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EXECUTIVE SUMMARY 

 

Nagaland is located in North-Eastern part of India and is well endowed with the 

abundant renewable energy resources. However, the State faces energy deficit due to 

under-utilized renewable energy resources. Nagaland is primarily dependent on 

Central Generating Station (CGS), located in other parts of North-East, for meeting 

its energy needs. With an objective to reduce the Stateôs dependence on CGS and also 

to provide renewable and clean energy for consumption while ensuring energy 

security. 

 

The Department of New & Renewable Energy (DNRE) proposed to develop 5 MW 

Solar Power Plant at Zhadima(Teichuma) under Kohima District for which DPR has 

been prepared with a project estimated cost of Rs 35.00 crores based on the site and 

prevailing market price. 

I am highly indebted and thankful to the officers and staff involved in preparation of 

this DPR. 

 

 

 

 

KOHIMA        Er. Kimaba 

  July 2024        Director  
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Glossary 
 

 
Direct solar radiation: It is the solar radiation propagating along the line joining the 

receiving surface and the sun. It is also referred as beam radiation. It is measured through 

Pyrheliometer. 

 

Diffuse solar radiation: It is the solar radiation scattered by aerosols, dust and molecules. 

It does not have a unique direction and also does not follows the fundamental principles of 

optics. It is measured by shading Pyranometer. 

 

Global solar radiation: The global solar radiation is the sum of the direct and diffuse solar 

radiation and is sometimes referred to as the global radiation. The most common 

measurements of solar radiation are total radiation on a horizontal surface often referred to 

as óglobal radiationô on the surface. It is measured by Pyranometer. 

 

Irradiance: Irradiance is the rate at which radiant energy is incident on a surface, per unit 

area of surface. 

 

Albedo: It is essentially the ratio of reflected to incident light. The Albedo of an object is a 

measure of how strongly it reflects light from light sources such as the Sun. 
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Abbreviations : 

AC  ï Alternate Current  

a-Si  - Amorphous Silicon  

ACSR  - Aluminum Conductors Steel Reinforced  

BOO  - Build Own Operate 

BOS  - Balance Of the System 

c-Si   ï Crystalline Silicon  

°C   - Degree Celsius 

CERC   ï Central Electricity Regulatory Commission  

CdTe   - Cadmium Telluride  

CO2   -Carbon Dioxide 

COD  - Commercial Operation Date 

CT   -Current Transformer 

DC   ï Direct Current 

DPR   - Detailed Project Report,  

EIA   - Environmental Impact Assessment 

EPA   - Energy Purchase Agreement 

GoI  - Government of India  

GSS  - Grid Sub-Station 

HT  - High Tension 

IAM   -Incidence Angle Modifier 

IEC   - International Electro-technical Commission  

IEC 61646  - IEC standard code for PV module performance 

IEC 61730  ï IEC standard code for product safety  

IFC   - International Finance Corporation 

IP65   - International Protection Rating / Index Protection: classifies the degrees of p 

 protection provided against the intrusion of solid objects (including body parts like  

hands and fingers), dust, accidental contact, and water in electrical enclosures.  

IREDA  ï Indian Renewable Energy Development Agency  

ITPI   ï IT Power India Pvt. Ltd. 

ITPG   - IT Power Group  

Km   ï Kilometer 

KV   ï Kilovolt  

KVA   ï Kilovolt Ampere  

KWh   ï Kilowatt Hour  

KWp   ï Kilo Watt peak 

LCC   - Life cycle costs  

MCB  - Main Combiner Box / Miniature Circuit Breaker  

MMS   - Module Mounting Structure 

MNRE  ï Ministry of New and Renewabl  
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MVA   ï Mega Volt Ampere 

MW   ï Megawatt 

MWh   ï Megawatt Hour  

NASA   ï National Aeronautics and Space Administration ï US space agency  

NASA-SSE  ï NASA Surface meteorology and Solar Energy  

NISE  - National Institute of Solar Energy 

NREL  - National Renewable Energy Laboratory 

NOC   - No Objection Certificate  

O&M   - Operation and Maintenance  

PLF/ CUF - Plant Load Factor/ Capacity Utilization factor  

PPA   - Power Purchase Agreement  

PSA   - Power Sale Agreement 

PCB   ï Pollution Control Board  

Poly-Si  - Polycrystalline silicon PV - Solar Photovoltaic 

RPO   ï Renewable Purchase Obligation  

PT   - Power Transformer  

PV   - Photo Voltaic  

RfS REC - Request for Selection Rural Electrification Corporation  

SLDC  - State Load Dispatch Centre  

SPD  - Solar Power Developer  

STU  - State Transmission Utility  

VCB  - Vacuum Circuit Breaker  

STC   ï Standard Test Conditions of 1000 W/m2 irradiance, Air mass 1.5, 25 °C cell  

temperature.  

T-Line  ï Transmission line  

UV   ï Ultra Violet  

V   - Voltage  

Wp   ï Watt peak 

XLPE   - Cross Linked Polyethylene 
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PROJECT AT GLANCE  

 

Sl No. Particulars Description 

1 Project site Teichuma near Zhadima 

2 District Name Kohima 

3 Name of the State Nagaland 

4 Global Solar Irradiance on horizontal Surface 39,424.80 kWh/m2/day 

5 Solar PV Module Technology MonoC-Si PERC Modules 

6 Type of System Ground mounted (Fixed) 

7 Type of PV Module Considered for the system WaareeWSDM-520 (520Wp) 

8 Proposed Capacity 5 MW  

9 Projected Module Area required  24,743m2 

10 Capacity of each Module Proposed 520 Wp 

11 Inverter Capacity : Central Inverter 1.1 MW x 4 Nos. 

12 Type of Inverter Considered for the system Sungrow SG1500HV 

13 Projected Net Energy Production Per year 7.62 GW/hr 

14 Total Project Cost Rs.35,00 Lakhs 

15 Debt Equity Ratio 70:30 (70 Debt : 30 Equity) 

16 Levellised Tariff Rs 5.34 per KWh  

17 Project Owner DNRE 

18 Name of the Customer of Power Government of Nagaland 
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Section-1 

SITE ASSESSMENT 

 

The proposed project site is located (25°50'29.94"N and 94° 4'50.63"E) is located 

near 220/132 KV Zhadima (New Kohima) sub-station under Kohima District of Nagaland. 

The district is mostly hilly in terrain with an average elevation of 1200 meters above sea 

level. It has proper road connectivity from the State Headquarter Kohima and the nearest 

Rail road and Air connectivity is available at Dimapur which is about 103 Km from the 

proposed site. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The Department of New and Renewable Energy Nagaland has already completed 

installation 5MW Solar Power Plant (Phase-I) and is in operational mode, at Hovukhu 

Village under Niuland District. And additional 5MW Solar Power Plant as Phase-II is 

under construction at the same site and is expected to be completed by October, 2024. 

On completion of this 5MW Solar Power Plant Zhadima (Teichuma ), the state will have a 

total of 15 MW installed capacity of solar power. 
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The site is located under the jurisdiction of Teichuma Village in a rural, non forest 
area as shown in the figure below, comprising agricultural farms in the vicinity. As per the 
forest maps published by the Nagaland GIS and Remote Sensing Centre, the site does 
not fall under reserved forest area nor does it fall under village reserved forest. The site 
has nonetheless thick vegetation on the land that would need to be cleared before 
construction of the solar power plant. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Land 
 
Zhadima (Teichuma) : 
 
The proposed project area lies at Teichuma Village on the boundary of Zhadima Village 
under Kohima district. The area is not cultivated and is covered with thick vegetation. 
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 No Objection Certificate (NOC) has been obtained from the village Authorities of 
Teichuma Village for Development of Solar Project at this site and formal land acquisition 
process would be carried out with the approval of the State Government. 

 
The area of PV Modules required for the project is estimated to be 24,743 sqm. 
Assuming that DC oversize may go up to 20% with additional area for the inverters, 
internal roads, control room, switch yard and avoidance of shading as well as land usage, 
an area of 1.8 hectares per 1MW is being considered as being sufficient for the 
development of a PV plant in this location. 
 
Furthermore, the site has been analyzed in terms of topography and slope in particular. 
The feasible area with slopes lower than 10% to 15% from east to west and facing south 
has been considered for this project. Slopes towards the north were not considered. The 
analysis of the selected sites is presented below along with the elevation and feasibility. 

 
Connectivity: 
 
Airport 
 
The nearest Airport Dimapur is about 103Km away from the project site and it is 
approachable by road via Kohima or via Zhadima-Niuland road.  
 
Railway 
 
Dimapur is the only city in Nagaland that is connected by Rails. There are direct train 
services to cities like Guwahati, Kolkata, New Delhi, Bangalore, Chandigarh, Amritsar, 
Dibrugarh and Chennai from Dimapur railway station.  
 
Road  
 
The road network to Kohima is well linked from the Project site. 
 
Water Availability  
 
In PV power plants water is required for cleaning of the PV modules. The location has 
natural spring water which can be stored by constructing a reservoir, water from the 
reservoir can be pumped to higher level for use in project. 
 
Power Evacuation Facility : 
 
Energy generated from the proposed project to be evacuated to the nearest 200/132 KV 
Zhadima (New Kohima )Substation which is about 3KM away from the Project site. 
 
The details of the substation are given below. 
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Figure no: 3 

 
 
 
 
 
 
 
 

Figure no. 3 
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Section – 2 
 

Solar Radiation Resource Assessment 
 
The electrical output of a PV plant is dependent on the solar radiation it receives. Outside 
the Earthôs atmosphere, on a surface normal to the solar beam, the power density is 
1,365W/m2. As the solar radiation passes through the atmosphere, some of it is scattered 
and absorbed, the amount depending on the length of the atmospheric path traversed by 
the solar radiation and the quantity of dust, water vapour, ozone, carbon dioxide and 
other aerosols and gases present. About one half of the scattered energy is returned to 
the earth as diffused radiation from the sky. The diffused radiation plus the direct 
irradiance from the sun are together termed as total irradiance. The total irradiance on a 
horizontal surface is called the global irradiance. The diffused sunlight can vary from 
about 20% on a clear day to 100% in heavily overcast conditions.  
 
The peak irradiance of 1,000W/m2 has been taken as the standard value by which PV 
modules are rated. Hence, a 5 MW PV Power plant will generate 5 MW of electricity in an 
irradiance of 1000W/m2 and a cell temperature of 25oC and Air Mass 1.5. However, the 
total solar energy received in a day over a specific area is more important than the 
instantaneous solar irradiance. This is called daily solar irradiance or insolation and is 
expressed as kWh/m2 /day. The solar resource is not equally available in all regions of 
the world. On a clear day in the tropics, when the sun is overhead, the global irradiance 
can exceed 1000W/m2 but in high latitude it rarely exceeds 850W/m2. Similarly, daily 
solar insolation may be 5-7kWh/m2 /day in the tropics but could be less than 0.5kWh/m2 
/day in high latitudes. The solar insolation for the site is found to be 1620kwh/m2 per year. 
 
Historically, climatologically profiles of insolation and meteorology parameters calculated 
from ground measurements have been used for determining the viability of Renewable 
Energy Technology (RET) projects. These climatological profiles are used for designing 
systems that have low failure rates. Although ground measurement data has been used 
successfully in the past for implementing RETs, there are inherent problems in using 
them for resource assessment. Ground measurement stations are located throughout the 
world, but they are situated mainly in populated regions. In remote areas (where many 
RETs are implemented) measurement stations are limited. 
 
Also, at any particular station, data recording can be sporadic leading to incomplete 
climatological profiles; and, data inconsistencies can occur within a station and from one 
station to another. In contrast to ground measurements, the Surface meteorology and 
Solar Energy (SSE) data set is a continuous and consistent 22-year global climatology of 
insolation and meteorology data on a 1° by 1° grid system. Although the SSE data within 
a particular grid cell are not necessarily representative of a particular microclimate, or 
point, within the cell, the data are considered to be the average over the entire area of the 
cell. In utilizing the SSE data set, an estimate of the renewable energy resource potential 
can be determined for any location on the globe. That estimate is considered to be 
accurate enough for feasibility studies of new renewable energy projects. 
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Solar Radiation over India 
 
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. Indiaôs equivalent solar 
energy potential is about 6,000 million GWh of energy per year. Being a tropical country, 
India is blessed with good sunshine over most parts, and the number of clear sunny days 
in a year also being quite high. India is in the sunny belt of the world. The country 
receives solar energy equivalent to more than 5,000 trillion kWh per year. 
 
The daily average global radiation is around 5 .0 kWh/m2 in north-eastern and hilly areas 
to about 7.0 kWh/m2 in western regions and cold dessert areas with the sunshine hours 
ranging between 2,300 and 3,200 per year. In most parts of India, clear sunny weather is 
experienced for 250 to 300 days a year. The annual global radiation varies from 1600 to 
2200 kWh/m2. The estimated capacity using solar PV technology is estimated to be 
around 20 MW/km2.  
 
Figure 5 & Figure 6 below shows the Global Horizontal Irradiation (GHI) in India, mapped 
by National Renewable Energy Laboratory (NREL). This component of the solar 
irradiation is the relevant one for photovoltaic systems. MNRE/SECI has deployed a 
network of solar measurement stations through NIWE across the country to validate the 
solar irradiation potential and build a bankable database for PV projects in the country. 
The map of those stations is also shown below. The available station is in Kohima, 
Nagaland. 
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Solar Irradiation and Weather Data 

The location chosen for the analysis of the environment data: 

o Zhadima (Teichuma) (25°50'29.94"N and 94° 4'50.63"E) 
 

Using NASA database the following parameters were obtained: 

o Global Horizontal Irradiation(GHI) 
o Air temperature 
o Wind speed 
o Relative humidity 
o Precipitation 

Table 3: Environment data and daily average for Zhadima 
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Solar Irradiation Resource Assessment 

The data obtained from NASA presented above was compared with other sources to 
verify its accuracy. The map from Solar GIS showing the GHI throughout India is 
presented below. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig 7. Solar Irradiation Map of India from Solar GIS 
 
According to Solar GIS a value around 1620 kWh/m2 is provided, that is higher than the 
value by NASA. According to the atlas from NIWE the following irradiation data is 
provided for the proposed site.  
 

The GHI values for the site is found to be around 1620 kwh/m2 per year based on solar 
resource assessment provided by Solar GIS. Similarly, as per the Atlas from National 
Institute of Wind Energy (NIWE), the irradiation value is 1587 and 1591. Accordingly, a 
PV plant at the site will be able to generate 1620 kwh/kw in the site with a 10% to 15% 
DC over AC capacity. 
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Section – 3 
 

Solar Photovoltaic Technologies 
 

Solar Photovoltaic (SPV) technology is primarily a solid-state semiconductor- based 
technology, which converts a fraction of the incident solar radiation (photons) in to direct 
electricity. PV system can deliver electric energy to a specific appliance and/or to the 
electric grid. Photovoltaic systems are flexible and modular; hence the technology can be 
implemented on virtually any scale size, connected to the electricity network or used as 
standalone or off grid systems, easily complementing other energy sources. PV offers 
several advantages viz; 
 

ᵼ Complementing with other energy resources; both conventional and Renewable 

ᵼ Flexibility towards implementation and 
ᵼ Environmental advantages. 
 
The Solar Sector 
 
The solar sector worldwide has shown a dynamic unsurpassed by any other source of 
power, being it conventional or renewable. Solar in 2018 continued to dominate the newly 
built with more than coal, gas and nuclear combined with 102 GW. Not only due to the 
speed of construction, but also to the price. Figure 9 below shows the installed capacity 
per generation source. 
 
The real reason behind such success is the cost, which continues to decrease to 
historical levels and with an enduring resilience. Solar power has achieved a cost 
reduction trend never seen in any other generation source. It now challenges all other 
sources in terms of cost and no longer requires any subsidies or state aids. All regions on 
Earth are looking at solar and how to add it to their generation mix. The graph below 
shows the cost decrease of electricity per source since 2009 with the feed-in tariffs still 
dominating renewable to 2018. 2019 is showing the same levels or even slightly lower. 
 

Figure 8. Installed power worldwide in 2018 per type 
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Figure 9: Cost decrease of power generation (source: Lazard 2018) 

The levelized costs of electricity per source of generation are shown below in Figure 10 
where again the leadership of solar in terms of costs is clear. 
 

 

 

 

 

 

 

 

 

 

Figure 10: LCOE costs in 2018 for power generation technologies (source: Lazard 2018) 
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Solar has come of age and in the last years has surpassed all goals with the rise of Asia 
and namely China leading the pack with an astonishing pace. In the last three years saw 
a capacity addition of 50% of the current total, mostly coming from China. 
 
PV has grown tremendously in the past years as shown. According to IRENA2 at the end 
of 2018 a total of 485 GW of solar power is installed worldwide, being close to 480 GW in 
solar PV. Asia continued to dominate the global solar capacity expansion, with a 64 GW 
increase in 2018. Three countries accounted for most of this growth, with increases of 44 
GW in China, 9.2 GW in India and 6.5 GW in Japan. China for the first time did not 
account for half of all new solar capacity installed in 2018. Other inclusions from relevant 
regions included: USA (10.5 GW), Europe (9 GW) and Australia (4 GW).In 2017 China 
with 130 GW Japan with almost 49 GW Germany with 42 GW USA with 41 GW and Italy 
with close to 20 GW were the top 5 worldwide solar markets. However, India has already 
overtaken Italy in 2018 with 26.9 GW of installed capacity and USA overtook Germany 
with 49.6 GW to be now in third. The huge growth of solar worldwide is also mirrored on 
the growth of Renewables in general as is well demonstrated in the graph below with a 
steady and consistent yearly growth. 
 

Installed Solar Capacity in India 
 
The Government of India has committed to have 40% of the electricity generation in the 
country from non-fossil fuel based resources by the year 2030. Supporting that target the 
Government has announced 100 GW by 2022, of which 40 GW from Solar Parks, 40 GW 
from solar rooftops and the rest from other type of solar plants. 
 
India became a beacon in relation to solar power with a massive goal, 5 times the 
previous objective of the National Solar Mission. Furthermore, implemented Solar Parks 
in an unprecedented way and leading the world on such development. Rajasthan, Andhra 
Pradesh are paving the way for solar to reach costs and penetration levels that were only 
mirages in India just some years ago. The graphs below show the expected trajectory for 
solar demand in India and also what is happening on the ground with a massive capacity 
of projects under development. 
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Fig 11. Solar Energy Demand Trend (MERCOM India) 

 

Installed Solar Capacity in Nagaland 

There is no utility scale solar capacity installed in Nagaland to fulfillthe RPO obligations 
prescribed by Ministry of Power/CERC. The solar RPO for FY 2021-2022 is 10.5 percent. 
With the implementation of the proposed solar power plant, it is expected that a part of 
the solar RPO for the state shall be met through this project. 
 
Solar Energy Policy 
 

¶ The State of Nagaland does not have any Renewable Energy or Solar Energy policy in 
place as of now.   
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SECTION - 4 
 

Components Solar PV Power Plant 
 
Grid connected solar systems offer a unique opportunity to silently and cleanly generate 
significant amounts of energy, which are designed to operate in parallel with, and 
interconnected, with the electric utility grid. A grid-connected solar electricity system links 
several solar panels together through several central inverters to the power grid.  
 
Grid connected solar power plant comprises of the main equipment and components 
listed below.  
 
Å Solar PV Modules  
Å Central inverters  
Å Module Mounting system  
Å Grid connect equipment  
Å Monitoring system  
Å SCADA  
Å Cables & connectors  
 
A simple block diagram, related to the interconnection of various systems for grid 
connectivity, is shown in Fig.12 below for reference. The power from modules is directed 
to the central inverters through the DC combiner boxes and from the inverters it is routed 
though the Low voltage panel to the transformer. From the transformer, the high voltage 
power is routed to the metering panel and eventually to grid through the High 
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Figure12: Block Diagram Showing Interconnection of Various Systems 
 
Solar PV Modules 
 
Solar cells represent the fundamental power conversion unit of a photovoltaic system, 
which has much in common with other solid-state electronic devices, such as diodes, 
transistors and integrated circuits. For practical operation, solar cells are usually 
assembled into modules. Its operation is based on the ability of semiconductors to 
convert sunlight directly into electricity by exploiting the photovoltaic effect. In the 
conversion process, the incident energy of light creates mobile charged particles in the 
semiconductor, which are then separated by the device structure and produce electricity. 
 
A photovoltaic module is a packaged interconnected assembly of photovoltaic cells, 
which converts sunlight into energy. For this project Generic mono crystalline PV 
Technology solar module 540Wp has been considered. 
 
Single/Mono-crystalline Silicon Solar Cell. 
 
This is the most established and efficient solar cell technologies till date, which have the 
module efficiency of about 21%. The cell and module fabrication technology is well 
developed and reliable. These cells are manufactured from single silicon crystal, by 
process called Czochralski process. During the manufacturing, c-Si crystals are cut from 
cylindrical ingots, they do not completely cover a square solar cell module. 
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A single solar or PV cell is an integrated group interconnected from cell to cell constitutes 
a SPV module as shown below in Figure 13. 
 

 

 

 

 

 

 

 

 

 

 

 

 
Figure13: Mono Crystalline solar cell and Module 
 
There are several SPV module manufacturing/supply firms approved by Ministry of New 
& Renewable Energy (MNRE), Government of India. Technical parameters of SPV 
modules from M/s Waaree Energies Limited. is depicted below in Figure 14 & Figure 15 
for reference and or comparison. 
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Fig 14: 
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SPV Module Technical Parameters/Specifications 
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(The above table is for the purpose of reference only) 
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Inverters: 
 
After PV modules, Inverters are the most important components in a solar power system. 
In recent years, inverter technologies have been developed significantly and numbers of 
reputed companies are now offering high efficiency inverters. Because of technical 
improvements in circuit design and integration of required control and protection circuits 
into control circuits cost, size and weight of inverters has reduced significantly. The 
control circuits provide sufficient control and protection features like maximum power 
generation, frequency and power factor controller. Inverter technology is very important to 
have reliable and safety grid interconnection. Inverters connecting a PV system to public 
grid are to be purposefully designed that allows power transfer to and from the grid. Many 
a times inverters can be connected in ñmaster- slaveò criteria, when the succeeding 
inverter switching on when enough solar radiations are available or in case main inverter 
malfunctions. The standard voltage and frequency for single circuit is 220 V and 50 Hz.  
 
Inverter is the heart of a solar power project. It is also known as Power Conditioning Unit 
(PCU). A PCU consists of an electronic Inverter along with associated control, protection 
and data logging devices. Typically the utility scale inverters are unidirectional and supply 
the power to the grid in the form of AC power conforming to IEC 61727 or equivalent 
standard. The inverter has a feature that it automatically adjusts with the grid conditions 
such as the voltage & frequency levels to suit the Grid. 
 
Inverter and Control 
 
Grid interconnection of PV systems is accomplished through the inverter, which converts 
DC power generated from PV modules to AC power used for ordinary power supply for 
electric equipments. It is also required to generate high quality power to AC utility system 
with reasonable cost. To meet with these requirements, up to date technologies of power 
electronics are applied for PV inverters. By means of high frequency switching of 
semiconductor devices with PWM (Pulse Width Modulation) technologies, high efficiency 
conversion with high power factor and low harmonic distortion power can be generated. 
The microprocessor based control circuit accomplishes PV system output power control. 
The control circuit also has protective functions, which provide safety grid interconnection 
of  
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PV systems. The inverter output always follows the grid in terms of voltage and 
frequency. This is achieved by sensing the grid voltage and phase and feeding this 
information to the feedback loop of the inverter. Thus, control variable then controls the 
output voltage and frequency of the inverter, so that inverter is always synchronized with 
the grid. 
 
Software controlled Maximum Power Point Tracking (MPPT) techniques are utilized in 
the control system to optimize the solar energy fed into the grid. The control system 
detects if the insolation level is above a predetermined value and the grid supply is within 
the preset limits in voltage and frequency, the inverter modules synchronise and connect 
to the grid supply and proceed to export the available solar energy. The control unit will 
automatically disconnect from the grid if the grid voltage or frequency moves out of its 
operating range. Also, the unit will switch over to a low power sleep mode at night and 
during periods of low insolation and automatically wake up, when the insolation level 
rises above a preset point. Once the grid is back into its operating range, the inverter unit 
will synchronize and connect to the grid to export all the available energy generated by 
the PV array. The inverter will be based on power MOSFET transistors with very low 
resistance in the output stage and a toroidal transformer with ultra-low hysteresis losses 
and also provide galvanic insulation between the DC and AC side. 
 
The controller will have following control and automated functions. 
 

ᵼ Inverter start up, shut off and disconnection sequence 
ᵼ Over / under voltage & frequency protection  
ᵼ Anti islanding protection  
ᵼ Power tracking to match inverter to the arrays  

ᵼ Adjustment of delay periods to customize system shutdown sequence  
ᵼGraphical user interface for real time communications, monitoring and control ᵼ 

Optional remote monitoring via internet modem  

ᵼ Faults notification via modem  
ᵼ Data acquisition and logging  

ᵼ DC monitoring 
 
Power Evacuation System  
 
Grid interactive PV system has the advantage of more effective utilisation of generated 
power. However, the technology requirement of both from the utility and PV system side 
need to be safeguarded for effective utilisation of system. Safety and reliability of system 
could be accomplished through inverter systems.  
 

The main components of solar PV grid interactive power plants are. 
 

ᵼ Solar modules or array  
ᵼ Interconnecting Wiring  
ᵼ Inverter to convert DC voltage to AC voltage 

ᵼ Step up transformer 
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ᵼ Control cum monitoring system  
ᵼ Earthing and lightening protection system  

 
Grid Connected Solar PV Systems. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig 16: Schematic SPV grid connected power 
 

Every Grid Power solar system comes with a solar panel array, a grid connected inverter, 
a roof mounting assembly, a pre-wired circuit breaker distribution board and all warning 
and emergency procedure signage. The output from a photovoltaic module is 
proportional to available solar irradiance and therefore it is dependent upon the location, 
time of day and climatic conditions. A single unit cannot be relied upon without a back-up 
source of power or energy storage. 
 
The primary component in grid-connected PV systems is the inverter, or power-
conditioning unit (PCU), which converts the DC power produced by the solar array into 
AC power consistent with the voltage and power quality requirements of the utility grid. 
 
Schematic representation of SPV grid connected power plant is shown in Figure 16 
above. 
Array Support Structure (MMS) 
 
Modules shall be mounted on a non-corrosive support structure suitable for site condition 
(extreme site conditions to be taken account) with facility to adjust tilt to maximize annual 
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energy output. The structure will be designed for simple mechanical and electrical 
installation. It shall support SPV modules at a given orientation, absorb and transfer the 
mechanical loads to the ground properly. The frames and legs of the array structures 
shall be made MS hot dip galvanized/ anodized aluminum of suitable sections of angle, 
channel, tubes or any other sections as may deemed fit conforming to national/ 
international standards for steel structure to met the design criteria. Minimum thickness of 
galvanization should be at least 120 microns. All nuts & bolts will be made of very good 
quality stainless steel. The minimum clearance between the lower edge of the modules 
and the developed ground level shall be 800 mm. 
 
In addition, the material of the structure is to be selected in such a way that it serves at 
least for 25 years. In general, ñgalvanized steelò is used to make the structures. The 
mounting structures shall be designed as per the soil and wind conditions at the site. The 
array structure shall be so designed to withstand storm condition with wind speed up to 
maximum 160Kmph to 170kmph. The support structure design & foundation shall also be 
designed to withstand wind speed applicable for the site conditions. Nut & bolts, 
supporting structures including Module Mounting Structures shall have to be adequately 
protected from atmosphere and weather prevailing in the area. 
 

Cables and Accessories  
 
The size of the cables between array interconnections, array to junction boxes, junction 
boxes to PCU etc. shall be so selected to keep the voltage drop and losses to the 
minimum. Aluminum cables will be used from junction box to power the conditioning unit. 
These wires are insulated with a special grade PVC compound formulated. The skin 
coloration offers high insulation resistance and long life.  
 
Cables are flexible & of annealed electrolytic grade copper conductor, confirm to IS 
1554/694-1990, extremely robust and resist high mechanical load and abrasion. Cables 
are also high temperature resistant and have excellent weather proofing characteristics 
which provide a long service life. The connectors/lugs of copper material with high current 
capacity and easy mode of assembly are proposed. 
 
Junction Boxes  
 
A) Terminal Box 
Terminal box is a part of a PV module, from which output is taken. Each PV module is 
provided with one bypass diode in the terminal box. 
 
B) Series Junction Box (SJB)  
One series junction box is provided for each series mounting structure for taking out final 
output. A blocking diode connected in series with 25 modules in this box. 
 
Blocking Diodes  
These diodes are connected in series with string of PV modules and its functions are as 
follows:  
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ᵼ Prevent circulating current between PV module strings.  
ᵼ Prevent reverse flow of current from battery through PV array  
during night and/or periods of low insolation. 

 
Bypass Diodes  

ᵼThese diodes are connected in reverse direction (anode to negative of PV 
module and cathode to positive of PV module) across each PV module of the 
string. They have the same current rating as that of blocking diodes and their 
operation is as follows:  

 

Under normal operating conditions, the bypass diodes are reverse biased and play no 
part. When any module in a series string is shadowed, the current through the module is 
reduced. Under these circumstances, the PV module gets reverse biased leading to 
power dissipation across the module and reduction in output power of which is 
undesirable. Presence of bypass diode provides an alternate path to flow of current in the 
string (as the diode becomes forward biased when PV module gets reverse biased) and 
also limits dissipation by limiting the voltage across PV module to typically 0.7V. 
 
C) Array Junction Box (AJB)  
These are for paralleling various series junction box (SJB) outputs. Terminal blocks are 
provided in the array junction box for paralleling +ve & -ve electrical output 
 
D) Main Junction Box (MJB)  
Main junction boxes used to connect the output of array junction boxes to the grid tide 
inverter. The output of AJBôs is fed in to one main junction box. The output of main 
junction boxes works as an input for inverter. 
 
Data logger  
 
The data logger takes care of data monitoring and regular data logging of the SPV 
system. The data logger also allows user to perform monitoring and logging of multiple 
connected PCUôs. Once the system is configured real time data can be obtained and 
displayed. Following data from the system are logged and displayed.  
 

- Solar radiation  
- Ambient temperature  
- Module temperature  
- DC voltage 
- DC current  
- DC power  
- Grid voltage, frequency, current  
- Inverter voltage, frequency, current  
- Line pf, line KW, Total KW  
- Energy exported  

 



Department of New & Renewable Energy, Government of Nagaland 

28 | P a g e                             5 MW Solar PV Power Plant Zhadima (Teichuma) Nagaland 

The logger will store the above data on to the load side regularly where this data can be 
printed and used for scrutiny of system performance and evaluation. 
 

Safety Requirements  
 
Islanding 
 
The condition of a Distributed Generation (DG) generator continuing to power a location 
even though power from the Electric utility is no longer present is termed a ñislandingò. 
Islanding of inverter-connected PV-generator systems means any situation where the 
source of power from the network operatorôs distribution system is disconnected from the 
network section in which the generator is connected, and one or more inverters maintain 
a supply to that section of the distribution system or consumerôs installation. The situation 
may cause an electrical shock hazard to service personnel operating on the islanding 
network section while it has been supposedly shut down, by separating it from the main 
power station. Islanding can be dangerous to Utility workers, who may not realize that the 
utility is still powered even though there's no power from the Grid. For that reason, 
Distributed Generators must detect Islanding and immediately stop producing power.  
 
To prevent islanding, the Power Conditioning Unit has to disconnect quickly (within a few 
second) in response to failures on the immediate distribution line. To provide this safety 
function, voltage, frequency and current have to be monitored and in case of exceeding 
the limit, the system has to trip. A disconnect switch which is accessible to only utility 
people is recommended. When the power plant is disconnected from the Grid it will 
supply power for captive use.  
 
Lightning and Over Voltage Protection  
 
The SPV Power plant shall be provided with Lightning and over voltage protection 
connected to proper earth mats. The main aim of over voltage protection is to reduce the 
over voltage to a tolerable level before it reaches the PV or other sub-system 
components. The source of overvoltage can be lightning or other atmospheric 
disturbance. The Lightning Conductors shall be made as per applicable Indian or 
International Standards in order to protect the entire Array Yard Lightning stroke. 
Necessary concrete foundation for holding the lightning conductor in position will be 
made. The lightning conductor shall be earthed through flats and connected to the Earth 
mats as per applicable Indian/International Standards with earth pits. Each Lightning 
Conductor shall be fitted with individual earth pit as per required Standards including 
accessories, and providing masonry enclosure with cast iron cover plate having locking 
arrangement, watering pipe using charcoal or coke and salt.   
 
Earthing System  
 
Each Array structure of the SPV Yard shall be grounded properly. The array structures 
are to be connected to earth pits as per Indian/International standards. Necessary 
provision shall be made for bolted isolating joints of each earthing pit for periodic 
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checking of earth resistance. The earth conduction shall run through appropriate pipes 
partly buried and partly on the surface of the control room building. The complete 
earthing system shall be mechanically & electrically connected to provide independent 
return to earth.  
 
Codes and Standards  
 
All equipments of the PV power plant shall conform to international standards including 
IEEE for design and installation of grid connected PV system. The standards cover 
various aspects such as PV modules, cable types and selection, temperature 
considerations, voltage ratings, BOS wiring, inverter wiring, blocking diodes, bypass 
diodes, disconnect devices, grounding requirements, surge and transient suppression, 
load centre, power qualities, protection features and safety regulations. 
 
Monitoring System. 
 
System proposed will maintain and provide all technical information on daily solar 
radiation availability, hours of sunshine, duration of plant operation and the quantum of 
power fed to the grid. This will help in estimation of generation and number of other 
generation parameter of array capacity installed at the site. The system also enables 
diagnostic and monitoring functions for these components. 
 
Communication: Features of Data modem (analogue/Ethernet) are as follows. 
 
Å Monitors the performance of the entire power plant (string wise monitoring, junction 

boxes, inverters, etc.)  
Å Evaluates (strings, inverter, nominal/actual value), quantity of DC Power & AC Power 

produced  
Å Measures instantaneous irradiation level and temperature at site. It also measures the 

module back surface temperature  
Å Alerts in case of error (discrepancy in normal operation of components, like module 

string/ diodes/ inverter/ junction box / loose contacts/ etc.) to facilitate recognition and 
correction of the fault with minimum downtime  
Å Visualizes nominal status of the connected components via Control Center PC Software 

(diagnosis on site or remote)  
Å Logs system data and error messages for further processing or storing  
Å Stores and visualizes energy yield data (for life of the plant) in the Portal from where the 

data can be accessed remotely. 
 
SCADA System 
 
The instrumentation & control system for the solar power plant is based on the prevailing 
standard engineering practices. Design will ensure full compliances of codes and 
standards as applicable the field of instrumentation & control for power plant and the 
whole plant will be operated through SCADA system.  
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The SCADA system shall have the following features:  
 
Å Monitoring: Ability to control, using specially designed devices, the state & 
  evolution of one or various physiologic (or others) parameters to detect possible 

malfunctions  
Å Remote control: Group of devices which allow modifying the state of the  
  equipment and devices of the plant, from a remote location  
 
The SCADA system shall be used for the following minimum tasks:  
 
Å To invoice the produced energy  
Å To detect the incidences and malfunctions (up to logical string level)  
Å To give the information at a given time interval: a) Availability, b) Performance Ratio and 

Energy Production 
Å The SCADA System will be reliable and robust and some components need 

redundancy for trouble free operation. 
 
The major SCADA features incorporated in to the control system are listed below; 
 

ᵼ Operator interface of latest technology: Instantaneous grid, array, inverter, AC, and 
metering of all parameters.  

 

ᵼ Integrated AC/DC data point logging: Instantaneous logging of all parameters. 
Including AC parameters, generator run hours and energy details.  

 

ᵼ Fault and system diagnostics with time stamped event logging: Selectable event 
logging resolution for enhanced diagnostics.  

 

ᵼ Remote SCADA features with specific needs of station monitoring and remote 
communication are to be incorporated. Remote system access software, secured 
transmission of data and central PC facility will be provided. 

 
System Earthing 
 
The 33kV system will be solidly grounded on the HV neutral terminal of the transformer. 
The 11kV system will be resistance grounded using the neutral point of the star 
connected LV winding of the 33/11kV power transformer. This will be designed to limit the 
earth fault current in the 11kV system to 200A, to limit the damage to equipment and 
cable in the 11 kV systems in the event of an earth fault. The 415V system will be solidly 
grounded at the LV winding neutral terminals of the load centre transformer. 
 

In-house Power  
 
The internal electric power demand of the photo voltaic power plant mainly consists of 
lighting and small power loads in the 33 kV switch yard, Including the control and 
administrative building and road lighting. It is proposed to meet this power demand by 
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availing HT connection to an ancillary transformer from the power department. During 
nighttimes, when there is no generation in the photovoltaic modules, it is possible to 
switch off the main power and load centre transformers, thereby eliminating the power 
loss in the plant distribution network at night. The 33 kV sub-station, control and 
administrative building, roads etc. will be provided with artificial lighting with appropriate 
level of illumination in different areas. Stale of the art energy efficient tamps and 
luminaries will be used to provide uniform, glare-free lighting. 
 
Water System  
 
The plant water requirements will be predominantly for cleaning of solar arrays and 
personnel use. Water is envisaged to be obtained from ground water bore wells. The 
estimated total capacity required for the proposed plants are presented below 
considering 2 to 3litres per m2 and an efficiency of the PV modules of 20.98%. 
 
 

Estimated Water requirements for the MWac capacities per site. 
 
 

Site MWac min Litres/m2 per washing 1 time per month (KL/day) 

2 3 2 3 

      

Zhadima(Teichuma) 5 47052 70578 1.44 2.32 

      

 

The proposed Bore wells with an estimated yield of 5 KL/D will be sufficient to supply the 
required water. Since the water is stated to be hard, necessary arrangement for softening 
water will be required for cleaning of modules to avoid formation of scaling on the module 
surface. This water cannot be used to clean the solar modules. A water filtration Plant 
may be constructed to filter the hard water to be used for cleaning the modules. 
 
An Overhead Tank (OHT) arrangement with a capacity of 12KL to store the water 
required for washing panels is also incorporated in the plan. 
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Section-5 
 

Estimation of Annual Electrical Output 
 
Mono-Crystalline Full Cut Solar Cells have been identified suitable PV technology for 
proposed location which could perform effectively under the climatic and operating 
conditions at Zhadima/Teichuma Village under Kohima District, Nagaland.  
 
Energy Generation  
 
The annual energy yield for the proposed PV power plant is defined as the amount of 
energy fed into the grid after due consideration of all kinds of generation and distribution 
losses. The solar PV based power plant comprises of optical energy input (which is 
essentially dependent on the geographical/ seasonal/ climatic and operating parameters 
with time) and electrical output (which depends on the technical specifications of 
electrical appliances in use).  
 
Energy Generation Assessment The proposed 5 MW solar PV plant is expected to 
generate about 8.76 MU of energy in the first year of operation at a net CUF of 20% at 
the metering point. Thereafter annual degradation factor of 1.5% for first year and 0.75% 
thereafter in production has been considered for mono crystalline modules for financial 
calculations. The energy yield has been calculated based on array surface considering 
south facing (i.e. zero azimuth angles). The expected plant production for different 
probability scenarios (probability of meeting a generation value) is presented below: 
 
S.No.      Technical Losses                                       Values  
1           Incident Angle Modifier                                       -2.01%  
2           Soiling Loss factor                                                 +3%  
3           Module Degradation Loss (For Year#1)                  -0.2%  
4           PV loss due to irradiance level                                -0.69%  
5           PV loss due to temperature                                     -7.81%  
6           Module quality loss                        +0.50%  
7           Module array mismatch                                            -2.15% 
8           DC Ohmic wiring loss                                -1.03%  
9           Inverter loss during operation                 -1.23%  
10         Auxiliary Loss       -0.4%  
11   System Unavailability                     -2.0%  
12         AC Ohmic loss                                                        -0 % 
13         External Transformer Loss     -2.0% 
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The plantôs Capacity Utilization Factor (CUF)/ Plant Load Factor (PLF) has been 

calculated using the following formula: 

CUF = Energy Generation/ (Installed Capacity x 365 x 24) ------ (1) 

Capacity Utilization Factor is defined as ñthe relationship between actual output that is 

produced with the installed equipment, and the potential output which could be produced 

with it, if capacity was fully used.ò The capacity utilization for the project adopted is 20%. 

PR = Energy Generation / (Plant Capacity x Global Tilted Radiation) ------ (2) 

The Performance Ratio (PR) is a measure of the performance of a PV plant at a given 

irradiation level. The PR has been calculated using the following formula:  

Yield Factor  

Yield factor is defined to be a factor consolidating all the system losses that are occurring 

across this power plant. The major losses that occur during the operation of the solar PV 

power plant are temperature loss, module mismatch loss, DC to AC conversion losses.  

Temperature Losses  

Whenever there is increase in ambient temperature, the temperature of the PV module 

also increases, resulting in reduction of power output from the PV module. This depends 

on the temperature coefficient of the PV module as specified by the manufacturer. A loss 

of 10.4% is expected with the increment in ambient temperature at the project site from 

standard conditions. 

Module Mismatch Losses  

The maximum power output of the total PV array is always less than the sum of the 

maximum output of the individual modules. This difference is a result of slight 

inconsistencies in performance from one module to the next and is called module 

mismatch. Maximum 1-2% losses will be there for module mismatch, but the modules will 

be connected in series and parallel after testing to match the properties. This will be 

keeping the mismatch losses to 1%.  

DC to AC Conversion Losses  

The DC power generated by the solar module must be converted to AC power using an 

inverter. Some power is lost in the conversion process. In this case as discussed before 

that selected inverter has maximum DC power into AC power conversion efficiency of 

98%. 
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Yield factor is the multiplication of the typical coefficients for all these losses occurring 
across the module up to the transformer output in this photovoltaic power plant. It helps in 
estimating the totally generated units that can be evacuated into the grid. 
 
Zhadima: Kohima  5 MW 
 
No of Modules :   9615 (520 Wp) Waaree WSDM-520Wp 
No of inverters :   4x1.1 MW (Sungrow SG1500HV) 
Area of Module :   24,743 M2 
No of strings  :   356 Strings 
No of array  :   27 in series 
 
The project has been modeled and assessed with available tools and accordingly 
simulation was performed with available data using PVsyst from which the results are 
tabulated below. 
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Overall Solar Power Plant Performance Summery: Zhadima/Teichuma, Kohima 
(Based on Simulation conducted in the same location) 
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Section - 6 
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Project Implementation Schedule 
 

Based on international practices and technological advancements, it is assumed that 
project will be supplied, installed & commissioned in 10 months from the date of sanction. 
Loan repayment period has been considered as 15 years after the commissioning of 
project.  
 
System Description  
 
The Solar electricity is produced when the Photos from the sun rays hit the electrons in 
the Solar PV panels, this will generate Direct Current (DC). The DC electricity from the 
panels passes through DC distribution network to a grid-interactive inverter, which 
converts the DC electricity into Alternating Current (AC) by using state of the art 
technology by IGBT methodology and fed through A/C distribution system linked to the 
electricity supplied by the grid AC. The Inverters will synchronize with the utility power 
with respect to the Voltage and frequency of Grid, the Voltage is further stepped up to the 
grid voltage of the Utility generally 33kV/66kV/132kV/220kV in India. 
 

Indicative Scope of Work  

 
1. Electrical 
 

ᵼ   Supply, fitting, fixing of Solar PV Modules with appropriate module mounting 
structures and frames as per specification including overall planning and design of 
the power plant.  

 

ᵼ  Design and construction of appropriate foundation base for holding the   
     module mounting structure with supply of all requisite materials, excavation,     
     concreting, back filling, shoring and shuttering, etc.  
 

ᵼ Supply and installation of Junction boxes of appropriate standards with  
    required Protection and Isolation system 
 
ᵼ Design, Supply and Installation of AC Power Conditioning Units with all  
    protection and controlling arrangement as per specification e.g. 250 kW, 3 Ph, 50 Hz, 

415 V, 4 wire or a suitable mix of PCUs to get the desired performance. String 
monitoring and MPPT features are included. 

 

ᵼ Interconnection of PCUs, transformer LT side, LT switchgear, with appropriate cables  
    and associated materials including supply materials.  
 

ᵼ Design, manufacture, supply, installation, interconnection and interfacing of 
    Computer Aided Data Acquisition Unit as per specification.  
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ᵼ   Supply, installation complete earthing as required for AC & DC power system, PCU, 
LT switchgear, transformer, all metallic cubicles, HT switchgear with materials as 
required as per relevant standards. 

 

ᵼ  Providing Earth Mat and Interconnection of array structures with earth pits in the PV  
     Array Yard.  
 

ᵼ Design, fabrication, supply, installation of LT power interfacing panel to evacuate 
power to the Grid through PCUs with appropriate capacity circuit breakers, isolators, 
indicators, metering arrangement with selector switch, CTs, PTs and copper busbars 
as per requirement, in complete. This is assuming upto 3km distance to the nearest 
substation.  

 

ᵼ Design, fabrication, supply and installation of plant monitoring desk to monitor the 
status of all major equipment through SCADA system including connection to all major 
equipment and status to be monitored. 

 
2. Control Room and Others  
 

ᵼ   Electrical wiring in the control room and array yard with supply of cables and wires, 
switch board, switch, JB, distribution board for lights, fan, exhaust fan, power point for 
both 5A and 16A 

 

ᵼ  Supply and installation of lightening arrestors for the control room as per relevant 
standards.  

 

ᵼ  Supply, fitting and fixing of CFL lighting fixture, FL lighting fixture, LED lighting fixture 
     for lighting indoor & outdoor various including array yard with required accessories.  
 

ᵼ Providing of 5A and 15A plug points in the control room as per requirement.  

ᵼ Supply, fitting and fixing of ceiling fan, exhaust fan, pedestal fan as per requirement.  
 

ᵼProviding of fire extinguisher and sand buckets complying with national/international 
safety standards.  

 
3. Erection and Installation of Power Evacuation Arrangement 
 

ᵼ Erection, supply installation and commissioning of 7.5 MVA transformers 33 Kv/66 KV, 
3 phase, 50 Hz with associated switchgear comprising of circuit breakers, isolators, 
CTs and PTs etc including metering and protection like over current, earth fault, 
reverse power protection, etc. 

 
4. Civil Works for SPV System  
 
Civil works required for the substation are:  

ᵼ Topographical survey as per scope already mentioned in technical specifications  
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ᵼ Soil testing as per scope already mentioned in technical specifications  
 

ᵼ Planning and design as per scope already mentioned in technical specifications 
 

ᵼConstruction of power plant building including control rooms as required, office, 
amphitheatre, etc.  

 

ᵼ Access roads  
 

ᵼ Site filling and compaction  
 

ᵼ Roads and paved areas  
 

ᵼ Transformer foundations and oil separator  
 

ᵼ Cable channels and ducts  
 

ᵼ Control and switchgear building  
 

ᵼ Drainage system  
 

ᵼ External lightning system  
 

ᵼFoundations for equipment supports, gantries and other steel constructions  
 

ᵼ Earthing system  
 

ᵼ Air conditioning/heating system in the MV and control room 
 
All buildings shall be equipped with a lightening protection system (LPS). LPS Protection 
Level I according IEC 61024-1 shall be considered. The building lightening protection 
system is to be executed, among other standards, according to IEC 61024 and alongside 
protection of human life, shall prevent damage not only to buildings, but also to electrical 
and electronic installation. 
 

5. Operation and Maintenance  
 
The operation of solar power plant is relatively simple and restricted to daylight hours in a 
day. With automated functions of inverter and switchyard controllers, the maintenance 
will be mostly oriented towards better up keep and monitoring of overall performance of 
the system. The solar PV system requires the least maintenance among all power 
generation facility due to the absence of fuel, intense heat, rotating machinery, waste 
disposal, etc. However, keeping the PV panels in good condition, monitoring and 
correcting faults in the connected equipment and cabling are still required to get 
maximum energy from the plant. A maintenance schedule needs to be planned as per 
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service/ guarantee terms of supplier to maintain optimum availability of plant at all times. 
The maintenance functions of a typical solar PV power plant can be categorised as given 
below.  
 
Day to day maintenance checks  
 
1. Ensure security of the power plant. 
2. Monitor power generation and export. 
3. Monitor load centre wise power generation values to detect any abnormality. 
4. Entry of unauthorised person, stray animal or migration of birds at the site. 
5. Healthiness of fencing and loss of any material from site. 
 
Weekly maintenance checks  
 
1. Inspection of PV panel glass surface clean / wash solar PV panels to free from dust 
and other dirt like birdôs dropping etc.  

 
Monthly maintenance checks  
 
o Removal of weeds and grass below PV panels and pathways, if any. 
o Inspection of solar PV modules and arrays for any damage. 
o Check the power terminals for corrosion and proper torque, clean and apply Antioxidant 

jelly, if necessary. 
o Change tilt angle in appropriate months. 
 
Half yearly maintenance checks  
 
o Check all the wiring for physical damage and for any sign of excessive heating. 
o Check all the junction boxes for proper covering and sealing. 
o Check the fasteners of Solar PV panel mounting structure and array for proper torque 

and tightening. 
 
Annual maintenance checks  
 
o Check for discoloration of solar PV cells  
o Check all the connections and ensure that they ate not loose  
o Insulation characteristic checking for the transformer oils  
o Checking corrosion, cleaning and painting switch yard structures  
o Checks and cleaning of drains and cable trenches in switch yard  
o Checking barbed wire fencing for damages and rectifications 
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Section – 7 
 

Cost Estimation (Financial analysis) 
Item of Works: 
 

1. Cost for Supply, Installation, Erection and Commissioning of Solar PV 
Modules. 

1 PV Modules 

S.No.  Specifications Unit Qnty Rate Total Amount 

1 

Supply, Installation, Erection and Commissioning of 520 
Wp Half Cut Mono Crystalline with String 
Combiner/(Monitoring Box(SMB) ï SMB Type 1 ï 12 
Inputs & earthing. 

 
Nos 

9615 18540 
  

178,262,100.00  

Total :  
  

178,262,100.00  

  

2 Module Mounting Structure(MMS) and Associated Civil Works   

S.No.  Specifications Unit Qnty Rate Total Amount 

2 

Mounting Structure (Galvanised Rafter and Purlins with 
column posts of H200DG 80 Micron, fixed Tilt-15deg-
28MMS-150kmph-HDG fasteners 80 TPSAV set (The 
bottom of PV Module after errection should not be 
lessthan 2 feet above ground/water level) 

Nos 
for 

5MW 
4684709 

    
23,423,545.00  

Total :  
    

23,423,545.00  

            

3 
Supply, Installation, Erection & Commissioning of Inverters. Control Room and associated civil 
works at Site 

S.No.  Specifications Unit Qnty Rate Total Amount 

i 1.1 MW, 1500V Central Inverter (I MWx4Nos) Nos 4 2500000 
    

10,000,000.00  

ii Solar Cables as per TUV 2pfg specification mtrs 15000 68 
      

1,020,000.00  

iii 
MC4 Pairs- TUV Certified With Male Connector On 
Positive & Female Connector On Negative Terminals 

Nos 20000 125 
      

2,500,000.00  

iv 
Y CONNECTOR PAIRS- TUV Certified With Male 
Connector On Positive & Female Connector On 
Negative Terminals 

Nos 1000 140 
         

140,000.00  

v 
DC CABLE- 1 Core-185sqmm CU armored XLPE cable 
ï SMB to Inverter 

Mtrs 2300 1001 
      

2,302,300.00  

vi AC Distribution (For control Room, load Distribution) Nos 1 100000 
         

100,000.00  

vii 
Lighting arrester ï ESE type, GI strip for LA ï 25x6mm 
GI strip, Earthing line ï earthing rod with its compound, 
GI strip ï 75x8mm GI strip, GI strip ï 25x3mm GI strip. 

LS 10 30000 
         

300,000.00  
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viii WMS foundation No 1 40600 
          

40,600.00  

ix LA foundation LS 10 7100 
          

71,000.00  

x SMB mounting stand No 135 5359 
         

723,465.00  

xi Smoke detectors in control room No 1 7000 
            

7,000.00  

xii Manual call in control room No 1 7880 
            

7,880.00  

xiii Conventional Type Fire alarm  panels in control room No 1 11200 
          

11,200.00  

xiv 
Cables of 2c, 1.5mm, armored, FRLS, copper PVC 
insulated. 

Mtrs 30 2412 
          

72,360.00  

xv CO2 fire in control room No 4 9625 
          

38,500.00  

xvi AC in control room No 1 93250 
          

93,250.00  

xvii Foam hand type in control room No 4 4930 
          

19,720.00  

xviii Trolley type in control room No 2 17180 
          

34,360.00  

xix Buckets with stand in control room No 4 3278 
          

13,112.00  

xx Closed Circuit Camera with infrared (3 Camera) Set 1 245200 
         

245,200.00  

Total :  
    

17,739,947.00  

4 
Evacuation cost upto intercinection point (Cables, Transformer, Switch Yard etc) at site with 
associated civil works. 

S.No.  Specifications Unit Qnty Rate Total Amount 

i 
HT AC CABLES- 3 CoreX1Run-150 sqmm Alu armored 
XLPE cable ï 33kV(E) (from Inverter transformer to HT) 

Mtrs 800 1612 
      

1,289,600.00  

ii 

AUXILIARY POWER CABLE- For control room from 
Aux. Transformer (3.5CX95sqmm Alu Armored cable for 
auxiliary transformer to control room ACDB including 
cable trench & route marker 

Mtrs 100 6735 
         

673,500.00  

iii 
AUXILIARY CABLES- All auxiliary cables for AC & DC 
loads (inline and supplied items) 

LS 1 538000 
         

538,000.00  

iv 
CONTROL CABLES- All control and instrumentation 
cables as per requirement (in line with supplied items) 

LS 1 479300 
         

479,300.00  

v SCADA system for monitoring Nos 1 1229000 
      

1,229,000.00  

vi 
Pyranometer ï Kipp and Zonen CMP10 with horizontal 
Disk 

Nos 1 67890 
          

67,890.00  

vii Ambient ï PT1000 type Nos 1 26737 
          

26,737.00  

viii 
Module temperature sensor ï PT100 with less than 3% 
accuracy, with 2 numbers for each tilted pyranometer 

Nos 1 57775 
          

57,775.00  

ix 
Datalogger ï 30 days in built memory storage, file 
transfer on USB in CSV format with 1min of average 
data and inbuilt in power bank for 14 days 

Nos 1 177910 
         

177,910.00  
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x 
Inverter/Power Transformer 660/33kVï 5MVA , ONAN, 
Off Load Circuit T/C, with cable terminations. LT Side 
and bare bushing on HT side.) 

Nos 1 

7927034 
      
7,927,034.00  

xi Auxiliary Transformer, (50kVA, 33kV / 0.433 kV, ONAN) Nos 1 1900299 
      

1,900,299.00  

xii 
CT Set with clamps ï CT ï 100A/5-5Amp, STC-25kVA 
for 3 Sec, Core-1,CL-5P20,15VA, Core-2,CL-5P20,15VA 

Set 1 875000 
         

875,000.00  

xiii PT Set with clamps ï PT-20kVA, 33kV/ã3;110v/ã3 Set 1 703708 
         

703,708.00  

xiv 33kV Isolator Set 1 714800 
         

714,800.00  

xv Circuit Breaker Set 1 793000 
         

793,000.00  

xvi 
ABT Meter (Main-1 Nos + Check ï 1 Nos) 0.2s class, 
33kV 

Set 1 537000 
         

537,000.00  

xvii 
HT Panel Type 1-1in and 1Out (5MW, 33kV, Outdoor, 
12.5kA/1Sec, VCB 630 Amps, Inbuilt Battery Power 
Pack, Control and Relay Panel functionality included) 

Nos 1 936000 
         

936,000.00  

Total :  
    

18,926,553.00  

      
5 20kW Off Grid Solar Power Plant for power supply at project site 

S.No. Items Unit Qnty Rate Total Amount 

i 
520 Wp Half Cut Mono Crystalline with String 
Combiner/(Monitoring Box(SMB) ï SMB Type 1ï12 
Inputs 

Nos 38 18540 
         

704,520.00  

ii 
Hybrid Inverter 20000W 240 V (with  a minimum of 6 hrs  
backup time) 

Nos 1 294150 
         

253,888.00  

iii 
Battery Bank :  240V 500AH  Solar  Tubular GEL 
Battery,  Maintenance Free 

Nos 120 29822.33 
      

3,578,679.60  

iv Earthing,  Nos 1 77780 
          

77,780.00  

v Lightening Arrestors  Nos 2 37100 
          

74,200.00  

vi BoS Set 1 35000 
          

35,000.00  

vii 
Construction of Control Room cum Battery Bank of size 
10x14 Sqf and transmission line upto Project Rest 
House 

Nos 1 530580 
         

530,580.00  

viii 
Construction dedicated solar transmission line from 
Battery Bank to Project Rest House & Outside lights 

Nos 1 223000 
         

223,000.00  

Total :  
      

5,477,647.60  

            

6 Preliminary works 

S.No.  Specifications Unit Qnty Rate Total Amount 

i Preliminary Site Survey and Investigation  LS 1 2300000 2300000 

ii Temporary Rest Housing/ Godown sqm 54 15000 810000 

iii Consultancy LS 1 3500000 3500000 

iv Construction of Toilet LS 8 31177.37 249418.9672 
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v 
Total :  

      
      

6,859,418.97  

  

7 Water supply facility 

S.No. Items Unit Qnty Rate Total Amount 

i 
Construction of Steel Structure Shed with Dyna Roofing 
of size 12x20 Sft. including Civil Works 

LS 1 2082000 2,082,000.00 

ii 
Supply of 12 Nos. of Sintex (3Layers) 2000 Ltrs capacity 
with associated fitting works ect. 

No 12 30000 360,000.00 

iii  Laying of HDPE/CPVC(40mm) pipes M 3280 946.88 3,105,766.95 

iv 
Supply and Installation of 2 HP Surface Water Pump 
including Civil Works 

No 3 25000 75,000.00 

v 
Construction of Inlet open well beside the river/stream 
bed of 12,000 Ltrs capacity and Open well (for stage -II) 

No 2 675350 1,350,700.00 

Total :  
      

6,973,466.95  

  

8 Permanent Civil Works 

S.No. Items Unit Qnty Rate Total Amount 

i Construction of Rest House sqm 150 35124.29 
      

5,268,644.00  

ii Construction of Approach Road( water bound Macadam) m 2500 3742.34 
      

9,355,850.00  

iii Site Levelling acre 20 321898.35 
      

6,437,967.09  

iv Construction of Switchyard Fencing & Mettling m 100 7227.05 
         

722,705.08  

v Construction of Control Room  sqm 92.69 31177.37 
      

2,889,830.51  

Total :  
    

24,674,996.68  

 
 
 
 
 
 

9.1 

Construction of 33 KV Transmission Line from 5MVA Solar Power 
Plant  to  132 kV Zhadima Sub-Station                                                                                                                                                                                                                                                                                  

Total Length - 3.0 km 

Sl.  Specifications Qnty T.Qnty Rate Total Amount 

  Single Circuit 33KV Line with ACSR HARE 
conductor on GI Steel Tubular pole SP-76 (with 
Average span of 66 m consisting of 15 spans of 8 
DPs and 8 SPs). The DP will be erected alonfg the 
line alignment and not across). 

        

i G.I Steel Tubular Pole SP-76 6 72.00 45831.00 3299832.00 

ii 
GI MS Channel 100x50x6mm for top Cross Arm - 2.2 M 
Long weighing 20.24 kg each (Per DP-4Nos, SP-1Nos) 22 256.00 1154.00 295424.00 
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iii 
GI Angle 50x50x6mm for Cross Arm Brackets - 2.5 M 
Long weighing 11.25kg each (Per DP - 4Nos, sp - 2Nos) 30 360.00 564.00 203040.00 

iv 

GI MS Angle 50x50x6mm for DP Bracing and Guarding 
5 M Long weighing 22.5 kg each (Per DP - 4Nos, Guard 
bracket - 16Nos)  

60 720.00 564.00 406080.00 

v 
33KV Polymer Disc insulator 70 KN (Per DP- 6Nos, SP - 
3Nos) 18 216.00 3393.00 732888.00 

vi H/W fittings for Disc insulator (E&S) 70 KN Tension type 18 216.00 431.00 93096.00 

vii 33 kV Polymer Pin insulator  (Per SP - 3Nos) 6 72.00 2376.00 171072.00 

viii ASCR "HARE" conductor  0.78 9.3 91732.00 853107.60 

ix Tention clamp for ACSR HARE 18 216.00 836.00 180576.00 

x 
3 inch C.I earthing pipe each of 3.0 meters confrorming 
to relevant ISS 4 48.00 1829.00 87792.00 

xi GI wire, 8 SWG for guarding (5.71 Kg per span) 23 273.00 123.00 33579.00 

xii GI wire, 6 SWG for earthing 11 135.00 120.00 16200.00 

xiii HT stay set with guy insulator 6 72.00 953.00 68616.00 

xiv PG clamp, for ASCR HARE for conductor Jumpering  30 360.00 335.00 120600.00 

xv 33 KV Danger Plate 4 48.00 116.00 5568.00 

xvi 
GI nuts and bolts with GI washer (Assorted) including 
through boly 8" long of appropriate dia 20 240.00 236.00 56640.00 

xvii Barbed wire 19 225.00 116.00 26100.00 

xviii GI stay wire, 7/10 SWG 30 362.00 135.00 48870.00 

xix 
Pole Clamp made of GI flate 50x6mm size of various dia 
suitable SP 76 31 375.00 104.00 39000.00 

xx Sundries 0.25 3.00 2090.00 6270.00 

xxi Sub-Total 1       6744350.60 

xxii Add Storage 5% +Contingency @3%+Transportation @5%=13% on (1)-------(2) 876765.578 

xxiii Add Labour charge @15% on (1)-------(3) 1011652.59 

xxiv Sub-Total (1+2+3)-------(4) 8632768.77 

xxv GST (Supply)@ 18% on (1)-------(5) 1213983.108 

xxvi GST (Erection) @ 18% on (2+3)-------(6) 339901.6622 

xxvii Add Labour cess @1% on (2+3)-------(7) 18883.42568 

xxviii TOTAL: (4+5+6+7) 10205536.96 

 
 

9.2 Construction of 33 kV Bay at 132 kV Zhadima Sub-station 

Sl./No. Particulars Unit Qty Rate 
Total 

Amount 

i 33KV Isolator with earth switch NO 1 78042.37 78,042.37 

ii 33KV Isolator without earth switch NO 1 69567.80 69,567.8 

iii 33KV LA, 1-ὲ NO 3 21186.44 63,559.32 

iv 3KV Post Insulator Solid Core NO 3 25174.80 75,524.4 

v 33KV CT,  1-ὲ NO 3 148305.08 4,44,915.24 

vi 33KV VCB Breaker, 3-ὲ NO 1 569980.10 5,69,980.1 
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vii 33KV C/R Panel NO 1 591893.11 5,91,893.11 

viii 
i) Single Tension Clamp suitable for Single Wolf Conductor SET 6 5745.60 34,473.6 

ix ii) Connector clamp suitable for suitable Wolf Conductor SET 30 4659.12 1,39,773.6 

x iii) T- Clamp suitable for Single Wolf Conductor SET 24 2639.52 63,348.48 

xi GI Structure MT 5.32 159370.00 8,47,848.4 

xii 90KN Disc Insulator (Anti fog type) NO 24 3009.32 72,223.68 

xiii Marshalling Box NO 3 55906.20 1,67,718.6 

xiv Control Cables         

xv a) 2x 2.5 Sqmm Mtr 400 222.03 88,812 

xvi b) 4x2.5 Sqmm Mtr 200 504.00 1,00,800 

xvii c) 7x 2.5 Sqmm Mtr 250 776.52 1,94,130 

xviii d) 10x 2.5 Sqmm Mtr 400 576.27 2,30,508 

xix ACSR "Wolf" Conductor KM 0.18 209580.48 37,724.49 

xx Galvanised Steel wire KM 0.1 139764.96 13,976.5 

xxi Earthing Electrodes SET 20 11025.72 2,20,514.4 

xxii Galvanised earthing strip MT 0.4 180140.76 72,056.3 

xxiii Sub-Total (1) 41,77,390.39 

xxiv Add Storage 5% + Contingency @3% + Transportation @ 5%=13% on (1)é..(2) 5,43,060 

xxv Add Labour Charge @15% on (1)é.(3) 6,26,608 

xxvi Sub-Total (1+2+3)….(4) 53,47,058.39 

xxvii GST(Supply)@18% on (1)….(5) 7,51,930 

xxviii GST(Erection) @18% on (2+3)é.(6) 2,10,540 

xxix Add lLanour Cess @1% on (2+3)é.(7) 11,696 

xxx TOTAl: (4+5+6+7) 63,21,224.39 
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9.3 Metering for Grid Import/Export at 132 kV Zhadima Sub-Station  

Sl. Name of Item Unit Qnty Rate Amount 

i ABT-SEM Kwh meter No 1 80000 80,000.00 

ii DCD No 1 50000 50,000.00 

iii Laptop No 1 100000 1,00,000.00 

iv Sub-Total I (Supply charges) 2,30,000.00 

v 
Add Storage 5% + Contingency @3% + Transportation @ 5%=13% on item (a) and 
(b)é(2) 16,900.00 

vi Add Labour Charge @15% on item (a) and (b)é(3) 19,500.00 

vii Sub-Total II (Erection charges) (2+3) 36,400.00 

viii GST @18% on  sub-total I & II …..(4) 47,952.00 

ix Labour Cess @1% on Sub-total IIé..(5) 364.00 

x Sub-Total III (4+5) 48,316.00 

xi Grand Total (Sub Total I+II +III) 3,14,716.00 

 

P Total of Sl No. 1  to  8       
    
282,337,675.20  

Q Add GST 18%       
      
50,820,781.54  

R Total of Sl. No. 9.1, 9.2& 9.3       16841477.35 

Over all Cost of the Project 
    
349,999,934.08  

SAY   
350,000,000.00  

                                                                                                               (Rupees Thirty Five Crores) only 

 
Financial analysis has been carried out for selected Mono Crystalline based solar PV 
module technology. The proposed solar mono crystalline grid connected power project is 
of 5 MW capacity. 
 
This generation is at grid interconnection point after considering associated losses. 
Project cost break-up & means of finance Apart from machinery, installation and 
commissioning cost, interest during construction, financial institution fees and margin 
money for working capital is part of project cost. The land cost has been taken negligible 
as the land has been allocated to DNRE for solar power plant project which belongs to 
the Government of Nagaland, India. The total project cost and means of finance are 
summarized. 
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1. Initial Investment in terms of components cost & service Charges per 5MW 

Sl. Components/ Services 
Total Cost         

(Rs. In Lakhs) 
% of Total 

Cost 

1 
Cost for Supply, Installation, Erection and Commissioning 
of Solar PV Modules. 

   
210,349,278.00  60.10% 

2 
Module Mounting Structure(MMS) and Associated Civil 
Works 

     
27,639,783.00  7.90% 

3 
 Supply, Installation, Erection & Commissioning of 
Inverters. Control Room and associated civil works at Site  

     
20,933,137.00  5.98% 

4 

 Evacuation cost upto intercinection point (Cables, 
Transformer, Switch Yard etc) at site with associated civil 
works.  

     
22,333,332.54  6.38% 

5 
 20kW Off Grid Solar Power Plant for power supply at 
project site  

       
6,463,624.17  1.85% 

6 
Preliminary Survey and Site Investigation etc.        

8,095,114.39  2.31% 

7 
Water supply facility        

8,228,691.00  2.35% 

8 
Permanent Civil Works      

29,116,496.00  8.32% 

9 

Construction of 33 kV Bay, Metering for Grid Import/Export 
at 132 kV and Construction of 33 KV Transmission Line 
from 5MVA Solar Power Plant  to  132 kV Zhadima Sub-
Station.     

9.1 
Construction of 33 KV Transmission Line from 5MVA Solar 
Power Plant  to  132 kV Zhadima Teichuma Sub-Station   

     
16,841,477.35  4.81% 

9.2 Construction of 33 kV Bay at 132 kV Zhadima Sub-station 

9.3 
Metering for Grid Import/Export at 132 kV Zhadima Sub-
Station  

  Over all Cost of the Project    
350,000,933.45  100.00% 

  SAY    
350,000,000.00  100.00% 

 
                                              (Rupees Three Thousand Five Hundred Lakhs) only 
 
Conclusion: 
 
The Total expected annual generation of electricity from the proposed 5 MW Mono 
Crystalline based Solar Power Plant will be about 7.61 MU of Energy for the first year 
and the Levelized Tariff will be Rs.5.34 Per KWh considering the capital cost of the 
project excluding 33KV transmission line from the to 200/132KV Sub-station. The 
proposed locations have good Solar Insolation therefore, to consider it as viable.  
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