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Abstract 

This Bachelor’s thesis, financed by scholarships, companies and private individuals, was 

made as a part of the Energy engineering program at Halmstad University. It investigates the 

possibilities of solar power plants in India and how it is implemented in reality. The project 

was made in cooperation with the charity organization AVI, (Adventures and Volunteering in 

India) and during two months an off-grid solar power plant were installed at their boarding 

house in Kanwar Pura, India. The boarding house will be home for children during their 

education. Research of the Indian market and the first system design was made prior to our 

journey. The solar plant package was bought from an Indian company, Nordic India 

Solutions. Once the delivery arrived on site, the practical work begun. With help from the 

company a complete system was successfully installed. The Indian conditions are beneficial 

for solar power and since 2010 the market has grown rapidly. The National Solar Mission is 

one of the reasons for this development. Solar power has great preconditions and has a big 

part in Indian development, towards higher living standards and a decreasing use of coal. 

  



 

 

Sammanfattning 

Detta examensarbete, finansierat av stipendier, företag och privatpersoner, gjordes under 

energiingenjörsutbildningen på Högskolan i Halmstad. Rapporten utreder möjligheterna för 

solenergi i Indien och hur de realiseras i verkligheten. Projektet utfördes i samarbete med 

välgörenhetsorganisationen Adventures and Volunteering in India, AVI. Under två månader 

på plats installerades en off-grid anläggning på organisationens nybyggda elevhem i Kanwar 

Pura, Indien. I elevhemmet kommer barn bo under deras utbildning. Innan avresa gjordes den 

första dimensioneringen av solcellsanläggningen och den indiska marknaden undersöktes. 

Solcellspaketet köptes av ett indiskt företag, Nordic India Solutions, som hjälpte till under 

installationen av anläggningen. De indiska förutsättningarna för solenergi är fördelaktiga och 

sedan 2010 har solcellsmarknaden vuxit snabbt där The National Solar Mission är en av 

anledningarna till denna utveckling. Solenergi har goda förutsättningar och har idag en stor 

del i den indiska utvecklingen mot högre levnadsstandard och minskad användning av kol. 
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1. Introduction 

This project was not only a bachelor thesis; it was also a project in cooperation with AVI, 

(Adventures and Volunteering in India). A non-profit organisation founded by two Swedish 

women and run by Indian staff on site. Their goal is to help the less privileged to social 

development by helping them help themselves. They are stationed in Kanwar Pura a little 

village outside Sikar, Rajasthan, in north-west of India.  

AVI have many projects, which helps mostly young women and children. With the help from 

volunteers they organize day-care-centre with basic education on daily basis. The day-care-

centre gives the children some routines in their life. The days start with teaching them about 

hygiene; brush their teeth, wash their hands and faces. They also learn the alphabet and some 

counting to prepare them for school. When the children are ready to start school AVI find 

them sponsors who support and pay their education in private schools.  

AVI´s latest project was to build a boarding house, see Figure 1 below, for children who have 

started their education in private schools. The children will be living in the boarding house 

during the week and be home with their families during the weekends. The purpose with the 

boarding house is to give the children better premises to get a good education. Children from 

these circumstances have no possibilities to do their homework, because they have no light in 

their homes at night, and during daytime most of them have to work or take care of their 

younger siblings. With the help of sponsors the children will not be forced to work; instead, 

they have a possibility to get the most out of their education. To read more about the boarding 

house see Appendix 2 Non-technical circumstances. 

  

Figure 1: Front view of the boarding house where the project took place. (Madan Singh, 2013) 
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When AVI first was contacted they had started the construction of this boarding house where 

15-20 children should live together with one female employee. AVI had not thought about 

solar power because the expensive investment, but they understood the convenience of no 

power outage and no electrical bills in the future. The electrical grid in India is unstable and in 

this area it is common with several power outages per day and even whole days without 

power. 

1.1 Purpose 

By harnessing energy from the sun, one of Earth’s renewable resources will be used. The 

purpose was to supply the boarding house with electricity, 230V AC, using an off-grid solar 

plant. The project was divided into mainly two parts, calculations and installation. To fulfil 

the purpose knowledge about solar energy in India was preferable. 

1.2 Demarcations 

The project has its demarcations mainly due to the time at site, but also to the Indian market. 

Early on it was decided to buy all the material in India to minimize the transportations, but 

also since India produce solar plants in large scale. Due to the distance between Sweden and 

India, but mainly of practical reasons it was decided that AVI takes over the responsibility for 

the plant once it was installed and working. At site the structural integrity of the house was 

not calculated. Since AVI plans to build at least one more floor it was assumed to be strong 

enough to hold for the forces from the plant. 

1.3 Goal 

The goal was to finance, design and install a solar plant that could supply the boarding house 

with electricity for lights, fans, TV, computer and a refrigerator. It is necessary the batteries 

are able to store the required amount of energy enabling the electricity to last for a period of 

two days without sunshine. 

1.4 Question 

How are the conditions in India for a solar plant and how is this implemented in reality?  

1.5 Overview 

This is a clarification of the report layout. The following report also refers to appendices for 

more information and understanding about the used data material and calculations. 

Chapter 2: Presents facts about electricity in general and solar energy’s role in India today. 

Chapter 3: Describes the method and how the work has been done. To make it clearer it has 

been separated into two parts; calculations and installation.  

Chapter 4: Data and equations are presented, which has been used during the calculations. 

Chapter 5: Presents the results of the project. It is divided according to the same structure as 

the method. The results present how the solar plant was designed and specific facts about the 
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installed solar plant. The mounting and installation was a big practical part, which is 

explained here as well. 

Chapter 6: Different challenges the project has faced are described and presented, but also 

about cultural differences and how they have affected the work. 

Appendix 1 Calculations: Presents the calculations in detail. 

Appendix 2 Non-technical circumstances 

Appendix 3 Mounting structure: Sketch and instruction for the solar panels structure  

Appendix 4 Nordic India simulations: Simulation of the bought power plants performance 

Appendix 5 Data sheets: The bought materials data sheets 

Appendix 6 Agreements: Agreement made with Nordic India Solution to specify 

responsibility and agreement with AVI for the Solar foundation. 

Appendix 7 Instructions: Instructions made for AVI to run and maintain the solar plant 

1.6 Authors contribution  

The project has been both theoretical and practical, were the funding was the first step. Many 

companies were contacted and the authors presented the project. With help from interested 

companies and scholarships the solar plant was financed. The trip was financed by 

scholarships from MFS, which was applied for during the autumn of 2013. 

The authors made the system design by given information from AVI. When the calculations 

were made different resellers and companies in India were contacted about a quote for the 

system. The company Nordic India Solutions were chosen due to their serious impression, 

with their help a complete system was ordered. Since there were many contributions, more 

money than the calculated plants price was collected. This made it possible for the authors to 

buy a larger plant than calculated to provide an increasing load in the future. 

Once on site an electrician installed the wiring inside the house. He also made it possible for 

AVI to switch from the off-grid solar plant to the electrical grid, in case it is needed. 

Construction workers were hired to build an equipment house where batteries and the Power 

Control Unit could be placed. The authors made the concrete blocks and mounted the 

structure for the solar panels. Then the installation of batteries, inverter and cables was made 

in corporation with one engineer and one technician from Nordic India Solutions. 

The authors also left a Solar foundation to AVI for future costs. In case there are any 

problems the aim was to leave them a foundation for this purpose only. A non-profit 

organisation does not have the economic resources to have a margin for unpredictable 

expenses. Together with the Solar Foundation an instruction was handed over to AVI about 

the installed solar plant and maintenance advice. 
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2. Theory  

If we could use a small percentage of the suns energy there would not be an energy problem 

in the world. The solar energy business is growing and the scientists are working to achieve 

cheaper and more efficient solar panels. The conditions in the world differ and in India there 

are good circumstances for solar energy. The geographical location is the main reason, but 

also the Indian market is preferable. The insolation in India is overall high and consistent, as 

Figure 2 shows, due to the closeness to 

the equator. India do not only have 

good conditions for solar energy they 

also have many areas of application, 

such as solar pumping systems in 

agriculture or solar street lights. 

Today most of India’s electricity 

comes from coal-based power plants. 

The coal represents 70% of the total 

generated electricity in India, while 

electricity from renewable resources 

only stands for around 2 %. Because of 

India's large use of coal, the country 

has to rely on large imports of the fuel. 

This does not only affect the economy 

in negative way, but the coal-based 

power plants contribute to large 

emissions of Carbon dioxide. (Central 

statistics office, 2013) 

In 2008 the Indian prime minister 

presented the first National Action Plan 

against Climate Change (NAPCC). The 

plan identifies several challenges and 

points out eight national missions for India to prevent the ongoing climate changes. The 

missions are designed to prioritize India’s development goal and withhold the high economic 

growth to increase living standards.  But as a co-benefit they will be preventing the climate 

changes. One of the big challenges of increasing living standards is to electrify the 

countryside. Today more than 300 million Indians do not have access to electricity and they 

have to be connected to the grid in order to develop the country. The economic growth, 

increasing living standards and growing population has resulted in a great demand of 

electricity. The Indian power sector has not been able to keep up with the expanding market; 

there is today an overall energy deficit of 8.7 %. One NAPCC mission addresses these 

problems and the possibility of resolving them, it is called National Solar Mission. It 

addresses the potential of solar power and the possibilities that solar power have to be 

competitive with the fossil-based energy resources. It is also called Jawaharlal Nehru national 

solar mission and was not approved by the Government of India until 2010. Table 1 show the 

Figure 2: Geographic map of India presenting the solar 
irradiation on a horizontal surface. (Ministry of New and 
Renewable Energy, 2010). 
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targets and is divided into three different stages with a final goal in 2022. At the end of the 

third phase the goal is to have installed 20 GW grid connected solar power in India and 

another 2 GW off-grid power. This will give a long term security for the energy supply and an 

ecological security. (Central statistics office, 2013) (Prime Minister's council on climate 

change, 2008) (Indian power sector) 

Table 1: Phases of the National Solar Mission. 

Section Target phase 1 

(2013) 

Target phase 2 

(2017) 

Target phase 1 

(2022) 

Solar collectors 7 million m
2 

15 million m
2 

20 million m
2 

Off-grid solar  200 MW 1,000 MW 2,000 MW 

Grid connected  1,000-2,000 MW 4,000-10,000 MW 20,000 MW 

As a result of the mission and the focus on solar power India has over the last year installed 

approximately 1 GW of solar power and this doubles their total installed capacity. This is 

shown in Figure 3. Today India is building several large solar power plants. This makes the 

price of grid connected solar power in India the cheapest in the world. India has also planned 

to build the world’s largest solar power plant. When it is finished it will have a capacity of 4 

GW and will deliver 6.4 TWh to the Indian grid every year.  These are great steps towards 

reaching the 2022 goal of 20 GW installed capacity and the goals of decreasing the emission 

of Carbon dioxide with 20-25% from the 2005 levels.  However the goal is still very far away 

and there are several problems. Among the challenges is the high demands on a well 

developed supply chain, today it is underdeveloped resulting in high inventory costs. The lack 

of access to low-cost financing and raw material also contributes to the limited   

manufacturing capacity. These problems have to be sorted out before India can reach its final 

goal in 2022. (Energy Sector Management Assistance Program (ESMAP), 2013) (Kumar, 

2014)  

 
Figure 3: Installed capacity of solar power in India 1999-2013. The green line presents when the National Solar 
Mission was started. Data from (BP, 2013) 
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3. Method 

Based upon the given information from AVI the project was formed. One theoretical part was 

made in Sweden were the big part was to design and finance the plant. In India the practical 

work with installation and start-up was made during two month in field.  

3.1 Calculation of solar plant 

The calculations of the off-grid solar plant is divided in three parts; power consumption, area 

of solar panels and battery capacity. The calculations used to select the solar plant package 

were made in Sweden prior to departure. The used equations can be found in chapter 4. Data 

and equations and are marked with bold numbers in the following sections. 

3.1.1 Power consumption 

At first the quantity, usage time and power for each load in the boarding house was 

determined. Some of the loads were known and others were assumed, which created margin 

of error. The usage time was estimated in cooperation with AVI. When this was known the 

total power consumption could be calculated with equation (1) and (2), first each loads own 

consumption were calculated and thereafter adding all loads together.  

3.1.2 Area of solar panels 

The insolation of Kanwar Pura is underlying for calculation of the area. The nearest location 

with available data, Jaipur, was used. To make it possible for the plant to provide the boarding 

house with electricity all year long, the day with least insolation was used. For a more 

consistent production over the year an optimal angel was set.  With knowledge of this, power 

consumption and the solar panel efficiency, the area was calculated with equation (3). 

3.1.3 Battery capacity  

In order to ensure full life span of the batteries, a discharge limit was set. Number of days 

without charging, and charging losses was also observed parameters. With this data the 

battery bank size was calculated in three steps.  

The first step was using equation (4), to convert the battery’s capacity unit, Ah to Wh. This is 

necessary because in the step were the battery quantity is calculated, power consumption and 

battery capacity needs to have the same unit. Second was using equation (5) where power 

consumption was multiplied with discharge time and charging losses. When this result was 

divided with the discharge limit the whole battery capacity in Wh was calculated. By using 

equation (6) knowledge of the battery quantity was estimated. 

3.2 Mounting and installation on site 

The work at site started with constructing an equipment house for the organisation to store the 

batteries and technical devices in. To build this, construction workers were hired. The 

practical work with the solar plant started with making concrete blocks. Bolts were moulded 

into the concrete blocks to fasten the structure. The blocks were made out of sand, gravel, 

water and concrete. For the blocks to set properly they had to be watered for a period of 5-7 
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days. Next step was mounting the structures together and the panels to the structure. The 

system was separated in two structures, to fit on the roof. 

Remaining work was made in cooperation with an engineer and a technician from the reseller 

company, who had specialized knowledge and experience of the products. After their arrival 

the first step was to connect the panels in five strings and link those together in the AJB, 

(Array Junction Box), mounted on the structure. After connecting the panels with each other 

all cables were fastened with cable ties and hidden in cable ducts. The structure was 

connected to ground. The installation continued with the technical devices: PCU (Power 

Control Unit)
1
, ACDB (AC Distribution box)

2
 and batteries. As a precaution a lightning 

conductor was mounted to protect the system during thunder. All the devices and how they 

are connected to each other are shown in Figure 4.  

 
Figure 4: Overview of the complete system, showing all the technical devices needed. 

4. Data and equations  

For designing this plant, following inputs was required. The data presented in this chapter was 

compiled before contacting any reseller. 

4.1 Power Consumption 

Quantity and usage time were given by the organisation and the power values for the different 

loads were estimated by information from resellers, see Table 2. 
Table 2: Estimated load data used for design the system. 

Type Power (W) Usage time (h) Quantity 

Ceiling fan 60 12 11 

Light 11 6 12 

TV 100 6 1 

Refrigerator 200 12 1 

Computers 120 5 2 

                                                        
1 Device with inverter and charge controller.  
2 Box where PCU is connected with the boarding house, containing a switch  
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Following equations is used when calculating the total power consumption.  

4.2 Area of the solar panel 

Table 3 shows the solar insolation each month and day in Jaipur, 120 km from Kanwar Pura 

where the solar plant was placed. The presented data is for a surface with a tilt of 27° facing 

south. In August the lowest insolation is found i.e. the limiting factor.  

Table 3: Solar insolation Jaipur, Rajasthan, India. Tilt: 27°, Azimuth 0°.  Data from (Greenstream Publishing, 
2013) 

Month kWh/m
2
, month Wh/m

2
, day 

January 162.1 5,230 

February 178.6 5,760 

March 184.5 5,950 

April 185.7 5,990 

May 182.0 5,870 

June 173.0 5,580 

July 145.1 4,680 

August 139.8 4,510 

September 164.3 5,300 

October 173.6 5,600 

November 163.4 5,270 

December 156.9 5,060 

Average 167.4 5,400 

 
To calculate the area both least insolation and efficiency is needed. A solar panel have 

efficiency around 15%, but with all parts connected it will lowers to 13% because of system 

losses.  (Energimyndigheten, 2013) 

Table 4: Deciding factors for calculation of the solar panels total area. 

Least insolation/day (August) 4,510Wh/m
2
, day 

Efficiency solar system 13% 

 

                                    

Summarises all loads to get the total power consumption for the building (2) 

                                                  

Calculates the power that each load consume (1) 

 
                 
                    

 

          
             

The equation to calculate the solar panels area 
(3) 
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4.3 Battery capacity  

The size of the battery bank is based upon three parameters: 

 Discharge time is the number of days the battery bank will last without charging 

 Charge losses 

 Discharge limit to maintain the batteries life 
 

Table 5: Limiting parameters when designing the battery bank 

Discharge time 2 days 

Charging losses 10% 

Discharge limit 70% 

 
 

Many different types of batteries are available on the market. The battery type used for the 

calculations is shown in Table 6. Since the power consumption is presented in Wh the battery 

capacity is converted from Ah to Wh in equation (4) 

Table 6: Data of the batteries used during the calculations 

Battery type 

Voltage (V) 12V 

Battery capacity (Ah) 200Ah 

 

 

 

  

                                                          

Convert the battery capacity from Ah to Wh (4) 

Calculates the size of the battery bank (Wh) 

                                                       

               
                  

(5) 

                 

                     
                   

Calculates the number of needed batteries 
(6) 
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5. Results 

The insolation in India creates opportunities to use solar power all year around. The 

conditions are underlying in the design of the system. Section 5.1 present the results of the 

calculations and show the theoretical size of the system. This was done pre-departure and was 

thereafter used when contacting different companies in India for quotes. 5.2 explain the 

differences between the calculated theoretical system and the actual purchased solar package. 

The section 5.3 present and explain the installed system further and how this was mounted.  

5.1 Calculation of solar system 

The results of the calculation are divided into power consumption, area of solar panels and 

battery capacity. For more information about the calculation, see Appendix 1 Calculations. 

5.1.1 Power consumption 

The result of the calculated power consumption is presented in Table 7 below. 

Table 7: Calculated power consumption of the boarding house. 

Type Power Consumption 

(Wh/day) 

Power  

(W) 

Ceiling fan 7,920 660 

Light 792 132 

TV 600 100 

Refrigerator 2,400 200 

Computers 1,200 240 

Total 12,912 1,332 

5.1.2 Area of solar panel  

As Table 3 shows, the month with least solar insolation per day is August (4,510 Wh/m
2
) for 

a surface with a tilt of 27° facing directly south. This angel is optimal to get the best overall 

performance of the solar panels in Jaipur. Using the approximate efficiency for a solar system 

(13%) and the power consumption an area of 22.0 m
2 

is needed to supply the building.  

5.1.3 Battery capacity 

The battery banks size was determined by AVI´s requirements. The batteries shall be able to 

store energy for the boarding house and it should last two days without sunshine. A discharge 

limit of 70% will be included to not reduce the life span of the batteries and also 10% charge 

losses will be considered. With all parameters in consideration the battery capacity needs to 

be approximately 40,600 Wh.  
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5.2 Enlargement of the plant 

Through the calculations in 5.1 Calculation of solar system the area of the panels was set in 

regard to the power consumption of the first floor. AVI are planning to add one more floor to 

the boarding house, in the future, resulting in more loads and higher power consumption. To 

meet the demand a larger area for the solar panels is needed, presented in Appendix 1 

Calculations. The reseller, Nordic India Solutions, was contacted to change the original 

system to a larger one, due to the new information and power consumption. The installed 

plant is a complete package, almost matching the demands, and will provide the boarding 

house with 90 % of the energy needed for two floors.  

Some of the data used in the simulation in Appendix 4 Nordic India Simulation differs from 

the original calculations, this due to the more exact data about both the products and the 

insolation at site. 

5.3 The boarding house solar plant 

Building a separate house with a room for technical devices was an extra precaution to ensure 

the children did not risk electrical shocks from the batteries. The equipment room also made 

sure no flammable fumes spread to the living area. After construction the installation started. 

PCU and batteries were placed in the equipment room as close to each other as possible to 

minimize losses in the cables between these. The solar panel, batteries and loads were all 

connected to the inverter. To maintain the safety and make it possible to turn off the system, 

switches and fuses were installed both on the DC and AC side. The installation was made 

with help from Nordic India Solutions engineer and technician.  

5.3.1 Solar panels 

The installed system was a 5 kW plant that include 20 panels, (1 panel = 250 Wp) with an 

area of 32.5 m
2
. The panels are multicrystalline and have an efficiency of 15.2 %. Solar 

panels have a 90% performance 

guarantee for 10 years and 80% 

performance guarantee for 25 years. 

For more information see Appendix 5 

Data sheets. 

Since the roof is flat on the boarding 

house, the panels were mounted on a 

structure with an angle of 26 degrees 

and placed facing south, this to 

maximize the production of electricity. 

The angel was set through simulations 

made by Nordic India Solutions 

To make the solar plant moveable in the future in case of more floors it was mounted on 

concrete blocks, see Figure 5. 21 concrete blocks were made to make sure the weight of them 

was bigger than the possible wind forces.  

Figure 5: Mounting structure for the solar panels 
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The structure was secured to these blocks and 

thereafter the panels were mounted on the structure, 

see Appendix 3 Mounting structure. The structure 

was also placed in two rows due to lack of space, 

see Figure 5. The first row had 3kW (12 panels) 

and the second 2kW (8 panels). All the panels were 

connected four and four, see Figure 7 to higher the 

voltage and lower the current, which results in less 

loss. One group of four panels is called one string 

and have a voltage of VOC
3

=150,8V and 

VMax
4
=122,8V. The connection of one string was 

made by linking the male and female contacts together. To make sure each string was 

connected right a multi-meter was used. The five strings were thereafter connected to fuses in 

the AJB, see Figure 6 and 7, placed under the panels. In Appendix 7 Instructions contains 

more information about the AJB.  

The structure was grounded and a lightning conductor was installed on the roof, this because 

of safety for both humans and the facility.  

 

 

 
  

                                                        
3 Open Circuit Voltage measured during STC (Standard Test Conditions).  
4 Maximum Power Voltage 

Figure 6: The open AJB, where the strings are 
connected together. 

Figure 7: Drawing of the strings and the connections in the AJB. Made by Nordic India Solutions. 
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5.3.2 Battery capacity  

The battery bank contains 16 batteries á 200 Ah 

and a voltage of 12 V. One battery’s weight is  

80 kg and have the dimensions; L=505mm, 

W=190mm, H=428mm.  

The 16 batteries are placed on four battery racks 

and are connected into two parallel series, as 

Figure 9 shows. Figure 8 shows one series of 

batteries with a voltage of 96V. In case of future 

needs there will be possible to enlarge the 

battery bank with yet another series of batteries. 

The total size of the installed battery bank is 38,400Wh and with the calculated power 

consumption it will last for approximately two days. For details see Appendix 4 Nordic India 

simulation. 

The batteries lifetime is not as long as the solar panels, they will have to be changed in 5-10 

years. As to maintenance, the batteries needs to be refilled with distilled water. 

Batteries are a safe solution to minimize the disturbance of the common power outage. The 

boarding house is an off-grid system, with a small difference. A switch, displayed in Figure 

10, is installed to make it possible for the boarding house to use the grid and disconnect the 

solar plant. As the project evolved, a decision was made to make this possible. However it 

should only be used if the batteries are discharged or the solar plant malfunctions.  

Figure 8: One series of batteries in their racks, 
placed in the equipment room. 

Figure 9: The installed battery capacity. Two parallel series with eight batteries in one 
series. (96V, 200Ah) 
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Figure 10: Switch between grid- and solar supply. The system is still a complete off-grid plant, but the boarding 
house has the possibility to use the grid through a switch. 

5.3.3 Power control unit 

The loads in the boarding house need 230V alternative current, (AC). Since the solar plant 

produces direct current (DC), an inverter is needed. In this package the inverter was included 

in a power control unit, PCU, Figure 11. The size of the inverter is 6kVA and it inverts DC to 

230V AC.  

The PCU also contains a PWM, (Pulse Width Modulation) 

charge controller. The PWM both slowly lowers the amount of 

power to the batteries as it gets closer to fully charge and 

controls the discharge. 

These two limitations are important to maintain the life span of 

the batteries. The PCU settings for these parameters are: (for 

further details about the PCU see Appendix 5 Data sheets) 

 DC low cut off voltage: 84V 

 Battery charge cut off: 115.2V 

 Trickle charge: above 115.2V 

The total efficiency of the PCU, inverter and charge controller, 

is 85 %. 

The installation of the PCU was made by connecting the solar 

panels to the PCUs DC-input, the batteries to the DC-output 

and the boarding house to the AC-output.  

Figure 11: Power Control Unit 
contains inverter and charge 
controller. 
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5.3.4 Remote system 

A remote system was chosen to make it easier to monitor the production from the solar plant. 

Using a data card
5
, information about the system is uploaded and available online. During 

installation a problem occurred, the remote system needed 3G to work and in Kanwar Pura 

only 2G is available. The remote system was installed and is working if a computer is 

connected directly. This is not affecting the function of the solar plant, but it makes it 

impossible to monitor the production from Sweden. When the boarding house is connected to 

the internet in the future it will be possible to monitor everything online. 

5.3.5 Connection and start-up 

The current was the deciding parameter of what size the wires should be. Between the solar 

panel and the equipment room, wiring was made in PVC pipes fastened to the roof and wall 

with clamps. The AC wiring between the boarding house and the equipment room was made 

in the ground to minimize the amount of visible cables. This cable was also put in a PVC 

pipe, for protection. The boarding house and the plant are connected in the ACDB where a 

switch and monitor is installed. The monitor shows different parameters from the solar plant 

and boarding house: electricity consumption, power factor, date and time. The switch is used 

when disconnection of the boarding house is necessary.   

An electrician made the wiring inside the boarding house. He also installed fans and lights. To 

make the boarding house energy efficient, power saving fans (55W) was bought instead of the 

calculated 60W. The difference is small but during a year this lowers the power consumption 

with 241 kWh. The installed lights are all LED, everything to make the battery bank to last 

longer. Installed loads are presented in Table 8. 

Table 8: Installed loads. The bold numbers presents the installed power, which differs from Appendix 1 
Calculations. Remaining loads are not jet installed. 

Loads Usage (h/day)  Power (W) Number of 
loads 

Power 
consumption 
(Wh/day) 

LED light 6 10 1 60 
LED light 6 7 7 294 
LED light 6 5 7 210 
Ceiling fan 12 55 11 7,260 
TV 6 100 1 600 
Refrigerator 12 200 1 2,400 
Computer 5 120 2 1,200 

Total    12,024 

                                                        
5 Mobile broadband modem 
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When everything was finished, the plant was started. To make sure everything was working 

properly, the plant was tested during two weeks. Different size of load was connected during 

different times, this to test the plants and batteries function before it was handed over to AVI. 

The loads tested had a maximum power of 700W and during the test everything worked 

flawlessly.  

6. Challenges 

When a project like this takes place there are many unexpected things to be prepared for. It 

has been a few tasks that have been really challenging because of the Indian way of living and 

working.  

6.1 Adventures Volunteering in India 

Immediately after arriving on site, the project faced its first problems. The building where the 

technical devices should be placed had not been built and the wiring in the boarding house 

was not started. When it became clear for AVI that both an equipment building and wiring 

was essential for this project to be successful, the work started instantly. A problem in India 

was that workers did not show up as agreed and everything took longer time than expected.  

When the construction workers had begun, the next challenge was once again time. Since the 

schedule was tight from the beginning, it had not been taken into account the time for 

building a house out of bricks and concrete. It took almost two weeks to build and had to be 

watered for 15 days after it was finished.  

6.2 Resellers 

When corresponding via e-mail with resellers in India there was some miscommunication. 

Both because of inexperience in the subject but also due to the language. One of the biggest 

challenges the project ran into was the concrete blocks. Due to miscommunication it was 

Figure 12: After the installation of the PCU the first time to the test the whole 
system took place and it was successful. 
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unclear whose responsibility it was to make the concrete blocks. To clarify an agreement was 

made, see Appendix 6 Agreements.  

Time was once again an obstacle when the delivery of the plant was late. The mounting and 

installation was postponed because of this, but since the equipment building and wiring also 

was late it did not create any further problems.  

6.3 Cultural differences 

When a project is made in another part of the world, cultural differences are expected. To face 

this, a MFS, (Minor Field Studies) preparation course was attended in Sweden, but still there 

were unexpected circumstances. The toughest challenge was the Indian way of life, both their 

believes in the cast system and their way of treating women. This became clear when working 

together with the Indians for a longer period of time; women are not always tolerated at 

construction sites and not treated the same as men. Rajasthan is considered one of India’s 

most conservative states in this matter.  

The work ethics are different and sometimes challenging, even though help is offered the 

workers do not accept it; time efficiency is not the most important thing. For further 

information see Appendix 2 Non-technical circumstances. 

7. Discussion 

As shown in the results there is a difference between the calculated plant, designed to power 

one floor of the boarding house, and the installed plant on site.  This is mostly because of the 

fact that the project generated more money than budget. When the boarding house gets, at 

least, one more floor the power consumption will grow. To prepare for this floor, more solar 

panels than needed were installed, as Table 9 shows. This will in the future make it cheaper 

for AVI when the next floor is constructed. The reason we did not install extra batteries at the 

same time was because of the limited lifetime of batteries. And since the organization did not 

know when the next floor is going to be built, this was the best solution. It was also because 

of the future floors the structure was made moveable and not attached to the roof. When the 

next floor is built it will be easy to move the whole structure.  

Table 9: Presents the difference between the theoretical and the purchased system 

 Installed solar plant Calculated solar plant 

Area of solar panels 32,5m
2 

22.0m
2 

Peak power output inverter 4,800W 1,400W 

Battery capacity (200Ah,12V) 38,400Wh 40,600Wh 

 

When we were in Sweden planning and designing the solar plant the information from AVI 

was insufficient. The availability of the electrical grid at site was not known until arrival.  If 

information about this had been given the system design would have been different. Since the 

PCU is only for off-grid use, it could not be connected to the grid. The solution became a 
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switch that in case of system failure or fully discharged batteries could change the house to 

grid-supply. This can also be used when the next floor is constructed and the plant needs to be 

disassembled. Since it is easy to switch to grid-supply, the grid might be used instead of 

repairing the system in case of failure; to prevent this from happening, a foundation was made 

to be used for future service and repair. The foundation was possible to make because of the 

successful financing, and was not planned from the beginning. Due to the foundation the hope 

is that AVI will not use the grid more than absolutely necessary.  

The complete system for this project was bought from Nordic India Solutions, which had a 

good knowledge about solar power and was very helpful during the project. Though 

miscommunications problems occurred, both because of contact over e-mail and because of 

different knowledge in English. This led to payment problems, delayed delivery and mix-up 

regarding responsibility for the concrete blocks.  To meet this issue, an agreement was written 

to clarify each parts responsibility and demands. The agreement was made, after a tip from 

AVI, to make sure both parts fulfilled their tasks and a last delivery date was set. Write an 

agreement was not planned from the beginning, but with AVI’s recommendation and 

knowledge about the Indian market this was proven useful.  

Nordic India Solutions sent one engineer and one technician to support the installation. This 

was a great help for us and made the installation go very smooth. With their knowledge of 

mounting and installing, the solar power plant was completed in only four days. Even though 

their knowledge was good they sometimes were careless during the work and because of this 

it was very important to overlook it all.  

AVI took over the responsibility for the solar plant after our departure; this was the most logic 

solution. The project for us was to finance, design and install. Since AVI did not have any 

knowledge about solar power, we made an instruction about all the parts and how to maintain 

the plant. As a final stage in the instruction work we reviewed all devices in the system 

with AVI. The solar foundation became a part of this instruction and was handed over 

after the last review of the solar system. We wanted to make sure they could afford 

reparations if necessary. The goal was to take as many precautions as possible and think one 

step ahead. 

Since the boarding house was not finished, there was no possibility to test the system with all 

the loads. A margin of error will occur in the system if AVI do not use loads with similar 

power and usage time as calculated. These are things we have no control over and it may be 

either positive or negative for their energy consumption. To prove the calculations accuracy 

compared to the outcome all loads needs to be installed. This will not be tested properly until 

the boarding house is used for its purposes. Hopefully it will work better than planned since 

we introduced AVI to energy efficient fans and LED. If they use the energy wisely the 

batteries will last even longer than two days.  

The non-working Internet connection was a problem that occurred. The Indian society and 

technology by the countryside is not as developed as it is in Sweden. To overcome most of the 

challenges and problems we just had to be patient, but also realize some things cannot be 

changed. During a project like this it is sometimes hard to keep your focus on the important 

things, which in this case were the children. During a long period of time this project has been 
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evolving and growing, to end up in two hectic months in India. There will always be cultural 

differences, but those are part of the charm. We will hopefully learn from each other and 

appreciate the multi-cultural world we have the opportunity to experience.  

8. Conclusion  

This report shows that it is fully possible to implement a project of this kind in India. Solar 

power has increased rapidly since the National Solar Mission was set in 2010. Because of 

high and even insolation during the whole year, India has good conditions of using solar 

power to produce electricity. The consistent insolation makes the off-grid plants particularly 

interesting, which was underlying in this project. India has also a big market of solar cells 

where many of the products are produced in the country. This gives a good opportunity to 

find a reliable company that can supply material with high quality and good price. 

Minimizing the future electricity bills was one of AVI´s wishes; this led us into solar power. 

The boarding house independency of the grid was a determinant factor as well as the 

consistent insolation, when choosing to do the system off-grid. The unstable grid with 

common power outages creates problems for AVI today, avoiding these was one of the main 

reasons they requested a solution with a battery bank.  

Important to consider before executing a similar project is that several problems can occur 

during the process. The problems are not always directly related to the main target, they can 

often be related to things that cannot be changed, like culture. It is therefore important to 

make decisions and conditions clear for everyone involved, to avoid miscommunication. 

Whenever a project like this is performed it is good to make an agreement that includes all 

parts responsibilities and decisions. When problems do occur it is very important to have an 

open mind and be able to compromise, because everything can happen.  

This project definitely shows that it is possible to combine a thesis in energy engineering with 

human rights. It will for as long as the solar panels generate electricity help children from 

difficult backgrounds with their education. Overall the project was successful and today the 

solar plant is supplying the boarding house with clean energy from the sun. 
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Appendix 1 Calculations 

 

 

 

 

  

Power consumption 
Total load on first floor 

Load Today Usage time (h) Power (W) Quantity Energy per load 

Ceilingfan 12 60 11 7,920 

Lights 6 11 12 792 

TV 6 100 1 600 

Refrigerator 12 200 1 2,400 

Computers 5 120 2 1,200 

  

   

  

Power consumption 1,332   12,912 

  

   

  

  

   

  

Total load on first and second floor 
Future Load Usage time (h) Power (W) Quantity Energy per load 

Ceilingfan 12 60 22 15,840 

Lights 6 11 24 1,584 

TV 6 100 1 600 

Refrigerator 12 200 1 2,400 

Computers 5 120 2 1,200 

  

   

  

Total power consumption 

 
2,124 

 
21,624 

Changes in power consumption when the second floor is build   

          

                                    

 

(2) 

                                                  
 

 
(1) 
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Area of the solar panel 

        

      Data 
Solar insolation: Jaipur, Rajasthan, India Efficiency 13% 

Solar plane orientation Tilt 27° Power consumption 1
st
 floor 12,912 

    Azimuth 0° Power consumption 1
st
 & 2

nd
 floor 21,624 

Month (Wh/m
2
, day) kWh/m

2
,month Least insolation/day (Wh/m

2
, day) 4,510 

January 5,230 162.1     

February 5,760 178.6     

March 5,950 184.5     

April 5,990 185.7     

May 5,870 182.0     

June 5,580 173.0     

July 4,680 145.1 Calculations 
August 4,510 139.8 First floor:   

September 5,300 164.3 Area (m
2
) 22.02 

October 5,600 173.6     

November 5,270 163.4 First and second floor:   

December 5,060 156.9 Area (m
2
) 36.88 

Average 5,400 167.4     

          

Month with least insolation/day: August     

          

 
                 
                    

 

          
             (3) 
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Battery bank 
          

      Data 
16 Batteries (12V, 200Ah) Power consumption, 1

st
 floor 12,912 

4 in series (48V) x 4 in parallel (800Ah) Power consumption, 1
st
 & 2

nd
 floor 21,624 

  

Discharge time (days) 2 

Charging losses 10% 

Discharge limit 70% 

    

Battery data   

Voltage (V) 12 

Battery capacity (Ah) 200 

    

Calculations 
Battery bank, 1

st
 floor (Wh) 40,580 

Battery bank, 1
st
 & 2

nd
 floor (Wh) 67,961 

    

Energy/battery (Wh) 2,400 

Battery quantity, 1
st
 floor 17 

      Battery quantity, 1
st
 & 2

nd
 floor 29 

          

  

                                                          (4) 

                                                       

               
                  

 (5) 

                 

                     
                   (6) 
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Appendix 2 Non-technical circumstances 
 
This appendix is written to explain the non-technical circumstances in the project. There were 

extensive work made in addition to the technical part, like a risk analysis, the economics, the 

preparation work and cultural challenges. These were all big parts of the project, but not a 

main part of the technical report.   

Risk analysis 

Identified 

risks 

Description Probability 

Rate 1-5 

5=highest 

Consequence 

Rate 1-5 

5=highest 

Risk 

value 

Economics Not finding sponsors and 

scholarships to fund the project. 

2 4 8 

Health The authors getting ill at site.  4 3 12 

Resellers Not finding a reliable reseller to 

buy the material from. 

3 4 12 

Material 

delivery 

Not getting the complete 

delivery of the material on time. 

2 3 6 

AVI Unable to cooperate with AVI. 1 5 5 

Cultural 

differences 

Problem with the project due to 

cultural differences. 

3 2 6 

Safety Risk of exposure to crime 

(robbery, abuse, violence etc.). 

2 5 10 

Sponsor Companies leaving the project. 2 5 10 

 

The risk analysis was made prior departure; all identified risks were presented on a scale 

between one and five in both probability and consequence. Risk values ≥10 are discussed 

below. 

Health 

The risk to get ill during a long stay in India is high, as a precautionary measure, vaccinations 

were taken prior departure. To avoid diseases caused by bacterium, germicide was used. The 

MFS scholarship in cooperation with Halmstad University supplied insurances during the 

stay, as a precaution in case of emergency. 

Resellers 

The Indian market for solar PV’s is big and a market research was made in Sweden. Many 

companies were contacted for a solar package quotation. The chosen reseller gave a serious 

impression. The market research was time-consuming but important part to not risk failure by 

using an unreliable reseller. 
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Safety 

Due to resent events in India with high violence and a number of rapes on tourists, the 

personal safety became very important. Prior departure the recommendations from the 

Ministry of Foreign Affairs were considered. The recommendation was to avoid travelling by 

night for all tourists and never travel alone as a female tourist. During the MFS preparation 

course this risk was discussed and precautionary measures advices were given. 

Sponsors 

In this project the sponsors were essential as they contribute with a significant part of the 

money. If the companies left the project the consequence would be devastating. When 

sponsoring the project the company gets publicity. Using the money for the right purpose and 

properly is crucial to get attention associated with educational charity work. The companies 

will be offered a presentation of the project outcome afterwards.  

Pre-departure 

This project was made possible due to the many hours of preparation. In the early stage the 

biggest obstacle was the economics. Therefore the first step was to come up with a plan, on 

how to finance the material and the personal expenses. Another part was to prepare ourselves 

for facing another culture. Some of this was made with help from the scholarship we received 

from MFS, (Minor Fields Studies). In this scholarship a preparation course was included, held 

at Sida Partnership Forum in Härnösand. This course was about both practical and 

psychological challenges and was very helpful for us during our stay in India. Through this 

scholarship we also had the chance to experience more of India and its culture. 

Financing  

During the summer of 2013 we started looking at different ways to finance the project. We 

started with a rough budget, see the table below, and a minimum target of 100,000 SEK. If 

this goal was achieved we would go on with the project and use our personal money for the 

remaining amount. With this goal in mind we started looking for potential donors and 

scholarships.  

 

Expenses  

Power Plant 55,000:- 

Material (Fans, lights, tools etc.) 25,000:- 

Buffer 10,000:- 

Vaccination 3,000:- 

Visa 3,000:- 

Trip 15,000:- 

Living 28,700:- 

Total 139,700:- 

 

The first budget 
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We made a presentation about the project and started to contact different companies, who 

might be interested in “Good Will”-promotion. We presented the project at a Rotary meeting, 

a business mingles and got invited to promote our project at a networking lunch. The word 

spread and several individuals who wanted to contribute contacted us. All this work resulted 

in 85,000 SEK and a lot of experience about networking and presentation technique 

During this time we also applied for different scholarships such as MFS, Olof Palmes 

Minnesfond, Göran Sidéns 60-årsfond and ÅF-Forskningsstiftelse from where we received a 

total of 175,000 SEK. The response for our project was great and the total budget of 260,000 

SEK made it possible to enlarge the scale of the solar plant.  

On site 

After almost a year of preparations, we arrived to India in February 2014. There were a lot of 

impressions to take in and a lot of work to do. With only eight weeks on site it was essential 

to be effective and prepared for unexpected problems.  

The solar power plant 

Since AVI are planning to build another floor to the boarding house in the future the 5kW 

plant was appreciated. The plan from the beginning was to cover the energy need at the first 

floor, but with the money raised we had the opportunity to help them even more. With this 

bigger plant AVI will be able to provide almost the whole next floor with energy as well. 

When the time to build another floor comes, everything is prepared and they can move the 

plant one floor up. If AVI finds it necessary the numbers of batteries also can be increased in 

the future with another string. 

When handing over the solar plant to the organisation we also left money in a Solar 

foundation. The foundation is for future service/repair costs instead of switching the boarding 

house to grid-supply, in case of failure.  To make sure the money will be used only for this 

purpose an agreement was written, see Appendix 6 Agreements. 

Since there was not enough time to expand the project further with the excessive money, the 

individuals and companies who had donated money were contacted. After consultation with 

them we agreed on donating the rest of the money to the organisation. This resulted in a 

donation covering costs for flooring, doors, windows and kitchenware in the boarding house. 
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Summary of the budget outcome 

Expenses  

Power Plant 87,890:- 

Material (Fans, lights, tools etc.) 7,930:- 

Equipment building 16,210:- 

Electrician 3,120:- 

Vaccination 2,690:- 

Visa 2,130:- 

Flight 12,830:- 

Living 29,820:- 

Travels (study visit & cultural) 6,630:- 

Other costs (cell phone, food, clothes, bank 

etc.) 

9,000:- 

Solar power-foundation 15,750:- 

Total 194,000:- 

The solar plant will not require much maintenance, but to increase the knowledge about the 

solar plant for AVI’s staff, an instruction was written. It explains all parts and their area of 

application. 

 

Cultural differences 

Even with preparation, it is hard to imagine the cultural differences. We were prepared to 

meet people with different believes and thoughts, but it was still hard. Living with a local 

family makes the culture very noticeable and cannot be compared with being a tourist. 

Believes and thoughts affected us more than we were prepared for and it is not only about 

different religion, it is about the different lifestyles. Even though we had heard a lot about the 

caste system before, it was hard to picture. We came across it many times, especially on the 

working site at the boarding house. Early on we noticed that we were not supposed to do 

manual labour, instead our task was to supervise. Our intensions were to help out with 

everything, which was hard and sometimes impossible. We put them in a complicated 

position when we both wanted to help with the manual labour and brought a woman as well. 

The cultural differences created borders both between us as a group and between us and the 

construction workers. At the construction site we were not equals the way we imagined. We 

adapted as much as we could and they did the same by letting us help with their tasks. The 

caste system was a part of why we were not supposed to help, according to their believes you 

are born in to your job. We disturbed their balance by doing different people’s job and tried to 

make them more effective. The most important thing is not to be fast or earn money, it is to 

fulfil your given task and reach good karma. It is a beautiful thought that we in the western 

world should embrace in different parts of our lives. During this project it mostly created 

frustration when people did not show up as planed or when material was late.  
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The future boarding house 

The boarding house will be home for children from poor conditions. Today they live in a 

crowded area, partly due to their big families. The living standards are very poor and the 

families live in tents or very small apartments. This makes the possibility small to get a proper 

schooling. The children from these circumstances are not prioritised to get into school in the 

Indian society. With AVI´s help they will both get a home where the conditions are more 

preferable for a child and also an education in a private school. The boarding house will be 

their home during the week; where they will have a place to study and get help with their 

homework’s. During the weekends the children will be with their families and at the boarding 

house there is a room for visiting parents, AVI wants the transition to be as smooth as 

possible. Every child will have a sponsor who pays for living and education. The children will 

be under 11 years when they move in to the boarding house and will live there until they 

finish school. AVI´s hope is that more children from the lower castes will get an education, a 

human right for every child. 
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Appendix 3 Mounting structure 

Drawings made by Nordic India Solutions showing how the mounting structure is assemble. 
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Appendix 4 Nordic India simulation 

The reseller’s calculations and simulation of the purchased system, presenting exact 
insolation at site etc. 
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Appendix 5 Data sheets 

Presents technical data about the installed material, received from Nordic India Solutions. 
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Appendix 6 Agreements 

Appendix 6 presents the two agreements, which were made during the project. The first 

agreement was made with Nordic India Solutions and the second with AVI. 

 

Agreement: Solar Power plant in Sikar 
 

Buyer 

Kim Sjögren  

kimsjo11@student.hh.se  

 

 

 

Address in India: 

Blue Moon Cottages 

VP: Kanwar Pura, 

Sikar, Rajasthan, 

PIN- 332001 

 

Att: Madan Singh 

 

 

Agreement:  

The buyer has bought the following material for a solar plant, 5kW for a house in Kanwar 

Pura, Sikar.  

Material:     Quantity: 

 Multicrystalline Solar panels   20 

 Mounting structure for panels   20 

 Array junction box   1 

 Solar sine wave inverter   1 

 DC cables (PV-module to AJB)   160 

 DC cables (AJB to inverter)  20 

 AC cables (inverter to ACDB)  15 

 1-phase ACDB with metering  1 

 Earthing   1 

 Battery (12V, 200Ah)  16 

 Battery rack   4 

 Accessories   1 

 Packaging   1 

 Remote monitoring system  1 

 

 

 

 

 

 

 

 

Seller 

Nordic India Solutions Pvt. Ltd 

 

 

 

(The contact details was presented here in the 

original agreement) 
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Buyer and seller responsibilities will be fixed as following: 

 

Buyer’s responsibility 

 Do the civil foundation work  

 Do the installation and commissioning work 

 Get a sim-card and dongle to the remote control system 

 

 

Seller’s responsibility 

 The engineer will help and guide the mounting, the wiring and commissioning of the 

inverter 

 The engineer will arrive on the 3th of march 

 The engineer is included in the price of the solar power plant 

 Deliver all the material at buyers address 

 Supply buyer with local service support company 

 Send manual and warranty cards 

 

We have studied the terms and conditions of the installation of the plant, warranty of the 

products and for the services from the company and will abide by it. 
 
 
  
……………………………………………  ………………………………………… 
Buyer: Kim Sjögren Seller:  
Date:    Date: 
Place:    Place: 
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Solar foundation 

The solar power project, started by Mattias Ragnarsson, Daniel Linde and Kim Sjögren, here 

by donates money to the solar power plant in Kanwar pura.  

 

 Purpose:   Amount: 

 Solar power plant   150 000 Rs. 

 

 

We here by confirm that the money is in the hands of Mr Madan Singh and will be used for 

the above purposes. 

 

 

 

 
 

 

I Mr Madan Singh confirm that the money has been received and that it will be used for the 

above purpose. 
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Appendix 7 Instructions 

Instructions for 5kW solar power plant 
Kanwar Pura 

Solar panels 
There are 20 solar panels on the roof, each have a power of 250W. The solar panels are 

connected into five strings, 1kW each. This means that four solar panels are connected to each 

string. The cables from the strings go to the AJB (Array Junction Box) that is placed on the 

roof underneath the front row of panels.  

Maintenance for solar panels 

The solar panels get easily very dusty 

because it´s placed in a dusty area. When 

the panels become dusty the power output 

gets reduced.  Check the panels for dust 

once in a while and wash them at least 

once a month. This can be done by just 

taking a water hose and spray water on 

them. 

AJB (Array Junction Box) 

In the AJB the strings of the solar panels are connected. The five strings are connected and 

becomes one cable that goes down to the battery room. To the left inside the box there is one 

fuse for each string. In the middle there is a MCB (Miniature Circuit Breaker) for all of the 

solar panels and to the right there is a SPD, (Surge Protection Device). 

 

 

SPD  

Fuse for each string Solar MCB DC 
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PCU 

The PCU contains an inverter and a charge controller. The inverter is the unit that changes the 

DC current to AC. It also has a device inside that’s controls the battery charging.  On the front 

of the inverter is a display that shows AC-output, battery voltage etc and to the right of the 

display there are three small lights  

 SR = single color LED, PV polarity are connected correctly it shows Yellow. 

 BR = single Color LED, if Battery polarity are reversed it will glow Red or else it not 

glow. 

 PR = single Color LED, it sensing the AC Grid input 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Remote system 

The Wattmon remote system makes it possible to monitor the solar system from a different 

place. This can be done either by connecting the device to internet with an Ethernet cable or 

with a 3G USB Dongle. Then it is possible to go online and watch solar production, energy 

use, battery status etc. This is possible because the wattmon box behind the inverter is 

measuring the currents from the batteries and also to the inverter. There is also a memory card 

inside the Wattmon device that saves the information of the last 15 days. The Wattmon is 

powered by 12 volts so it gets power from one battery. 

 

SR 
BR 
PR 

ON/OFF Switch  

Memory card 
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Battery Switch 

On the wall in the battery room there is a box 

(Laky) that contains a switch to disconnect the 

batteries; it is a double 63A MCB  

 

 

 

 

Batteries 

The batteries are of the type 200 AH and 12 V each.  In the system there are two sets of 

batteries that are parallel; each set contains eight batteries in a series. This makes the total 

capacity 96V and 400 AH in the battery bank. Danger! Do not touch the poles (the metal) on 

the batteries; there is a lot of power that can be fatal to a human. Avoid the batteries if 

possible. 

 
 
  

Battery 
switch  
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Maintenance of batteries 

Every battery has six cells and one level indicator to each. The indicators show the level of 

fluid inside of the battery. The total amount of fluid in a battery is around 2 liters. The level 

has to be checked at least every third month so it does not get below the red line (on the 

indicator). When the level is starting to get low the battery has to be refilled with distilled 

water (distilled water can be bought at gas stations). 

 How to fill the battery: 

1. Unscrew the indicator, the whole white part. 

2. Pour in a little distilled water. Don’t overfill! 

3. Check the level by screwing on the indicator. 

4. Repeat until the level is at the green line. 

      

ACDB (AC Distribution Box) 

On the front of this box there is an energy meter that shows how big the load is at the moment 

and the total energy that has been used. Inside the box there 

is a switch for the AC side. In the up position solar power is 

used, in the middle position it’s off and down it’s for 

generator. Since there is no generator in this system this 

position will not be used. 

  

 

Green line, good level 
 

Red line, bad level! Refill  
 
 

Solar ON 
OFF 
Generator ON 
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Earthing 

There are two poles in the ground, which are for earthing. One of them is for lightning and is 

connected to the lightning conductor on the roof. This one will avoid that the structure hits by 

lightning and instead hits the lightning pole (that’s made out of copper) which leads the power 

from the lightning down to the earth.  Important! The lightning conductor is very often 

targeted by thieves because it is made of copper which is very valuable, have that in mind.  

The other one is for the structure and SPD, if the structure in some way becomes electrified 

the power will go through the copper wire to the ground. The SPD is for safety reasons. 

Important! Both these two are been installed to maintain the safety for both human and the 

facility purpose. Leave therefore the place for these holes alone and do not dig them up or 

place trees nearby. There is a special powder in the ground that makes them work better. 

 

How to switch On- and OFF the system 

Switching on and off the system is only necessary if something breaks and have to be 
replaced or repaired.  When the grid will be used instead of the solar system the only thing 

that needs to be changed is the switch on the wall of the boarding house and the solar system 

should still be on. 

 How to Switch ON the system: 

1. Turn off all of the loads (fans, lights, TV etc.) 

2. Put the AC-switch up inside the ACDB.  

3. Turn on the Battery-switch (Laky box) 

4. Turn on the Inverter 

5. Put the MCB on in the AJB on the roof 

How to Switch OFF the system: 

1. Turn off the MCB in AJB on the roof 

2. Turn off the Inverter 

3. Turn off the Battery-switch (Laky box) 

4. Put the AC-switch in off mode (in the middle) inside the ACDB. 

 

Structure  
Lightning 
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Foundation 

In March of 2014 there was given 150 000 Rs. for future repair and in case the batteries have 

to be changed in a couple of years. This due to the fact that the organization shouldn’t have to 

use other money for this purpose or stop using the solar power plant if something breaks. 

Future 

Due to the fact that the boarding house in the future will have at least one more floor the 

panels of the plant are oversized. This makes it possible to add 8 more batteries to the battery 

bank of the same type that’s already are placed.   

Contact details 

Reseller: 

Nordic (India) Solution Pvt. Ltd 

(The contact details was presented here in the original agreement) 

Service company:  

(The contact details was presented here in the original agreement) 

Wattmon 

(The contact details was presented here in the original agreement) 
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PO Box 823,  SE-301 18 Halmstad
Phone: +35 46 16 71 00
E-mail: registrator@hh.se
www.hh.se

Daniel Linde
Energy engineering - Renewable
Energy
Halmstad University
d.lindhe@hotmail.com

Mattias Ragnarsson
Energy engineering - Renewable
Energy
Halmstad University
mattias88ragnarsson@hotmail.se

Kim Sjögren
Energy engineering - Renewable
Energy
Halmstad University
kim.sjogren@hotmail.com

We, Kim, Mattias and Daniel, studied
the Energy engineering program
2011-2014. During our last year we
did this memorable journey and
project in India. We learn a lot from it
and are really proud to have made a
full scale working off-grid solar power
plant.


