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Project Company
ooty Total Capacity Project Cost (INR  Debt (INR E{T:T
Froed : MWp Crore el
(MWp) Crore] Crore) Crore)
TRUERE HAR SPV PVT LTD 1810 715 5,00 2,14
List of Sites and Corresponding Capacities
) . TARIFF | PROJECT
S.NO, STATE NAME & ADDRESS KWP | s /KWh) ories
I UTTRAKHAND SANSERA ENGINEERING
LIMITED, PANTNAGAR DisTT | 00 | 378 3.6
3 UTTRAKHAND TVS SRICHAKRA LIMITED, :
iy 1010 3.7 388
* Al arnoynts are n INR Crore,
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Abbreviations
AL Alternating Current
APPC Average Power Purchase Cost
CdTe Cadmium Telluride
CEA Contral Electricity Authority
CERLC Central Electricity Regulatory Commission
CiGs Cadmivum Indium Gallium Selenide
cr Crore {10 Million)
BC Derect Current
CISCON Distribution Company
DSCR Debt Service Covérage Ratio
EPC Engineering, Procurémenit and Construction
RFO Renewable Purchase Ohbligation
GOP Gross Domestic Froduct
GFRI Ground Fault Detection Improvement
GW Glga Watt
HY High Voltage
IRR Internal Rate of Retum
IGBT Insulated Gate Bipalar Transistor
15 Indian Standard
INNSM Jawaharlal Nehru National Solar Mission
EMA Filomgre
kW Elio Vol
kw Kilo Watt
KWh Kilo Watt Hour
o Kile Watt Peak
LGER Load Generation Balance Report
MNRE Ministry of New and Renewable Energy
MOSFET Metal-gaide—semiconductor fleld-effect transistor
MPPT Maximum Power Point Tracking
ML Millian: Linits
My Medium Yoltage
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NAW Mega Watt

KWp Mepa Wart Peak

NASA Mational Aeronautics and Space Administration
D&M Operation & Maintenance

OnbAM Ol Watoral Air Matural

PLLE Power Conditioning Uinit

PRA Power Purchase Agreement

PV Photovoltalc

RE Renswable Energy

BEC Renewabie Energy Certificate

RES Renewable Energy Sources

RPPD Renewable Fower Purchase Obligations
RO Henewable Purchase Cbligation

RPS FenpwablePurchase Spec.q.ﬁn:latiun

SEB State Electricity Board

5t Silicoin

SPV Solar Phatovoltaic

Wp Wkt Paak

FRP Fiber Reinfarced Plastic
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1.0 Solar Resource Assessment

1.1 Solar Resource Assessment
1.1.1 Resource Assessment
The important meteorclogical parameters in the design of a solar PV power plant are:
1. Solar Radiation
2. Ambient Temperature
3. Wind Speed
4. Relative Humidity
These parameters can be obtained from number of sources. These rescurces are discussed in detail in next
section,
1.1.2. Availability of Resource Data
In design of every solar pawer plant, solar radiaticn & the main input energy source for which quite a few
data sets for meteorologicat analysis are available worldwite. These datasets provide information pertaining
to Solar Iradiation, Wind and Temperature etc. These data sourees are free as well s licensed and can be
accessed by subscription. These datasets aithér make use of ground-bated measurements at well cantrolied
meteprological station source processed satellite imagery, A comparative analysisis shown intable below.

Table 1: Comparison of Metebnorm data sources
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(Source: htp:/fwww. pvsysteom/en/publications/metes-data-sources)
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1.1.3 Solar Resource Data Selection
For India data from NASA, Meteonorm, NREL, and IMD can be taken, but because of possible inaccuracy in
MASA's data (as the grid area coverage is large 1%x1°, 111 km} and since IMD data is available anby for few
cities, data from Metenarm is considered. For radiation parameters periods considered. are from 1981 to
1930, 1986 to 2005 and 1991 1o 2010. Data for any other site that is-not directly available is to be gbtained
by interpolation (usually among the 3 nearest stations or a satellite-based data),

1.1.4 Solar Radiation
Solsr PV systemns for generation of electricity require sufficient solar radiation Le, giobal herizontal irradiance.
Generally, the setting Lp selar PV power plant for generating electricity s viable where the solar insolation
exceeds about 1564 kWh/m'fyear. Higher the insolation higher is the energy production at output side
{considering standard conditions)
In India, the range of solar insalation varigs between 4.4-6.4 kWh/m’/day, which lies under the acceptable
value. The feasibility of the site is decided based on the solar radiation values obtained from the resaurces,
Solar radiation data has been taken fram Meteonoom as this is 2 dependable sourcs, Refer Annexure-1 for
detaifs.

1.1.5 Temperature
PY modules have a temperature co-efficient that has 3 negative impact on voltage levels with rise in
temperature; this means there will be a decrease in power output with a rise in termperature. The annual
energy yield of a PV plant s heavily depandent an the actual solar resource of the site-and ambient
temperature. The increéase in temperature has @ major impact on the PY module by reduting its voltage,
thereby lowering the output power. In addition, increases in temperatirs are found to be the cause for failure
or degradation of PV madules,
Elevated temperatures-increase strosses associated with thermal expansion and increase degradation rate
by afactor of about two for each 10°C increase in temperature. The operating temperature of a module i
determined by the equilibrium between the heat produced by the PY module, the heat lost to the
ervironment and the ambient operating 1emperature. A PV module will be typically rated at 25 °C under 1
kw/m’,
However, when operating in the field, they typically operate at higher temperatures, which are influgnced by
the site conditions: Todetermine the power output of the solar cell, it is impartant to determine the expected
operating temperature of the PV medule.
The temperature data has been taken from Meteonorm thigis a dependable source.

CIN: U432220P2024PTC195866, Regd. Address: 202-203, UDYOG KENDRA EXTN-II,
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The wind speed data In a solar power plant is an important aspect in design of its civil structures and analyzing
solar PV panel performance. The bureau of Indian standards has published 15-875 which is an elaborate
document covering the ebtaimable wind speeds in various parts of the country. A miap Has been appended to
the 15 which shiows the wind speed in the form of zoning and the wind spead in any part of the country. In
wind loading analysis, we have considéred wind zone map which is extracted from I5-87S Part 3 1987 and (s
attached as Annexure-2.

2.0 Basis of Energy Generatlon Analysis

2.1 Annual Energy 'ﬁefd Calculations
The annual energy yields fram the proposed site have been calculated using the basie design and indicasive
fayout as describied in the prévious sections, Arbutus has!

1. “Sourced average monthly horizontal irradiation, wind speed and temgperature data from the Meteonorm
satellite image derived data. These data have been assessed and judiciously selectad for use in the
energy vield simulation softwara

2. Calculated the losses, usng details of the inverter specifications; PV module: specifications, PV module
chatacteristics, on-site conditions and plot layout

3. Applied downtime losses, ohmic losses, module degradation and transformer |losses to:abtain energy yheld
that reflects a twenty-five-vear plant life

Steps 2 and 3 are facilitated using industry standard photovoitaic simulaticn software which simulates the
energy yield using hiourly time steps. The software takes as input detailed specifications of:

1. Theseolar PY modules

2. The inverter

3. Electrical configuration, intluding number of moduias in Series and paralial

2.1.1 Irradiation in the Plane of the Moadules

The annual global ircadiation incldent on the collector plane has beén maximised by using fixed tilt and
flush mounting system for the 1.810 MWp solar Rooftop: Solar Plant st the proposed location.

2.1.2 Corrections and Losses
Data obtained for irradiation on callector plane, PV module and inverter spécifications and plant
configuration are ingut into the PV modelling seftware 1o calculate DC energy generated from the
modules in hourly time steps throughout the year, This direct current is converted to AC by the inverzer.

CIN: U43222UP2024PTC195866, Regd. Address: 202-203, UDYOG KENDRA EXTN-II,
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Table 2: Descnption of Energy Yield Losses:

The incidence angle loss sccounts for lossesin radiation penetrating
the frant glass of the PV modules due to the angles of incidence other
than perpgendmul_ar

The conversion efficiency of a PV madule reduces at low light
intensities.

The characteristics of a PV module are determined atstandard

‘temperature conditianis of 25°C. For every *C temperature rise above

this, module efficiency reduces according to their temperature
coefficient.

Iy general, these losses are associated dust, dirt or pollution, which
accumulates on the surface of modules

Maost PV madules do not match exactly the manufacturer's nominal
specifications. Modules are sold with a nominal peak power and a given
tolerance within which the actual power is guaranteed 1o lig.

Losses due to "mismatch” are related to the fact that the real modules
in an array do not all rigoroushy present the same current/voltage
profiles: there iz a statistical variation between them,

The electrical resistance in wires between the power available at the
modules and at the terminals of the array gives rise to ohmic losses
(1R).

The inverter losses include efficiency, and other losses due both to the

-power and woltage threshald and to operation above nominal power

and voltage

Inverters canvert from DC into AC with 2 certain specified maximum
efficiency. Depending on the inverter load, they will not always operate
at maximum efficiency.

This includes transformer perfonmance [MYHYY and ahimic losses in
the cable leading to the plant switchyard.

The performance of & PY module decreases with tima.

CIN: U432220P2024PTC195866, Regd. Address: 202-203, UDYOG KENDRA EXTN-II,
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ORIANA POWER LIMITED forms- 5PV named TRUERE HAR SPY PVT LTD which is planning to set up 1.810 MW,
grid-connected solar photovoltaic power plants in the state of Uttrakhand under Sansera Engineering Limited

and TV Srichakra

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

» Objectives of the project
¢ Location andote details
« Tentative plant layout

* Provisional system design and system destription, including selection of module suppliér from Goldi/Reputed
Impoerted Solar (“Top Tier Global Module Manufacturers”)

« Requirement of utilities
» Relevant standards

» Description of power evacuation system and interfacing with the grid

= D&M requirements a;]ung with organizational arrangements

= Project implementation schedule

Equipment list with brief technical specification

Detailed financial analysis and cash flow (including P50, P90 analysis)

Summany of the proposed plants & given in the table below:

Locotian

No. of Location
Mounting Tvoe
PV Module type

PV Module Moke

P Miodfufe Rating

Totai no:of
Modules®

Invertet type

Inverter Maoke

1810 MW in
Urtrakhand
5

Fread Tilt
Mano-Crystailing

Goldi/ Reputed
imported/Eguivalent

S40/570 Wa

335273175 Na's

String fnverter

Sungrow/Growatt

CIN: U43222UP2024PTC195866, Regd. Address: 202-203, UDYOG KENDRA EXTN-H,



fnverter power

Total no. of

475/ 195/200kW

5/557 No's

Table 3: Summary of PV Power Plant
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Table 4: Summary of PV Power Plant [SPV Level}

Location

Mounting Type
P Module type

PY Madule Make-

PV Module Rating (Wp)
Total number of Modules®
Inverter type

Inverter Make (proposed)

First year PS0O Energy Yield
{MWh/annzm)

First year P90 Energy Yield
(AW Annm)

Total Peoject cost {INR Crore)
Debt: Equity

Equity {INR Crore)

Average DSCR at P90

1,010 Mw

Fixed Tilt
Mano-Crytalline

GoldifReputed
Impeortedfequivalent

540570 Wp
1ETO1772 No's
String Invertar
Sungrow/Growatt

1377 MW fpear
1373 MWh,’\!‘l!'al_'

399

0.800 MW

Fiad Tilt
Mono-Crystalling

Goldi/Raputed
Imported/equivalent

540/570 Wp
1481/1404 No's
String Lnverter

Sungrow/Growatt

1126.5 MiWhyvear

1100.6 MWh/year

316
233
095

133

CIN: U43222UP2024PTC195866, Regd. Address: 202-203, UDYOG KENDRA EXTN-II,
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4.0 SOLAR POLICIES

4.1 Open Access Solar Policy Uttrakhand

Uttarakhand's Solar Policy, particularly the "Uttarakhand Solar Power Policy 2013,” aims to promote the
use of solar energy within the state. The policy was introduced to harness 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 potentiaf in Uttarakhand due to its geographical
advantage.

* Promote Green Energy: Encourage the generation of eléctricity through solar power to reduce carbon
footprints.

+ Investment Attraction: Attract private and public investments in the solar energy sector.

2. Key Provisions:

= Incentives: Offers various incentivies for setting up solar power plants; such as exemptions from electricity
dutyand subsidies on capital investments,

» Land Allocation: Provision of government and private land for setting up solar power projects.

* Net Metering: Encourages rooftop solar installations by allowing consumers to sell surplus electricity back to
the grid.

=  Praject Allotment: Different models of project allotment are avaifable, including compatitive bidding and
fixed tariffs for small projects.

= Single Window Clearance: To simplify the approval process, a singie-window clearance system has been
implemented.

3: Target and Capacity:

« Target: The policy aims to achieve specific targets for solar power generation capacity by certain timelings.
= Capacity: Encourages the installation of grid-connected solar power plants, rooftop solar systems, and off-
grid salar systems in remote areas.

4. Implementation:

= Responsible Agency: The Uttarakhand Renewable 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 ohjectives are
met.

5. Enwironmental and Social Benefits;

» Reduction in Emissions: Contributes to reducing greenhouse gas emissions by replacing fossil fuel-based
ENErgy SOurces,

= Rural Electrification: Supports the electrification of remate and rural areas through decentralized solar
ENergy systems.

CIN: Ud43222UP2024PTC195866, Regd. Address: 202-203, UDYOG KENDRA EXTN-II,
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The policy has been periodically updated to align with the changing technological and market conditions,
making it more attractive for investors and developers,

5.0 SITE ASSESSMENT
5.1 Location

511 SANSERA ENGINEERING LIMITED

Company Overview

Sansera Engineering Limited, established in 1981 in Bengalury, specializes in manufacturing complex and
critical precision-engineercd components primarily for the automotive sector and non-automotive SECLOTS
like off-road vehicles, agriculture, industrial, and medical. The company has expanded its operations
globally and develnped a strong relationship with well-known OEM customers.

Vision & Mission

» Vision: To become a world-class engineering mrpl:rrallnﬂ-thét maximizes stakehalder value.
= Misslon: To build a socially responsible, employee-driven global engineering corporation, fostering customer
lovalty through innovative methods and efficient management.

Core Values

Customer-Centric

Respect for Individials & Trust In Relationships
Accountability to Stakeholders

Teamwork

Integrity

Excellence & Innovation

Environmental Responsibility

Corporate Social Responsibility (CSR)

Walue for Time

CIN: U43222UP2024PTC195866, Regd. Address: 202-203, UDYOG KENDRA EXTN-II,
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Histairy and Growth

1981; Incorporated in Bengalury,

1986: Started producing passenger vehicle components.

1996: Expanded into the two-wheeler vertical,

2013: Established a facility for high-precision aerospace components.

2017: Acquired Sansera Sweden, expanding into heavy commercial vehicles.

Global Presence & Leadership

Sansera has a professional management team that has driven the company's exponential growth and
diversification, resulting in stable financials and an expanded global footprin.

5.1.2 TVSSRICHARRA

s e W EERTEALE

TVS Srichakra Ltd. is one of India’s leading manufacturers and exporters of two- and three-wheeler tires. as
well as off-road tires. Established in 1982, the company is a part of the TVS Group, 2 well-known
conglomerate in India. TVS Srichakra has a strong presence both in the domestic and international markets,
catering to onginal equipment manufacturers {OEMs) and the replacement market.

The company is known for its high-quality products, innovation, and customer-centric approach. It operates
state-of-the-art manufacturing facilitics in Madurai, Tamil Nadu, and Rudrapur, Untarakhand, with a
combined production capacity of millions of tires annually, TVS Srichakra also focuses on sustainability and
environmental responsibility in its operations.

Key highlights:

Established: 1982

Headquarters: Madurai, Tamil Nadu, India

Industry: Tire manufacturing

Produets: Two-wheeler tires, three-wheeler tires, off-road tires
Markets: Domestic and international

Parent Group: TVS Group

Key Focus: Quality, innovation, sustainability

& = ® ® = ®w W
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The 1.810 MWp plant is proposed to be developed at Uttrakhand. The coordinates of the site are gven below
Latitude: 29500715 N
Langitude: 79%24'40 E

kKirar ch' ritsll

Flgure 11 Locatin of privect site--TVE SRICHRATRS (TD. Diteekhong
Latituda: 2855950 N
Longitude: 73°26'7 S E

Figune & Lotation of proféce site: SANSERS ERMGINEERING LT Uikirakhand

CIN: U43222UP2024PTC195866, Regd. Address: 202-203, UDYOG KENDRA EXTN-II,
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6.0 SYSTEM DESIGN

6.1 DESIGN BASIS
6.1.1 Meteorological Database

Solargis time series provide a long-term record of solar and metegrological dataAlthough the Solargls data i
of high-quality, for large-scale and utllity-scale projects it needs to be supported by regional validation and
site-specific uncertainty estimates..

A regional evaluation of the model uncertainty is particularly important in territories, where salar power
develapment is only starting, For this purpose, we provide & detailed solar resource validation and assessment
study as an add-on consultancy service tothe standard data delivery.

Validation information related to solar and meteorological data from nearby sites is included to support
bankability of the assessment, On-site measurements, when available, can be integrated into the analysts to
reduce uncertainty and give higher confidence to project stakeholders.

6.1.2 Systermn Design Software

PVSYST V7,3.40 has been used for carrying out the system desgn and computing the annual energy vield.
1. PVSYST is a PC software package for the study, sizing and data analysis of complete PV systems.
2 It deals with grid-connected, stand-alone, purmping and DC-grid (public transport] PV systems, and includes
extensive mataorological and PV system components dafabases, as well as general solar énergy tooks:
3. PVSYST predicts the energy generations for a vear of the required location with the help of Meteonorm file of
the same focation,
6.1.3 Drafting Software

AUTOCAD is used as the drafting software for creation of 20 drawings that will be used as reference and for
construction. AutoCAD software is-used in @ range of industries; employved by architects, project managers
and engineers, amongst other professions.

6:1.4 Module Selection

It was explained earlier that mono-crystalline silican technology was preferred for the project due to the
following reasons

1. Good commercial efficiencies

2, Lower cost due to fall in silicon prices

3. Lesser area requirement for installation

4. Higher bankability

CIN: U43222UP2024PTC195866, Regd. Address: 202-203, UDYOG KENDRA EXTN-I,
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The preferred module has been shortlisted based on quality of raw materials, manufacturing equipment,
quality-contralled process and R&D laboratories. The company will choose a module supplier from Top Tier
Global Module Manufacturers. Technical specifications of Tria/ Equivatent modules are attached as Annexure-
3

The number of modules to be supplied shall be worked out as per the energy generation analysis, the DC plate
rating and the AC capacity. Module frames shall be made of corrosion resistant material, which shall ba
efectrically compatible with the structural matenial used for mounting the mibdiles. The madule shall be
provided with a junction boi with provisien of external 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 independent international testing
laboratory. The modules shall meet standards applicable, as per [EC 61215 and IEC 61730,

6.1:5 Mounting Selection

The type of mounting structure has been selected based on the energy generation analysis, The objective of
the project i 1o set up power plants with madimum energy generation

Considering all the parameters for solar Ground Mounted system it is considered fixed and Flush mounted
systern for installation. For flat RCC roof fixed tit system will ba used and far tilted tin sheet rocf flush mounting
systarm will be considered

E.I.IE Inverter selection

As there are sevaral roofs for solar PV installation use of central inverter call for installation will increase laying
of cable from different roofs to central inverter which lead to increase de losses and - that will directly impa;.{_
on energy generation,
On the other hand, String inverters have efficiencies in the range of 98 8%, require less cable length and valtage
is stepped up to intermediate voltage directly. Alsg, installation of string inverter is quick and required less
space as compare with central inverter. Hence for this project we have used String Inverters.
Governing Standards: Inverter should conform to IEC 61682 and UL standards for safety
Post ted'm_nuuﬁmrner:ral evaluation of major inverter suppliers, the developer after negatiation with Sungrow
and Grawatt.
Sungrow is a global leading Inverter solution supplier for renewshles with over 436W installed warldwide 35 of
June 2017 Founded in 1997, Sungrow has established 16 subsidiaries worldwide located throughout the
Americas, APAC, the Middle East, Europe and Africd, maintaining a market share of around 25% in Germany
and ower 15% in the world, Sungrow possesses a dynamic RE&D team which accounts for over 35% of the
company’s total workforce, The company has also invested its own in-house testing center appraved by UL,
C5&; TUV Rhenland, and TUV SUD. In 2016, Sungrow launched a new storage inverter factory, setting its
combined annual manufacturing capacity at 18 GW for PV Inverters and 3 GW for storage inverters.
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Sungrow 1s @ new energy enterprise dedicated to the R&D and manufacturing of PV inverters including on-grid,
off-grid and storage  inverters, and user side smart energy management solutions as  well

The power capacity of Sungrow on-grid inverters ranges from 750W te 250 kW, méanwhile its off-grid and
storage inverters cover a power range from 1 kW to 630 k'W. Sungrow imverters are extensively used workdwide
for apptications in residential, commercial, PV poverty alleviation, utility-scale scenarios as well a5 other
storage power station projects.

Since its foundation in 2010, Sungrow has established branch offices one after another in Germany, LS, UK,
Australia, Brazll, Thailand, India, Netherlands; etc in order to better serve the customers across the
globe: Growatt always sticks to the R&D Investment and technelogy innovation and provides customers with
premium products and services through its core inverter technology, rigorous quality contral and continucus
improvement of customer service. By the end of 2019, Growatt has shipped aver 1.7 million inverters to over
100 countnes-and regions across the globe. Growatt has been recognized as the No 1 Chinese Residential Py
Inverter Brand, three years in a row according to PVBL. By 2018 Growatt has become the TC_IP 3 single-phase
inverter brand accarding ta'the IHS Markit's world inverter shipment ranking

Flexibility of installation: The forced air-coohng system; designed for a simple and fast maintenance allows for
the maximum flexibility of installation,

The illustrative image of the Inverter is given below:

Figure 20 lllustrative image of the Central Inverter
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For design and-cafculation purposes, a. 125 kW Goldi central Inverter has been selected. This gives an insight
intc energy generation possibilities and consequent revenue generation. These are three phase invarters with
compact enciosures and protection level suitable for indoor use. Technical specifications of the selected
inverter are attached as Annexure-g,

6.1.7 Proposed Design of 1.810 MWp Solar Power Plant

The layout of the PV power plant is prepared after shadow analysis of respactive building roofs. Proposed
system is combination of fixed tilt system due to availability of RCT; refer Annexure-5 for tentative plant layout
Refinements required in plant layout shall be assessed during the detailed design and engireering phase.
Thie energy vield is computed with S40/570 Wy modute of Goldi/Reputed Imported/Tier-1 and 5 MVA Su rHErow
central inverters. The anergy generation details are given In
Annexure-6,
Asmulti MPPT string inverter used respective string will directly connected to Inverter. String level monitoring
5 also possible through these inverters. Fuse, DC disconnector along with 5PD s inbullt i inverter so thers 15
no requirement of DCDB. But considering different roofs and single inverter for these roofs, consultant
recomnmends providing at least DC disconnecter on each roof, Refinements required in DC design shall be
assessed during the detailed design and engineering phase.
The tentative DC side single line diagram (SLD) is attached as Annesxure-7,
The cables used in the solar PV plant have to be robust and resist high mechanical todd snd tension along with
thiz 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 tonnectors. Modules will be
interconnected with thess cables in series to form a string of 20 medules by MC4 connectors: 4 mm?/ 6 mm?
single core cables shall be used to connect strings to String Inverter. These cables will be cross-linked pelyolefin
insirated, with ultraviolat (UV) and temperature resistant properties.
Technical specification of DC cables s shown in the table below

Table 3; Brief technical specifications of DC Cables

Cables from String 1.8 kV, Single Core, XLPO insulated, PVC sheathed, unarmoured
to SCB/finverter cable, confirming to 1EC 60228 standard annealed tinned coated
' coppet conductor size-4 sq.mm, RED
1.8 kV, Single Care, XLPO insulated, PV sheathed, unarmoured
cable, confirming to 1EC 60228 standard annealed tinned coated
copper conductor size 6 sq.mm, BLACK
Qutput of String Inverter will be combined with circuit interconnect at each site separately,
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Lightning protection shall be provided in accordance with 15 2309. Detailed risk analysis shall be made 1o
consider the requirement vis-a-vis cbtaining insurance cover, The cost for providing full lightning protection
should be compared with possible:shadow losses that might accrue due to the fightning arrestor mounting and

6.1.8 Lightning & Over Voltage Protection

fitment,

Necessary concretefstructural foundation for holding the lightning conductor in pesition will be made after
giving due consideration to the mawimum wind speed and mantenance requirement.at site in future. Each
llghtning conductor shall be fitted with individual separate earth pit a5 per required Standards including
accessonies, and provided with masonry enclosure with cast iron cover plate having a 1ni:i:mg_ arrangement,
watering plpe using charcoal or coke and salt as per required provisions of 15,

As distance between reofs are mare and to maintain earthing. resistance less than 1-ghm consultants
recommends that separate OC aarthing tobe provided for esch roof.

The Hlustrative image of lightning arrestor Is given below:

SUY witeE 1uppiet

Baze Plate Azx E_.'r"!a!'}.'-'.'

T

E————

Figure 21 lllustrative image of lightning arrester

=
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Statutory regulations on safety measures shall be strictly followed, Safety appliances, viz. fire extinguishers, sand

6.1.9 S5afety Regulations

buckets, earth rods, gloves, rubber mats, danger sign boards, safety regulation charts, ete. shall be procured and
installed as per safety norms

6.1, 10 SCADA
The antire sedar PV power plant shall be integrated with Supervisory Control and Data Acquisiticn {SCADA) system
which should communicate with all the imverters-for displaying parameters rner.m'uned below. The integrated
SCADA shall have the feature to be used either locally via a lacal computer or also remotely via the Web using
either a standard modem or-a GSM / WIFI modem and broadband, SCADA chall Have provision of tracking the
statis of breakers and relays, SCADA shall be confirming to IEC 60870,
Following paramatess shall be shown | the SCADA $ystem:
Data from Weather station
PV module back surface temp
Line and phase currents
Cumulative energy exparted
AC and DC side Power of each inverter
Current and voltage of each sub-array/string.
Inverter data
The major SCADA features incorporated into the control system are listed below
1. Operator interface of latest technology. Instantaneous grid, array, Inverter, AT, and metering of all parameters.
4. Integrated AC, DC data paints logging: Instantaneous logging of all parameters. Including AC parameters, the
Beneratar run hours and enargy details,
3. Faultand system diagnostics with timestamped event logging. Selectable event logging resciution for enhanced
diagnostics.
The typical schematic of SCADA systemis given in the figure below:
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Figure 22: Typical schematic of SCADA system
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The simulation of energy generation is one of the most important tasks because the results lead to
understanding the viability of the project by through working out possibli revenues. The results are brought
out in Annexure-6, '

7.1 Yield Prediction

7.0 ENERGY GENERATION ANALYSIS

Tabie below gives, at a glance, the energy yield-from the solar PV plant during the first year. However, there
15 bound tobe a certain amaunt of degradation of modules each year. As per data available, the degradation
of Mano/Poly-crystalline modules is not more than 0.7 % annually, Keeping this figure as the datum for
calculations the-anticipated energy yield for every year is shown inthe below table:

Tabled; Energy Yield Prediction for l.EiD MWp Selar PV Power Plants

—_— ~ Parameter 1810 MWp

FV module B Goldi/Reputed

imported/Equivalent

Meodule peak power (Wp) . 540/570 Wp.
Murnber of Modules 33523175

‘Peak power of plant (MWp) 1810 MWp

Solar Radiation (m2/day) = 475 m2/day

Losses

1AM factor on global T 08%

Module dan_daﬁaﬁ ; S 2.0% =
PV loss due to irradiance level 0.45%

Array Sofling loss : 2.0%

Module quality loss 0.4%

LID loss ' 2.0%

“Module array mismatch loss 2.0% =
Chmic wiring loss - oos%m

Inwerter Loss during operation {efficiency) 1.38%
T B S =
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Transformer Losses 111%

AC Ohrnie Loss. —— - arew
First Year Energy Yield P50 {MWh/annum) 2504 MWh/annaum

First Year Energy Yield PS0 (MWh/annum) 2374 MWhiannum
First Year SpecificYield (MWh/kWp/year) stP90.  1529.53kWh/kWp/year
Performance Ratia (PR) (%) 78.54%
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Tabie below summarize the predicted P50, P80 yields for Solar PV power plant for Mono crystalline technalogy

7.2 P50, PA0 Annual Energy Yield Prediction

Table 5: P50, PO0 Annuat Energy Yield Prediction =SBV Plant for 4.00 MWp

sl Capaclty | - Generation P50 Generation P30
Site Detalls: | GHI (kWh/M2)
Mo/ (W) {MWh/year) {MWh/year)
1 |SANSERA ENGINEERING LTD 2 1637 1136.5 11006
2 |TVS SRICHAKRS LTD 1010 1756 1377 1273

The Power Purchase agresment is Tor 25 vears, so the PS50, POD annual enargy vield for 15 vears is shown in Table
below
Table &: P50 Annual Energy Yield over 25 years for 1.810 MWp Project afrer AC losses and degradation from second year

onwards
Each Year's individual P50 {1.5% in 1st yr | Each Year's individual P90 (1.5% in 1styr
Year and 0.75% annual degradation) and 0.75% annual degradation)
(MWh/annum) {MWh/annum)

5r.
e P{50]) p(90)

1 2503.60 2373.80

2 2492.33 2363.12

3 2481.12 2352.48

4 2469.95 2341.90

5 2458.84 2331.36

& 244777 2320.87

7 2436.76 2310.42

8 2425.79 2300.03

9 2414.88 2280.68

10 2404.01 2279.37

11 23593.19 2268.12

12 2382.42 225891

13 2371.70 2248.74

14 2361.03 2238.62

15 2350.40 2228.55

16 2339.83 2218.52

17 23729.30 2208.54

18 2318.82 2198.60

19 2308.38 21B8.70

20 2297.99 217E8.85

21 2287.65 2165.05

22 22771.36 2159.39

23 FI6T 11 2149.57
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24 2256.91 2139.90
235 2246.75 2130.27

7.2 Capacity Wtilization Factor
The Capacity Utilization Factor (CLIF) s the ratio-of the'actual output over the period of 3 yéar and its output if
it had operated at nominal power the entire year, as described in the farmula below,

ACCUF = Energy generated per annum
B8760(hours, annum) x mstalled Capacity (kWac)
DECCUF = Energy generated per annum

B760(hours/ annum) x Instelled Capacity (kWde)
* DCthe CUF of the 1.810 MW PV plant under TRUERE HAR 5PV PVT LTD- is computed to be 18 13% at PS5O level
and is 17.24 % at PSO, |
AC the CUF of the 1.470 MW PV plant under TRUERE HAR 5PV PVT LTD- is computed to be 23.07% at P50
leval-and i521.93% at PO,

7.4 Performance Ratlo
Performance ratio of the SPV Plant shows quality of components and installation, The PR, usually expressed as
a percentage, can be used to compare PV systems independent of size and solar resource. The PR may be

Expressed as:
— Anual AC Yield
(Area of modulesix{Anual Insolation)x{Module ef ficiency)

By normalizing with respect to irfadiation, the PR quantifies the everall effect of losses on the rated output and
allows a comparison between PY plants. First year PR for the 1810 MW PV plant TRUERE HAR SPV PYT LTD- is
computed to be 78 54%.

* 100%
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8.1 Praject Casting

s
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For 1,510 MW solar PV Project, the welghted average capital cost is estimated to be INR 350 Cr/MWn. The
breakup of the total project cost is given in below table:
Table 7: Project Cost

5r. No [Particulars Total Cost {In Crores)
1 [EPC Cost + G5T 6.34
2 Decommissioring Charges 032
3 §bC 0.48
Total Project Cost 135
Per MWp Project Cost 395
DSRA 0.42
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The propozed Solar PV Power Project is of 1.810 MW capacity. The life of the project |s considered as 25 years,
Here, technology considered for energy generation is =

8.3 Financials Analysis Assumptions

The following table shows the financial assumptions:
Table 8: Financial Assumption

Parameters Value Units Parameters Value  Parameters Units
Project Details
Life of Project Considered 25 years
Project capacity {AC) 1.470 MW
Project capacity {DC) 1.810 MWp
Eeneration ﬁ_et_aﬁg.
CUF {P20) 1724 %
Annual Gereration [P90) 23738 MWH/Year
Degradation in energy generation for First year 1.5% ‘pEr annum
Degradation in energy generation fram Second year 0.5% per annum

Capital Expenditure and Structure

Price/MWp 25 Rs. In Croves
Total Project Cost 7.15 Rs. in Crores
'Finan:gd by -

Equity Capital {30% of Project Cost) 214 Rs. in Crores
Total Debt [70% of Project Cost) 5.00 Rs. in Croras
zovt Incentives MA Rs. in Crores
Interest Cast 10.00 ko
Project IRR 11.0% %.
Operating Expenses.

Operation &Malntenance (08&M)] Expenses 3 lakhs Per MWp
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Annual esealation in &M Expenses
Depreciation [SLM) and Tax E_a'fes
Depreciation Rate (For P& L)

Depreciation Rate for [T{SLM)

Depreciation value (% of Project cost)
Income tax Rate

Education Cess on Income tax and Surcharge

Minimum Alternate Tax

8.4 Project Financials

The detaited financial include following parameters,
Frojected Income staterment

Projected balance sheet statoment

Prajected cash flow statement

Projected DSCR

Caleulation of IRR

For detalled, ﬂnamlai;lnd[y refer Annexure [9]
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2% P annum
408

100%
17.16%
10.00%

MA,
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9.0 APPROVALS AND PERMITS.

9.1 List of Approvals Required for the Project
A solar pawer plant is primarily non-palluting and hence is not covered under the list of installations reguiring
pailution: clearance. However, ather appropriate mandatory clearances may have to be fulfilled. The various
clearances that may be required far the Solar PV power project are listed in the table below

Table 9: List of appravals

Approval for Power  DISCOM The Company shall obtain grid connectivity approval from DISCOM
Evacuation for the project under Net metering mechanism. Please note that
Maximum allowable capacity under net metering mechanism is

(Net-Metering] I If gia_l:ntmpaﬂw is more than 1MW and fill fulling other norms
msn{a.rpﬂw £_peci-.al application sheuld be filled in concern with
respective DISCOM.

2 CEIG Appm'v.raéi CEIG CENG approval required for commissioning plant more than 100 kW,

After signing the PPAs; the off-taker has to submit a consumer application form for net metering to the concerned
DISCOM. The DISCOM ssues an acknowledgement of the consumer application form. Net Mitering instalfation ks ot
necessasy for commissioning of plant and can be done even after commissioning of the Salar PV Plant. This stéps for
net metering spproval areas follows:

1 Consumer application along with payment

2; Feasibility Inspéction by DISCOM officials

kA Consumiers shall Enter into Net Metering Agreament with DISCOM

4. Request for inspection by DISCOM official of the instalted solar plant

8 Inspection, Calibration of Meters & Synchrshization of installed SPV system by DISCOM

B inthe-next billing cycle, et billing systerm would start

After installation of the plant but befere commissioning, CEIG approval is needed to be obtained. The application to

CEIG for its approval can be submitted either before installation or post commensement of installation work, The:

following documients are required to be furnished at the time of application;

1. Requisition letter of the owner/tenant of the installation,

.0 Computer printf Blue print of efectrical drawings showing: Single line diagram of the instaliation, Indicating
rating, size and details of protection, details of loading, etc.
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Plan and elevation of the solar unit, inverter unit and coritrol panel shawing all round clearances etc

Details of earthing providid Far the proposed installation.

Site plan locating the proposed roof top solar equipment’s

Reguisite fees paid receipt/challan for drawing approval
Copy of Licensed Electrical Contractor and Supervisor permit duly endorsed In faveur of LEC

Structural stability certificate obtained from the certified structural engineer for the roof where proposed
solar PV modules are to be erected,

Proof of ownership of property where installation is done

After :urnpleti::':nn bfsni,ar raof top installation work, the following documents shall be submitted by the consumer for
pre-Commissioning inspection:

1
2

Requisition [atter of the ownarftenant of the installazion of plant
Woark campletion report
Reguisite Inspection fees paid receipt /challan as per fees notification

Manufacturers test report of the solar roof top instalistion & Calibration report of Energy meter and
connected current transformers.and protectiverelays if any

List of authorized persons who will operate at the sald installation

At the time of inspection, a responsible representative of the Consumer / Electrical supervisor shall be prasent
along with testing instrumients

The defects pointed out during the inspection should be rectified in arder to bring the installation in general
corformity with the CEA (Measures Relating to Safety and Electric Supply) Regulations, 2010 and 2

rectification report signed by the consumer, and contractor should be sent to the jurisdictional officer of the
Electrical Inspectorate

After verification of the compliance report by the inspecting officer safety approval would be granted under
Regulation 32 of CEA {Measures Relating to Safety and Electric Supply) Regulations, 2010
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A0.0 PROJECT MANAGEMEMT

10.1 Project Planning

Project management plays a wital role for projects starting from conceptualization to final project
completion. Project design, tendering, bidding, contract finalization, material procurement, implementatian
and final commissioning are all key components.of any solar PV power project which involves intensive planning
and manitoring for a successful project execution
Project management software like Microsoft Projects and Primavera can be used to plan, track and monitor
solar PV projects efficiently. Project management software alse provides a commen platform of commurscation
between different stakeholders involved in the project.
The first step is:to develop a work breakdown structure for the project which organizes and defines the scape
of the project in-a structured format. The next step is to bring all stake holders together to discussand list all
project work packages and assoclated activities under each major category.
All individual tasks required in the project are listed as profect activities and each sctivity is defined a duration
and associated cost. Once all activities are listed, they are linked together to form a network disgram. The
network diagram provides linkages between different project activities and defines pre'l:h_ék:Eﬁs:i:@r activities, float
available for each activity and showcases inter-dependencies between each task.  The network diagram further
helps to identify the critical path of the project. The critical path Includes activities which if delayed will
eventually defay the project completion.

Detalled work breakdown strutture and planning of activities ahead of time gives an added advantage to the

project team to closely monitor the project timeline. The software can also be used to allocate resources ke

Mean power, equipment ete. along with costsfor each activity. The schidule will help to assign manpower, track

actual progress from planned and raises alarms in case of project delays.

Thiz averall project activities for the SPV power plant divided nto sub packages as given below. The spiit of

supplies is as follows:

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

2. Supply, erection, installation of SPY modules on structures. Supply, erection, Installation and testlngpfFL‘u;.
Interconnection of equipment’s and commissioning of the power plant, Completion of earthing system
before commissicning. Supply, installatian and l:n::ri'nrnis;‘.l:uning;n=;1'lt data monitoring. systan,

3. Actualize grid feed-in by synchronizing SPV power supply with conventional grnd supply.

4. Acceptance test of metering system and energy sale.

CIN: U43222UP2024PTC195866, Regd. Address: 202-203, UDYOG KENDRA EXTN-I,



$) TRUERE HAR
SPY PAT LID

10.2 Project Organization
10:2.1 Project Management Organization
As the Developer, TRUERE HAR SPV PVT LTD Solar is engaged across the full technology, project, and
transaction life cycle. Work undertaken by TRUERE HAR 5BV BVT LTD Solar as part of its role a5 Developer
of the projects includes, amang others;
dite Assessment and Design
1. Conducting multiple visits to vanious sites in the-allocated states to assess the feasibility and size of solar Grournd
Mounted plant that can be installed at various sites
<: Undertaking irradiation analysis using multiple software Metenorm; SolarGis, NASA et and estimation of
generation.using Pygyst
3. Preparation of prefiminary design of the plant, including system sizing, plant layout, intercannection/backup
design, broad companent selection, etc.
Meeting Regulatory Requirements
1. Ensuring requisite appravals from regulatary autharities are bht_ainéd including signing of PPA, securing project
sanction documents; lising with NV and SECI, ete
Engineering Procurement Construction & Equipment Management
1. TRUERE HAR 5PV PYT LTD Solar is actively engaged |n developing a strategy for EPC and O&M and negotiating
with and selecting an EPC contractor for the cost-sffective development of the projects”
Equipment Managerment and Vendor Coordination
1 ORIANA POWER hall be responsible for ourcing complete material ta be used in the project and has been
negotiating with Top Tier Glabal Moduls Manufacturers-and inverter manufactiters for sourcing the same
Project Management and Supervision
1 ‘Overall management of project during ai:tl:lal canstrdction phase and supervision of activities of the EPC and
vendors .
Operations & Maintenance
1. Postcommissioning, the plants will be monitored focally by TRUERE HAR SPV PVT LTD team daily
1. Manitering plant uptime, performance; irradiation and shutdowns, ongination and maonitoring of payments and-
financial accounts are some of the activities ta be undertaken by TRUERE HAR SPY PYT LTD as part of its strategy
for operations and mantenance of the plant
After the completion of the project planming, the operational project team will take over, The project team
will work to ensure that the project is completed on time as per the agreed specifications.
The averall execution strategy involves ORIANA POWER team oversesing the work of the in-hausa clisnt
management, technical and project management teams. Further, the strategy envisages a central EPC
contractor which will be overseeing the work all other subcortractors,
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A i:l'.edi:ated in-house Project Manager will be responsible, along with the EPC Contractor, the
implementation and management of the project. Each project manager will be responsible for cversesing
execution of the projects in specified states.

The dﬁelnpgr has engaged ORIANA POWER Ltd as the EPC Contractor for commissioning of Raaftop grid
tonnected solar pv plant with total capacity of 1.810 MWp.

URIANA POWER has registered office in DELHL. The company is promoted by EPC division of Oriana group
of company. The key team of the company has executed Rooftop Grid Connected Solar PV Plant with
aggragate capacity of GEMW+

10.2.2 The Project Management Function and Execution
The Project Manager supported by his team i responsible for undertaking all activities to ensure the
effective and efficient execution of the project. The Projisct Manager is the formal point of contact for the
ceveloper and contractor on:all matters relating to the project; Specifically, the following key functions are
undertaken:
1. Owverzll project management and coordinatien between EPC and Cliemt
2. Management:of client rnterﬁ;es

L]

Planning and time scheduling of all activities based on an integrated master programme; management
of resource levels as required

Management of EPC's subcontractors, subsvendors, and equipment expediting

Quality assurance and contral

Monitoring and réporting

Spares, maintenance and service management

Site management

ST T M T

Training and manpower development including dient operator and maintenante training during the
eommissioning of the plant atsite

10, Prajet eaat sanirsl

10.2.3 Progress Reporting

* The team shall document all steps in the project implementation process through weekly reports and the
creation of a poster which shall display refevant information.
Weeldy Status Reports
The tearm shall maintam contact with.adwvisars and the course coordinator and advise them on the current
project status: The team shall document project work each week, and report weekly via email on the current
-status and plans for the uwpcoming week: Major setbacks, meetng agendas, attendance, and:
accomplishments from the previous week shall all be reported, a5 shall individual accomplishments by group
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members: The time spent by each member shall be recorded and & seemester tally shall be kept of all hours
spent on the project by the team members,

18,3 Project Implementation
fentative solar photovoltaic Ground Mounted plant project schedule as per following image.

[}
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Figure 23: Prooct Blanagenient Scheduls

11,0 OPERATION AND MAINTENANCE REQUIREMENT

This section of the report outlines the operation and maintenance philasophy that will be adapted for the
proposed solar BV Ground Mounted power plants. The broad outlines given here will Be useful guidelines for the
I:E'r_sh:. and detailed engineering of the plant, 5o that mast of the requirements of the aperation and maintenange
of the plant are met and provided for in the enginoering stage itself.

11.1 System Design Suited for D&M
The main objective of operation and malntenance s the high availability and reliability of the plant. In order to
achieve the main objective; the following principles would be adopted.
1 Building up adequate capacity to ensure generation of power as per design estimates, This is done by applying
liberakde-rating factors for the array and recognizing the efficiency parameters of PCUSs, ste.
3 Praviding redundancy to-ensure at beast S0% availability in case of major breakdowns.

3 Use of equipment and systems with proven design and performarnce that have a high availability track record
under similar senvice conditions:

4, Selection of the equipment and adoption of a-plant layeut to ensure ease of maintenance

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

The basic and detailed engineenng of the plant will aim at.achieving high standards of operational
performance especially with respect to the following key parameters;
T Optimurn-availability of moduled during the day time
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2 Ensuring module layout to prevent shading

3 High DC system voltage and iow current handling requirements

4. salection of PCUs with high track record

The plant instrumentation and control 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 prowide for the
analysis of the historical data and help in the plant maintenance pesple to take up the plant and equipment an
preventive maintenance.

11.2 Operation Requirements

The operation of the plant starts with the cammissioning In broad térms, cormmissioning can be defined as
setting up of the plant to wark safely and refiably. It is necessany 10 ensure that all equipment s completely
erected before operations begin. Although this may be considered difficult, the other extreme af operating a
plant with insufficient instrumentation, controls, and atarms is very dangerous: Althaugh some compromise
could be made with regard to plant compietion, the commissioning procedures should never COMPromise
personnel and system safety.
A proper checklist procedure should be drawn up which would include all the sections of the plant snd shall take
inte aceount the contractual respansibilities, the he:hrmlagj:ial refatianship between the varlaus sections, pre-
commissioning. cleaning requirements ete. The checklists procedure helps in the following:

1. Toensure that the necessary checks are carried out on each itermn of the plant before it is put into commercial
sEryice

2. To ensure that ensrgy 5 supplied to equipment or & plant when it is safe to doso

3. To facifitate the recording of the progress on the various commissioning activities

4. To provide a basis for the plant histagry
Theoperation of the power plant unitintertonnected to the grid is an activity that must be properly coordinated,
within the plant as well as within the deslgnated sub-station to which the plant feeds power.
An important feature of the ‘modern pewer generating plant s the automatic safety lock-out devices. While
sufficient thought goes into it at the design stage, it remains.the responsibility of the operating staff to ensire
that the safety devices are set correctly and kept In dperation,
While safety of the plant and personnel is the foremost importance In the operstion, the efficient operation of
the plant cannot be ignored. While operating, it isimportant to check the essential parameters of tha plant and
equipment to ensure that the plant performance is at the aptimum level, Ay variations in the operating
‘parameters or any deviations from normal performiance of the equipment or plant will have to bé analysed
immediately to diagnose the problem and to take remedial measures to bring back the plant and eguipment to:
its griginal parameters
The plant operator should follow the guidelines given below:
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1. Frequent checking and calibration of instruments; SF" P“T !'"]

2 Cross checking instrument indications with each other to determine whether the instrument is faulty or there
is an abnermal operating condition;
3. Analysing indicated data to determine accurately what could be wrong,

11.3 Maintenance Requirements
The main objectives &f the plant maintenance are to keep the plant running reliably and efficiently as long as
possible. Reliabiity ie impaired whien'a plant undergoes forced and unforeseen dutages. This aspect assumes
greater significance for a solar PV power plant exporting power to the State Electricity grid under contractusl
commitments. It is imperative that any planned maintenahce is ur?:lertaken with closer coardination with State
Electricity board substation,
Eﬁi:_l'ertt operation Imhlie& close contral not only mrer the cost of production but also over the cost of
maintenance. There are two components in maintenarce cost! one is the direct cost of maintenance, [i.e. the
material and fabour), and the other is the cost-of praduction loss
The following. steps will help in reducing the breakdown maintenance and also in planning for preventive

mdintenanca:

LE
H

Careful logging of operation data/historical infermation from the Data Monitoring Systems, and periodically
precessing it to determine abnormal or siowly deteriorating conditions

Walk down checks of the plant

Careful control and supervision of operating eonditions.

o B

Regulate routine maintenance work such as keeping equipment clean, cleaning SPY modules.

&

It s extremely important that proper records are maintained not merely for the maintenance work done but
also of the material used and actual man hours spent, etc. Data logger shall keep records that are most
useful In future planning of outages and providing for effective contral,

E. Another important requirément of a good maintenance program is o ensure that spares are ordered in time
and good stocks of the frequently required spares are maintained.

Depending on the O&M requirements the firm will make necessary arrangements for proper implementation of

O&M. This will bethrough direct presence of the flom's staff or through their lecal techiiology partners. Typically,

the power plant will be under the charge of an engineer supported by adequate staff for security and O&M.

11.4 O&M Schedule
0&M can be divided into three parts - Preventve Maintenance, Breakdown Maintensnce, and Prédictive
Maintenance. Breakdown maintenance as the name suggests will be carried out as and when breakdown
otcurs. Preventive maintenance would be undertaken as per a present frequency. Normally Praventive
Maintenance is undertaken during no or less energy generation perlod for example within period & AM to-8 AM
and 5 P 1o 630 P

11.4.1 Preventive Maintenance
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The develeper will provide a comprehensive G&M programme for the Project. The O&M team will operate
the sofar facility in accordance with an Operations and Maintenance Agreement (the "DBM Agreement”)
which shall provide for, at:a minimum, the following services:

1, Perfarming routine and non-routine maintenance on the solar facility during and after the EPCwarranty
period,

Cleaning of Solar Modules;

Operating the solar facility:

P T Y

-

Providing alf materials-and services necessary for solar facility maintenance,

Manitoring the operations of the Project via the computer monitoring system;

Perfarming all duties to the standard mandated by the PRA;

Complying with all regulatery obligations;

Developing operating and safety plans,

Sclar photoveltale systems. are highly reliable and reguire minimal maintenance. Several maintenance

ox e kN

activities need to be completed at regular intervals during the lifetime of the system. In arder to maintain a
~solar BV plant there are-a number of requirements which are discussed: below. The energy yvield of the plant
will be manitored using the remote data acqulsition system connected toeach inverter, Significant reduction
in energy yield will trigger specific maintenance reguirements, soch as inverter servicing of module
replacement. [n addition ta this, on-gong maintenance of the plant may be reguired. Typical activities are as
described below.
MODULES: Visual Iinspection and replacement of damaged modules will be required. Cleaning of the module
glass surface duning long dry periods may be considered
The water requirement for cleaning of modules ks an impartant aspect to be kept in view. Assuming 2 minimum
of three |itters of water peér module, the water requirement for cleaning of the whole plant {2407 modules) is
approximately 500 litters, depending on the option chosen Module cleaning needs to be carmed out
periodically (Fer module 2 times in one month) to remave dust, bird droppings etc, on the module and
enhance the 2HEFEy Eefgratlan. Alang with the medule slganing, far the eaReiFuEnsn of vanaus siruet|res
{like IR, MCR Rooms, Pile Foundation etc.} in the plant, water is required.
MODULE SUPPORT STRUCTURE: Frequent visual inspection for general integrity of the structure, corrosion,
damage-and fatigue. All frame connections should be checked for deflections or tears at the madube and cross
beams 1o assess the need for replacement.
WIRING AND JUNCTION BOXES: Visual inspectson for corrosion, damage such as chafing and damage by
rodents and l:-lrds, and for overheating of cables and connections, This requires the skills of an electrical

technician,
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INVERTERS: Inverter maintenance requires the skills-of anm electncal technician, It involees: visual
inspection of the fans, tightening leads and cleaning using a vacuum cleaner ar brush,
11.4.2 Breakdown Maintenance
Breakdowns can occur due to lack of routine or preventive maintenance, bad climatic conditions, disturbance
im wtility grid efc, As breakdowns affect_ eﬁerg\f_ generation and hence revenue generatian, these kinds of
faults need to be immediately corrected. Breakdowns can accur at any part of the systern between solar PV
modules to substation end. Staff should take care of routine or preventive maintenance at those parts of the

system whiere chances of octurrence of breakdown are more,

11.4.3 Predictive Maintenance
This is undertaken with the help of FLIR camera, which identifies hot spots in solar madules and ather
plpctrical appliances. The pectures from the FLIR camera indicate components and fitments which are hotter
than the surrounding fitments, clearly implying that the "hotter’ component is under alectrical stress. A quick
analysis of the feeding and off taking subsystems would help in preventing a breakdown In the coming future,
12.0 SOCIAL AND ENVIRONMENTAL IMPACT ASSESSMENT

12.1 Sacial Impact
-Solarenergy requires only a one<time production of equiprrent; it rates far-lower inenvironmental damage than
other energy production types. Solar energy has no by-products, no substantial raw materlal consumption aside
frem initial construction of panels and less wasté material. In fact, even after ¥5-gr 50 years; when the sclar
panels fail, they can still be reeycled to anather form.
The follawings are the social impact due to solar photovoltaic power plarit:
1. Employment
Most solar plants are installed in rural areas where land is cheap; industnal development is little and
unemployment is high. When companies decide to build and operate solar qn'erg'_g_r facilities, the projects often
hielp to create numercus jobs for the docals. For instance, workers are needed to plan the peoject, develop and
implement the project, build the salar energy plant, manage the equipment and sperate the facility. Thus, many
néw jobs can be fulfilléd by workers because of a city or state using solar energy facilities to generate electricity
far the area, and thiswould in turn help.decrease the unemployment rate of the grven area.
Also due o Ground Mounted solar PV plants which will be installation on all type of roofs and in rural as well as
in city area provides employment.
2. Improved elactricity availability
The key development objectives of the pawer sector are supply of electricity to all areas including rural areas.
Solar energy can ako bedsed to meet our electricity requirements. Through solar photovaltaic {SPY) celis zolar
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radiation gets converted into DC electricity directly, This electricity can etther be used ast is ar can be stared in
the battery. This stored electrical energy then can be used at night
If the medns to fake efficient use of solar energy could be found, it would reduce our dependénce on nan-
renewable saurces of energy and make ourenwrenment cleaner.

3, |Industrial development.
It has bean often found that jobs tend to get created for workers and entréprenaurs wherever solar plants
come up, thus sirengthening the economy and the local youth.

4. Reduction of the national dependency on fuel imports
India is dependent on import of crude ofl and fossil fuels fin which precious foreign exchange is eroded. Solar
energy which ts abundant In India if tapped can lead to savings in foreign exchange, protection of environment

B,

12.2 Enviranmental lmpact

Followings are the envirgnmental impact dug to solar phatovoltaic power plant:

1, Heaith
Generating energy from selar panels emits very little pollution inte the alr, and thus solar energy is 3 much
cleaner source of energy than the burning of fossil fuels. Citles or areas that decide to use solar energy 1o power
the buildings would thus enjoy a- cleaneér quality of air in the region, which in tura can make the citizens and
workers in the area healthier, Furthermore, studies [ndicate that burning fossil fusls helps facilitate global
warming. Howsver, because solar panels emit very low amount of hazardeous pollution info the air, salar energy
does not damage the atmosphere or cause global warming: Thus, if areas decide to use solar energy to generate
electricity, the shift will help diminish the effects of global warming, such as the sea levels rising and storms
"ﬂﬂﬁﬂﬁﬁﬁg

2: Using solar. power helps reduce our energy reliance on fossi! fuels. The electricity generated by solar power
systemn Is clean, renswabie and reliabla. It will help reduce the amount of greenhouse gases — a major
contributor to global climate change.

13.0 CONCLUSION

The 1.810 MW solar photovaltaic plants under TRUERE HAR 5BV PVT LTD have been found to be technically and
commercially viable. The site conditions are suitable for setting up the PV power plants. The estimated energy
generation of the plant for 1.810 MW is éxpected to be 2503.642 MWh{year (P50} and 2373 BMWh/year (P90].
The tatal project cost works out to be Rs: 7.15 Cr for 1.810 MW sclar project and the Project IRR is 11.00%,

**End of Report™®
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