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INTRODUCTION TO RENEWABLE ENERGY                   
RENEWABLE: Defining renewable, promising renewable energy sources, their potential 

availability and present status, existing technologies and availability. 

SOLAR ENERGY: Sun-Earth relationship, geometry, sun path and solar irradiance, solar 

spectrum. Solar constant, atmospheric effects, global distribution, daily and seasonal 

variations, effects of tilt angle, resource estimation. Extraterrestrial, global, direct, 

diffused radiation, sun shine hours, air mass, hourly, monthly and annual mean. Radiation 

on tilt surface, measuring instruments. 

Flat plate collectors, their designs, heat transfer, transmission through glass, absorption 

transmission of sun energy, selective surfaces, performance, and efficiency: low 

temperature applied and water heating, cooing, drying, desalination, their designs and 

performance; concentrators, their design power generation, performance and problems, 

PHOTOVOLTAIC: PV effect, materials, solar cell working, efficiencies, different types 

of solar cells, characteristics, (dark, under illumination), efficiency limiting factors, power 

spectral response, fill factor, temperature effect; PV systems, components, packing 

fraction, modules, arrays, controllers, inverters, storage, PV  system sizing, performance 

and applications. 
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INTRODUCTION TO RENEWABLE ENERGY  (CONT…)                   
WIND:  Global distribution, resource assessment, wind speed, height and topographic 

effects, power extraction for wind energy conversion, wind mills, their types, capacity, 

properties, wind mills for water lifting and power generation, environmental effect. 

HYDROPOWER :  Global resources, and their assessment, classification, micro, mini, 

small and large sources principles of energy conversion; turbines, their working and 

efficiency for micro to small power systems, environmental impact. 

BIOGAS: Biomass sources; residue, farms, forest. Solid wastes; agricultural, industrial 

and municipal wastes etc; applications, traditional and nontraditional uses: utilization, 

process, gasification, digester, types, energy forming, Environment issues. Resources 

availability: digester their types, sizes, and working, gas production, efficiency; 

environmental effects. 

GEOTHERMAL:  Temperature variation in the earth, sites, potentials, availability, 

extraction techniques, applications; water and space heating, power generations, problems, 

environmental effects. 

NUCLEAR :  Global generations of reserves through reprocessing and breeder reactors, 

growth rate prospect of nuclear fusion, safety and hazards issue. 
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BACKGROUND 

 The word energy has been derived from Greek word 

“energeia” which the Greeks used 400BC. 

 

 Renewable energy is derived from natural processes 

that are refilled constantly. 

 

 Main sources of Renewable energy are wind, wave, 

geothermal, heat, tides and solar energy etc. 

 

 The contribution of renewable energy in the world 

energy consumption is 16% and 19% in the electricity 

generation. 
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BACKGROUND 

 The contribution of the renewable in some countries of the 
world is,  
 Island 100%  

 Norway 98%,  

 Brazil 86%,  

 Austria 62%, 

 New Zealand 65%  

 Sweden 54%.      

 

 The solar energy is clean energy. 

 

 The solar energy is an attractive substitute of the other form 
of energy due to its large number of applications  

 

 The solar energy is abundant and more evenly distributed. 

 
       Source ; Kalogirou SA. Solar thermal collectors and applications. Prog Energy Combust Sci 2004;30:231–95. 
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THE SUN: A HUGE SOURCE OF ENERGY 

 Sun is composed of about 

74% Hydrogen, 25% 

Helium and 1% of other 

elements. 

    

 The temperature of the 

core of the sun is about 
1.5x10⁷ K. 

 

 The nuclear fusion process 

is occurring on the surface 

of the sun.  

  Image source: http://www.universetoday.com/40631/parts-

of-the-sun. ret 21-11-2013. 
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THE SUN: A HUGE SOURCE OF ENERGY 

 The Solar energy reaches to the earth in 

approximately 8 min and 20 sec, covering the 
distance 1.5 x 10¹¹m. 

 

 The total output energy of the sun is         

3.8x10²⁰ MW. 

 

 The earth receives 1.7x10¹⁴ KW of the total 

energy of the sun.  

 

 It is estimated that 30 min of solar energy falling 

on earth is equal to the world energy demand per 

year of the world. 8 



ENERGY AND SOCIETY 

 Industrialized societies run on energy. 

 Population, gross domestic product (GDP),   

( پیداوار ملکی عی  consumption, and production (مجمو 

of energy and production of pollution for the 

world are inter related. 

 

An Example: 

 The United States has less than 5% of the 

population of the world; however, in the 

world, the United States generates around 

25% of the gross  production and 22% of the 

carbon dioxide emissions and is at 22% for 

energy consumption. 
9 
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ENERGY AND SOCIETY 

The countries listed in Figure consume around 75% of the energy and produce 

75% of the world GDP and carbon dioxide emissions. The developed countries 

consume the most energy and produce the most pollution, primarily due to the 

increase in the amount of energy per person. On a per person basis, the United 

States is the worst for energy consumption and carbon dioxide emitted. 

Comparisons, percentage of world, for population (rank in world), gross 

domestic product, energy consumption, and carbon dioxide emission. 



RENEWABLE ENERGY 
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 Solar energy is referred to as renewable or sustainable energy 

because it will be available as long as the sun continues to shine. 

Estimates for the remaining life of the main stage of the sun are 

another 4 to 5 billion years. The energy from the sun, 

electromagnetic radiation, is referred to as insolation.  

 The other main renewable energies are wind, bioenergy, 

geothermal, hydro, tides, and waves.  

 Wind energy is derived from the uneven heating of the surface of 

the Earth due to more heat input at the equator with the 

accompanying transfer of water and thermal energy by evaporation 

and precipitation. In this sense, rivers and dams for hydro energy 

are stored solar energy.  

 The third major aspect of solar energy is the conversion of solar 

energy into biomass by photosynthesis. Animal products such as oil 

from fat and biogas from manure are derived from solar energy.  



RENEWABLE ENERGY SOURCES IN PAKISTAN 

12 

• Potential exists for almost all types of renewable energies in 

Pakistan. These types include solar (PV and thermal), wind, biogas, 

micro-hydel/canal fall, biodiesel production, biomass/waste to 

energy production, geothermal, tidal/ocean energies, etc.  

• On an average, solar global insolation 5–7 kWh/m2/day exists in the 

country over more than 95% of its area.  

• Wind speed 5-7 m/s persists in coastal region of Sindh and 

Balochistan province and in a number of North West frontier 

valleys.  

• According to a survey, Pakistan possesses more than 20,000MW of 

economically viable wind power potential. 



RENEWABLE ENERGY SOURCES 

Radiant solar energy 
 Solar heating (passive and active) 

 solar power plants 

 photovoltaic cells 

Biomass energy 
 Direct: combustion of biomass 

 Indirect: chemical conversion to biofuel 

Wind energy 

Hydro energy 

Geothermal energy 
 Power plants, direct use, heat pumps 

Ocean energy 
 Tidal; salinity-driven 
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HYDRO ENERGY 

 Advantages 

 Cheap to operate 

 Long life and lower operating costs than all other power plants 

 Renewable 

 High yield 

 Lower energy cost than any other method 

 Pretty plentiful 

 Some countries depend almost entirely on it 

 Not intermittent (if reservoir is large enough) 

 Reservoirs have multiple uses 

 Flood control, drinking water, aquaculture, recreation 

 Less air pollution than fossil fuel combustion 
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HYDRO ENERGY 

 Disadvantages: 

 Human population displacement 

 More significant breeding ground for disease 

 Reduces availability of water downstream 

 Ecosystem impacts 

 Barriers to migrating fish 

 Loss of biodiversity both upstream and downstream 

 Coastal erosion 

 Reduces nutrient flow (dissolved and particulate) 

 Water pollution problems 

 Low dissolved oxygen (DO) 

 Increased H2S toxicity; other DO-related problems 

 Siltation a big problem (also shortens dam life) 

 Air pollution 

 Actually may be a significant source of GHGs (CH4, N2O, CO2) 

 Decommissioning (Taking off/ withdrawing)  is a big problem 

 The Size Issue 

 Many (most) of the above problems are significantly worse for 
larger dams 

 However, small dams have shorter lifetimes, less capacity, and 
are more intermittent 
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WIND ENERGY 

16 
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 How it works 

 Wind turbines directly generate electricity 

 Quite efficient (not a heat engine) 



WIND ENERGY 
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WIND ENERGY 

 Advantages 

 High net energy yield 

 Renewable and free 

 Very clean source of energy 

 No pollution (air or water) during operation 

 Long operating life 

 Low operating/maintenance costs 

 Can be quickly built; not too expensive 

 Now almost competitive with hydro and fossil fuels 

 Land can be used for other purposes 

 Can combine wind and agricultural farms 
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WIND ENERGY 

 Disadvantages 

 Energy storage issues 

 An intermittent source of energy; need backup (eg stored energy) 

for low-wind days 

 Or must be connected to the electrical grid 

 Only practical in areas that are windy enough 

 Visual pollution 

 Danger to birds 

 New (slow turning) designs largely eliminate this problem 

 Low energy density of wind 

 Must use large areas of land 
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SOLAR RADIATION MAP OF WORLD 
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SOLAR RADIATION MAP OF PAKISTAN 
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SOLAR RADIATION MAP OF PAKISTAN 

Image source; Air university, Islamabad 
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BIOMASS ENERGY 
 What is it? 

 Biomass energy is the use of living and recently dead biological material as an energy 

source 

 Ultimately dependent on the capture of solar energy and conversion to a chemical 

(carbohydrate) fuel 

 Theoretically it is a carbon neutral and renewable source of energy 

 How it works? 

 Use of biodegradable waste 

 Examples: manure, crop residue, sewage, municipal solid waste 

 Recent interest in agricultural production of energy crops 

 Should be high yield and low maintenance 

 Examples: corn, sugarcane, switchgrass, hemp, willow, palm oil, rapeseed, and many others 

 Recent interest in bioengineered (GM) plants as fuel sources 

 Production of a liquid or gaseous biofuel 

 Biogas due to the breakdown of biomass in the absence of O2 

 Includes capture of landfill methane 

 Bioethanol from fermentation, often from corn. Cellulosic bioethanol is usually from a grass 

(switchgrass) 

 Biodiesel from rapeseed and other sources 
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BIOMASS ENERGY 

 Carbon neutral 

 CO2 ultimately released in energy generation is recently captured and 

so ideally does not change total atmospheric levels 

 Carbon leaks can result in a net increase in CO2 levels 

 Assumption in soil can result in a net decrease in CO2 levels 
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BIOMASS ENERGY 

 Advantages 
 Versatile 

 Renewable 

 No net CO2 emissions (ideally) 

 Emits less SO2 and NOx than fossil fuels 

 Disadvantages 
 Low energy density/yield 

 In some cases (eg, corn-derived bioethanol) may yield no net energy 

 Land conversion 
 Biodiversity loss 

 Possible decrease in agricultural food productivity 

 Usual problems associated with intensive agriculture 
 Nutrient pollution 

 Soil depletion 

 Soil erosion 

 Other water pollution problems 
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GEOTHERMAL ENERGY 

 How it works 
 Geothermal power plants 

 Use earth’s heat to power steam turbines 

 Geothermal direct use 
 Use hot springs (etc) as heat source 

 Geothermal heat pumps 

 Advantages 
 Renewable 

 Easy to exploit in some cases 

 CO2 production less than with fossil fuels 

 High net energy yield 

 Disadvantages 
 Not available everywhere 

 H2S pollution 

 Produces some water pollution (somewhat similar to mining) 
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RADIANT SOLAR ENERGY 

 How it works 
 Solar power plants 

 Steam produced to turn turbine 

 Solar heating 
 Active and passive systems 

 Photovoltaic cells 
 “Solar batteries” use special semiconductors 

 Advantages 
 Renewable and free 
 High energy yield 
 A very clean source of energy 

 No air/water pollution during operation 

 Low operating costs 
 Will pay for themselves over time 

 Disadvantages 
 Intermittent source 

 Energy storage issues 

 Low energy density 
 Requires pretty much land 
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SOLAR ENERGY 
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In 2016, Solar Impulse 2 was the first solar-powered 

aircraft to complete circumnavigation of the world. 
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Thank You 
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