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About Mainstream Renewable Power

2008 — Company founded
2021 - Part of Aker Horizons

Development pipeline

* Onshore wind: 5,345 MW
* Offshore wind: 1,700 MW
* Solar:5,931 MW

In Pre-Construction & Construction

* Onshore wind: 1264 MW
e Solar: 350 MW

Delivered into Operation

* Onshore wind: 1,143 MW
* Solar: 100 MW
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About Alan McCarthy

BE Energy Engineering
Managed PI System install in Q2 2012

Previously Managed Wind Farms in Ireland and AB,
Canada

Currently Central Generation Operations and Business
Analytics Manager
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Business Challenge

Multiple Wind/Solar OEMs and Substation SCADAs
External data sources (HTML, SQL)

Offices & Sites in 6 continents
* Reduce time spent

* Reporting

* Finding problems

* Performing Analysis

Usability and Scalability

Integrate with

MS Office

Maintenance Management System (RGC)

Preconstruction Energy Analysis System (EAG)

Analytics Tools (MS Power BI)

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

Multiple Data Sources

Dispersed Sites & Staff

Integration, Long-term
Architecture
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The solution — OSlsoft PI & Complimentary Systems

» OSlsoft Pl System as central data historian
* MS SQL database in parallel

Integrates with all of data sources/protocols

Integrates with external systems
* Preconstruction Energy Analysis (EAG)
* Maintenance Management System (RGC)

* MS Power Bl

Excellent online resources and training

“Off the shelf” software systems

Asset Framework acts as Asset Register and “link point” for data & documents.

Remote Monitoring through Pl Vision and Pl Notifications

High Resolution data allows for Grid Code Compliance monitoring
PI SNMP and PI Ping Interfaces used to monitor OT Health

L}
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Today’s Agenda

 Remote Assets — Pl Interfaces — How we collect data
* OT Health and Cybersecurity
* Pl Core — Pl Asset Framework, Pl Notifications

* Putting the data to work - Pl Datalink, Pl Vision, MS Power Bl

L}
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Interfaces — Traditional and PI MCN

* PIOPC XML DA, PI DNP3 & Pl Modbus O Evicion
have been used since inception ®  zaem
* WTG SCADAs offer OPC DA or OPC XML DA "
interfaces By g ; g

Pl MCN Noupoort Pl MCN Loeriesfontein Pl MCN Khobab PI MCN Kangnas PI MCN Perdekraal

. %” h sl

* Substation and BOP SCADA offer Modbus or DNP3
interfaces

e OT Health monitoring is increasingly
important on projects that are out of BOP
Warranty period

* PIPing has been rolled out on all projects,
with Pl Notifications set up to alert if any
equipment drops off the network
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40 '\ 0
* Set up for OT equipment ¥ g > — =
B ::: 125 B ars BEe

6/23/2021 9:04:49 AM J

* Set up for PI Core and Pl APl Nodes
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Interfaces — Traditional and PI MCN

) PI Ping — OT O PI.\}ision @ NewDisplay | m | MRPwEnMccarty | @

@ ZAD9 Ping Eli v
° P M = Name Value Name Value
Ing e N B = B
1,000 ZA09_Ping_Charger Control Unit Main 2 4 ZA09_Ping_Forligate
vy vivervserew|vewwwwwwwwww
* Substation Firewall 220 g £ 270 P uggedam
° H . - ZA09_Ping_SEL 2440 IO Module 2 ZA09_Ping_SGRE_ODBC
Substation Switches ’ S e L — -l
1 ZA09_Ping_SEL 2730M_2 ZADS_Ping_UPS

« Relays - [ : | ‘ n

y ot A o dod 0 SO0 LT LN s o Lo PPV i e IS ZA09 Ping_SEL 2730M_4 ZA0% Ping_ZA09api02

_ZADQ Ping_SEL 3355 HMI -I
* Gateways . I 2400 Fing S 3500 Gty

ZA09_Ping_SEL 735 Facility Meter

[ 1. [1.400 [ 1,200 [1,600 #
* Meters i
Lol ol ool o A | L AR nib TR ALl s 2

ZA09_Ping_SEL 751_33 kV Bus Section (Busbar 1A side)

ZA09_Ping_SEL 751_33 kV Bus-zone Protection 1
2000 , “ F,Ann _-

ZA09_Ping_SEL 751_33 kV Bus-zone Protection 2

ZA09_Ping_SEL 751_33 kV Collector Grp A ‘

1.400 ZA09_Ping_SEL 751_33 kV Collector Grp B

© UPS e i o i ™ ] il , ‘

© ZA09_Ping_SEL 751_33 kV Collector Grp D
1,200 ZA09_Ping_SEL 751_33 kV Collector Grp E -

° H H 7 Bb-l 600 ZA09_Ping_SEL 751_33 kV Collector Grp F 2
Pl Notifications synced AR ) Tl sd T —

* Servers

0 0 0

. . . ZAD9_Ping_SEL 751_33 kV Incomer 1B 1
with Email to Voice

ZA09_Ping_SEL 751_Instrusion Control Panel IO Timeout

services for critical e R
faults

6/23/2021 9:05:43 AM @) 6/23/2021 10:05:43 AM
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Interfaces — Traditional and PI MCN

® PI SNMP - OT O ;I-'Gision & New Display | m | MRP\Alan McCarthy |
D ZAOQUPS  Asset B0
[ )
SNMP NiSiRSirean] South Africa Pefdekraal Turbines BOP
« UPS "
* Firewalls & Switches v UPS Self Test
* Relays
* Servers

* Automation PCs (HMls)

223
. 2 .8
[ ] SN M P rollout In ea rly stages 5;22;'20211218210 PM 6232021 1:12:10 PM 62272021 1:18:10 PM 623/2021 1:18:10 PM

* APC UPS monitoring

* Input & Output Voltages
* Reason for last transfer to Battery

* Pl Notification when on battery
power

1 1 1 L 1 1 i
6/22/2021 1:18:10 PM 6/23/2021 1:18:10 PM

* Battery Life Remaining

° Battery Temp 6/22/2021 1:18:10 PM &) 6/23/2021 1-18:10 P!
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Interfaces — Traditional and PI MCN

* SEL 3355 HMI monitoring
* CPU Load & Core Temp
* Drive Health

e Switches and Firewall

monitoring
* Will shortly bring main health points
into Pl
« OT equipment failures are System Statistics Diagnostics
Costly Active Session(s): 1 M?del: SEL-9330-A
509)332-1890 System Uptime:  311d 5h 22m 31s Fower. SUpBIY. 1+ \S/’;'Ii’age: o
* Can cause collector circuits to be Power Cycles: 129 Model: SEL-9330-A
forced offline Total Runtime: 8601 Hours Power Supply B: S/N:
Voltage: 12.253
* Can leave the WF uncontrollable ES:'SH ZE
remotely, and at risk of temporary FPGA,' =
disconnection Clock: oK
Clock Battery: (0]7¢
° PI SNMP Offers d huge Ports 1-8 Temperature: 55°C
increase in our OT health Ports 9-24 Temperature: 56°C

monitoring capabilities
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Interfaces — Traditional and Pl MICN
* PI SNMP — Next Steps

* Most Substation OT hardware on our projects have SNMP interfaces

* This has typically been under utilized — many valuable early warnings on critical plant equipment are not being
monitored

* Would be extremely interested in other users' experiences with this interface

* Stop waiting for OT equipment to fail when any substation issue can be a major revenue loss

* By Q4, we are aiming to have all OT equipment's critical SNMP points in PI

* In parallel, we are looking at better backup of config of OT equipment settings

* Alarge percentage of our plants OT is SEL equipment — investigating SEL 5045 software package to auto
backup configs

* Alibrary on MS Sharepoint is set up for SCADA Configs for other backups

L}
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Cybersecurity and Infrastructure

* Pl Core currently on “on-premises” servers

* Planning to migrate these to Azure AD joined servers

* Pl Vision will be on separate VLAN to Pl Data Archive & Pl Asset Framework, in line with OSlsoft recommendation
* VPN links between Wind Farms and Pl Core is locked to only the required ports and IP addresses
* FW Policies minimized — specific rules for all traffic, “deny first” approach

* Regular plant based staff increasingly using Pl Vision & MS Power Bl — minimizing need for VPN
access to Pl Core

* Windfarm based PI Infrastructure (Pl APl Nodes) on a separate VLAN to OT equipment — connections
limited to necessary only

* Carry out external pen-tests to each Wind Farm

* Investigating rollout of Darktrace Al based cybersecurity on Pl APl Node VLAN and Substation
Automation OT VLAN

L}
—
2021 AVEVA Group plc and its subsidiaries. All rights reserved. —



Pl Asset Framework — The central link

* “Single Version of the Truth” for asset
register

All Assets are accounted for here

Avoids a Data Swamp of Pl tags

Unique Identifier codes (Pl AF Element
ID)

System (RGC) and Energy Analysis (EAG)

Enables Process Data and Maintenance
Data to be viewed within context

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

Replicated in Maintenance Management

Elements

(G Kangnas

fi- (3 khobab

(5 Loeriesfontein 2
[ (F Noupoort

= (3 Perdekraal East

& BopP

i () Cables

[F MetMasts

(F Pad Mounted Transformers

& RMUs

[J Roads

[J Spare Assets

= (J Substation

------ (F 132kV Current Transformer L1
------ (G 132kV Current Transformer L2
------ (G 132kV Current Transformer L3
------ (G 132kV Earth Switch Mech Box
------ G 132kV Motorised Isolator

------ (G 132kV Motorised Isolator Mech Box
------ (3 132kV Protection Panel

------ (G 132kV Surge Arrestor L1

------ (G 132kV Surge Arrestor L2

------ [ 132kV Surge Arrestor L3

...... 5

------ G 132kV Voltage Transformer L1
------ (G 132kV Voltage Transformer L2
------ (G 132kV Voltage Transformer L3
------ (3 14m Lightning and Lighting Mast
------ (@ 21m Lightning and Lighting Mast
------ (51 33kV Buszone A

------ (G 33kV Buszone B

------ (3 33kV Buszone Panel

------ G 33kV Qutdoor Structure

------ (1 33kV Surge Arrestor L1

------ (G 33kV Surge Arrestor L2

------ (1 33kV Surge Arrestor L3

...... 5l _AC Distriba tinn Panel

! Elements

== Event Frames

i Library

mm Unit of Measure

82 Contacts

3¢ Management

132kV Trfr 1 Breaker

General  Child Elements  Attributes  ports

Analyses  MNotification Rules  Wersion

| Filter
|f ¢|3/% R Name | Value
= = | Model Mumber 0
a =1 Name 0
= =1 Phase Voltage - Average 135.33 kv
= =1 Phase Voltage - Imbalance 0.728 kv
= | Phase Voltage - Imbalance % 0.53794 %
= =] Phase Voltage - Max 135.59 kv
= =1 Phase Voltage - Min 134.86 kv
= | Phase Voltage - Rated 132 kv
= =1 Phase Voltage - Setpoint 135,58 kv
ma &7 Phase Voltage AB 135,59 kv
= ¥ Phase Voltage BC 134,86 kv
a ¥ Phase Voltage CA 135,54 kv
= =] PI Vision - Asset
5] & Power (kW) -29,946 kw
ma &F Power Factor -0,9990169
= =] RDSPP- Location 0
o] =] RDSPP - Code 0
= =] RDSPP - Function =ZA0D0NSIMDYD10A1
@ =1 RDSPP - Location 0
L] =1 RDSPP - Product 0
= &F Reactive Power 2,099 MVAr
L] =] Reactive Power - Nominal 35.561 MVAr
om =] RGC - AssetID No Data
= =] RGC - Category Substation
= =] REC - Code aec1f392-f9a5-11ea-99c2-6c2b557c3baa
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5,3’ RGC Enterprise
& File

Home

View Window Help

Asset Register

RGIC Q

Find by:

132kv

132kV Trfr 1 Breaker

General Details | Finance | Notes | Attributes | Parts List | Location History Parts Used

Site Status 0p. Status Assigned To Template Estimated Start  Logeed Reference Sort Key
Active Items Perdekraal East T - A - <A . Al . I:I ;
e
Location I Lmn up by that column.
Description Eieas Serial No [ site | Mum... | Diescription _Status _ﬁssigned To Priarity | Estimated Start.. .Template | Date Logged |
£9f8ba3?2-8535-118-bafi-Scelc5545a1 132kV Surge Arrester L2 = L Perdekraal East Perdekraal - 132kV Circuit Break.. Closed - C..  Michael Mutele Low 12/11/2020 0%:00 : ZAD9 - 132kV Cir..: 20110:2020 10:00
<5fBhai5. BhaE. 1108 bafa EeeDeEedEa 132K Surge Arrester L3 % [ Perdekraal East Perdekraal - 132kV Circuit Break.. :Closed - C.. | Christie Koordom  Low 12112/2020 09:00  ZAD9 - 132kV Cir.. 2010/2020 10:00 728 kv
Ebe08e. 3700 1106 BO51-20b3 5707 39 o 1 Breaker ™ 5140507 [] Perdekraal East Perdekraal - 132kV Circuit Break.. Completed Michael Mutele Low 12/01/2021 09:00 : ZA0S - 132kV Cir_.: 20/10/2020 10:00
DocB5806.3047-1106.9042-011af3eTela 132KV Voltage Transformer L1 2 D7-953/A [] Perdekraal East Perdekraal - 132kV Circuit Break.  C Christie Koordom  Low 1202/202109:00  ZADS - 132kV Cir.. 01/02/2021 09:46 53794 %
12bbO364-Td47-11e6-0042-F01af2e Tela 133K Voltage Transformer L2 ] D7-2596/5 L] Perdekraal East Perdekraal - 132kV Circuit Break.. Completed | Christie Koordom | Low 12/03/2021 0%:00 : ZAD9 - 132kV Cir..: 01/02/2021 09:46 oy
17bBGIET Td47 1106 047 01 FafleTeln 132k Voltage Transformer L3 ] 07 953608 L] Perdekraal East Perdekraal - 132kY Circuit Break.. ' C leted | Michael Mutele Low 12/04/2021 09:00 : ZAD9 - 132kV Cir..: 01/02/2021 09:46 -
12 L] Perdekraal East Perdekraal - 132kV Circuit Break.. Completed  Michael Mutele Low 12/05/2021 09:00 © ZAD9 - 132kV Cir.. | 23/03/2021 12:26 14.86 kv
[ Loestion: ZA15 Spare Asscts [ Perdekraal East Perdekraal - 132kV C?rcu?t Break. Completed  Christie Koordom Low 12/06/2021 09:00 : ZADS - 132kV C?r... 23/02/2021 19:26
sedecc2d-8b50-11e8-bafo-BcelcEbedSal 132KV Current Transformer Spare 1 ] ZAABE-BOP L] Perdekraal Fast Perdekraal - 132kV Circuit Break. _ Logged Law 12/07/2021 0900 ZACS - 132KV Cir.. 2300372021 19:26 32 kv
9213536 8b55-1168-bdfd Boslcsbedsal | 132K Surge Arrestor Spare 1 ] Zi5EBOR L] Perdekraal East Perdekraal - 132kV Circuit Break. L ogged Low 12/08/202109:00  ZADS - 1326V Cir. 231032021 1926
b Tt oo 5 scan [l [0 e i et Gt it i L MU HL s g SLLT
i ‘ergekraa 5t ‘ergekraal - Ircur eaK.. oW X - Ir... .
acdecc2l 8055 Tiek bdf? Secletbedtal | 132K/ Voltage Transformer Spare | = FATPEROR [] Perdekraal East Fercekrasl - 1226 Cireit ek Loges Low 127172027 0300 ZA08 - 1330V Cir 2ainaienay 1926 1559 K
t [] Perdekrasl East Perdekraal - 132kV Circuit Break. Logged Cow 1212/202108:00  ZADS - 132KV Cir.. 23/03/2021 18:26 1 gy
- | Site: Perdekraal East
- | Location: ZAQ9 BOP 5k
faflc35a-0251-11eb-959¢2-6c2b557c3baa 132kV Current Transformer L1 [ E7-1255/1
faflic354-0251-11eb-558¢2-6c2b557c 3baa 132K\ Current Transformer L2 [] E7-1255/2
faf0c360-0251-11eb-959¢2-6c2b5597c3baa 132kV Current Transformer L3 ¥ E7-1255/3 9,946 kw
fe2bbbdc-0253-11eb-99¢2-6c2b557c3baa 132kV Earth Switch Mech Box ¥ 012412/00011
fe2bBbdf-0253-11eb-99c¢2-6c2b597cIbaa | 132KV Motorised Isolator = 012412/00011 19990169
08be5118-0254-11eb-99¢2-6c2b597c3baa | 132kV Motorised Isolator Mech Box ¥
(fc61ble-0254-11eb-39¢c2-6c2b557c3baa 132kV Protection Panel 1
17312bab-0254-11eb-99¢2-6c2b5%7c3baa | 132kV Surge Arrestor L1 ¥ 21853604579
17312bae-0254-11eb-99¢2-6c2b5%7c3baa | 132kV Surge Arrestor L2 ¥ 21853604580
L3 [ 21853604578 : ZADSONSIMDYO10QAL
) | 2ec1f97-f9a5-11ea-99c7-5c2b57cIbaa  132kV Trfr 1 Breaker 1 2018723301 14
17435488 0254-11eb-95c2-602b587c3bsa 132KV Voltage Transformer L1 el D7-280111
1£23548-0054-11eb-89c2-6c2b597c3bas 132k Voltage Transformer L2 M . EOGEDE
- =4 ALOFF - FlUUULL u
= m\ s B &7 Reactive Power 2,093 MVAr
==| Event Frames
=T = [£] Reactive Power - Nominal 35,561 MVAr
ibra n
il \ﬁh\%mt I No Data
) Unit of Measure
Ao = =1 RGC - Category Substation
= =] RGC - Code aec1f392-f9a5-11ea-99c2-6c2b 597c3baa
% Management
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Pl AF Analytics — B.I. — Pl Notifications

. Q SACAPEPIOENPI AF - Pl System Explorer
¢ PI AF Analytlcs used for both PI Fi}: Search \‘u‘iew Go  Tools  Help

@Database P Query Date = (© g OBack H«, Checkln <} « ,ﬁRefresh F Mew Element -

Notifications, ongoing calculations and ...
- (1 De Aar # || General Child Elements Attributes Ports  Analyses  Notification Rules  Version
Pl Event Frames

g ?;?;2:?;:? uﬂ] | MName: Wind speed under 10.5 m/s
- [ Khobab
- (G Loeriesfontein 2
- (1 MNoupoort

& BOP

* Pl Notifications triggered by certain Pl :
Event Frames 8 e

[ P Substation
= (P Turbines
- [ Turbine 01

B = Name Backfilling Description:
H  Turbine Fault
H  Turbine Service
fi'n  Wind Speed - 10 minute Average
fér Wind Speed - 10 minute Rolling A...
fisd  Wind speed under 10.5 m/s
fea Wind speed under 16 m/s

Categories:

[ e

Analysis Type: @ Expression Rollup

(IR R
B BE B BE @ B B
QOO0 Q

- [ Turbine 02
- [ Turbine 03
- (3 Turbine 04

- [ Turbine 05 Add a new -,-'a"able|

- Turbine 06
) g T:I:b::: 07 MName Expression Cutput Attribute

- @ Turbine 08 Variablel
- () Turbine 09
- ( Turbine 10
- ( Turbine 11
- (5 Turbine 12
- (5 Turbine 13
- [ Turbine 14

* Emails for non-critical alarms

* Emails for WTG faults/entry to service
mode

timelt('Wind Speed’,"*-1ém',"*",10.5) Time lower than 10.5 my/s Qutput |

* Email to voice & SMS service used for
critical faults, substation and collector
circuit trips

- () Turbine 15
- () Turbine 18
- [ Turbine 17

S Towhinn 40

L}
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PI AF Analytics — B.I. — PI Notificatior 7o«

* Pl AF Analytics used for both Pl
Notifications, ongoing calculations and
Pl Event Frames

* Pl Notifications triggered by certain PI
Event Frames

* Emails for non-critical alarms

* Emails for WTG faults/entry to service
mode

* Email to voice & SMS service used fof
critical faults, substation and collector
circuit trips

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

€ \\SACAPEPIOG\PI AF - PI System Explorer
File  Search View Go Tools Help

@D Database [ QueryDate ~ O @& | O Back

Elements Turbine 01
[ (§ De Aar A || General
(7 Droogfontein
(A Jeffreys Bay I.lﬂ]

i (1 Khobab o | m
[ (I Loeriesfontein 2
= (5 MNoupoort & -
- () BOP D =
£ Environmental & m
- (1 Equipment
ﬂ Substation G =
B Turbines 0
G- ( Turbine 01
( Turbine 02 15
Addar
7 Turbine 06
G- (@ Turbine 07 WIS
(3 Turbine 08 Variat
(3 Turbine 03
(3 Turbine 10
[ (@ Turhine 11
(3 Turbine 12
(3 Turbine 13
(3 Turbine 14
(F Turbine 15
(§ Turbine 16
(§ Turbine 17
m A Towhina 40

Site Name: Khobab

Circuit; Collector Circuit E

Trip Start Time: 6/5/20

3 Version
Africa Standard Time (GM
Trip End Time: 12/31/9999 11.5 | South
Africa Standard Time (GMT&#43,02:00.00) 9

Duration: 0.021343

MName: Wind speed under 10.5 m/s
Description:

Categories:

Analysis Type: @ Expression Rollup

Energy Loss: 0 MWh

Cutput Attribute

ime lower than 10.5 m/s Outout
ime lower than 10.5 m/s Cutput |

&nbsp;
Event Details Hyperlink

CONFIDENTIALITY AND DATA PROTECTION
This communicat

use of the intende
contain informatior

confiden
ta rdata nratart
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Pl Notifications — B.l. — Work Order Integration

* Interlink Pl Notifications/Pl Event =,
. fj RENEWABLE RG |C Technologies
Frames with Work Orders :

* Inbox Monitor in RGC

Job 581, 80 - Vibration Sensor - PI Notifications Status: Logged
® Autoge n e rates WO rk O rd e r u Si ng General Job Steps Parts Estimate Parts Used Documents
common Element ID from Pl AF

Asset MNacelle General Est. Start  04/03/2015 15:39:18 Actual Start

Site Carricksany Est. End 06/03/2015 15:39:18 Actual End

Location IE08 WTG001 Logged 04/03/2015 14:53:59

Assigned to Priority Medium Reference InboxMonitor
Op. Status Awaiting permission ¥

Status Name:
Vibration Sensor

PI Webparts Ad Hoc:
http://pace.mainstreamrp.com/RtWebPartResources/adhoctrendUrl.aspx?
StartTime=1440078752.30791&EndTime=08&TriggerTime=1440078752,30791&NotificationID=c
bb3ag817-ed3c-4537-a3b3-

Notes 31a6d0470628&InstancelD=0&TriggerValue=Test+State&Priority=Test+Priority&Data=%5c%5
cieddcppi01%5cIEO8WTUROO1IWSLGTurStLog1%5¢% Scieddeppi01%5cIEOSWTURO01MainStatus
PI Webparts Site Page:
http://pace.mainstreamrp.com/project/IE08/docs/14%200perations%20and%20Maintenance/1
4-07%20Asset%20Information/Webparts/Turbine.svg

PI Coresight Site Page: -
https://pi.mainstreamrp.com/Coresight/#/Displays/7/Carrickeeny-Mobile

L}
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Pl Notifications — B.l. — Work Order Integration

* The unique IDs from Pl AF are used in RGC so
that all Inspections and Maintenance are tagged
against specific equipment

* QR codes are printed for each asset on site

Allows easily searchable maintenance records

Overlay WTG fault data from Pl with Work
Orders in MS Power BI

Specific triggered faults can have specific
checksheets to be carried out on mobile app

Eg Circuit Breaker Trips require an Electrical
Switching Work Order

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

80a4d3c6-fb19-11e5-
b577-a0b3ccebalbe
Turbine 31

2309206

ON =l 73%m

< Checklist

Step Name

06bf7aa2-47ad-11e6-
93b8-f01faf3c7e0a
WTG 008 2.7 MVA
Pad Mounted
Transformer
303397-26
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Pl Datalink

* Weekly, Monthly, Quarterly, Annual reports
generated automatically in excel and exported
to pdf

« Additional data required (costs, budget) stored
in Pl Asset Framework tables

* Maintenance Data from Site embedded in
reports

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

1. Executive Summary

Week Week \arince
Actual Target
Energy Production
MWh sold (Elspec) 8,305 6,201 43.6%
Revenue Electricity (ZAR) 10,094,000 7,029376  43.5%
MWh Budget P50 ] 6201 [
MWh Budget P90 ] s2a5 [
Availability and Capacity Factor
Technical Availability 99.3% 97.0% 2.4%
Capacity Factor 67.1% 46.7% 43.6%
Maintenance Schedule
Turbine Scheduled Maintenance [ D
BoP Scheduled Maintenance _—_

Financials

Total Revenue (ZAR) 10,094,000 7,029376  43.56%
Price per MWh 1,134 1,134 0.0%
Site Performance

Turbine Contractual Availability
Curtailment {MWh)
Wind Speed (m/s)

Week - Hourly Generation & Avallability Losses
10000

A -

NV 82-4ub19 [NFRS Bl 19 B6-Jul-18 07-3ul-19

g

Wh

Generation (MWh/ hr)
e 85 & 8 B

Week - Gains and Losses

% of Month Month % of
Variance
Target Actual Target Target
143.6% I 5,043 65,201 45.8% 145.8%
1436% | 10,250,847 7,029,376 45.8% 145.8%
D zas B
ol mae

|

|
] seax 97.0% 2.4%
] ssax 46.7% aszx

100.0% | IR BN 100.0%
100.0% | IR N 100.0%

45.8% 145.8%
1,134 1,134 0.0% 100.0%

|

|
1436% | 10,250,847 7,029,376

100.0% |

|

|

W Budget and Actual W Gain M Loss

Actual

Budget Warlance - Wind  Warance - Enengy  Maiance - Other
Availability
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MS Power Bl — Weekly Reports

Power Bl Asset Operations

* New Weekly Reports take Pl data into
MS Power BI

* Pl ODBC interfaces are used in
conjunction with MS Power Bl Gateway
and MS Power Bl Dataflows

* SQL Data imported into the Weekly
Report data models

* CMMS and Health and Safety data
imported into the Weekly Report data

* Next Steps:

e Use Event Frames to more accurately calculate
Energy/Yield Availability for the Weekly Reports

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

ZA18 - Weekly Report | Data updated 6/22/21

& | [ File v > Export ~ & Share K ChatinTeams [J Comment [ Subscribe ¢ Edit ---
Week Actual Week Target Variance % of Target
MWh Budget P50 8,585 9.272
MWh Budget P90 8.5685 8,762
Availability
Technical Availability 99.09% 97.00% 2.09%
Turbine Availability 99.69% 97.50% 2.19%
Network Availability 100.00% 99.00% 1.00%
Financials
Revenue (ZARm) 9,615,689 10,385,308
Price per MWh 1120.08
Site Performance
Capacity Factor 37.03% 39.99%
Wind Speed (m/s) 7.37
Maintenance Schedule
WTG Maintenance 49.02% 49.43%
Network Maintenance |24 24




Pl DatalLink — B.l. — Faults & Event Analysis

* Energy and revenue availability
monitored to maximise returns in
monthly reports

* Energy Production varies hour by hour
* Variable prices in certain markets

* Many OEMs now offer Energy
Availability as a contractual guarantee

* Pl Event Frames brought into Pl Datalink
to calculate lost energy & revenue Event
by Event

* Allows staff to focus on biggest revenue
losing Assets/Faults

© 2021 AVEVA Group plc and its subsidiaries. All rights reserved.
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Pl Visuals — Pl Vision

* Data Visualisation in Pl Vision, published
externa”y through : - bine Generator Beiar|rngPn1p: Non DS, Noupoort
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Pl Vision — Grid Code Compliance

* High resolution data allowed
Mainstream carry out self testing
prior to Grid Code Compliance in
South Africa —ironing out any issues
before formal testing

* Being able to visualise high resolution
data allows for issues to be easily
spotted. Without this, it is a “needle in
a haystack approach”

 Successful passing of these tests allow
the projects to start collecting early
revenue.

© 2021 AVEVA Group plc and its subsidiaries. All rights reserved.
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Pl Vision — Grid Code Compliance

* High resolution data allowed
Mainstream carry out self
testing prior to Grid Code
Compliance in South Africa —
ironing out any issues before
formal testing

* Reactive Power setpoint taking too
long to meet a challenging setpoint

* Quickly identified the issue as the
Main Power Transformer’s tap changer
settings

* Retested with success

© 2021 AVEVA Group plc and its subsidiaries. All rights reserved.
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Pl Vision — Grid Code Compliance

Reactive Power Control
* Pl allows the full plant to be - | / | x o
. ®5 30. 30.0 100100 ® Siemens SCADA|Reactive Power Setpoint
analysed from different data | TT o304 ;ejI {H} J S
! | | 9 ] P I O Su vsta‘rion eactivePower
sources |l MVAr
e : A w3758 | | | _
. »f " t"h?” W - - 0 136.622 ™ e @ 132kV Trfr 1 Breaker/Voltage Droop
* Substation Tap Changer (red ’ f| v ,.,ak”’*“ - a1
— | hn"’l LA T ’ oy I
arrow) r?' m‘ - B!
_ 4/28/2016 2:25:58 PM il ‘ ‘ ‘ N
* Power Plant Controller setpoint Ll H L
and ION Meter Reactive Power __30.'5?1 sods “*WIEWWW” o L1 [l [~
4/28/2016 1:25:58 PM 4/28/2016 2:25:58 PM
dltage - THD Output Setpoint Output e,
138.78 kV 1.90 % -0.11 MVAr 0 MVAr 3,268 kVAR
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MS PowerShell ISE — Import and Export Data

* Forecasting data available via ftp

* Imported to Pl via MS PowerShell ISE and piconfig

* Wind Farms in Chile and South Africa auto
upload all turbines’ power outputs to
forecasting providers who train their models to
improve accuracy

* Exported using MS PowerShell ISE and Task Scheduler

* Better planning of maintenance reduces energy
lost

* 3 MW turbine off for 12 hours at $60/MWh is PO LN
Sz 000 on a Wlndy day 162017 1:26:02 PM ' MA7R201T 1:26:02 PM
* Minimal revenue lost during maintenance on a
calm day

L}
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MS Power Bl — B.I. Analytics

* “Portal” in MS Power Bl where all component
temperature or pressure sensors can be
examined on a relative basis against other
identical turbines

* Filters can be applied to exclude data during
curtailment, fault times

* Fed by Pl via PI ODBC Driver, and SQL Server DB

* Filters can be applied to exclude data during
curtailment, fault times

X
Report Filters Brake Accumulator Brake Qil Gear Qil Blade A Qil Blade B Qil Blade C Qil Pump Station Inline Filter - Aft 4=

L}
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MS Power Bl — B.I. Analytics

* “Portal” in MS Power Bl where all
component temperature or pressure
sensors can be examined on a relative
basis against other identical turbines

* Filters can be applied to exclude data
during curtailment, fault times RIS

* Fed by PI via PI ODBC Driver, and SQL
Server DB

* Fleet wide Performance Analysis

* Power Curves (Wind Speed v Power
Output)

* Torque Curves
* Blade Pitch angle analysis (left)

e Qutlier points can be analysed in high
resolution (1s) in Pl Vision

© 2021 AVEVA Group plc and its subsidiaries. All rights reserved.
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MS Power Bl — B.I. Analytics

Online Lists

) G Calendar
P SHEQ * S ‘
" NO/I%\
. . . SA )(
Dynamics 365 Finance & Operations .

_
3|

[ J IVIS POWer BI used for PI’ SQL and CM IVIS @ Power Bl Homepage | Data updated 7/28/21 v
. . . = Pages « | [ File ¥ > Export v & Share K ChatinTeams [ Subscribe ¢ Edit - O Resettodefault [] Bookmarks ~ [ View O P %
Data VI S u a I Isat I O ns for O& M Tea m 0 [p— TOp AP & General Global Safety AP & General PPM Development RGC CMMS <
. . . i Viewed Journal Report Dashboard thoill.zerrE:aolnF;?ﬁfcn;tio—n Report l
* Elsewhere, Mainstream use it to display - _ Reports " —E (e
| ) L3 & ‘ H

* SHEQ (Safety, Health, Environmental and - [ ﬂ
Quallty) StatIStlcs Iogged In MS SharepOInt ;J ::::::: Annual Leave D365 Timesheets Budget 2021-H2 Lessons Learnt
m

* Financial reporting and analytics for MS

T o
g

Development Construction 0&M Reporting & Energy Analysis
Reporting Reporting Analytics Group

i

* Development/Permitting progress reporting Reports
from MS Project & Portfolio Manager By Area

* Construction progress reporting from MS
Project & Portfolio Manager

MLT

2
=

* Companywide Risk management from MS
Project & Portfolio Manager

* Timesheets analysis

* Working towards fully unified reporting

* Pl data a central pillar of reporting and
analysis during O&M Phase

L}
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Pl Tools and Complimentary Systems Used

* Asset Framework — Asset Register, Pl Data, MS Sharepoint document hyperlinks, Asset Work Order history
from RGC web portal hyperlinks

* Element Structure easily replicated using Pl Element ID

* Data queried though PI ODBC by MS Power Bl & EAG team
* Pl Interfaces — PI OPC XML DA, PI DNP3, PI SNMP, Pl Ping

* Visuals — Pl Vision and MS Power Bl

* Reporting — Pl Datalink and MS Power BI

* Analysis — Pl Event Frames, Pl DataLink, MS Power BI
* Alerts — Pl Notifications

* Trigger Work Orders in RGC
* Integrate with Email to Voice services for critical faults

* Reference Pl Vision links

L}
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Results and Benefits

* Single Version of the Truth for all Time * Staff can quickly access all data
Series Data, Asset Registers & required with full confidence that it is

v

Maintenance History correct
* Easily accessible data to all . * Minimize time spent before work has
stakeholders value

v

» Streamlined, automated process for * Asset Integrity — ability to see
Reports, Analytics, Work Order problems before they cause material
Creation damage

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



Power Generation

The right data finds the right person at the right time

[

-,
f;z RENEWABLE

Challenge

* Multiple Data Sources
* Dispersed Sites & Staff

* Integration, Long Term
Architecture

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

Solution

e OSlsoft takes in all required
data

e Standardised Reports &
Visuals

* PI AF Analytics and PI
Notifications trigger alerts
and Work Orders

* Scalable, integrated
management system
developed

Benefits

* Single Version of the Truth
for all data, Asset Registers &
Maintenance

* Easily accessible data to all
stakeholders

e Streamlined, automated
process for Reports,
Analytics, Work Order

Creation 'AV EVA



Alan McCarthy

Central Generation Operations and Business Analytics Manager

* Mainstream Renewable Power

* Alan.McCarthy@mainstreamrp.com

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



DZIEKUJE Cl , TAPADH LEIBH KEA LEBOHA
NGIYABONGA w I-u sasenanaa MISAOTRA ANAO E

DANKIE TESEKKUR EDERIM é WHAKAWHETAI KOE = 2
TERIMAKASIH %5 DANKON TANK TAPADH LEAT o5
CNACNBO GRAZIE MATURNUWUN xBanasam MULTUMESC

PAKMET CI3TE n)2e < FAAFETAI
GO RAIBH MAITH AGAT S wsdt GRAZIE lJS-“-’ < ESKERRIK ASKO

snaronapa GRACIAS 3 THANKYOU TEgEll;wéLE%EW

TUBNATOAAPAM L || - EYXAPISTQ GRATIAS TIBI 'S OBRIGADO

TAK DANKE = Atic SALAMAT MAHALO IA ‘OE  TAKK SKALDU HA u: MERCI

RAHMAT MERCI GRAZZI pakkaptr 5Ub\&j:$b\$l’r— ':[ DI OU MES|
HATURNUHUN PAXMAT CATA SIPAS JI WERE TERIMA KASIH DAKUEN

CAM ON BAN Z UA TSAUG RAU KOJ
WAZVIITA : TCT,I%FCOHAPAM

SZONOM

KO

LEMINDERIT

AV=VA



@ linkedin.com/company/aveva
0 @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 headquarteredin Cambridge, UK, with over
6,000 employees at 90 locations in more than 40 countries. For more details visit:
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