1. INTRODUCTION

The purpose of this manual is to assist the users to know the basic function of their solar system, the basic routine maintenance to be performed and how to use the system correctly and safely in order to give it long life and enjoy trouble free and safe operation.
The manual contains an overview on the following aspects:-
a) Solar Power Basics

b) Solar Applications

c) Mini Grid Solar Systems

d) Solar System Maintenance and Operation

e) Safety

2. SOLAR POWER ( PV)  BASICS

· A solar photovoltaic (PV) system uses photovoltaic (PV) technology to produce environmentally friendly power from the sun. The sunlight emitted from the sun has a lot of energy that is converted by the solar panels into electricity through a phenomenon called photoelectric effect. 
· The solar panel is mounted in the best position to receive sunlight to generate electricity. The electricity produced depends on the intensity (amount) of sunlight that falls on the panels.
· Maximum sunlight in the southern hemisphere is received by mounting the panel(s) facing the north direction and inclined at an angle approximately equal to the latitude at a given location plus 10 degrees;
· Note

· The panel(s) should never be installed near shady objects.
· Partial shading should be discouraged as much as possible as it causes heating in some parts of the panel and ultimately damage it.
· During cloudy periods, light is less intense and a solar panel produces minimal power. A solar panel produces NO power during the night. 
· Panel performance deteriorates with temperature. The higher the temperature, the lower the power output. High temperatures are also destructive to the panel and can result in wear and tear over a period of time. Therefore panels are to be installed in a way which allows ventilation so as to keep temperatures low. This increases the life span of the panels.
3. SOLAR APPLICATIONS   

· Solar power can be used for the following applications:

· Lighting, TV and Radio.
· Refrigeration
· Solar Water Pumping
· Telecommunications
· Traffic Signs
· Small – scale industrial applications
· Cathodic protection of pipes.
· Note

· The REA Solar Project is concentrating mainly on power for lighting, TV, Radio and vaccine refrigeration and to a limited extent can be used for Solar Water Pumping.
4. MINI GRID SOLAR SYSTEMS
· The systems being installed by the Rural Electrification Agency (REA) are classified as mini grid solar systems.  They are mainly for use by schools and clinics. These normally require more power than ordinary households.

.

· The mini grid solar system comprises a solar array (group of solar modules), battery bank (group of battery cells), control unit, distribution lines and loads.
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4.1 Solar Array
· A solar array is a group of solar panels (modules) mounted on a support structure (steel frames) which in turn are firmly mounted to the ground or fixed on top of the battery room. The solar panels are connected in series and parallel to give a desired DC voltage and current output. The solar array is mounted facing north, with a defined tilt angle.
(Moved photoelectric effect to PV Basics and removed ammeter from here as it does not quite fit here and it is does not constitute a significant item on its own.)
4.2 Battery Bank
· The battery bank is a group of battery cells mounted on battery racks. The cells are connected in series and parallel to give desired DC output voltage and current. The battery bank is connected to the control unit. Electricity generated by the solar array is stored in the battery bank. When a load is switched on energy is drawn from the battery via the control unit where it is converted from DC to AC power at 230 volts.

4.3. The Control Unit 

· The control unit is made up of the following major components:-

a) Charge controller 
b) Inverter

c) Kilo-Watt-Hour-Meter

4.3.1. Charge Controller

· A charge controller is an electronic device whose main function is to control flow of charge into and out of the battery. It prevents the battery from being overcharged or over discharged. 
· When loads are switched on, power is drawn from the battery bank and it starts to discharge. If the process is done beyond a certain level the battery bank gets over-discharged and may never charge again. The battery is said to be dead. A battery with only a single damaged cell will not perform as expected.

· If the solar panel continues to charge the battery bank that is already fully charged, the battery become over-charged. Over – charging results in water losses and consequently damaged battery cells.
· Note

· Batteries are the weakest link in any solar system, are costly and need proper utilisation and maintenance.

· A charge controller protects the battery bank against overcharge and over-discharge by disconnecting the bank and loads respectively, at certain battery charge levels.
4.3.2. Inverter
· Solar photovoltaic modules (panels) produce DC power which is stored in batteries and the inverter module changes (inverts) the DC power in the batteries to AC power. The ANIT inverter unit is supplied with an input of 24Vdc from the batteries and it outputs a 230Vac 50 Hertz power supply which is the conventional mains supply in Zimbabwe.
·  In addition to the power inverting function, the inverter performs several protection functions, shuts down and outputs alarms associated with system malfunctions. 

· Battery Polarity: The system guards against wrong battery connection (battery polarity inversion). Note that this refers to the whole battery bank not the individual cells, but nevertheless due care must be observed when building the battery bank. Cells are connected in series by use of bus-bars that interconnect positive to negative terminals leaving one positive and negative terminals that will then be connected to the inverter unit.
· Battery Voltage: The system also protects itself against battery over-voltage (32Vdc) and under-voltage (20Vdc).
· Inverter Output Current: This is protection against output overload (when loads draw current beyond the maximum value the system can give) and output short circuit (drawing large current as a result of an abnormal and faulty condition in the output circuit).
· Thermal Protection: This refers to the system operating and environmental temperatures that must be kept within permissible working range. The system relies on forced ventilation mounted on the inverter unit as well as natural ventilation of the building. (-50C to +450C)
· Load Control: This monitors the load connected and a minimum of 10Watt load will enable the unit to run continuously. A lower load will make the unit switch off for 9 seconds and then on for 3 seconds to scan the load value.
· The system has visual and audio warning signs in the form of four different coloured light emitting diodes and a buzzer. Starting from left:

· Green: Lights up when input DC voltage (24Vdc) from the battery is present and detected by the system.

· Green: Lights up when output AC voltage (230Vac 50Hz) is present at the inverter output. 
· Yellow: Lights up when the inverter turns on.
· Red: Lights up when the system encounters a fault. In the event of a fault the inverter inhibits output and switches off, hence when the red led lights up the green (output voltage present) and the yellow (inverter on) leds extinguish and an audio alarm is sounded in the form of beeps. Each fault has its own count of beeps and must be manually reset by switching the inverter off briefly and on through the switch on the panel door.
Table 1 below gives a list of the possible faults, beep count for each fault.
	BEEP COUNT
	FAULT

	8
	Output Overload

	11
	Output Under-Voltage

	15
	Excessive Environment temperature

	16
	Output Over-Voltage

	17
	Battery Over-Voltage

	22
	Battery Under-Voltage


4.3.2. Kilo-Watt-Hour-Meter
· The Kilo-Watt-Hour (kWh) is a cumulative measurement of solar electricity.
It is the total amount of electricity produced by the solar panels. The cumulative electricity is measured by a Kilo watt Hour Meter in the Control Unit.
4.4. Distribution Lines

· The loads in classrooms/clinic blocks and staff houses are connected through overhead cables or bare conductors strung on the standard 9 m wood pole.
·  In order to minimise power and voltage losses the maximum distance between the solar generator and the furthest load will be limited to 150 m.  

4.5. Loads
4.5.1. Types of loads

· A load is any device that consumes power. Generally, for this project, loads are understood to be lights, TV, radio, vaccine refrigerator and pump.

4.5.2. Charge Utilisation Table.

· System load requirements are expressed in a Charge Utilisation Table, which shows the energy consumption of a load per day. 
· The table helps the user to estimate the impact of each appliance that he/she uses on the battery charge level.  The higher the power rating of the gadget and the longer it is switched on, the higher the amount of energy drained from the battery. 
· A gadget rated at 100 W and switched on for 10 hours per day will consume 1000 Wh/day while a gadget rated at 10 W and switched on for 10 hours per day will consume 100 Wh/day, ten (10) times less. 
· Proper load management requires conservative use of energy. This is achieved by switching off gadgets and lights not being used and minimising use of high power consuming gadgets such as tape recorders, TVs, etc. 
· Remember, the higher the rating of an appliance the faster it drains stored energy from the battery. Further the battery life depends on the levels to which it is discharged. A carefully used battery will last long. 
Note: For this project stoves, irons, heaters and other high power consuming 

          gadgets must never be connected to the solar system.  

Table 1: Charge Utilisation for a Standard Rural Clinic
	Item
	Quantity
	Watts (W)
	Hours (Hr)
	Total Energy (Wh/day)

	Clinic
	
	
	
	

	Lighting
	4
	  11
	 4
	 176

	Refrigerator (vaccines)
	1
	  40
	18
	 720

	Computer
	1
	150
	 4
	 600

	Staff Houses (3)
	
	
	
	

	Lights ( Kitchen)
	3
	  11
	3
	   99

	Lights (Lounge)
	3
	   11
	  4
	  132

	Lights (Bedrooms)
	9
	   11
	  2
	  198

	Television
	3
	    40
	  2
	  240

	Radio
	3
	    10
	  6
	  540

	TOTAL
	
	
	
	2 705

	Daily Energy Supply from Solar Array
	
	
	2 750


Table 1 above shows the common gadgets used in clinics and the daily energy consumption if used for the duration shown in the table. 

Table 2: Charge Utilisation for a Standard Rural School

	
	Usage
	Quantity
	Watts
	Time (Hrs)
	Total Energy (Wh/day)

	Admin Block
	
	
	
	
	

	Staff Room
	Lighting
	4
	11
	2
	88

	
	Radio
	1
	20
	4
	80

	Headmaster’s Office 
	Lighting
	1
	11
	2
	22

	
	Computer
	1
	150
	1
	150

	Senior Staff Offices
	Lighting
	2
	11
	1
	22

	Corridor
	Lighting
	2
	11
	0.5
	11

	Classroom Block 1
	Lighting
	2
	11
	2
	44

	Library
	Lighting
	2
	11
	2
	44

	Computer Classroom
	Lighting
	2
	11
	0
	88

	
	Computers
	2
	150
	2
	  600

	
	Sewing Machine
	2
	100
	2
	  400

	Staff Houses (6)
	
	
	
	
	

	
	Lights ( Kitchen)
	6
	11
	2
	132

	
	Lights (Lounge)
	6
	11
	4
	264

	
	Lights (Bedrooms)
	12
	11
	1
	132

	
	Television
	6
	40
	1
	240

	
	Radio
	6
	10
	4
	240

	Total
	
	
	
	
	2 557

	Daily Energy Supply from Solar Array
	
	
	
	2 750


Table 2 above shows the common gadgets used in schools and the daily energy consumption if used for the duration shown in the table. 

4.5.3. Connecting Loads
4.5.3.1. Lights

· REA solar systems are supplied with the high efficiency fluorescent lights.  Light fittings will be installed and connected by qualified technicians from REA. 
4.5.3.2. Radio and TV
· A DC radio/TV will not work when connected to the solar system.  Make sure, therefore that only AC radios/TV rated at 220-240 Vac are connected to the solar system. To ensure long hours refer to the Charge Utilisation Table.  
4.5.3.3. Vaccine Refrigerator
· Vaccine refrigerators rated 220 -240 Vac up to ---- W can be connected to the solar system. Refer to the Charge Utilisation Table for Standard Rural Clinics
4.5.3.4. Water Pump
            An AC pump with power rating up to 250 W can be connected to the solar system to 

            supply moderate amount of water for drinking and or irrigation. However this is only 

            possible at relatively small institutions where excess power is available for water

           pumping
5.  SOLAR SYSTEM OPERATION

In operating the Solar System the following steps must be followed.
· Make sure all the loads are disconnected by way of switching them off.

· Switch on the inverter on the panel door.

· Once switched on the inverter scans the connected load size for 3 seconds, which if less than 10W it switches off for 9 seconds. The cycle will repeat continuously until a load more than 10W is connected to the system upon which the inverter will remain on.

· If a fault occurs the inverter shuts down, red LED illuminates and the buzzer beeps.

· The inverter is reset by switching it off momentarily on the panel door and then switching it on again. Reset only after ascertaining the nature and rectifying the fault.

6. SOLAR SYSTEM MAINTENANCE

6.1. General 

· After the installation is complete, REA trains the end – user on system operation and basic routine maintenance. The aim of the training is to ensure that the end - user:

-understands basic system operation

-understands the basic routine maintenance to be performed on the system

- understands the correct and safe utilisation of the system

· REA will make at least one visit to the system within the first year of installation, during which routine maintenance is carried out and end – user training is reinforced.

6.2. Solar Array
· Do not allow partial shading of your panel from buildings and trees. If any buildings are erected in the vicinity of the solar array do ensure that no shadow is cast on the panels.

· If dust accumulates on the solar array surface, less power is produced. Always ensure that the solar array surface is clean. Soak a soft piece of cloth in lukewarm water and clean the panels. Do not use tough brushes as they might scratch the panels!!!
6.3. Battery

· Check the battery and make sure the plates inside are covered in acid. If acid level is low, top up using distilled water.
· Do not overfill when adding distilled water. Acid is very corrosive. Don’t allow acid to spill out. If it happens, clean it up using a wet cloth, and rinse in a bucket of water.

· Spread Vaseline or grease on the metallic battery terminals to prevent corrosion. If a whitish powder builds up on the battery terminals, clean up using a solution of soda and water. Smear grease or Vaseline on the terminals.

6.4. Lights

· Replace tubes when they start producing diminishing light. Make sure the switch is in the off position before replacing the tube. Do not switch lights on and off unnecessarily. This shortens the life of the tubes.

  6.5. Control Unit
· No maintenance by end – user is required on the control unit, but accumulating dust should be wiped off.

6.6. TROUBLE – SHOOTING GUIDE

	BEEP COUNT
	FAULT
	POSSIBLE CAUSE
	ACTION

	8
	Output Overload
	· Connection of excessive load(s)  to the system.

· Short circuit on the distribution system
	If overload is caused by excessive loads, switch off some of the loads, especially those of high rating, until nominal load is achieved.

If overload is caused by a short circuit, identify and switch off the line where short circuit has occurred. This can be achieved by switching off all distribution lines and switching them on one by one. The line that trips off the inverter has a short circuit and must be switched off until the short circuit problem has been solved.

· If problem persists call REA personnel


	11
	Output Under-Voltage
	· Battery is under charged. 

· One or more battery cells are dead.

· Control Unit is malfunctioning

	If problem is due to undercharging, allow the battery bank to charge to nominal level before resetting the inverter.  (Ensure that connections between the solar array , the control unit and the battery bank are intact)

If problem is due to dead cells or malfunctioning control unit these will need to be replaced or repaired by REA personnel.  
If problem persists call REA personnel

	15
	Excessive Environment temperature
	The ventilation system might be out of order or unable to cope due to excessive external temperatures
	Check to see if the ventilation system is working well. If ventilator is working allow the temperature in the room to drop by improving air circulation in the building. 

If problem persists call REA personnel 

	16
	Output Over-Voltage
	· Control Unit malfunctioning 

· Battery bank overcharged
	Call REA personnel

	17
	Battery Over-Voltage
	· Battery bank overcharged.
· Charge Control Unit malfunctioning 


	Call REA personnel

	22
	Battery Under-Voltage
	· Battery is under charged. 

· One or more cells are not working

· Charge Control Unit malfunctioning 


	If problem is due to undercharging, allow the battery bank to charge to nominal level before resetting the inverter.  (Ensure that connections between the solar array , the control unit and the battery bank are intact)

If problem is due to dead cells the cells will need to be replaced after REA personnel has checked.
     If problem persists call 
REA 


7. SAFETY

7.1. Human safety
Safety of persons using the solar system is of paramount importance. While every effort has been made to minimise the hazards that may emanate from the solar system, people using the solar system or carrying out routine maintenance on the solar system are at risk. The main hazards emanating from a solar system are as follows:-

a) Electric shock

b) Electric burns

c) Acid burns 
Solar photovoltaic modules (panels) produce DC power at a voltage of 24Vdc and a nominal current of 20 A.  The DC power is stored in batteries. The inverter module changes (inverts) the DC power in the batteries to AC power at 230 Vac 50 Hz power supply with a nominal current of 6 Amps. 
Electric Shock

An electric shock can occur upon contact of a human body with a source of voltage (DC or AC) high enough to cause sufficient current flow through the muscles or nerves. The minimum current a human can feel is about 1 mA. Higher current may cause tissue damage or fibrillation of the heart and in some cases death.
Lethality of a shock
The voltage necessary for lethal electrocution depends on the current drawn by the body, which in turn depends on the resistance of the human body. The resistance of human skin varies from person to person and hugely depends on the dryness of the skin. In general, dry skin isn’t a good conductor of electricity, having a resistance of around 10 000 ohms while wet skin has a resistance of about 1000 ohms.    

The table below shows the effects of various sizes of currents and voltages 

	Electric Current
	Voltage at 
10 000 ohms
	Voltage at 
1 000 ohms
	Maximum Power (Watts)
	Physiological Effects

	0.001 A
	10 V
	1 V
	0.01 W
	Threshold of feeling an electric shock

	0.005 A
	50 V
	5 V
	0.25 W
	Maximum current which would be harmless

	0.01-0.02 A
	100-200 V
	10-20 V
	1-4 W
	Sustained muscular contraction

(Can not let go current)

	0.050 A
	500 V
	50 V
	25 W
	Ventricular interference, pain, respiratory difficulty

	0.1 -0.3 A
	1000-3000 V
	100-300 V
	100-900 W
	Ventricular fibrillation. Can cause death


Note: The above table shows that when the resistance of a human body is low, around 
           1000 ohms, e.g. when the skin is wet, a voltage of 100 – 300 V can be fatal.   

Avoiding or minimising risk of shock
· Avoid working on or getting in touch with exposed live conductors of the solar system. If you need to attend to a malfunctioning appliance always switch off and unplug the appliance from the socket outlet before working on it.

· To minimise the impact of shock wear rubber shoes and or gloves when working on the solar system as these assist in decreasing the amount of current that can flow through the body into the ground.
· Avoid working on the solar system under wet conditions as resultant shocks can be severe and sometimes fatal.
Electric burns

Tissue heating due to resistance can cause extensive and deep burns. High voltage (>500 to 1000 V) shocks tend to cause internal burns due to large energy available from the source. Burns and other injuries can also be caused by intense heat light and blasts, as a result of an arc-flash due to electrical fault. DC power tends to cause continuous muscular contractions that make the victim hold on to a live conductor thereby increasing the risk of deep tissue burns.  
Acid Burns
Acid burns are caused when skin comes into contact with acid.  
First Aid

Electric Shock and Burns

In helping a victim of an electric shock the following must be done:-

a) Disconnect the power source if it is safe to do so. If the victim is in touch of an appliance attempt to remove the appliance using a non conductive objective such as a wooden broom. Do not attempt to touch the victim until you are sure the power supply is turned off. The source may also be lifted or removed, if possible, with the same wooden item. 
b) If there are other people around, instruct them to call an ambulance right away. 

c) Check for response and breathing. Yell to the person to see if he/she is conscious. Check to see if the area is safe of power supply. If safe start resuscitating the victim.  If you do not have first aid knowledge, call emergency services for an ambulance as quickly as possible.
d) If breathing and pulse are steady, attend to injuries. Cool the burns if any and cover with dressings that won’t stick. Never put ointments or oils onto the burns. If the victim has fallen from a height only move them if there is chance of further danger.  Try not to move them unnecessarily in case of spinal injuries or causing them excess pain unless you are satisfied that moving them is necessary to prevent further danger. 
Acid Burns
If acid spills on the body rinse the 
Contact our 
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