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CHAPTERil 

REVIEW OF LITERATURE 

SOLAR ENERGY AND SOLAR COLLECTORS/PANELS 

The use of solar energy is not a new idea. Forrest M. Mims III states 

that for thousands of years people have used sunlight to warm their homes. He 

says that Socrates (470-399 B.C.) taught the importance of placing homes so 

the sun's warming rays could warm the int.erior rooms during winter. 1 

He goes on to cite other important historic highlights in solar energy 

developments. Mims says that in 212 B.C. Archimedes is reported to have 

ignited invading Roman ships by means of reflecting sunlight. In 1695, two 

Italian experimenters succeeded in melting a diamond using focused sunlight. 

Also, in 1774 the French chemist Antoine-Laurent Lavoisier made a solar 

furnace that melted platinum.z 

Then, in the early part of the 19th century the face of solar energy world 

changed. Kenneth Zweibel says that the physical phenomenon responsible for 

converting light to electricity - the photovoltaic (PV) effect - was first observed 

in 1839 by a French physicist, Edmond Becquerel. Becquerel noted a voltage 

appeared when one of two identical electrodes in a weak conducting solution 

1 Forrest M. Mims III , Electronic Sensor Circuits & Projects (United States of 
America, 2000) 98. 

2 Ibid. 
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9 
was illuminated.3 However, in Goetzberger, Knobloch, and Voss' book they 

state that the effect was described in more detail by Adams and Day in 1877. 

Adams and Day observed that the exposure of selenium electrodes to radiation 

produced an electric voltage, allowing them to produce electric current. 4 

Goetzberger, Knobloch, and Voss further say that the effect was then put 

on hold until the discovery of transistors and the explanation of the physics of 

the p-n junction by Shockley and Bardeen and Brattain in 1949, the year 

marked the beginning of the semiconductor era. Then, in 1954 Chapin, a 

employee at Bell Laboratories in the USA, developed the first solar cell based 

on crystalline silicon. 5 Alan L. Fahrenbruch and Richard H. Bube stated that 

the first use of solar photovoltaic converters in space occured on March 17, 

1958, when Vanguard I was put into orbit. Its solar-powerd radio transmitter 

operated for eight years before radiation damage to the cells stopped its 

signals.6 This achievement formed the base for many ideas about solar energy. 

For example, in the early 1970s, the Arthur D. Little Company developed a 

plan for the assembly (in outer space) of a huge solar cell array. 'From that 

3 
Kenneth Zweibel, Basic Photovoltaic Principles and Methods: Solar Energy 

Research Institute (New York: Van Nostrand Reinhold Company Limited, 1984) 6. 

4 Adolf Goetzberger, Joachim Knobloch, Bernhard Voss, Cryst;aj)ine Silicon. Solar 
!&11§ (New York: John Wiley & Sons Ltd., 1998) 1-2. 

,; Ibid. 

6 
Alan L. Fahrenbruch, Richard H. Bube, Fundamentals of Solar Cells: Photovoltaic 

Solar Enere)' Conversion (New York: Academic Press, Inc., 1983) 246. 

1 Jeffrey A. Mazer, Solar Cells: An Introduction to Crvetalline Phorovoltaic Technology 
(Norwell, Massachusetts: Kluwer Academic Publishers, 1997) l. 
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10 
.. on many kinds of solar cells were developed, but thin-film cells of silicon 

her semiconductors were among the most important. They can be made 

·•~xible sheets much larger than standard silicon solar cells.8 These are the 

comm.on and readily used solar cells in solar panels or solar collectors . 

,::. ::...u.cy A. Mazer says that the yearly production of photovoltaic modules is 

dily increasing. He states that in 1995 worldwide module production 

ed about 81 megawatts. He estimated that the generating capacity will 

about 500 MW by the year 2000. 9 

BATTERY 

The development of the battery is an important part of the solar energy 

f.:'E:OlY. In the early 1830's, Michael Faraday performed the quantitative 

of electrochemical reactions in a battery. This lead to the 

1:pment of the first practical battery in 1836. However, this battery could 

ged. The rechargeable battery was invented in 1859. But, at this 

h.e only way to recharge the battery was by discharging non-rechargeable 

Then, in 1880, Thomas Edison used a generator to recharge 

EEri:rical energy. These innovations in batteries helped to create the batteries 

Forrest M. Mims III , Electronic Sensor Circuits & Projects (United States of 
.s-~ 2000) 98. 

• Jeffrey A. Mazer, Solar Cells: An Introduction to Cr,vw))jm Photovoltaic Technology 
~-· -" Massachusetts: Kluwer Academic Publishers, 1997) 12 . 
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used in today's society.
10 

18 Ruth Ishihara, Davis Smead, Livin~ on 12 Volts With Ampere Power (Seattle, 
1-'--=-1rn-.gton: RIDES Publishing Company, 1988) 11-12. 
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SUN'S ENERGY 

CHAPTER Ill 

OPERATIONS 

The sun emits energy called electromagnetic radiation. The total 

• 
1·.ted power is 3.83 x 1023 kilowatts (kW) or 383, 000, 000, 000, 000, 000, 

. 000, 000 Watts. A good majority of this radiation is lost in space. A tiny 

·on is intercepted by Earth and the other planets in the solar system. 

30% of solarradiation is reflected into space, 47% is converted into heat 

.Earth and reradiation is reflected to space, and 23% powers evaporation­

psrTpitation cycle of the biosphere. 11 According to SEIA, the Solar Energy 

'.--,..""'nctries Association, all the electricity consumed in the United States could 

"ded by photovoltaic solar cell modules covering 0.3% of the land area of 

,~ .. u iu~u States. 12 

-oLAR PANELS 

Many semiconductors will generate electricity from sunlight. The most 

,mmon and best developed solar cells are made from silicon. Silicon forms 

.7% of the Earth's crust. Therefore, silicon solar cells are potentially 

11 Jan Kreider. Grolier International Encycloyedia (Danbury, Connecticut: Grolier 
orated, 1991) 40. 

12 Forrest M. Mims III, Electronic Sensor Circuits & Projects (United States of 
·ca, 2000) 100. 
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13 
inexpensive. However, transforming silicon into solar cells is an expensive 

process thijt requires considerable electricity. 

In order to understand how solar cells transform sunlight into electricity 

one must understand how the cells work. Sunlight consists of packets of energy 

called photons. These photons travel in a wavelike fashion. When photons 

strike silicon atoms they dislodge electrons. The missing electrons leave 

behind positively charged atoms. These atoms attract free electrons in the 

silicon. This random movement of electrons can be converted into a flow of 

electrons if a PN junction is formed in the silicon. The electrons dislodged by 

photons near the PN junction are attached to the P side of the junction. When 

this happens electrical current will flow when light is present. The level of 

current in amperes is directly porportial to the intensity of light. A typical 

silicon solar cell generates between 0.45 to 0.55 Volts in direct sunlight. 13 

The efficiency of the solar cells is from approximately 5% to 20%. There 

are various reason for this low efficiency. One reason is because some light is 

reflected away from the front of the solar cell. Some of the light is broken by 

the contacts. Another reason is because some light is absorbed before it 

reaches the cell's PN junction. Solar cells detect only part of the solar 

spectrum. 

13 Forrest M. Mims III, Electronic Sensor Circuits & Projects (United States of 
America, 2000) 100. 
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14 
SOLAR CONSTANT 

The solar constant is the mean amount of sunlight at the top of Earth's 

atmosphere. Many satellites make measurements that record the solar 

constant at 136.8 Watts Per Square Centimeter. The sunlight intensity on 

Earth varies because Earth's orbit is slightly elliptical. The mean distance of 

Earth from the sun is 92,957,130 miles (149,600,000 kilometer). In January 

Earth is about 1,600,000 miles (2,575,000 km) closer to the sun. In July Earth 

is about 1,600,000 miles (2,575,000 km) farther from the sun. The difference 

in the intensity of sunlight between the closest point (perihelion) and the 

farthest point (aphelion) is 6. 7%. 

The following is a table used to find the solar constant. To use the chart 

you must multiply the mean square constant (1,368 watts per- square meter or 

136.8 milliwatts per square centimeter) by the correction numbers in the table, 

in order to find the actual solar irradiance on the given dates: 

JANUARY 1.0335 JULY 0.9666 

FEBUARY 1.0288 AUGUST 0.9709 

MARCH 1.0173 SEPTEMBER 0.9828 

APRIL 1.0009 OCTOBER 0.9995 

MAY 0.9841 NOVEMBER 1.0164 

JUNE 0.9741 DECEMBER 1.0288 

Chart 1: From Kinsell L. Coulson, "Solar and Terrestrial Radiation," 
Academic Press, 1975 . 

• 



15 
BATTERY 

CHEMICAL MAKE-UP 

The lead acid battery is the most readily used source for energy storage 

and it is the main choice for backup emergency power. In order for one to 

understand how batteries, specifically lead acid batteries are used in solar 

power system is it important to learn how the battery operates. 

The chemical makeup of the lead acid battery is very important. The 

electrochemical reaction of the lead acid battery involves lead, lead dioxide, 

and an aqueous solution of sulfuric acid. The electrode reactions are: 

On the positive electrode: 

On the negative electrode: 

Overall cell reaction 

PbO2 + HS0-4 + 3fr + 2e. -----> PbSO4 + 2H2O 

l>b + Hso·. -----> PbSO.+ Ir+ 2e· 

Pb + PbO2 + 2If + 2Hso·. -----> 2PbSO. + 2H20 

The mass of reactants per unit reaction are: 

207.2g Pb+ 239.2g PbO2 + 2g Ii+ 194g Hso·4 == 642.4g PbSO. + 36 g H20 

The theoretical specific power of the lead/lead dioxide/sulfuric acid couple is: 

(53.61 Ah)(l.928V / 0.6424 kg)= 160.9 Wh / kg 

The practical energy density is in the range of 15 to 45 Wh/kg due to 

limitations in active mass utilizations and the weight of electrochemically 

inert accessories (container, grids etc.). Note the diagram below14
: 

14 "Lead Acid Batteries VRLA Types." 9 pp. 2002. 1 Apr. 2002. 
<http://www.accuoerlikon.com/html/accud02.htm> . 

• 
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Figure 1: Container and Grids 

16 

Another reaction in lead acid battery operation is the fact that water 

electrolysis also occurs. In this reaction a 1 Ah overcharging current 

decomposes 0.336 g of water forming 0.4 l of hydrogen and 0.2 1 of oxygen gas. 

This mixture is explosive in the H2 concentration range of 4 to 94 vol. percent 

and has to be disposed off safely . 

• 
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Gas recombination in a lead acid cell is described below in the diagram 

0 

Pb 

• 

DC-<urrent source 

4e· 

valve 

n 

H2S04 

(B 

Figure 2: The Oxygen Recombination Cycle 
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During float charge the current decomposes water and oxygen is evolved on the 
positive plate according to the reaction: 

electrochemical oxidation of water with oxygen evolution 
2H20 -----> 02 + 4Ir + 4e· 

The oxygen is diffusing via the gas phase through unfilled pores of the glass 

mat separator to the negative plate, and reacts there chemically with the 

formation of lead oxide, lead sulfate and water: 

reaction of oxygen with lead 

0 2 + 2Pb -----> 2Pb0 

reaction of lead oxide with the electrolyte and formation of water 

2Pb0 + 2H2804 -----> 2PbS04 + 2~0 

The float current passing through cell then reduces, instead of evolving 

hydrogen, on the negative electrode the formed lead sulfate back to lead and 

sulfuric acid so that a closed cycle (oxygen recombination cycle) is obtained. 

electrochemical reduction of lead sulfate 

2PbS04 + 4ff + 4e· -----> 2Pb + 2H2SO .. 

.. 



19 
The overall oxygen recombination reaction is hence 

02 + 4Ir + 4e· -·---> 2H20 

Due to the oxygen recombination reaction essentially no hydrogen evolution 

occurs on the negative plate. 15 

STRUCTURAL MAKE-UP 

The lead-acid battery is made up of a number of positive plates, an 

_1.,1ual number of negative plates, and a number of insulating separators placed 

tween the positive and negative plates. Each cell is placed in a separate 

mpartment of a case. The case is made of insulating material that will 

· · hstand the sulfuric acid solution that fills each cell. 

A cell is made by immersing two lead plates in a solution of sulfuric acid 

•"d water. Voltage will not develop until the battery is polarized by the 

ging process. The plate connected to the positive clamp of the battery 

ger will gradually have a deposit of lead peroxide formed on its surface, 

hile the plate connected to the negative clamp of the charger will gradually 

·· d up a deposit of pure lead on its surface. When the battery is discharged, 

of the sulfur dioxide in the electrolyte solution is absorbed by the plates, 

·ng lead sulfate deposits and lowering the specific gravity of the 

16 "Lead Acid Batteries VRlA Types." 9 pp. 2002. 1 Apr. 2002. 
://www .accuoerlikon.com/html/accud02.htm> . 
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electrolyte. If the battery is left in a discharged condition for a long time, this 

lead sulfate becomes permanent and cannot be changed back to lead and lead 

peroxide by charging. The battery is said to be "sulfated", and cannot take a 

full charge. As the battery is charged and discharged over a period of time, a 

small amount of the plate material loosens and drops to the bottom where it 

builds up, eventually shorting the cell, discharging it while the remaining cells 

remain charged. There are battery rejuvenator chemicals that may dissolve 

this deposit, but they are of questionable value, and are expensive. Most of 

them use plain Epsom salts as a base. If one or two teaspoons of Epsom salt is 

placed in each cell, the deposits will be gone in a few days. 16 

AMP-HOUR CAPACITY 

Lead acid batteries or deep cycle batteries are rated in amp-hours. An 

amp-hour is defined as one amp per one hour. In other words amp-hours is 

amps times hours. For example, If you have a load that pulls 10 amps and you 

e it for 2 hours, then the amp-hours used would be 10 (amps) x 2 (hours), or 

20 AH. The accepted and most common AH rating time period for batteries 

d in solar electric and backup power systems is the "20 hour rate". This 

eans that it is discharged down to 10.5 volts over a 20 hour period while the 

actual amp-hours it supplies is measured. 

16 Charles R. Cantonwine, E.E. Battery ChargElrs and Testers (Philadelphia: Chilton 
Company, 1971) 174-178. 
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DIODE 

Figure 3: Diode 

A diode works on the principle of hole flow. Hole flow is in the opposite 

direction of the electron flow. As electrons move to the right, it leaves a hole to 

the left. The next electron moves up to fill the hole. This, in turn, leaves a hole 

in place of the second electron. As this continues, you will notice that electrons 

are moving to the right. However, at the same time a hole is left in it's place. 

This concept is important in a diode or solid state device. 

A diode allows the flow of electrons in only one direction. a diode is 

made of a P type material and a N type material. To achieve electron flow 

across a diode, the electrons must travel through the P and N material. When 

a certain level of electron flow is reached, it can pass through the diode. By 

connecting the P type material to the positive side of the voltage source and the 

negative side of the voltage source is connected to the N type material we will 

generate current through the diode. However, if the P type material is 

connected to the negative side of the voltage source and the positive side of the 

voltage source is connected to the N type material we will not be allowed to 

generate current through the diode. The positive side of the diode is known as 

the anode. The negative side of the diode is known as the cathode. 

.. 


