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About TAQA Morocco

Leader IPP in Morocco with a 25 years track record. TAQA Morocco is the first choice supplier
of the Moroccan energy market, securing ~¥38% of the national production with 19% installed
capacity, and the ambition to serve Morocco’s energy transition by 2050

(®~| STRONG PREDICTABLE

r Long-term Cash flow
((%) 2,056 MW ‘é‘i 15 MILLIONS
Production capacity People supplied annually

o))
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= 92.8% 3 2 K TOP QUARTILE IPP
2021 Availability rate ‘g_}i Committed to Operating Excellence

MAD 300 MILLIONS
Cumulated investment in
environment facilities
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___ Initial scenario

Casablanca

Jorf Lasfar \©

3 Business Coal fired Units Morocco

1994: 2x315 MW, Alstom — ALSPA
2000: 2x329 MW — ABB — ABB Advant
2014: 2x329 MW — MD- Emerson Ovation
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_ Goals

- Rationalize

Common infrastructure;

Better standardization
across the company;

On-premise platform: Data
capitalization in a
dedicated Smart Room;

Endow TAQA Morocco
with an Expertise &
Innovation Data Center.

© 2022 AVEVA Group plc and its subsidiaries. All rights reserved.

W Centralize

Unique data repository
distributing information across
the company;

Timely data availability;

Aggregation of information for
better analysis;

Scalable, customized and
configurable system depending on
the needs and on the visions of
users (new tags, KPI, reports...);

Pilot project for TAQA Morocco to
assure the company’s immersion
in the Industry 4.0 domain
through a sure-fire digital
transformation.

‘ Improve

Operations

e Faster reaction time

* Prevent or reduce plant
upset/shutdowns

Management

e Clear summary of unit performances
* Better economical figures

Learning

e Know-how & best practices transfer
guaranteed through the creation of
a melting pot environment of
knowledge

e Contribution of SME, data
engineers, diverse domain experts,
asset mangers,... to the data lake
structuration

AV=VA



Pimsoft selected as provider of a Pl System based solution

PIMSC 1

INNOVATIVE SOLUTIONS

@@ os:

Premier Partner

Y OSlsoft
A\A 7/~ vl A
Q"ir/ "jv ix_ ,/; I ' ‘.‘\_1_}

GOTHENBURG 2019

..>

..>

25+ vyears experience with Pl System

Pl System Application provider:

SIGMA
SIGMAFINEApp

© 2022 AVEVA Group plc and its subsidiaries. All rights reserved.

2020: project awarded

2020/21:
Project design
Project implementation
Testing

2022:
Roll-out
Training
Further developments

AV=VA



General IT Architecture

TAQA North Africa HQ
E-Monitoring Solution (Casablanca)

TNA IT Network

Osisoft Servers

Data Diode

Bl Solution

TAQM IT Network OT Network

TAQA Morocco
(JorfLasfar)
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Project framework

Pl AF Associated Pl Vision
templates‘Notifications displays

Asset ‘ Pl Datalink
classification Associated Reports

Analytics
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— Asset hierarchy drill down

&% Elements
. & EMC
=)  Morocco
4 (@ Jorf - Common Installations
- @ Jorf - Unit 1 &2
+- @ Jorf - Unit 3 &4
2 @ Jorf-Unit5&6
- @ Jorf 56 Auxiliaries

— o @ JorfUnit 5
+- (J Boiler
=-- (§ BOP

— J Chemical Treatment
@

- (J Condenser
- (@ Extraction & Booster
- (J Feedwater system
- (J HP Heater
- (J LP Heater
~ (@ Seawater System
...... @ Calculations & KPIs

- (§ Electric
- (J General Auxiliaries
- (J Generator
- (§ Steam Turbine
i ( Thermoflow
+- (F JorfUnit6

© 2022 AVEVA Group plc and its subsidiaries. All rights reserved.

Power
generation
groups

Power generation
units

Process Area

Equipment
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Event generation through analytics

Tracking events improves alarm management and root-cause analysis

Group by: [] Category [] Template

Sifer =
8 5 (21 k| Mame [15.17:34:19.... |Duration Start Time End Time Description CEno *
8 [ | = Unit Shutdown or Long Trip 2022-04-06 16:59:53.003 Ié 15:17:34: 20,036 |4/6/2022 4:55:58,003 PM Unit Shutdown... | Alarm&]
8 [3 | = Grid Frequency Analog 2022-04-06 17:01:09.013 I% 15:17:33:09.024 | 4/5/2022 5:01:09.019 PM Grid Frequency | Alarm&l
8 [ | = High Chemical Farameter 2022-04-07 07:53:47.06% Ié 15:2:35:30.976 | 4/72022 7.58:47.069 AM High Chemical ... |Alarmai
8 [ | = Unit Shutdown or Long Trip 2022-04-09 03:15:44.095 Iﬁ 13:7:17:33.953  |4/9/2022 3:16:44.095 AM Unit Shutdown... | Alarm&l
8 [& | = Boiler MFT Trip 2022-04-02 03:27:56. 100 I% 13:7:06:21.949 | 492022 3:27:56.1 AM Boiler MFT Trip | Alarm&]
84E | OPCInterface Error 2022-04-13 10:50:00.000 |—| 5:23:26:36.843 | 4132022 10:50:00 AM 4/19/2022 10:16:36.843 AM

84 | OPCInterface Error 2022-04-13 10:50:00.000 |—| 5:23:26:36.843 | 4/13/2022 10:50:00 AM 4/19/2022 10:16:36.843 AM

8 [ | = High Heat Rate Deviation 2022-04-14 10:03:24.979 H 2:0:30:53.076 | 4/14/2022 10:03:24.979 AM High Heat Rat... |Alarmal
1 = OPC Interface Error 2022-04-14 12:40:00.000 H 7:21:54:18,058 | 4142022 12:40:00 PM

a = OPC Interface Error 2022-04-14 12:40:00.000 H F121:54:158.06 4142022 12:40:00 PM
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Condition based notifications

Notification opened due to high conductivity Notification closed as parameter is back in the limits

dtagamorocco.ma @tagamorocco.ma
To To

Event: High Chemical Parameter 2022-04-20 15:12:48.018 Event: High Chemical Parameter 2022-04-20 15:12:48.018
Name: High Chemical Parameter Name: High Chemical Parameter
Server: Server:
Database: Database’
Target Unit: Jorf Unit Target Unit: Jorf Unit
Start Time: 4/20/2022 3:12:48 PM Coordinated Universal Time (GMT00:00:00) Start Time: 4/20/2022 3:12:48 PM Coordinated Universal Time (GMT00:00:00)
Send Time: 4/20/2022 3:27:56 PM Coordinated Universal Time (GMT00:00:00) Send Time: 4/20/2022 7:43:50 PM Coordinated Universal Time (GMT00:00:00)
Main Steam Conductivity] 12.593uS/cm Main Steam Conductivitﬂ: 9.992uS/cm
Main steam Sodium: 0.17257ppb Main steam Sodium: 0.07835ppb
Correspondent Limits: Correspondent Limits:
e Condutivity: 10 uS/cm ¢ Condutivity: 10 uS/cm
e Sodium: 10 ppb * Sodium: 10 ppb

L |
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Key performance monitoring

Overall overview to assess performances of the power generation units

Overall plant performance report (Excel+PI Datalink)

Jorf Unit 1 Heat Rate Report

16/03/22

Item Jorf U1 Value Uom

Overall Unit Gross Turbine Heat Rate (Test) BO72.76 kifkWh
Turbine Heat Rate 8324.00 klfkWh
Measured Gross Turbine Output 337.89 MWW
Measured Net Turbine Output 315.39 WV
Corrected Gross Turbine Output 316.40 MWW
Corrected Met Turbine Qutput 31438 MWW
Feedwater mass flow rate 1010.00 t/h
Cold reheat flow 891.76 t/h
Throttle Flow 1006.50 t/h
soot blowing flow 0.60 t/h
Main Steam Enthalpy 339173 kifkg
Economizer Inlet Enthalpy 112491 kifkg
Cold Reheat Enthalpy 304980 klfkg
Hot Reheat Enthalpy 353324 kifkg
Boiler Output 272769 Gl/h
Cooling Water Correction 1.0025 -
Steam Auxiliary Consumption Factor 1.0024 -
5BC Soot Blowing Correction 1.00 -
Corrected Boiler Efficiency 92377 %
MNet generator output adjusted for power 315.00 WV
Total Auxiliary Correction 0.62 MWW
Met Unit Heat Rate (Test) 9409 64 klfkWh
Corrected Net Unit Heat Rate 9398.08 kKIfkwh

© 2022 AVEVA Group plc and its subsidiaries. All rights reserved.

Power generation unit overall display (P! Vision)

Balance of Plant

Overall Unit

Nama ¥ Vahe Units

e T T

Calculations & KPlg|Measured Gross Turbine Output L

e TN

Caleailations & KPIs|Eficiancy._Comectad

e T T

Cakculations & KFPs|Cormacted Gross Turmine Cutput 344 MW

e ST

Steam Turbine
Name ¥ Valuz Units:

Cakculations & KP1s[Tusbine Heat Rate

Calculations & KP1s{IP/LP Turbine lsarrapic Eficiancy 88 %

e T

Cakoulations & KPs|Cormected Gross Turkine Cutput 344 MW

Generator

Name & Value Units.

Calculations & KPIsH2 Leak Rate 474 m

Chemical Parameters
LEL Value Units

T I

Gl afiores & KPls| Desull Urit absorber pH Wi

Smtmmeirsaia ———————on o |

Caleufators & KPl|StaamWates Cytle Condlctiy 0w s

KPI's - Jorf Unit 2

Boiler Combustion (coal)
Name: Value Units

T T

Calcuiations & KPls|Ashes Rafi 80 %

e oo | o

Calafiaions & KPls|Air Heter | askae Cormsciad 1862

e et e s 2

Emissions
Name Value Units

T S N

Calafiaions & KPls|Conoentration Dust Corectsd 4z

T R T

Cakatatons & KPIs|Conoeniiation S02_Corracter

Pulverizers
Name ¥ Value Units

T TN

Calcuiations & KPls{Pubverizer D Motor Shaft Power WA

T S T

Calaiations & KPls{Pubverizar C Motor Shaft Power NA

s e e e

Calcuiations & KPls{Pubverizar B Motor Shaft Power NA

e T N

Calcuiations & KPls{Pubverizar A Motor Shaft Power NA

e TN

Main Pumps
Name ¥ Value Units

T S T

Calkaiations & KPls|SaaWater Pump 1 Shaft Power N

T TN

Cakafiaions & KPls|Sas Water Purp 1 Flowras 0 kgh

T R

Caiiations & KP1s|Feedwater Pump 3 Flowrate 41871870 kgh

T S T

Calkaiations & KPIs|FeedWater Pump 2 Shaft Power L

T T

Calaiations & KPIs|Feedwater Pump 2 Actiiied N

T e T R T

Calaiations & KPIs|Feedwater Pump 1 Flowtate 454 462,50 h

T ST

Calkaiations & KPIs|Extracsion Pump 2 Shaft Power N

s v e

Calkaiations & KPIs|Extracsion Pump 1 Shaft Power N

e e TV

Calaiations & KPY Pump Shah Power

L T
ID and FD Fans & Motors

Name
Caalations & KPI&FD Fare A Effciancy
Cabafations & KPISIFD Fare A Shat Prwer
Caalations & KPI&FD Fare B Effciency
Cabafations & KPI5IFD Fare B Shat Power
Caalations & KPISD Fars A Effcisncy
Cabafations & KIS0 Fars A Shaft Pewer
Cakailaions & KPI¢/ID Fang & Efficiancy
Cabafations & KPIS|D Fans B Shaft Pewer




Key performance monitoring

TURBINE & GENERATOR PARAMETERS -Jorf Unit 5

FPHASE DETECTOR PICK-UF THRUST BRG

> | 1

: ]
ROTOR POSITION PICK-UP ' -
3 -

D ——————

ECCENTRICITY PICK-UP

GEN SIDE

METAL

WIBRATION

[ BRG ROTOR VIBRATION MONITOR

TUREINE GEMNERATOR

a
804 006 488 48.5

1) i X (L8] X Lhd] ] (V) =] (L8] L]
"l L E ] EE) HE g
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o
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Key performance monitoring

PLANT OVERVIEW - Jorf Unit 6

Govemn Valwe LIFT (#d) Govern Valwe LIFT {#1)
78234 100
Govem Valve LIFT (#3) Govern Valee LIFT (#2)
24 6B8 100

Firsl Stage Exil Prass . Rasactive Power
11,582 HPTEN IP TBH LP TBN GEMERATOR anm 22 81

.
Generator Frequency
el g
Gross MW
330,15 W

e nam

Main Steam Press

cwma ewen
163,84 bar Feadwater Flaw
Main Steam Temp 847,68 CONDENSOR
568,18

Hat RH Press
36,043
Hot RH Temp

FOR & PULV-A 660,68

Coal feader fead rale
41,817 wn

FOR & PULV-B

Coal feader fead rate
41,665 th

FOR & PULV-C

Coal feeder feed rate
41,623 vh
-

‘s mimn
FOR & PULV-D S

Coal feader fead rale

=0,014486 NOX [Air Quality) 206,24

SO2 (A Quality) 25414
02 5.B038
co 2045

cO2 14,183
HE B.8812
DUST 13,452
OPACITY BE541
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Key performance monitoring

GAS HEATER #6

FGD
FORUNIT #5 2081

© 2022 AVEVA Group plc and its subsidiaries. All rights reserved.




Integration with third parties to further improve operations

Expected performances G'raphical displays:
'&‘ from simulation —’ comparison between expected, ——
- real and predicted KPIs
| TAQA Morocco EMC

B
A

Simulation inputs

Predictive
analysis

(‘® Real-time data —>| A:‘E: | A L) —

data and calculations

2 !
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Thermoflow integration

Coal price in ARA zone

S/MT
450 —

400 —
350 —
300 —
250 —
200 —
150 —
100 —

50
I I I
15 Apr 21 17 Aug 21 16 Dec 21 22 Apr 22

Source :

Argus cif ARA spot coal assessment

L |
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Comparison

Time
24/04/2022 21:33:00
24/04/2022 21:33:00
24/04/2022 21:33:00
24/04/2022 21:33:00
24/04/2022 21:33:00
24/04/2022 21:33:00
24/04/2022 21:33:00
24/04/2022 21:33:00
24/04/2022 21:33:00

Description

TMF - Generator MW (gross)

TMF - Net Load

TMF - Wattage Measuring A (HV side UAT)

TMF - Final SH Otl main steam pressor

TMF - Boiler cuilet main steam temperature
TMF - Boiler outet main steam flow

TMF - Hot Reheat Steam pressor

TMF - Boiler outlet hot reheat steam temperature
TMF - DEA Flow

Units Value Units
MW 220.01
MW 200.92
MW 20,34
16,60
571.02
940,20
3.76
567.68
255.08

Value

Units Value

MW
MW

0.06
5.53

Units}  Value

ES

24/04/2022 21:33:00
24/04/2022 21:33:00
24/04/2022 21:33:00
24/04/2022 21:33:00
24/04/2022 21:33:00
24/04/2022 21:39:32
24/04/2022 21:30:32

24/04/2022 21:38:32

TMF - LP FWH No1 In Pressor

TMF - LP FWH out Temp

TMF - CEF Dishage condensate flow
TMF - Condenser shell temp

TMF - Condenser vacuum

TMF - ECO IN MN Feedwater Temp
TMF - Exhaust gas temp

TMF -UBC

1.40
83,88
102587
20.28
50.18
24228
124,03

441

204
3.15
4177
6.64
0.30
1.24
11,80

11,80

between simulated and actual conditions

HRImMp24HAvg  Excess Coal Flow
Units Value Units

Ex Coal Flow 24H Avg

Main outputs for
each parameters :

Heat Rate impact

24/04/2022 21:39:32
24/04/2022 21:39:32
24/04/2022 21:39:32
24/04/2022 21:39:32
24/04/2022 21:30:32
24/04/2022 21:38:32
24/04/2022 21:38:32
24/04/2022 21:39:32
24/04/2022 21:39:32
24/04/2022 21:39:32
24/04/2022 21:39:32
24/04/2022 21:38:32

TMF - Gross Turbine HR
TMF - Boiler efficiency
TMF-TTD 6

TMF-TTD 7

TMF -DCA B

TMF -DCAT

TMF - Electrical consumption
TMF - HP turbine efficiency
TMF - MP turbine efficiency
TMF - Air Heater Leakage
TMF - Moisture in Fuel

TMF - Temperature air entring AH

8,50
81,58
80.35

8.00
12,00
2440

812712
94,37
343
9,36
2.74
545
882

081
257
-1,00
032

420
0.08
442.81
1036.03
73,08
51,01
37
2.18
0.01
3213
833
1.30

Equivalent Excess
coal content

24/04/2022 21:30:00

PPA - Corrected Net Unit Heat Rate

Simulated parameters

© 2022 AVEVA Group plc and its subsidiaries. All rights reserved.

957621 | kiiWn

Actual parameters

-118,28

1.22

Difference

R F F| 2R F R PR FEE R F R R R FRE R R R R

Performance impact and breakdown
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Comparison between simulated and actual conditions

Net Load: MW
PCI: kJ/kg

Description ||HR Impact [kJ/kWh]||Excess Coal Flow [kg/h]

Total Losses

Description Value Units  Value Units

Total Losses kJkWn kgh

Total Saves

Total
Total Saves kdkwn kgh
Total kJxWh kg/h
Description 24 Hr Avg
Description Value Units Corrected Net Unit Heat Rate 24h avg
Correctad Net Uni Heat Rate 241 avg ki PPA - Corrected Net Unit Heat Rate 24h avg
PPA.- Corrected Net Unit Heat Rate 24h avg kJkWh Net Load 24h avg
Net Load 24n avg MW Equiv Total Losses 24h avg
2 e ) . Equiv Total Saves 24h avg
Equiv Total Saves 24h avg kJkWh -
Equiv Total 24h avg
Equiv Total 24h avg kJkWn
- - Ex.C Unknown Causes 24h avg
Ex.C Unknown Causes 24h avg kgh
ExC Totl Losses 24 avg koh Ex.C Total Losses 24h avg
ExC Total Saves 24n avp kgh Ex.C Total Saves 24h avg
Ex.C Total 24n avg kgh Ex.C Total 24h avg

Archiving relevant parameters for analysis and interpretation Notification for Heat Rate deviation

L |
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Predict IT Integration

Training Step

3rd Party Reporting

1
-~

SOL Queries

PREDICT ([

Diagnostics and
Anomaly Detection Software

PLANT

-

VIEW

Case Management &

T Reporting

Filter bad data

Remove non-operational
data, bad tags

Pl Servers

Asset Type - Fan

Normal Operating Behavior

COAL FEEDRATE / 1RBC_A FOR

1012017 112007 120172017 1name 2100 s s S8 s s 51018 7o
FOLL 1 MEAN / 1RBC A RBC_R1 Mean

o ”’W“’M ‘JW“'VWW&MNT»NNW A Y

srzois euiop

Z

T T T
10172017 112017 2npT 2naois srzore s

ROLL 2 MEAH / 1RBC_A RBC_R2 Mean

WAL WWWMWW YA e

sraons s nieons

107172017 son 208 8172018 31720

Step Start A End

10m |9/5/2017 4:08:10 AM 11/4/2017 2:13:54 AM
10m  [12/23/2017 9:04:50 AM  |3/21/2018 1:45:28 PM
10m  [5/19/2018 4:43:32 AM 7/22/2018 12:12:13 AM
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Project mains outcomes and benefits

Challenge

* Aggregate and Manage
information from 6 power
generation

* Support Plant to establish a
continuous improvement
action plan

2022 AVEVA Group plc and its subsidiaries. All rights reserved.

Solution

Deployed the latest AVEVA

Pl System technology including
Pl AF and PI Vision as an
advanced foundation for Process
Monitoring,

Implementation of Condition
Based Maintenance & Advanced
Analytics for Early Failure
Detection

M O R @ C C o}

Benefits

Increased visibility on production data and asset
performances at both engineering and
management levels.

Advance monitoring of performance with a detailed
breakdown of losses families

Deep follow-up of improvement action to reduce
excess coal consumption

Faster reaction time thanks to comparison with
simulations, predictions and notifications

Promote industry 4.0 paradigm with a culture
focused on performance and capitalization of know-

how
AV=VA



Mohammed Idrissi

Director TAQA EMC

* TAQA North Africa S.C.A.

Marco Lanteri

Account Manager

* Pimsoft S.p.A.
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