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Solar Basics 

 The sun is a source of energy and is known as solar energy.  

 The portion of solar energy which reaches the outer parts of the earth’s atmosphere in a 
rectangular angle is called solar constant.  

 The solar constant at the outer earth atmosphere averages per year at approx. 1,037W/m2.  

 About 1,000W/m2 of this power reach the earth’s surface.  

 The energy accumulated by this radiation is about 2,200kWh/m2 at the equator and 
800kWh/m2 at the polar circles. 

(Mikl, 2014) 
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Solar Radiation 

 Power produced by PV arrays is directly proportional to sunlight intensity 
 The sunlight intensity on PV array is dictated by cloud cover and array orientation 
 Cloud cover decreases sunlight intensity and diffuses sunlight 
 Array orientation (tilt angle and azimuth angle) impacts the extent of direct and diffuse 

lights reaching the PV array 
 

Irradiance: Direct/Diffuse Ration & Installation 

Direct/diffuse ration dictates tilt or tracking installation 

Solar resource 

Irradiance is power (unit: watt/m2); irradiation is energy (unit: watt-hour/m2/day or watt- 
hour/m2/year). Solar irradiance is the sun’s radiant energy incident on a surface of unit area 
expressed in units of kW/m2. Diffuse could be considered “scattered” light; direct light is non- 
scattered light reaching the device directly from the sun. Peak sun is the irradiance when it is 
1000 W/m2; peak sun hours are equivalent to the number of hours that the solar irradiance would 
be at a peak level/power of 1kW/m2 

Solar Irradiation or Insolation (kWh/m2) 
Solar irradiation (energy) or solar insolation is equal to total solar irradiance (power) over time. 
Solar irradiation is the sun’s radiant energy incident on a surface of unit area expressed in units 
of kWh/m2 

 expressed on an average daily basis for a given month or year 
 referred to as solar insolation or peak sun hours 

Peak sun hours (PSH) is the average daily amount of solar energy received on a surface. PSH 
are equivalent to the number of hours that the solar irradiance would be at a peak level/power of 
1 kW/ m2. 1000 W/ m2 is a typical average globally at noon on a clear day. Modules are rated at 
1000 W/ m2. 

 
PV Array Orientation 

The orientation of PV arrays is defined by two angles with respect to the PV surface 
 The PV array azimuth angle represents the angle between true north and the direction 

the array faces (in Marsabit, magnetic north is 0-3° west of true north). 
 The PV array tilt angle represents the angle the array surface makes with the horizontal 

plane/earth. 

Tilt Angle 

 The correct tilt angle should be determined based on the energy usage and the local 
weather conditions at different times of the year 

 A tilt angle at between 15-20o is typically recommended to allow for self-cleaning  
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Electrical Basics 
Current 

Electricity flow can be compared to water flow. The higher the electrical flow, the higher the 
current flow. Current is the quantity of electrons flowing inside wires (conductors) 

 Symbol: ‘I’ 

 Unit: ‘A’(ampere) 

Voltage 

Voltage is the electrical potential, or the pressure that moves electrons through the wires 
(conductors) and can be compared to pressure in a water pipe. Voltage is the electric potential 
difference between two points 

 Symbol: ‘V’ 

 Unit: ‘V’(voltage) 

 

Resistance 

 Resistance limits the flow of electrons through the wires, like a nozzle restricts the 
flow of water through a pipe 

 Smaller pipes restrict water flow, just like smaller wires restrict electrical flow 
(higher resistance) 

 Longer pipes also restrict water flow. Similarly, the longer the wires, the higher the 
resistance 

Resistance is the opposition to the passage of an electric current 

 Symbol: ‘Ω’ 
 Unit: ‘Ohms’ 
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Ohms law 

Current, Voltage and Resistance are related and if you know any two you can calculate the third. 
 

  
(Mikl, 2014) (Mikl, 2014) 
Power 

 Power can be thought of as a stream of water, which has both pressure and flow rate 
 Power is derived from voltage (V) multiplied by current (I) 
 P = V x I 
 Symbol: ‘P’ and Unit: ‘W’(watt) 

Power Law 

(Mikl, 2014)  

(Mikl, 2014) 
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Power & Energy 

 The W (Watt) is a measure of power and it is the rate at which energy is generated or 
consumed. 

 The Wh (Watt-hour) is the (integrated) power that is generated or consumed in one hour 
 When a 1 kW appliance is used for one hour, the energy used is 1 kWh 

 

 
If the 20W module is used to charge a battery for 5 hours per day 
Total energy generated per day is 20 W * 5 hours = 100 Watt-hours (Wh) 

Parallel and series connections 
 

 
 

 

                                                                                                                            (Mikl, 2014) 
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Alternating Current (AC) & Direct Current (DC) 

AC current is a specific type of electric current in which the direction of the current's flow is 
reversed, or alternated, on a regular basis. Direct current is no different electrically from 
alternating current except for the fact that it flows in the same direction at all times. 

 

Components of Solar PV System 
 PV Module 
 Charge controller 
 Battery 
 Inverter 

PV Module 
Types of PV modules 

 Monocrystalline 
 Polycrystalline 

 

 
All PV modules must be labeled at the back with the following information (if not, then 
they might not be from a reputable source): 

1. Open-circuit voltage (Voc) 
2. Short-circuit current (Isc) 
3. Maximum operating voltage (Vmp) 
4. Maximum operating current (Imp) 
5. Maximum power (Pmp) 
 Polarity of terminals 
 Maximum permissible system voltage 
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Influence of Radiation Intensity 

The biggest influence on the power output of a solar panel is naturally caused by the variation of 
sun light. The biggest effects happen in the changes of the panels current. A fifty percent 
decrease of solar irradiation also causes a fifty percent decrease of ISC. VOC only decreases by a 
few volts. 

 
Temperature Influence 
 

Like all semiconductors photovoltaic cells are strongly temperature dependent. Higher 
temperatures can minimize voltage values while low ambient temperatures lead to a higher VOC. 

 

     
                                                                                                                                                           (Mikl, 2014) 

Battery 
 Battery stores electrical energy in DC 
 Mainly used during night time and charged during the day. 

Unit cell for a battery is 2V. Which is the nominal voltage. Voltage range is around 1.85V to 
2.40V 

 12V battery has 6 unit cells in series connected. 
 6V battery has 3 unit cells in series connected. 

The main type of battery used in Solar PV systems are the Lead Acid type and they can either be 
flooded type of the maintenance free type. 
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Capacity 
Capacity is a measure of the stored electric charge or stored energy that a battery can deliver 
under specified conditions 

 An ampere-hour (Ah) is the unit measurement of battery energy storage capacity, and 
equals to the transfer of one ampere for one hour. 

How to read capacity 

 960Ah at 24h discharge rate [960Ah (C/24)]. 40A can be discharged for 24hours till 
voltage becomes 1.85V/cell 

 1200Ah at 120h discharge rate [1200Ah (C/120) ]. 10A can be discharged for 120hours 
till voltage becomes 1.85V/cell 

 
Technical maintenance of flooded batteries 

 Maintain electrolyte level (use distilled water only). 
 Maintain homogenous electrolyte (Avoid stratification)- acid tends to accumulate in 

bottom areas, simple shaking could be done. 
 Maintain healthy electrode (Avoid sulfation). Very common in case of no charge 

controller and due to over discharging of the battery of leaving the battery uncharged. 
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Crystallized sulfation covers the surface of electrode permanently. 
 Maintain equal cell voltage (periodical equalization). Normally automatic by charge 

controller. 

 

Charge controller 
The charge controller protects the battery from over charging and over discharging. Its main 
tasks are 
1. Overcharge protection by automated disconnection 
2. Reverse current protection 
3. Controlled recharging and continuous charge hold 
4. Deep discharge protection 
5. Off-grid control – Sunny Island 

 
 
 

 
 

Inverter 
The inverter converts the DC power produced by the solar panel and stored into the batteries into 
AC power to feed to the AC loads.  
Inverters range from small inverters of 100 Watts to large ones of 100kWatts. All inverters from 
reputable manufacturers should be accompanied with a data sheet.  
Inverters produce different waveform, rectangular, modified and pure sine waves. It is however 
recommended to use pure sine wave inverters.  
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Safety 
Risk Assessment 

 It is recommended that a risk assessment is conducted before starting any on-site work. 
 Identification of all possible risks - identify cut or exposed wires 
 Study on the measures to remove the risk or to minimize the risk if it cannot be removed – 

wear protective gear, switch off power supply, check voltage levels 
 Assessment of the risk exposure 
 Reflection to on-site work - Preparation of insulated tools, inform workers about the 

precautions 

 
 
 



12 | P a g e   

Hazard 
 Physical Hazard – falling off a ladder, back strain from carrying heavy equipment, cuts 
 Electrical Hazard – electric shock, sparks and burns. The human body acts like a resistor 

and allows current to pass. The value of resistance varies with condition. (Wet: 1,000 Ω – 
Dry: 100,000 Ω). The amount of current that will flow is determined by Voltage and 
Resistance in the current pass. Current greater than 20mA may give a serious damage to 
the body. Always check the voltage between any conductor and any other wires, and to 
ground. Do not touch conductive part by wet hand.  

 Chemical Hazard – burns due to battery acid or gas explosion from gassing batteries.  
 

Safety Management 
On the basis of risk assessment, it is recommended that safety measures are devised. 

 Clothes 
Wear proper clothes for on-site work and ambient environment. (Long-sleeved clothes, Hat, 

Shoes etc.) 
 Safety Equipment 

Prepare safety equipment. (Gloves, Protective glasses, Safety helmet, appropriate ladder, 
insulated tools, proper measuring equipment etc.) 
 Work plan 

Check specification and diagram of PV system 
Make work plan which reflect results of the risk assessment. 
Inform the workers about work plan in advance. 

 Work at site 
Confirm risks and safety measures before starting work. 

        Conduct work complying with work plan. 
         Do on site labeling.  

 

Operation and Maintenance 

Proper maintenance of solar PV components is essential for proper and optimum performance of the 
system and should be carried out periodically during the operation of a solar PV system.  

Clearance of vegetation and obstacles around PV panels to avoid shadows casting on the 
panels.  

 



13 | P a g e   

 During maintenance all performance parameters must be measured and troubleshooting 
maintenance sections identified and acted upon.  

 All cable termination points and protection devices must be intact, tight and not 
exposed.  

 PV panels should be cleaned periodically using a soft cloth with water.  
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Procurement 
Procurement of reliable component is the KEY to ensure system reliability & sustainability. 

 Use standard PV module from reliable manufacturers. 
 Use components from good and reliable brands. 
 Check datasheet and technical specifications of solar PV system components. 

The success of solar PV project is already determined around 90% at the time of procurement 
 If good components are procured, the project will be successful.  
 If poor components are procured, the project will fail.  

 

Energy Act 2017 – The role of the County Government 

Provisions relating to County Government 

193— Power of County Government to enforce certain provisions for efficient use of energy 
and its conservation. 

194—Establishment of Fund by County Government. 

195—Power of inspection. 

196— Power of County Government to issue directions. 

Penalties and adjudication under energy efficiency and conservation 

197—Appeal to Tribunal. 

198—Power of Cabinet Secretary to make regulations. 

199—Power of County Government to make rules. 

200—Energy efficiency and conservation programmes. 

201—Establishment of energy consumption benchmarks. 

202—Consumption of energy beyond acceptable limits. 

203—Accreditation of energy managers, energy auditors, etc. 

204—Conduct of energy audits. 

        205—Annual report on energy consumption. 

FIFTH SCHEDULE— Distribution of functions between National and County Governments 
(s.222) 

FUNCTIONS OF THE COUNTY GOVERNMENTS 

1. County Energy Planning 

(a) Preparation of County energy plans, incorporating petroleum, renewable energy and 
electricity master plans. 
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(b) Physical planning relating to energy resource areas such as dams, solar and wind farms, 
municipal waste dumpsites, agricultural and animal waste, ocean energy, woodlots and 
plantations for production bio energy feedstock. 

(c) Provision of land and rights of way for energy infrastructure. 

(d) Facilitation of energy demand by planning for industrial parks and other energy consuming 
activities. 

(e) Preparation and implementation of disaster management plans. 

2. County Energy Regulation 

(a) Regulation and licensing of retail petroleum service stations. 

 

Designing of a PV System 

Design exercise done in class.  

 

Off-grid Solar PV system  
 PV panel sizing 
 Charge Controller sizing 
 Battery bank sizing 
 Inverter sizing 
 Cables sizing 
 Protection devices sizing 
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Designing continue……………… 
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Datasheets samples 
PV modules 
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Charge controller 

 

1 PAIR MC4 SOLAR PV CONNECTOR MALE & FEMALE WITH PINS

 
Key Features: 

• Insulation Materials: PPO/TPE, • Contact Materials: Copper, Tin plated, • Flame Class: 
UL94-V0/UL94-HB, • Loop: Rubber, • Certification: TUV. Electrical Specifications: • 
Rated voltage: 1000V (TUV), 600V (UL)• Rate Current: 30A• Contact resistance: 
0.26mΩ• Contact Resistance: below or equal 5MΩ• Protection Class: 2 
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Battery 
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Inverter 

 


