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RENEWABLES OVERVIEW

For more than four decades,
we have been innovating to
protect and optimize the
world's energy infrastructures.

We empower our customers with the insights
to make strategic decisions that are crucia,
for protecting assets and networks, drivingj' a

resilient, flexible and sustainable future. ||
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Empowering global
energy infrastructure...
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Benefits
of Camlin
Energy’s
solutions

OVERVIEW
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camlin energy

Transformer Circuit Breaker Overhead Low Voltage Generator In-Building
Monitoring Monitoring Lines Networks Monitoring Power
Including EHV and HV Fault Location & Fault Location & Networks
Transformer, Bushing & LTC Management, LV & HV Management, LV Network o .
Monitoring Overhoad Notworl: Monitoring & Management Rising & Lateral Mains
Monitoring & Management Large Commercial
and Industrial
Faults, Network
resilience, Opex v v v v v v
reductions and Safety
Capacity: Capacity & v 7 v o
Network Planning
Asset: Asset Health &
v v v v v v

Investment Support
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Why transformer monitoring?

In many projects this
transformer is often a
single point through which
all the generation from the
project passes through

Although these assets should have lifetimes that
exceed the life of the project, they can and do fail,
resulting in immediate loss of generation from
the wind or solar project.
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@ camlin energy

A transformer failure could
cost $75m in lost revenues

Example revenue loss if undetected issue leads to

catastrophic failure and replacement transformer

Project size 250 MW
Average loading rate 35%
Electricity price $50 per MWh
Transformer replacement lead time 24 months
Revenue loss over lead time $75.6m

Other costs and losses can include:

« Contractual penalties for failure to supply

 Cost of repair or replacement of the failed transformer
 Additional insurance costs

 Safety impacts
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Benefits of monitoring

Risk
Management

Visibility of developing issues in transformer
Real-time view of health across fleet

Increase asset
availability

* Reduce unplanned outages and downtime

* Increased availability

* Long-term reliability (life
extension/repowering)

Condition based
maintenance

Transition to condition-based maintenance
Predictive Insights to support for long term
scenario planning —suggested actions!

Avoid unnecessary interventions and costs

Protect your
People

Improve safety and protect against loss of life —
bushing failures often cause fire or explode
Minimise time spent on site

Minimize public exposure and environmental
risks

. camilin energy

Financial
security

» Mitigate financial and operational
risks from loss of service

* Insurance cost reduction

* Informed investment decisions

Operational
Efficiency

* Reduced & optimized O&M costs

» Reduce need for manual testing

* Independence from OEM

* Manage for loss of expertise and knowledge
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Complete
transformer

TOTUS
- - The monitoring Installation &
't system: range of servicing
l I l O n I O rl n g options to choose Install and
from to balance

maintenance of your

budget and risk monitoring system

solutions,
from install to
expert insights

Asset Insights Expert support
Software Specialist
Delivers predictive transformer

analytics and
prescriptive actions

experts available
to support
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Monitoring partnership

Define
monitoring
strategy

*  Our customer success consultants can work closely with your key

Realise stakeholders to support the development of your monitoring strategy

value & Determine
refine transformers .\
monitoring to monitor |\« Our transformer experts can review the health of transformer fleet from

'| available offline data. With knowledge of the criticality of each
'| transformer, the monitoring program can be defined.

program

+ TOTUS is a modular monitoring system, configured to maximize
| monitoring of each transformer within available budget. We, managing
|' delivery and installation of your monitoring project.

Install
monitoring
systems

Data-driven
maintenance

: [+ Asset Insights software provides actionable insights using TOTUS and
actions

other data to determine condition index, identify failure mode and
recommend the maintenance action. Our transformer experts can
support with condition assessment reports, and alarms can come
directly into our Sapient centre for immediate review.

Gain
insights to
health & risk

across fleet » Our customer success consultants can review the implementation of
monitoring program, ensuring systems and process are optimized and

all stakeholders are receiving expected value from monitoring project.
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| | @ camlin energy

Background:

« Customer’s asset management strategy was updated to
require monitoring following unexpected transformer failure
and significant revenue lost. |

Customer requirements: |

« With limited internal resource, they required a partner who
could fully manage and run the monitoring program.

Camlin Energy engaged to: |
* Deploy TOTUS systems on all critical transformers \

* Integrate with Camlin Energy’s Sapient centre for |mmed|ate
expert response following any alarms

* Provide transformer and fleet condition assessment reports

* Access to live view of transformer health and maintenance
actions through asset insights software

* Be available to support with expert support as needed

* Review customer systems and processes to ensure
monitoring program is a success
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Annex 1:
TOTUS



~ TOTUS v\ /01 Sh—
8 monitoring of transformer failures are due o . #/‘)

| to failings in the Bushi | .
capabilities o failings in the Bushings, BUSHING Py 3
Windings and OLTCs. e e e

i
4 T ¥ .
25, g i
N e O

TOTUS Transformer Monitoring

. . . TAP CHANGER
A comprehensive solution designed e

for the real-time monitoring and
management of power
transformers.

TOTUS combines sensor technology
and integrated analytics to
maximise reliability, and longevity
of transformers

TRANSFORMER
MAIN TANK




Main Tank

Partial Discharges

Through Faults

Cooling System

Models

Others

9 Gas + moisture in oil

5 Gas + moisture in oil
Hydrogen + moisture in oil

Active PDs
Arcing Events

Event Count
Cumulative effect

Pump/Fan absorption
Cooling Status
Temperatures

Hot Spots Bubbling
Ageing / Remaining Life Dynamic Loading
Moisture in paper Oil Breakdown Voltage

Geomagnetic Induced Currents (GIC)

Direct winding temperatures with fiber optics
Analog and Digital Inputs

Integration of any third party monitor/system



Bushings

© camiin

Partial Discharges

Leakage currents

Capacitance/Tandelta (PF)

Others

Active PDs
Arcing Events

Amplitude and phase angle
Polar Plot / Sum of current

Tandelta/PF variations
C1 variations
C2 variations

Temperature
Load
Humidity



Hol
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Input/output
Temperature
Models

Embedded
Server
Embedded
Modem

PD
Bushing
TFC

TOTUS Transformer Total Monitoring System

Example system (9-gas
with partial discharge and
bushing monitoring)

? gas DGA

[EC61850
MODBUS
DNP3
HTTPS
RELAYS




Example installation layout

Top
Oil
Temp.

5 | GSM/GPS
° *T1 Qil
I
Supply 1.5m
Standard
"] —
) 0.5m
*T1 Ol Standard
Return
O—= Supply
Return
1
- Ground
Transformer

Mains
PWR

Customer
Network
Connection

Load
CT

Site Power
Cabinet

Control
Building

@ camilin






DGA

PhotoAcoustic
No consumables
Oxygen included
Accurate

Field Proven

Ester Oil
compatible

Technology PAS

Gases H2, CO, CH4, C2H2, C2H4,
C2H6, 02, N2 ,CO2

Moisture in oil YES

No consumables YES

Analysis Tool/Parameters

TCG (Total Combustible Gas)

IEEE C57.104 2018

IEC 60599

TOTUS

TDCG (Total Dissolved Combustible gas)

R

Key Gas Method

Doenenburg Ratios

Roger Ratios

Basic Gas Ratios

Duval Triangle

Duval Pentagon

C02/CO Ratio

02/N2 Ratio

C2H2/H2 ratio

SR

NEI index

N R R R NI
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Web Based

R S —— =)
(€ TOTUSPRO AccessPortal  x | (& Overal Satus | TST002-000... x | 4
D@ hitps//1002-000006.cammlin totuspro.com, o w Ba ¥ A =
{& Camlin Technologies # Electric Energy Online & TOTUS | | onedrive | | Confluence MM Benvenuto | FlyingBlu.. @ FortiGate - FWCL () Epoch Converter . 4 ilResto el Carlino - N.. »

2-0000 e Y Th, Mas csT I

(& CAMLIN Overall Status

System Status Overall Status

® 2 e
® / ormertoss 154

Ambient Temperature 10.2°C

| @ o Ambient Humidity 46,6 %

Pri [HV]
Cap 0.55%

Active Alarms TanD 0.28 %

PD  0.0pp:

No active alarms

“Transformer Condition Group [partil Dscharges (€ TOTUSPROAccess Portal % | (& Dashboard | TSTO02-00000.. x| 4
I — [ inor 2: €) ® @ _ hitps//tst002-000006.camlin.totuspro.com/#dashboard/ dga-diagnostics w  C Search =) + A =
i Hydrogen (K Camiin Technologies #  Electric Energy Online &€ TOTUS | | onedrive | | Confluence WM Benvenuto | FlyingBlu.. @ FortiGate - FWCL (5) Epoch Converter- Uni. 4 il Resto del Carlino - M. »
Methane ‘ ‘ % M Thu, Mar 9, 2017
Top Oil Temperature 7.6 C R
BM Messages Effiane tic CAMLIN Dashboard oards - 4 Alarms g Settings -

Ethylene L.1ppm

Capacitance Learning Period Acetylene 0.1ppm. LTC Differential 0.0 °C
Completed 22|

Carbon Monoxide 8.2 ppm

E» = = v«

Tandelta Learning Period Completed Carbon Dioxide  1397.4 ppm

Bottom Oil Temperature 4.6 R €BR D 02/ N2: 0.000 C2H2 / H2: 0.038

Water

Gas Ratios 3D A Duval's Triangle P

(L TOTUSPRO Access Portal x/\"Q, PD Triangle | BPO01-00002... % ‘\+

€)® @ hips//in camlin totuspro.com/#dash-pd-triangle 0% Ha 9+ @

cauz/C2H4

A& Camiin Technologies % Electric Energy Online (& TOTUS | | onedrive | | Confluence MM Benvenuto | FlyingBlu... @ FortiGate - FWCL (%) Epoch Converter - Uni.. # il Resto del Carlino - N
0 rtinettoTh

& cAMLIN PD Triangle

W o

caHz

Moderste amplitude with moderata repetition rat
c2us/c2n6 Intensive smplitude with smll repetition rate.
BBl raris discnarges

BB ©aci cischaraes Small amplitude with intensive repetition rste

9

Discharges of law energy HAY Moderste amplitude with small repetiion rste
DI Dscharges of lors snergy
02 Discharges of nigh snergy

M3 Small amplitude with moderate repsfition rate
D2 Dicharges of high eneray

A minimat event

H0'| 1o meaningtut svent




PD

HW Reliable

No false Alarms

Identifies Arcing

Easy Embedded
Interpretation

PD Triangle identifies the Winding and Phase

- Intensive amplitude with intensive repetition rate
- Intensive amplitude with moderate repetition rate
- Moderate amplitude with intensive repetition rate
- Moderate amplitude with moderate repetition rate
- Intensive amplitude with small repetition rate
- Small amplitude with intensive repetition rate

H4 | Moderate amplitude with small repetition rate

H3 | Small amplitude with moderate repetition rate

- Small amplitude with small repetition rate

PD Intensity evaluated every hour

Reliable connection to the
bushing >> 2000 installations

Technical details

24/7 continuous monitoring

- Hourly PRPD Pattern

- Simultaneous acquisitions

- Automatic denoising

- Automatic cross coupling rejection
- 30 Vpp scale with 2 mV resolution
- IEC60270 compliant

21



ADAPTORS

2000+
installations

Stress life test in
extreme
conditions

Reliable and safe

Allows offline
test without
complete
removal

Manufactured in
Camlin

Technical details

IP 67
No plastic exposed to sunlight
No need to remove the head to do

offline test

Visual check of good connection




ARCING

It identifies
The winding
The phase
The exact
moment of the
event

The arcing
nature/cause

DGA Trends T | A of e 57 50 log AewviE B/ X
25.07
Bl Fyorogen  [169.7182.2) ppm
T 200
g - — Methane [26.331.0] ppm
= 150
g [ Ethane [23.029.0] ppm
< 1004 _
E - - Ar"-—/“_ | | Ethylene [9.4+13.6] ppm
' .—-—-—-—-’—J_ . Acetylene [2.3-11.1] ppm
‘}D T T T T T T 1
Tue25 Thu27 Sat29 July Wed03 Fri05 Jul07 Tue09 Thu1l Sat13 Mon 15 Carbon_.. [1091.9-1127.3] ppm

PD Repetition Rate Trends

I A pfe= % 20 log Aesvim @ X

150 - || overal 1 [0-953] pps
Gating 1 [0=27] pps
. 100
% . High Energy Even... [0++134] pps
50 J Overall 2 [140+-815] pps
J Gating 2 [0+0] pps
[] T T T T T T T |
Tue25 Thu27 Sat29  July Wed03 Fri05  Jul7  Tue09 Thull Sat13 Mon 15 J High Energy Event 2 [0—0] pps
PRPD [V] M B 1h 24h Reset - yrﬁed Scale = [ X . .
Technical details
30.00 H1 0.20
mood ) .. . [Jm  ox
00 gy et ey e oo - 24/7 continuous monitoring
15,00k Fiote Ay [ X 0.03
10.00 e 003 _
s s o Hourly PRPD Pattern
£ 000 . s mgs
B oo B - - Simultaneous acquisitions
-10.00 O _ca 0.00 : ici
- Automatic denoising
-20.00 <%
- Automatic cross coupling rejection
-30.00
20 40 60 80 100 120 140Ph1:soe;'e‘3;;::glzzo 240 260 ;..«1(.2(\;. 360 _ 30 Vpp Scale W|th 2 mV reSOIUt|On
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PD in winding stress ring in 63 MVA transformer

Primsary
Miinvor
HD,H1.H2 [36] u
Mediurm
H3, H4 H5 HG [%] 1 nn . .
Severe 0 . PD. Pattern provided vv_|thout
H7 H& H3 H10 [3] noise and cross-coupling,
HE; 0 automatically every hour
_ﬁ"l LA

« TOTUS indicates 100% presence of Medium PD
« PD Triangle identifies phase U as the source

DETECTED BY COMBINATION OF PD AND DGA, CONFIRMED BY VISUAL INSPECTION

@ camilin 24
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@ camlin energy
Case study example: OIP Bushing

Transformer saved as Camlin’s online bushing monitoring system detected the
developing fault before it led to catastrophic failure

Data charts from monitoring solution:

Custom Trends I A uf = A Heva [ x
| Details:

2 60 [ Hion Energy .. [0.00,2.00) X

' Short-lived high-energy event that would ase A ... [0.00,1/ . .

240 ° & e « Bushing type: Oil Impregnated Paper

2201 | not have been detected without a

201 | onitoring system * Bushing age: installed 1990

1.20

160 . Camlin solution identified that this could be due to
£ EE arcing between layers. This was verified through

1,00 \ testing and bushing immediately replaced. The

0.80 . . -

0604 Sudden capacitance increase of ~1.6%. Sizifel e Mmsighles Wrere 2y - e sl

040 Not significant on its own. capacitance increase would normally be

020 dismissed as unimportant. However, this fault

0.00 T T T T

Fri 20 Feb 21 Sun 22 Mon 23 Tue 24 Wed 25 Thu 26 WOUld have become CataStrOphiC.
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Annex 2:
Asset Insights



)))) Sapient | Asset Insights

Dashboard

(f) SAI Alpha BM - Dashboard - Sapient Insights e a — [m] X
Saplent 1S Bushmills = 2, Russell Admin
= Asset Explorer X (@ TX GTX2at Acacia Avenue X [l Map X & Dashboard X
fle v | Transformer Gverview Configurable Dashboards provide an interactive

visual appreciation of the condition of your
+ O <
L 7 @ asset fleet
3 Overall Condition Condition by OEM
W Favorites
v @ Global M short Term Risk 10 M short Term Risk M short Term Risk
oba W Medium Term Risk I W Medium Term Risk M Medium Term Risk
@ BRE . Long Term Risk 8 Long Term Risk Long Term Risk
eet OQverview M Normal for Service M Normal for Service M Normal for Service
e M Good a B Cood B Good
@ -
Overview
4

Circuit Breaker

o 2 I I II I
> 2 Personal 0 - .. . .

© A A8 e s, o, S, 6
G5 "85, 5/ Storm, 3y {’;z:@ *::,, g ;‘Z% Sty %% bfs./, %,,,, fo%%%
b os @“'ﬁc. E“'é/@s ey,
s,
Ton,
o,
"h@%
Transformer OEM Fleet Condition by Year of Manufacturing
W ARl 3 W Short Term Risk
ABB Nitran M Medium Term Risk
n - “ Long Term Risk
W Savigliano M Normal for Service
English Electric B Good
M Brush 3
W Alstom
W vorkshire Electrical Transformers
W Bruce Peebles 2
W verbano
B Bonarlong 1
W Parsons Peebles
WM Cetra
M Ferranti o o o T oo o . o e e o o ot e
B Tamini FEFEE e rErs eSS 9 s g gyt
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GIS View

(f) SAl Alpha BM - Map - Sapient Insights
Sapient ights sushmins =

= Asset Explorer X (D TX GTX2 at Acacia Avenue X (Il Map X

File v

o

= le. Abk +

‘ !\mck Cushendun
m
. o Adds
Binevenagh [ 22]
237
Cushendall
425 ]
Spilymoney [ -
Loughguile
{257
Lire ¥

AL3

A Map offers spatial awareness,

and an appreciation of asset health
at your sites

Broughshane

Ballymena
B&0

Ahoghill
Maghera —

E-3

Glenarm

@ Mapbox © OpenStreetMap Improve this map

> Dunloy

© Details

Type
Location
Condition

Tags

(2} Worst Asset

GTX4-replaced

Company
Condition
Last Measurement

Type

@ Assets

g - - O X

= 2 Russell Admin

Site

Acacia Avenue

Grid supply Point

Bushmills Electricity South

20M-Dec-01

Transformer
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2N

Asset Explorer

(:) SAl Alpha BM - Asset Explorer - Sapient Insights

1S Bushmills

Sapient
= Asset Explorer X (D TX GTX2at Acacia Avenue X (I Map X

File v  Actions v Help v

o+ D2 W 4 Company Y Location v

W Favorites

Bushmills Electricity South Acacia Avenue

~ @ Global

Bushmills Electricity North

Sequoia Street
@ All Assets

Circuit Breaker Acacia Avenue

Fleet
@ FIEsLeR=TS Bushmills Electricity Transmission Daisy Drive
© Sites Bushmills Electricity South Grove Avenue

® Transformer Fleet ) o
Bushmills Electricity South

v 9 Personal

Hickory Lane

Bushmills Electricity South Elm Street

® Daisy Drive

Bushmills Electricity North Juniper Road

@ Getra

Bushmills Electricity South Hickery Lane

Bushmills Electricity South Beech Street

Bushmills Electricity North Juniper Road

The Asset Explorer enables you to
create different filtered views of
your assets

gwood Drive

uoia Street

Palm Boulevard

Bushmills Electricity Transmission

Wind Place

Bushmills Electricity Generation

[0 showon Map () Asset Details (3 Add to Dashboard

1D

GTX4-replaced

GTX1

GTX2

GTX2

GTX1

GTX2

GTX2

CTX4

GTX2

GsuU1

ﬁ-\' Clear Q Se

Condition |7 ) 77

.,))

w  Transformer Fleet : 67 of 220

Condition Index |7 @ 7

555

- e R e e + e
= = il o o o py
[~ ™ = ™ ]

S
=

Manufacturer ATi Year of Manufacture 7/
Verbano 1986
Getra 2003

Condition index
automatically

computed taking in
account all available
data sources

ABB Nitran 1993
Parsons Peebles 1960
Bonar Long 1970
ABB 1993
Bonar Long 1978
Getra 1998
ABB 1296
Getra 2015

a & «~ - o

X

= 2 Russell Admin

Last Measurement 7/ Tags 7/
2071-Dec-01 00:00

2022-May-0100:00

2022-Apr-01 00:00

2022-Jul-01 00:00

2023-Dec-0100:00

2023-Dec-0100:00

2023-Dec-0100:00

2023-Dec-0100:00

2023-Dec-0100:00

2023-Dec-0100:00

2023-Dec-0100:00

2023-Dec-0100:00

2022-May-0100:00

2022-Apr-01 00:00

2022-Dec-0100:00

Di
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55




)))) Sapient | Asset Insights

Transformer Details

Sapient
Asset Explorer % Dashboard X Map X TXGTX at Coleraine X

File ~ (I Show on Map (LAYl Historical Data W ¢ r o» Q|2

(n] Company Location
GTx1 Bushmills Electricity North Coleraine

Condition Asset Information

Select View
Summary 2004

Condition Index Failure Modes

Arcing failure in the main tank

Corrosive gil in the main tank

2006

Confidence

High

Medium

Condition Indesx Latest Condition
512

2018 2020

Maintenance Actions

Action

Request expert diagnaosis

Type
\ Run internal inspection on the transformer

Test ail corrosivity

2, Andrew Hodgson

Detailed view showing condition
Latest U index for each component
Failure Modes & Prescriptive Actions

Based on Camlin expertise
Customizable insights
Automated & data driven

Component

Main tank

Main tank

Main tank

1
2022 2023-Diec-01

Urgency

High: as soon as possible

High: as soon as possible

Low: add to next scheduled maintenance
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Transformer DGA

Sapient . : A Andrew Hodgson

Asset Explorer % Dashboard ®  Map X TXGTX1atColeraine X

File ~ [ Show on Map

)
p
®
-=--
b

i

Select View ]
Active Part: DGA 2004 2016 20e 2020 2020-5ep-17 2022

Gases ppm ppmyfyear (Short) ppm/year (Long) Methods m o c oT m Mo Diagnosis

Hydrogen Dornenburg Normal

Partial discharges
Methane Rogers artial disehargs
Stray gassing of mineral oil, t =200 °C
Ethane

22
: ]
45 |EC Ratios -
T Thermal fault, t < 300 °C
Ethylene . Duval T1 -

0 Overheating
Acetylene Duval T4 Hot spots with carbonization of paper, t = 300 °C
Carbon Monoxid 386 Duval TS Thermal fault, 300 °C = t = 700 °C
Carbon DijgMde 1702 Duval P1 - Thermal fault, t = 700 °C
Ol Duval B2 DT | Combination of discharges and thermal fault
Discharges of high ener:
Nitrogen 55864 Key Gas g g o
Discharges of low energy
ETRA Ratios -
2020-Sep-17

Cell coloured according to IEEE CO2/CO Ratio

condition index

Measurement Date

Laboratory Name
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Transformer Models

Sapl'ent J hts pemo = = 2 Federico Sassi

Asset Explorer X Map X Dashboard X  TXTXlatBallymoneyE X

File v [ ShowonMap | LastMonth [E] ical Data [EECSNE SEEP IS © S LIV x

Select View
Active Part: Models e Sep 2022 Nov 2022 Jan 2023 Mar 2023 May 2023 mzzrljunrm Jul 2023 Sep 2023

Operation parameters Min Avg Max Max Hot Spot Max Load Ageing Speed

Ambient Temperature (°C) ne 217 349 ]O -

Top Qil Temperature (°C) 16.4 315 44.8 o -

APPRIENE PONET Y (MVA) e 2.0 % ‘ ' Advanced Analytics models
Apparent Power LV [MVA) 0 02 05 N 0 0.0000 p.u. describing the status of the
Hoparent Pouer TV VA e transformer, applying industry-
Load HV (%) 0.2 11 2] Bubbling Margin Moisture In Paper Remaining life Standard and Camlin proprietary
e o models to identify transformer
Load TV (%) .

winding Max Hot Spots HV (°C) 23] 321 449 be h aviou

Winding Max Hot Spots LV (°C) 231 321 449

Winding Max Hot Spots TV (°C) 70°C

Top Bottomn Main Insulation Top Bottomn
windings
HV v ™v HV Lv ™v Qil Water Relative Saturation avg (%) 16.8 207

Qil Water Relative Saturation avg (%) 6.7 167 206 206 Qil Water Relative Saturation max (%) 202 253

Qil Water Relative Saturation max (%) 201 201 251 251 Water in Pressboard avg (%) 53 .

Water in Paper avg (%) b4 4.4 55 55 Water in Pressboard max (%) 55 .

Water in Paper max (%) 4.8 4.8 61 61 Qil Break Down Voltage avg (kV) 40.4 396

Bubbling Temperature min (°C) 108.9 108.9 104.5 104.5 Qil Break Down Voltage min (kV) 41 405

Paper ageing speed (p.u.) 0.0036 0.0036 0.0023 0.0023 Pressboard Ageing Speed avg (p.u.) 0.0039 0.0025

Paper accumulated ageing (hours) Pressboard Ageing (hours) 0.5 0.5

Paper actual age (years) Total Accumulated Ageing (years)
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Annex 3:
Expert Services



Transformer Supervision Package (with Annual
assessment)
CA-2 Annual Condition Assessment w/ alarm review °
Tra nSfO rmer CA-6 Emergency report within 24 hour (if required) °
Su pervision CA-5 Event Analysis (if required) o
PaCkage Other support as required J
Summary:

The initial diagnostic assessment benchmarks the health of the
transformer at the time of installing the monitoring system. It is
included with the monitoring system.

Following this, the DGA alarm thresholds are optimized (annually)
and a detailed annual condition assessment performed.

Should there be a transformer alarm or trip, our team will support
with a rapid emergency report and a deeper analysis into the cause
of the event. Other expert support as required is included.

These services are described in more detail on the following pages.
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CA-2
Annual
Diagnosis

Data Required:

Mandatory

+ CA-1report

*  Recent DGA

*  Recent Oil quality

Recommended

* Online data

*  Any other recent report
available

© camiin

PURPOSE

RESULT

DELIVERY

Periodic assessment carried out every year, after the initial report (CA-1) is issued. It will update
the initial calculated condition by adding recent DGA, oil quality and online monitors (if any)
data. If electrical test and maintenance is necessary during the year a new CA-1 report will be
needed.

Diagnostic Report in English Language, in pdf format (Translation to be quoted separately for
Option 1).

2 working weeks after the submittal of the mandatory data set per each transformer
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CA-6
Emergency
Report

Data Required:

Mandatory
*  Nameplate

*  Online data
Event description

Recommended

Historical DGA

Historical Oil quality
Historical electrical test
results

Any other available report

© camiin

PURPOSE

RESULT

LEAD TIME

Identification of potential transformer issues upon alarm notification or customer concerns.

Historical condition index is not included.

Diagnostic Report in English Language, in pdf format. It includes diagnostic assessment and

recommended actions.

24 hours from order receipt and submittal of mandatory data (only for reports in English)

Utility UUU

Dacument Classification:  [COMFIOENTIAL
Document Ref: ER-0000-2021-0000
Dated: a0 January 2022
Dacument Author: Transiormer Expert

i
. camlinenergy oo et S0

[eonenenTIaL]

Parameter

Comment

Transformer

3000 XK, 5/N KI00K, XXX MVA, 345kV:22.8kV

Event

I itoring for capa ination factor and parizl discharge
was requested by the XXX for the XXX 2 generator step-up transformer
3t YHERRKKKK during a unit start-up. The transformer is 2 XXX MVA
Manitoring during the umit ssar-up was planned folowing @ surge
srrester flazhover incident, which occurrad on B and C phazes connected
2t the transformer HV winding,

On EYEEHK, 44 bagan the load up on the XXX 2 wansformar at
spproximately XXX 2m. Czmlin Energy provided sralyss on archiva
files downloaded fram the unit XXX by XXXX. The first data paint from
the online monitor was obtained around XYY, with loading at
approximately XXX MW. The highest loading during monitoring was XXX
MW, on $58%%

The bushing monitoring, Capacitance and Dissipation Factor values were
stable throughout the monitoring period.

Partiz| discharge dats registered az having no mesningful events, and
there were na high energy discharges recorded during the monitoring
=szssion, The discharge activity was low in hoth magnitude and repetition
rate. Thersfore, partial discharges throughout the monitoring period are
considered not to ba of 2ny concern.

Mo meaningful correlations with observed in the BM data
during unit load-up. Capacitance/Dissipation Factor, and partial
discharges appear stable 2t both high and low loading.

Short Term
Actions

Mo immadiate actions necessary.

Planned
Actions

¥¥UFL may consider periodic review of online manitoring dats, and
implementstion of any alarm points, if desired,




-

PURPOSE Identification of potential transformer issues upon alarm notification or customer concerns.

RESULT Diagnostic Report in English Language, in pdf format (Translation to be quoted separately for

CA_5 Option 1).

Event Analysis
LEAD TIME 2 weeks from order receipt and submittal of mandatory data.

Pchwiy T11 09 - Evace Racirt
o

OE-J043-3021-0001.

Data Required:

Parameter | Commen t

Mandatory
Nameplate

Historical DGA
Historical Oil quality

Transformer | Midway T11

Event H2 High alarm

The alarm is caused by genuine gas increase after oil degassing in Mid |
2018,
The H2 wes asbout 60 ppm before degassing and then after the

O n I i n e d ata St concentration reset to nesr zero it sterted steadily increase.
. . There are no signs of imminent danger to the transformer reliability, but
Event descr'pt'on source of H2 to be clarified.
Short Term | Change of DEA alarm settings (is planned to be done with ail the

Actions ENW monitored fleet).

Actions required from ENW: steady H2 level is high,
To investigate resson:

Recommended

Planned
Ackions 1) test oil for stray gassing

2) if oil is not stray gessing with H2 - investigate possible discharges
activity < install Totus PD monitorfmodule

Historical electrical test
results
Historical maintenance
reports

Fig 1. DGA trends,

Customer: XXX

{
EEEEEEEE

Documant Classification:  [2
Document Ref:
Datad:

Document Author:

© comiin
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