occurrence of future events.

© 2021 AVEVA Group plc and its subsidiaries. All rights reserved.

AV=VA



@ linkedin.com/company/aveva
Q @avevagroup

ABOUT AVEVA

AVEVA, a global leader in industrial software, drives digital transformation for industrial organizations
managing complex operational processes. Through Performance Intelligence, AVEVA connects the
power of information and artificial intelligence (Al) with human insight, to enable faster and more
precise decision making, helping industries to boost operational delivery and sustainability. Our

. cloud-enabled data platform, combined with software that spans design, engineering and operations,
asset performance, monitoring and control solutions delivers proven business value and outcomes to
over 20,000 customers worldwide, supported by the largest industrial software ecosystem, including
5,500 partners and 5,700 certified developers.'AVEVA is headquartered in Cambridge, UK, with over
6,000 employees at 90 locations in more than 40 countries. For more details visit:

© 2021 AVEVA Group plc and its subsidiaries. All rights reserved.
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http://www.aveva.com/

. »
Business Challenge Addressed 7-aMmpa
Aero-derivated Turbine Performance as a Black box energio

* Develop a thermodynamical model for a

* Predict failure events according to certain change in
new and complex aero-derivated turbine.

variables.
* Avoid major damage by helping operators to make fast * No model provided by the manufacturer.
decisions.
Extraccioncompresor front frame
[Pl S Fa]  [Terd S0 K]
Extraccion en la elapa & ded HPC
Extraccion en la etapa 11 del HFC
[Pres] 3079213 Pal [Terd 5689 K'| |[Caudal 2432 Kgs|
Extraceite a la descarga del compresar [Caudal | 344 Ka's|
[Pres| 381489 Pal [Terg 6412 K| 83 K
| 3353954 | sire salida del HFC dire salida del combustor Aire salida del HPT Aire salida de |a IPT dire salida de la FT Potencia |
Condiciones del aire 96386 | Mw | Pres | 381942854 Pa | Pres. A7E1293E5  Pa Pres. | 1402991  Pa| Pres, | 742201112 Pa Pres. 93.079.22 Pa 99.980 | Mw |
3 Terp] 6412 K Ternp.| 169172 K Temg| 124423 K'] Temp| 114310 K| Temp. | 70269 K
Caudd 167.43 Kg's Caudal] 7252 Kg's Cauds] 18087  Kgs | Cauda] _205.13 Kg's] Caudal | 20932 Kgs
—— ) —— I
Gas combustible Trabajo |IPT -
P 45 73064 Kikg | Trabajo HFT | 3463870 | Mw| | 0282 | M |
Aire salida del LPC Aire ingreso al HPC Temp| 31358 K | 7222022 | Mw |
VBV Pres, | 397276  Pa| Pres. 20873 Pa| Coudsl 475 Kgs | Aire salida del exhaustor
[o] ] Termp. | 4338 K] Ternp. | 30400 K] Pres. | 93079.22 Pa
Caudal] 20873 _Kgs | Caudal | 20873 Kals | Agus de N [Ternp. [63300 K~
2Hvap| 172753 Kikg | Caudal [ 20932 Kag's |
Ternp. | 31548 K|
Ing. agua da refrigeracidn Sal. agua de refrigeracidn
[Temp | 3041 K] Condensado [Temp. [ 32280 K*
| Ternp. | 31300 K" ] .
0] absorbido EXHAUSTOR
| 2857966 | Mw |
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UsinEthe Pl System for Operational Insights -Pampa

Performance Monitoring energlio

F— * Different real-time data analysis for
| ¢ @ & B Name = Value
,ﬁ Elements H H
= # Rend LMS100 = Category: <None> performa nce mor"torlng
&~ @ Gliemes = | _ Unidad TGO1 : :
B & GUEMTGOL . /= * Created screens where aero-derivates turbine
- [ 1-LPC =] Category: 1. Rendimiento .
@ 2-pc — operators and operational control area follow
_ & 3aHPT ®m ¢ | ¢ a-Rendimiento LPC 0 %
- (3 3b-HPT Orig + ® & | ¢ a-Rendimiento predicho LPC 0% performance Varlables'
— @ 4a1PT . @& | ¢* bRendimiento HPC 0%
— 3 4-IPT Orig * Developed automatic warnings/reports when a
- (9 5-PT ¢ m & | &% b-Rendimiento predicho HPC 0%
S 9 Loma de faLats o Vi G deflection in performance appear.
----- (3l LDLATGOD4 = . 7
----- (9 LDLATGOS N 0%
- 3 Pantalla Rendimiento o ® )=
- £ Rend TG Frames GE J _— R
H-- (9 Turbinas de Vapor : ©.28700276147739
3, Element Searches = = c .
- S - T2isoinicial ((Pout/Pin)~(1/('K'/('K'-1))) * 'Temperatura Input')
ENTRADA -3%55 F
3
O e et e B oo ([ et ) ) @mw e 'HO_2'*'Temperatura Input'”2 + 'H@_1'*'Temperatura Input'+'HO_int’
" Danal, LI 2
; § - 0 'Temperatura Input'~2*'S@_2' + 'Temperatura Input'*'Se_1'+'Se_int’
& E K seecied Bata [ g oata = pata =] hi .
s g oo egreson o - 'Temperatura OQutput'"2*'H1_2'+'Temperatura Output'*'H1_1'+'H1_int'
A S s+R*Log(pout/pin)
© 2021 AVEVA Group plc and its s;bsidiaries. All rights reserve: — — Freraciond T2iso_inicial-( ('S1_2'*T2iso_inicial”2+ 'S1_1' * T2iso_inicial+'S1_int
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Imple_mentation Details

Modeling Turbine Performance in real time

Intercooler

Event Name Y ‘Am:t Y | Start Time ¥ Y |EndTme Y ‘ Severity

TGO1 - - - 2021-08-15 18:18:00.000 TGO 9/15/2021 6:18:00 PM 91512021 11:19:00 PM

TGO - - - 2021-09-15 18:18:00.000 9/15/2021 6:18:00 PM OH520H 11:19:00 PM

TGO1 - - - 2021-09-15 18:18:00.000 TGO 9/15/2021 6:18:00 PM 91572021 11:19:00 PM

TGO - - - 2021-09-15 18:17-01 958 9152021 6:A7-01 PM SHS20HM 11:18:48 PM

TGO1 - - - 2021-09-14 22:37:00.000 TGO 9/14/2021 10:37:00 PM 51142021 10:58:00 PM

© 2021 AVEVA Group plc and its subsidiaries. All rights reserved.
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Developed a thermodynamical model
that fit in the aero-derivated turbine.

Loaded the thermodynamical model in
Pl AF in order to have a real time data
of performance.

Used historical data to make
mathematical model to predict turbine
performance (machine learning).

Through predicted and real time
performance comparation determine a
deflection.

Monitoring performance in Pl Vision.

AV=VA



TGOS - Rendimiento Compresor de Baja Presion

Name A Value Units

LPC|Presion Input kPa

LPC|Presion Output 3975 kPa

LPC|Relacion de Compresion -

LPC|Temperatura Input 94 °C

LPC|Temperatura Output

Eficiencia

+4°3ampa
enerqia

uCalc 86.3% pPred 86.0% 100.3 MW

100
-900
By I A DA AR A VT et AL e R
-80
-75

i M LPC Pred

-60

-5
50 1 1 1 1 I 1 1 | 1 1 l | 1 1 1

Rendimiento [%]

Potencia [MW]

@ Anterior O Previo

21/9/2021 11:12:57 22192021 11:12:57

I_I)elta Redimiento

© 2021 AVEVA Group plc and its subsidiaries. All rights reserved.
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Impact of the Implementation -Pampa
enerqia

Application in plant

* Online thermodynamical model running in PI
System (Pl AF and PI Vision).

* Performance deflections set with warnings and
email notifications.

* Data analysis improved with more variables.

* Turbine Peformance Monitoring for operators,
operational control area and management in real
time.

* Crossed analysis between Pampa Energia power
plants.

* Increased understanding of the process.

L}
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Ben_efit Achieved

11/16/2020 3:47:58 PM 34m 58s 11/16/2020 4:22:56 PM

Rendimiento IPT
AN " 99.432 %
100

-90

80, L ' 1 1 A . r '.’ ‘—,,.1
11/16/2020 3:47:58 PM 34m 58s 11/16/2020 4:22:56 PM ~ 7 'F M

Event Name Asset Start Time A End Time

IPT-TG4 LMS100-2020-
11-16 11:20:08

© 2021 AVEVA Group plc and its subsidiaries. All rights reserved.
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TG4 LMS100 11/16/2020 11:20:08 AM  11/16/2020 4:03:55 PM

+4°3ampa
enerqgia

* ADEFLECTION IN THE
PERFORMANCE OF THE LPC
AND IPT CAUSED BY AN
INTERCOOLER ISSUE.

* OPERATORS FIXED IT IN LESS
THAN 23 HOURS

4h 43m
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Benefit Achieved +4°3ampa
Gap between HPT blades and case eﬂergfa

O Pl Vision © New Display | E PAMRABAN | @

N b b/f Popup Trend (9]

S0 113007 | [ 120252 PM

* APOWER DECREASE
FOLLOWED BY AN INCREASE IN

THE INLET TEMPERATURE OF
LPC

* ISSUE IN DISCUSSION WITH
MANUFACTURER.

| |
. | LPC{Temperatura Input | Config luego cada unidad
LPC{Temperatura Output Config luvego cada unidad 'c 167.44 1mon | 162 |

= LPC|Presion Input Config luvego cada unidad 95.286 95.261 95.31 [95.2600000 9

v
v
v LPC{Presion Output Config luego cada unidad 3836 37663
v

LL-TA SEB083SEL 51437 51046

8/52021 10:10:32 AM U < 3h37m » 8/5/2021 1:48:18 PM
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