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Executive Summary
Solar energy is the most readdyailable source of nepolluting renewable energy resource.

It could be utilized in two ways viz. direct conversion in to electricity through solar
photovoltaic (PV) cells and indirect conversion through generating high temperatures by
concentrating collgtors and thereby run the steam turbine in line with a conventional thermal
power plant. The unigueness of the solar technologies is that it offers a wide range of
applications in solar PV as well as solar thermal technology in which case, the genaatated he

could be used for domestic as well as industrial applications and power generation.

India being a tropical country is blessed with good sunshine over most parts, and the number

of clear sunny days in a year also being quite high. India is locatbd sunny belt of the

world. As per Ministry of New and Renewable Energy (MNRE), Government of India (Gol),

the country receives solar energy equivalent to more than 5,000 trillion kwWh per year with a

daily average solar energy incident over India whickegafrom 4.0 to 7.0kwh/m2 depending

upon the | ocation. Indiads equivalent sol ar
energy per yeaHot and Dry climatic regions have the best solar radiations in the country with
around 300 sunny days; which rneakthese region very appropriate locations for harnessing

solar energy.

Worl dés Largest solar park is propaswedl to b
34 such parks across the country in association with the Solar Energy Corporation of India
(SECI); Government of IndiaGujarat Power Corporation Limited(GPChas taken the

advance initiative to developtper o p o s e d w8alat Pédréwgh clraulatigeecapacity

of 5000 MW, GPCL is also acting abke nodal agency for the developmentiud solar park

The power evacuation facilities from Solar Park will be furnished by Power Grid Corporation

of India Limited (POWERGRID).

The selectedland for the proposed solar park required expert civil work to address the essential
requirements of Sold@ark. It has been noticed that the selected location satisfies most of the

essential requirements towards setting up a Solar Park in the vicinity. The projectis planned
11
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with multi-crystalline and CdTe based Thin Film Solar PV technologies (which axeethe
mature and proven technology across the globe) along with central type inverter for minimum
project capacity of 50 MW. The present Detailed Project Report (DPR) contains all key aspects
of a Solar Park of the capacity of 5000 MW in the Dholera tofheostate of Gujarat, India.

The DPR contains covers the following major dimensions of the proposed project.

SITE ASSESSMENT

This section establishes the criteria for site assessment for establishing the Solar Park via
addressing the key requirements erdumations

SOLAR RADIATION RESOURCE ASSESSMENT

The selected project | ocation is in O6Hot
experiences high solar irradiance (high DNI as well) and high ambient temperature.

SOLAR PV TECHNOLOGY ASSESSMENT

Solar PV Modules and Inverters are the key components of any grid connected solar PV power
plant. The global overview of solar PV technologies has been presented in the DPR via
addressing their technical basis, advances and limitation, market shear (gtbbatianal),
manufacturing, growth and projection and status of commercialization etc.
ENVIRONMENTAL AND SOCIAL IMPACT

The Solar Parkis essentially being developed for Solar PV power projects which work on solar
energy which is noipolluting source of ezrgy; however, there might be several dimensions

of project implementation where ESIA and SIA aspects are essential to address as per the
applicable acts.

INFRASTRUCTURE PLAN OF SOLAR PARK

This section elaborates the infrastructure development over tioetolal plan of the Solar

Park. There are five key dimensions of infrastructure addressed in the section

12
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1. Introduction

1.1 About the Project

Energydemand growswhile the conventional resources remain limited. Price of energy surging
every momaet with Oil & Gas market remains a volatile ongorldis crying out for a clean,

locally available andcost f f i ci ent ener gehindrenexvabled t 6s t i me t o
Sol ar 6 s moBemlgihe best shoiceawang all other renewable energy sourdassisSo

the wayforward.lIt is not as heavy in terms of the capital costs as tidal and geothermal (and much
less risky); it is simple, but, unlike wind and waves, quite predictable.

The change is already happening. From sptarered airports, railways, teaes and cricket
stadiums, to tiny vikhges with no electricity accesseware seeing cosfficient and
environmentallyfriendly solar power projects springing up everywhé&eme utility scale Solar

park also being developed nonragricultural land. Thigs helping in eliminating the issues like
massive grid failures which plague the major cities.

Solar Parks are concentrated zone where various solar plantsare setupDholera Solar Park

i's one such project. EnviparkDhaedasalap patk will bbdstea wo r |
capacity of 5000 MW. It is proposed to be developed in two phases, In the firsBpbots®@ith
potentiacombined capacity of 1000 MW will be developed and tender for the same will be floated

in the market to invite &ar Project Developer (SPQ)e.SPDcontractorio develop solar power

plants on thosplots. Inthe second phag#ots with potential combined capacity of 4000 MW will

be developed.

The Dholera Solar Parks a part of development plans of Dholera spednvestment
region(DSIR) largest investment node on the Delhi Mumbai Industrial Corridor Development
Corporation LtdDMICDC) growth corridorwhich aims to creatan economically and socially
balanced, new age city with wortdass infrastructure andhegh quality of life Adoption of a
sustainable approach across key components such as transportation, waste recycling, overall urban
form and resource efficiency form the cornerstones of this plan.

Gujarat Power Corporation Ltd (GPELGujarat UrjaVikas Mjam Ltd (GUVNL and Gujarat

Electric Transmission Corporation (GET@Ibng with SolaEnergy Corporationf India (SECI)

14
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and the Central Transmission Unit (CTU) are on board for implementing the pr&agtrat
Energy Research & Management Institute(GHRMII work as an advisory to GPCL

The Energy and Petroleum Department(EPD), Government of Gujaratebagated Gujarat
Power Corporation Ltd as the nodal agency who will carry out the development of the solar park,
while Gujarat UrjaVikas NigamLtd will be the off taker and sign Power Purchase
Agreement(PPA) and Gujarat Electric Transmission Corporation will provide for the transmission
of solar power generated by the solar park

1.2 Dholera SIR

Dholera Special Investment Region (DSIR) is a Greenfieldsinz City planned and located
approximately 100 km South West of Ahmedabad. The Government of Gujarat has created a
legislative framework for the formation of a Special Investment Region Act 2009. Under the act,
a regional development authority for DSHas beerestablishedAn SPV named Dholera
Industrial City Development Limited (DICDL) has been created between the Central Government
(DMICDC Trust) and the State Government (DSIRDA) of Gujarat to implement the project. Delhi
Mumbai Industrial Corridor Deelopment Corporation Limited (DMICDC), a special purpose
company, was incorporated to establish, promote and facilitate development of the DMIC Project.
DholeraSIRis envisaged to be well located andely. Once completed Dholet&IR will possess
following characteristics

Characteristics

1 Total Area: 920 Sqg. km

Developable Area: 567.39 Sqg. Km

High Access Corridor: City Center, Industrial, Logistic, Knowledge & IT,
Recreation & Sports, Entertainment

World -class infrastructure & connectivity: within & outside

Central spine express way & Metro Rail to link the SIR with mega cities
Airport & Sea Port in the vicinity

Proximity to mega cities: Ahmedabad, Bhavnagar, Vadodara

Benefit of sea coast, nature park, golf course

Premium civic amenities

Capable to cater to both International & Domestic Market

Close toGujarat International Finance TechCity (GIFT)

Close to Petrechemicals and Petroleum Inv. Region (PCPIR)

Logistic support of the Dedicated Freight Corridor (DMIC)

= =4

= =4 -4 -8 -8 & 4 _a -9 -9
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1 Benefits of the high impact lhi Mumbai Industrial Corridor (DMIC)
T Public investment in core infrastructure

1.2.1 Dholera Special Investment Regional Development Authority (DSIRDA)

The state Gowt. constitutedholera Special Investment Regional Development Authority
(DSIRDA) for the deelopment of Dholera SIR and to prepare the land use plan, town planning
scheme and the development plan for the 3lRng with the planning and development of
DSIRresponsibiliesof Dholera Special Investment Region Development Authority (DSIRDA)

will encompass the function of administering government land within DSIR

1.2.2 Contribution of DSIRDA tahe Project

1.3

Dholera Special Investment Regional Development Authority (DSIREMApe providing land

for the proposed solar park projetite land in question isot suitable/permitted for any other

use. Moreover,inreturn to their contribution they will avail annual revenue of Approximately INR
10 crore. In addition to this presence of solar park will attract solar power equipment developers

to setup manufacturg or other facilities in Dholera SIR.

Overview of Gujarat Power Corporation Limited(GPCL)

Gujarat Power Corporation Limited (GPCL) incorporated on 28th day of June 1990 under the
Companies Act, 1956, is a State Government Company promoted by the Gavesh@gjarat.

The Company is primarily engaged in the business of generationand distribution of power through
various sources and has been playing the role of developer and catalyzer in the energy sector in
the state.

GPCL identifies the power projectased on various fuels, prepares teecbhoonomic feasibility

reports for such power projects, identifies suitable private joint sector parties and implements these
jointly with the selected parties. After the power project is identified, GPCL obtains sariou
statutory and nostatutory clearances to be obtained for implementation of the power project, such

as, water and air pollution clearance, forest clearance, environmental and forest clearance, civil
16
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aviation clearance etc. It also pursues the formalitikeged to acquisition of land under the Land

Acquisition Act and ties up the fuel linkages for the power project.

It has also been designated as Nodal Agency by the Government of Gujarat for development of
Solar ParkGPCL has a popular history in Gugarof being a successful Solar Park Developer.
Hence, keeping this practiveness in pursuit GPCL approached MNRE for approval of setting up

of another 5,000 MW capacity Solar Power Park. Seeimgitsestablishettrackrecord and good
reputation MNRE tok no time in approving the same and GPCL was awarded the responsibility
of Solar Power Park Developer (SPPD).

Gujarat Power Corporation Limited (GPCL) has been playing the role of developer and catalyzer
in the energy sector inthe State of Gujarat. GRIEntifies the power projects based on various
fuels, prepares techrmconomic feasibility reports for such power projects, identifies suitable
private joint sector parties and implements these jointly with the selected parties

After the power projecsiidentified, GPCL obtains various statutory and-statutory clearances

for implementation of the power project, such as, water and air pollution clearance, forest
clearance, environmental and forest clearance, civil aviation clearance etc. It alss ghesu
formalities related to acquisition of land under the Land Acquisition Act and ties up the fuel
linkages for the power projects

The Guijarat Solar Park at village Charanka, District Patan, Gujarat developed by Gujarat Power
CorporationLimitedisthAs i aés first Multi devel oper, Mul't
beneficiary Solar Park. It is an integrated hub of Solar Power generation which is first of its kind
in Asia.

The main objective of GPCL is to identify the power projects basedmusafuels, prepare the
techneeconomic feasibility reports for power projects, identify suitable private sector/P SU parties
and implement such power projects jointly with them of on its own if on party comes forth. GPCL
also facilitates to private sectdeveloper to setip power projects in the State.

1.3.1 Contribution of GPCLto the Project
Gujarat Power Corporation Limitée@PCL)has been esignated as the nodal agency i.e. Solar

17
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PowerPark Develope(SPPD for the proposed project in Dholera. Being the SPEBCL will
be carrying out the following activities:
i.  Plan, finance, develop, execute, operate and maintain the Solar Power Park
ii.  ldentify potential site and acquire/leasehold/possess land for Solar Power Park
li.  Carry out site related studies/investigations
Ilv.  Obtain statutory &onstatutoryclearances andto make area development plan within Solar Power
Park.
v.  Design a plan for sharing development cost between the developers.
vi. Create necessaryinfrastructure like water, transmissionlines, roads, drainagaeildate Solar
Power Project developer for faster implementation of Solar Power Projects
vii.  Frame out transparent plot allotment policy and specify procedures pursuant to the relevant State
policies and their amendments thereof.
viii.  Provide directives for tdmologyspecific land requirements
iX. Engage the services of national agencies/global experts/consultants to promote Solar Power Park
and related activities.
X.  Facilitate the State Government to establish educational institutions/training facilities within Sola
Power Park for development of manpower skill related to Solar Power
xi.  Include any other activity related to Solar Power Park, such as manufacturing as per the directives
from MNRE and the State Government.
xii.  Conduct necessary evaluation of environmental aodial impacts of utility scale solar

deployment as per law and before allocating the land to prospective developers.

18
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1.4 Overview of Gujarat Energy Research and Management Institute(GERMI)

Gujarat Energy Research & Management Institute (GERMIcisnaerof excellence in industry

learning and has set up to develop human resource assets to caterto the petroleum and allied energy
sectors, improve knowledge base of policy makers and technologists and provide a competitive
edge to leaders to compete in thebgl arena.

GERMI has executed various megawatt and kilowatile grounanounted and rooftop solar PV

power plants in the capacity of advisor, implementing agency, project management consultant
(PMC) and thireparty engineer/ inspector (TPE/ TPI). GERNds conducted various training
programs for the solar industry professionals throughout the country and have gained wide

knowledge in the sector.

1.4.1 Salient Features of GERMI
1 GERMI is a registered Society and Trust under the Societies Registration Actad@abe

Bombay Trust Act,1950.

1 GERMIisarecognized Scientific and Industrial Research Organization (SIRO) by the Department
of Scientific and Industrial Research (DSIR), Gol.

1 GERMI is a schedukEnvironment Auditor recognized by the Gujarat Pollutianol Board
(GPCB) and an Energy Auditor Consultant recognized by the Gujarat Energy Development
Agency(GEDA).

1 GERMI is promoted by the Gujarat State Petroleum Corporation Limited (GSPC), a Government
of Gujarat undertaking

1.4.2 Vision and Mission of GERMI
Vi si on: GERMI 6s values and beliefs | ead it t

1 That young professionals in energy sector ought to have an access to the opportunities for being
more competent, efficient, highly knowledgeable and courageansovate and experimentin
theglobalarena

9 That the societal concernofa citizenwill inspire productive and efficient use of energy with wider

19
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perceptions of clean environment and awareness of futuristic scenario.

Mission: Train and retrain professional in Energy Sector:

1 Provide facilities and opportunities for creation of knowledge, blue print of futuristic technologies
and newbusiness opportunities
1 Commit itself for societal goodin all walks of human Endeavour at macro as well asagtass

levels

1.4.3 Contribution to the Project

GERMI services ardired by SPPDGPCL) for preparation of DetailerojectReportBased

on the feawility reports, Gee Technical reports and Floa@ports, GERMIis conducting
mapping of the sitéor preparing DPRGERMI is also evaluating the cost of wholeject on
basis of which a recovery model will be formulated. All of the above mentioned will be
incorporated in Detailed Project Report(DPR) which will be prepared by GERMI itself. The
Detailed Project Repo@PR) will also elucidatesolar market Trend®PO & REC, various PV
technologiespossible project structurepossibleinfrastructure planning Rossibleplant
configuratioradopted by SPBNd various riskassociated in the proje&torrective measures

to be taken.

1.5 Overview of Solar Park

The solar pds is a concentrated zone of development of solar power generation projects and
provides developers an area that is well characterized, with proper infrastructure and access to
amenities and where the risk of the projects can be minimized. Solar Parkswiflaailitate
developers by reducing the number of required approvals.

India, with its large population and rapidly growing economy, needs access to clean, cheap and
reliable sources of energy. India lies in the high solar insulation region, endowddigétisolar
energy potential with most of the country having about 300 days of sunshine per year with annual

mean daily global solar radiation in the range of@.5kWh/n#/day. Heretosolarenergy can be

20
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the solution to | ndiifasbescancelalizeats potenti@ne gfithe bestqui r e

ways to do it is through development of solar parks across the nation.
Figure 1-1Charanka Solar Park

Starting with the 6Charaha@aelSyplfasl IPawkd by tG
Parké in Rajast han, sol ar par ks have quickly
development of solar power projects inthe country. These parks have obtained theirinitial impetus
from the Jawaharlal Nehrtlational Solar Mission (JNNSM), whiclprovided the policy

framework and roadmap for solar power development in the country.

----END OF SECTION
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2 Project Structure

2.1 State Scenario

Guijarat is located on the western coast of India andheakbngest coastline of 1,600 km among

all statesin the country. The state shares its borders with Rajasthan, Madhya Pradesh, Maharashtra
and the Union Territories of Daman & Diu and Dadra & Nagar Haveli. The Arabian Sea borders
the state both to the weand the southest.

Guijarat is one of the leading industrialized states in India. At current prices, Gujarat's Gross State
Domestic Product (GSDP) was about US$ 158.2 billion over 2061 %Average annual GSDP
growth rate from 200405 to 201516 was abowl11.56 per cent. As of January 2018, Gujarat had

a total installed power generation capacity of 30,394.29 megawatt (MW).

There are 45 ports, 18 domestic airports and one international airport. There are 106 product
clusters and 60 notified special economones (SEZs). Large scale investment is expected in
Gujarat as part of the US$ 90 billion DeMiumbai Industrial Corridor (DMIC).

According to the Department of Industrial Policy & Promotion (DIPP), Foreign DirectInvestments
(FDI) inflows in the statef Gujarat reached US$ 17.44 billion during April 200@cember 2017.
Gujarat accounted for about 4.97 per cent share in the overall FDI inflows in India. The Vibrant
Saurashtra Expo and Summit, was held in Rajkot in January 2016. MoUs worth US$ 341.88

million were realized for the development of various sectors of the state during the event

23
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First State to implement feeder segregation for

=N
@ supplying electricity to Agriculture sector through
dedicated &l

Gujarat is the front runner among states in
Ease of Doing Business as per survey conducted
by World Bank

Only state with 2 LNG terminals having
capacity of 20 MMTPA

State has coastline of 1600Km and handles
73% of India’s non major port traffic, 14%
of major port traffic

The only state in India to have State wide
Integrated Gas Grid of around 2600 Km
interalia GSPL's Gujarat gas network

Asia's largest solar park with capacity of 750MW
is located at Charan

Gujarat is the first state in India to achieve 100%
electrification providing 24*7 electricity access with
lowest ATEC losses among other states

Figure 21: Gujarat State Scenario

2.1.1 Gujarat State Energy Scenario

During 1980s, GEB focused mostly on rural electrification, providing new connections and
maintenane activities. But as it focused on the above, profitability & revenue recovery suffered
hugely. GEB ran into huge losses for several years denting the image of public sector in Gujarat.
No rays of hope were seen until the year 2001, when an initiatiteed@overnment of Gujarat

led by visionary politicians, proficient administrators and diligent employees took everyone by
surprise. A major reformation which included multipronged strategies and tactics including
unbundling of the board, renegotiation ofyer purchase agreements (PPA), reduction of interest
rates on loans, curbing of power theft and reduction of huge transmission and distribution (T&D)

losses without compromising with the quality of fuel.

24
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2.1.2 Industry structure
Series of reformsin the 199@nd the EA 2003 has moved the power sector towards its vision of

a competitive market with multiple buyers, sellers supported by regulatory, and oversight bodies.
In context to this, organizations have been formed both at the central and state Goenmisent

to facilitate development of the power sector

The State undertook structural reforms whereinthe erstwhile Gujarat Electricity Board (GEB) was
unbundled on 1st April 2005 into seven companies with functional responsibilities of trading,

generationtransmission and distribution as follows:

il

T - -

Figure 2-1:Hierarchy of Power Sector in Gujarat

Gujarat Electricity Regulatory Commission (GERC)

GERC, constituted in November 1998 is responsible to reguldet& mine

tariff, issue licenses, specify the Grid Code, specify and enforce standard for
quality & reliability, etc. at intrestate level, Promote cogeneration and
generation of electricity from renewable sources of energy and Adjudicate

upon the dispuebetween the licensees, and generating companies and to

refer any dispute for arbitration.
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Gujarat UrjaVikas Nigam Itd (GUVNL)
GUVNL was incorporated as a Gowt. of Gujarat Company. GUVNL is
engaged in the business of bulk purchase and sale of elec8iggrvision,

Co-ordination and facilitation of the activities of its six subsidiary companies.

It is the single bulk buyer of power in the state as well as the bulk supplier to

distribution companies.

Gujarat State Electricity Corporation Limited (GSECL
Post Electricity Act 2003, GEB was unbundled in 2005 & GSECL was given
j responsibility of electricity generation & to undertake new power projects in
the state. It currently accounts for 31% (6132 MW) of the total installed
Gs CL conventional capacity of tretate and has achieved highest ever PAF of around

83.65%.

Gujarat Energy Transmission Corporation Ltd (GETCO)

GETCO setup in 1999 builds, operate& maintains state transmission network,
company has made significant progress in network capacity addition,
transmission asset management, state grid operation, smart grid solutions and
human resource development. Currently it has transmission network of about
55,468 ckm and 1,671 substations with transformation capacity of around

91,544 MVAs
Table2-1:Energy Requirement in Gujarat Source: (Load Gatien Balance Report, CEA 2017)
Energy RequirementAvailability Peak Demand/Peak Me{in MW)
(inMU)
Energy ; 102,983 Peak Demand ; 14,610
Requirement
Energy Availability ; 116,897 Peak Met ; 15,213
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Figure 2-2:Solar Market Scenario in Gujarat (2017)

2.2 SolarPower as a Solution to lte Indian Power Industry

In the present scenario, renewable resources emerge as thiédvaative. At present, renewable
energy accounts for about 20 % of Il ndi ads
31.03.2018).

Much of this capacity is winttased (about 34GW, as on 30.04.2018), with the share of solar
power being only about 4GWndia is blessed with an abundance of -depleting and
environmentally friendly renewable resources, such as solar, wind, biomass, hydro and
cogeneration and geothermal. Wind energy sector, which has shown tremendous growth in the
recent year, dominatdbe renewable energy sector in India. India has an abundance of solar
radiation, with the peninsula receiving more than 300 sunny days in a year. As of 31 March 2018,

the installed capacity was 21.65 GW meeting 2% of the utility electricity generation.
Table 2-2: InstalledEnergy generation capacity in India (as on 30 April 2018

| Installed capacity(MW)

Coal 196,957.50
Large Hydro 45,293.42
Small Hydro 4,485.81
Wind Power 34,046
Solar Power 21,661.48
Biomass 8,839.10
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Nuclear 6,780

Gas 24.897.46

Diesel 837.63
Biomass Diesel Installed

30 Nuclear Qo
2%

Solar Power
6%

capacity(MW)
0%

Gas
7%

Wind Powe
10%

2%

Figure 2-3:Installed energy generation capacity in India (as on 30 April 2018)

PV is progressively becoming more attractws;aVis other renewable sources of power, as its
costdeclines. The various factors leadingto decline in costincludes setting up of large scale plants,
integration across the value chain, declining cost of raw material, reducing material consumption
ard higher efficiency of modules.
Due to its proximity to the equator, India receives abundant sunlight throughout the year. Solar PV
solution has the potential to transform the lives of 450 million people, who rely on highly
subsidized kerosene oil and otheels, primarily to light up their homes. Renewable energy source
is a practical solution to address the persistent demand supply gap in the power industry.
The following features of solar power make it the most viable renewable source of energy for
India:

1 Solar energy is available in abundance

1 Available across the country unlike other renewable sources, which have geographical
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limitations
1 Available throughout the year
1 Decentralized / offyrid application§ addressing rural electrification issues
1 Moduarity and scalability
Merits of the Solar PV Plant

I.  PhotovoltaicPower from the sun is clean, silent, abundant and free.
li.  Process releases no €C5G or NOxgases during energy generation, which are normally
associated with burning finite fossil fuelresers and dondét contri bute tc
lii.  Photowoltaic are nowa proven technology which is inherently safe as opposed to othadessil
basecklectricity generating technologies.
iv.  No fuel is required for generation, so fuel cost of power generatzaTas
v.  Solar power shall augment the needs of peak power needs
vi. Solar Powered Grid Connect Plants can act as tail end energizers, which in turn reduces the
transmission and distribution losses.
viil.  Solar Power can be set up on barren / unproductive land wibnalale sun radiations. Solar PV
plant donot require large Water source or effluent disposal system as required in the case of
conventional thermal plants.
vili.  Generation of electricity from Solar PV is totally free of Green House Gas emission.
IX. Routine O&M cet is comparatively very less.

X.  Man powerrequirementuring O&M is very less.

Limitations of Solar PV Power Plant

I.  Low efficiency of solar modules compared to solar thermal.
ii.  Generation depends on climate. Low sunlight results in lesser generation
lii.  Increasan module price will increase project cost and hence solar tariff
iv. ~ No generation during night time. To store generated power battery system must be develop which
increase the cost of the system.

v. PV Module are fragile and can be easily damaged.
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2.3 Financial Performance of GPCL

GPCL, a State Public Sector Undertaking (PSU) is presently engaged in the genanation
distribution ofpower in the State ddujarat GPCL has been engaged in various projects of power
generation through Gas, Nuclear, Solar, Windall&l Coal which caters energy requirements of

the State of Gujarat. On back of GPCL, Gujarat has been able to fulfill its Renewable Purchase
Obligation year on year.

GPCL identifies the power projects, prepares teedranomic feasibility reports for supbwer
projects, identifies suitable private joint sector parties and implements those projects jointly with
the selected parties after obtaining various statuary andtatuary clearances for them.

Table2-3:Financial position of GPCL during last three years

Amount (Rs. in Crore)

Particulars/Year

201617 201516 201415

1 Share Capital 427.91 415.41 393.74
2 Reserves and Surplus 552.84 508.57 504.54
3 Fixed Assets (Gross Block) 479.43 472.95 472.82
4 Fixed Assets (Net Block) 403.69 413.79 428.83
5 Investments 198.99 136.06 127.06
6 Sundry debtors 150.12 13.89 30.82
7 Loans and dvancesc Assets 299.20 191.13 140.10
8 Total Liabilities 293.50 312.32 289.79
9 Income 279.01 55.60 98.74
10 Total Expenditure 217.67 21.18 74.21
11 Depreciation on Fixed Astse 15.41 15.22 15.12
12 Profit Before Tax 45.93 19.19 9.41

13 Profit After Tax 29.38 11.58 2.38

14 Earnings Per Share (Amt. in Rs.) 10.99 2.73 0.62

From the extacts of financial statements of t&# CLduring last three years, it can be seenthat
GPCL has a rich share capitdhe loans and advances of the corporatiae slightlyincreased,

owing to their increased involvement in various projestsch has in ttn added significantly to
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their profit. The Earnings per Share available to the common sharehold&RG@If has also
increased during the last three years. Overall, the table above establishes a fact about financial
capabilities oiGPCLtake on the proposisolar park project

Funding Structure

The cost of the Solar PV power plant, presented in this section of the report covers all the costs
associatedwith the construction of the plant and included civil construction cost, cost of equipment
for power gengmtion, cost of auxiliaries and utilities. Detailed proposed cost estimates are given
below for the atire 5000MWprojecswhich are subjectto change after the selection of all the
contractors and the financial proposals received from those contraatomsniestimates have

been built considering Rs.43/MW capacity, however, these shall be known with more accuracy
only after selection of thEPDcontractor.

Table2-4:Funding Structure

Source of Funds Percentage Amount (Rs. In Lacs)

Equity Fund 70%
Debt Fund 30%
Total 100%

--- End of Section-
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3 Solar Market Trends

3.1 Globhal Solar Market Trends

Solar energy has been recognized as the most promising source of renewable energyral over
world. Solar energy possesses the potential to replace highly carbon intensive technology. As per the
recent IEA declaration renewable is not a niche fuel any more it has become a mainstream fuel. Solar
and wind is surpassing the other renewable gnsogirces, to be the largest share in renewable
market. The drastic decline (> 10% annually) in the cost of solar PV modules has accelerated its

growth and has led the energy enthusiasts all over the world to consider it.

Global Installed Capacifyolar

B Annual Capacity (MW) B Cumulative Capacity(MW)

899 6968 9

757291
6828
5092
464 230
3871
06 6302 9
57 8 143217387692
16 23 63 Tds 153(i25l3-4
_— e v . v & & & BN

20062007 2008200920102011 201220132014 201520162017 2018 201920202021 2022 2023 2024 2025

Figure 3-1:Global Installed Capacity

I ndi ads geographical position that is the re
most suitable to harness solar energy. With this in mind, India has successfully created a aadlaborat
platform for increased deployment of solar energy technologies and improved access to energy, India
has laid the foundation stone to formthe International Solar Alliance (ISA). About 120 countries have
already ratified the agreement. India being tkadguarters of ISA has the greatest potential to
develop solar technologies inthe years to come. Although, Land requirement is a big concern for the
solar energy deployment, since solar PV plants require about 4.0 to 4.5 acres of land for a 1 MW
power plat. Rooftop solar PV systems thereby become the most favorable option where the rooftop
of a building can be utilized to put up a solar power plant.

Indian government has targeted 100 GW of solar PV by 2022 of which 60 GW is to be achieved
though groundnount ed sol ar systems and 40 GW thoug
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commitment at the COP21 in Paris last year, has been a game changer for not only the Indian solar
mar ket but will al so place I ndi abds theakngof i n t
Indian renewable. The sector has seen an impressive 59% CAGR in the last four fiscal years to react
12.2 GW installed capacity at the end of March 2017. The deployment of solar energy is seen across
the country, unlike wind power which remaiiasused in the souttvest of the country.

The more distributed nature of solar alleviates transmission bottlenecks and brings energy generation
closer to the point of consumption. This brings liberty of behind the meter generation hence more
power in the Bnds of the consumer, driving the market throughmetering and growing twice as

fast as wind or coal.

In the global market China is aggressively look for an installation target of 110 GW till 2020. USA,
China and India are the three gigantic markets whe highest business opportunity in the coming
years

The global investment in renewable power and fuels grew steadily from USD 39.5 billionin 2004 to
USD 279.6 billionin 2011. Investment decreased in 2012 to USD 249.5 billion and further decreased
toan alttime lowat USD 214 .4 billionin 2013. Total investment decreased by 11% in 2012 and was
down 23% in 2013, in comparisonto 2011 levels. The decline in investment after several years of
steady growth resulted in downfall of the established marlketsEurope and United States.
However, the advantage of decrease in investment also resultedin a huge reductionin technology
costs, especially in solar PV.

Due to these steep cost reductions, the wind and solar PV sectors make renewable technologies
attractive for upcoming markets, particularly in developing countries where the need for continuous
electricity is necessary to satisfy increasing energy demand. The photowvoltaic industry is expected to
attract approximately US$ 100 billion per year by 20&tlch would increase to US$ 120 billion per

year by 2030 under an accelerated scenario. The accelerated scenariois characterized by a modera
political commitment at a global level, which is similar to the current scenario. Itis further predicted
thatin case of a paradigm shift, the global photovoltaic market will attract approximately US$ 160
billion per year by 2020, and US$ 190 billion per year by 2050. The paradigm shiftimplies a need
over the next two decades to shift energy policies from coiovet electricity generation to

renewable energy in general, and photovoltaics in particular.
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Figure 3-2:World energy supply projection up to 2050, 2100.
Source: European Commi ssionds Joint Researc

3.2 Photovoltaic Enabling Drivers

Feedin Tariff

Feedin Tariffs (FiT) have proved to be the most effective policy driver for the growth and

development of the photowoltaic sector. The FIT model has been optimized and successfully
implemented in Germany, dras a result has emerged as the largest market for photovoltaic (PV) in
spite of a relatively low solar radiation. Today, over 40 countries have adopted the FiT model.
Appropriate FiTs ensure an attractive return for solar project investors. As FiTsnamaiorbased
incentives, many governments are more comfortable with such an arrangement compared to upfront
capital subsidies. Further, FiT arrangements are convenient to administer from a technological as well

as an accountability standpoint.

Cost Rediction

The cost of photovoltaic systems is steadily decreasing. The cost trends are very well understood anc
are a functionof scale ofthe industry as well as time period. It is expectedthat most parts of the world
will achieve grid parity by 2020 as agst those who already have achieved it. Grid parity is a
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phenomenon where the cost of solar power becomes equivalent to the cost of conventionally
generated power. India is expectedto reach grid parity by the endlB0h/some markets like the

urban narkets the grid parity has already been achieved. It is only after grid parity that the solar
industry is expectedto aggressively penetrate the market. The accelerationtowards grid parity in order
to expedite mainstream penetration of solar technologyy the energy sector drives many
governments to incentivize and deploy at an early stage. Solar power has already achieved grid parity

in a few states and cities like commercial customers of Delhi, Gujarat, Mumbai, etc.

Capital Subsidies and Rebates

Certan solar markets are driven by capital or equivalent subsidies making the project viable. For
example, many State Governments along with the Federal Government in the United States of
America offer investment tax credits and property tax incentives ustallation of photovoltaic
systems. Capital subsidies enable the project developer to trade solar energy at a lower cost, which i
more agreeable to the utilities compared to the high FiTs. In India, the Ministry of New and
Renewable (MNRE), Governmentioflia (Gol) also provides capital subsidies under JINNSM in the
form of subsidy, viability gap funding and achievement incentives. These subsidies are categorized
based on the type of electricity customer. Government of India under a scheme to promayte rooft

solar on government buildings is providing tarbased achievement linked incentives.

Renewable Purchase Obligation (RPO)

In addition to the general RPO mandated on utilities, particularly Distribution Companies
(DISCOMSs), many national and state gowvaents around the world have also started specifying the
solars peci fic RPO, of t e uktnbo.wnHoavwse vtehre, Otshoel asru cccae
the implementation of such obligations, which are usually in the form of enforcements.

Many states in India, through their respective State Electricity Regulatory Commissions, have also
defined their RPOs. As per the current scenario, electricity utilities of only seven to eight states have
been able to meet their RPO targets. Other states failaim #éitieir RPO targets due to lack of
uniformity in providing longer trajectory for the RPO targets. With the new RPO targets a positive

impact on pricing and tariff for electricity of solar and other renewable energy resources is visible.
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Renewable EneyqgCertificate (REC)

REC is a mechanismto facilitate the compliance of RPOs across the states of the country and provides
an option to obligated entities to fulfill their targets by purchasing RECs that are traded on the
exchanges like IndraEnergy Exchage (IEX) and Power Exchange India (PXIL). But mechanism
could not take a big flight due to insufficient buyers and excess sellers. At on 8 September 2017, the
prices of REC have fixed at 1,000 (Floor pri

Renewable Energy Certificate Price Trend
18000
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14000 H— -~ (Rs/MWh)
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Figure 3-3Renewable Energy Certificate Price Trend (As on Feb. 2017)

Other Drivers

India is all setto become the fourth largest solar market globally in 2017 behind only Gthies,
drivers that signify the advantages of sq@amer and may have tangible benefits in one form or
another include:

1 Infinite fuel sourceThe earth receives 6,000 times greater solar energy than the global requirement
today. The practically infinite fuel source is one of the key advantages andsprafnsolar

technology.

1 EmissionreductiarSolar energy technologies practically do not emit greenhouse gases, thus helping
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the global targets of such emission reductions. Additionally, typical photovoltaic systems are not

involved in any combustion, remhctivity, high temperature/ pressure processes or disposal issues.

1 Point of use Photowoltaic and smaller solar thermal systems can be installed at the point of use,
whether in a gricconnected mode or a staabne mode. This feature helps users teddesufficient

in terms of energy, while reducing and transmission losses.

1 Low maintenanceTypical photovoltaic systems are stationary at a fixed orientation. There are no
mowving parts involved, exceptin case of certaintracking systemsndjoe maittenance activity for
a photovoltaic systemis cleaning the dust off the photovoltaic modules, which is a very simple activity

1 High reliability and predictabilityThe industry standard warranty for photovoltaic modules is for 25
years, which indicate itsigihly reliable nature. The balance of systems including inverters and
transformers also has long respective guarantees. In addition, the output of solar energy systems ca
be predicted with a high level of confidence making it easy to integrate with esmnges in terms

of dispatch ability.

1 Modularity: Photowoltaic system can be tailored based on specific use, and due to the simplicity of

connecting wires, newer capacities can easily be added if required.

1 Net meteringNet metering allows residentiahd commercial customers who generate their own
electricity from solar power to feed electricity they do not use back into the grid. Many states have
passed net metering laws. For example, if a residential customer has a PV system on the home's
rooftop, itmay generate more electricity than the home uses during daylight hours. If the home is net
metered, the electricity meter will run backwards to provide a credit against what electricity is
consumed at night or other periods where the home's electrieigxeeeds the system's output.

Customers are only billed for their 'net" energy use.

3.3 Indian Scenario

USA and Japan with approximately 5.4 GW of capacity addition in the last financial year. The
tailwinds are exceptionally strong with rapidly falling coatsl greater environmental agenda in the
post COP21 world. The Indian solar market appears in full bloom right now with key policy changes
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being introduced and 25 GW of projects under different stages of development. 35 new tenders with

a cumulative capatyi of 15.5 GW have been announced in the last year.

An additional 5 GW of new tenders are awaiting release inthe coming months. There is burgeoning
investment interest both from Indian and international developers in the sector. This frenetic pace of
activity is a big stepup in contrast to historic solar capacity addition of approximately 1 GW per

annum for three straight years until 2014.

Il ndi ads solar rooftop systems mar ket 1 s ant.i
subsidies, inveiments and consumer awareness. The government has set atarget of 40 GW of power
generation through solar rooftop systems by 2022.The rooftop market has notygpckedt was
expected but this market needs more focused policy support to ensure effiettivetering
implementation and attraction of financial investors. Achievement Linked Incentive Schemes by
government of India will give a push to this market and PSUs/ government agencies will come

forward in developing solar rooftop system.

Overall, thegrowth prospects for the India solar market are very bright providing an immense
opportunity for investors, developers and equipment suppliers. But a dose of cautionis needed as the

market will remain very price sensitive and with its share of challenges

The presentinstalled power generating capacity in the country is 329+ GW (as on 31.04.2017), which
is largely dominated by coal as depicted in the table below. Against this India's annual energy
consumption per capita has increased from 734 kWh in 200®75 kWh in 20186, an increase

in 46%. The growth trend will remain the same as India is gearing up to increase its appetite for

energy.

Table3-1: Installed Capacity of india,30 April,2018(as per CEA)

Coal 197.17
Gas 24.89
Diesel 0.84
Nuclear 6.78
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Hydro 45.29
Renewable Energy Sources 69.02
Total 344.002

Indian economy, therefore, desperately needs a better functioning of the power sector that can meet
themarke 6s demand for quality power at a gl oball
need the availability of assured and quality power at affordable price through reliable and adequate
generation, transmission and distribution facilities.

Now, with the rise in awareness with regards to environmental protection and conservation, the future
growth in energy sector must consider the adoption of renewable energy sources, in order to develop
in an environmentally benign manner. The key issues haviagggrelated implications faced by a
developing country like India are, rising population, need for economic growth, access to adequate
commercial energy supplies and the financial resources needed to achieve it, rational energy pricing
regime, improvemestin energy efficiency of both the energy supply and consumption, technological
up-gradation, energy security a matching R&D base and environmental protection.
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Indian rooftop and utility targets

Total target

Jammu & Kashmir 1,155 /450 H21(99.333 M)
Rooftop target
2022 (40,000 MW)
Source: "
Himachal Pradesh 776 /320 e tg;gi‘;"“g'"“"“
Punjab 4,772 /2,000 Uttarakhand 900/350
Haryana 4,142 /1,600 Delhi 2,762 /1,100
Rajasthan 5,762 /2,300 Uttar Pradesh 10,697 /4,300
Bihar 2,493 /1,000
North East 1,205 /600
Jharkhand 1,995 /800
Gujarat 8,020/3,200 West Bengal 5,336/2,100
Madhya Pradesh 5,675 /2,200

Chhattisgarh 1,783 /700

Maharashtra 11,926 /4,700 Odisha 2,377/1,000

Telagana (included in Andhra Pradesh) / 2,000

Andhra Pradesh 9,834/2,000

Karnataka 5,697 /2,300

Tamil Nadu 8,884 /3,500

Kerala 1,870/800

Union Territories 31/680

Figure3-4The Indian government has apportioned the 100 GW target across various statesicitntiauly 2016
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However, development of renewable energy (RE) capacity remains limited to a few

states like Gujarat, Tamil Nadu, Rajasthan, Andhra Pradesh, Telangana, Maharashtra and Karnataka
that can be attributed to having a favorable policy andframework implemented by respective state
governments and also due to favorable climatic conditionen®he importance of ensuring energy
security and the focus on clean energy, the share of RE sources in the future is likely to increase. The

total installed capacity of solar in India has also recently crossed 20 GW mark.

Cumulative solar installation in India has reached 20GW

MW
25’000 .................
20‘000 ............................... ’ "
J,000 v ————
L1 R R R VNS MR N B DNUIER A . ko
5,000 e
; 6
2009 2010 2011 2012 2013 2014 2015 2016 2017P YTD 2018
Figure3-5: Cumulative Solar Capacityofindia et
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Solar Energy. Developmen& Status in India

Solar Energy Potential in India

India being a tropical country is blessed with good sunshine over most parts, and the number of clear
sunny days in a year is also attractive in the range of3®0 The country receives sokamergy
equivalent to more than 5,000 trillion kWh per year. The daily average global radiation in India is
around 5.0 kWh/ m2/ day in normastern and hilly areas to about 7.0 kWh/m2/ day in western
regions. The global horizontal irradiance (GHI) madnefia is given as Fig4. As on Feb 2018,

India has recorded photowoltaic installation above 20 GW mark.
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The Nati onal I nstitute of Sol ar Energy i n |Ir
potential at about 750 GW, a recently releaseddmnt by the Ministry of New & Renewable Energy
(MNRE) shows5. The solar power potential has been estimated using only 3% of the total wasteland
availability in every state and jurisdiction of India. The detailed state wise list solar potential is given

in Annexure 1.
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Figure4-1:Global Horizontal Irradiance Map of India

Source:Solar Energy Centre, MNRE, Government of India, and Nationaelféle Energy Laboratory (NREL), USA.

Radiation terminology explained...

Solar radiation is quantified in many ways depending on the aspect it is used for. Ter
radiation, irradiance, insolation, GHI, DNI, etc. refer to the solar resource, and are con

confused omisused.

Radiation:
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Radiationis a qualitative term, which indicates the process through which energy is emittg
a body.Radiationdoes not have any units associatgth it.

Irradiance:

Solarirradianceindicates the amount of solar power incidemédixed aredrradianceis typically
expressed in watts per squaneter(W/m?). Irradianceis measured through an instrument cal
O6pyranometer, 6 which displays the insta

When theirradiancefrom the Sun is 1,000vV/nm? (which also corresponds to Standard Tes
ConditionsrSTC) , t hi s val ue radiationfra Sunascconiehtratdd tmesf
using a lens or a mirror assembly and the incident power increases to 10,080MW/fthe
irradianceiscal | ed A10Suns. 0

Insolation:

Insolationis the amount of solar irradiance that is incident on a fixed area over a finite pe
time, and hence corresponds to the physical unénargy Insolationis typically expressed i
kilowatt-hours per square nretper day (kWh/iiiday) or (kWh/mYyear) for a particular locatio
orientation and tilt of a surface.

Since 1,000 W/ris 1 Sun, 1 hour of this idemkadianceproduces 1,000 wattours per squar
metre (1kWh/) , whi ch i s al s o Céarfol maps ohsolar patenti@l displs
solar energy in kWh/fday, which is equivalent to the number of full Sun Hqes day

Types of Insolation:GHI, GTI, andDNI:

When discussingthe solar resource, itis most commonto consider the insolation Heceaiat
horizontal collector. Such an insolation received by a stationary horizontal collector is cal
Global Horizontal Insolation(GHI) .

For most fixed plate solar collectors, they are oriented at an inclination angle approximate
to thelatitude of its location and facing south if in the northern hemisphere (or facing nort
the southern hemisphere) to maximize the insolation received. The insolation received by
oriented surface is called tiidobal Tilt Insolation (GTI) .

Many solar technologies prefer tracking the Sun so that the collector surface always faces
in order to maximize the irradiance and insolation received. Further, tracking of the Sun b
mandatory when higher concentrations are required in ordects the light at the approprig
collector location. The insolation received by any such surface that is constantly facing th
i .e. Onor mal 6 Dirext Norima Inslation (DNl)s c al | e d

One should keep in mind that it is only the normal ponent, i.e. DNI, of solar radiation that
effectively concentrated, and hence, becomes the primary factor for determining potef
various concentrated solar photovoltaic and thermal technologies.

4.2 National Action Plan on Climate Change

The PrimeMi ni st er of I ndia released the country
(NAPCC) on 30th June 2008. There are Eight National Missions which form the core of the National
46

Detailed Project Report: Dholera Solar Raddar Energy: Development& Status in India



4.3

GUSARAT
POWER (
CORPORATION

Lz GERMI

Action Plan. It consists of several targets on climate change issues andsaddhesurgent and
critical concerns of the country through a directional shift in the development pathway. It outlines
measures on climate change related adaptation and mitigation while simultaneously advancing
development. The Missions form the corelwd tPlan, representing multronged, longerm and
integrated strategies for achieving goals in the context of climate change. NAPCC set the target of
5% renewable energy purchase for FY 24Q@0 Further, NAPCC envisages that such target will
increase by % annually for the next 10 years. This would mean NAPCC envisages renewable energy

to constitute approx. 15% of the energy mix of India.

Status: Jawaharlal Nehru National Solar Mission

The Jawaharlal Nehru National Solar Mission (JNNS&pne of the eight missions under the
NAPCC and was announced in 2009. JNNSM aims to promote the development of solar energy for

grid connected and offrid power generation. The ultimate objective is to make solar power
competitive with fossHbased gplications by 2022022.

Table4-1:Proposed Roadmap by the Jawaharlal Nehru National Solar Mission

2015 2016 201F 2018 2019 2020
Category

2016 2017 2018 2019 2020 2021

Rooftop = 200 4,800 5,000 6,000 7,000 8,000 9,000 40,000

Ground-
1800 7200 10,000 | 10,000 10,000/ 9,500 | 8,500 | 57,000
Mounted

Total 2,000 12,000 15,000 16,000 17,000 17,500 17,500 97,000

JNNSM was introduced as one of the eight national missions under the National Action Plan for

Climate Chage in 2009. INNSM phase | (202011) was divided in two batches with 150 MW and

350 MW of allocations, out of which 145 MW and 320 MW were commissioned respectively. During

phase | bundling scheme of unallocated coal was introduced and NTPC Vidyut\Wigean Ltd

(NVVN), awholly owned subsidiary of NTPC was chosenas the nodal agency for enteringinto Power

Purchase agreement (PPA) with solar power developers. In Phase Il Batch {2100 & total of

750 MW was allotted under open category and domestitent requirement (DCR). Out of 750 MW

of the allotted capacity 700MW was scheduled to be completed by 2015. As on 19 June 2015, 555

MW has been commissionednder this scheme and remaining capacity is supposed to be
47
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commissioned by September2015. Alomigh the announcement of increase in JNNSM targets to

100 GW till 2022 lot many changes have been introduced in the roadmap structure of INNSM.

National Solar
Mission

Phase lI

Batch Il Batch Il

NTPC (Bundlingdim SECI (State Spec
scheme}2015

Batch V
CPSUs2015

Figure 4-2:Structure of INNSM

It is found that INNSM has be successful in jumpstarting a natwitde solar initiative to meet its
targets. Lately many states have come forward by announcing their solar policy and enthusiastically
willing to harness solar power in their state.

B Madhya Pradesh ® Gujarat ¥ Rajasthan Maharashtra

Figure 4-3:Summary of statevise distribution of photovoltaic power projects under INNSM Phase Il Batch |

Phase Il batch | was allocated under Viability Gap funding (VGF) the tariff having a fixed tariff of
Rs 5.45 without AD benefits. Trdevelopers were selected onthe basis of their desired VGF amount.

In the open category a total of 375 MW was allotted out of which 260 MW is commissioned and
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under the DCR category a total of 245 MW out of the other 375 MW is commissioned as of May
2015.The Figure 44 and 45 describes the highest and lowest commissioned capacity along with its
sanctioned VGF eligibility along with the developer and location of the plant.

i. Open Category

Phase Il Batch | (Open Category)
60 - .
52 m Capacity (MW)
50 - 20 = VGF (INR in Cr.)
> 40 -
3]
@© 4
§ 30 20
4 14.65 13
20 10 g5 10 g19 10 10 10
10 - .04 1.75
0
Rajasthan | Rajasthan Madhya Madhya Gujarat Gujarat | Maharashtra
Pradesh Pradesh
Rishabh | Azure Clean  Fortum SEI L'Volta| Gujarat State ~ Gujarat Vishwaj
Renergy | Energy Pvt| Finnsurya Pvt. Ltd. Electricity Power Energy
Pvt.Ltd Ltd. Energy Pvt. Corporation| Corporation|  Pvt.Ltd.
Ltd. Ltd. Ltd.
Company name with Location (Lowest & Highest bid)

Figure 4-4:SuccessfuVGF tariff and capacity distributed stateise under INNSM Phase Il batctOpen category

ii. DCR Category
Phase Il Batch | (DCR Category)
117.5
120 -
100 - 88 m Capacity (MW)
B VGF (INR in Cr.)
80
2
‘C
% 60
O 40 40
40
12.28 13.9
20 - 5 10
0
Rajasthan Rajasthan Madhya Pradesh Maharashtra
Welspun Solar UP| Azure Green Techl Waneep Solar Pvt| Sharda Constructio
Pvt.Ltd. Pvt. Ltd. Ltd. & Corporation Ltd.
Company name with Location (Lowest & Highest bid)

Figure 4-5:Successful VGF tariff and capacity distributed staise under INNSM Phase Il batctDICRcategory
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4.4 Solar Park

The solar parkis a concentrated zone of development of solar power generation projects and provides
developers an area that is well characterized, with proper infrastructure and access to amenities anc
where the risk of the projectambe minimized. Solar Park will also facilitate developers by reducing

the number of required approvals

4.4.1 Development of Solar Park

Implementation Agencies

1 SECI will be Nodal agency for MNRE on behalf of Gowt. of India (GOI)

1 State Gowt. will designate aamgency for development of Solar Park. Known as Solar Power Park
Developer(SPPD.
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1 Development of
solar parks by

State Designates
an agency as

private nodal Agency

entrepreneurs This agency

without CFA must be PSU or ¢
PSV

1 Central Publie

1 Ajoint venture is

Sector
Undertakings SethF; b/w state
0 nodal agency anc
CPSUb s .
<(jirect|y approac SECI 50% equity
. each
ministry for _
development of 1 This venture
solar park takes on the
b development of
solar park
M1 Private
entrepreneurs 1 State designates
promote the solal SECI as the nod.
park. agency for the

development of
solar park.

1 They may ventur
with state govt.
but not SECI.

Figure4-6: Mode of development ofa Solar Park

4.4.2 Solar parks arenvisaged to be developed in snodes

Mode-1

The Statelesignates aodal agencwhich takes on thdevelopment & management of the solar park.

This agency could be a State Government Public Sector Undertaking (PSU) or a Special Purpose
Vehicle (SPV) of the State Government.

Mode-2

The State designated nodal agency and Solar Energy Corporation of India (SECI) sets up a Joint
Venture Companyfor the deelopment & management of solar pdBeth, SECI and the State
designated nodal agency will have 50% equity &tate Government may also allow more than one

agencyfor the joint venturgrovided total equity from State Government remains 50%

Mode-3

The State designates SECI as the nodal agency and SECI undertakes the development and
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management of solar park on behalf of State Government on mutually agreed terms.

Mode-4
The private entrepreneurs may carry out the development and management of thelsolaepa

may have equity participation from State Government
The private entrepreneurs may be selected in following manner:

1 Mode 4A If the land belongs to the Government or its agency, then Solar Power Park Developer
(SPPD) would be selected based onmopedding & the bidder with the lowest quotation of
development and O&M cost would be selected.

1 Mode 4B:If the land is to be provided by the SPPD itself, then SPPD with the lowest quotation of
developed land per MW and O&M charges per MW would be selected

Mode-5
CentralPublic-SectorCompanies (CPSUd$ike NTPC & SECI may directly approach the Ministry
for development of solar parks. They may do so in the following manner:

1 Mode 5A:CPSUs having their own land may approach Ministry directly for seftiiod solar parks.
It may develop the park on its own or throughS##Dcontractor. CPSUs will be the SPPD. Further
CPSUs can also develop their own plant in the park.

1 Mode 5B CPSUs having their own land may select an SPPD base on open bidding andeelectt
lowest bidder.

T Mode5CCPSUswhodo6t own | and may fl oat a tender ar
SPPD.

Mode-6

The private entrepreneurs may-sita solar parwithout Central Finance Assistance(CFA) from the
Ministry. The minimum capaty of the parkshall be 100 MW, though 50 MW parks may be allowed

in areas with difficult terrain or with scarce nagricultural land.The private entrepreneurs may
submit the proposal along with the Detailed Project Report (DPR) and documents in stippovb

land possession. Post examination of the DPR the principle approval will be awarded. Although the
connectivityand LTA with CTU may be issued after financial closure, award of works for road, water
and internal transmissiofhe solar park shall beompleted in 18nonths; otherwistheir allotted

gird connectivity maybe cancelled and might be it someone else.
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4.4.3 Site Selection & Land Acquisition

Sites receiving good amount of solar radiation and closer to the CTU (i.e. Power Grid Cormdration
India) are usually selected for the setting up a solar park. State Gowt. may provide Government
waste/noragricultural land to speed up the process. But good solar radiation and proximity to the
CTU are not the only criteria for selection of land. Thetoof land is a very important factor too.

The cost of land should be kept as low as possible in order to make it attractive to the developers.
Therefore, the site is selected is such a manner that inexpensive land can be made available. If lanc
cannot bemade available at one location, then land which are in close proximity are chosen for the

development of solar park.

4.4.4 Facllties to Be Provided

The solar park will provide specialized services to incentivize private developers to invest in solar
energy h the park. These services while not being unique to the park, are provided in a central, one
stopshop, single window format, making it easier for investors to implement their projects within the
park in a significantly shorter period of time
I.  Land appreed for installation of solar power plants and necessary permissions including change of
land use etc.
ii.  Road connectivity to each plot of land
iii.  Water availability for construction as well as running of power plants and demineralizatian plant
iv.  Flood mitigaton measures like flood discharge, internal drainage etc.
v.  Construction power
vi.  Telecommunication facilities
vii.  Transmission facility consisting pooling station
viii.  Housing facility for basic manpower wherever possible

ix. Parking, Warehouse
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4.4.5 Evacuation

Powerevacuation is done in two parts:

1. Collecting and Transmitting power from each project to transmissieatsiilon at the boundary as
first part. It is responsibility of SPPD to take care of this part.

2. From transmission stktation at the boundary to the stxng grid of CTU/STU as second part. It is
responsibility of CTU/STU to take care of this part.
MNRE grants funds in ratio of 60:40to SPPD & CTU/STU respectively, for setting up infrastructure

for evacuation.

4.4.6 MNRE Support for aSolar Park
Under this sceme MNRE will provide subsidies for the development of a solar park. These subsidies

will only be made available if certain milestones are achieved. Following financial assistance will be
provided by MNRE for respective task.
Up to 25 lakh/solapark for peparation DPR of solar park, conducting surveys etc.
Besides above, up to 20 lakh/MW or 30% of the project cost, including Grid connectivity (whichever
is lower) will be provided in installments upon completion of different milestones.

1 SECI will receive % of the total grant released by MNRE in a project for administering the scheme

and managing the funds.

4.5 Solar Power Scenarios in other States of India
4.5.1 Solar Power Scenario in Haryana

Haryana in September 2014 announcedits solar policy and announcati@iof 50 M\Eapacities

to meet the RPO of the stateds distribution c
Power Purchase Centre on behalf of two distribution companies of Haryana floated a procurement of
150 of Solar Power. The capgcivas to be commissioned by niid2015. Recently, in June HPPC
floated RFP for procurement of energy from 150 MW of solar PV power plant. This RFP isin process
and still not finalized.

Apart from utility scale power plant, the state of Haryana is alsmpting netmetering based rooftop

power plants by making it mandatory to install a minimum of 1kW capacity.
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4.5.2 Solar Power Scenario in Gujarat

While the state has been the pioneer in solar and is still in top two solar installations in a state with
1,003MW interms of total installed capacity under state policy and national policy. There have been
no new allocations under the state policy since the state has already met its RPO targets. With the nev
state policy recently announced in August 2015 andeeMRPO targets, Gujarat will come back in

the solar market to consolidate its position as market leader.

4.5.3 Solar Power Scenario in Rajasthan

As on date Rajasthan has the highest solar installed capacity combining JNNSM and state policy.
Solar Power planbf 65MW capacity is commissioned under the state policy as of May2015 due to
uncertainties in the state policy. Along with the new policy announced recently, the state hopes to

harness huge solar potential it has in the coming years. The state is indésgmf allocating 50
projects each of 1 MW capacity.

4.5.4 Solar Power Scenario in Madhya Pradesh

The state does not yet have a proper policy document, still is the 3rd largest state in terms of installed
capaci ty. One of t he ca W5 MW gapacity was gagrensgioneslat| ar
Neemuch districtin 2013. Another 100 MW of solar capacity was allotted in February 2014 under

the state policy. Apart from that NTPC is coming up a UMSPP of 750 MW under JNNSM phase |
batch Il.

45.5 Solar Power Scenariin Andhra Pradesh

The state received an overwhelming response to its 1,000 MW allocation under the previous state
policy in 2014. But due to some changes in the policy post the bidding process, there was loss of
interest with the policy out in April 2@Lthe state is looking at better allocations. Also under the

JNNSM Phase Il Batch Il Tranche 1 1,500 MW is being implemented in Anantpur district of Andhra
Pradesh.
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4.5.6 Solar Power Scenario in Tamil Nadu

Tamil Nadu initially had an ambitious state policyiwa target of 3 GW. There was an initial target

of 1,000 MW in December 2012. However, due to lack of response from developers, Letter of Intent
was only given to projects worth 700 MW. However, the entire state was caught in a fit due to
regulatory unceainties include the striking down of the SPO under the state policy by the Appellate
Tribunal and lack of approval of the tariff for the PPA by State Electricity Regulatory Commission.

45.7 Solar Power Scenario in Karnataka

Karnataka announced its policy 20112016 under which it proposed to install 200 MW grid
connected solar to 2015016 although the state could not meet this target in due time. Meanwhile
the government revised the policy for 202@21, encouraging rooftop solar for households. The state
has commissioned 50 MW under state policy till July 2015.

4.5.8 Solar Power Scenario in Odisha

The policy for this state was announced in 2013, the state has not done much under the state
policy. At present only 5 MW has been commissioned under the staty jpoid 20 MW under
JNNSM Phase Il Batch | is under progress.

45.9 Solar Power Scenario in Uttar Pradesh

Under the state policy 130 MW was allotted in August 2013 and PPA was signed for 110 MW in
December, out of which 42 MW is commissioned as of July 20&8eRtly the government has also

notified their Solar Policy.

4.5.10Solar Power Scenario in Punjab

Punjab announced its Renewable Energy Policyin 2012, followed by an allocation for 250 MW of
solar power to be completedin2013. Out of the 250 MW at pregémi¥V have beencommissioned
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under the state policy. Punjab is very aggressively promotinghaétring based rooftop solar PV

system in the state.

4.5.11Solar Power Scenario in Kerala

Kerala is the only state which has only allottedgrfiti projects undeihie state policy. Most of these
projects are rooftops solar systems. Altogether 10 MW rooftop PV systems were allocated. The state

intends to continue allocation of more capacity under the rooftop scheme in the coming year.

4.6 State wise Comparison of PoweProduced from Solar Parks

Uttar Pradeshe00_West Bengals00
A&N islands100

Arunachal Pradesh00

AssamGQ

. Chattisgarh500

Tamil Nady500,

Odhishal000
Nagaland60

Haryana500

J& K100 Himacha|1000

Gujarat 700
Kerala200

Figure4-7:State Wise Comparison of Power Generation through Solar Park

4.7 SWOT Analysis of Solar Park

A comparative angsis of the strength, weakness, opportunity and threat of a utility level solar park.

Strength 1 Solar Energy is in abundance all over the globe and as long i
have sun tis abundance source of energy will be there.

1 Solar Parkis a better prospect than a stand alone solar project

the shared Development, O&M and security cost. Therefore,
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commensurate to the power generatedis lower in case of a sole
as compred to a standalone solar project.

1 Energy generated through Solar Parks are transmitted througt
tension lines leading to lesser losses

1 Solar parks offer easy clearances to the solar power plant dewe
which encourages Investment by these devekpe

1 Developmentof solar parks are backed by Governmentand ist
incentivized with Government providing support of around 309
the total project cost.

1 India is blessed with high solar irradiance with more than 300
of sunshine. Moreover, westendia has vast masses of Infert
land which can be utilized for solar power generation, which m.
Solar park a very good prospect.

1 People are much more aware of the impacts of climate chang
demand for renewable energy is increasing rapidlly @iher source
of technologies. Solar energy sits on top as its cheaper and
advanced as compared to wind and hydro.

1 Installation cost of Solar Parks are very high.
1 India gets a good amount rain in monsoon season. Solar e
Weakness cannot replae convectional source of energy completely as it is

continuous.

1 Solar parks are usually build on waste infertile lands in rer
locations which lacks technical support.

1 Contiguous land with appropriate insolation levels in cl
proximity for the devepment of a solar park are not always eas
find.

1 With solar power prices approaching grid parity, it is encoura
for anyone who wants to invest in solar power projects.
1 Ever Soaring oil prices provides opportunity to solar po
geneators to shoulder some of the burden.
1 Solar Park can help states achieve their renewable pur
F obligation
| 1 Lesslossesintransmission as the generation source will be cl
the consumption sources
T Government of | ndi ads energydslabig
motivating factor for Solar park developer.
1 Ever increasing demand for power provides opportunity for <
energy to fill the void.

Opportunity

1 Emergence of foreign players in solar market may lead to decli

UL the cost which would ultintaly may lead to compromise to quali
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as benchmark cost would reduce and people hardly have idea
the internalized costs.

1 The remote location of the parks may lead to theft of the ¢
components.
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4.8 Conclusion

With theincreased target of 100 GWI 2022, along with the targets from JNNSM, the states also
need to take more such leads in putting up solar PV projects. As the market conditions seem to be
improving with cost reduction and better investment options, India seems to be positioned well fo
growth of renewable energy sector especially solar.

------ End of Sectiof----
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5 Site Profile

5.1 Site Location

The proposed solar park is located in the town of Dhuoilignan the Saurashtra peninsula,
bordering the Gulf of Khambhead is abod 100 km south of Ahmedabad and 130 km from
GandhinagarDholerais an ancient pecity in Gulf of Khambhat, 3&m fromDhandhukacity

of Ahmedabad district. One of the original sixtgles built bySwaminarayans located here.
Dholera shot into fame in 2009 after Chief Minister of Gujarat NarendraModi announced
Special Investment Region (SIR) for Dholera anded to develop a world class greigid

city in Dholera.The site is strategically situated between the main industrial centers of

Ahmedabad, Vadodara, Surat, Rajkot and Bhavnagar

Figure5-1: Geographical Location ofthe Proposed Solar Park
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Government of Gujarat

5.1.1 Geographical Location of the site

The geographical locatiatetails& measuremerdetails of the sites and are tabulated below:

‘ Parameter Location
Site Location : Dholera SIR
Tehsil , Dholera
District ; Ahmedabad
Latitude : 2923.269N
Longitude : 7652.182E
Elevation (m) : 55
Area (acre) : 20440(approx.)
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Connectivity & Salient Features
5.1.2 RoadConnectivity

The site is best approached fromt8tdighway (SH) 6 which connects the site to the National
Highway (NH) 8. National Highway (NH) 8 which connects the site to Ahmedabad and
Vadodara is 65 km. Nearest national expressway to the project site is National Expressway
From Ahmedabad to Vado@awhich is 125km away in the north east direction

5.1.3 Airport

The nearest airport to the sitetHeavnagar Airport which is can be best approached via State
Highway-6. The site is also well connectedtoairports at Ahmedabad and Vadaldaredabad
airportis the most suitable airport to facilitate cargo transportation.The distances to the airports
from the site are as follows:

Table 5-1:Distance matrix for Nearby Airports

Nearby Airports

Bhavnagar Domestic 67 KM
Ahmedabad Domesti& international 138
KM
Vadodara Domestic 157
KM
Surat Domestic 343km
Amreli Airstrip 175km

5.1.4 Port Connectivity

65
Detailed Project Report: Dholera Solar Haite Profile



e
Energy & Patrochemicats
Dapanment

ap:
Government of Gujarat

The nearest port to the Project Site is Bhavnagar port in Gulf of Khambhat, which is located

about71 km to the south of the Site. The Bhavnagar pot and Dholeraare well connected by SH

Figure5-3:Geographical Representation ofthe Connectivity ofthe Project S

-

hinedabad Airport
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6 and broadgjauge railway line, and hence, movement of cargo, machineries, equiptoent,

using these corridors up to the project site is convenient

Table5-2:Distance matrix for Project Site; Dholera

) Distance
Parameter Location
(km)

Nearest Urban Area Dholera 0
Nearest National Highway NH 8 65
Nearest State Highway SH6 20
Nearest Railway Station Bhavnagar Terminus 62
Nearest Domestic Airport Bhavnagar 67
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Nearest International Airport Ahmedabad 138

Nearest Port Bhavnagar 71

5.2 Land & Land Usage

The land around the Gulf of Khambhat (Cambay) has been formed Ehodewmarine
environments and therefore the soilsltd area have inherent salts in their composition. The
changing environmental conditions and human interventions have caused increase in the spread
and concentration of soil salinity over the past several decades

The geomorphic processes of erosion, sedinransport, depositiomnd the extent and
condition of tidal wetlands greatly influence timeage of land in the proposed area.

Sincearea is prone to higénd low tidesuitable measures shall be taken for the optimum usage
of the landFor the developm# of Solarpark, the cost of land has to be kept as low as possible.
The land for the proposed park has beased at a very nominal annual price of Rs. 10,000/Ha
for atime period of 30 years. The proposed park will be further dividetiimarksvhichwill

be further divided int@7 plotsof 100 MW,160 MW& 200 MWcagacity.Landshall beused as
suchnofloraor faunawould beharmed.

Total 5000 MW solar PV plant is planned at Dhol@&ased on the available land 4,500 MW
capacity is proposed and restB@W shall be planned after identifying the land. The specified
capacity mentioned above shall be executed in diffeteaggs and the quantities of various

items requiredfor setting up of solar panlay vary at the time of detailed engineering.
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Figure 5-4: Site photographs

5.3 Physical Features

Landforms are the physical features of the earth. They are described with particular attention to
the contours of the land slope, elevation and morphologyas well as the context in which

the Iandformresides. For instance, landforms may be categorizedbasedon how they are formed
(such as by erosion) avhat surrounds them (such as surrounded by water or mountains).
Landforms are distinct from the biota (plant and animal life) that inhabit ¢bsystems
contained within the landform.

5.3.1 Geology
Geological features of the site compose of Alluvium & mud flats. The area occupies soils

deposited back in the quaternary period by the side of Khambhat basin for a thickness of about
100m over the tertiaryediments resting on Deccan Traps at a depth of abou660®. The

Gulf of Khambhat though comprising a very small portion of the west coast provides fantastic
geo-environmental diversity. This funnel shaped narrow seainlet forms a Quaternary coast with
very well defined geological and genorphological features inits different onshore segments

and is marked by equally complex offshore processes. It forms an area characterized by strong
and powerful tidal action, marking a site where the-tide is thehighest along the west coast.

The high and low tides during different parts of the season in combination with the extensive
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addition of the (detritus laden waters of the rivers of Mainland Gujarat have generated a very

complex pattern of erosion and depims of sediments since the advent of the Quaternary
period.

5.3.2 Seismology
The site falls in Seismic Zone Il of the seismic zone map of Indi@ 18932002, which

indicates Moderate Damage Risk Zone which is liable to MSK VII. This site lies to the west
Cambay Fault but this does not appear to be active as only few shocks have occurred along it in
historical times. Therefore, developers needto take adequate measures while installingthe Solar
Panels to ensure least damage during earthquake.

Figure 5-4: SeismologicalGraph of Gujarat

5.3.3 Soil & Minerals
The soils of Dholera region mainly consist o

alternate layers of gravels, fine to coarse grain
sand and clay. Chemically the soils are loam

mixed montmoitlonitic, calcareous and mostly

saline. The soils of Dholeraregionis characteriz
by shrinking and swelling property.Fine
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Smontmorillonitic soil is found in the western part of area, central part is mainly dominated by
fine lomey calcareous and coastaintmorillonitic and eastern part of the areais predominated

by mud flat

As per the Rocks and Minerals District Planning map of Ahmedabad &Gandhinagar (1999),
prepared by National Atlas & Thematic Mapping Organization Department of Science and
Technolay, China Clay is the only mineral found in village Bhadiyad in the Dholera study
area

As thecharacteristiof soilis impermeable in nature, largdalmost flat with mild slope. Hence
during monsoon the rain water is getting accumulated on site atif@aalea resulting into
water logging at several places. Maximum depth of water is obagried5cmto 40cm during
monsoon which get evaporated within 25 to 30 dyation. If rainfall arrives at 15 to 20 days
interval then water logging problem mayrsuefor 2 to 3 months. #it is notfeasibleto provide
stormwater drainage at every location of water logged area and the waterigetsy natural
phenomenae evaporation. This problem may be taken carBB¢ contractor fooperation

and maintenace (O&M) purpose.

5.3.4 Slope

Coastal slope is the major factor to be considered along with the coastal geomorphology in
estimating the impacts of séavel rise on a given coast. The land at project site has large
contour spacing and hence lower slope vadweas with lower slope value have a high chance

of getting inundation if sea level rises. gentle land slope facilitates penetration of seawater
compared with locations which are steep and resulting land loss from inundation is simply a
function of slopethe lower the slope, the greater the land loss.

To avoid that slope of the land at project site shall be altered to be a little steeper and in the

eastern direction i.e. towards the sea.

5.3.5 Drainage

70
Detailed Project Report: Dholera Solar Haite Profile



GUSARAT .
POWER
CORPORATION

Lz GERMI

Natural Drainage

The western part of Gulf of Cambay pratean intricate network of creeks. These creeks make
passage of fishing vessels and smaller crafts possible but ebtheheydrain enormous
amounts of sediments into the gulf These creeks play a vital role in theteimmg
geomorphological changes tife coast.

The site for the proposed solar park has a relatively flat andyiog terrain profile, and is
formed by sedimentary deposition of five rivers, namely Sukhbhadar, Lilka, Utavali, Padaliyo
and Keri.These rivers flow eastwards and dischange the Gulf of Khambhat.

The high tide level varies between R.L. 3.30mto 5.50m. The rivers in the DSIR area-are rain
fed rivers and hence water flow in river is only during the rainy season or till rain water
precipitated is disposed of. There might beofls generated in rivers depending upon the
intensity, duration and spread of the rain storm.

5.4 Coastal Regulation Zone (CRZ2)

Under theEnvironment Protection Act, 1988 India, notificationwas issuedin February 1991,
for regulation of activities in the castal area by thdinistry of Environment and
Forest{MoEF). As per the notification, the coastal land up to 500m fronHtgk Tide
Line (HTL) and a stage of 100m along banks of creeks, estuaries, backwater and rivers subject
to tidal fluctuations, is @lled theCoastal Regulation Zone(CRA}RZ along the country has
been placed in four categories. The above notification includes only thetiddgkezone and
land part of the coastal area and does not include the ocean part. The notiffoptised
restiction on the setting up anelxpansion ofndustries or processing pia etc. in the said
CRZ. Coastal Regulation Zones(CRZ) are notified by the. gdvindia in 1991 for the first
time.
5.4.1 Classification of CRZ

1 CRZ1:Theseare ecologically sensitive@as these are essential in maintaining the ecosystem
of the coast. They lie between low and high tide line. Exploration of natural gas and extraction
of salt are permitted

a) Areas that are ecologically sensitive and important, such as national parks/meakse p

sanctuaries, reserve forests, wild habitats, mangroves, corals/coral reefs, area close to breeding
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and spawning grounds of fish and other marine life, areas of outstanding natural beauty,
historical and heritage areas, areas rich in genetic biodiyeaseas likely to be inundated due
to rise in sea level consequent upon global warming and such areas asdeelated by the
authorities.

b) The Areas between the Low Tide Line and the High Tide Line Regulations:
No new constructions shall be permittgithin 500m of the HTL

1 CRZ2: These areas form up to the shoreline of the coast. Unauthorized structures are not
allowed to construct in this zone.

1 CRZ3:Rural and urban localities which fall outside the 1 and 2. Only certain activities related
to agricuture even some public facilities are allowed in this zone

1 CRZA4: This lies in the aquatic area up to territorial limits. Fishing and allied activities are

permitted in this zone. Solid waste should be let off in this zone.

CRZ BOUNDARIES AND ZONES = The dotance upro whsch developrment siong dat
Infoenced water bodies (£.9. Mlong creeka) shall be

SEA regulated will be dermarcated in the Coaszal Zone

Managerment Plan (CIMFP) on Starce
12 NAUTICAL MILES =) i)
based on safiniz of

. P et2ds S parts par Drousand BPAL messred Gumng e

! driest period of the year.

LOWTIDEUNE o
he | —

Figure 5-5:CRZ wise Segregation of the proposed project site

5.4.2 Objective ofCRZ
1 To conservaandprotect coastal stretches;

1 To ensure livelihood security to tfishing & local communitiesiving in the coastal areas;

1 To promote development insaistainablenanner based on scientific principles, taking into
72
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account natural hazards and sea le# ri
Category | (CRZ-I):

a) Areas that are ecologically sensitive and important, such as national parks/marine parks,
sanctuaries, reserve forests, wild habitats, mangroves, corals/coral reefs, area close to breeding
and spawning grounds of fish and other imarlife, areas of outstanding natural beauty,
historical and heritage areas, areas rich in genetic biodiversity, areas likely to be inundated due
to rise in sea level consequent upon global warming and such areas asdealated by the
authorities.

b) Areas between the Low Tide Line and High Tide Line

Protect Coastal
Stretches

| Take care of Fishing &
Local communities

Sustainable ‘
Development of Coasts _

Category Il (CRZ -lI):

The area that have already been developed up to or the shoreline. For this pDepeadeped

Area'is referred to as that area within the municipal limits or in other legally desidiarban

areas which is already substantially built up and which has been provided with drainage and
approach roads and other infrastructural facilities, such as water supply and sewerage mains.
Category lll (CRZ -lll):

Areas that are relatively undished and those which do not belong to either Category | or IL.
These will include coastal zone inthe areas (developed and undeveloped) and also areas within
Municipal limits or in other legally designated urban areas which are not substantially built up
Category IV (CRZ-IV):
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Coastal stretches inthe Andaman and Nicobar Islaatshadwee@nd small islands, except
those designated as CRZ |, CRZ Il and CRZ III.

As per clause 3 of the notification, setting up of new industries and expansion of existing
industries is prohibited with CRZ except, facilities for generating power bycoorentional
energy sources and setting up of desalination plant in the areas not classifiedHs)®azed

on the impact assessment study including social impact. Therghpast assessment study is

required to be carrdeout for initiating activitiesSnCRZarea.

Legend N

] cran A

Ij CRZIB

D CRZI

[_j CRENME
DSIRDALAND
[ suesmnon
I:l OSIRBOUNDARY

EXISTING-ROWDS

DSIR-Revenue-Fliot
OPTION-SOLAR-PARK
|:| DSIR-Village-Boundary
012 4 6 &
RO Kilometers
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5.5 Climate & Meteorological Conditions

There are dur seasons; Dholeranamely summer, southest monsoon, poshonsoon and
winter. Summer starts from March arakts till end of June. Pegtonsoon constitutes October
& November. Weather is generally cold during Decembéigbruary.Throughoutthe year,
temperatures vary by 13.4 °C.

Table5-3:Annual Temperature & Prgpitation at town of Dholera

Temperature Precipitation

Months Averag Warmes Coldes Norma
e t t I
January 20.1°C 28.3°C 11.8°C 0
February 22.2°C 30.4°C 13.9°C 0
March 27.3°C 35.6°C 18.9°C 0
April 31.7°C 39.8°C 23.7°C 0
May 33.9°C 41.5°C 26.2°C 0
June 32.8°C 38.4°C 27.2°C 4
July 29.5°C 33.4°C 25.6°C 13
August 28.2°C 31.8°C 24.6°C 15
Septembe 29.1°C 34.0°C 24.2°C 5
r
October 28.5°C 35.8°C 21.1°C 1
November 24.7°C 32.8°C 16.6°C 1
December 21.3°C 29.3°C 13.2°C 0

5.5.1 Rainfall

The average annual rainfel580 mmBetween the driest and wettest months, the difference in
precipitation is 223 mm.

5.5.2 Temperature

The average temperature in Dholerais 27.4 °C. At an average temperatu@°af, 33ay is
the hottest month of the year. January is the coldestmwith temperatures averaging 19.9
°C
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Max, Min and Average Temperature

Dholera

Max, Min and Average Temperature {"c)

Zoom 6m YTD ly All

+ 40°c

+ 10°¢c
Jan'1% Jui*is Jan'lé Jul 16 Jan'17 Jul 17 Jan"18
2014 m él?l 6 . _m
i m b
Max Temp ('c) — Min Temp ("c) Avg Temp (c)

Figure5-6:Maximum, Minimum & Average Temperature at Dholerafor last three years

Source: Weatheronline.com

5.5.3 Wind

The wind speeds in the region are light to moderate with some strengthening during the south
west monsoon. The wind speed is generally high during the period from April to August. Wind
pattern indicates #t wind blows from northeast in post monsoon and winter season, from

southwest in monsoon and from northwest in summer season
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Max and Average Wind Speed and Wind Gust

Dholera

Average and Max Wind Speed and Gust (mph)

Zoom 6m YTD 1y All
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Figure5-7: MaximumMinimum & Average Wind Speed and Wind Gu§tholerafor hst three yea

Source: Weatheronline.com

5.6 Ecology

Dholerais located in the Bhal region of Gujarat. Bhal regionis believed to havgezhfiem
the sea during the late Tertiary and early Quaternary, much later than rest of Saurashtra that
appeared during the Cretaceous period. Bhal region is flat, coastal alluvial plain consisting of

agricultural land, saline wastelands, grasslands anshas

The area supports very less percentage of the state flora. Certain patches on the coastal line of
the area harbor stunted mangrove cover of Avicennia marina. The region mostly consists of
mudf |l ats which donét s uppoest Flonacanbe fauid. f | or a.
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5.7 Flood Vulnerability Assessment &Mitigation Measures

The entireflood wulnerability reporthas been prepared by WAPCOS LTBandhinagar.
The rivers traversing the DSIR area are4faid rivers and hence water flow in river is
only during the rainy seasoror till rain water precipitatedis disposedof. The floods
generatedn rivers are dependent to the intensity, duration and spread of the rain storm
and also the hydraulics of thever.

During high magnitude flood, the water level rises merichannel and overtops the
low river banks inundating the surrounding lower area. This causes flood hazard to
those areas which may be developed or being developed. The flood hazard is related

to extent of development.

Pre DSIRScenario

In preDSIR devebpment stage the flood level for different flood intervals are
computed along the river length and result of Upleta rain storm fot QGtyearreturn
period is shown in figure 5. The gist of the results is given in table 7 fod QGryear
return period

Figure5-11: Floodinundation map of DSIR study areadue to Upletarain storm folD@yearRP on satellite imaginary
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5.7.2 Flood Mitigation Measuresn Post DSIR Area

As seen from the figuré 5.8-1, there is spread of flood water in the area mdant

DSIR development. This is not acceptable for DSIR development hence it is necessary
to carry out flood mitigation measures such that inundation of the area even during the
highest flood is avertedtosafeguardtheproperties,i.e.industries,businesseentaibjt

Is flooded,it is within the tolerabldimits.

Considering the flood hazard at DSIR area, the only techno economical solution for
flood mitigation is to provide river training with bunding, such that the flood water are
confined within the banksef river passing through DSIR area and the sheet flow formed
on upstream side is diverted into the river channel for disposal into sea as shown in
figure 6. For flood mitigation purpose, the river training from-38&{Valbhipur canal,

DSIR area up to seaaaproposed to be connected with the river bank embankments.

It may be mentioned here that river hydraulic for post DSIR development is computed
for whole study area. The local area storm water is considered to be disposed of into sea
by storm water disposaetwork system of the DSIR area which is independent system
and IS
unaffectedduetoriverflood.Ifthisisnotdoneitwillirequireraisingofthe DSIRde velopment

area or some alternativ@rangement.

However, if it is decided that local area storm water is todispcsed in river channel

even
afterrivertraining,theperimetersaffectingstormwaterdisposalsystemfromrivertraining
aspect mentioned in this report shall be incorporated in storm water disposal system
design.

The other aspect is effect of the tide on flood digposystem. The flood is a
phenomenon wherein water level increase and then decreases in a long spell as per the
rainstorm and hydraulic of the river which will be more than few days. The tide variation

is cyclic and time spelis small say of 8 hoursonly. Both these parametersshall be

combinedto develophighest water level due to design flood. However, for simplicity
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constant tide level is taken whidbB onconservativeside and all calculationsaredone
accordingly, giving the highest flood water level inpre-& post Dholera SIR area

development stage

=== Proposed link channel
== ProposedRiverchannel
wes Proposed Bund

Figure 5-12: Riverstretch showing proposed bunding and link channel

5.7.3 Training of River Channel

In order to pass the design flood discharge within the river, the river channel is trained
to carry the design flood discharge considgrihe prevailing hydraulic parameters.

It will be a better practice to use this bund as internal or peripheral road so that same are
monitored and maintained regularly and are safe from breach due to rain cuts or piping

etc. The pitching on both sides BHae provided for safety of bund.

For river training the depth of water in river channel is arrived of by considering natural
condition of river water profile. The optimum preferable river channel section, is

computed and considered to pass 10@-yearreturn period flood discharge.
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Output results of 1 iL00-yearreturn period for Upleta rain storm with river training
are available and compared in table below with natural condition.

As may be seen that in the DSIR study area after river training theceflooding due
to upleta rain storm with tide water ingress (with HTL of 5.5myyffe 5.38)).
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Figure 513: Two-dimensional map for Upleta rain storm for 1 in 298ar RP with
river training

Link channel in order to divert the flood water forming sheet flow on U/S of airport
area, a link channel
onU/Softheairportshallbeprovided. Thischannelsdee dtointerceptanddivertthe

flood dischargeof 100-year returnperiodintoriver.ThewaterlevédlFL-forthe100year

RP flood is considered for this study.

5.7.4 Connectivity of nallas and tributaries to pond and to river

From the study of the flooding scenario asr @xisting topography of DSIR and
additional areauptoSi6alongtheseembankments,thiver training work is required

up toSH-36 forall therivers. Along with this the tributariesareais to be considered.
For safe disposal of locdrainage,it is proposed to connect tmallas and tributaries
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with pondscomingin drainagepath and further connectinghe out-fall channé to other
pondor tothetributary leadingto river providedwith river training shownin figure5.8-

4anddescribed ineport.

S 4 )
ki 4 Y
4

~,“&b ok 3y ot
Figure 514: DSIRarea and SHB6 showingriver, tributaries, nallas& pond with connectivity

5.7.5 Disaster Management Plan

Preparation of detailed ighster management plan required inundation map for
planning mitigation measure (Non structural) & for flood forecasting.Flood in
undationmap usingthe results obtained from MIKE FLOOD (MIKE 11 + MIKE 21)
software is available and from the Disaster Management Plarstimly area is
prepared.

For disaster management plan the -stmuctural flood mitigation options as listed

below can be considered.
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5.7.6 Nonstructural Mitigation Measures

The nonstructural flood mitigation measures are as under.
1 Instigation of planning cdmols to prevent floodplain encroachment in future
developmentareas;
Strictimplementationofbuildingcodesinrespectofnewbuildings;

Buildinglmprovements

5.7.7 Implementation bMeasuresi FloodMitigation
Flood Mitigation plan

The flood mitigation plan is prepad considering the post DSIR area development
ensuring the maximum safety from the flood and tides. The proposed mitigation

measures include:

i. Raisingandstrengtheningof the Sh-36(Bhavnagarto Bagodarahighway)
ii. RivertrainingfromDownstreamoftheS36/Vallbhpurcanaluptosea
iii. LinkchannelwithbundingonupstreamsideofproposedAirportsite
iv. Strengtheningandraisingofthe-8fBhavnagartoDholerahighway)

v. Interlinkingofpondinadditionalare a,betweenr36andU/sboundaryofDSIR
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6 Selection of PV Technology

6.1 Background

Climate change is a derivative of unsustainable use of fossil fuels. To minimize this process of
adverse alteration of weather phenomenon, it is imperative to reduce the use of fossil fuels by
switching to renewable sources. Development of solar gaoarplants/parks is one such
endeavor to mitigate the process of climate change. Globally, this initiative has been taken up
to a level of commercial generation of power. And now India has taken a proactive approach to
absorb the technology to harness thast potential of solar energy.

This section presents a brief review of the technology options considered for electricity
generation from Photoltaic systems (PV) fathe proposed Solar Park in the Staté&ajarat

India.

For the PV technology waiscuss the current state of the technology, its relevance to the Solar
Park and a likely projection of future developments with respect to costs and efficiency. The
review will allow the identification of the key technologies that are likely to be of mtesest

for the Solar Park.

6.2 Overview of Photovoltaic Technologies

Solar power technologies can primarily be classified under two distinct heads:

1. Solar thermal technologies whi ch wuti li ze the Oheatdé aspe
typically use oncentrating mechanisms such as mirrors or lenses of various geometries like
parabolic troughs, parabolic dishes, Fresnel mirrors or an array of mirrors spread over afield to
concentrate light to heat up a working fluid. This working fluid may be usestttjror
indirectly to generate steam and run turbines to ultimately generate electricity.

2. SolarPVtechnologies whi ch wutilize the Ol ight>o aspect
use a device called a solar cell to directly convert sunlight intirédéy.

It is decided to venturéento PV technologies and hence, only these technologies will be
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discussedin thiBetailed ProjedReport. PV technologies can be classifiedinto first generation
bulk silicon technology, second generation thin film tealbgy, and third generation high
efficiency concentrated PV technologies. There are also novel technologies like organic and
Dye-Sensitized Solar Cell (DSSC) technologies, which are currently more in the research and

development mode.

6.2.1 Bulk Silicon Techwology

In the bulk silicon photovoltaic technology, the solar cells are derived from pure silicon ingots
or blocks by slicing them into wafers. The type of solar cell produced depends upon the quality
of silicon material used. Two main types of solar cedised on this principle areagable in

the market todayCrystalline silicon (eSi), which is the same as single or merrgstalline

silicon solar cell, and Mulicrystalline silicon (meSi), which is the same as pedyystalline

silicon solar cell.

Bulk siliconis most common and mature technology and covers about 80% of the global market
share. Solar cells are the heart of the photovoltaic power plant and convert sunlight directly into
electricity. The industry standard for solar cell size tod&ap®&mm x 156 mm (or often called

a 6inch cell), and a thicknessintherange of 168 0 mi cr ometer s (em) . T
of such cells vary from 14% to 22%, and give power outputs in the range of 3.4 watts (W) to
5.3 W. Standard crystalline and padyystalline silicon modules comprise of 60 or 72 solar

cells, and are rated for power between 200 and 300 W.

(@)

Figure6-1: Crystalline and pohgcrystalline silicon technology: (a) interconnection of solar cells, (b) cross se
of photovoltaic module, and)typical photovoltaic modules.
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What happens inside a polgrystalline silicon solar cell?

A solar cell is a device thdirectly converts light enenrginto electricity.
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The working of a solar cell can be classified into the following major processe;
1. Lightincidence: Lightis incident on a solar cell.

2. Electron-hole pair generation:Light is absorbed in the solar cell and the energ|

light is tranderred to an electron.

3. Carrier transport: Electrons are transported to thgunction, while holes ari

transported to the-junction, thus creating a potential differencedo¥ o | t a g |

4. External Current: The p and functions, which act as battery terminalse connecte

to an external circuit to utilize the generate® ol ar EIl ect ri ci f{

6.2.2 Thin Fim Technology

Thin film photovoltaic modules are constructed by depositing extremely thin layers of
photosensitive material on to a substrate like glass, etagteel, metal foils or plastic. The
photosensitive material can be silicon, other semiconductors or even combination of different
metals.

Thin film photovoltaic modules are commercially available mainly in the following four
categories: 1. Amorphouslison (& Si), 2. Multi-junction thin film silicon (aSi/pc-Si), also
commonly known asnicro morphtechnology,.3admium Telluride (CdTe), and 4. Copper
Indium Gallium SulpbrSelenide (CIGSS) or its variants

Thin film solar cells use absorber photosémsimaterial thickness around 1 pm compared to
their bulk silicon counterparts with thicknesses around-180um. Thus, the thin film solar
technology offers tremendous cost savings though economical use of expensive
semiconductors. However, it is gengrabeing observed that the crystalline quality of
semiconductors deposited as thin films are not as high as those in bulk silicon solar cells. The
inherent defects in the thin film material result generally into a lower efficiency. However, a

substantiahmount of research and development is carried out around the world to enhance thin

90
Detailed Project Report: Dholera Solar Hadection of PV Technology



GUSARAT A
POWER {f
CORPORATION

Lz GERMI

film solar cell efficiencies, and positive results are gradually observed.

6.2.2.1AmorphousSilicon Thin Fim Technology

Amorphous silicon thin film layers, like other thfim solar cells, are around 1 pm thick.
However, on account of the namystalline (amorphous) structure of the material, the electron
generationis lower resulting into lower efficiency. The present commercial efficiencies for this
technology are in the rangd 4 to 8%. Module sizes are available around 2 m2, while the

maximum size available in this technology is 5.7 m2.

6.2.2.2Multi-junction (aSi/pc-Si) Thin Film Silicon Technology

Multi-junction thin film solar cells consist of additional layer of miamystdline silicon
material (ueSi). The peSi layer absorbs more sunlight in red and near IR region, which
increases efficiency of the cell up to an absolute 10%. Current module sizes available with this

technology are around 1.42m

6.2.2.3Cadmium Telluride (CdTe) Titmn Fim Technology

Cadmium Telluride is a very rapidly growing technology. This technology offers low cost for
manufacturing and higher efficiency of around 9 to 11% at commercial level, hence making it

one of the most economical photowvoltaic technolawy\&ry attractive for investors.

6.2.2.4Copper Indium Gallium SulphoSelenide (CIGSS) Technology

CIGSS solar cells have recorded up to 20% efficiency at a laboratory scale, which is very near
to that of the commercial crystalline silicon technology. Howewae, td the involvement of
multiple layers, the commercial production of large areas is complex process and is non
standardized. Commercially available CIGSS modules offer efficiencies around 10to 12%. The

module sizes range from 0.6 to 1.6 m

6.2.3 Third Generaon PV Technology

Third-generation PV systems include technologies, such as concentrating PV (CPV) and
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Front - Lens/Concentrator

Organic PV cells that are still under demonstrationor have not yet beenwidely commercialized.

Low Medium Concentration High

Concentration Concentration
Degree of 2-10 10-100 >100

concentration

Tracking Tracking sys may l-axis tracking sufficient Dual axis tracking
be required required
Cooling Minimal Cooling Passive cooling sufficient Active cooling
required required in mos
cases

Figure 6-2:Third Generation PV Technology
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Third-generation PV technologies are at the ppenmercial stage and vary from technologies
under demonstration (e.g. mujtinction concentrating PV) to novel coapts still in need of

basic R&D (e.g. quantustructured PV cells). Some thigeneration PV technologies are
beginning to be commercialized, but it remains to be seen how successful they will be in taking

market share from existing technologies.

There are four types of third-generation PV technologies

Concentrating PV (CPV)
Dye-sensitized solar cells (DSSC)
Organic solar cells

Novel and emerging solar cell concepts

Concentrating PV (CPV):.

Technology Overview

CPV systems use optic lenses to focudighnhonto highefficiency solar cells. Due to the
integration of lenses, CPV systems require direct sunlight to operate, so most systems employ
single- or dualaxis trackers to follow the sun across the sky.

CPV technologies combine two components toegate electricity: concentrators, which can

be either lenses or mirrors, and a semiconducting material based on the array of available PV
technologies

CPV is of the most interest for power generation in-gch regions with Direct Normal
Irradiance (DNIl)values of more than 2,000 kWh/ (m2a). High concentration PV (HCPV) with
two-axis tracking concentrates the sunlight by a factor of between 300x to 1,000x4 onto a small
cell area enables the use of highly efficient but comparatively expensivejomgitionsolar

cells based on HV semiconductors (e.g. triplginction solar cells made of Ga
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InP/GalnAs/Ge). Low concentration designgose with concentration ratios below 100x are
also beingleployedn the solar market. These systems primarily use crysasilicon (¢Si)
solar cells and singtaxis tracking, although dual axis tracking can also be used.

The most common classification of CPModules is by the degree of concentration, which is

expressed in number of "suns".

Pros and Cons of CPV Techaogles

Following pros and cons should be taken with a grain of salt because the tradeoffs are changing.

Clever engineering is improving both technologies and removing the cons.

Table6-1:Pros & Cons of Concerdted PV Technology

High efficiencies for directnormal HCPV cannot utilize diffuse radiation. LCP

imadiance (DNI) can only utilize afraction of diffuse radiatic

Low temperature coefficients Tracking with sufficient accuracy ar

reliability is required for uniform radiation

No cooling water required for passively May require frequent cleaning to mitige

cooled systems soiling losses, depending on the site

Additional use of waste heat possible foi Limited market can only be usedin regio
systems with active cooling pesible (e.g. with high DNI, cannot be easily installed
large mirror systems) rooftops

Modular 7 kW to GW scale High upfront costdecreaseds aspect for
competing with technologies for electric
productian

Increased and stable energy productior Bankability and perception issues
throughout the day due to tracking
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Energy & Pesocramicas
Dapanment

ap:
Government of Gujarat

Very low energy payback time New generation technologies, without
history of production (thus, it is perceived

a risk)

Potential double u® of land e.g. for Optical losses

agriculture, low environmental impact

High potential for cost reduction Lack of technology standardization

Opportunities for local manufacturing T

Smaller cell sizes could prevent large |
fluctuations in module price due to

variations in semiconductor prices

Greater potential for efficiency increase in 1
the future compared to singlejunction flat
plate systems could lead to greate

improvements in land area useBOS costs.

Table6-2:Commercially available solar technologies and market share

S. No. Technology Typical Record Laboratory Market

Commercial efficiency? Share?

efficiency!

Mono-Crystalline Silicon 14-18% 25%
Selected: 223%
2 Poly-Crystalline Silicon 13-16% 20.4% 71 %
1Source: Martin A. Green et. al., fASolar Cell Efficiency T

Applications, Vol. 19, Pg. 565, 2011.

2Solar cells are fabricated in laboratories through more sophisticated, accuietoitd processing compared to
commercially manufactured cells and modules, and hence yield higher efficiencies. Further, efficiencies achieved in
laboratories indicate the benchmark for manufacturing processes.

3Source: PV News, 2010.
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3 Amorphous Silicon 6-9% 10.5% 5%
4 Amorphous/Microcrystalline - 12.4% 6%
Silicon
5 Cadmium Telluride 9-11% 16.7% 2%
6 Copper Indium Gallium selenide 10-12% 19.9% Negligible
7 [l -V Multi -junction 35% 43.5% Negligible
8 Organic Photovoltaics <1% 8.3% Negligible
9 Dye-Sensitized Solar Cells - 10.9% 6%

The predominant-Si technology is expected to maintain its market share at levels of around
80% principally because of the maturity of the technology and also because of the arigting
growing capacity in China and APAC countries, which favor wafesed technologies. The

low production costs of-8i technologies will allow it to remain the top PV technology in the
coming years. Cost reductions and record efficiencies on cell amtlilentevel keep the
Levelized Cost of Electricity (LCOE) values low and the attention ofthe existing and new
industry players high, making $i appear to be a less risky investment under healthy market
conditions.

After the huge growth expectations of ihFilm (TF) technologies some years ago, the
competing market price of8i has slowed the development of TF. The latter are expected to
grow anyway at a lower rate, and therefore will stabilize their market share over the next five
years. Among emerging@thnologies, Organic PV technologies and especially Concentrated
PV technologies both Low Concentrated PV (LCPV) and High Concentrated PV (HCPV) are
expected to enjoy around 1% of the market share by 2017. As far asfhayancy (above

20%) modules areoncerned, due to lower competitionwithin the respective players a 3% share
could easily be reached. In addition, the overall efficiency of PV modules should increase thanks
to the generalization of 20%fficiency cells, in between the traditionalSt ard the high

efficiency mentioned here
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CPV (HCPV+LCPV)

| OPV — C-Si share
B High-efficiency PV — TF =share (inorganic+organic)
I TF modules (inorganic) — High-efficiency PV share

Figure6-3:PVmodules production capacity until 2017 (MW, %)

SourceEPIA, IHS Solar, PV Insider and SNE Research

PV effects on rise inatmospheric temperature.

The electrical performance is primarily influenced by the type of PV used. Atypical PV module
converts 620% of the incident solar radiation into electricity, depegdpon the type of solar

cells and climatic conditions. The rest of the incident solar radiation is converted into heat,
which significantly increases the temperature of the PV module and reduces the PV efficiency
of the module.

Like all other semiconduor devices, solar cells are sensitive to temperature. Increases in
temperature reduce the band gap of a semiconductor, thereby effecting most of the
semiconductor material parameters. The decrease in the band gap of a semiconductor with
increasing tempetare can be viewed as increasing the energy of the electrons in the material.

Lower energy is therefore neededto break the bond. In the bond model of a semiconductor band
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gap, reduction in the bond energy also reduces the bandTgapefore,ncreasing le
temperature reduces the band gap.

In a solar cell, the parameter most affected by an increase in temperature is tog@jiten

voltage. The impact of increasing temperature is shown in the figure below.

¥

lscincreases
slightly

high /

temperature
cell

Ll

Yoc decreases

Figure6-4: The effect of temperature on the IV characteristics of a solar cell

Solar cell performance decreases with increasing temperature, fundamentally owing to
increased internal carrier recombination rates, caused by increased carrier conegntraio

operating temperature plays a key role in the photowoltaic conversion process. Both the
electrical efficiency and the power output of a photovoltaic (PV) module depend linearly on the

operating temperature.
Critical Balance of System (BoS) Compondsn

All components of a solar PV power plant except the PV modules are collectively termed as the
Balance of System (BoS). With the reducing costs of the PV modules, the cost of BoS may
surpass the cost of PV modules. Thus, the selection of the BoS corgosrancritical as the
selection of an appropriate PV technology.

The BoS includes components such as inverters, module mounting structures, power and
communication cables, combiner/ junction boxes, transformers, power evacuation switchyard,

SupervisoryControl and Data Acquisition (SCADA) system, etc.
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Inverters

All commercial PV modules today generate only Direct Current (DC), so inverters become
essential to convert this DC into Alternating Current (AC), either for direct AC applications or
feeding inb the grid. PV modules are connected in series and parallel combinations, which are
then connected to the inverter. The functionality of an inverter includes:

Maximizing the output power from the modules by maximum power point tracking (MPPT)
Converting he DC into AC

Power factor adjustments;

1
)l
)l
)l

In case of gridtied inverters, synchronizing the output voltage and frequency to match the grid
parameters; and

9 Offer safety and protection to and from the PV system.

Inverters are rated for their power handloapacity, and inverters ranging from less than 1 kW
and more than 1 MW capacity are commercially available in market. Inverters for solar PV
power projects are classified based on their operational philosophy, which also has an
implication on its capacity.

Operational Philosophy and Design consideration of Inverter

If loads are AC driven, an inverter can be used to convert from DC from PV array and battery
to AC. Commonly available inverters can output in Single or Three phase, 50 or 60 Hzand 117
or 220 vdts.

Solar PV inverter use maximum power point tracking to get the maximum possible power from
the PV Array. The inverters utilizdaximum Power Point Tracking (MPPT) technology as

it allows the inverters to determine the peak power point on the IV airem array, given

current environment and operating conditions.
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Figure6-5:AC& DC current

1 Grid-connected inverters The Gridconnected inverters match the phase with utility supplied
sine wave. If theutly supply fail s, the inverter wild/l
supply backup power during grid outages.

i Standaloneinverters (offgrid) : The Stanehlone inverters are used inisolated systems where
the inverter draws DC from battery which is cleatdoy Photovoltaic Array. These do not
interface in any way with the utility grid.

1 Battery-backup inverters: are special inverters which are designed to draw energy from a
battery, manage the battery charge via an onboard charger, and export excest®dhergy
utility grid. These inverters are capable of supplying AC energyto selectedloads during a utility
outage and are required to have @sianding protection (explained later).

Type based on different topologies:

1 Central Inverter: The total producedC Voltage of entire PV Array is converted to AC
Voltage Central Inverter.

1 Module Inverter: The output of different PV Modules are converted to AC voltage with
different Module level Inverters. They have excellent data monitoring system, which allow

viewing information about each module/inverter unit.
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Figure 6-6:Types of inverters
9 String Inverter : The output of PV Modules in a string is converted to AC woltage when
connected to string inverters. Theseeiners are very good at a place where shading effect are

prevalent.

The following are the list of important factors that needs to be considered in inverter. design

Inverter efficiency: The inverter should be as efficient as possible, certainly above 9% o
most of its normal operating range. Many moderately priced inverters can achieve above 94%
efficiency. Inverter efficiency varies with respect to the amount of power being converted.
Output Waveform: The wave form of the inverter output can be an irtguarfactor in
matching inverter to load. The waveform describes the way the current and voltage vary over
time. There are three different kinds of wave forms. They are Square wave, Sine wave, Modified
square wave or Modified sine wave. Based on the tipawe quality inverters can be of three
different types:

1 Square wave: cheap, able to cope higher input harmonic content, output is same as RMS value
but with noise
Modified sine wave: Medium range quality
Sine wave (best wave quality)
DC Input voltage: The input DC voltage tends to be a function of the size of the inverter. As
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the power through the inverter increases, more current flows and there is greater internal
heating. Small inverters tend to operate in 12V while large inverters tend to operaté in 24
Voltage Regulation:At higher power levels, the inverter draws large currents from the battery.
This causes the batteryvoltage to fall. The inverter should be able to compensate for this voltage
drop and maintain output AC voltage fairly well.

Servicedility: The inverter design should allow easy servicing in the field

Adjustable Threshold: Most Inverters have some threshold of load power requirement before
they actually turn on and commutate to produce AC power. If the load threshold is higher than
some small loads in a house, the inverter may not sense the load and it will not operate alone.
Some inverter models offer an adjustable threshold level.

Surge Power:Inverter should be able to supply surge power for fewseconds as required by the
inductiveload during starting.

Frequency:inverter are designed for specific frequency depending on location. E.g. 50 Hz/ 60
Hz. The frequency variation of poor inverters can cause slow damage of the load.

Quality of Power in inverter: The quality of power is meased in terms of THDBTotal
Harmonic Distortion. The THD should be as low as possible. The THD value for good quality
inverter is always less than 4%. Poor wave quality is not recommended because it can cause
damages to the load or malfunctions (e.g. digitlatk running fast or slow)

No Load Power Consumption;Power Consumed by Inverter under No Load Condition. Power
Consumption under No Load Condition should be as small as possible to minimize the power
loss.

Anti -islanding: This feature is required forehgridtied inverters for the dangerous situation
wherein the grid shuts down but a distribution generation like PV source continues to operate
and provide electricity to the to the otherwiseadeergized grid. The inverters are generally

engineered to nev create power islands.
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Components of a grieconnected solar photovoltaic inverter.
Bottery DC Power
Charger Systeen
AC Powr
o
DC-DC "m& 2
L= Converter Grid
Stage Interface
i !
[ RN
IV 5V A0V
7
Mondier
MPPT DC.DC
Control Contrel PLC
Commundcation
Charger Unit
Conrel Control Communkcation

The working of a typical megawasicale gridconnected centrahverter can be describy|

through its various blocks as follows:

The DC generatefdom thePV modulef anarrayis in the voltage range of 36800 VDC
depending on the solplantdesign

This DCissensed by the Voltage/ Current (V/I) monitoring circuit and the information |
into the main Controller of the inverter.

The DCGDC converterblock providesa stable DC output and alswljusts the inpy|
i mpedance for the incoming DC throug

algorithm in order to transfer maximum power from the photovoltaic array into the iny|

The stable DG s t hen f e-AC InverterdBlok hé wIDiCch con
AC.The DGAC inverter matches the frequency of the output taking referencefro
grid. The Controller accurately controls the voltage, fexgty and phase of the output A
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The Controlleris connected to armamunication interface primarily for monitoring ai|

sometimes also for controlling (e.g. for reactive power) the inverter.
A Charge Controller is often used to charge batteries for auxiliary DC loads.

Protectiondevices against surges, lightening, etinstalled both at the incoming and gr|

side of thenverter andare often guided by appropriate standards.

Power Evacuation Mechanism

In an electric power system, switchgear is the combinations of electrical disconnect switches,
fuses or circuit breaksiused to control, protect and isolate electrical equipment. Switchgears
are used bothto denergize equipmentto allowwork to be done and to clear faults downstream.
Suche q u i p naeennpdrant because they are directly linked to the reliabilityhef t
electricity supply.

Typically, switchgear in substations is located on both the high voltage and the low voltage side
of large power transformers. The switchgear on the low voltage side of the transformers may be
located in a building, with mediwvoltage circuit breakers for distribution circuits, along with
metering, control, and protection equipment. For high voltage applications, a transformer and

switchgear lineup may be combined in a single housing, called a substation.
The Photovoltaic Industry Value Chain

The solar PV industry value chain can broadly be categorized into two segments:
Upstream: It includes the manufacturing of various components including polysilicon, solar
cells, PV modules, and other components such as inverters, transforméute mounting
structures, wires, SCADA and so on.

Downstream: It includes activities such as retail, implementation of projects, and other

services.
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Figure 6-7:Photovoltaic industry value chain

6.6.1 Manufacturng of Polysilicon

Polysiliconis the first step in the PV value chain. Polysilicon contributes to one fourth of the
cost of the crystalline or polycrystalline silicon PV module. Polysilicon production is primarily
driven by two factors: (i) electricity grirement to the tune of 100 to 200 kWh per kg, and (ii)
production yield, wherein about 1.2 to 1.6 tonnes of metallurgjcade silicon (MGSI) is
required to produce one tonne of segmade silicon. Polysilicon used in the PV sector is of
relatively lover quality at 99.9999% purity (i.e. 6N) compared to electronic grade silicon of
99.9999999% purity (9N).

Around threefourth of the global silicon productionis catered to the PV manufacturing sector.
Globally, the industry is dominated by seven compatiatssupply to around 90% of the total
polysilicon market, which are Hemlock, WackerChemie, REC, MEMC, Tokuyama, Mitsubishi
and Osaka Titanium. Currently, there in no major polysilicon production in India. However,
some companies such as Lanco Solar, BraSilicon and Yash Birla Group have announced

plans to set up polysilicon manufacturing plants in India.
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6.6.2 Preparation of Ingots and Wafers

The polysiliconis melted into large quartz crucibles, and then cooled down to form long solid
blocks calledingts. The type and purity of ingot derived, whether crystalline or polycrystalline,
depends upon the process used. These ingots are then sliced into wafers usagsvire

The global production capacity of wafers and ingots ranged between 30 and 35 G¥0.in 20
The wafer industry is dominated by five companies sharing over 90% of the market, with Shin
Etsu and Sumc@lone having a third each. Most of this production was concentrated in China,
which accounted for about 60% of the global wafer production dgpac2010. Currently,

there is no significant production of wafer manufacturing in India.

6.6.3 Solar Glass

Solar glass is used for protection and performance enhancement of solar cells. In the case of
thin film solar cells, this glass is also used as atsalles The properties of solar glass are
different from standard glass; solar glass requires specific designs for the glass manufacturer to
cater for higher melting temperatures and prevent contamination by iron particles. While glass

Is a commodity, thedar industry is still experiencing regional imbalances in its demand and

supply

6.6.4 Solar Cells

Solar cell manufacturing is an important step in the value chain as significant technical
differentiation is created in this stage. In case of bulk silicomi@olgy, the silicon cell is
fabricated into a solar cell. In case of thin film technologies, solar cell is fabricated on glass or
any other substrate, wherein the semiconductor is transporte@poeor gaseous state and

deposited on the substrate.
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6.6.5 Phaovoltaic Modules

Multiple solar cells are connectedin series and encapsulated between polymers and glass. Ethyl
Vinyl Acetate (EVA) is common transparent gide encapsulant which encapsulates the solar

cells through a lamination process, while te@tansually used as lsackstrengtheningheet.

For the end user, the nature of the cell technology used is seldom the main concern. The
parameters they find more important are the price perpeatk of the module, energy yield per
watt-peak under fieldaodi t i ons, t he modul eds size and we
The list of top 10 solar photovoltaic module manufacturers in terms of market share in 2015 is

provided in Annexure 6.

6.6.6 Integration and Other Services

It is through the integration that various campnts of the solar value chain including PV
modules and BoS are brought together and a solar plant is constructed through the engineering,
procurement and constructioBRD process. The&sPDwould be followed by operation and
maintenance (O&M) of the planThe services involved in the project developnm@ntess

include various retail, design and financial services.

6.7 Cost Components of Photovoltaic Power Plant
6.7.1 Photovoltaic Modules

The cost of the PV modules account for more than half the cost of the@mtovoltaic power

plant, and hence, have a substantial impact on the resultant Levelized Cost of Electricity
(LCOE). However, the PV module prices, irrespective of module technology, have been steadily
declining owing to research and development, itrguedaptation and economies of scale. The
module prices have declined by more than half over theléastde andre expected to drop at

the same rate in the near future.

The shortterm historic trends indicate a significant drop in crystalline silicodutecosts over

the last one year ranging from 14% to 31% depending on its origin. The JNNSM in Phase |
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mandate the use Indraade modules in case of crystalline and parystalline silicon modules,

the costs for which are closer to their Chinesade conterparts. In Phase Il under various
schemes the Government of India provided incentives on Indian make cells and modules.
Recent quotations for such modules obtained from domestic and international suppliers have
indicated a price range of INR 235 perwatt.

Additionally, the results from the Solar Energy Corporation of India (SECI) tender under
JNNSM Phase Il Batch | showed that the average difference between Viability Gap Funding
(VGF) stated by bidders in the Domestic category versus Open catezpiy@61 Crore.

Table6-3:Indicative prices of PV modules of various originsin 2014

r.  Module Type (Origin) Price (Rs/W)

Crystalline Silicon (Germany) 45.28
Crystalline Silicon (Japan) 45.98
Crystallire Silicon (China) 38.91
Thin-film Amorphous/ Microcrystalline 26.88
Thin-film Cs-Te/CdS 38.20

Inverters and Other BoS

The price of the inverter is substantially governed by the capacity of the inverter, and accounts
for 8 -12 % of the cost for a ngawattscale photovoltaic power plant. Typical central inverter
costs are in the range of Rs. 5.2 to 8 per watt depending upon the make and capacity. As the
share of the inverter costis lower compared to the overall project cost, Developers tend to be
corservative in ensuring high quality inverters even if at a slightly higher cost.

As the solar PV market has been exhibiting strong growth, the demand for inverters began to
outgrow the supply causing a bottleneck around 2009. As a result, the invertsrdicet

see an aggressive reductionrecently. However, with major inverter suppliers in Europe, USA,
Taiwan, etc. increasing their capacities, the prices of inverters have started coming down at an
annual rate of 145%. Further, with a surge of manufaiers from China as well as the push

for manufacturing from India, the inverter prices are further bottomed down in comparison to

last couple of years and may further reduce in the near future.
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Other BoS components such as transformers, module mountictusés, DC and AC power
cables and civitelated activities can be sourced from the domestic market. Moreover, the costs
associated with project engineering, module mounting structures, and civil works are expected
to decline with more industry learning the coming few years.

6.7.3 Land Requirement

The land requirement for solar PV power projects primarily depends upon:

Efficiency of the PV technology

Type of tracking used.

The land requirement for a particular technology will be inversely proportionalR¥imodule
efficiency. It is an accepted rule of thumb that a 1 MW solar PV power plant with poly
crystalline silicon modules of 14% efficiency fixed at optimum inclinaticauparatwill utilize

4.5'5 acres of land. (This land requirement increaségyaer latitudes anddecreases while
mowving towards the equator.) Similarly, a 1 MW solar PV power plant with 9% efficient thin
film modules will utilize #7.75 acres of land.

Various types of tracking mechanisms are used in order to maximize the cégunéght by

the PV modules. The tracking can be singkes based on daily motion of the modules from
morning to evening, or it can be in a seasonal manner where the inclination of the modules is
changed only a limited number of times during the yeagdbas the season. Daily tracking has

to be automated using motors and drives, while seasonal tracking can be automated or manual.
Further, tweaxis tracking is typically used for higéfficiency (thirdgeneration) PV modules,

which further increases thegyd compared to singlaxis tracking.

However, various tracking technologies also require additional land area to be able to

incorporate the flexibility of PV module orientation without casting shadow on each other.
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Fixed at optimum tilt Reference case Reference case
Fixed horizontal Decreaseby 8-9% Decreases by 580%
Single-axis seasoal Increases by-5% Increases by 230%
Single-axis daily Increases by 2@5% Increases by 280%
Two-axis Increase by 2880%  Increases by 8020%

6.7.4 Operation and Maintenance

Solar PV power plants are characterized by their simple andcdmivoperabn and
maintenance (O&M). The O&M of a solar PV power plant mainly involves cleaning of the PV
modules at a regular interval. The cleaning frequency of the modules of a commercial plant may
be as high as once per week or as low as once per month.

In addition to cleaning staff, the solar PV power plants typically require security staff and site
supervisors. Performance monitoring of such plants are typically done remotely, and an
engineer is deployed onsite only during troubleshooting of issues.

6.8 Technical Specifications of the Main Equipment

Technical Specifications of Major Components of Solar PV Power Plant
I.  Solar PV modules and array
ii.  Module mounting structures
li.  Junction Box & Array junction box
iv. ~ Power Conditioning Unit
v.  Switchyard
vi. DC & AC distribution Bards
vii.  Cables and installation accessories
viii.  Main control room

ix.  Earthing and lightning protection
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6.8.1 Solar PV Module & Array

T

T

Each solar module shall consist of redundantly interconnected photowoltaic cells and peak
power rating shall not be less tHz80 Wp.

To connectthe solar modules interconnection cables shall be provided. Photoelectric conversion
moduleefficiency shall be greater thatb%. Modules shall be made of high transmissivity
glass front surface giving high encapsulation gain and silicon rgalger sealant for module
protection and mechanical support.

All materials used shall have a proven history of reliable and stable operation in external
applications. It shall perform satisfactorily in relative humidity up to 100% with temperatures
between30°C and +85°Cand with stand gust up to 200 km/h from the backside of the panel.
Modules must qualify latest edition 8C 61215for quality of crystalline silicon solar cell
modules andEC 61730for safety qualification testing.

The manufacturer musnhake it sure and should certify that the supplied module is also
manufactured using same material design and process similar to that of certified PV module.
The BOS items/ components of the SPV power plants/ systems deployed must conform to the
latest edion of IEC/ Equivalent BIS Standards/ MNRE specifications/ as specified.

PV modules to be used in a highly corrosive atmosphere (coastal areas etc.) must qualify Salt
Mist Corrosion Testing as p#C 61701 /1S 61701

PV module must be tested and apgd by one of the IEC or MNRE authorized center.
Authorized test centers are a) SEC, Gurgaon, b) ERTL, Kolkata, c) ETDC, Bangalore, d) UL,
Bangalore and e) TUV, Rhineland

Warranty for Performance: PV modules used in solar power plants/ systems must be
warranted for their output peak watt capacity, which should not be less than 90% at the end of
12 years and 80% at the end of 25 years. If, under the standard test conditions, the module(s) is/
are not providing the warranted percentage of its/their speaifivignum power output (as
certified by an authorized tesgnterof MNRE at the time of complaint) during the term of the
warranty, then the manufacturer shall, repair or supply equivalent module(splfacement or
provide additional module(s) to briige aggregate power output to the warranted percentage

of the specified minimum power output at his own cost.

Warranty for Manufacturing Defects : The manufacturer must provide 10 years warranty for
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manufacturing defects in materials and workmanship If.eluring the term of this warranty,

the module(s) is/ are found to be having manufacturing defects, then manufacturer shall, either
(i) repair, or (ii) replace with an equivalent module(s), or, (iii) refund the purchase price at his
own cost.

1 The module fame shall be made of corrosion resistant materials, which are electrolytically
compatible with the structural material used for mounting the module. Module Junction box
(weather resistant) shall be designed for long life outdoor operation in harsh eramon

1 Necessary protection arrangements to PV module must be provided to protect the module
against failure or from deate; such as protective devices against surges at the PV module, low
voltage drop bypass and/ or blocking diode(s) etc.

1 The solar modes shall have suitable encapsulation and sealing arrangements to protect the
silicon cells from the environment. The arrangement and the material of encapsulation shall be
compatible with the thermal expansion properties of the silicon cells and theenfcatuing
arrangement/material. The encapsulation arrangement shall ensure complete moisture proofing
for the entire life of the solar modules.

1 Each module shall have low iron tempered glass front for strength and superior light
transmission. It shall alshave tough multi layered polymer back sheet for environment
protection against moisture and provide high voltage electrical insulation.

The fill factor of modules shall not be less ti@ari0.

Recently, it is observedthat a problem of PID (Potentialded Degradation) of solar modules
occur due to leakage currentunder high voltage typically in PV power plant. This happened due
to large potential difference between with the solar cell at high voltage and zero potential in the
grounded frames. PID is hpresently covered under IEC, however, it is critical for longer life

of modules. The manufacturer should provide with the modules with minimum PID or PID free.

1 Special care should be taken to make it sure that same capacity of modules are usedthroughou
the power plant and all the modules are from single manufacturer to avoid inherent
mismatching.

1 Array capacity shall not be less than the designed capacity and number of modules required
shall be worked out accordingly.

1 Modules alignment and tilt angkhall be calculated to provide the maximum annual energy
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output at site.

Each PV module must have following information on back of the module in the form of RFID
as well as label and the same must be able to withstand harsh environmental conditions.
Nanme of the manufacturer of PV Module

Name of the Manufacturer of Solar cells

Month and year of the manufacture (separately for solar cells and module)

Country of origin (separately for solar cells and module)

I-V curve for the module

Wattage, Im, Vm anéF for the module

Unique Serial No and Model No of the module

Date and year of obtaining IEC PV module qualification certificate

Name of the test lab issuing IEC certificate

Other relevant information on traceability of solar cells and module aS@=9000 series.
Module Mounting Structure

The structure shall be designed to allow easy replacement of any module and shall be in line
with site requirements.

The structure shall be designed for simple mechanical and electrical installation. It stwatl supp
SPV modules at a given orientation, absorb and transfer the mechanical loads to the ground
properly. There shall be no requirement of welding or complex machinery at site.

The legs of the structures made with Gl angles will be fixed and grouted®Cundation
columns made with M3@rade. Module mounting structure to be manufactured with steel
angles and channels should be hot dip galvanized or steel pile foundations.

The array structure shall be so designed that it will occupy minimum spoeiingacrificing

the output from SPV panels. The minimum clearance of the lowest part of any module structure
shall not be less th&0 cmfrom ground level.

While making the foundation design, due consideration shall be given to weight of module

assemblymaximum wind speed df80 km/hr and seisnt factorsfor the site.

6.8.3 Junction Box & Array Junction Box

The junction boxes should be of dust, vermin, and water proof and made of Thermo Plastic. The
terminals should be connected to copperlmsarrangemeiatf proper sizes. Suitable marking
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on the bus bars shall be provided to identify the bus bars etc. The junction boxes should have
suitable cable entry points fitted with cable glands of appropriate sizes for both incoming and

outgoingcables.

Table6-5:Technical Specification of various Junction boxes

Technical Specificationi Junction Boxes

Material Thermoplastic

Type Dust, Vermin & Water proof
Hardware SS304

Cable Gland Thermoplastic

Protection IP 67

6.8.4 StructureFoundation
In foundation practices, the important aspectis bearing capacity of soil. Bearing capacity can

be defined as the maximum load that can be carried by the soil strata. When the soil is strong
enough that it can carry the whdtead coming on it, in that case a shallow foundation can be
used for Module Mounting Structures. In case the hard soil is available at a deeper level, and
then some source is required to transfer the load of the structures to the hard soil strata. A deep
foundation does this work and transfers the weight of Module and MMS to hard soil and
stabilizes the structure.

Pile foundation is atype of foundation in which pile is usually used as the source to transfer the
load to deep soil levels. Piles are long atehder members that transfer the load to hard sail
ignoring the soil of low bearing capacity and transfer of load depends on capacity of pile. There
Is a need that pile should be strong enough to transfer the whole load coming on it to underlying
hard stata. For this purpose, pile design s usually given much consideration in development of
solar power plant and thus depending on the load, material is usually selected for the piles.
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Government of Gujarat

Typical Pile Foundation Schematic
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Figure6-8:Schematic diagram of Pile Foundation

Piles can by classified on the basis of following characteristics
I.  Mechanism of Load Transfer
ii.  Method of Installation

li.  Type of Materials

6.8.4.1Classification of Piles on the basis of load transfer
i.  End/Point Bearing Piles

If a bedrock or rocklike material is present at a site withir

reasonable depth, piles can be extended todble surface. In this
case, the ultimate bearing capacity of the pile depends entirely @
underlying material; thus the piles are called end or point beg

Bt -

S

piles. In most of these cases the necessary length of the pile ¢
fairly well established.

Instead of bedrock, if a fairly compact and hard stratum of so
encounteredat a reasonable depth, piles can be extendeda few

. Figure 6-9:End/Point Bearing Pile
into the hard stratum. g g

ii.  FrictionPiles
In these types of piles, the load on pile is resisted mainly by skin/frictgstance along the

side of the pile (pile shaft). Pure friction piles tend to be doitg sincethe loadcarrying.
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SAND

Figure6-10 Schematic of Friction

Capacity is a function of the shaft area in contact with the soil. In cohesion less soils, such as
sands of medium to low densityiction piles are often used to increase the density and thus
the shear strength. When no layer of rock or rocklike material is present at a reasonable depth
at a site, point/end bearing piles become very long and uneconomical. For this type of subsoil
condition, piles are driven through the softer material to specified depth.

6.8.4.2Classification of Piles based on Method of Installation of Piles

I.  Driven or Rammed Piles
They are usually préormed before being driven, jacked, screwed or hammered into ground.
This category consists of driven piles are of steel or precast concrete.
When these piles are driven into the granular soils, they displace the equal volume of soil.
This helps in compaction of soil around the sides of piles and results in the densiti€atihn
The piles which compact the soil adjacent to it is also called as compaction pile. This

compaction of soil increases its bearing capacity.
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Figure 6-11:Ramming in Cohesionless soil
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Figure 6-12:Ramming in Cohesive soil
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Figure 6-13:Ramming of Vertical Steel Post

ii. Bored or Replacement piles
They require a hole to be first bored into which the pile is then formed usually of reinforced

concrete. The shaft (bore) may be eased or uncased depending upon type of soil.

TYPICAL STAGES FOR BORED PILES

&
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Figure 6-14:Stages of Bored Pi
6.8.4.3Classification of Piles based on Materials

i. Timber Piles

1 Timber piles are made dfee trunks driven with small end as a point

1 Maximum length: 35 m; optimum length:-20m
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1 Max load for usual conditions: 450 kN; optimum load range = 340 kN

Advantags:
Comparatively low initial cost, permanently submerged piles are resistant to decay, easy to
handle, best suited for friction piles in granular material.

Disadvantages

Difficultto splice, wulnerable to damage in hard driving, wvulnerable to decaysunésged with
preservativesI{ timber is below permanent Water table it will apparently last forever), if
subjected to alternate wetting & drying, the useful life will be short, partly embedded piles or
piles above Water table are susceptible to damaga Wwood borers and other insects unless

treated.

. Steel Piles
Maximum length practically unlimited, optimum length:-52m
Load for usual conditions = maximum allowable stress x esestional area
Their relatively small crossectional area combined Witheir high strength makes penetration
easier in firm soil. They can be easily cut off or joined by welding. If the pile is driven into a
soil with low pH value, then there is a risk of corrosion, butaiglorrosion is not as great as
one might think. Ahough tar coating or cathodic protection can be employed in permanent

works.

a) Hi crosssection b) steel pipe
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Advantagesof steel piles

Easy to cut in desired length, high load carrying capacity, small displacement, ablettatpen
through light obstructions, best suited for end bearing on rock.

Disadvantagesf steel piles

Vulnerable to corrosion.
Are relatively expensive

li.  Concrete Piles
Concrete piles may be precast,{steessed, cast in place.
Cast in place Concretdiles: Cast in place concrete piles are the most type commonly used for
foundations due to the great diversity available for pouring concrete and the introduction of the
pile into the soil. Driving and drilling piles are two types of cast in place concrete pil

1 Precast concrete piles may be made using ordinary reinforcement or they magtregsed.

1 Precastpilesusingordinary reinforcement are designedto resist bending stresses during picking
up; transport to the site; bending moments from lateral lbagspvide sufficient resistance to
vertical loads and any tension forces developed during driving.

1 Prestressed piles are formed by tensioning high strengtipséséless cablesd casting the
concrete about the cable. When the concrete hardens,abgss cables are cut, with the
tension force in the cables now producing compressive stress in the concrete pile. Itis common
to higherstrength concrete (35 to 55 MPa) in prestressed piles because of the large initial
compressive stresses from pressieg. Prestressing the piles, tend to counteract any tension
stresses during either handling or driving.

Max length: 10- 15 m for precast, 2030 m for prestressed
Optimum length 10 12 m for precast. 1825m prestressed

Loads for usual conditions 930r precast. 8500 kN for prestressed
Optimum load range: 3503500 kN

=A =2 =4 =
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Advantages of Cast in place Piles:

Can be inspected before casting can easily be cut or extended to the desired length.
Relatively inexpensive.
The piles can be cast before exctaa

Pile lengths are readily adjustable.

T
T
1
)l
)l

An enlarged base can be formed which can increase the relative density of a granular founding
stratum leading to much higher end bearing capacity.

1 Reinforcement is not determined by the effects of handling oingrstresses.

Disadvantages of Cast in Place Piles:

1 Heave of neighboring ground surface, which could lead to re consolidation and the development
of negative skin friction forces quiles.

1 Tensile damage to unreinforced piles or piles consisting of g@®rete, where forces at the

toe have been sufficient to resist upward movements.
1 Damage piles consisting of uncased or thinly cased green concrete due to the lateral forces set
up in the soil. Concrete may be weakened if artesian flow pipes up shdé&wwhen tube is
withdrawn.
Light steel section or Preast concrete shells may be damaged or distorted by hard driving.
Cannot be driven where headroom is limited.

Time consuming; cannot be used immediately after the installation.

=A =4 =4 =

Limited length.

Advartage of Precast Piles:
Are easy to splice. Relatively inexpensive.

Stable in squeezing ground, for example, soft clays, silts and peats pile material can be inspected
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before piling.
Can be driven in long lengths.

Can increase the relative density of argiar founding stratum.

Disadvantage of Preast Piles:

Displacement, heave, and disturbance of the soil during driving.
Can be damaged during driving. Replacement piles may be required.

Cannot be driven with very large diameters or in condition oftéthheadroom.

iv. ~ Composite Piles
In general, a composite pile is made up of two or more sections of different materials or different
pile types. The upper portion could be eased-raptace concrete combined with a lower
portion of timber, steel H or conete filled steel pipe pile. These piles have limited application

and are employed under special conditions.
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Figure 6-15:Schemati®iagramof Composite Pile

6.8.5 Conclusion
While there are dynamic developments in the PV technology, it is established that the basic
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technology is extremely mature and relealihe developers usually have to make call based

on a costbenefit analysis of these technologies. It is decided to deploygogsdyalline silicon
technology forSolar park at Dholera, 500MW photovoltaic power plant owing to its
technology maturity,igher efficiencies compared to thitm technologies, and a proven track
record over the last couple of decades. Further, this choice of module technology minimizes the
risk of the PV modules deteriorating faster in extreme Indian climates. The genstraf co
establishing a megaweastale PV power plans considered to be around RS2 b 4.&rores

per megawatt. The cost of components in photovoltaic power plants are experiencing a general
downward trend, based on which solar electricity is expecteatdgrid-parity in India around

2018

--- End of Section--
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7 Methodology of infrastructure Development- concept planning

7.1 Introduction
The projects involved all site establishment works, compliance with planning conditions,
infrastiucture, fencing, security, earthworks, trenching, support to the electrical and module
construction contractors and provision of health and safety management
This chapter outlines the Concept Plan of the proposed Solar Park at Dholera. The
conceptualizabn has been done on the basis of various factors of zoning which have been
derived from technology evaluation, site analysis, developmental guidelines and regulations
prevalent in the State.

7.2 Planning

Principles of Planning

The park has been designed withaam to achieve a sustainable power generating hub which

will ensure infrastructure availability for the processing area. To dttambjective following

principle have been adopted:

1 Integration with the region with adequate connectivity.

1 Optimum useof land for power generation.

1 Environmental Safeguard by provision of adequate buffers.

1 Adequate basic infrastructure&oncept plan is designed to ensure assured water supply,
sewerage & drainage systepower supply, telecommunication, etc.

1 Cost Minimization- Identification and augmentation strategy for existing infrastructure

such as road, water supply, power supply etc.

Concept Plan:

To generate 5000 MW using PV technology ab®lLi0&ectare®f land will be required.

Consideringthe land area gpidt orientationthe construction shall be executedin phagse

There proposed park shall be in two (2) phaskx.dfzes for Phas& and Phas€ are proposed
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considering the site layout and connectivity features. PV technology is proposed fadthe sa
UMSPP.

The proposed land divided in27 plots for setting up Solar Power plant of various capacities
and the overall park capacity is divided into two (2) phases as mentioned i Tablzelow:

Table6: Project phase

BRI e e

1 Phase 1 1160 MW
2 Phase 2 3840 MW

A prototype solar plant of capacity QW shall be setup at the proposed site for conducting
the feasibility studyoy SPPD Based on the data from the feasibility study a congnsike
analysis shall be doriiy SPP Dwhich will help the Solar Plant Developers to alter engineering,
civil works, shore up safety to achieve best possible Performance Ratio(PR) & Capacity
Utilization Factor(CUF).
Following are the basic Infrastructure tishall bedeveloped for the proposed project

i.  Road connectivity

il.  Watersupply infrastructure.

li.  Storm Water Drainage (SWD) Infrastructure

Iv. ~ Telecommunication facilities

v.  Transmission facility consisting poalj station (with 400/220, 220/33V switchyard and

respective transformers)

vi.  Utility Corridor
7.3 Development

The par kds pr opoomectedsdl@hallbevieveloped ingeteverblodks
better administration purpose. The eleven bloghall be further divided into 27 plotsf
approximateapaciy of 100MW, 160MW and 200MWFoursubsstationg 33 kV/220 kv/400
kV) have beemroposedo be dewvelopedo evacuate the entire 5000MW of solar power
generated at the paltkis proposed Power generated in Phase 1 will be evacuat@djasat
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Energy Transiission Corporation Limite(GETCO) and in Phase 2 will be evacuate cRoywer

Grid Corporation of India LimitedP GCIL)

The area for thproposedolar park project is lowying area located in the delta formation of

five rivers namely Padaliyo, Lilka, Utali, Sukhbhadar and Keri. These east flowing rivers
discharge in Gulf of Khambhat and meetthe ocean. Most of this regionlies in Costal Regulation
Zone-1, The land is very muddy and mangrove cover can be found on some patches of the coast

line.

Due tothe high wlnerability of the site suitable measure has to be taken during engineering &
development of the proposed solar park. Infrastructure has to be designed with by keep high
factor of safety. This will add to the overall cost of development of éhle p

7.3.1 Internal Roads
The proposed Solar partkas two hierarchies of roads

(Internal Road & Plant Roads The internal road
network is proposed along these plots for maximul
accessibility to the plotBevelopment of th&@lantroads
network lies in thescgoe ofSolar Plant DevelopelMost

of the roads in thenternalroad network already exists

and restof the roads shallbe developedby the Solar

Power Park Developer forit lies in theirscope. Figure 71: Road

FollowingTable depicts the length of both types of roatise poposed park shall have Grid
Iron Pattern roadsf 250to 300mts gridbut itshalldepend onth&PDc o nt r act or 6 s

Road hierarchy Approx. Length (Km)
1. Internal Road 53.57
2. Plant Roatl 380

*Plant road shall belanned, designed amsbnstricted by SPD
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Sample plot

Intemal road
PlantInverter room / LCR

Plant periphery road

It is proposed that the based on the conditions at the proposed site road network shall be of
flexible pavement bitumen roads. The design of the pavement layers to be laid egeadsub

soil starts off with the estimation of sigpade strerttp and the volume of traffic to be carried.

The Indian Road Congress (IRC) encodes the exact design strategies of the pavement layers
based upon the sigyade strengthwhich is mostcommonly expressedinterms of the California
Bearing Ratio (CBR)For desgn of pavementsvalue of C.B.R& Traffic load isequiredValue

of C.B.R ison the lower side i.e. around4®o,Major traffic is running during construction and

after that only maintenance and inspection vehicle will m&a.assuming MSA (Million
Standad Axle) is 5.It is recommended to design the roads as per IRC 37:2012 Design for
flexible pavementsFor technical specification MORTH Technical Specificationfor Road &
Bridge Workare adoptedA bridge of approx. lengt®00m bridge over a riveshall be
constructeat plot no. 24 and 25

128
Detailed Project Report: Dholera Solar Hstéthodology of infrastructure Developmentoncept planning



Energy & Patrochemicats
Dapanment
Government of Gujarat

Table7-7: Tentative cross section

GUSARAT
POWER ‘
CORPORATION

i GERMI

Thickness Material

25 mm SDBC

55 mm DBM

250mm WMM

250mm GSB

500mm Subgrade (CBR 5%)

The width of the topmost crossectionis 75m wide includingl.0m earthen shouldem

botlside. Strom water disposal alobgth sides of the roaghall be providd.

15000

) 7500

[
1000 5500 CARRIAGE WAY

Zamm TH. S.0B

TYP. CROSS SECTION AT PIPE CROSSING

Figure7-1: TypicalRoadCrossSection

TYP. LONGI. SECTION AT PIPE CROSSING

The internal road would conect to the nearest Vilige road or District roador regional

connectivity while the internal road network would be intennecting the plots proposed in

the solar park.

Opening likeHume pipe or culverts shall be provided in roads at various location as per the

requirement.
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7.3.2 PowerEvacuationInfrastructure
The 5000 MW power would be evacuated through 33kV

underground XLPE cable infrastructure network spread across
the solar park which would culminate into 33/400kV
substation to evacuate the generated power into main grid.
There will four pooling substations intotal which will evacuate
the entire energy produced at the proposed . power
carried by the XLPE cables would be stepped up twice, firstly

- from 33kV to 200kV at the pooling substation and then again
up to 400 kVat the grid substation of PGCIL.
The cable structures shall be both underground and overhead. The underground cable structure

connected to PV modules, inverters, transforneécsmay havearmoredcable with extra
protection of conduit. Moreover, the promFainage system shall be installed so that there is
no standing watermaking the underground cable structure very safe. The foundation structure
of overhead transmission lines shall be engineered with high factor of safety and it is
recommended that thedndation structures tested to withstand the wind of about 180 km/h
shall be used

7.3.2.1Pooling Substations
A substationis a part of an electrical generation, transmission, and distribution system.

Substations transform voltage from high to low, or the reyenggerform any of several other
important functions. Between the generating station and consumer, electric power may flow
through several substations at different voltage levels. A substation may include transformers
to change woltage levels between higinsmission voltages and lower distribution voltages, or

at the interconnection of two different transmission voltages

Substations may be owned and operated by an eleattildgl or may be owned by a large
industrial or commercial customerGenerally substations are unattended, relying

on SCADA for remote supervision and control

Substations are important components of the electrical infrastructure required to keep reliable
electricity available focustomers. Substationsnsist of high voltage ed¢rical equipment like
transformers, switchgear, circuit breakers and associated devices.
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1 Transformers step down the high voltage electricity comingin on the transmissionlines, to a
much lower voltage suitable to send out on distribution wires.

1 Circuit Switchesdirect the flow of electricity, like the switches that turn the lights on and off
in your home.

1 Breakersinterrupt the flow of electricity when unexpected surges or faults occur, in order to
protect the system from damagdike the breakers in thmain service panel of your home.

9 Capacitorsimprove the quality of the electricity supply to customers, in two important ways:

they smooth out voltage depressions
Table7-8:Proposed Substations of the spfark

Sub-Station No. For Plot no.
1 Sub-Station 3 1t03
2 Sub-Station 5* 41013
3 Sub-Station 1 14 to 19
4 Sub-Station 4 20 to 27

* Substation 5shall be the Master Sugtation for Sub station 3, 4 ands&tions

7.3.2.2CableCorridor
Electric power transmissias the bulk movement alectrical

energyfrom a generating site, such asp@wver plant, to - z vt-zkr,
anelectrical substation. The interconnected lines whit * ‘7

facilitate this movement are known as a transmission netw = | o
and the region / path isnown as cable corridoA common
Cable Corridor o9 km (approxlength, containingooth High

voltage as well as lowwoltage line shall carry the power

generated by various solar plants to the pooling substatfens, Ecl)grﬁgec) r7-3:Typica| cable

cable corridoshall run adjacenitthe internal road netwo

Solar ParlElectric power shall be transmitted bgderground power cablestead of
overhead power lineexcept at some places it may require over head transmission line
Underground cables take up less rightway than ogrhead lines, have lower visibility, and

are less affected by bad weather. However, costs of insulated cable and excavation are much
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higher than overhead construction. Faults in buried transmission lines take longer to locate and

repair.

7.3.3 Telecommunications
Telecommunications tower is the generic description of Radio

masts and towers built primarily to hold telecommunications
antennas. As such antennas often have a large area and must be
precisely pointed out, such towers have to be built so, that they

do rot much swing in the wind. So very stable structure types

like low lattice towers and towers built of reinforced concrete

are used in most cases, although also guyed masts dre use
The objective is to provide integrated mobile, broadband, broadcast iavedllanceservices
to theSolarParkat DholeraCommunications between substations shall be provided under the

provision of SCADA. If regired SPPDwill appoint private players.

7.3.4 Water Supply Infrastructure
The primary source of water for the propoSedar Park is

NarmadaRiver. It is proposed that Sarddarovar Narmada
Nigam Limited (SSNNL) shall providéhe water supplyif
gravity flow water supply from the sourds nota feasible
option thenPumps shall be installedto facilitate the suppl!

Water @n be tapped 15 km away from the project site.

.. Figure 7-4: Pipeline
Civil structures such as canal g@#ke structure, undergroun

sump, pump house and Ground service reservoiBR)Y water transmission pipeline to the
project siteunderground sump, pump hous&Ksand intemal water distribution network are
proposed for water supply.
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Figure 7-2: Coverage area of SSNL pipeline network

Sr. No. Recommended

10 Bars

1 Pump capacity
2 Pipe (material) HDPE
3 Pipe (size) 200mm da.

7.3.4.1Underground storage Water Tank/overhead tank
An estimated amount dfL..25 Million litersper Day (MLD) of water shall be requiréal the

entire 5000 MW Solar Park. It is recommended to stater capacity equivalent iedayusage

in advance for eergency purpose
Table 84: Capacity of GSR

Sr. No. GSR Capacity

1 Ground Storage &ervoir 1 1.25MLD
2 Ground Storage Reservdr 4 MLD

3 Ground Storage Reservdr 2.5MLD
4 Ground Storage Reserveir 3.5MLD

The Undergroundank shall be as peequirement.
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Following points are the consideration of selecting circular tanks over rectangle tanks.
Circular tanks are preferred over rectangle tanks as there is no bending in circular tanks. Also,
for underground tank having rectangle shape subjectelbetmling moments in empty
conditions. While, Circular tanks in compressionin empty condition and hence reinforcement
requirement is lesser than rectangle tanks. It is propmsddvelop four Ground Storage
Reservoir Tankwith 30 m of diameter and 3.5m geadjacent to the substatiof&peline

profile shall be developed WYSIRDA; accordinglypipeline network will be provided.

Table7-9:Specification of the water tanks

1 Shape Circular tanks
2 Minimum Concrete Grade M30
3 Reinforcement grade Fe-500D

7.3.5 Storm Water Drainage (SWD) Infrastructure:
To discharge theainwater,the SWD infrastructure shall lesigned considering the natural

topography to evacuate the saidstavater. SWD with stone pitching shall be provided at both
sides of the road.
Having high Coastal Vulnerability Index, the project site could be subject to flooding, a proper

drainage system shall benstructedo as to avoid any loss either infrastruakor ecological.

7.3.6 Project BoundaryFencing & River training works
Since the solar parks are constructed in remote areas, it is difficult to monitor theitysecur

which leads to variougheftsof components of Solar Power Plafit of this calls for inséllation

of boundary fencing.

Foran uninterrupted operation afie proposedolar @rk, when faced with the possibility of
downtime due to theffloods or vandalism and ingress of tide watredopment of fencing &
bund is very essential. The fence lsetprbing outhe thefts whereas bund helps mitigating the
detrimental effects dlood or water logging in the solar park.

Opening like Hume pipe or culverts shall be provided in river training / Bund at various location
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as per the requirement.

7.3.6.1Bounday fencing
The equipment used in a soparkcan be very expensive and thus makes it a prime target for

theft or vandalismFencing helps in maintainipgrimeter securitly keepng out trespassers
and ultimately curbing solar park thefts.

To delineatehie site boundary, a 3.0m barbed wire
chain link fencing shall be constructéte fencinguill
not only curb the instances of solar theft blgo stop
the straywild animalsfrom enteing the site. Entryin
and out of thesite will be regulated by an #&g-exit

complex.

Figure 7-6: Boundary fencing

It is recommended th&ncing shall be provided at th

outer periphery ofhe solaparkas due tasolar theftbills may runinto lacks of rupeedue to
the damage caused and ladsncome due to disruptions. M&n one set of solar delis

damaged or stolen it affects the whole row and reduces the power output significantly.

7.3.6.2River training works

The project site has a high Coastal Vulnerability
Index (CWVI) and is prone to flooding either through
the high tides of the ocean or dudltmding in the
nearby riversMoreover, theide level is 5.5m and
expected to rise if sea lewases During flood &

high tide, the flood water may cause loss to life and

property. To prevent this, flood embankment might
be constructed made up of homaogeus earthen bund using suitable local soil. For better results
Hume Pipes can be added to the earthen bunds so as to reduce the impact dfhevaterd
needs to beonstructed along the side facing threekin order to prevent flooding of project
site.

Detailed engineering solutions needs to be carried out for the construction of Thexdsp

width of earthen bund will ber@ which incidentally work as a access roads. The height of the
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embankment is not more than 2i@o normal homogeneous bund iffisient. In earthen bund

if requiredpipe culvert shall be provided tdlow movement of tidal water and rain water.
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Figure 7-3: Typicalearthenbund Sectiorwith gabion wall

7.3.7 Module Mounting Structure
Since the project site lies in the area with high Coastal Vulnerability Index and during the high

tide the project site might get flooded. Module Mounting Structures shall be engineered to
withstand the flood without corrosion astall standat a height whex the PV panels do not
submerge into the flood

To achieve thighe height of the pilaith bulb& the structure shall be increased and to avoid

o o= oo rvouo r>ooe

corrosion hot dip galvanizatiorshall be doneAs perusual practicethe solar panel are

supportel onpilesof 250-350mm dianeterof required length shall be provide@onsidering
the tidal & flood effect in the area the pedestals hesbhll bekept 380450mm above ground

level which shall be finalizeduring engineering phase.
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Figure 7-8: MMS Pile table

The soilwhich shall be excavated during the time of construction of the foundation of the MMS
through Auguring shall be used in the construction ofitle training works earthen Bundf
required

7.3.8 Streetlight

A street lightlight pole lamppast,street lamplight
standard, olamp standarcs a raised source
of light on the edge of epador path. Streelighting
increases the visibility on the solar park ro&treet

lighting also improves safety for der and

pedestriansvorking or passingpy thesolar park.

Light Emitting Diode (LED) is usually used as lighting source of modern solar street lights, as

the LED provides much higher lumens with lower energy consumption. The energy
consumptiorf LED fixture is on an averagé0% lower than adigh-Pressure Sodiuvapor

(HPSVf i xture which is widely used as a | ighti

of warm up time also allows for use of motion detectors, which can help in dimming or
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brightening the light for additional efficiepgains

Solar Project Developer (SPD)

Solar Project Developeris also known as SPD Contractor who is usually involved in physically
building the Solar PV power plant along with its necessary infrastructure.iSPiade
responsible for all the activitiesdm design, procurement, construction, to commissioning and

handover of the project to the Ehtser or Owner.

Utility
interconnection Monitoring
Final inspection and maintenance
and commisioning

& QT I

Site audit D
System design S

ASPD is a company that will, typically, install the solar plant on a turnkey basis fr a
developer/promoter. It is involved in all aspectststg from engineering design (including

solar system, civil and structural, and electrical design), procurement and construction of a solar
PV power plant. Som8PDs will also take responsibility for the operation and maintenance of

the plant. The detaiteroles of arBPDare as follows:

Engineering

Feasibilityand site assessment, technology assessment and selection, and interconnection
requirements

Procurement

Obtaining the necessary resources, clearances, equipment and industry partners formastallatio
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under specified time frames and budgets.

Construction

Construction of all aspects of the power plant, onsite supervision and monitoring, detailed
project proposal and action plan, construction support and planning, quality management
system, project magement and planning

In India, thereare currentlytoomangPd s f or sol ar power pl ants.
among the available options is an uphill task. At the same time, choosing thERighbr

power plant is a critical decision that can mak break the solar plant.

Choosing the right SPD ensures the following:

1. Maximum Power at Minimum Cos$t A power plant that generates the maximum possible
electricity during its lifetime (25 years) at the lowest possible cost per kWh over the lifetime.

2. Smooth Operations A power plant that functions and buzzes along smoothly day in and day
out for 365 days a year for 25 years, without giving any trouble at all to the developers.

3. Transparent and ResilieinA power plant that is highly transparent andilienti in that the
you can understand the performance of the power plant fromwherever he or she is, and a power
plant that can be up and running within the shortest possible time just in case of any issues that
crop up at all

4. Optimum Utilization of Space With high design expertisePDs will be able to make the

maximum of available space by looking at panel, inverter, cable layout etc.
7.5 Tentative Infrastructure inside the solar plant:

Technology now gives us the opportunity to drastically increase gpeoguction without
having to overhaul our entire energy infrastructure. The Infrastructure inside the solar plant shall

be in the scope ddPDcontractor.
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Figure 7-9: Typicallayout of a solar plant

7.5.1 Master Control Room (MCR)/ Local Control Room (LCR)

The main control room is a masonry building which houses the control panels and the below
mentioned equipment:

AC Main Electrical board (Main AEB)
UPS with UPS DB and Battery Bank
Battery and Float Cum Boost Charger
Indoor HT Panel

Main Data Loggefor SCADA

Fire Alarm Panel

CCTV Monitoring Panel

Ventilation Exhaust Fan

Data Logger for SCADA

=A =2 =4 =4 =4 =4 A4 A 4 =

Control Room Lighting & Peripheral Lighting

Elevated height of the stgiation reduces damage from flooding in two ways;

1) Allowing floodwaters to easilyrger and exita structure inorder to minimize structural damage;
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