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1. Glossary 

Array  Several strings of modules with the same orientation and tilt angle, 
located together. 

Cable  A conductor with one or more strands bound together, used for 
transmitting electrical energy. 

Control Room  Room housing control equipment. 

Current  A flow of electricity through a conductor measured in Amps. 

Grid  A system of high/low tension cables by which electrical power is 
distributed throughout a region. 

Insolation  It is a measure of solar radiation energy received on a given 
surface area in a given time. It is commonly expressed as average 
irradiance in watts per square meter (W/m²) or kilowatt-hours per 
square meter per day (kWh/m²·day) (or hours/day). 

Inverter  An electronic device that converts direct current electricity into 
alternating current electricity suitable for feeding directly to the 
electrical grid or to normal AC loads. 

Junction Box  Inputs of several strings are connected to this box and taken as 
single output. 

Lightning Arrestor  Device used to protect all the components from lightning strikes. 

Mounting Structure  Device used to hold modules in place, at desired angle & direction. 

Power Evacuation  Power generated from Solar PV Power Plant is transmitted to a 
point (sub-station) where it is distributed for consumer use. 

Photovoltaic The physical effect of direct conversion of light (sunlight) to 
electrical energy. 

PV Cell  The smallest photovoltaic (PV) element that generates electricity 
from light. 

PV Module  A collection of interconnected PV cells, encapsulated between 
protective materials such as glass and back sheet (Poly Vinyl 
Fluoride) or glass and glass, and mounted in an aluminum frame. 
This is a hermetically sealed unit. 

SCADA Instrumentation & Control system for the solar power plant used to 
detect malfunctions and give information at a given time interval 
about the availability and performance of the plant. 

Sub-station  The place where the generated power from solar is synchronized 
with utility grid and metered. 
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Transformer  An electrical device by which alternating current of one voltage is 
changed to another voltage. 

Voltage  The rate at which energy is drawn from a source that produces a 
flow of electricity in a circuit; expressed in volts. It is the difference 
of electrical potential between two points of an electrical or 
electronic circuit, expressed in volts. It is the measurement of the 
potential for an electric field to cause an electric current in an 
electrical conductor. 
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2. Abbreviations  

ACB Air Circuit Breaker 

AC Alternate current 

ACSR Aluminum Conductors Steel Reinforced 

BOO Build Own Operate 

BOS 

CEIG 

Balance Of the System 

Chief Electrical Inspector to Government 

CERC Central Electricity Regulatory Commission 

CO2 Carbon Dioxide 

COD Commercial Operation Date 

CT Current Transformer 

DC Direct Current 

DISCOMs Distribution Companies 

DP Double Pole 

DPR Detailed Project Report 

GoI Government of India 

GSS Grid Sub-Station 

HT High Tension 

IAM Incidence Angle Modifier 

kWh kilo Watt Hour 

LT Low Tension 

LV Low Voltage 

MCB Main Combiner Box / Miniature Circuit Breaker 

MMS Module Mounting Structure 

MNRE 

MSPDCL 

Ministry of New and Renewable Energy 

Manipur State Power Distribution Company Limited 

NISE National Institute of Solar Energy 

NREL National Renewable Energy Laboratory 

PLF/ CUF Plant Load Factor/ Capacity Utilization factor 

PPA Power Purchase Agreement 

PSA Power Sale Agreement 
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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 

XLPE Cross Linked Polyethylene 

 

Units 

% Percentage 

ɉe Degree Centigrade 

GWh Giga Watt hour 

kg  Kilogram 

kV kilo Volt 

kW kilo Watt 

kWh kilo Watt hour 

kWp kilo Watt peak 

Lt Litre 

M Meter 

m2 Square meter 

m3 Cubic meter 

MW Mega Watt 

MWh Mega Watt hour 

Tons Tons 

Wp Watt peak 
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3. Executive Summary 

Manipur is located in north-eastern part of India and is well endowed with the renewable energy 

resources. However, the State faces energy deficit due to under-utilized renewable energy resources. 

Manipur 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, this project is 

envisaged as a pioneer solar project for providing clean energy to the people while ensuring energy 

security. The project also aims to illustrate the financial viability of solar projects in the State to boost 

private investment. 

3.1. Project Location  

The proposed 5 MW solar power project is located at Loitang Leikinthabi in the Imphal West district of 

Manipur. For preparing the Detailed Project Report (DPR), the power evacuation options have been 

analyzed on the basis of meteorological data of the site. 

3.2. Scope and objective of the Report  

This project report covers technology selection, site infrastructure, description & comparison of solar PV 

technologies, solar radiation assessment, project costs, operating costs and generation assessment.  

The objective of this report is to- 

¶ Prepare overall development plans and projections for the 5 MW Solar PV Project 

¶ Identify available photovoltaic technologies and technology tie ups 

¶ Establish financial feasibility of the proposal 

¶ Analyse financial statements from lenderôs perspective in order to attract debt financing 

3.3. Solar Resource  

NASA-SSE satellite data is considered as Meteo database for meteorological assessment and to 

evaluate solar radiation and energy generation.  

 

As per the analysis, the proposed location receives the annual global horizontal radiation of 1682 

kWh/sq.m. 

3.4. PV Technology 

The poly crystalline technology and Thin Film module technologies have been evaluated as per the given 

site conditions. 

3.5. PV Module and Inverter  

Both Poly crystalline and Thin Film modules can considered for the site. The Table below provides 

summary of the module and the inverter that can be installed 

Table 1: Module technology suggested for the site  

Parameter Poly Crystalline Thin Film 

Manufacturer Canadian Solar/ ReneSola First Solar 

Model CS6X-310P / JC305M-24/Ab  FS-4122-2 June 2015 

No. of PV Modules 16131/16400 40820 

Module rating 310Wp/ 305 Wp 122.5 Wp 
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Parameter Poly Crystalline Thin Film 

Performance Ratio 80.28%/ 80.38% 81.82% 

Table 2: Inverter technology details 

Parameter Inverter Option  

Manufacturer ABB 

Model PVS800-57-1000kW-C 

No. of Inverters 5 

Operating voltage 600-850 V 

 

3.6. Energy Yield Prediction  

Annual energy yield has been estimated for the 5 MW Solar PV plant by using NASA-SSE satellite 

database and industry and also by using simulation software PVSYST 6.49 version which is recognized 

by lending institutions. 

Figure 1: Monthly Generation 

 

Figure 2: Yearly Generation Estimate 
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Proposed Site Location Village: Near Loitang Leikinthabi 

District: Imphal West 

State: Manipur 

Proposed Site Coordinates Latitude: 24.880N 

Longitude: 93.870E 

 Altitude: 786 m 

Global Horizontal Irradiation (GHI) 1682 kWh/m2  

Annual degradation (%) after first year/from 

2nd yr of operation 

1.5%/ 0.75% 

Nearest Major Town Imphal 

Solar PV Technology Poly Crystalline/ Poly Crystalline /Thin Film 

Module Make Canadian Solar/ Renesola/  First Solar 

Capacity of each Module/ Model  310 Wp/ 305 Wp / 122.5Wp 

No. of Modules 16131 / 16400 / 40820 

PV System Mounting Structure No tracking proposed 

Inverters Make ABB 

Power Conditioning Unit (Inverters) 

Capacity/ Model 

PVS800-57-1000kW-C  

No. of Inverters 5   

DC Capacity Utilization Factor (%)(for 

Canadian Solar only) 

P50 (%) 

P75 (%) 

P90 (%) 

 

 

17.27% 

16.97% 

16.71%  

Expected Generation  (for Canadian Solar 

only) 

(after 1st year of operation) 

P50 (MWh/year) 

P75 (MWh/year) 

P90 (MWh/year) 

 

 

 

7565 

7435 

7318 

Available/Reqd Land Area (for 5 MW) 30 Acres (approx) 

Power Evacuation Details to be provided 

Mode of Implementation  RESCO mode (PPP transaction) 
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3.8. Financial Viability 

After a detailed analysis, it is concluded that the project is financially viable through subsidy support of 

30% of the Capital Cost. This gives an equity IRR of 18.85% and project IRR of14.22%.  
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3.9. Disclaimer 

This is a suggested format for a Detailed Project Report of 5 MW Solar PV ground mounted solar PV 

power project in Manipur. The analysis has been done on the basis of best estimated data and 

information available. The DPR can be refined and updated on the basis of improved ground level data. 
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4. Introduction 

4.1. Manipur State - Power Scenario 

Manipur has its own micro-hydel and diesel generation plants with a total capacity of 45.11 MW1. The 

state is mostly dependent on Central Generating Stations (CGS) located in different parts of the North 

Eastern Region for meeting its energy requirement. Manipur receives 154.30 MW power from three 

central sector generating stations, of North Eastern Electric Power Corporation Limited (NEEPCO), 

NHPC and Tripura. 

Figure 3: Manipur State Power Scenario 

 

 

In the FY 2015-16, Manipur had a total energy requirement of 840 MU of which only 810 MU2 was 

available for the state. Thus, the state had an energy shortage of 3.6%. Similarly, Manipur had a peak 

demand of 168 MW during the same period of which 167 MW was fulfilled.   

4.2.  Manipur State - Renewable energy capacity 

The state has total renewable energy potential of about 11GW as following: 

Table 3: Renewable Energy Potential ï Manipur 

Sr. no. Type of Renewable Energy Potential Capacity 

1. Solar Power (MW) 10630 

2. Wind Power (MW) 56 

3. Small Hydro Power (MW) 109 

4. Bio-Energy - Biomass Power (MW) 13 

5. Bio-Energy ï Waste to Energy (MW) 2 
Source: MNRE Annual Report 2014-15 

                                                      

1 Source : Tariff Order FY 2016-17  for Manipur State Power Distribution Company Limited(MSPDCL) 

2 Source: CEA Power Supply Position 

45.11

154.3

Share of Manipur's Energy Scenario (in MW)

Own

CGS Allocation

https://jerc.mizoram.gov.in/downloads/file/201
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However, the penetration of renewable energy is low, and is mostly through small hydro plants. On the 
other hand, the state has RPO target of 0.25% and target capacity of 55 MW to be achieved through 
ground mounted grid connected solar PV power plants. The current solar capacity is NIL. Hence, the 
proposed project would also result in taking a positive step toward meeting RPO targets as well as 
contributing in GoI vision of achieving 60GW of solar power through ground mounted grid connected solar 
PV power plants. 

4.3. Project Background 

The objective of the proposed project report is to present technical and commercial details of a 5 MW 

ground mounted solar project. The proposed location of the plant is Loitang Leikinthabi area in the Imphal 

West district, Manipur.  

4.4. Objective 

The overall objective of this project is to implement 5 MW ground mounted grid connected solar PV power 
plant in Manipur. This power plant would result in reducing the Stateôs dependence on the Center for 
power supply. At the same time, it will help in achieving RPO targets of the State as well as contribute in 
renewable energy target of GoI. 

4.5. Scope of Work 

This report provides details regarding the site feasibility and basic design of the Plant, as well as energy 

generation assessment of the project. 

The report covers the following: 

¶ Simulation Studies 

¶ Technology Selection and Comparison 

¶ Basic System Design 

¶ Solar Radiation and Energy Generation Assessment 

¶ Plant and Machinery 

¶ Civil Requirements 

¶ Power Plant Operation & Maintenance 

¶ Financial Analysis 

4.6. Socio-economic Benefits of the Project 

The average annual solar radiation at the proposed site at horizontal surface is about 1682 kWh/m2 (as 

per NASA-SSE satellite data), which is potentially adequate for the installation of the solar PV ground 

mount utility scale system.  Annual expected generation for the entire 5 MW solar PV project is 7870 

MWh/year (P50) in the first year of operation. The project being a renewable energy project, leads to 

sustainable development through efficient utilization of naturally available sunlight.  

In other words, the proposed project is a beneficial preposition in terms of both environmental aspects 

and business preposition. 
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5. Project location and site description 

5.1. Location and Accessibility 

 

Parameters Details 

Proposed Site Coordinates 
Latitude: 24.880N 

Longitude: 93.870E 

Proposed Site Location 

Village: Near Loitang Leikinthabi 

District: Imphal West 

State: Manipur 

Nearest Substation Details to be provided 

Distance from Grid Substation Details to be provided 

Accessibility to Alampur 

Nearest NH: NH 39 

Nearest Railway Station: Dimapur (Ease of Accessibility) 

Nearest Airport: Imphal 

Land Area 30 Acres (Approx) 

Technology Poly crystalline 

Climatic Data  

 

Average Max. Temperature: 24.60C 

Average Min. Temperature: 9.90C 

Average Annual Rainfall: 1136 mm3 

Solar Radiation 1682 kWh/m²/year  

Availability of Water Details to be provided 

Availability of Labour Details to be provided 

Drainage System Based on site rainfall data, drainage system shall be adequately provided 

 

  

                                                      

3 Source: Indian Meteorological Department (Average of rainfall recorded in last 4 years) 
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Figure 4: Location of the proposed Project 

 

 

 

 

 

 

 

  



Detailed Project Report on 5 MW Grid Connected Ground Mounted Solar PV Power Plant in Manipur 

 

17 

 

5.2.  Soil and Vegetation 

Manipur mostly has red and yellow soil. The soil can be classified into two major categories, being ï 

residual and transported, which cover both hills and plains of the State. The residual soils are either 

laterized or non-laterized. The laterized red soil contains rich portion of nitrogen and phosphate, a 

medium acidity and lesser amount of Potash. The transported soils are of two types ï alluvial and 

organic. Alluvial soils have general clayey warm texture and grey to pale brown colour. They contain a 

good proportion of potash and phosphate, a fair quantity of nitrogen and organic matter and are less 

acidic. The organic soils cover the low lying areas of the valley. With dark grey colour and clayey loam 

texture, these peaty soils have high acidity, abundance of organic matter, a good amount of nitrogen and 

phosphorus but are poor in potash. The hill soils are more or less rich in organic carbon (1 to 3%) in the 

top soil, but poor in available phosphorus and potash. They are acidic in nature.4 

Figure 5: Indian Soil Map 

 

(Note: The map and information given here may vary practically from location to location. Geo-technical 

tests have to be done for the concerned location to conform the soil type and its bearing capacity.) 

                                                      

4 Source : State of Environment Report Manipur/ http://envfor.nic.in/sites/default/files/manipur-SoE_0.pdf last 
accessed on  17th Nov 2016 
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The site selection for a solar power plant is pre-dominantly determined by solar insolation availability & 

grid connectivity for exporting power. Other essential factors for site selection are: 

¶ Availability of adequate land for power plant and green belt development 

¶ Soil condition like soil bearing capacity etc. 

¶ Proximity to state electricity grid enabling economic evacuation of power generated 

¶ Availability of water and power during construction 

¶ Availability of local work force in the proximity 

¶ Availability of load centers (towns) within vicinity 

¶ Easy accessibility of the site 

5.3.  Weather Data of the Project Area 

Temperature: The following graph depicts the temperature trend of the State. The temperature goes 

down to around 100C in the month of January and in the month of July goes high up to 33.90C. The 

average annual temperature at the site is 24.40C. 

Table 4: Average Temperature Profile of the site 

Month Temperature (in 0C) 

Coldest Warmest 

January 9.9 25.1 

February 11.6 27.6 

March 14.9 31.3 

April 19.1 33.2 

May 22.2 33.9 

June 24.1 31.8 

July 24.3 30.8 

August 24.3 31 

September 23.6 31.4 

October 21.8 31.6 

November 16.7 28.4 

December 11.4 25.7 

Source: www.yr.no 

Rainfall: The average annual yearly rainfall (last 4 years data) is around 1136 mm. Rainfall occurs round 

the year with precipitation reaching maximum number of days per month in June. 

Table 5: Rainfall history in Manipur (Last 4 years) (in mm) 

Month 2012 2013 2014 2015 Average 

January 0.7 0 0 20.2 5 

February 0 4.9 14.2 4.1 6 

March 23.2 22.8 28.4 7.2 20 

April 170.5 26.4 46 224.6 117 

May 67.2 126.6 137.7 78.4 102 

June 215.8 161.7 166.4 193.3 184 

July 146.9 198 145.9 288.7 195 

August 168.1 277.4 229.7 290.6 241 

September 221.8 144.4 174.9 130.6 168 

October 98.2 96.3 44.3 74.7 78 
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Month 2012 2013 2014 2015 Average 

November 64.2 0 0 4.8 17 

December 0.1 0.2 0 4.8 1 

Total 1176.7 1058.7 987.5 1322 1136 

Source: IMD 

Figure 6: Temperature and Rainfall profile of the Project Location 

 

Source: IMD / www.yr.no 

Land Requirement  

The typical land requirement for a 1 MW poly crystalline Solar PV plant is approximately minimum 6 

acres. So, for the 5 MW Solar PV plant, nearly 30 acres of land is required. This includes the array yard, 

inverter room and main control room, roads, drainage and other utilities. However, array yard occupies 

most of the space, hence, must be optimized. 
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6. Power potential studies and simulation results 

6.1. Introduction to Solar Resource 

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 high. The country receives solar energy equivalent to more than 5,000 trillion 

kWh per year. Indiaôs equivalent solar energy potential is about 6,000 million GWh per year.  

 

The daily average global radiation is around 5 kWh/m² in north-eastern and hilly areas to about 6 kWh/m² 

in western regions and cold desert areas with the sunshine hours ranging between 2,300 hours to 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 1,600 to 2,200 kWh/m². The following map shows annual average 

Global Horizontal Radius (GHI) for India (developed jointly by MNRE and NREL) 

Figure 7: Indian Solar Resource Map (NREL) 

 

  



Detailed Project Report on 5 MW Grid Connected Ground Mounted Solar PV Power Plant in Manipur 

 

21 

 

 

6.2. Solar Radiation Data 

Solar radiation data can be collected from many sources, such as: 

¶ Meteonorm-7.1 

¶ Solar GIS  

¶ NASA-SSE 

¶ SWERA  

6.3. Data Collection 

Solar radiation data can be collected from well-known meteorological database like NASA-SSE, 

Meteonorm 7.1 and Solar GIS.  

For the purpose of analysis of this project, NASA-SSE satellite data has been considered.  

6.4. 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). 

Industry standard software PVSYST V6.49 has been used for Energy Generation Assessment. 

Energy Generation Assessment 

The proposed 5 MW solar PV plant is expected to generate about 7565 MWh of energy in the first year of 

operation at a net CUF of 17.27% at the metering point. Thereafter annual degradation factor of 1.5% for 

first year and 0.75% thereafter in production has been considered for poly 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: 

Table 6: Energy Generation and Technical Losses Expected for 5 MW SPV Plant (As per the PV Syst Output data) 

S. No. Technical Losses Values 

1 Incident Angle Modifier -2.9% 

2 Soiling Loss factor -4.0% 

3 Module Degradation Loss (For Year#1) -0.2% 

4 PV loss due to irradiance level -0.3% 

5 PV loss due to temperature -6.7% 

6 Module quality loss 0.7% 

7 Module array mismatch -1.0% 
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S. No. Technical Losses Values 

8 DC Ohmic wiring loss -1.0% 

9 Inverter loss during operation -1.6% 

10 Auxiliary Loss -0.4% 

11 System Unavailability -2.0% 

12 AC Ohmic loss -0.2% 

13 External Transformer Loss -2.0% 

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 

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 97%.  

http://en.wikipedia.org/wiki/Output
http://en.wikipedia.org/wiki/Gross_Output
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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. 

6.5. System Configuration / System Design Parameters 

 

Table 7: Comparison of System design parameters of the simulations 

PV module Make & Model Simulation 1 Simulation 2 Simulation 3 

PV module Make & Model 
Canadian Solar Inc / 
CS6X-310P 

Renesola / 
JC305M-24/Ab 

First Solar / FS-4122-2 

Nominal Maximum power (Wp) 310 W 305W 122.5 W 

Module Technology  Poly-Silicon Poly-Silicon Thin Film 

Total No. of Module  16131 16400 40820 

Module in series  19 20 10 

Modules in parallel  849 820 4082 

Inverter Make and Model  
ABB / PVS800-57-
1000kW-C 

ABB / PVS800-57-
1000kW-C 

ABB / PVS800-57-
1000kW-C 

Inverter Max Power, Pmax, at STC 
(kW) 

1000 kW 1000 kW 1000 kW 

Full Power MPPT voltage range (Volts) 600-850 V 600-850 V 600-850 V 

Number of Inverter in the proposed 
system 

5 5 5 

Maximum DC current (A) 1710 A 1710 A 1710 A 

System Open-circuit voltage, Voc, (V) 1100 V 1100 V 1100 V 

Nominal AC current (A) 1445 A 1445 A 1445 A 

First Year generation at inverter input 8053 MWhr 8077 MWhr 8208 MWhr 

First Year generation at inverter output  7921 MWhr 7933 MWhr 8075 MWh 

 

  



Detailed Project Report on 5 MW Grid Connected Ground Mounted Solar PV Power Plant in Manipur 

 

24 

 

Figure 8: Generation at P50, P75 and P90 levels (for Canadian Solar simulation) 
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7. Technical Aspects 

7.1. Brief Description of Solar PV Project Components 

Grid connected solar power plant comprises of the main equipment and components listed below. 

¶ Solar PV Modules 

¶ Central inverters 

¶ Module Mounting system 

¶ Grid connect equipment 

¶ Monitoring system 

¶ SCADA 

¶ Cables & connectors 

A simple block diagram, related to the interconnection of various systems for grid connectivity, is shown 

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 Voltage Panel. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

7.2. Solar PV Modules 

A photovoltaic module is a packaged interconnected assembly of photovoltaic cells, which converts 

sunlight into energy. For this project, Generic poly crystalline PV technology solar module of 285 Wp has 

been considered.  

 

Figure 9: Block Diagram Showing Interconnection of Various Systems 
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Figure 10: Typical Poly Crystalline Energy Module 

  

7.3. Inverter 

Inverters are used for DC voltage to AC voltage conversion. According to output voltage form they could 

be rectangle, trapezoid or sine shaped. The most expensive, yet, the best quality inverters have output 

voltage in sine wave. Inverters connecting a PV system and the public grid are purposefully designed to 

allow energy transfers to and from the public grid. Central inverters are used in large applications. Many 

times they can be connected according to the "master-slave" criteria, when the succeeding inverter 

switches on only in case of enough solar radiation availability or in case of main inverter malfunction. 

Inverters connected to module strings are used in wide power range applications allowing for more 

reliable operation. 

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.  

7.4. Module Mounting Structure (MMS) 

Solar PV modules are mounted on the structure, generally casted of galvanized steel. Designing of 

mounting structure is majorly depended on two factors namely orientation scheme and wind load. 

Second important consideration in the design of mounting structure is the nature of wind loads in the 

proposed location, taking into cognizance any seasonal /local winds that may exert additional load. This is 

done through STAAD Pro5 analysis or Field flow analysis. 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. 

However the typical practice is to design mounting structure to withstand a wind load of 160-170 km/hr. 

                                                      

5 STAAD Pro is a structural analysis and design computer program; Used in PV solar system to analyze load due to 
seasonal/local wind 
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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.  

7.5. 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. 

¶ Monitors the performance of the entire power plant (string wise monitoring, junction boxes, 

inverters, etc.) 

¶ Evaluates (strings, inverter, nominal/actual value), quantity of DC Power & AC Power produced 

¶ Measures instantaneous irradiation level and temperature at site. It also measures the module 

back surface temperature 

¶ 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 

¶ Visualizes nominal status of the connected components via Control Center PC Software 

(diagnosis on site or remote) 

¶ Logs system data and error messages for further processing or storing 

¶ Stores and visualizes energy yield data (for life of the plant) in the Portal from where the data can 

be accessed remotely 

7.6. SCADA  

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. 

The SCADA system shall have the following features: 

¶ Monitoring: Ability to control, using specially designed devices, the state & evolution of one or 

various physiologic (or others) parameters to detect possible malfunctions 

¶ 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: 

¶ To invoice the produced energy 

¶ To detect the incidences and malfunctions (up to logical string level) 

¶ To give the information at a given time interval: a) Availability, b) Performance Ratio and Energy 

Production 

¶ The SCADA System will be reliable and robust and some components need redundancy for 

trouble free operation 
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7.7. Cables and Connectors 

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. 
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8. Operation and Maintenance Requirement 

8.1. Operation and Maintenance Service 

These services are engineered to deliver the solar systemôs prescribed energy performance and 

expected return on investment.   

Goals of O & M 

Goals to be achieved through Operation and Maintenance Services are as follows: 

1. Optimization of system  production for increased asset revenue 

2. Reduction of risks for asset owners and investors 

3. Protection of asset value and longevity 

4. Compliance with applicable regulations (e.g. Environmental governance bodies) 

5. Transparency on system production, performance, issues, risks. 

Operation Requirements 

The operation of the system starts with the commissioning. It is necessary to ensure that all equipment is 

completely erected before operation begins. Although this may be difficult, operating a system with 

insufficient instrumentation, controls and/or alarms is very dangerous. The commissioning procedures 

shall never compromise personnel and system safety.  

A proper check list shall be drawn up, which would include all the sections of the system and shall take 

into account the contractual responsibilities, the technological relationship between various sections, pre-

commissioning, cleaning etc. The checklist procedure helps in the following:  

¶ To ensure that necessary checks are carried out on each item of the system before it is put into 

commercial service 

¶ To ensure that the energy is supplied to the equipment or a system when it is safe to do so 

¶ To facilitate the recording of the progress on the various commissioning activities 

¶ To provide basis for the system history 

It remains the responsibility of the operating staff to ensure that the safety devices are set correctly and 

kept in operation. The system operator shall follow the guidelines given below:  

¶ Frequent checking and calibration of instruments  

¶ Cross checking instrument indications with each other to determine whether the instrument is 

faulty or there is abnormal operating condition  

¶ Analyzing indicated data to determine accurately what could go wrong.  

The system has to operate in parallel with the grid which is vast power carrier. The system has to protect 

its equipment against possible faults or other disturbances from the grid. It is assumed that directional 

and reverse power protection shall be provided to isolate the system from the grid at the time of any fault. 
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Maintenance Requirements 

The main objective of the maintenance section is focus on keeping the system running reliably and 

efficiently as long as possible without any break down. Reliability is impaired when a system is thrown to 

forced and unforeseen outages.  

The following measures will help in reducing the break down maintenance and also help in planning for 

preventive maintenance. 

1. Careful logging of operation data and periodically processing it to determine abnormal or slowly 

deteriorating conditions.  

2. Careful control and supervision of operating conditions. Wide and rapid variations in voltage and 

frequency conditions do contribute to increased maintenance.  

3. Regulate routine maintenance work such as keeping equipment and module clean, proper 

maintenance of inverters etc. 

4. Correct operating procedures.  

5. Frequent testing of system equipment by óWalk Downô checks to internal condition of equipment 

such as module performance, inverter efficiency test, monitoring system testing etc.  

6. Close co-ordination with the manufacture to effect improvements in system layouts and design, 

use of better material, introduction of such facilities as lightning protection, etc.  

8.2. Module Cleaning 

¶ Cleaning of modules is very important for achieving desired yield and performance ratio in solar 

power project. It is observed that many times, the system performance is inferior just because the 

PV modules are not cleaned properly and if they are clean, the water used for cleaning is not 

good water. Dirt and bird excreta are the two major factors which affects the module output.  

¶ Fresh water (TDS < 1500 mg/L) can be used to clean the modules. If needed, a mild, 

nonabrasive, non-caustic detergent with a final fresh water and detergent solution mix between 

6.5 < pH < 8.5 at 25°C may be used. 

¶ The water used should not be too cold or too hot. The water used should be free from dirt and 

mud. Typically, the water used should be de-mineralized water so that salt preposition of module 

surface will not take place. Salty water may also lead to corrosion on module frame as well as the 

mounting structures. Nowadays, establishing RO plant for the cleaning water requirement is 

becoming a common practice. 

¶ Many times, it is observed that some of the dirt/ other marks still remain on the module surface. 

This will leads to hot spot on the module cell and further it will damage the complete module. It 

should be cleaned through a chemical liquid which is bio-degradable in nature in order to avoid 

contamination of soil beneath the PV module. If any of the cleaning agent is used the module 

should be immediately rinsed with plenty of water to remove the chemical agent on the module 

surface. Acid or alkaline detergents should be avoided to use for cleaning the PV modules as 

they may cause corrosion and erosion of the module frame as well as the mounting structure. 

¶ The cleaning wiper used should be non-adhesive and the water should be removed from top to 

bottom. 
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9. Project Implementation Schedule  

9.1. Project Implementation Strategy 

The following Figure provides suggested timelines and activities before commissioning of the project. 

Figure 11: Project Implementation Schedule Activity wise 

5 MW Solar PV Ground Mounted Project at Imphal West, Manipur 
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5 MW Solar PV Ground Mounted Project at Imphal West, Manipur 
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5 MW Solar PV Ground Mounted Project at Imphal West, Manipur 
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10. Financial Analysis 

10.1. Objective 

The objective of financial analysis is to assess the financial viability of the project from the perspective of 

project developer so as to arrive at a suitable investment decision. This project is a 5 MW utility scale 

Photovoltaic Solar Power Plant. 

10.2. Financial Assumptions 

The financial assumptions, wherever possible, have been considered as per the CERCôs latest 

Renewable Energy Tariff Order dated 29th Apr 2016. Other assumptions have been considered as per the 

industry standards, the same is discussed in detail in the table below.  

10.3. Key Assumptions 

Following are the technical and financial assumptions made for the financial analysis  

 Table 8: Assumptions for the Base Case 

Parameter Unit Assumption 

Capital Cost Million/ MW 54 

Loan Tenor Years 12 

Rate of interest % 11.50% 

Return on Equity  % 16% 

CUF % 17.27% 

O&M Cost/ MW Rs Million 0.7 

Annual O&M Escalation Rate % 5.72% 

Debt: Equity ratio  70:30 

10.4. Cost Assumptions 

 

a) Subsidy  

Sensitivity analysis has been done to check for case for provision of subsidy to support solar 

asset development in Manipur. While in the base case, no subsidy has been assumed, as an 

alternate case, a subsidy component of 30% has been introduced to improve the returns of the 

developers.  

Some of the assumptions have been retained for both the scenarios as these most of them are 
also standard industry practices. These are listed as follows: 

1. Debt Equity Ratio ï 70:30. This is a standard industry practice  

2. Working Capital estimation ï it has been assumed that working capital is equal to  

a. 1 month O&M expenses  
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b. 2 months receivables  

c. Annual maintenance reserve - 15% of O&M expenses  

d. Working capital loan rate of interest - 13.20% 

3. Annual O&M escalation rate @ 5.72% p.a. 

10.5. Key Findings 

 
The financial analysis of the proposed project has been done from the perspective of developer. Two 
scenarios have been simulated, - with and without the subsidy component. Both scenarios have been 
simulated at two separate interest rates, 11.5 % (Market Interest rates) and 11% (REC lending rates to 
private sector borrowers with either of the conditions (a) with Integrated Rating of IR-5 (b) Entity Grade: V 
(c) DISCOM Grade- B (d) Non Graded)  
 
The project IRR and Equity IRR for all the above cases are arrived at as per below table. 
 

Table 9: Internal Rate of Return for the project under various conditions 

Parameter 

Without Subsidy With Subsidy 

Term loan rate 
of 11.5% 

Term loan rate 
of 11% 

Term loan rate 
of 11.5% 

Term loan rate 
of 11% 

Project IRR 11.34 % 11.10% 14.22% 13.97% 

Equity IRR 11.89% 11.90% 18.85% 18.85% 

 
The Weighted Average Cost of Capital (WACC) at base condition for the project comes through the 
following formula 
 
WACC = (Debt rate* Portion of Debt)+(Return on Equity*Portion of Equity) 
 
For the project, the base condition is  

1. Rate of Interest = 11.5% 
2. Subsidy Applicability - No 

 
Hence, WACC for the project comes as 12.85% 
 
As highlighted in the table above, for the project to be feasible, the Internal Rate of Return should be 
greater than the WACC. As is clear from the above table, it is possible only when the subsidy component 
is considered while calculating the project and equity IRR. 
 
Hence, the subsidy applicability for the project is desirable. 
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11. Recommendations & Conclusions 

From the above, the following are the recommendations made for developing a solar PV ground 
mounted power plant at Imphal West, Manipur: 

 

1. Subsidy impetus: The financially viability of the project hinge purely on the subsidy 
component as without subsidy condition, the project gives return which is not sustainable. 

 

2. Interest Rate and Offtaker Risk: Manipur State Power Distribution Company Limited is state 
utility and poses considerable risk for developers. The utility is not rated by the Ministry of 
Power. Further, this adds to the interest rate risk for the loan that may be required to finance 
the project. Financial Institutions and Commercial Banks would be cautious to finance any 
project in Manipur. This adds to risk premium that any lender would charge despite solar 
being part of priority sector lending. 
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12. Annexure - I: Module Data Sheet 
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13. Annexure - II: Inverter Data Sheet 
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