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1. Introduction:

 

Solar power converts energy from the sun into electricity through the use of solar panels. A solar panel is a photovoltaic (PV) module that converts sunlight into direct current (DC) energy. This energy then flows into an inverter, converting it into alternating current (AC) energy that can be used to power homes, businesses, and even entire cities.

The three main types of solar power systems are: On-grid - also known as a grid-tie solar system. Off-grid - also known as a stand-alone power system. Hybrid - Solar system with battery storage with grid-connection. 

This guide will provide different examples to calculate the size of  Solar Panel, Battery and Inverter of Off-Grid Solar Power System. The report consists from the following parts: 


	Types of solar power system:

	Example 1: Simple calculations for Off-Grid solar power system  

	Example 2:  Simple calculation about solar panel 

	Example 3: Calculations of solar power system for Off Grid system 

	Example 4: Design of Off Grid solar system 

	Example 5: How to size Off-Grid PV system batteries 

	Example 6: How to size a Grid-Tie solar system 

	Example 7: Guide to designing Off-Grid and hybrid solar systems 

	Example 8: How to size your Off-Grid solar power system 

	Example of solar multi-function inverter/charger 

	References 



 

 

 




2. Types of solar power system:

 

a) Types of solar power system:

1. There are three types of solar power systems: On Grid, Off Grid and Hybrid Solar system. 
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2. Solar panels converts solar energy or sunlight to or DC power using what is known as photovoltaic effect.  

[image: Image]

3. The dc power can be stored on battery or converted by solar inverter into ac power which can be then used to run home appliances. Depending on the type of system, solar energy can either be fed into electricity grid for credits or stored into variety of different battery storage systems.

[image: Image]

4. Let’s first describe the common components used by all three types before going into more details about the off-grid system and how it works and how to size it

 




b) On-grid solar system:

1. The following is the general diagram showing on-grid system components. This type of solar system is the most common one. It is connected to the home to the traditional electricity utility grid. This type of solar power system  does not include any storage  battery.
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2. The solar power generated by the solar panels is continuously consumed by the appliances. In case the solar power system generating more power than the home is consuming, the access power can be sold back to the utility company under the scheme known as net metering.   
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3. When the solar system is not producing sufficient power, the balance power required by the appliances is drawn by the utility grid . This type of solar system requires few panels, wiring, boxes, disconnectors and inverter. The advantage of on-grid system is that they are much cheaper since they are less equipment than other types of solar power. This means lower initial cost. Also the operating cost of on-grid system is very low since solar panels have 20 to 25 years life span. Moreover the absence of batteries means lower maintenance works.
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4. The setback of this type of solar power system is that when the sun goes down, you are able to use any of the energy that the solar panels produced. 

 




c) Off-grid solar system:

1. Off-grid solar power system as the name suggests is completely independent solar power system with energy storage not connected to the main utility grid    
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2.  The solar panels are the only source of energy in an off-grid solar power system. Off grid solar power system are ideal for remote rural areas or applications where other power sources are either un available or impractical
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3. Off grid solar power system can be either ac-based systems in which case it includes inverter that convers the energy stored in batteries to ac power and feeds it to the ac appliances, or dc-based systems that are cheaper as they don’t need inverter but the power can only fed to dc appliances. This type of system is more expansive because it is bigger since its connected to electric grid. Thus requires more solar panels and batteries. One of the best things about this type of solar power system is that you don’t depend on the utility company. Another benefit when everyone else has the electricity your home will still have the power. This is very important to people with health conditions that require electronic devices or prefigurated medicines. More over because you are producing more electricity, you don’t have to pay bills to utility company. 4. On the other hand these systems come with some disadvantages. Higher initial cost. If you don’t have connection with utility company, you will need backup battery when there is no sun. Adding this source of  backup battery will increase your costs. Also if the weather is cloudy or rainy for few days you may run out of stored electricity.

 




d) Hybrid solar power system:

1. Hybrid solar power system is a solar power system with energy that is similar to on-grid solar power system that comes with energy storage system in the form of battery backup  
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2. In the last couple of years this type of solar power system is becoming very popular even though it is very expansive . When solar energy production exceeds the demands, the excess solar power is utilized to charge batteries and stored for later use. When the production is lesser than the demand, the stored energy from the batteries is used to make short fall   
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3. The hybrid system consist from the PV arrays, the charge controller, a battery and inverter. 




3.Example 1: Simple calculations for Off-Grid solar power system :

1. All these three types of solar power systems have their advantages and disadvantages. Customers can accordingly choose the type of solar power system that meets their electricity demands. After we covered the basics of the three system types , we will go in deep through the off-grid system. Let’s build solar power system to understand the role of each component. 

2. Solar panels are definitely the first component. Simple explanation about solar panels working principles. Solar panels comprise of PV panels that comprise from many smaller units called photovoltaic cells. Photovoltaic cells simply convert sunlight to electricity. Solar cells contain material such as silicon that absorbs light energy. The energy knocks electrons loose so they can flow freely and produce a different in electrical potential or voltage. The flow of electrons or negative charges creates electric current. Solar cells have positive and negative contacts like in a battery. If the contacts are connected with conductive wire current flows from negative to positive contact. Since we are dealing with off-grid systems then the only source of energy is coming from sun so we need batteries to store this energy and be able to use it during night and cloudy days. 
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3.  Connecting the panels directly to the batteries cause unlimited charging which they damage or explode the batteries. Off course we don’t want this to happen because the batteries are the most expansive components in this system. To avoid overcharging issues a charge controller should be installed between the panels and batteries. The role of charge controller is to protect by stopping the energy supply from PV panels to batteries when they are fully charged    

[image: Image]

4. As we previously said current produced by the PV panels is DC current. Charge controllers come also with DC outlet to supply loads that run with DC operating current.

5. Now we want to use the energy stored in batteries to power home loads like TV, lamps and so on.

[image: Image]

6. But most home appliances operate on ac current and so we need inverter to convert dc current to ac current. Another role of the inverter is to raise the voltage. The inverter converts the 12V dc current received from the batteries to 110V or 220 V ac current and supply it to the load.

[image: Image]

7. These are the most components in any off-grid system. Let’s move forward to see how to size these components.  The off-grid system could be 12 V or 24 V system. That means a 12 V or 24 V battery system. In both cases the PV panel selection must be higher voltage than the designed battery system to be able to charge the batteries. Therefore the voltage rating of the PV panel should be higher than the battery system voltage for the current to flow and charge the batteries 

8. The two common types of PV panels in the market are 36 cells and 72 cells panels. A single photovoltaic solar cell can produce open circuit voltage of about 0.6 V but when connected to external load the output voltage of individual cell drops to about 0.5 V. So in the case of 36 cells panel the output is 18 V and it is called the voltage at maximum power or VMP 18 V, considered is the optimal panel voltage selection to charge 12 V battery system. 

9. In the case of 24 V battery system, the 72 cells panel are selected because they provide an output voltage 36 V considered the optimal voltage to charge the 24 V battery.      
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10. We have determined the panel VMP. Now we need to determine how much energy in watt hours  or KWH daily that is important to know what equipment you are going to run and for how long during the day you are going to run it to perform accurate sizing and avoid oversizing and additional costs. So what we need to do is to store the amount of energy we are going to use it in a day in a battery bank and then we will size the solar panels array accordingly to be able to charge the battery bank in a given number of hours.

11. Let’s assume we have house with this list of appliances , so we need to size a battery bank to store and deliver a 6512 Watt Hour per day. 
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12. We need to account for the inefficiency  in the inverter, usually 10%. So 1.1*6516= 7167 Watt Hour per day

13. Next we need to account for the effects of temperature on a batter capacity to deliver energy. Lead acid batteries lose 30% of its capacity as temperature goes down. In our example, we will add 1.5 multiplier to our battery bank size to compensate for a battery temperature 20 °. 7167 multiplied by 1.5 is equal to 10750 Watt hour per day. 

14. Next we will account for efficiency loss when charging and discharging batteries. Typically  20% in efficiency for lead acid batteries and 5% for lithium battery when used. So  10750*1.2= 12900 Watt hour per day. So 12900 Watt hour per day is the maximum energy used 
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15. Next we need to consider the discharge depth or how much capacity is discharged from the battery. Sizing a lead acid battery for a maximum 50 % depth of discharge will extend the battery life. Lead acid batteries are commonly rated in Amper hours to convert Watt hours to Ampere hours divide by the system’s battery voltage., In our example 24 V battery system. In our example    12900 Wh/day divided by battery voltage 24 V equal to 538 Ampere hour per day (12900/24=538 Ah per day) 
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16. So 800 Ah per day battery bank is good selection for discharge depth selection.

17. Now we will determine battery capacity, we can size the solar panels. The system can be sized based on the month with the lowest solar resource. Typically December or January. So how many hours we have per day and winter if the site in united states and 2.5 sun hours is a good estimate but it could be lower or higher depending on the location. Let’s consider in USA  based on two and half peak sun hours. So 12900 Wh/2.5h=5160 Watt. This is the size of  PV panel array. 
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4. Example 2: Simple calculation about solar panel:

1. A solar panel is a photovoltaic (PV) module that converts sunlight into direct current (DC) energy. This energy then flows into an inverter, converting it into alternating current (AC) energy that can be used to power homes, businesses, and even entire cities. Solar panels rely on the sun's energy, making them an incredibly sustainable and eco-friendly energy option.

2. To calculate the solar panel size for your home, start by determining your average daily energy consumption in kilowatt-hours (kWh) based on your electricity bills. Then calculate your daily energy production requirement by dividing your average daily energy consumption by the system efficiency.

3. Next, consider the amount of sunlight available in your location, as areas with more sunlight require fewer panels. Determine the solar panel capacity by dividing the daily energy production requirement by the average daily sunlight hours.

4. Account for panel derating factor and inefficiency losses. Divide the actual solar panel capacity by the capacity of a single panel to determine the number of panels needed.

5. For example, if your average daily energy consumption is 30 kWh and the system efficiency is 80%, and you have an average of 5 hours of sunlight per day, you would calculate your daily energy production requirement as follows:


	Daily Energy Production Requirement = 30 kWh / 0.8 = 37.5 kWh

	Solar Panel Capacity = 37.5 kWh / 5 hours = 7.5 kW

	Considering the derating factor, the actual solar panel capacity would be = 7.5 kW / 0.85 = 8.82 kW

	If the capacity of a single solar panel is 300 W, the number of panels required would be: Number of Panels = 8.82 kW / 0.3 kW = 29.4 panels



6. Before installing solar panels, it is also crucial to calculate their output to ensure optimal performance. Usually, solar panels generate energy ranging from 250 watts to 400 watts per hour. But their actual output is influenced by a variety of variables, such as their efficiency, orientation, and location. 

7. Suppose there is an energy loss of 25%, then you can get the formula:

Daily watt hours = Average hours of sunlight × solar panel watts × 75%

8. The following is an example: If you reside in an area that receives 5 hours of maximum sunlight and your solar panel has a rating of 200 watts, the output of your solar panel can be calculated as follows:

Daily watt hours = 5 × 200 × 0.75 = 750Wh

That means a solar panel that has a capacity of 200 watts can produce approximately 750 watt-hours.

9. The efficiency of a solar panel refers to the amount of sunlight that is converted into usable energy. Panels with higher efficiency are able to generate more power from the same amount of sunlight. Therefore, it’s vital to consider the solar panel efficiency. Below is the formula to calculate it:

Efficiency (%) = [(Pmax ÷ Area) ÷ 1000] × 100%

In this formula, the Pmax stands for the maximum solar panel power; the Area equals the width times the length of solar panels; 1000 is the conversion factor that transforms power output per unit area from watts per square meter to percent.

10. For instance, assuming a solar panel has a surface area of 1.6 square meters and the highest power output of 200W, then its efficiency would be:

Efficiency = [(200 ÷ 1.6) ÷ 1000] × 100% = 12.5%

Thus, the efficiency of this solar panel is 12.5%, meaning that it can convert 12.5% of sunlight into usable energy.

 

 




5. Example 3: Calculations of solar power system for Off Grid system:

 

a) Main steps:

1. The Main steps for study of this project


	Site location.

	Calculation of the client electrical energy consumption on the solar system.

	Calculation of the Voltage of the batteries of solar system.

	Calculation of number of batteries. 

	Calculation of the number of  solar panels. 

	Calculation of the specification of the charging regulator.

	Calculation of the power of the power inverter. 

	Determine the inclination angle and orientation of the solar panels.



 

 




b) Site location:

1. I will assume that the solar system installation site is Homs city in Syris
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c) Calculating the customer’s electricity consumption in the solar system:

1. We need to determine the following


	Determine the inventory of the customer’s electrical appliances that he would like to operate in the network system

	Determine the capacity of each device in watts

	Determine the number of operating hours for each device

	Determine the starting power for devices that need starting current, such as refrigerators and motors



2. As example the consumer might has the following devices. The total power consumption of all devices is 2297 W

[image: Image]

3. We need to determine the consumption, and in order to determine the consumption, we must determine the operating time for each device.


	I will assume that the operating time for the light bulbs starts from seven in the evening until five in the morning. So, we have 10 hrs of operation. So, the total KWh consumption of light bulbs  is 520 Wh during the day.
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	I will assume that the television power is 170 W. And that the TV will be operated from 6:00 pm in the  evening to 9:00 pm. So the operation hours of the TV around 4 hrs. So, the total KWh consumption of the TV is 680 Wh during the day.



[image: Image]


	I will assume that the refrigerator  power is 300 W. And that the refrigerator will be operated 24 hr. So, the total KWh consumption of the refrigerator is 7200 Wh during the day.
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	I will assume that the washing machine  power is 500 W. And that the washing machine will be operated 1 hr. during the day. So, the total KWh consumption of the washing machine is 500 Wh during the day.
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	I will assume that the air conditioner  power is 1200 W. And that the air conditioner will be operated from 12:00 pm to 6:00 pm, which is around 6 hrs. So, the total KWh consumption of the air conditioner is 7200 Wh during the day.
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	I will assume that the laptop   power is 75 W. And that the laptop will be operated around 3 hrs. in a day. So, the total KWh consumption of laptop is 225 Wh during the day.
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4. From our example, the total KWh power consumption of all devices  during the day is around 16325 Wh/day. Which is around 16.3 KWh/day 
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d) Adding a percentage to the total power consumption in order to compensate for losses:

1. When have solar panel that has power 100 W, it delivers 100 W on STC (Standard Conditions). And these conditions can’t be met on certain times of the year. So, a 100 Watt solar panel can provide only 90 Watt or less in reality 

[image: Image]

2.  Temperature affects the power of the panels. The higher the temperature, the lower the power of the panels

3. The inverter does not convert the full power. That is, if about 100 W is input to the inverter, less than 100 W will come out as we have losses on the inverter

[image: Image]

4. Also we have losses on the charge controller.

[image: Image]

5. The DC to AC ratio, which is ratio between the power of the solar panels to the inverter power is around 1.25. The capacity of the solar panels must be more than the capacity of the inverter by more than 25 percent

[image: Image]

6. A certain percentage must be added to compensate for the losses. So our total KWh consumption during the day around 

16.3 KWh/day+ 16.3 * 0.2 KWh/day = 19.56 KWh / day  

[image: Image]

 

 




e) Calculation of the voltage of the batteries of solar system:

1. The total load power in our example is 2297 W. 

[image: Image]

2. 48 VDC battery voltage is the best for peak loads over 2000 W

 

 

 

 




f) Calculation of number of batteries 

1. To calculate the number of batteries we need 


	We calculated on our example the total KWh consumption during the day around 19.56 KWh / day  

	We determined the voltage of the batteries of solar system around 48 V.

	We must determine the Amper-Hour during the day 

	We need to calculate the days of autonomy 

	We must also count temperature compensation

	We must also determine the depth of discharge



2. The Amper-Hour during the day:
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3. The Ampere Hour per day that consumed by the loads can be calculated by

[image: Image]

4. So in our example the total Ampere Hour consumed by the load during the day: 

Ahd=19.56 (KWh/day)/48V=407.5 Ah/day

5. The battery capacity depends not only on the discharge rate, but also on the temperature. Therefore, temperature negatively affects the battery capacity, especially in cold weather

[image: Image]

6. In our example, I will choose Flooded (FLA) battery . In the Arab countries, they are warm countries and so I will assume average temperature during the year 25 C. So I will choose Temperature correction factor TC=1. 

7. We need to calculate the days of autonomy. During the year there are some  Cloudy days with no sun and these days are called days of autonomy. There is very week electrical energy that will not be enough to charge the batteries.
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8. Therefore, when calculating the number of batteries, we must take into account that they are capable of supplying loads for more than a day. Days of autonomy varies according to the country and the weather on that country. In Europe, the sun may disappear for seven or eight consecutive days, but in the Arab countries the sun does not disappear for more than one or three days at most. During these cloudy days, generating electricity from solar panels will be in its lowest form, so the batteries will feed the loads. In our example I will choose Days of autonomy to be 1 to reduce the cost of batteries

[image: Image]

9. Depth of discharge is very important factor. For example a 500 Ah battery with Depth of discharge 20 %, we discharge only 0.2 * 500 Ah= 100 Ah from the battery. I will assume that I will discharge the batteries completely at the rate 100%, DOD will be 100%. DOD affects the age of the battery. If we discharge the battery at the rate 100%, it can provide us 400 cycles of charge and discharge. If we discharge the battery at the rate 20%, it can provide us 3800 cycles of charge and discharge. 
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10. From our example, we can calculate the daily Amper Hour consumption of the batteries through the formula:
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	Ahd : The total calculated Ampere Hour consumed by the load during the day= 407.5 Ampere Hour /day

	TC: Temperature factor= 1

	DA: Days of Autonomy= 1

	DM: Design margin factor = 1

	DOD: Depth of discharge= 100%

	Aha : The total adjusted Ampere Hour consumed by the load during the day= (407*1*1*1/1)  = 400 Ah



12. Now we will choose a battery. I will choose rated capacity of 200 Ah 12V battery with the type Valve Regulated Lead Acid.   

13. The number of the parallel branches of batteries=(Total Ampere Hour consumed by the load during the day )/(rated Ampere Hour  capacity of one battery)= 400Ah/200 Ah= 2. So 2 batteries  must be connected in parallel to supply 400 Ah per day needed by the load. 
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14. The number of the batteries that must be connected in series in each branch to obtain total voltage of the batteries needed by the solar system (48 V)= (Total solar system voltage)/(The volage of one battery)= 48/12= 4

15. Total number of required batteries on the solar system= (Number of parallel branches)*(Number of required batteries to be connected in series in each branch)= 4*2= 8 batteries are required to supply the load consumption during the day.
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16. To connect the 8 batteries, 


	In each parallel branch:  the negative of the battery must be connected to the positive of the next battery. That must be done for the four batteries on each parallel branch 

	The positive of the first battery on the first parallel branch must be connected with the positive of the first battery on the second parallel branch

	The negative of the last fourth battery on the first parallel branch must be connected with the negative of the last fourth battery on the second parallel branch

	So we will get from the 8 batteries total Ampere hours of 400 Ah and total voltage of 48 V.
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g) Calculation of number of solar panels on the solar system:

1. To calculate the number of Solar panels on the solar system, we need to take into our account the average peak sunny hours during the day.  Which means we need to know the sunny hours in the  solar system site. We usually depend on the worst month that there is sun during the day, which is usually December.    

2. Otherwise we can consider the average shiny sunny hours during the day on a year. 

3. We can get  the average number of sunny hours during a day on any location from a website solargis.info. In our example, the website gave the average number of sunny hours during a day in Homs on Syria around PSH = 5.5 hrs. 
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4. So the total required power from the solar modules  to supply the load (Total required PV Modules size) can be calculated by:

(Total required PV Modules size) = (Total daily Watt Hours)/(Average daily solar radiation)= 19.56 KW/ 5.5h = 3556W=3.556 KW 

[image: Image]

5. You can obtain the world map of direct normal solar irradiation from the website solargis.info. You can get the average number of hours of solar irradiation during the day on any country.

[image: Image]

6. I will choose in our example solar panel from the company JA solar. And here the data sheet for the JA solar panel.    
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7. From the data sheet, the specification of the solar module 


	The output power of solar panel: 325 W

	The photo voltaic cells type is 4BB from type Polycrystalline

	Solar Panel operating voltage:   37.38 V

	Open circuit voltage: 46.38 V

	Solar panel operating current: 8.69 A

	Short circuit current: 9.17 A

	Allowance in solar panel power:  0-5 W, which means the solar panel can give me up to 330 W .

	The solar pane factor is around -0.41 %°﮿C. Which means that output power of the solar panel will decrease by 0.4% if the temperature increased by 1° 

	The solar panel weight: 23 Kg



8. So total number of solar PV modules= (Total required power from the solar PV modules to supply the load “Required total PV Modules size”)/ (Output power of one solar PV module): 

3556 W/ 325 W= 10 PV modules

[image: Image]9. So we need 10 Solar PV modules. And the output power of each PV module is 325 W. So can get total output power of around 3250 W from the 10 PV modules. So the total KWh that can be provided in a day from the 10 PV modules considering that the number of sunny irradiation hours in a day around 5.5 hr. =

325 * 10 *5.5 hrs.= 17875 Wh/day
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10. So the 10 PV modules can supply around 17875 Wh/day. We assume that the loads during the day morning and afternoon will be the refrigerator that has total KWh consumption around 7200 Wh/day and  the air conditioner that has total KWh consumption of 7200 Wh/day. So total KWh consumption during the day from the refrigerator and air conditioner will be  14400 Wh/day. The remaining KWh that can be supplied from the PV modules in the sunny irradiation hours (17875-14040=3475 Wh/day). The 3475 Wh/day is extra power during morning and afternoon and will be used to charge the batteries.   
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11. To be clear the 3475 Wh/day energy will not be enough usually to charge the batteries. You can add additional two solar PV modules on your solar system so the PV modules can be able to feed the loads during the day. Also the air conditioner will not work all the year, so the load power that was needed by the air conditioner will be used to charge the batteries during the days that the air conditioner does not work.

 












h) Choice of battery charge controller and inverter:

1. We can go to two choices. Either we choose charge controller or inverter combined with charge controller.  

2. We can select a charge controller from Victron company, SmartSolar charge controller. This is the data sheet for SmartSolar charge controller. We must choose a charge controller with battery voltage 48V. So the charge controller nominal PV power is 2000 W 

[image: Image]

3. We can choose two charge controllers. So, we have two choices in our example. Either we choose two charge controllers with separate inverter, or we select separate inverter that is combined with charge controller .  

[image: Image]

4. I will select inverter combined with charge controller. 

 

 




i) Calculation of inverter power:

1. I will select inverter combined with charge controller. 

Inverter Power= Sum of all loads power + Safety factor (around 25% -30%).
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2. Sum of our daily loads was calculated to be 2297 W. So the inverter power will be: 

2297+0.25*2297=2871.25 W.

3. Too many users complain that the inverter fails when operating a load that has startup current such as refrigerator. So we must calculate the startup current of the loads that have startup current such as the refrigerator, the air conditioner and washing machine.

4. The startup current of a load usually 3*operating current or 4*operating current. So:


	The 500 W washing machine consumes around 2000 W during startup.

	The 300 W refrigerator  consumes around 1200 W during startup.

	The 1200 W air conditioner  consumes around 4800 W during startup.



5. So when we count startup current power for the washing machine, the refrigerator and air conditioner, total system load power during startup will be : 

2000+170+75+4800+52+1200=8297 W.
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6. So without counting the startup current, total system load during operating condition will be around 2871.25 W. And when counting the startup current, total system load during startup condition will be around 8297W 


	Total system load during operating condition will be around 2871.25 W
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	Total system load during startup condition will be around 8297W 



[image: Image]

7. So we must select inverter that can withstand the startup current of the loads. 
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8. So I will select inverter from MUST company with 


	Nominal Battery System Voltage = 48 V

	Rated Power: 4 KW. So the inverter can supply a load during normal operation condition up to 4 KW.

	Surg Power (20 ms): 12 KW. Which means the inverter can supply power 12KW for 20 ms only.



9. So I selected the inverter from “Must” company. The inverter of the type “Inverter/Charger”. 


	The inverter includes solar charge controller “DC/DC” 

	The inverter includes battery charger “AC/DC”. This is battery charger that converts the voltages from AC to DC to charge the batteries from external AC source such as generator or AC supply network . 

	The inverter power during the normal operating condition is 4 KW, Which means it can supply a load up to 4 KW during the normal operation condition.

	The inverter combined with charge controller with technique MPPT. 

	The inverter has LCD screen.

	The charge controller and inverter efficiency can reach up to 98%. So the losses inside the inverter will be just around 2 %.

	The inverter has pure sine wave. 

	The inverter has USB port or RS485 port for monitoring.

	The inverter is compatible to work with generator to connect the generator with the charger that will convert the AC power to DC power to charge the batteries.



[image: Image]

10. This is the data sheet for the inverter
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11. This is the data sheet of the power inverter. 
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12. To calculate the number of solar PV modules, we go to the section “SOLAR CHARGER”. Then we go to “MPPT range @ Operating Voltage (VDC)”. Which gives 64-145 V for 48 mode. This is the range of the voltage of charge controller that must be met by the solar PV modules. So the solar PV modules must have the voltage range from 64-145V.

[image: Image]

13. When we go the solar PV module specification and the “SOLAR CHARGER” specification. The “SOLAR CHARGER” voltage is 64-145V. The solar PV module must meet this voltage. From data sheet of the solar PV module, the maximum power voltage (Vmp) will be 37.39 V for 325 W PV module. If we connect two solar PV modules in series, total voltage will be 78.78 V.  Which is in the range of   64-145V.
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j) Solar system connection :

1. This is the system connection in case we choose inverter combined with charge controller:

[image: Image]

2.  This is the system connection in case we choose two separate charge controllers and an inverter.
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6. Example 4: Design of Off Grid solar system:

 

1. These are the required steps to design the solar system


	Determine the required loads

	Calculate the number of solar panels

	Calculate the number of batteries

	Inverter size calculation

	Calculate the size of the charging regulator
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a) Determining  the required loads:

1. We will assume in this example these are the required loads on our solar system:



	Load type

	Number of devices

	KW power of each device

	Total load KW Power

	Operating hours of the load during the day

	Total KWH consumption of the load during the day




	Bulbs

	4

	9

	36

	7

	252 Wh




	Television

	1

	80

	80

	5

	400 Wh




	Electric Fan

	2

	65

	130

	8

	1040 Wh




	Refrigerator

	1

	250

	250

	10

	2500 Wh




	Labtop

	1

	80

	80

	4

	320 Wh




	Washing machine

	1

	250

	250

	2

	500 Wh




	Total

	 

	 

	 

	 

	5012 Wh/day





 

2. Total energy consumption of the loads during the day will be around 5012 Wh/day.

3. 20% must be added to compensate for the energy loss in the components of the solar system. So the total energy consumption of the loads during the day will be around: 5012*1.2=6014 Wh/day.

[image: Image]

3. Selection of solar system  DC voltage based on total loads as follows:


	12V= Small installations < 1200 W

	24 V = Medium installations =(1200 to 2400) W

	48 V = Large installations > 2400 W
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4. We will choose in this example that the solar system has 48 V DC. 

5. So if we selected 12 V battery, we will need 4 batteries to be connected in series to deliver total voltage of 48 V DC.  

[image: Image]

6. Also calculate the required current per day in ampere-hours:

Required current per day in Ampere-Hours= (Total energy consumption of the loads during the day)/(Selected solar system DC voltage)=(6014 Wh/day)/(48V)= 125.3 Ah/day
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b) Calculation of the number of solar panels:

1. Daily consumption of the total loads: 6.014 KWH/day

2. Sunrise hours= 5 hr

Note: Peak sun hours are the time when the intensity of sunlight is 1000 W/m2.

3. Total required power from solar panels = ( Daily consumption of the total loads)/ (Sunrise hours)=6.014 KWH/5hr= 1.202 KW.

4. Number of required solar panels= (Total required power from solar panels)/(Power of one solar panel)

5. Assuming that the solar panels we selected have a capacity of 320 watts per solar panel, so: 

Number of required solar panels= 1.202 KW/320 W= 4 solar panels.
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6. We can connect the solar panels either in series or parallel. Since our solar system voltage is 48 V DC. And the open circuit voltage Voc of each solar panel is 46.4 V. When we can connect two polar panels in series, will have total open circuit voltage Voc  =92.8 V, which will be greater than the Batteries voltage 48 V, and so we can charge the batteries in our solar system. 
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c) Calculation of the number batteries:

1. There are four factors to consider when calculating the number of required batteries.


	Daily load consumption

	Discharge depth

	Efficiency

	Solar system voltage

	Determine the number of days at which the sun sets

	Temperature correction factor



2.  We will assume that the sun sets for one day in winter. so required Ampere Hour current from the batteries during the day will be adjusted to : 

Required Ampere Hour current from the batteries during the day = 125.3 Ah/day * 1 days= 125.3 Ah /day.

3. If take the battery discharge depth into account, the required Ampere Hour current from the batteries during the day will be adjusted to:

Required Ampere Hour current from the batteries during the day= (125.3 Ah /day) /0.8=156.625 Ah/day

4. The battery to be purchased can be determined by the following specifications:
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5. If we assume the battery efficiency is 85%, the required Ampere Hour current from the batteries during the day will be adjusted to:

Required Ampere Hour current from the batteries during the day= (156.625  Ah /day)/0.85=184.26 Ah/day

6. So number of required parallel branches of batteries connections will be:

(Required Ampere Hour current from the batteries during the day)/(Amper Hour capacity of one battery)= 184.26 Ah/200 Ah= 1 parallel branch

7. Number of batteries on one parallel branch to be connected in series to deliver total required solar system voltage (48 V DC) = 

(Required solar system voltage) / (Rated voltage of one battery)= 48V/12 V= 4 

8. So we need only one parallel branch. And four batteries to be  connected in series on each parallel branch.
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d) Inverter size calculation:

1. For inverter selection, we need to calculate the startup current:



	Load type

	Number of devices

	KW power of each device

	Total load KW Power

	Startup current multiplier factor

	Total KW power of the load when counting startup current




	Bulbs

	4

	9

	36

	1.3

	46.8 W




	Television

	1

	80

	80

	1.3

	104 W




	Electric Fan

	2

	65

	130

	2

	260 W




	Refrigerator

	1

	250

	250

	3

	750 W




	Laptop

	1

	80

	80

	1.3

	104 W




	Washing machine

	1

	250

	250

	3

	750 W




	Total

	 

	 

	 

	 

	2014.8 W





 

2. When choosing the inverter, it must have higher rated power than calculated value. So, we can choose inverter with the following specifications:

Prated=3 KW, Vrated=48 V,  Irated=60 A.
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3. We have two types of inverters. Inverter that has only inverter function while the charging regulator will be separate device. Or Hybrid inverter which will be an inverter combined with the charging regulator.  
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e) Calculation of the size of the charge controller:

1. I will calculate here the size of the charge controller in case we chose separate charge controller and inverter:
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2. Assume that the solar panel has the following specifications:

P=320 W, Voc=46.4 V, Isc=9.05 A.

3. I will select 48V/ 60A charge controller.

4, We can calculate the charging current that will enter the charge controller for the short circuit current from the solar panels by:

Isc*Number of parallel branches of solar panels connections*1.25= 9.05*2*1.25=21.62 A

21.62 A is less than the rated current of our selected charge controller.

 




f) Overall solar system connections:

1. This is the overall solar system connections
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7. Example 5: How to size Off-grid PV system batteries: 

 

In the following article we are going to outline the steps you need to take in figuring out what size battery bank will suit your off-grid solar system.

 

a) Step 1: Figure out what your energy needs:

1. First things first, you are going to have to figure out exactly how much electricity each one of your homes appliances uses. You are going to need to go through each one of your homes appliances and check their power consumption. You can usually find a label on the back which states their wattage draw.  

2. For example like on this label of a washing machine. Note that it draws 470 watts. 
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3. You are going to have to make a note of this, for each one of your appliances, so I recommend getting out a pen and paper or alternatively open up a word document on your computer and get tabulating. For example, we are going to make an example list of all the things that run in this example:
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b) Step 2 - Add inverter load:

1. If you plan on using an inverter to convert DC to AC power then you'll have to account for inverter efficiency losses. Inverters always consume a small fraction of generated power when running.  Therefore you are going to have to add the consumptions rate of your inverter to your daily total. 

2. Each inverter has its own consumption rate so you are going to need to look at your own one to see what it draws. 

3. For example, let's assume you inverter uses 50 watts and runs for 8 hours a day, you are going to need to add that to your power load: 

Inverter load = 50 watts

Watts x 8 hours = 400Wh

Total load including your inverter = 9,760Wh + 400Wh = 10,160Wh

4. Also, you are going to have to account for inefficiencies in your overall system. Efficiencies usually range between 5% - 15% and depend on the type of inverter you use and how much load you draw. This is quite an important step to consider when sizing your off-grid solar battery, so make sure not to skip it. 

 




c) Step 3 - Calculate your battery size:

1. Batteries store collected solar energy for later use. The size of your battery will depend on the amount of backup power you will require to run your appliances. 

2. You may find that in the winter months it may make sense to add a backup solar generator to your off-grid system as there may not be enough sunlight to power your homes main solar system. 

3. When choosing your off-grid solar systems battery size, you need to consider system inefficiencies and temperature coefficients. The rate of inefficiencies depends on your overall solar setup (as always). In order to compensate for these inefficiencies you will need to oversize your battery bank.  In most scenarios a batteries output voltage will be rated either 12V, 24V, 48V or 120V. 

4. Your first step is to decide what battery voltage you are going to use in your PV system. Here's a rule of thumb to help you make your decisions: 


	12V = perfect for smaller solar systems

	24V, 48V = ideal for medium to large solar systems

	120V = great for very large solar systems. 



5. Take a look at your inverter spec sheet and see what the efficiency rate is, if it is 90% you will of course have to add 10% to your daily load sheet. So assuming your daily consumption is: 10,160Wh.

10,160Wh x 1.1 inefficiency = 11,176Wh.

6. Temperature fluctuations affect battery efficiency; you should expect batteries to become less efficient in winter. Both lead-acid and lithium-ion batteries operate and varying efficiencies in colder weather. Lithium-ion tends to operate at a better efficiency in winter.

7. Assuming you are using lead-acid batteries in your off-grid PV system you will need to multiply your battery capacity by 1.59%

11,176Wh * 1.59 = 17,769Wh (lead-acid)

8. If you use lithium-ion batteries in your build, multiply your required capacity by 1.2

11,176Wh * 1.2 = 13,411Wh (lithium-ion)

9. You also have to account for efficiency loss when charging and discharging the battery. 


	Efficiency loss for lead-acid = 20%.

	And for lithium-ion = 5%



17,769Wh x 1.2 = 21,322Wh (lead-acid)

13,411 x 1.05 = 14,081Wh (lithium-ion)

10. Lastly, you will need to figure out your days of autonomy. After you have correctly sized your battery, you will need to figure out how much power you will need to recharge it. Additionally, you will need to figure out how many days you will want your battery system to be able to supply you with energy in case there is a number of consecutive overcast days with no sun. Generally speaking, it should be between 2 - 5 days at least. 

11 Now, multiply your battery size by the number of days you want power should there be absolutely no sun. In this example, we will use 4 days, and assume we are using lithium-ion battery technology. 

14,081Wh x 4 = 56,324Wh. 

12. Most batteries are not measured in watt hours but instead in amp hours. Therefore, it makes sense to convert your amount into amp hours or Ah. To do this, simply divide the battery capacity by its voltage:

56,324Wh divided by 12 volts = 4,693Ah. 

13. Most solar systems will use 200Ah batteries, therefore: 4,693Ah = 23 solar batteries for your off-grid system. 

14. Keep in mind that you will also need to account for your batteries depth of discharge rates, for lead-acid it is 50% and for lithium 90 - 100%.  If you plan on building a lead-acid system you will essentially need to double your required battery capacity in order to have the correct capacity. 

 

 

 

 

 

 

 




8. Example 6: How to size a Grid-Tie solar system:

 

1. Online solar calculators can give a rough estimate of how much solar you need to power your home, but you may want to perform your own sizing calculations to fine-tune your choices. Here’s a step-by-step overview of the process we follow when sizing solar systems for our customers.

2. This article applies to grid-tie systems only. Off-grid systems are more complex because battery banks are sized independently of the solar array, so no two systems are quite the same. When sizing a solar system, follow these steps to find out exactly what will cover your energy needs.  

 




a) Step 1: Determine your average monthly kWh usage:

1. Determine Your Average Monthly kWh Usage. Statistics show that most people consume more electricity during the summer and winter, when the A/C or heat is running. If possible, collect your last 12 months of electric bills, then tally up your kWh usage and divide by 12 to get a monthly average.

 




b) Step 2: Determine your average daily kWh usage:

1. Calculate your daily kWh usage. Divide your monthly kWh usage by 30 to estimate your average daily kWh usage. The average American home uses about 900 kWh per month, so we’ll use that in our example:

900 kWh / 30 days = 30 kWh per day

 




c) Step 3: Estimate the amount of sunlight your solar panels will  receive:

1. Sunlight availability affects how much energy your solar panels generate. Use NREL’s GHI maps to see how many sun hours you can expect to get in your location.

2. Below is NREL's map for average annual sun hours in the US:

[image: Image]

3. Take the daily kWh target from step 2 and divide it by the number of sun hours in your location. For example, in Anaheim, CA, where GoGreenSolar is headquartered, we get about 5 sun hours per day:

30 kWh per day / 5 sun hours = 6 kW solar array

 




d) Step 4: Account for inefficiencies:

From there, we need to add a bit of overhead to account for inefficiencies and degradation rate of the panels. The output of solar panels drops slightly each year, which is outlined by their performance warranty. If your solar panel’s performance warranty guarantees 80% performance after 25 years, then their degradation rate is calculated as 20%/25 years, or 0.8% production loss each year. By the end of its lifecycle, a 400W-rated panel would only output 320 watts.

2. In addition, solar panels are tested in ideal conditions ‒- a temperature-controlled lab with nothing obstructing the panels. In the real world, solar panels often fall short of these lab-tested conditions, meaning they produce a bit less power than their wattage rating.

3. Because of these factors, it’s wise to budget extra solar capacity so that you can reach your target production figures after accounting for the inefficiencies of the system.

20% is a good amount of headroom to account for inefficiencies. Multiply your solar array size by 1.2 (120%) to account for this:

6 kW x 1.2 = 7.2 kW solar array

 




e) Step 5: Full or partial offset?

1. Most grid-tie homeowners choose to offset 100% of their energy needs with solar. But it is also possible to start with a smaller system for partial offset, and then expand down the line as the budget allows for it.

2. If partial offset is your goal, you can account for that here. For example, let’s say you want to start by offsetting half your energy usage with solar:

7.2 kW solar array * 0.5 = 3.6 kW solar array

3. In this scenario, a 3.6 kW array would cover 50% of your energy usage, cutting your electric bill in half.

 




f) Step 6: Determine how many solar panels you need

1. Once you have your final array size, simply divide by the wattage of your desired solar panels to figure out how many panels you need.

2. Using our example of a 7.2 kW (7,200-watt) array for 100% offset, here's a sample system that would cover our needs:

7.2 kW solar array with 400W Phono Solar panels: 7,200 watts / 400 watts = 18 panels

 

 




9. Example 7: Guide to designing Off-Grid and hybrid solar systems:

 

1. Before purchasing any equipment required for a solar battery (hybrid) or off-grid power system, it is very important to understand the basics of designing and sizing energy storage systems. As explained below, the first part of the process is to use a load table or load calculator to estimate the amount of energy needed to be generated and stored daily. If you cannot develop a load table, a professional solar installer or system designer should be consulted.
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a) Step 1 - Estimate the loads

1. The most important part of designing any off-grid solar or battery system is calculating how much energy is required per day in kWh. For grid-connected sites, detailed load data can often be obtained directly from your electricity retailer or by using meters to measure the loads directly. For off-grid or stand-alone power systems, always start by using an off-grid load calculator (load table) for summer and winter. The load table can also be used to estimate surge loads, power factors, and the maximum demand required to size an appropriate off-grid inverter.

 




b) Step 2 - Battery sizing

1. Battery capacity is measured in Ah (Amp-hours) or Wh (Watt-hours). Lead-acid (deep-cycle) batteries are sized in Ah, while lithium battery capacity is generally measured in kWh (kilowatt-hours). After using a load calculator to estimate the average daily loads in kWh, you need to determine the number of days of autonomy (continuous days without sunshine) you require the battery to last. Typically, two days is the minimum for lithium battery systems, while the less efficient lead-acid batteries are generally sized for three or more days.

2. Additionally, all loss factors must be considered to ensure the battery size is adequate to meet the loads, including inverter losses, temperature derating for lead-acid batteries, maximum allowable depth of discharge (DoD) and round-trip efficiency. Also, consider battery type and chemistry, battery voltage range, and maximum battery charge rate (C rating)

 




c) Step 3 - Solar array sizing

1. A correctly sized solar array is required to charge the battery while also supplying the loads. As explained in more detail below, you must ensure the solar array is large enough while taking into account local conditions, including average solar irradiance throughout the year (peak sun hours), shading issues, panel orientation and tilt angle, cable losses, and temperature derating (loss factors). Photonik solar calculator https://www.photonik.solar/savings-calculator can help estimate solar generation throughout the year, depending on the panel orientation, location and shading losses.

 




d) Step 4 - Inverter selection

1. After steps 1 to 3 have been established, you can select a suitable solar inverter or MPPT Solar Charge Controller to match the solar array depending on the panel and string length, which will determine the string voltage. Always use a string voltage calculator https://www.photonik.solar/string-voltage-calculator to calculate the maximum and minimum string voltages to ensure the voltage does not exceed the input rating. Next, the primary hybrid or off-grid inverter must be selected to meet the continuous and surge loads, taking into account temperature derating and other loss factors explained in more detail below.

 




e) Step 5 - Backup generation source

1. After your solar system is sized correctly and you have estimated a suitable battery capacity, you need to consider a backup generation source such as a diesel generator, especially if you live in a temperate (colder) location. Even though a backup generator may only be needed for occasional use in winter, it needs to be sized correctly to power the loads and recharge the battery simultaneously. However, emerging technologies such as vehicle-to-load (V2L) can offset generator runtime in certain situations, as explained in our guide to using V2L in off-grid systems.

 




f) How to design a hybrid or off-grid system

1 Modern hybrid & off-grid energy storage systems have many specifications to consider before selecting and sizing an appropriate inverter or battery system. Many different system types are available, including grid-interactive inverter-chargers, hybrid inverters, complete systems with integrated battery storage (known as a BESS) and AC battery systems. Here, we guide you through the process and highlight the key requirements that must be considered when selecting and sizing equipment.


	Inverter power output - maximum continuous and surge ratings (kW)

	Configuration - AC or DC-coupled?

	Inverter charge rating (A)

	Solar PV array sizing (kW)

	Pass through power (A)

	Battery selection and sizing (kWh)

	Software and energy management

	Backup Power - Generators or V2L



 




g)  Inverter power ratings

1. Battery inverters, hybrid or off-grid, are available in a wide range of sizes determined by the continuous output power rating measured in kW or kVA. The inverter power rating depends on the inverter topology or design, the type of power conversion circuitry, whether it uses a transformer, the cooling system, and the operating temperature. Below are two main types of hybrid and off-grid inverters available.

2. Off-grid inverters use heavy-duty transformers, which are more expensive but provide high surge and peak power output and can handle high inductive loads. These inverters typically contain active fan-forced cooling systems to help maintain performance in high temperatures. Most of these inverters have integrated chargers and are grid-interactive, meaning they can also be used to create micro-grids or hybrid systems.

2. Hybrid inverters and AC-coupled battery systems generally use transformer-less inverters with 'switching transistors'. These compact, all-in-one inverters have lower surge and peak power output ratings but are more cost-effective because they combine the solar inverter (MPPTs) and battery inverter-charger into one integrated unit. They are also typically fully weather-rated, meaning they can be safely installed in more exposed locations, but direct sunlight should always be avoided.

 




h) Continuous power rating

1. The inverter should be matched (sized) slightly higher than the loads or maximum demand of the appliances it will be powering. Due to temperature de-rating in hot environments, the inverter should be at least 1.2 times larger than the maximum continuous summer demand. Depending on the application, this is often the most important specification to be considered when selecting a hybrid inverter, especially when using a hybrid inverter as a backup power source for dedicated or essential loads. Whether the loads are inductive or resistive is also very important and must be taken into account.

2. Maximum inverter demand is the highest continuous load expected from the inverter, typically over a 30-minute period. If possible, the maximum demand should be based on data measured using a metering device. If load data is unavailable, maximum demand should be estimated based on selected loads in a load table, typically including the highest power rating loads and any other loads likely to be used simultaneously. The selection should be based on a thorough understanding of the load usage patterns to ensure accuracy.

3. Comparison chart of the leading off-grid inverters with continuous and peak power ratings * (48V)
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i) Inverter sizing in kW or kVA

1. Something to be aware of is whether the inverter power rating is listed in kW or kVA (kilo Volt-Amps). Kilowatts is generally the more accurate rating. This can be a little confusing when sizing an inverter for your needs as many manufacturers list the kVA rating due to being greater than the equivalent kW rating. The general conversion ratio used for kVA to kW is:

kVA x 0.8 = kW

5.0 kVA x 0.8 = 4.0 kW

2. For example, a 5.0 kVA inverter roughly equates to a 4.0 kW inverter power rating. Another example is a 3000VA (3kVA) continuous power output inverter, which generally only outputs 2400 Watts (2.4kW) continuously, so approximately 80% of the ‘apparent’ power rating.

 




j) Off-grid inverter sizing

1. For off-grid installations, the inverter sizing is critical and must be sized to meet the total load (maximum demand) under all conditions. As mentioned, temperature derating is especially important as the inverter output is derated (reduced) at higher ambient temperatures. For example, a 6kW inverter rated at 25°C may only output a continuous power of 4.8kW at 40°C. This derating factor must be taken into account, especially in warmer climates.

2. Example - Victron Energy Quattro datasheet showing the difference Continuous power output at various temperatures.
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k) Inverter surge or peak power output

1. The peak power rating is very important for off-grid systems but not always critical for a hybrid (grid-tie) system. If you plan on powering high-surge appliances such as water pumps, compressors, washing machines and power tools, the inverter must be able to handle the high inductive surge loads, often referred to as LRA or Locked Rotor Amps.

2. The LRA rating is the absolute maximum amps an inverter can supply when starting a motor such as a compressor or large pump from a standstill. It's easier to understand the LRA rating as the maximum possible short-duration surge rating. Unlike the peak power rating, which can generally be sustained for up to 10 seconds, the absolute maximum surge or LRA output is usually less than 0.5 seconds. Not all inverter manufacturers will list the LRA rating, but it is often assumed to be 1.5 to 2 times the surge power rating. Refer to the manufacturer for clarification.

3. Power rating comparison chart of the leading hybrid and off-grid inverters. To be used as a guide only - refer to manufacturer specifications for full details.
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4. The amount of time the inverter can maintain the surge power output is also very important but can be misleading depending on how it is described by the manufacturer. For example, some inverters may specify the surge output of say 8kW, while others may specify 8kW for 60 seconds. When a surge time (in seconds) is not specified, the surge rating may only be sustained for 1 or 2 seconds. Generally, the high-end grid-interactive inverters have the highest surge ratings for the longest amount of time. 

 




10. Example 8: How to size your Off-Grid solar power system:

 

a) Step 1: Assess your energy needs

1. Before you even start looking into solar panels, you need to know what devices you’re powering and how much energy they use. Make a list of all the electrical appliances you’ll be powering, from lights and refrigerators to phone chargers and power tools.

2. Next, split your list into AC and DC devices. Anything with a normal household plug is an AC device. DC devices run on 12 volts (V), 24V, or sometimes 48V.

3. Once you know what devices you’ll be powering, you can determine each device’s wattage. You can find the wattage by looking at the manufacturer sticker, searching online for information about the device, or using a wattage meter to measure the wattage directly. Then, write down how many hours you use each device daily. It’s best to overestimate each time, just in case.

4. Create tables that look like this:
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5. You now need to decide if you want to use a 12V or 24V system. This will decide everything about your PV setup, from the inverter down to the solar panels you buy. Small systems, such as those on an RV or boat, should use 12V systems, while larger solar arrays do best with 24V.

6. A good rule of thumb is that if your energy needs are less than 1,000 watts, go for a 12V system. If you use between 1,000 and 3,000 watts, then a 24V system is best. If you require more than 3,000 watts, then you might even need a 48V system. 

7. The reason you want to raise the voltage for higher wattages is that it decreases the current that will flow through your system. Higher amperage systems cost more because you need to find heavy-duty parts that can handle the high current. They also generate more heat and can be dangerous to work with.

8. Base the voltage of your system on your estimated daily usage. In our example, the total daily consumption of our appliances, both AC and DC, is 900 watt-hours, but the potential peak power usage of our system is 1,325 watts. While we only expect to use 900 watt-hours on a daily basis, we want to accommodate our peak load, so we’re going to build a 24V system.

 




b) Step 2: Choosing a battery 

1. Now it’s time to find yourself a battery. What you want is a battery that can output the wattage you need to power all of your devices. Batteries are differentiated by voltage (V), representing power output, and amp-hours (Ah), which represents capacity. Wattage equals amps (A) times volts. For example, let’s say we are using a 12V battery with a 125Ah capacity, that battery will store 1,500 watt-hours of energy. On the other hand, a 24V 62.5Ah battery will also have the same 1,500-watt-hour capacity.

2. Since we’re installing a 24V system, we’re going to need a 24V battery. We also need a battery that can give us over 1,325 watts on a single charge. A 24V battery that can give us 1,325 watts will have a 55Ah capacity. To give us some headroom, we’re going to go up a few sizes and use a 70Ah battery. A 24V 70Ah battery will have a capacity of 1,680 watt hour.

3. You should also consider a battery’s depth of discharge, or DoD. This represents how much of the battery’s rated capacity you can actually use. Lead-acid batteries have a DoD of 50%, while lithium and Ni-Cd batteries have a DOD of about 80%, and flow batteries have a DoD of 100%.

4. For our example, we’re going to keep it simple and go with lead-acid batteries. Since they have a DoD of 50%, our 70Ah battery will only give us 840 watt hour, meaning we’re going to need two lead-acid batteries to fulfill our needs.

5. We also have to remember that the sun may not shine every day. We’re not always guaranteed to have ideal weather conditions for charging our battery bank. So we want to have several days of autonomy to keep us going when it’s cloudy. Let’s say we want three days of autonomy. That means we need to increase our battery capacity. Three 70Ah batteries would give us 5,040 watt hour, which is more than enough power to carry us through three days of bad weather.

 




c) Step 3: Choosing an inverter 

1. It’s time to start looking for a power inverter. Power inverters convert DC electricity to AC, and since solar panels generate DC power, we only need to worry about having enough capacity for our AC appliances. 

2. According to the loads chart, the total wattage of our AC appliances is 1,115 watts. You should always leave some headroom for safety, so an inverter with a capacity of 1,500 watts would suffice.

3. Unless you plan on powering very simple devices, you should buy a pure sine wave inverter to help your electronics run smoothly. Most of our everyday electronics can’t handle square wave inverters — they’ll make a humming or droning sound when turned on, and they won’t have much power.

4. Modified sine wave inverters are a cheaper option that serve as a halfway point between square wave and pure sine wave inverters. Still, the modified sine wave can cause sensitive electronics to malfunction and overheat, and motors will run less efficiently. Anything with a microprocessor, which encompasses just about all modern electronics, requires a pure sine wave to operate correctly.

5. The output your inverter should have depends on your needs. Most homes and businesses use 120V single-phase power. Larger appliances like stoves, washers, and dryers use a 240 V split phase. You should also keep in mind that most off-grid inverters can’t connect to grid power.

 




d) Step 4: Solar panel type and wattage

1. Now that we know how much energy we’re going to use and the size of our battery and inverter, we can start to calculate how much wattage we need from our PV system. 

2. Our battery bank can hold up to 5,040 watt hours. Let’s say we want our solar array to charge our battery bank within one day. If we assume that we get five hours of full sunlight daily, then we divide 5,040 watt hours by five hours, which gives us 1,008 watts. If we use 250-watt solar panels, then we take 1,008 watts and divide that by 250, which gives us 4.03 panels.

3. So, about four 250-watt solar panels should be able to fully charge our battery bank over the course of the day. Of course, we want to leave room for inefficiencies and changes in the weather, so we’re going to install five solar panels just to be safe.

4. Since we have 24V batteries, we also want 24V solar panels. The amp output of a 24V 250-watt solar panel will be 10.4A. This is under ideal conditions, as variation in sunlight will affect the power output, and the amp output, of our solar panels.

5. When wiring solar panels, you can choose to wire either in series or parallel. In series, you add up the volts while amps stay the same. In parallel, you add up the amps while the volts stay the same. You can also rig a combined series-parallel setup if you have a larger array with at least eight panels. All methods have their pros and cons, but because a PV system wired in series can completely shut down if there is a failure anywhere in the system, we’re going to wire in parallel. That means we will be adding the amps.

6. Each one of our five panels puts out 10.4A. So our total amperage will be 52A. We’re going to need to know this for our next step.

7. Remember that five hours of sunlight a day isn’t the norm. If you live in a sunny place like Southern California, then you might get a full five hours of sunlight all year round. But if you live in a place such as Seattle, which is known for overcast skies and rainy days, then you should plan to have a larger solar array to compensate for the lack of sunlight.

8. If the amount of sunlight drops significantly during the winter months, then you should size your solar panels based on the least amount of sunlight available during the year. If the available sunlight drops by half to 2.5 hours a day during the winter, then we would double the size of our PV array to 10 panels. 

9. You should also ensure that you have the right tilt and orientation for your latitude, as this affects your power output. Make adjustments to your array if you expect shading. You should add extra panels if you expect a large portion of your array to be shaded at any time.

10. Of course, there are other factors to consider when choosing solar panels. Higher-quality panels will give you more wattage and efficiency, meaning you’ll need fewer panels. This is something to keep in mind if you’re short on space. If you’re on a budget, lower-wattage modules cost less but require more solar panels. The best idea is to take a look at the range of panels produced by top-rated solar manufacturers.




e) Step 5: Charge Controllers

1. Charge controllers protect your battery bank as well as the electrical circuits in your PV system. They prevent the battery from overcharging and keep electricity from flowing from the battery to the solar panels at night. In short, you need a charge controller.

2. Charge controllers come in two types: PWM (pulse width modulation) and MPPT (maximum power point tracker). MPPT controllers are the better option, as the technology is newer and more efficient. MPPT controllers can regulate the voltage when the voltage from your solar array is different from that of your battery bank. PWM controllers are cheaper and ideal for smaller systems.

3. Like your battery bank and inverter, controllers should be rated to the capacity of your system in both amps and voltage. Mismatched charge controllers can result in energy losses of up to 50%.

4. Remember that the total amperage of our solar panels will be 52A, so we need a charge controller that can handle the amperage of our panels. Charge controllers come in a variety of voltage and amp ratings. Though our panels output 52A, we want to give ourselves some headroom for safety. After searching online, we found a PWM charge controller that is rated for both 12V and 24V systems up to 100 A. PWM controllers are best for PV systems wired in parallel.

5. Newer charge controllers have a feature called low-voltage disconnect, or LVD, which powers down the load when a battery is close to being discharged. This prevents the battery from fully using its capacity, as the chemistry in some batteries is such that it can be damaged from being excessively discharged. Though this feature may cost a bit extra, it’s especially useful if you want to prolong your battery life. 

 

 




11. Example of solar multi-function inverter/charger:

 

a) Introduction:

1. This is a multi-function inverter/charger, combining functions of inverter, MPPT solar charger and battery charger to offer uninterruptible power support with portable size. Its comprehensive LCD display offers user-configurable and easy-accessible button operation such as battery charging current, AC/solar charger priority, and acceptable input voltage based on different applications.

2. The main features of the multi-function inverter/charger:


	Pure sine wave inverter

	Inverter running without battery

	Built-in MPPT solar controller

	Configurable input voltage range for home appliances and personal computers via LCD setting

	Configurable battery charging current based on applications via LCD setting

	Configurable AC/Solar Charger priority via LCD setting

	Compatible to mains voltage or generator power

	Auto restart while AC is recovering

	Overload/ Over temperature/ short circuit protection

	Smart battery charger design for optimized battery performance

	Cold start function



 




b) Basic System Architecture

1. The following illustration shows basic application for this inverter/charger. It also includes following devices to have a complete running system 


	Generator or Utility.

	PV modules (option)



2. Consult with your system integrator for other possible system architectures depending on your requirements. This inverter can power all kinds of appliances in home or office environment, including motor-type appliances such as tube light, fan, refrigerator and air conditioner

[image: Image]

 




c) Product Overview:

1. The main architecture of the multi-function inverter/charger:


	1.LCD display

	2.Status indicator

	3.Charging indicator

	4.Fault indicator

	5.Function buttons

	6.Power on/off switch

	7.AC input

	8.AC output

	9.PV input

	10.Battery input

	11.Circuit breaker

	12.RS232 communication port

	13.Parallel communication port

	(only for parallel model)

	14.Dry contact (Optional)

	15.USB communication port (Optional)

	16.Grounding
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d) Operation:

d.1) Power ON/OFF

1. Once the unit has been properly installed and the batteries are connected well, simply press On/Off switch (located on the button of the case) to turn on the unit

[image: Image]

 




d.2) Operation and display panel:

1. The operation and display panel, shown in below chart, is on the front panel of the inverter. It includes three indicators, four function keys and an LCD display, indicating the operating status and input/output power information.
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d.3) LCD settings:

1. After pressing and holding ENTER button for 3 seconds, the unit will enter setting mode. Press “UP” or “DOWN” button to select setting programs. And then, press “ENTER” button to confirm the selection or ESC button to exit.
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d.4) Display settings:

1. The LCD display information will be switched in turns by pressing “UP” or “DOWN” key. The selectable information is switched as below order: input voltage, input frequency, PV voltage, MPPT charging current, MPPT charging power, charging current, charging power, battery voltage, output voltage, output frequency, load percentage, load in VA, load in Watt, DC discharging current, main CPU Version and second CPU Version.
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d.5) Operating mode description :

1. The operation modes of the multi-function inverter/charger.
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d.6) Fault reference codes :

1. The fault reference codes of the multi-function inverter/charger.
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e.7) Warning Indicators :

1. The warning indicators of the multi-function inverter/charger. [image: Image]

 

 




f) Specifications:

f.1) Line mode specification:

1. The line mode specifications of the multi-function inverter/charger.
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f.2) Inverter mode specifications:

1. The inverter mode specifications of the multi-function inverter/charger.
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f.3) Charge mode specifications:

1. The charge mode specifications of the multi-function inverter/charger.
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f.4) General specifications:

1. The general specifications of the multi-function inverter/charger.
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g) Troubleshooting:

1. The troubleshooting procedures for different types of problems that can occur during the operation of the multi-function inverter/charger.
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h) Installation:

h.1) Unpacking and Inspection:

1. Before installation, please inspect the unit. Be sure that nothing inside the package is damaged. You should have received the following items inside of package


	The unit x 1

	User manual x 1

	Communication cable x 1



 




h.2) Preparation:

1. Before connecting all wirings, please take off bottom cover by removing two screws as shown below.

[image: Image]

 




h.3) Mounting the unit:

1. Consider the following points before selecting where to install:


	Do not mount the inverter on flammable construction materials.

	Mount on a solid surface

	Install this inverter at eye level in order to allow the LCD display to be read at all times.

	The ambient temperature should be between 0°C and 55°C to ensure optimal operation.

	The recommended installation position is to be adhered to the wall vertically.

	Be sure to keep other objects and surfaces as shown in the right diagram to guarantee sufficient heat dissipation and to have enough space for removing wires



[image: Image]

2. Install the unit by screwing three screws. It’s recommended to use M4 or M5 screws.
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h.4) Battery connection:

1. Recommended battery cable 、stripping length (L2) and tinning length(L1

[image: Image]
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2. Please follow below steps to implement battery connection:


	Remove insulation sleeve 18 mm for positive and negative cables based on recommended stripping length.

	Connect all battery packs as units requires. It’s suggested to use recommended battery capacity.

	Insert battery cable flatly into battery connector of inverter and make sure the bolts are tightened with torque of 2-3 Nm. Make sure polarity at both the battery and the inverter/charge is correctly connected and battery cables are tightly screwed to the battery connector.
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h.5) AC Input/Output connection:

1. Suggested cable requirement for AC wires\

[image: Image]

2. Please follow below steps to implement AC input/output connection:


	Before making AC input/output connection, be sure to open DC protector or disconnector first.

	Remove insulation sleeve 10mm for six conductors. And shorten phase L and neutral conductor N 3 mm.

	Insert AC input wires according to polarities indicated on terminal block and tighten the terminal screws. Be sure to connect PE protective conductor first.



[image: Image]

3．Then, insert AC output wires according to polarities indicated on terminal block and tighten terminal screws. Be sure to connect PE protective conductor ( ) first.

[image: Image]

4．Make sure the wires are securely connected.

 




h.6) PV connection:

1. PV models:

[image: Image]

2. PV Module Selection: When selecting proper PV modules, please be sure to consider below parameters:


	Open circuit Voltage (Voc) of PV modules not exceeds max. PV array open circuit voltage of inverter.

	Open circuit Voltage (Voc) of PV modules should be higher than min. battery voltage



[image: Image]

3. Take the 330Wp PV module as an example. After considering above two parameters, the recommended module configurations are listed in the table below.

[image: Image]

4. Please follow below steps to implement PV module connection:


	Remove insulation sleeve 10 mm for positive and negative conductors.

	Check correct polarity of connection cable from PV modules and PV input connectors. Then, connect positive pole (+) of connection cable to positive pole (+) of PV input connector.  Connect negative pole (-) of connection cable to negative pole (-) of PV input connector.
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5．Make sure the wires are securely connected.

 




h.7) Final Assembly:

1. After connecting all wirings, please put bottom cover back by screwing two screws as shown below

[image: Image]

 




h.8) Dry contact signal:

1. There is one dry contact (3A/250VAC) available on the rear panel. When program 38 is set as “disable”, it could be used to deliver signal to external device when battery voltage reaches warning level. 

2. When program 38 is set as “enable” and the unit is working in battery mode, it could be used to trigger the grounding box to connect neutral and grounding of AC output together

3. When program 38 is set as “disable” (default setting)

[image: Image]

4. When program 38 is set as “enable”:
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12. References:

 

1. user manual for  “HYBRID SOLAR INVERTER/CHARGER (1.5KVA / 3.6KVA / 5.6KV)”. https://solartech.ro/wp-content/uploads/2022/02/1-22010G14219.pdf 

2. Learning video “how to size a solar power system for your home” at ”AMJEngineering” YouTube channel.” https://www.youtube.com/watch?v=a-JKbl1DlTA”

3. Learning Arabic video “The most important video in the field of solar energy, calculations step by step”  at “@FUTURESOLARTECHNOLOGY” YouTube channel. “https://www.youtube.com/watch?v=cVPBoIne2pM”

4. Learning Arabic video “Design of a complete 5000 watt solar power system sufficient to power a house-Sizing of solar system”  at “@PhysicalConcepts” YouTube channel. “https://www.youtube.com/watch?v=v9WGycRYVRs”

5. Article about ” How To Size An off-grid PV System? (Expert advice)”. Website:” https://www.bluettipower.com/blogs/news/how-to-size-a-solar-battery-expert-advice?srsltid=AfmBOoo2f09aHqdNTN5f0y0aPVqG0_6AKczvXYShZS96QIvi2T82yX7z”

6. Article about ” Guide to designing off-grid and hybrid solar systems”. Website: ”https://www.cleanenergyreviews.info/blog/designing-off-grid-hybrid-solar-systems”

7. Article about ” How To Size Your Off-Grid Solar Power System”. Website:” https://todayshomeowner.com/solar/guides/off-grid-solar-system-sizing/”

8. Article about “Sizing Solar Systems: A Step-By-Step Walkthrough”. Website: “https://www.gogreensolar.com/pages/sizing-solar-systems”
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Table 2 Inverter Mode Specifications
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Model Typical Amperage | _Cable Size Torque
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Take the 330Wp PV module as an example. After considering above two parameters, the recommended
module configurations are lsted in the table below.

[Solar Panel Spec.

SOLAR INPUT Qtyof | Total input Tnverter
((reference) Min in serial: 6 pes, max. in serial: 12 pcs | panels | _power Modol
Eroris M 6 pcsin serial S pcs | 1980W _|1.5KVA/3.6KVA/S GKVA|
o 1"':;'9 995A 10 pcs in serial 10pcs | 3300W 3.6KVA/S.6KVA.
0 12 pes in seral 12pcs | 3960W | 3.6KVA/S.GKVA
6 pieces in serial and 2 sets i porallel_| 12 pcs | 3960W_| 3. 6KVA/S.6KVA
8 picces in serial and 2 s in porallel | 16 pcs | 5260W S6KVA
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Maximum Power Pmax) 20w

Power Tolerance 0-<3%
Maximum Power Voltage (Vmp) 374V
Manimum Power Current Gmp) 256A
Open Ciraut Voltage (Vo<) AV
Short Gircuit Current (@sc) 9.05A
Nominal Operating Cell Temp N 4522
Madmum System Voltage 1000vDC
Maimeam SEres OVEroument protective device rating 154
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Appication Class A
Module Fire Performance Type 1
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12 V = Small installations < 1200 W
24 V = Medium installations = (1200 to 2400) W
48 V = Large installations > 2400 W
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 * Move a page forward if possible. The position, progress and page count are updated accordingly.
 */

function goForward()
{
	if (gCurrentPage < gPageCount)
	{
		gCurrentPage++;
		gPosition += window.innerWidth;
		window.scrollTo(gPosition, 0);
		updateProgress();
	}
}

/**
 * Move directly to a page. Remember that there are no real page numbers in a reflowed
 * EPUB document. Use this only in the context of the current document.
 */

function goPage(pageNumber)
{
	if (pageNumber > 0 && pageNumber <= gPageCount)
	{
		gCurrentPage = pageNumber;
		gPosition = (gCurrentPage - 1) * window.innerWidth;
		window.scrollTo(gPosition, 0);
		updateProgress();
	}
}

/**
 * Go the the page with respect to progress. Assume everything has been setup.
 */

function goProgress(progress)
{
	progress += 0.0001;
	
	var progressPerPage = 1.0 / gPageCount;
	var newPage = 0;
	
	for (var page = 0; page < gPageCount; page++) {
		var low = page * progressPerPage;
		var high = low + progressPerPage;
		if (progress >= low && progress < high) {
			newPage = page;
			break;
		}
	}
		
	gCurrentPage = newPage + 1;
	gPosition = (gCurrentPage - 1) * window.innerWidth;
	window.scrollTo(gPosition, 0);
	updateProgress();		
}

//Set font family
function setFontFamily(newFont) {
	document.body.style.fontFamily = newFont + " !important";
	paginateAndMaintainProgress();
}

//Sets font size to a relative size
function setFontSize(toSize) {
	document.getElementById('book-inner').style.fontSize = toSize + "em !important";
	//To prevent 1 page chapters from not reflowing to additional pages when increasing the font size:
	if (toSize > 1) {
		gClientHeight = document.getElementById('book-columns').clientHeight;
	}
	paginateAndMaintainProgress();
}

//Sets line height relative to font size
function setLineHeight(toHeight) {
	document.getElementById('book-inner').style.lineHeight = toHeight + "em !important";
	paginateAndMaintainProgress();
}

//Enables night reading mode
function enableNightReading() {
	document.body.style.backgroundColor = "#000000";
	var theDiv = document.getElementById('book-inner');
	theDiv.style.color = "#ffffff";
	
	var anchorTags;
	anchorTags = theDiv.getElementsByTagName('a');
	
	for (var i = 0; i < anchorTags.length; i++) {
		anchorTags[i].style.color = "#ffffff";
	}
}



