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Introduction
Specification of physical problem outline of work done

This report was written based on the local council request for an Electrical and Electronic Engineering specialist to design an off-grid Renewable Solar Energy System. This report details a solar photovoltaic power system designed for a remote location in Wales, which also doubles as an off-grid site. The solar energy resources in the area generate reliable and adequate electrical power that can supply the village with electricity 24 hours a day for a whole year. The designed electrical power system has been designed such that it provides self-sufficient electrical power based on the natural potential energy resources available in the geographical site of the village.

The following is a summary of the energy demand for the operation site. There are 100 small cottages, six community services buildings (two schools, a police station, hospital, two worship houses), 80 streets and traffic lights. The average rate of energy consumption is about 6 kWh per day per cottage, 75 kWh per day per school, 150 kWh per day for hospital and clinic building, 100kWh per day for the police station, 80kWh per week per worship building, and 1kWh per day per street and traffic light.  
The solar photovoltaic power system design includes solar panels, batteries, charge controller, inverter, and balance of the system. The balance of systems includes all the other subcomponents needed to safely install the solar power system, including fuses, circuit breakers, and electric cables. 
In the following sections, the design details are presented. Further to this, there are discussions on the solar power system's environmental impact and the applicable energy tariffs. 
Theory and design: Specify the theory you will adopt, design and calculation.

This section details the theory and design for calculating the solar power system needed to meet the site's energy demand. It starts with the calculations that are needed below. Then, the details of designing the solar photovoltaic systems are outlined a numbered steps for an easy identification process. 
The calculation of the cost of the electricity supply by the National Grid Electric Power for ten years, assuming a fixed electricity tariff [1,2, 3].

[bookmark: _Hlk94095257]The following section is the detailed calculations used to determine the electrical supply cost from the National Grid Electric Power for ten years, assuming a fixed electricity tariff.
Here is a confirmation of the various design parameters that are needed to meet the solar power system requirements. The 10-year energy requirement is 3983714.3 kWh. Assuming a fixed electricity tariff of 16 pence per kWh, the 10-year electricity cost is £ 637,395. 
The following section outlines a justification for the chosen Solar Energy Power System to generate electrical power for the village. 
The off-grid solar system is selected because it can store energy on batteries during outages, and homeowners can even choose to disconnect from the grid and rely on the system for power. The off-grid solar system is selected because of these five significant benefits:
· The declining prices of solar and batteries
· The flexibility to live just about anywhere
· You will save money long-term
· It is excellent for the environment

Designing the off-grid solar power system
The solar power system is an off-grid type, where all the solar power generated must be used on-site or stored in batteries, available to be used later at night or early morning before solar radiation. 
The main components of the off-grid solar power system consist of solar panels, batteries, charge controller, inverter, and balance of the system. The balance of systems includes all the other subcomponents needed to safely install the solar power system, including fuses, circuit breakers, and electric cables. 
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Designing the solar power system involves seven primary steps [5].

The following section presents the steps used to design the solar photovoltaic power system. The sources of information are selected from references [4], [5], [6], [7].

Step 1: Figure out how much energy demand there is

Based on the parameters of the energy requirements of the establishment as outlined in the questions, the total power needed is calculated from the various cottages, schools, police stations, hospitals, and worship centres.
The total energy requirement of the solar power system for the ten years is 3,983,714.3 kWh, as shown in the figure below. 

	Calculating energy usage

	 
	Quantity
	Daily energy usage
	Annual energy consumption (kWh)

	Cottage
	6
	100
	219000

	School
	2
	75
	54750

	Police station
	1
	100
	36500

	Hospital
	1
	150
	54750

	Worship
	1
	11.42857
	4171.428571

	Street light
	80
	1
	29200

	 

	Year 1 energy usage
	398371.4286

	Ten years of energy used
	3983714.286

	 
	 
	 
	 

	 
	 
	 
	 

	 

	Assuming fixed electricity tariff of 16 pence per kWh

	10-year energy costs are (£)
	637394.2857



[bookmark: _Hlk91978795][bookmark: _Hlk91978812]Step 2: Calculate wattage of solar panels needed

Once the total energy demand in a year is determined, the solar power system size must be calculated. 
The daily energy demand is 1091.429 kWh/ day and divided by an average of 4 hours peak sunshine hours = 272.9 kW
272.9 kW divided by 0.8 (system losses) = 341.1 kW.
Using a 300 watt solar panel is calculated from 341.1 kW/ 300 W = 1137 solar panels.
As a result, 1137 solar panels will be installed to deliver a 24-hour solar power supply to deliver the energy required for this project.
Step 3: Calculate the batteries needed.

Here we calculate, how many batteries are needed for the solar power system and the sizing needed. The formula used to calculate the battery capacity in Amp-hours (Ah) is calculated as:
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Thus, the battery capacity = [341,000 W/(0.85 x 0.6 x 24) ] x 2 
= 55731 Amp-hours
The Battery Capacity required for the system is 55731 Amp-hours.
[bookmark: _Hlk91980195]Step 4: Select a charge controller:

The primary function of the charge controller is to monitor the charging and discharging of the battery. It prevents the battery from being ultimately charged or discharged. This is important because overcharging can lead to the destruction of the battery, and undercharging decreases the battery life. Another fundamental reason to use a charge controller is to prevent a reverse current from flowing from the battery to the system.
The voltage of the solar panel array matches the 24 V voltage of the battery bank; as a result, a PWM charge controller will be selected. A pulse width modulation (PWM) charge controller is set to match the battery's input power irrespective of the power generated by the panels. The PWM will have a maximum amperage of 10 Amp with 24 voltages.

Step 5: Select an inverter:

Inverter deals with the following main objectives:
· Convert DC from PV module to AC
· Ensure that the cycle of alternating current cycles is 60 cycles
· Reduce voltage variations
· Ensure that the condition of the AC waveform is suitable for the application
Invertors used for solar PV systems are usually based upon the total wattage of the solar panels, as the invertor will be continuously converting the power generated. The second consideration one must investigate is the voltage level of the system.
Step 6: Select the Balance of System (BoS):

The BoS includes all the remaining solar power system components that allow safe installation, such as electric cables, fuses, and circuit breakers. 

The following section is the detailed calculations used to determine the cost of the small off-grid PV generator system.
Firstly, the capital cost of the hardware of the system. The capital costs of the off-grid solar system is £216, 012; with details shown in the table below:

	 
	Capital cost (£)

	solar panels
	113690.5

	Inverter
	56845.24

	Batteries
	22738.1

	charge controller
	11369.05

	balance of system
	11369.05

	 

	Total solar costs
	216011.9



The maintenance cost, assuming the cost of the spare components of the PV generator system per year is 10% of the hardware cost, and the power system needs two part-time maintenance technicians.
The total maintenance cost is £103,739.4. 
	 
	Costs (£)

	Spare parts
	63739.43

	2x Engineers salary
	40000

	 
	 

	Total Yearly maintenance costs
	103,739.4



The following section details how the provider pays the cost of the renewable solar energy system. Calculate an appropriate tariff (regular fixed monthly fee) must pay per cottage in order the payback period for this project is 10 Years. Assume a 0% interest rate on the capital.
 
The total cost of the solar renewable solar energy system is £1,253, 406. The cottage uses 54.9 % of the energy of the solar power system. Assuming a 0% interest rate on the capital, the tariff (regular fixed monthly fee) required is: £ 10, 301.97. This is calculated from daily tariff: £1,253, 406/ (365 days x 10 years) = £ 343.399/ day
Using an average 30-day equals  = £ 343.399/ day x 30 = £ 10, 301.97 a month tariff. 
The cottage must pay 54.9 % of £ 10, 301.97 a month tariff  = £5663.386
Hence, Each place (100 of them) must pay a £ 5663.386 monthly tariff to achieve a 10-year payback period. 
Discussion

The following section discusses the cost of electricity tariff generated by National Grid power and the off-grid solar energy system after cost recovery.

The electricity tariff from the National grid takes the total energy costs for ten years to £ 637, 395. In comparison, the total solar power costs (maintenance plus capital) is £ 1, 253, 406. The difference in costs shows that the solar power system costs more than twice the national grid-supplied electricity. 
Nonetheless, the solar power system is reliable in an off-grid remote location, which benefits the community with no reliable access to the grid. 
A key factor to be considered for the national grid costs is that a fixed price was used in the analysis and calculations. This fixed price is not realistic because there will be an increase in prices for mainstream electricity over time. As can be seen in recent energy price hikes, the energy prices have even gone over the United Kingdom energy price caps, which has pushed a lot of people on low incomes into energy poverty, where people are genuinely struggling to make ends meet with their energy prices increase. As a result, the overall figure costs for the National grid is expected to be significantly higher than it currently is. 
When you double the price of electricity from the National grid, the total costs of electricity increases. Although the solar price is higher, that solar price is a more realistic value taking price increase into real consideration. Energy prices that are purchased tend to reduce at wholesale; however, it is almost certain that the price of electricity to the council will not reduce. 
Also, inflation affects the price of electricity that the national grid outlay to the customers. Inflation is usually at 2 per cent, thus, it may be reasonable to increase the electricity price at 2 per cent per year over the ten years to gain a more realistic national grid electricity price. Such real national grid electricity prices will be essential to gauge how far the solar power system compares. 
Solar power system financial analysis generally looks at the payback period. Compared to the current alternative, the payback period is how long it will take to recoup the investment made in the solar power system. The non-static national grid electricity price should allow a realistic comparison to gauge the payback period. 
Apart from the wholesale price of electricity, the carbon prices of the primary energy generating sources such as coal and natural gas significantly affect the electricity the national grid provides to the council. In ten years, the carbon pricing of the companies that burn this primary energy to convert to electricity will increase. This increase will be because there will be fewer coal and natural gas resources. Thus, with more demand and less supply in the future, by mere economics, then the prices will push up. Also, the national grid's assets to distribute the electricity will need maintenance. As the age of the assets increase, the costs of maintenance will increase, of which the national grid will have to pass the costs down the line to the paying customer. 
On the other hand, the various components of the solar power system have been selected to have the best qualities and consequently higher prices. The higher costs of the components are warranted to ensure quality and guarantee. For example, the solar panels are of good quality and expected to deliver electricity output even after 25 years of operation. The solar power system has minimal maintenance costs compared to the maintenance costs of national grid systems [8], [9]. 
The following section discusses the environmental impact.
The solar power system has a better environmental impact than electricity from the national grid. 
Firstly, assuming the electricity from the national grid is from non-renewable energy sources such as coal, then the off-grid solar system is immensely friendly to the environment. Electricity produced from coal and natural gas-fired stations has such a significant pollution impact on the climate that coal is expected to be cancelled from the United Kingdom primary energy supply systems. People living around the coal-fired stations are exposed to high volumes of carbon emissions that affect their lives and livelihoods. People exposed to high amounts of carbon emissions develop acute and chronic diseases with long-term impacts. 
Solar power systems have an inherent carbon impact that comes from manufacturing solar panels, batteries, and the other components mentioned in previous sections. However, the carbon impact is that low compared to the extensive emissions from coal, fired power stations. 
Secondly, even in situations where the national grid electricity is sourced from renewable energy, this grid energy is still less sustainable than solar produced locally. This is because there are transmission losses with grid mains electricity while solar produced in remote off-grid locations is a localised energy source. In addition, there are a lot of carbon emissions emitted even from the distribution of electricity produced from off-grid wind farms or large solar farms that must be considered if the environmental impact is of great concern [7], [8], [9]. 


Conclusions 

The off-grid solar power system was designed for a locality in Wales with no reliable access to the National electricity grid. As a result, a solar power system was designed to deliver electricity to the community.
The design study shows that the main components of the off-grid solar power system consist of solar panels, batteries, charge controller, inverter, and balance of the system.
Also, the design indicates that solar power system has a better environmental impact than electricity from the grid. The design shows that an average of 3 hours of sunshine is sufficient to produce enough electricity based on 1137 solar panels and generates daily energy usage of 1091.429 and annual energy usage of 398371.4.
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Battery Capacity (Ah) = Total Watt-hours per day used by appliances x Days of autonomy
(0.85 x 0.6 x nominal battery voltage)
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