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Abbreviations

AC Altarnating Current

APPC Average Power Purchase Cost

CdTe Cadmium Talluride

CEA Ceniral Electncity Authority

CERC Central Electricity Regulatory Commission
CIGS Cadmium Indium Gallium Selenida

Cr Crore (10 Million)

oc Dwregt Current

DISCOM Distribution Company ]
DSCR Debt Service Coverage Ratio
EPC Engingering, Procurement and Construction
RPO Renewable Purchase Obligation

GDP Gross Domestic Product

GFDI Ground Fault Detection improvement

GW Giga Watt.

HY High Veoltage

IRR Internal Rate of Return

IGBT Insulated Gate Bipolar Transistor

15 Indian Standard

JNNSM Jawaharlal Nehru National Solar Mission

KM Kilometre

kY Kifo Valt

KW Kilo Watt

KWh Kile \Watt Hour

KWp Kilo Wat Peak

LGBR Load Generation Balance Report o
MNRE Ministry of New and Renewable Energy
MOSFET | Metal-owide-semiconductor fieid-effect transistor
MPFT Maxirnum Powar Point Tracking

ML Million Units

MY Medium Voltage

MW Mega Watt

MWp Mega Watt Peak

NASA National Asronaltics and Space Administration
D&M Operation & Maintenance

ONAN Oil Matural Air Natural
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PCU Power Conditioning Unit
PPA Power Purchase Agreement
PV Phatavoltaic

'RE Renewable Energy
REC Renewable Energy Cerlificate
RES Renewabie Energy Sources
RPPO Renawable Power Purchase Obligations
RFO Renewable Purchase Oblgation
RFS Renewable Purchase Specification
SEB State Electricity Board
Si Silican
SRV Salar Phatovoliaic
Wp Walt Peak
FRP Fiber Reinforced Plastc
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1.0 Solar Rasourcs Assessmeant

1.1 Solar Resource Assessment
1.1.1 Resource Agsessment
The important mateorclogical parameters in the design of a solar PV power plant are:
1 Solar Radiation
2. Ambient Temperature
3 Wind Spead
4 Relative Humidity
Tﬁuq parameters can be obtained from number of sources. These resources are
discussed in detail in next secton
11.2 Availability of Resource Dats
in design of every solar power plant. solar radiation is the main input energy source for
which quite a few data sets for meteorological analysis are available worldwide Thess
datasets provide information pertaining te Solar Iradiation, Wind and Temperature elc
These data sources are free as well as licensed and can be accessad Dy subscrnphion
These datasets either make use of ground-based measurements al weil controlied
meteorglogical station source pmu:essad sateflite imagery A comparative analysis is
ghown in table balow
Table 1. Comparison of Meteonorm data sources

Filagul BB

[Pk ) h L

Papm dBEl-

LT ] Frem
Fadal laked i 1

(Source: hitp/haww prsyst comen/pubiicationsfmeled-data-sources)
1.1.3 Solar Resource Data Selection
For India data from NASA, Metsonorm, NREL, and IMD can be taken, but because of
possible inaccuracy in NASA's data (as the gnd area coverage is large 1°x1°, 111 kmjand
since IMD data i available only for few cities, data from Meteonorm is considered. For
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radiation parameters periods conskdered are from 1981 o 1920, 1986 to 2005 and 1991
o 2010, Data for any other site that i not directly available is to be obtamed by
interpolation (usually among the 3 nearest stations ar a satelite-based data)

1.1.4 Solar Radiation
Solar PV systems for generation of elecinicity require sufficient sclar radiation 1.e glabal
honizontal iradance Generally, the setting up solar PV power plant for generating
electricity is viable where the solar insolation exceeds about 1564 KWhim@iyear, Higher the
insolation higher is the energy production at output side {considering standard conditions)
In India, the range of solar insolation varies between 4.4-6.4 KWhim?iday, which hies under
the acceptable value The feasibility of the site s décided bagsad on the solar radiation
valuss obiainad from the resources. Solar radiation data has been taken from Meteonorm
as this is a dependable source. Refer Annexure-1 for details.

1.1.5 Temperature
PV modules have a temperature co-efficient that has a negative impact on voltage levels
with rise in temperature; this means thers will be a decrease in power oulput with a rise in
fermpérature. The annual energy yield of a PV plant is heavily dependent on the actual
solar resource of the site and ambient temperature The increase in temperature has a
major impacton the PV module by reducing its yoltage, thereby lowering the output power.
in addition, Increases in temperature are found to be the cause for failure or degradation
of PV modiles.
Elevated temperatures increase stresses associaled with thermal expansion and Increase
degradation rate by a factor of about two for gach 10°C Incresse in temperature. The
operating temperature of a module s determined by the equilibrium between the heat
produced by the PV module, the heat lost to the environment and the ambient aperating
emperature A PV module will be typically fated at 23 °C under 1 KWim?
However, when operating in the field, they typically operate at higher temperatures. which
are influenced by the site conditions. To determine the power output of the solar call, itis
important to determine the expacted operating temperature of the FY rvecule.
The temperature data has been taken from Meateonorm this is a8 dependable source.

1.1.6 Wind

The wind speed data In a salar power plant is an mportant aspedt in design of its civil
structures and analyzing solar PV panel performance. The bureau of Indian standards has
published 1S-875 which is an elaborate dacument covenng the obtanable wind speeds in
vanous parts of the country, A map has been appended to the IS which shows the wind:
speed in the form of zoming and the wind speed in any part of the country. In wind loading
analysis; we have considered wind zong map which is extracted from I5-876 Part 3 1487
andis attached as Annexure-2
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2 0 Basis of Energy Gengration Analysis

2 1 Annual Energy Yield Calculations

The annual eneray yields from the proposed site have been calculated using the basic
design and indicative layout as described in the previous sections, Arbutus has
1 Sourced average monthly horizontal irradiation, wind speed and temparature data from
the Matecnorm satellite image denved data’ These data have been assessed and
judiciously selected for use in the energy yield simulabion software
2 Calculated the losses, using details of the inverter specifications, PV module
specifications, PV module charactenstics, on-site conditions and plot tayaut
3. Applied downtime losses, ohmic losses, module degradation and transformer losses 1o
obiain energy yield that refiects a twenty-five-year plant life
Steps Z-and 3 are faciitated using industry standard phatovoltaic simulation software which
simulates the energy yield using hourly time steps. The software takes as input detailed
specifications of
1 The solar Y modules
2, The mverter
3 Blectrical configuration, including number of modules in series and paraliel

2.1 1 Irradiation in the Plane of the Modizles

The annual gicbal irradiation inciden! on the collecior plane has been maximised by
uging fixed tit and flush mounting system for the 4.0U MW solar Ground Maunted
Sclar Plant at the proposed location

21 2 Commeclions and Losses

Data obiained for iradiation on edllector plane, PV module-and inverter specifications
and plant configuration are input into the FY modalling software fo calculate DC energy
generated from the modules in hourly time steps throughout the year This direct
current is converted to AC by the inverter
Table 2. Descripiion of Energy Yhed LOssss
Losa Description
Incident anghe The incidence angle loss accounts for losses in radialion penelrating

the front glass of the PV modules due to the angles of incldence other
than perpendicular

Low iradiance The conversion efficiency of a PV module reduces at low fight
intensities. '

Module The charsctenstics of a PV module are determined at standard

temparature temperature conditions of 25°C. For every °C temperature nise above
this, module efficiency reduces according to their lemperature
coefficient.

Soiling In general, these losses are associated dust, dirt or pollution, which

accumulates on the surface of modules

CIN: U35105UP2024PTC201406, Regd. Address: 202-203, UDYOG KENDRA EXTN-I,
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Mast PV modules do not match exactly the manufacturer’s nominal

specificaions. Modules are sold with a nominal peak powear and a

given tolerance within which the actual power is guaranteed to lie.

Losses due to “mismatch” are related to the fact that the real modules

in an array do not all rigorously present the same currentivoltage.

profiles: there is a statistical variation between tham.

The electrical resistance in wires between the power available at the

modisles and at the terminals of the array gives rise to ohmic lossas

(PR}

The inverter losses anl:1u¢aﬂfﬁaanw. and other losses due both o the

power and voltage threshoid and to operation above nominal power

and voltage

Inverters convert from DG into AC with a certain specified maximum

efficiency. Depending on the inverter load, they will not always oparate

at maximum efficiancy.

This includes transformer performance (MVIHY) and ohmic losses in

the cable leading to the plant switchyard.

| The parformance of & PV module decreases with time.

CIN: U35105UP2024PTC201406, Regd. Address: 202-203, UDYOG KENDRA EXTN-,
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3.0 INTRODUCTION

ORIANA POWER LIMITED forms SPV named TRUERE GALAXY PVT LTD which s planning
to set up 4.0 MW, grid-connected solar photovoitaic power plants in the state of Odisha under
JK TYRE & INDUSTRIES, Uttrakhand

This report provides the techno-commercial details of the project and covers

+ Objectrves of the project

= Location and site delails

« Tentative plant layout

« Provisional system design and system description, including selection of module supplier
from GoldiReputed Imported Solar (“Top Tier Global Module Manufacturers®)
« Requirgment of olilites

- Relevant standards

- Description of power evacuation system and Interfacing with the gnd

« Q&M requirements atong with organizational amangements

« Project implementation schedule

+ Equipment kst with brief technical specification

« Detafled financial analysis and cash flow {including P50, PS80 analysis)

Summary of the proposed plants is given in (he table below,

No. of Location i
Mounting Type Fixed Tilt
PV Module type  Mono-Crystaliine
PV Module Make  GodiReputed
Impored/Equivalent
PV Modula Rating 540/570 Wp
Total no. of 74107020 No's
Modules*
Inverter type String Inverter
Inverter Make: | Sungrow/Growatt
Total no. of 11 No's
Inverters”®

Table 3. Summary of PV Power Plant

CIN: U35105UP2024PTC201406, Regd. Address: 202-203, UDYOG KENDRA EXTN-II,
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Table 4: Summary of PV Power Plant {SPV Lavel)

Mounting Type Fixed Tilt

ol s

PV Modute Make : GoldiReputed
mportediequivalent

PV Module Rating (Wp) © B4AISTO Wp

Total number of Modules* 741007020 Ht_:i'a

Inverter type Elmg Inverter

Inverter Make (proposed) Sungrow/Growatt

First year P50 Energy Yieid 5948 MWhivear

(MWh/Annum)

First year P90 Energy Yield 5811 MWhiyear

{(MWh/Annum)

Total Project cost (INR Crore) 15.80

Debt: Equity 233

Equity (INR Crora) 4.74

Average DSCR at P80 1.26

CIN: U35105UP2024PTC2014086, Regd. Address: 202203, UDYOG KENDRA EXTN-IIL,
BISRAKH, DADRL, GAUTAM BUDDHA NAGAR, UTTAR PRADESH, 201306 IN

Emall: rrueregalaxy@gmail.com
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4.0 S0OLAR POLICIES

4 1 Qpen Access Solar Policy Utirakhand

Uttarakhand's Solar Policy, particularly the "Uttarakhand Solar Power Policy 2013," aims 1o
promote the use of solar energy within the state. The policy was introduced to hamess the solar
potential of Uttarakhand, reduce dependency on conventional energy sources, and promote
sustainable development. Here are some key features: '

1. Objectives

« Harness Solar Potential; Utilize the abundant solar energy potential in Uttarakhand due
to its geographical advantage

« Promote Green Energy: Encourage the generation of electricity through solar power to
reduce carbon footprinds

« Investment Attraction: Aftract private and public investments in the solar energy sector

2. Key Provisions.

« Incentives: Offers various incentives for satting up solar power plants, such as exemptions
from electricity duty and subsidies on capital invesiments.

« Land Allocation; Provision of government and privale land for sething up solar power
projects.

= Net Metering: Encourages roaftop solar installations by allowing consumers 1o sall surplus
electncity back to the grid '

= Project Allotment: Different models of projact allatment are available, including
campetitive bidding and fixed tariffs for small projects.

» Single Window Clearance: To simplify the approval process, a single-window clearance
system has bean implemented.

3. Target and Capacity.

« Target: The policy aims to achigve specific targets for solar power genaration capacity by
certain imeahnas.

s Capacity: Encourages the installation of grid-connected solar power plants, rooftop solar
systems, and off-grid solar systems in remote areas

4 Implemmentation:

« Responsible Agency: The Uttarakhand Renewabie Energy Development Agency
{UREDA) is the nodal agency for implementing this policy _

=« Monitoring: Regular monitering and evaluation mechanisms are in place to ensure the
policy’s objectives are met

5. Environmental and Social Benefits

« Reduction in Emissions: Contributes to reducing gréenhouse gas emissions by replacing
fossil fusl-based energy S0Urces

« Rural Electrification: Supports the electrification of remote and rural areas through
decentralized solar energy systems.

Thé palicy has been periodically updated to align with the changing technological and market
conditions, making it more attractive for nvestors and developers

CIN: U35105UP2024PTC201406, Regd. Address: 202-203, UDYOG KENDRA EXTN-IL,
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5.0 SITE ASSESSMENT

5 1 Location

511 JK Tyre & Industries

=5 gl

The flagship company of JK Organisation, JK Tyre & Industries Ltd is one of India’s foremost tyre
manufacturers and is also amongst the top 25 manufacturers in the world.

For the past four decades, JK Tyre has been at the forefronl in drving inngwation and excalience m
the tyre industry through introduction of ground-breaking technologies. and products thal cater 1o
diversa business segments in the automobile industry. Pioneers of radial technology, the Company
produced the first radial tyre in 1977 and is currently the market leader in Truck Bus Radial segrment
In 2019, the Company achieved a remarkable feat by entenng the coveled Limca Book of Records
with the country's largest off-the-road tyre - VEM 045 The Company provides end-to-end solutions
across segments of passenger vehicles, commercial vehicles, farming, Off-the-Road and two &
three-wheelers,

JK Tyra's unwavering commitment towards innovation is reflected through the concerted efforts at
its state—ol-the-art global research and technology centre - the Raghupati Singhania Centre of
Excellénce - in Mysore. The Centre houses some of the world's finest technologies and technigues,
thereby, adding to the larger efforts of the Company to put india on the global innovation map, The:
Hari Shankar Singhania Elastomer and Tyre Research Institute (HASETRI) - which fulfils need for
globally competitive technologies for tyres and polymers and the JK Tyre Tech Cenire, a hub for new
product development catering to current and emerging needs of customers

JK Tyre launched India’s first ever “Smart Tyre' technology-and introduced Tyre Pressure Monitonng
Systems (TPMS) by offering TREEL Sensors, which monitors the tyre's wial statistics, including
pressure and temperature.

A global force, JK Tyre is present in 105 countries with over 180 Glabal distributors. The Company
has 12 globally-benchmarkad ‘sustainable’ manufacturing facilities - § in India and 3in Mexico — that
collectively produce around 35 million tyres annually. The Company also has a strong network of

CIN: U35105UP2024PTC201406, Regd. Address: 202-203, UDYOG KENDRA EXTN-II,
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over 4000 dealers and 500+ dedicated Brand shops called as Steel Wheels and Xpress Wheels. JK
Tyre 5 also synonymous with motorsport in the country. For over three decades, the Company has
relentlessly worked towards shaping India's positioning as the motorsport hub of Asia, developing
the right infrastructure for the sport and promoting young talent in the arena.

It i the only Indian tyre manufacturer to be included in the list of Superbrands India in 2019 far the
sevanth consecutive year. Additionally, JK Tyre was featured among India's Best Companies to Werk
Forin 2019 by Great Place to Work® JK Tyre recently was awarded the most coveted Safety award
in the world -the Sword of Honour for Safety across its plants by the British Safety Council, UK.

The 4.0 MWp plant is proposed to be developed al Banmore, Morena and Ulirakhand. The
coordinates of the site are given below:
Latitude: 2002707 N
Longitude: 85947495 E

-
i,
i

Figure 1 Location of project site- JK Tyre & Industnes, Utirakhand

6.0 SYSTEM DESIGN

6.1 DESIGN BASIS
& 1 1 Meteorological Database

Sotarges time series provide a long-term record of solar and metearological data. Although
the Solargis data is of high-quality, for large-scale and ublity-scale projects it needs to be
supported by regional validation and site-specific uncerainty estimates.

A regional evaluation of the model uncertainty s parbcularly important in terrilones, whera
solar power development is only starting. For this purpose, we provide a detailed sofar
rasource validation and assessment study as an add-on consultancy sarvice to the
standard data delwery

CIN: U35105UP2024PTC201406, Regd. Address: 202-203, UDYOG KENDRA EXTN-I,
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walidation infarmation related to solar and metesrological data from nearby sites is
included to support hankabilty of the assessment. On-site measurements, when available,
can be integrated into the analysis to reduce uncertainty and give higher confidence to
project stakeholders.

6.1.2 System Design Software

PVSYST V7 3.40 has been used for carrying out the system design and computing the
annual energy yield.

1 PVSYST is a PC software package for the study, sizing and data analysis of complete PV
systems.

2 It deals with gnd-connected, stand-zlone, pumping and DC-gnd {public transport) PV
systems, and includes extensive: meteorological and PV system components
databases, as well as general solar energy tools.

3 PVSYST predicts the energy generations for a year of the required location with the help of
Meteonarm file of the same kocaton

6.1,3 Drafting Software

AUTOCAD is used as the drafing software for creation of 20 drawings that will be used
‘a8 reference and for construction. AutoCAD software is used In a range of industnes
empioyed by architects, project managers and engineers, amongst other professions

6.1 4 Module Saiection

It was explained earlier that mono-crystafline silicon technology was prefemed for the
project due to the following reasons

1. Goodcommercial efficiencies

2 Lower cost doe ta &l insilicon prices

3 Lesserarea requirement for instaliation

4 Higher bankability
The preferred module has been shorfiisted based on qualty of raw malenals,
manufacturing equipment, quality-contralied process and R&D laboratories. The company
will choose a module supplier from Top Tier Global Module Manufacturers  Technical
specifications of Tna/Equivalent modules are attached as Annexure-3.
The number of modules to be supphed shall be worked out as per the energy gensration
analysis, the DC plate rating and the AC capacity Module frames shall be made of
conosion resistant material, which shall be electncally compatible with the structural
material used for mounting the modules. The module shall be provided with a junction box
with provision of externat screw terminal connection and with arrangement for provision of
by-pass diode The box should have hinged, weatherproof lid with captive screws and
cable gland entry points. The solar PV modules must be tested and certified by an

CIN: U35105UP2024PTC201406, Regd. Address: 202-203, UDYOG KENDRA EXTN-II,
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independent intemational testing ‘laboratory. The modules shall meet standards
applicable, as per IEC 81215 and I1EC 61730,
6.1:5 Mounting Selechon

The type of mounting structure has been selected based on the energy generation analysis
The objective of the project s to set up power plants with maximum enpergy gensration
Considering all the paramaters for solar Ground Mounted system it is considered fixed and
Flesh mounted system for installation For fiat RCC roof fixed tit system will ba used and
for tilted tin sheet roof flush mounting system will be considered.

6 1.6 Inverter selection

A there are several roofs for solar PV installation use of central inverter call for installation
will increase laying of cable from différent roofs to central inverter which lead lo increase do
lnsses and that will diractly impact on energy generation

On the other hand, String inverters have efficiencies in the range of 98.8%, require less
cable lengih and voltags is stepped up 1o intermediate voltage directly. Also, installation of
stning inverter is quick and required less space as compare with central invertar. Hence for
this project we have used String Inveriers.

Governing Standards: Inverter shouid conform to IEC 61683 and UL standards for safety
Post techno-commercial evaliation of major nvefter suppliers, the developer after
negotiation with Sungrow and Growatt

Sungrow is a global leading inverter soluton supplier for renewables with over 49GW
instalied worldwide as of Jung 2017 Founded in 1857, Sungrow has established 18
subsidiaries worldwide located throughout the Amaricas, APAC, the Middle East, Eurape
and Africa, maintaining a market share of around 25% in Germany and over 15% in the
world. Sungrow possesses a dynamic R&D team which accounts for over 35% of the
company's total workfarce. The company has also invested its own in-house lesting center
approved by UL, CSA, TUV Rheinland, and TOV SUD. In 2016, Sungrow launched a new
storage inverter factary, setting Its combined annual manufaciunng capacity al 18 GW for
PV inverters and 3 GW for storage inveriers

Sungrow is & new energy enterprise dedicated to the RED and manufacturing of PV
inverters including on-grid, off-grid and storage inverters, and user side smarl energy
management solutions as well The power capacity of Sungrow on-and Inveriers ranges
from TS0W to 280 kW, meanwhile its off-grid and storage Inveriers cover a8 power range
from 1 KW to 630 KW, Sungrow inverters are extensively used warldwide for applications in
residential, commercial, PV poverty alleviation, utility-scale scenanos as well as other
storage power station projects

Since its foundation in 2010, Sungrow has established branch offices one after another
in Germany, US, UK, Australia, Brazil, Thailand, India, MWethertands, etc in order to better
serve the customers across the globe Growatt always sticks 1o the R&D imvestment and
technology Innovation and provides customers with premiurm products and sedvices through
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its core inverter technology, ngorous gualty control and continuous improvement of
customer service. By the and of 2018, Growalt has shipped over 1.7 milkdn inveriers. lo
over 100 countries and reglons across the globe. Growatt has been recognized as the No.1
Chinese Residential PV Inverter Brand, three years in a row according to PVBL. By 2018
Growatt has become the TOP 3 single-phase inverier brand according to the |HS Markit's
world mverter shipment ranking.

Flexibility of installation: The forced air-coaling system, designed for a simpie and fast
maintenance allows for the maximum fexibiity of installation

The (llustrative image of the Inverter is-given balow:

R

WA

Figurd 20 Nlustrative image of the Central Inverter
For design and calculation purposes, 2 125 kW Goldi central inverter has been selected.
This gives an insight into energy generation possibiliies and consequent revenue
genaration Thése are three phase inverters with compact enclosures and protechon leve!
sultable for indoor use Technical specifications of the selected nverter are attached as
Annexure-i.
§.1.7 Proposed Dessgn of 4.00 MWp Solar Power Plant

The layout of the PV power plant 15 prepared after shadow analyss of respechve building
roofs, Proposed system is combination of fived tit system due to availability of RCC, refer
Annexure-5 for tentative plant layout Refinemeénts required in plant layout shall be
assessed during the detalled design and engineering phase.

The anergy yield is camputed with 5404570 Wp module of GoldvReputed ImportedTier-1
and 5§ MVA Sungrow central inverters. The energy generation details are given in
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Annexure-§.
As multi MPPT string inverter used respective string will directly connected 1o Inverter
String level monitoring is also possible through these inverters. Fuse, DC disconnector
alang with SPD 15 inbuill in inverter so there is na requirement of DCDB. But considering
different roofs and single inverter for these rools, consultant recommends proseding at least
GG disconnecior on each roof. Refinements required in DC design shail be assessed dunng
the detalled design and engineering phase
The tentative DC side single line diagram (SLO} is attached as Annexure-7.
Thie cables used in the solar PV plant have to be robust and resist high mechanical load
and tension along with the UV rays of the sun. High temperature resistance and weather
proofing characteristics provide long life.
Modules are equipped with attached junction boxes with 4mm? cable, MC4 connectors
Modules will be interconnectad with these cables in senes to form a string of 28 modules
by MCd connectors. 4 mm? 8 mm? single core cables shall be used to connect strings to.
String Inverter These cables will be cross-linked polyolefin insulated, with ultraviolet (UV)
and temperature resistant proparlies,
Technical specification of DT cables is shown in the table below.

Table 3: Brief technical specifications of DC Cables

Cables from String 1.5 kY, Single Core, XLPO insulated, PVC sheathed, unarmotired
to SCBNnverter cabile, confirming o IEC 60228 standard annealed tnned coated
copper condoctor size 4 sq.mm, RED
1.8 kY, Single Cora, XLPO ingulated, PVC sheathed, unarmouread
cable, confirming to IEC 60228 standard annesled tinned coated
copper conductor size 6 sq.mm, BLACK
Output of String Inverter will be combined with circuit interconnect at each site separately.

& 18 Lightning & Over Valtage Protection

Lightning protection shall be provided in accordance with 15 2309, Detailed risk analysis
shall be made to consider the requirement vis-a-vis obtaining insurance cover. The cost for
providing full lightning prefection should be compared with possible shadow losses that
might acerue due to the ightning arrestor mounting and fitment

Necessary concrete/structural foundation for hoiding the lightning conductor in position will
be made after giving due consideration to the maximum wind speed and maintenance
requirement at site in future, Each lightning conductor shall be fitted with individual separate
earh pit as per required Standards incleding accessones. and provided with masonry
enclosure with cast iron cover plate having & locking arrangement, watenng pipe using
charcoal or coke and salt as per required provisions of 15,

As distance between roofs are more and 1o maintain earthing res:stance less than 1-ohm
cansultants recommends that separate DC earthing to be provided for each roof
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The illustrative image of lightning arrestor is given balow:

SUppOrting

GUY wine quppoet.

“Babte Flate BEskrniiey

. k- o

Figure 21, Nustrative image of lightning arester
6.1.9 Safety Regulations

Statutory regulatians on safety measures shall be striclly followed. Safety appliances, viz fire
extinguishers; sand buckets, earth rods: gloves. rubber mats, danger sign boards, safety
rwulhhnn chiarts, ato. shall be procured and instaliad as per safety norms.

61,10 SCADA
The entire solar PV powsr plant shall ba integrated with Supervisory Control and Data
Acquisition (SCADA) system which should communscate with all the inverters for displaying.
paramaters mentioned below The integrated SCADA shall have the feature lo be used either
:MIymamﬂimpmwalsn remotely via the Web using either a standard medem or a
GSM / WIFI modem and broadband. Eﬂﬁ.ﬂﬁahaﬂhwapmﬁstnnnfmmmmtmuf
breakers and relays. SCADA shall be confirming to IEC E_Dﬂ?t‘.!
Following parameters shall be shown in the SCADA system:

T Data from Weather station
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PV module back surface temp
Line and phase currenis
Cumulative energy exported
AC and DC side Power of each inverter
Current and voltsge of each sub-armay/stnng
Inverter data
The major SCADA fealures incorporated into the control system are listed below
1. Operator interface of latest technology: Instantaneous grid, array, inverter, AG, and metering
of all parameters.
. Integrated AC, OC data points fogging. Instantanecus logging of all paramelers. Including
AC parameters, the generator run hours and energy details
3 Fault and system diagnostics with tme stamped event logging Selectable avent logging
resolution for enhanced diagnostics
The typical schematic of SCADA system i given in the figure below:

—
i aps -
e b by |

—_— 2 -:—.:.Hél_r:-—ﬂ

Figure 22. Typical schematic of SCADA system

7.0 ENERGY GENERATION ANALY SIS

The simulation of energy generation is one of the most Important tasks because the

results Jead to understanding the viability of the project by through working oul possible

revenuas The résults are brought out in Annexure-6.

7.1 Yield Prediction

Tabie below gves, at a glance, the energy yeld from the solar PV plant during the first
year, However, there is bound to be a cerain amount of degradation of modules each
year As per data available, the degradation of Mono/Poly-crystalline modulés is not
more than 07 % annually. Keeping this figure as the datum for calculations the
anticipated ensrgy yield for every year is shown in the below table
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Table 4 Energy Yield Prediction for 4.00 MWp Solar PV Power Plants

Fnrami_:tur 4,00 MWp
PV module GoldiReputed
imported/Equivalant

‘Module peak power (Wp) 540/570 Wp
Number of Modules T410/7020
Peak power of plant (MWp) 4.00 MWp
Solar Radiation {m2/day) 4,75 m2iday
Losses

1AM factor on global - 0.8 %
Module degradation 2 0%
PV loss due to Irradiance level 0.45%

Array Soiling loss B T 20%
Module quality loss - 04% .
"LID loss B 2 0%
Module array mismatch loss 2.0%
“Ohmic wiringloss 0.95%
“Inverter Loss during operation (efficiency) 1.38% ==
Auxillary loss 0.38%
Transformer Lossas 1.11%

AC Ohmic Loss 0.78%

First Year Energy Yield P50 (MWhiannum) 5548 MWhannum
First Year Energy Yield P80 (MWhiannum) 5811 MWannum
First Year Specific Yield (KWhikWplyear) at P30 1680 KWhKWplyear
Performance Ratio (PR) (%) 82 62%
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7.2 P50, P80 Annual Energy Yigld Prediction

Table below summarize the predicted P50, P90 yields for Solar PV power plant for Mono
crystalline techaology
Tabie 5 P50, P90 Annual Enargy Yield Prediction =5PY Plant for 4200 MWp

si. Capacity Generation P50 Generatlon P20
] GHI ) - e o
No SHin D kwy | S wyean (MWhiyoar)
JE TYRE & INDUSTRIES,
1 UTTRAKHAND 4000 1680 5848 5811

The Power Purchase agreement s for 15 years, so the P50, P30 annual energy yield for 15 years
is-shown in Table balow
Table & P50 Annual Energy Yield over 15 years for 4.00 MWp Project after AC losses and
degradation from second year onwards

Each Years individual P50 (1.5% in 1st | Each Year's individual P30 {1.5% in 1st
Year yr and 0.75% annual degradation) yr and 0.75% annual degradation)
{(MWhiannum} {MWh/annum)
=" P(50) p(90)
1 5948.00 5811.00
2 5821.23 578485
3 5894.59 5T58.82
4 5868.06 5732.90
5 5841.66 570711
B 5815.3T 5681.42
7 5789.20 5655.86
8 5763.15 5630.41
8 &7aT.21 5605.07
10 5711.40 5579.85
11 5685.70 5554.74
12 5660.11 5529.74
13 5634.64 5504.86
14 5609.28 5480.08
15 5584.04 5455.42

7.3 Capacity Utdization Factor
The Capacity Utilization Factor (CUF) 15 the ratio of the aclual output over the pencd of a
year and its output if it had operated at nominal power the entire year, as described in the

formula below
AC CUF = Energy generated per annum
= 8760(hours/ annum) x Installed Capacity (kWac)
DE CUF = Energy generated per annum

8760(hours/ annum) x Installed Capacity (kWdc)
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* DC the CUF of the 4.00 MW PV plant under TRUERE GALAXY PVT LTD- s computed to

be 17.00% at PS0 level and is 17.50 % at P0.

AC the CUF of the 2 098 MW PV plant under TRUERE GALAXY PVT LTD- is computed
to be 18.32% at P50 level and s 17 .91% at PO0

7.4 Parformance Ratio

Perfarmance tatio of the SPYV Plant shows quality of components and installabon. The PR,
usually expressed as a percentage, can be used lo compare PV systems independent of
size and solar resource. The PR may be expressed as:

Anual AC Yield wE:
=m e
{Area of moduleshx{Anual Insolation}x(Module ef ficlency)

By normalizing with respect to imadiation, the PR quantifies: the overall effect of losses on
the rated ocutput and allows a comparison betwean PV plants. First year PR for the 4 00 MW
PV plant TRUERE GALAXY PVT LTD- is computed to be 82 62%.

PR 0%
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B0 FINANCIAL ANALYSIS
8 1 Projact Costing
For 4.00 MW solar PV Project, the weighted average capital cost is estimated to be INR 3,50

CriMWp. The breakup of the total project cost is given in below table.
Table T Project Cost

Sr. No |Particulars Total Cost {In Crores)
1 rEF'E Cost + GST 14.00
2 Pecommissioning Charges 070 i
3 joc 1.10
Total Project Cost 15.80
Per MWp Project Cost 3465
DSRA 082

B.3 Financials Analysis Assumplions
Tha proposed Solar PV Power Project 1s of 4.00 MW capacity, The life of the project s
corisiderad as 15 years. Here, techinology consderad for energy generation is —

The following table shows the financial assumplions:
Table & Financial Assumaotion

400 MW Soler Project — Mano/Poly-Crystalline

Parameters Vale Units Parameters Paramaters Units
Value
Project Details
Lifeof Project Considerad 15 ' years.
Project capacity (AG) ' 3098 ' MW
Project capacity (DC) ' 4,00 M

Gareration Detars

CUF (P80) 17.50. %

Annuai Genaration (PE0) 5811  MWh/Year
Degradation in energy generation for First year ' 1.5% per annum
Degradation in enargy generation from Second year 0.5% | perannum
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Capital Expenditure and Structure

Prica/MWp 35 Rs. in Crores
Total Project Cost 1580 Re in Croves
Financed by -~
Equity Capital (30% of Project Cost) 4.74 Rs. in Crores
Total Debt (70% of Progect Cost) 1108 Rs. in Crores
Gowt Incentives NA Rs. in Crores
Interest Cost 10.00 %
Project IRR 11.0% %
Cperating Expenses
Operation SMaintenance (OLM) Expenses 3 lakhs Per MWp
Annual escalation in O&M Expenses 2% par annum

Depreciation (SLM) and Tax Rates

Degreciation Rate (For P& L) 4.0%
Depeaciation Rate for IT(SLM) 40%
Depsaciation value (% of Project cost) 100%
Income tax Rate- 17.16%
Education Cess on Ingoma tax and Surcharge 10.00%
Minimum Alternate Tax MN-A
8.4 Project Financials

The detalled financial include following paramelers,

1 Projected income statement

2 Projected balance sheet statement
3 Projected cash flow statement

4 Projected DSCR

5

Calculstion of IRR
For detailed, financial kindly refer Annexure [9]
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9.0 APPROVALS AND PERMITS

.1 List of Approvats Required for the Project
A solar power plant is pnmanty non-pofiuting and hence is not coverad undar the st of
instaliations requiring pollution clearance. However, other appropnate mandatory clearances
may have to be fulfilled The vanous clearances that may be required for the Solar PV power
project are listed in the table below
Tahle 9. List of approvals

Sr. Typeof | Authority Remarks
Mer Clearancal
Approvat

1 Approval for DISCOM The Company shall obiain grid connectivity approval
Power from DESCOM for the project under Net metering
Evacuation machanism. Please note that Maxdmum allowabie
capacity under net metering mechanism Is 1MW, If plant

(Net-Metering) capacity is more than 1MW -and fil fulling other norms in
solar policy spectal application should be filled In concem
with respective DISCOM.

2  CEIGApproval | CEIG CEIG approval required for commissioning plant more
than 100 kKW

After signing the PPAs; the off-taker has to submit & consumer application fonm far net metenng to
tha concemed DISCOM The DISCOM issues an acknowledgement of the consumer application
ferm. Net Metering installation 1s niot necessary for commissioning of plant and can be done even
after commissicning of the Solar PV Plant. The steps for net metering approval are as follows
Consumer apphication along with payment

Feasibility Inspection by DISCOM officials

Consumears shall Enter inta Net Metering Agreement with DISCOM

Reques! for inspection by DISCOM official of the Instalied solar plant

Inspection, Calibration of Meters & Synchronization of installed SPV system by DISCOM
In the next billing cycle, net billing system would stan

L

Aftar instaliation of the plant but before commussioning, CEIG approval s needed to be obtamed.
Thie application to CEIG for its approval can be submitted either before installation or post
commencement of installation work The fallowing documents are required to be furnished at the
time of application

i Requisition letter of the ownerftenant of the installation

2 Computer print Blue print of electrical drawings showing: Single line diagram of the
instatiation, indicating rating, size and details of protection, detalls of loading, etc

3. Site plan locating the proposed reof top solar equipment's.

CIN: U35105UP2024PTC201406, Regd. Address: 202-203, UDYOG KENDRA EXTN-II,



8

o, TRUERE GALAKY
“*~ PRIVATE LIMITED

Plan and elevation of the solar unit, inverter unit and conirol panel showing all round
clearances eic

Details of earthing provided for the proposed instaliation

Requisite fees paid recelptichallan for drawing approval

Copy of Licensed Electrical Contractor and Supervisor permit duly endorsed in favour of
LEC.

Structural stability centificate obtained from the certified structural engineer for the roof
where proposed solar PV modules are ta be arected

Proof of ownarship of praperty where instaflation is done

After completion of solar roof top instaliation wark, the following decuments shall be submitted by
the consumaer for pre-commissicning inspection:

1
2
3
4

n

Requisition latter of the ownenftenant of the instailation of plant
Work completon rapor
Requisite inspection fees paid receipt fchallan as per fees notification

Manufactirers test repor of the solar roof top instatiabion & Calibration report of Energy
meter and connecled cument transformers and protective relays if any

Ligt of authorized parsons whao will operate at the said installation

Al the time of inspection, a responsible representative of the Consumer / Electneal
supervisor shall be present along with testing Instruments

The defects pointed oul during the inspection should be reclified in ceder 1o bring the
instaliation in general conformity with the CEA {Measures Relating to Safely and Electric
Supply) Regulations, 2010 and a rectification repart signed by the consumer, and
contractor should be sent to the jurisdictional officer of the Electnical Inspectorate

After verification of the compliance repor by the mspecting officer safety approval would be
-granted under Regulation 32 of CEA (Measures Relating to Safety and Electric Supply)
Regulations, 2010
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10.0 PROJECT MANAGEMENT

10,1 Project Planning

Project management plays a vital role for projects sfarting from conceptualization to final
project compietion  Project design, tendenng, bidding, contract finalizaton, material
procurement, implementation and final commissioning are all key componenis of any solar
PV power project which involves intensive planning and monitoning for a suctessiul project
execution.
Project management softwaré like Microsoft Projects and Primavera can be used to plan,
track and monitor solar PV projects efficiently. Project management software also provides
a comman platform of communication batween different stakeholders invalved in the project.
The first step is 1o develop @ work breakdown structure for the preject which arganizes and
defings the scope of the project in a structured format The next step is to bnng all stake
holders together to discuss and list all project work packages and associated activities undes
gach major category
All individual tasks réquired in the project are fisted as project activibes and each achivity is
defined a duration and associated cost Once alt activities are listed, they are inked together
to form a network diagram The network diagram provides linkages between different project
activities and defines predecessor activities, float available for each activity and showcases
inter-depandencies between each task  The network diagram further heips to identify the
critical path of the project. The critical path inciudes activibies which if delayed will eventually
delay the project completion.

Detailed work breakdown structure and planning of activities ahead of ime gives an added

advantage to the project team to closely menitor the project imeline. The software can also

be used to aliocale ressurces ke man power, equipment elc. aiong with costs for each
activity. The schedule will help to assign manpower, track actual progress from planned and
raises alarms in case of project delays.

The overall project activites for the SPV power plant divided into sub packages as given

below. The split of supplies is as follows:

1 Construction of walkway to roof, safety training for all site employees.

2. Supply, erecbon, installation of SPV modules on structures. Supply, arection, instaliation
and testing of PCUSs. Imerconnection of equipment's and commissioning of the power
plant. Completion of earthing system before commissioning. Supply, mstallaton and
commisgioning of data monitoring system

3 Actualize gnd feed-in by synchronizing SPV power supply with conventional gnd supply

4 Acceptance test of metering system and energy sale.

10.2 Project Organization
10.2 1 Project Managemant QOrganization
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As the Developer TRUERE GALAXY PVT LTD Sclar s engaged across the full
technology, project, and transaction Iife cycle. Work underiaken by TRUERE GALAXY
PVT LTD Solar as part of its role as Developer of the projects includes, among others:
1 Sile Aszessment and Design
1 Conducting multiple visits to various sites in the aliocated states to assess the feasibility and
size of solar Ground Mounted plant that can be instalied at various sites
2. Undertaking iradiation analysis using multiple software Metenorm, SolarGiS, NASA etc. and
estimation of ganeration using PYsyst
3 Preparaton of preliminary design of the planl. including system - sizing, plant layout,
interconnecton/backup design, broad component selection, glc.
o Meeting Reguiatory Reguirements
| Ensuring requisite approvals from reguiatory authonties are obtained including signing af
PPA, securing project sanction documants, fiaising with NVVN and SECH ete
3 Engineerng Procurement Canstruction & Equipment Managemant
1. TRUERE GALAXY PVT LTD Solar is actively engaged in developing a strategy for EPC and
O&M and negotiating with and selscting an EPC contractor for the cost-effective
development of the projects
4 Equipment Management and Vendor Coordination
1. OPPL TGS shall be responsibia for sourcing complete material to be used in the project and
has been negotiating with Top Tier Global Module Manufacturers and inverter manufacturers
far sourcing he same
5 Project Management and Supervision
1 Overall mélnagementuf project during actual construction phase and supervision of activines
of the EPC and vendars
6. Operations & Maintenance
1. Pe&t commissioning, the plants will be monitored locally by TRUERE GALAXY PVT LTD
team dady
7. Menitoring plant uptime, performance, Iradiation and shutdowns, crigination and monitaring
of payments and financia! accounts are some of the activities to be undertaken by THLFEHE
GALAXY PVT LTD as part of its strategy for operations and maintenance of the plant
After the completion of the project planning, the operational project team will take over. The
project team will work fo ensure that the project is comphated on lime as per the agreed
specifications:
The averall execution strateqy involves ORIANA POWER team overseeing the work of the
in-house client management, technical and project management teams. Further, the strategy
envisages a central EPC contractor which will be overseeing the work ail other
subcontractors
A dedicated in-house Project Manager will be responsible, along with the EPC Contractor,
the implementation and management of the project. Each project manager will be
respansible for overseaing execution of the projects in specified states
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The developer has engaged ORIANA POWER Lid as the EPC Contractor for

commissianing of Ground Mounted/Ground Solar Powar Projects with total capacity of

4.00 MWp.

Oiriana Power has registered office in Delhi The company is promated by EPC division

of Oriana group of company The key team of the company has executed Ground
Mounted and Ground mountad solar power projects with aggregate capacity of G5MWW+

10.2.2 The Project Management Funchon and Execution
The Project Manager supported by his team 15 responsibie for undertaking all activibes
to ensure the affective and efficient execution of the project The Project Manager is the
farmal point of cantact for the developer and conlractor on alt matters relating 1o thie
project. Specifically, the following key functions are underaken
1. Owverall project management and coordination between EPC and Client
2. Management of chient interfaces
Planning and time scheduling of all activities based on an integrated master
programme; management of resource levels as required
Managemant of EPC's subcontractars, sebovendors, and equipment expediting
Quality assurance and control
Maonitonng and reporbing
Spares, maintenance and service managameni
Site managearment
Training -and manpower development including chient operator and maintenance
trainiing during the commissioning of the plant at sie
10 Project cost control

L

oo N,

10,2 3 Progress Hé-p-::rrting
The team shall document all steps in the project implementation pracess through weekly
reports and the creation of a poster which shall display relevant information
Weekly Status Reports
The team shall maintain contact with advisors and the course coordinater and advise
them on the current project stalus. The team shall document project work each week,
and report weekiy via email on the current status and plans for the upcoming week.
Major setbacks, meeting agendas, attendance, and accomplishments from the previous
week shall all be reported, as shall individual accomplishments by group members. The
lime spent by each member shall be recorded and a semester tally shall be kept of all
houre spant on the project by the team members.
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10.3 Project Implementation
Tentative solar photovoltaic Ground Mounted plant project schedule as per following
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Figure 23. Project Management Schedule

11.0 OPERATION AND MAINTENANCE REQUIREMENT

This section of the repart outiines the operation and mamntenance philosophy that will be
adopted for the proposed solar PV Ground Mounted power plants. The broad outlines given
hera will be useful guidelines for the basic and detalled engineenng of the plant, so that mast
of the requirements of the operation and maintenance of the plant are met and provided for in

the enginearing stage itself

111 System Design Suited for O&M
The main objective of operation and mainterance is the high avalabdity and reliability of the
plant. In order to achieve the main ohjective, the following principles would be adopted.

1 Building up adequate capacity to ensure generation of power as per design estimatas This
15 done by applying liberal de-rating factors for the array and recognizing the efficiency
parameters of PCUs. etc.

2 Providing redundancy to ensure at least 50% avadability in case of major breakdowns
Use of equipment and systems with proven design and performance that have a high
availability track record under similar servics conditions .

4 Selection of the equipment and adoption of a plant layout to ensure ease of maintenance

5 Strict compliance with the approved and proven quality assurance norms and procedures
during the different phases of the project.

The basic and detailed engineering of the plant will aim at achieving high standards of
aperational performance especially with respect fo the following key parameters
1 Optimum availability of modules duneg the day tme
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Z Ensuring module layoul to prevent shading

a3 High DC system voltage and low cument handling requirements

4. Selection of PCUs with high track record

The plant instrumantation and cantral system should be designed to ensure high availability
and reliability of the plant to assist the operators in the safe and-efficient operation of the
plant. It should also provide for the analysis of the historical data and help in the plant
maintenance people to take up the plant and equipment on preventive maintenance

11.Z2 Operation Requirements

The operation of the plant starts with the commissioning. In broad terms, commissioning can
ba defined a5 setting up of the plant to-work safely and reliably_ it is necessary to ensure that
all ‘equipment is completely erected before operations. begin. Although this may be
considered difficult, the other extreme of operating a plant with insufficient instrumentation,
controls. and alarms is very dangerous. Although some compromise could be made with
regard to plant completion. the commissioning procedures should never COMpIGMESE
parsonnel and system safety,
A proper checklist procedure should be drawn up which wauld include all the sections of the
plant and shall take into account the  contractual responsibilities, the technological
relationship between the varicus seclions, pre-commissioning, cleaning requirements elc.
The chiecklists procedure helps in the following.

1 Toensure that the necessary checks are camied out on each item of the plant before it is
put into commercial service

2 Ta ensure that energy is supplied to equipment or 2 plant when it s safe to-do so

3. To tacilitate the recording of the progress on the various commissioning activities-

4. To provide a basis for the plant history
The operation of the power plant unit interconnected to the gnd is.an activity that must be
properly coordinated, within the plant as well as within the designated sub-station o which
the plant feeds power.
An important feature of the modern power generating plant is the automatic safety lock-out
devices While sufficient thought goes nto it at the design stage, it remains the responsibility
of the operating staff to ensure that the safety devices ang sel correctly and kept in operation,
While safety of the plant and personnel is the foremost importance in the operation, the
efficient operation of the plant cannat be ignored. While operaling, s impartant ta check
the essential parameters-of the plant and equipment to ensure that the plant parformance is
at the optimum level Any varialitnis in the operating parameters or any deviabions from
normal performance of the equipment or plant will have to be analysed immediataly to
diagnose the problem and to take remedial measures to bring back the plant and equipment
to its criginal parameters.
The plant operatar should follow the guidelines given beiow:
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1. Frequent checking and calibration of instruments;

2 Cross checking instrumant indications with each other to determing whether the instrument
is faulty or there is an abnlannalﬁpam‘l_mg.mnd:tinn;
3 Analysing indicated dala to determing accurately what could be wrong

11,3 Maintenance Reguirements
The main objectives of the plant maintenance are to keep the plant runaing reliably and
efficiently as long as possible. Rehabiity is impaired when a plant undergoes forced and
unforeseen outages: This aspect assumes greater significance for a solar PV power plant
exporting power to the State Electricity gnid under contractual commitments. It s imperatve
that any planned maintenance is undertaken with closer coordination with State Electncity
board substaton.
Efficient operation implies close control not only over the cost of production but atso over the
cast of maintenance. Thera aré twa components in maintenance cost: one s the direct cost
of maintenance, (1.2 the matenal and tabour], and the other i the cost of production loss.
The following -steps will help in reducing the breakdown maintenance and also in planning
for preventive maintenance:
1. Careful lagging of operation datafhistorical information from the Data Monitorimg Systems,
and perodically procassing it to determing abnormal or siawly deleriorating conditions
2 \Walk down checks of the plant
Careful contral and supervision of operating conditions.
4 Regulate roubne maintenance work stich as keeping equipment clean, cleaning SPV
modules
5 |t is extremaly impartant that proper records are maintained not merely for the maintenance
work dane but alzo of the materal used and aciual man hours spent, efc. Data logger
shall keep reconds that are most Useful (n future planning of outages and providing for
effective control
§ Anolher mportant requirement of a good maintenance program is 1o ensure that spares are
ardered in ime and good stocks of the frequently required spares are manniained
Depending on the O&M requirements the firm will make necassary arrangemants for proper
mplementation of O&M. This wil be through direct presence of the firm's staf ar through
their local technolagy partners: Typically, the power plant will be under the charge of an
engineer supported by adequate staff for securnty and O&M.

11 4 D&M Schedube

OAM can be divided into three parts - Preventive Maintenance, Breakdown Maintenance,
and Pradictive Maintenance. Breakdown maintenance as the name suggests will be carried
aut a5 and when breakdown cccurs. Preventive mainténance would be underiaken as per a
present frequency Mormally Preventive Maintenance is undertaken during no of less energy
generation periad for example within period 5 AM to & AM and 5 PM to'6.30 PM.

11.4.1 Preventive Maintenance
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The developer will provide a comprehensive O&M programme for the Project The O3M
team will operate the solar facility in accordance with an Operations. and Maintenance
Agreement {the “0&M Agreement”) which shali provide for, at a minimum, the following
SEMVICES:

1. Performing routing @nd non-roufing mainténance on the sofar faciity dunng and after
the EPC warranty period,
2 Cieaning of Solar Madulas;
Operating the solar facility:

Providing all materials and services necessary for solar facility maintenance,
Manitoring the operations of the Project via the computer monitaring system,
Performing all duties to the standard mandated by the PPA.

Complying with all reguiatory obligations:

Dfé'.-aluplng operating and safety plans;

Solar photovoltaic systems are highly reliable and require minimal maintenance. Several
maintenance activities noad o be completed al regular intervals during the tifetime of the
system. In order to maintain a solar PV plant there sre a number of requiremants which
are discussed below. The enargy yield of the plant will be monitored using the remate data
acquisition system connected to each inverter, Significant reduction in enargy yield will
tigger specific maintenance’ requirements, such ‘as inverer servicing or module
replacement |n addition to this, on-going maintenance of tha plant may be required.
Typical activities are as described below.

MODULES: Visual inspection and replacement of damaged modules will be required
Cleaning of the module glass surface during long dry pericds may be considersd

The water requirement for cleaning of modules is an important aspect 1o be kept m view
Assuming @ minimum of three litters of waler per module, the water requirement for
cleaning of the whole plant {2407 modules) is approximately 504 litters, depending on the
option chosen. Module cleaning needs to be camed cut penodically (Per module 2 imes
in one month) to remove dust, bird droppings ete on the medule and enhance the energy
generation. Along with the module cleaning, for the construction of various structures (ke
IR, MCR Rooms, Pile Foundation eic.) in the plant, waler is required

MODULE SUPPORT STRUCTURE: Freguent visual inspection for general integrity of the
structure, comosion, damage and fatigue All frame connections should be checked for
deflections or tears at the module and cross beams to assess the need for replacemeant.
WIRING AND JUNCTION BOXES: Visual inspection for comosicn, damage such as
chafing, and damage by rodents and birds, and for overheating of cables and connections.
This requires the skills of an alacirical technician

INVERTERS: Invarter maintenance requires the skilis of an elecirical technician. i
mvolves: visual inspechon of the fans, tightening leads and cleaning using a vacuum
cleaner or brush.

[ - ST S
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11.4.2 Breakdown Maintenance
Breakdowns can cccur due to tack of routing or preventive maintenance, bad climatc
conditions. disturbance in utiity grid etc As breakdowns affect energy genaration and
hence revenue generation, these kinds of faults need to be immediately comected
Breakdowns can occur atany part of the system between sofar PY modules to substation
end Staff should lake care of routine or preventive mainfenance at those parts of the
system where chances of occurrence of breakdown are more

11 4,3 Predictive Mainignance
This i& undertaken with the hetp of FLIR camera, which identifies hot'spots in solar
modules and other electrical appliances. The pictures from the FLIR camera indicate
components and fitments which are hatter than the surrounding fitments, clearly implying
that the 'hottér’ component is under electrical stress. A quick analysis of the feeding and
off taking sub systems would help in preventing @ breakdown in the coming future.
12 0 SOCIAL AND ENVIRONMENTAL IMPACT ASSESSMENT

12 1 Social Impsct

Solar energy requires only @ one-ime production of equipment; it rates far lower in
envirenmental damage than other energy production lypes. Solar energy has na by-producis,
o substantia) raw material consumplon aside from nitial construction of panels and less
waste miaterial, In fact, even after 25 or 50 years, when the solar panels fail, they can still be
recycled to another form
The followings are the sccial impact due to solar photovellaic power plant.

1. Employment
Most solar plants are instalied in rural areas where land is cheap, industrial development is
litle and unemployment is high. When companies decide to build and operate solar energy
fagiliies, the projects often help to create numerous jobs for the locals. For instance, workers
are needed to plan the project, devekop and implement the project, build the solar energy
plant, manage the equipmant and operate the facility. Thug, many new jobs can be fulfilled
by workers because of a city or state using solar energy facilies to generate elecinicity for
the area, and this would in turm halp dacreaéa_ma unemployment rate of the given area.
Afss due to Ground Mounted salar PV plants which will be installation on all type of reofs and
in rural as well as in city area provides amployment

2. Improved electngity availabibity
The key development objectives: of the power sector are supply of electncity to all areas
inciuding rural areas Solar energy can also be used to meet our elecincity requirements.
Theough solar photovoltaic (SPV) cells, sofar radiation gets converted into DG electricity
dirsctly. This electricity can either be used as it Is or can be stored in the battery. This stored
alectrical energy then can be used at night
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If the rmeans to make efficient use of solar energy could be found, it would reduce our
dependence on non-renewable sources of energy and make our efvironment cleaner

3 Industnal development.
It has been often found that jobs tend to get created for workers and entreprensurs wherswver
solar plants come up, thus strengthening the economy and the local youth.
4 Reduction of the national dependency on fual imparts
India s dependent on import of crude oil and fossil fuels fin which precious foreign exchange
is eroded. Solar energy which is abundant in India if tapped can lead to savings in foreign
exchange, protection of environment eic.
12 2 Environmental Impact

Followings are the environmental impact dus to solar photovoltaic power plant

1 Health
Generating energy from solar panels emits very litthe pollution into the air, and thus solar
energy 1% a much cleaner source of energy than the buming of fossi fuels. Cities or areas
that dacide 1o usa solar energy 1o power the buildings would thus enjoy a cleaner quatity of
air in the region, which in lumn can make the cilizens and workers in the area healthier
Furthermore, studies indicate that burming fossil fuels helps faciltate global warming.
However, because solar panels emit very low amount of hazardous pollution into the air,
solar energy does not damage the atmosphere or cause global warming, Thus, if areas
decide to use solar ensrgy 1o generate electricity, the shift will help diminish the affects of
global warming, such as the sea levels rising and storms intensifying.

< Using solar power halps reduce our energy reliance on fossil fuels. The sleclnicity generated
by solar power system is clean, renewable and refiable. It waill help reduce the amount of
greenhouse gases — a major contributor to global cimate change:

13.0 CONCLUSION

The 4.00 MW zolar photovoltaic plants under TRUERE GALAXY PVT LTD have been found
to be technically and commercially viable. The site conditions ane suitable for setting up the
PV power plants. The estimated energy generation of the plant for 4.00 MW is expected to
be 5048 MWhiyear (P50} and 5811 MWh/year (P90). The total project cost works out to be
Rs. 1580 Cr for 4 MW solar project and the Project IRR is 11 00%

“*End of Report™
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