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1. Disclaimer

All information and data in this document are strictly confidential and for discussion
purposes only. No advice, representation or guarantee iIs made or given as to the
accuracy, reliability or completeness of the information contained in this document and
no responsibility or liability, howsoever arising, 1s accepted in connection with any such
information.

This report was prepared on the instructions of Demo Client (the “Client”), on the terms
agreed by and between Quintas Analytics ("Quintas”) and the Client in relation to the
guestions raised herein about a specific solar installation and should not be used or
relied upon for any other purpose.

This report 1s provided solely for use by the Client in accordance with the engagement
terms. Quintas accepts no responsibility or liability of any kind to any third party in
connection with this report, and accordingly, any third party choosing to rely upon any of
the contents of this report does so at their own risk.

This document does not constitute legal or investment advice and opinion and should

not be relied upon as such. All information and opinions presented in this report relate to
technical and asset management matters.
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2. Introduction

Demo 01 (the “"Project”) is a 11.52 MWp photovoltaic generation facility located at
United Kingdom and owned by the Client.

Image 01: Project Location
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Project’s coordinates are:

. Latitude: 50.64°
«  Longitude: -1.20°

Quintas Analytics has been appointed by the Client to carry out an Asset Health analysis
at the String Level for the Project. With the aim of acquiring all the data required for the
asset health analysis at the string level, string data from the SCADA system has been
collected for the period Saturday, October 01, 2022 to Monday, October 31, 2022.

The Asset Health analysis at String Level 1s one of the deepest level analyses that can be
done via online remote monitoring thanks to the data obtained from the SCADA. The
Asset Health analysis at String Level improves PV Project and O&M activities by
enhancing the data needed to make critical decisions about maintenance to ensure long-
term plant viability and financial reliability.

A strict analysis of asset health at the string level is essential to intercept faults and
therefore minimise production losses for the PV Project. This analysis iIs also crucial to
understand the impact of the detected defects, find problems that justity warranty
repalirs, and minimise production losses at a level of detail that simple SCADA readings
cannot identify. Thanks to the location of the detected defects at the string level, those
defects can be easily identified and solved onsite by the person in charge of operation
and maintenance activities.
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3. Methodology

Quintas Analytics evaluates string currents against reference values contained in the
datasheets of photovoltaic panels for specific periods of time to assess availability,
deviations, and tendencies for each string current behaviour. This analysis provides a
deep understanding of the string’'s behaviour, the underlying faults, and their location, so
these faults can be communicated to the Client and quickly addressed by the operator,
following recommended remedial actions.

Asset Health analysis at String Level involves reading the string currents monitored in the
SCADA and comparing the real behaviour of the PV panels installed onsite with the
expected behaviour according to the reference values provided by the manutfacturer’s
technical datasheet. This process allows Quintas Analytics to categorise the main
deviations that affect the performance of the Project.

A behavioural analysis of string currents in comparison with reference values allows us to
detect, trace and analyse multiple faults causing detected deviations, such as:

« Disconnection at Inverter level: when the string 1s disconnected due to
downstream issues affecting the related inverter availability and none of the PV panels

connected to the unavailable inverter I1s can produce.

« Disconnection at CB level: when the string Is disconnected due to downstream
Issues affecting the related combiner box availability and none of the PV panels
connected to the unavailable combiner box Is producing.

« Disconnected String: when a string Is disconnected and the PV panels connected
to that string do not produce, reducing the peak power of the Project.

« No communication: when the string i1s not communicating.

« Undercurrent: when the string i1s available, but its current deviation is below 10.0%.
Undercurrent issues typically indicate the existence of hot spots caused by shadows,
dirt, burnt cells, and broken panels, decreasing the current of the entire string. If hot
spot I1ssues caused by dirt or shadows are left unaddressed, this could lead to long-

term cell burn.

« Overcurrent: when the string iIs available, but its current deviation 1s above 2A.
Overcurrent issues are typically indicating that there is a risk of short circuit in the
string. The string Is producing correctly, since the protection and design are prepared
for high irradiation, but the high current could potentially accelerate degradation.
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Quintas Analytics detects deviations and analyses behaviour by reading the string current
variables monitored by the SCADA as represented in Image 02. The reference values are
based on the specific Project design and the PV panels’ technical specifications during
Standard Test Conditions (STC). These reference values continuously change with actual
irradiance conditions. Reference values from the PV panel datasheets are digitised and
adjusted to the actual irradiance conditions to perform the analysis.

Image 02: String Current
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As important as detecting and categorising issues 1s quantitying them to ensure the
Client has an overview of the effect on total production losses. Quantifying defects allows
to make more accurate operational decisions, addressing detected Issues when required.
Defects detected through the Asset Health analysis at String Level are quantified by
estimated production losses based on actual irradiation and affected peak power.

To quickly address the detected defects, we must correctly locate them in the production
tree. We aggregate detected issues at the combiner box and inverter level to ensure the
operator can obtain the best picture of the location of any issues and their impact on the
production tree.

To provide best results, all periods in which irradiance is below 50.0W/m< have been
disregarded. In addition, PV Panel degradation has been taken into account to carry on
this analysis.
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4. The Project

The analysed Project has a total capacity of 11.52 MWp divided into 28 inverters.
There are 2352 strings In total.

Image 03: Main components of the Project

Component Number
A
Client Substation 1
Pyranometer 2
Switchgear /
Transformer /
Inverter 238
CB 168
String 2352

The PV panels installed in this Project were manufactured by Yingli Solar and are model
YL245P-29D.
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5. Asset Health Analysis at String Level
5.1. General State

The results of the Asset Health analysis at the String Level for the period Saturday,
October 01, 2022 to Monday, October 31, 2022 (the "Analysed Period”) show that there
are defects affecting the health of the Project. According to the analysis, availability at
the string level for the Analysed Period i1s 89.7%. The detected impact of unavailability at
the string level on the Project’s capacity i1s 1.2MWp, reducing the Project’s capacity in
10.3%. The estimated production loss due to reduced string availability i1s 121.TMWh.

Strings have been affected by issues at the inverter level for 0.4% of the Periods, with an
estimated production loss of 4 5MWh. Strings have been affected by issues at combiner
box level for 6.0% of the Period, with an estimated production loss of 72.5MWh. For 0.3%
of the Period, strings have been unavailable even it non-affected by issues at inverter or
combiner box level, with an estimated production loss of 3.7MWh. Communication issues
impacted 3.6% of the Period with an estimated production of 34.9MWh.

For the periods when strings have been fully available and unaffected by communication
Issues (89.7% of the periods in total), 0.2% of the Period may have been undercurrent.
Additionally, we identified 0.0% of periods where overcurrent may have impacted the
strings. Quintas Analytics recommends carrying out the remedial action described below
for each defect type.

Image 04: Availabllity at String Level
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Image 05: Avatlaotlity per category and date
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Image 06: Energy losses distribution
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5.1. Detected Deffects

5.2.1. Disconnection at Inverter Level

» Percentage of periods: 0.4%
« Estimated production losses. 4.5MWh

« Description: Quintas Analytics identified 0.4% of periods where strings were
unavailable due to downstream issues affecting inverters. When disconnection occurs
due to downstream issues affecting the related inverter availability, none of the PV
panels connected to the unavailable inverter can produce.

« Remedial actions: Check the root cause of the unavailablility event at the inverter
level.

» Location at inverter level: Image 07 below shows the list of inverters affected by
unavailability issues at the inverter level, including the percentage of unavailability
periods. Image 08 below shows when In the strings in the Analysed Period were
affected by unavailability 1ssues at the inverter level.

Image 07: Unavatlaotlity due to Inverter Issues by Inverter and Date (Top 25)
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5.2.2. Disconnection at CB level

» Percentage of periods: 6.0%
» Estimated production losses: 72.5MWh

» Description: there is a 6.0% of periods unavailable due to downstream issues affecting
the combiner boxes. When disconnection occurs due to downstream issues affecting the
related combiner box availability, none of the PV panels connected to the unavailable
combiner box can produce.

« Remedial actions: check the protections of the affected combiner box.

» Location at inverter level: Image 09 below shows the list of inverters affected by
unavailability 1ssues at the combiner box level, including percentage of unavailability
periods. Image 10 below shows where the strings were aftfected by unavailability issues at
combiner box level during the Analysed Period.

Image 08: Unavailabtlity aue to CB Issues by Inverter and Date (Top 25)
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5.2.3. Disconnected String

» Percentage of periods: 0.3%
« Estimated production losses: 3.7/MWh

» Description: there is a 0.3% of periods where strings were unavailable due to string
disconnection. When a string disconnection occurs, the PV panels connected to that
string do not produce, causing a reduction in peak power for the plant. Causes of string
disconnections could result from burnt fuses, MC4 or insulation issues.

« Remedial actions: verity the affected string current onsite, check the fuses and MC4. It
the fuses or MC4 are broken, they must be replaced.

» Location at inverter level: Image 11 below displays the inverters affected by
unavailability 1ssues at the combiner box level, including the unavailablility period
percentages. Image 12 below shows the unavailability 1ssues at the combiner box level
during the period.
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Image 09: Unavailabllity due to String Issues by Inverter and Date (Top 25)
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524. No Communication

» Percentage of periods: 3.6%
 Estimated Production Losses: 34 9MWh

» Description: Strings did not communicate for 3.6% of periods. When a string Is not
communicating, it iIs impossible to determine its health status.

« Remedial actions: verity SCADA connections on site.

e Location at inverter level: Image 13 below shows the list of inverters affected by
communication issues at the string level, including the percentage of non-
communication periods. Image 14 below shows when strings were not communicating
during the Analysed Period.

Image 10: % of Periods affected by Communication issues by Inverter and Date (Top 25)
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5.2.5.  Available Strings

There 1s a 89.7% of periods where strings were fully available with no disconnections at
Inverter, combiner box, or string level. For these periods, the strings were producing
and communicating, but the actual current behaviour compared with the expected
behaviour can indicate different issues affecting an asset's health, such as hot spots,
shadows, or risk of accelerated degradation.

Overcurrent Issues

» Percentage of Periods: 0.0%

o Description: There i1s an 0.0% of periods where strings were affected by
overcurrent. During these periods, the strings continue to produce, but the current
deviation Is above 1.5A. When the string current is higher than the expected current
(according to the manufacturer's technical sheet), there Is a risk of a short circuit In
the string. The string can continue to produce as its design allows for high irradiation,
but this high current could accelerate degradation.

« Remedial actions: check the resistance of the cables and photovoltaic panels of
the affected strings at the plant to avoid future issues due to an overcurrent.

» Location at inverter level: Image 16 below shows the list of inverters affected by
hot spot Issues at the string level.

Image 11: % of Periods affected by Overcurrent issues by Inverter and Day (Top 25)
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Undercurrent Issues

» Percentage of Periods: 0.2%

« Description: there is a 0.2% of periods where the strings current deviation
remained below 10.0%. During these periods, the string is producing, but current
deviation is below 10.0%. This behaviour typically indicates the existence of hot spots,
Issues caused by shadows, dirt, burnt cells, or broken panels, decreasing the current of
the entire string. If hot spot issues caused by dirt or shadows are not addressed In
time, this could lead to long-term cell burn. According to estimations, the effect of a
hot spot could reduce the power of the corresponding string by up to 10%.

« Remedial actions: Check the surface of the affected photovoltaic panels for visible
defects such as shadows, dirt, or cracks. If there are shadows are evident, any
vegetation that may be causing the obstructions must be managed. If dirt Is present
on the photovoltaic panels, it is necessary to clean the surfaces as soon as possible.
Any photovoltaic panels with cracks should be replaced.

o If there i1s no evidence of shadows, dirt, or breakage issues, hot spot issues may be
due to manufacturing defects. In this case, the Client may consider performing a
thermal inspection and initiating a warranty claim against the PV panel manutacturer.

» Location at inverter level: Image 15 below shows the list of inverters affected by
Undercurrent issues at string level.

Image 12: % of Periods affected by Undercurrent issues by Inverter and Day (Top 25)
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5.3. Detected Deffects Evolution

The below chart shows the monthly evolution of strings availability, classified by the
percentage of periods when strings are unavailable due to disconnections at the
iInverter, CB, and string level and when no communication is available. This chart
Intends to provide an overview of how responsive the operator is on reconnecting
Inverters, combiner boxes and strings.

Image 13: Detected Deffects Evolution
® Available ©® CB Issue ®Inverter Issue = No Communication ® String Disconnected
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The below chart shows the monthly evolution of string availability, classifying available
strings by the percentage of periods affected by undercurrent or overcurrent issues.
This chart provides an overview of how responsive the operator is regarding
undercurrent and overcurrent issues affecting photovoltaic panels onsite.

Image 14: Disconnected Strings, Overcurrent and Undercurrent Issues Evolution
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Annex - Inverter 1

Avatlaotlity per category and date
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Avatlaotlity per category and date
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Avatlaotlity per category and date
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Avatlaotlity per category and date
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string 20-1-16 (115)-06 || | NI 0.0%
string 20-1-16 (115)-07 [ | I N I e 0.0%
string 20-1-16 (115)-08 [ | N N e e 0.0%
string 20-1-16 (115)-09 [ NN N e 0.0%
string 20-1-16 (115)-10 [ | N N e 0.0%
string 20-1-16 (115)-11 [ | N e eEeE  0.0%
string 20-1-16 (115)-12 [ | N e e 0.0%
string 20-1-16 (115)-13 [ | N I e e 0.0%
string 20-1-16 (115)-14 [ | N I e e 0.0%
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@ CuintasAnalytics

SEVILLE

Av. Republica Argentina,
25, Plta 4, Maod 2,
41011

+34 954 324 365

POWER IN DATA

LONDON

8th Floor

3 Harbour Exchange
Square

Canary Whartf,-
London E14 9GE

+44 (0) 207 673 9833

SAN FRANCISCO

50 California Street,
Suite 1500,

+1 415 799 /339

ROME

Via Sallustiana,
15, 00187

+39 06 8967048/

BRISBANE

Level 1, 1024 Ann

Street, Fortitude
Valley, QLD,

4006
Australia

+61 731 030 393

CORK

Heron House
Blackpool Park
Blackpool, Cork
Ireland



