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ABSTRACT 

 
SOLAR LIGHTING DESIGN PROPOSALS  

FOR PUBLIC USE 
 

Today, energy is very important to the development of the countries and most of 

the energy comes off from fossil fuels, but they are limited and they pollute the 

environment. Despite the fact that the need for energy is increasing, to stop the pollution 

and to fulfil the need, new researches have been done. Hence the renewable sources  are 

getting important, new technologies have been improved. Turkey does not have enough 

fossil fuel reserves, so it is addicted to other countries. Thus, renewable energy is more 

important to our country. Our country has a very big renewable energy potential. Thus, 

in this study renewable energy sources (solar, geothermal,etc.) and technologies have 

been observed and studies have been reviewed. 

The main goals of the industrial design are making difference, producing 

effective and aesthetic solutions that are in unison with people and nature. If we 

consider that design is in relation with industry, and industry is focused and dependent 

on energy; it is understood that, design and energy concepts are integrated to each other. 

In such a case, it is not possible to think not considering renewable energy in design 

process that considers both human and nature factors in manufacturing and usage. 

Another goal of the industrial design is transfering new technologies into the products, 

so renewable energy technologies must be transferred into the design process. 

By considering these, primarily the reasons for the renewable energy need and 

solar energy & solar technologies have been searched. Then, the solar energy based 

products have been researched to understand the possibilities. Afterwards, public 

lighting components are searched, and three concept solar lights; Discrete Illuminator, 

P-Light, Obliques; are proposed as the components of the design study for public use. 

Radiation data of İzmir are analysed and energy that light(s) can produce is calculated 

to understand the feasibility of the designs. Consequently, it is understood that the used 

technology (flexible cells) is not feasible for real conditions. Furthermore, ‘The 

Obliques’ is redesigned, customized for suitable technology (crystalline cells) to make it 

an improved, a feasible and a new solar product for public lighting.    

 
 



 v 

ÖZET 
 

KAMUSAL KULLANIM İÇİN GÜNEŞ ENERJİLİ AYDINLATMA 
TASARIMI ÖNERİLERİ 

 
Günümüzde enerji, ülkelerin gelişimi için çok önemlidir ve çoğu fosil 

yakıtlardan elde edilmektedir, fakat bu yakıtlar sınırlıdır ve çevreyi kirletmektedir. Buna 

karşın,  enerji ihtiyacı giderek artmaktadır, bu ihtiyacı karşılamak ve çevre kirliliğini 

önlemek için yeni arayışlara gidilmiştir. Bu yüzden, yenilenebilir enerji kaynakları 

önem kazanmakta, yeni teknolojiler geliştirilmektedir. Türkiye yeterli fosil yakıta sahip 

değildir bu yüzden dışa bağımlıdır. Böylece, yenilenebilir enerji ülkemiz için daha 

önemli olmuştur. Ülkemiz çok büyük bir yenilenebilir enerji potansiyeline sahiptir. Bu 

nedenle, bu çalışmada yenilenebilir enerji kaynakları (güneş, jeotermal, vb.) ve 

teknolojileri gözlemlenmiş ve yapılan çalışmalar araştırılmıştır. 

Fark yaratmak, çevreye ve insana uyumlu, verimli, estetik çözümler ortaya 

koyabilmek ve yeni teknolojileri takip etmek endüstriyel tasarımın başlıca amaçlarıdır. 

Tasarımın endüstriyle ilişkisi olduğunu ve endüstrinin de enerjiye odaklı ve bağımlı 

olduğunu göz önüne alırsak; tasarım ve enerji kavramlarının da iç içe olduğu 

anlaşılmaktadır. Bu durumda, insan ve çevre faktörleri hem üretim, hem de kullanım 

sürecinde göz önüne alındığında tasarım sürecinde yenilenebilir enerjinin dikkate 

alınmaması düşünülemez. Endüstriyel tasarımın bir diğer amacı da yeni teknolojileri 

ürünlere aktarmaktır, bu yüzden yenilenebilir teknolojiler tasarım sürecine 

aktarılmalıdır.  

Bunları göz önüne alarak, öncelikle yenilenebilir enerji ihtiyacının nedenleri, 

güneş enerjisi & teknolojileri araştırılmıştır. Sonra, güneş enerjisiyle çalışan ürünler 

araştırılmıştır. Devamında, kamusal aydınlatma bileşenleri araştırılmış ve kamusal 

kullanım amaçlı tasarım çalışmasının bileşenleri olarak; Discrete Illuminator, P-Light, 

Obliques, ismiyle kavramsal güneş enerjili aydınlatma elemanları tasarlanıp, 

önerilmiştir. Uygulanabilirliklerini anlamak için İzmir verileri analiz edilmiş, 

tasarım(lar)ın üretebileceği enerji miktarı hesaplanmıştır. Dolayısıyla,  kullanılan 

teknolojinin (esnek piller) gerçek şartlara uygun olmadığı anlaşılmıştır. ‘Obliques’, 

kamusal aydınlatma için daha gelişmiş, uygulanabilir, yeni bir ürüne dönüştürmek 

amacıyla tekrar tasarlanmış, uygun teknolojiye (silikon pil) uyarlanmıştır.  
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CHAPTER 1 

     

INTRODUCTION 

  
1.1.Definition of the Problem 

 
Technology is shaping our everyday lives and even our most basic habits. For 

example, our communication skills and options have been developed by applications 

and devices, such as internet, mobile phones and the latest 3G technologies. Most of the 

people, especially in Turkey,  have more than one mobile phone and they are changing 

them regularly. Transportation and travel vehicles have being developed. Consequently, 

more efficient, more comfortable and newer ‘things’ are demanded. Thus the people of 

the century require this technology and comfort, and they are accustomed to them. More 

and more ‘things’ are demanded and manufactured. It can be obviously said that our era 

is a ‘consumption era’.  

Supplying these requirements depends on manufacturing process that needs 

energy. Manufacturing is the ‘key to the development and economic power’. Moreower, 

other expectations, such as safety, health, civilization are depended on it. China is the 

best case about development, labor cost makes it more competitive in manufacturing in 

the whole world. On the other hand, Chinese people who are getting richer and richer 

day by day (China has became the second largest economy of the world by overtaking 

Japan in the year 20101) demand the things. Furthermore, vicious circle is continuing, 

the more it is manufactured, the more it is demanded.  

As it is mentioned that energy makes manufacturing possible, it is indispensable 

for modern life. However, the energy producing process is vital because of the topics, 

like exhaustion of fossil fuels, climate chance, air pollution. Hence, renewable energy 

sources and technologies are the solutions for them as being components of the 

sustainability.      

                                                
1 Justin McCurry and Julia Kollewe, ‘‘China Overtakes Japan as World's Second-largest Economy,’’ 
Guardian, February 14, 2011, accessed May 19, 2011, 
http://www.guardian.co.uk/business/2011/feb/14/china-second-largest-economy. 
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The designers have a power that can influence choices and beliefs. The form, 

colour, dimensions, materials or message of the product affect the choices. Another role 

of the designers is using new technologies and making them widely known. People are 

becoming more conscious about environmental problems, this situation changes their 

choices. By the efforts of the designers about renewable technologies, people are getting 

into using renewable products, they approve that renewable technologies are regular 

properties of the products, and they demand them. As a result, products that concern 

renewable technologies are manufactured increasingly. The more they are used, the 

more problems can be solved.              

 

1.2. Objectives 

 

 Searching Solar Energy & Solar Technology: The aim of this study is  

to focus on the solar energy as a renewable energy source and technology. First the solar 

technology and solar source will be summarized. Then the renewable solar applications, 

products will be searched. Finally, the public lighting is going to be focused on, the 

public solar devices will be designed and modeled with ‘Autodesk 3ds Max 2009 32-

bit’ design program. 

 Designing Public Solar Lights: Illumination is a very important and 

indispensable 

constituent of the modern cities and modern life, and public illumination appliances are 

the physical, visual and decorative parts of them. The role of the designers about these 

devices is important, because new applications have to be more elegant and efficient to 

satisfy the visual, aesthetic expectations of the community and economic, 

environmental expectations of the government. Solar technologies are the answer to 

economic and environmental problems. Nonetheless, these devices are not enough for 

energy need and must be connected to the public electricity system. Hence, public 

devices that include solar photovoltaic cells as a solar energy technology will be 

designed and modeled. The form of the illumination devices will be designed as 

different from common public devices. However, the main system of the devices 

depends on solar cells and will be similar to the common multi-system devices. It can 

be connected to the public electricity system, if it is necessary.  

 Determining the Feasibility of the Light(s): The radiation data of the İYTE 
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Campus Area will be organized and analyzed. Public lighting components will be 

searched and suitable components for the designs will be chosen. Thus, the energy that 

can be produced by the cells and working time of the designs could be calculated, and 

the feasibility of the designs can be determined. 

 Redesigning Process: Reconnecting the Design Process with the 

Engineering 

Process Industrial design includes technology and engineering, it utilizes from of them 

during the process. However, it is a question if the designs, especially the ones which 

are designed during the education process, will work or not by using the searched 

technology. Even though industrial design is an interdisciplinary field of study, there 

can be disconnections between the design/designing process and the engineering 

process. Moreower, problems about the feasibility of the designs occures because of this 

disconnections.  Therefore, the feasibility of the public light(s) will be tested, and one of 

the designs (Obliques) will be redesigned. The feedback, which exists by the problems 

about suitable technology (engineering problems) made the redesign process an 

obligation for the solar light. In this manner, it is aimed to reveal a feasible, a new and 

an improved solar product.   

 Reducing Energy Costs: Another aim by designing the devices is reducing the 

public energy usage and costs and using renewable technology in public areas. The 

energy generated from the solar cells can be stored and may be used for other purposes. 

Thus the illumination devices will be multi-functional appliances.   

 

1.3. Methodology: Design Study/ Modelling/ Case Study 

 
During the design process, industrial designers design products apart from the 

place and the context. Thus, to solve this problem, first three concept solar lights have 

been designed. İYTE radiation data have been used in solar calculations to determine 

the feasibility of my design(s). Then solar technology and solar lighting products have 

been researched, accordingly the feasibility problems of my designs have been 

observed. Finally, I have focused on redesigning ‘the Obliques’ and solving the 

feasibility problems by changing the design of ‘the Obliques’.       

 Designing Process: Modeling of a Design Study This design study contains the 
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designing process of different products. Solar energy is the most common source, thus 

three lights that can be used for public illumination have been designed and modelled as 

the components of this design study. I have designed three different public solar lights 

to offer different options for public areas, then modeled with Autodesk 3ds Max 2009 

32-bit design program.  

 Case Study: Testing the Feasibility of the Designs, Technology & 

Engineering 

The feasibility of the designs has been researched according to the real radiation data of 

the İYTE Campus Area. The radiation data have been analysed and organized to 

calculate the average energy amount that can be generated by the PV modules. 

Moreower, working time of the (three) light(s) are calculated to determine if they are 

feasible or not. The solar technology for producing electricity for public lighting have 

been researched, and suitable components for my design (Obliques) have been chosen. 

The knowledge about the solar technology and radiation values have been used to 

calculate the energy amount and working time. Thus, I aimed to determine the 

feasibility of ‘the Obliques’.    

 Redesigning Process: Adaptation of the Solar Light During the solar 

technology searching process, it is realised that flexible PV cells which are the energy 

producing components of ‘my first designs’, are not efficient enough. In addition, most 

of the solar lights that are similar to my designs do not contain flexible cells due to the 

fact that, crystalline silicon (c-Si) cells are widely used as the energy component. Thus, 

‘my first design’ has been changed ( I have chosen ‘the Obliques’.). ‘the Obliques’ has 

been customized for suitable solar technology (crystalline silicon cells) by redesigning 

‘the Obliques’. Redesigning process makes ‘the Obliques’ an improved, a feasible and a 

new solar product for public lighting.   

Thus, this study will clarify the problem of the study which is related to the 

usage of the natural energy sources (solar) and technologies through the products. These 

products will be researched to understand the renewable (solar) energy technologies and 

how these technologies are applied. After this analysis, the capacity of the existing 

technologies is going to be discussed. Lastly, the solar designs will be proposed these 

mass of cases to show other possibilities of the technologies. Moreower, one of the 

designs, the Obliques, will be redesigned and improved to achieve the optimization of 

the design process according to the engineering & technology limitations. By this way,  

‘the conceptual design’ and ‘the real world’ will be merged with each other.  
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1.4. Background: 

 
Thomas Young (1773-1829), English physicist, physician, and Egyptologist, 

defined energy as: “energy is the ability to do work.”2 It is understood that ‘work’ 

means the application of effort to accomplish a task, and the rate at which work is 

performed is called ‘power’. Thus, machines consume energy, perform work, and 

provide power.  

By the ‘Industrial Revolution’, energy demand has increased rapidly, and energy 

usage has became the sign of the development. With time, developed countries needed 

more energy and used more fuels. And most of the used fuels were fossil fuels, because 

of that pollution has been increased and fuel sources have been decreased. In addition, 

other factors, such as energy crisis and climate change made using renewable sources 

essential.   

 

1.4.1. 1973 Energy Crisis  

 
Renewable sources are the most ancient form of the energy used by human for 

instance; like wind and bioenergy having direct and indirect forms, solar power is one 

of the common sources. However, now they will be the safest and best way of 

generating energy. Movements of wind and water are caused by solar heating of the 

oceans and atmosphere. Furthermore, these powers are used in agriculture and ship 

transporting. Improving the technologies for using the power of sun, wind and water 

continued until the early years of the industrial revolution. By the industrial revolution 

fossil fuels became more important, today they provide 75 % of the energy demand. On 

the other hand, they cause the environmental problems, such as air pollution, global 

warming, and they have limited supplies. Nonetheless, until ‘The 1973 Energy Crisis’ 

these problems have never been tried to solved.3 

1973 Energy Crisis is the starting point of the researches about renewable 

technologies.  Bernard J. Bulkin, in his writing “The Future of Today’ s Energy 

                                                
2 Ronald M. Dell and David A.J. Rand, ‘‘Energy Production and Use, ’’ in Clean Energy, (Cambridge: 
Royal Society of Chemistry, 2004), 1.  
 
3 Gary Alexander and Godfrey Boyle, “Introducing Renewable Energy,” in Renewable Energy: Power 
For A Sustainable Future, ed. Godfrey Boyle  (New York: Oxford University Press, 2004), 2. 
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Sources,” emphasized the importance of renewable technologies (RT) related to the oil 

problem. He recorded that the oil embargo because of the Yom Kippur War (Fourth 

Arab-Israeli War) has caused the search for new energy sources and technologies. By 

2000, he expressed, it was predicted that oil would be gone. The air pollution was a 

serious problem too. Beginning from that time commercialization of solar energy was 

being expanded. He observed that the most important benefits of this energy crisis were 

designing of the more efficient appliances like cars, refrigerators etc. In spite of these 

developments, the core technologies and sources for generating energy did not change 

radically. As an example, most of the cars are still powered by internal combustion 

engines. Radical changes about generating energy, increasing efficiency and fuel 

economy of appliances can be made by using RT. Predicting the future supply and price 

of the fossil fuel is impossible, so the importance of renewable sources is rapidly 

increasing because of this uncertainty.4  

 

1.4.2 Present Day Energy Sources  

 
Primary energy consumption was increased during the 20th century. In the year 

2002, it was nearly 451EJ (exajoules). Fossil fuels (coal, natural gas, oil) provided 75 % 

of the energy need. The annual average energy consumption per person was 74GJ 

(gigajoules). However, North Americans’ average consumption was 359GJ. In Europe 

people used half of this amount, in the rest of the world it is only one fifth. Hence, it can 

be said that the distribution of the fossil fuels and the consumption of the energy is 

unequal. 

On the other hand, fossil reserves will diseappear in a short time. Coal reserves 

will last for 200 years, oil for 40 and natural gas for 60 years.5 

 

1.4.3. Climate Change 

 
Climate change is an expanding problem of our century and it is one of the 

results of over and unconsciously consumption of fossil fuels. Nevertheless, it is not the 

only cause of the climate change.  

                                                
4 Boyle, “Introducing Renewable Energy,” 6-8. 
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The causes may be classified as biological, anthropogenic (human-caused), 

geological and cosmological. Biological causes are the effects of living things, 

geological changes include the effects of continental drift on land disribution and 

cosmological changes occur when earth is influenced by extraterrestrial agencies.5  

Cosmological changes (like meteors) and geological changes are the reasons for 

the extinction of the dinosaurs, therefore they are very important and dangerous facts. 

On the other, hand they are uncontrollable and unpredictable facts, at least can not be 

solved easily, but biological and anthropogenic causes could be controlled and stopped. 

Because we, as human beings, are responsible for them. Human activities cause climatic 

changes by changing the amount of the light reflected, the amount of the dust and the 

amount of the certain gases in the atmosphere or by changing the distribution of the 

heat. 

Ozone, water vapour and carbon dioxide are the most important components of 

the atmosphere. Ozone absorbs the ultraviolet radiation; both carbon dioxide and vapour 

absorb infared radiation, which is the reason for the temperature increase. As a result of 

using fossil fuels, the ozone layer is damaged and the amount of the carbon dioxide and 

water vapor is increased. Furthermore, this increase warms the Earth, this process is 

called ‘the greenhouse warming’.   

There will be extreme events such as excessive rainfall and consequent floods, 

droughts, and unusual local temperature changes, if the green house warming continues. 

Moreower, managing the CO2 emissions can be the solution of climate change.6 

 

 

 

 

 

 

                                                
5 Gordon J. Aubrecht, Energy (New Jersey : Prentice Hall, 1995), 298. 

6 Zekai Şen, Solar Energy Fundamentals and Modeling Techniques: Atmosphere, Environment, Climate 
Change and Renewable Energy ( London: Springer-Verlag, 2008), 3-4. 
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CHAPTER 2 

 

OVERVIEW OF THE SOLAR ENERGY AND  
SOLAR TECHNOLOGIES 

 
Solar energy that is based on solar radiation is the most common source among 

the renewable sources, and it is the origin of the most of the renewable sources. Solar 

energy can be used directly to generate energy, hot water can be produced by solar 

collectors. And buildings can be more efficient about space heating and lighting if 

passive solar systems have been considered during the design process. With solar –

thermal electric power stations water can be heated to high temperatures to generate 

electricity. And photovoltaics are the devices that generate electricity dierctly. 7 

Solar power can be used indirectly too. Solar radiation warms the oceans then 

vapour is added to the air, it becames rain and rain causes the hydropower. 

Hydroelectricity provides sixth of the electricity need of the world. Radiation heats the 

tropic areas more than polar areas, this difference becames a heat flow towards the poles 

and it is carried by currents in the atmosphere and the oceans. Energy in this currents 

can be used in generating energy with wind turbines. In the oceans wind creates waves, 

so secondary energy source creates a third one. 

Tidal and geotermal energy are not the changed forms of the solar energy. Tidal 

energy is different from wave energy. With barrages rising water can be captured and 

then can be let to flow back to the turbines so electricity can be produced. The Earth’s 

interior heat is the source of the geothermal energy. The interior areas heat the surface 

of the earth and this heat is transfered to the water above the surface which could be 

used for electricity production. 8  

 

 

 

 

 

 
                                                
7 Godfrey Boyle, ed., Introducing Renewable Energy (New York: Oxford University Press, 2004), 11-14. 
 
8 Boyle, Introducing Renewable Energy, 11-14. 
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2.1. Solar Energy 

 
Sun is the main source of the life and energy in the Earth. The total energy that 

is produced in the world in a year is equal to the amount the sun produces in about 5 

billionths of a second. Solar energy can be used directly for heating, and indirectly for 

generating electricity by photovoltaic cells. 8 

 

2.1.1. Solar Thermal Energy 

 
Solar energy must be converted into heat to be used for heating or cooling. This 

possibility was recognised in 1907 by Dr. W. Maier who was the first patent owner of a 

solar collector in Germany. The development of solar thermal power technology began 

in the 1970’s and it is continuing. 9 

 

2.1.1.1. Passive Solar Heating Systems 

 
About one-third of the total energy consumption concerns heating, cooling and 

lighting of the buildings. So it is important to minimize the heat loss and to utilize the 

heat and light from the sun. With architectural design it is possible to achieve these 

goals. 10  

In direct gain passive systems, energy that passes through the south wall is 

converted into the heat. Components in the building, such as floors,  walls, furnitures 

and ceiling absorb the sunlight and convert into the heat and store it.  

In indirect gain passive systems (trombe wall), solar heat is absorbed by the 

outer surface of the wall and stored into the thin air space in front of the wall. Radiation 

warms the air in that space then it is radiated into the living space. When the indoor 

temperature is below that of the wall's, heat is transferred into the room.  

                                                

9 Paul A. Breeze, Power Generation Technologies ( Amsterdam: Boston: Burlington: Elsevier; Newnes, 
2005), 186. 

10 Ronald M. Dell and David A.J. Rand, Clean Energy ( Cambridge: Royal Society of Chemistry, 2004), 
107. 
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Solar pond is a method of producing energy from saltwater. The water is 

seperated into regions of different densities. These regions provide zones in which heat 

is stored. Water at the top is fresh, middle region lets light through into the bottom but 

not out. This middle region also prevents the salty hot water at the bottom from mixing 

with other regions. Solar ponds use the stored heat to heat the water or air.   

Theorically, it is possible to produce energy from the mixing of saltwater and 

freshwater as rivers flow into oceans. There are three methods for generating energy; 

semipermeable membranes in theory could generate osmotic pressure to raise the 

water and produce energy, it is possible to use reverse dialysis to set up a ‘salt 

battery’. And the different vapor pressures of freshwater and saltwater could be 

exploited, the freshwater would be evaporated, then condensed in seawater after the 

vapor had gone through the turbine.11 These methods are optimistic efforts for using all 

options about the renewable sources. But in real they are very expensive methods and 

not applicable for the moment.  

In solar chimney system, electricity is generated by converting the air 

movement in the chimney. Solar cookers which are simple concentrating systems, are 

manufactured for cooking as parabolic or box forms. Water desalination systems 

evaporate the water in a pool towards a transparent cover. And the greenhouses and 

crop drying applications are the most simple heating systems.12 
 

 

 

 

                                                
11 Aubrecht, Energy, 483. 
 
12 ‘‘Thermal Solar Technologies,’’ General Directorate of Electrical Power Resources Survey and 
Development Administration, accessed October 13, 2010, 
http://www.eie.gov.tr/english/solar/termaltech_e.html. 
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Figure 2.1. Greenhouse                                                                                           
(Source: http://www.eie.gov.tr/english/solar/termaltech_e.html) 

 

2.1.1.2. Active Solar Heating Systems 

 Flat plate solar collectors and evacuated tube solar collectors are the active 

heating devices. Flat plate collectors are the collectors that contain a thin, broad box 

with a glass or clear plastic top and a black bottom which has water tubes. The black 

bottom absorbs sunlight and gets hot. The clear cover prevents heat loss. Water inside 

the tubes is heated and transported into the tank. In an active system, the heated water is 

transported by a pump, in a passive system, the collector is lower than the tank so the 

heated water rises from the collector naturally into the tank and cold water descends into 

the collector from the tank.13 

 

 

 

                                                
13 Richard T. Wright, Environmental Science: Toward a Sustainable Future ( New Jersey: Pearson 
Prentice Hall, 2008), 358.  
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Figure 2.2. A group of flat plate solar collectors                                                               
(Source: http://www.eie.gov.tr/english/solar/termaltech_e.html)        

                       

Evacuated tube solar collectors are similar to flat-plate ones, they contain 

evacuated tubes and they are designed for higher temperatures (100-120°C).12           

 

2.1.1.3. Concentrating Systems                                                                           

Several systems are used for concentrating the solar power. Parabolic through 

collectors focus the sunlight on a central receiver tube which has heat-absorbing fluid 

like oil. It is heated by the sunlight and circulated through the pipe. The heated fluid 

boils the water and produces steam that drives a turbogenerator. 14 Parabolic dish 

system focuses the sunlight at a single point. It is a smaller system and consists 

parabolic concentrator dishes that focus sunlight onto a receiver. The fluid is transferred 

to a stirling engine which produces electricity directly (5-40kW). In central receiver 

systems large mirrors focus the sunlight onto central receiving towers. The receiver 

transfers the heat to a molten salt-liquid, it flows to a exchanger to drive the generator or 

to a storage tank for later use. 14    

 

 

                                                
14 Wright, Environmental Science: Toward a Sustainable Future, 363-364. 
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A solar farm can provide energy during night and day. It provides energy by 

using the sunlight to heat the liquid sodium that could store a lot of energy. Heat 

exchangers cool the sodium and gives the absobed energy to the water. And the steam 

which is occured during this process drives the turbines to provide energy.15 

 

2.1.2. Solar Photovoltaics 

 
Photovoltaic cells convert sunlight into the electricity directly. Edmund 

Becquerel (1820-1891) discovered the photovoltaic effect in 1839. And the first modern 

photovoltaic cell was produced by Physicists at Bell Labs in 1954.16  

 

 
 

Figure 2.3. Solar cell structure (Source: http://www.britannica.com/EBchecked/topic-      
art/552875/1406/A-commonly-used-solar-cell-structure) 

  
Solar cell looks like a kind of wafer of material. Each cell consists of two thin 

semiconductor layers that are seperated by a junction layer. Sunlight creates an 

electrical potential between the layers that provides energy. 17 

 
 
 
                                                
15 Aubrecht, Energy, 460. 
 
16 Wright, Environmental Science: Toward a Sustainable Future, 463-464. 
 
17 Wright, Environmental Science: Toward a Sustainable Future, 361. 
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CHAPTER 3 
 

THE USE OF THE SOLAR ENERGY  IN  
LIGHTING PRODUCTS 

 
3.1. Solar Technology Based Industrial Products for Lighting 

 
 In this part of chapter solar technology based products have been researched to 

understand that how solar power have been used and can be used as a product feature. I 

have researched and focused on the solar lighing products. Thus it can be understood 

that which type of technology and lighting components are used for solar lighting 

products. And the usage of the solar lighting for different purposes was observed. 

 Solar energy is mostly used for lighting, because modern lamps, such as LEDs 

consume less energy to convert sunlight into the light, and lighting process needs less 

energy than other processes that uses electricity, such as heating, cooling, 

transportation. 
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3.1.1. Kiran S10 

 

  
 

Figure 3.1. D.light Design Team, Kiran S10, D.light Design, India, 2010 
 (Source: http://peoplesdesignaward.cooperhewitt.org/2009/nominee/2165, 2010) 

 

Kiran which is the ray of light in Hindi, is designed as an alternative for 

kerosene lights in rural areas of India and Africa. It is the Ashden Awards for 

Sustainability 2010 Winner. It includes an efficient Ni-Mh battery and LEDs, it can be 

used for more than 8 hours, and it can also be charged by a 2mm. Nokia mobile charger. 

It provides 3600 illumination, and can be used for home, workplace or school. 18 

 

 

 

 

 

 

 

 

 

 

 

                                                

18 ‘‘D.LIGHT S10,’’ D.light Energy Private Limited, 25 January 2011, 
http://www.dlightdesign.com/products_D.LIGHT_S10_global.php. 
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3.1.2. Solarflora 

 

 

 

Figure 3.2. Darren Saravis, Solarflora, Nectar Design, USA, 2010 
 (Source: http://www.nectardesign.com/all-products, 2011) 

 

Solarflora is a public light which is inspired form a giant flover and made of 

aircraft aluminium. It can hold four solar panels, and it can generate up to 420 Wh per 

day. 19    

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
                                                
19 ‘‘ Solarflora - Green Power for Public Spaces,’’ Nectar Product Development, accessed January 25, 
2011, http://www.nectardesign.com/all-products/solarflora-green-power-for-public-spaces. 
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3.1.3. Turner 
 

 

 

Figure 3.3. Svend Onoe, Turner, Bockia, China, 2009 
(Source: http://www.bockia.com/new/productdetail.asp?dir=p09#, 2011) 

 

Turner is an outdoor solar lantern that includes AAA rechargable battery, a 

solar panel and a warm LED. During the day it can be charged, then by turning it upside 

down it turns to a decorative lantern. 20 

 

 

 

 

 

 

 

 

 

 

 

 

                                                
20 ‘‘Turner,’’ Bockia Industry Co. Ltd., accessed April 13, 2011, 
http://www.bockia.com/new/productdetail.asp?dir=p09#. 
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3.1.4. Sunnan 
 

 

 

Figure 3.4. Nicolas Cortolezzis, Sunnan, IKEA, Sweden, 2009 
 (Source: http://www.ikea.com.tr, 2011) 

 

Sunnan cell work lamp can be used for about 3 hours, after 9-12 hours 

recharging time. It includes 3 batteries (AA 1.2V), LEDs that can be used for 25000 

hours, and a solar cell. 21   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

                                                
21 Inter IKEA Systems B.V., ‘‘Ürün Bilgileri,’’ accessed January 25, 2011, 
http://www.ikea.com.tr/urundetay/90154371/sunnan_masa_lambasi.aspx. 
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3.1.5. Solar Lampion 

 

 
 

Figure 3.5. Damian O’Sullivan, Solar Lampion, Damian O’Sullivan Design,  
The Netherlands, 2004 (Source: Photography Frans Feijen;   
http://www.moma.org/interactives/exhibitions/2008/elasticmind/index.html
#/247/, 2011) 

 

Prototype lamp Solar Lampion was inspired from the traditional Chinese paper 

lanterns, and it includes battery, LEDs, and solar cells like other lights.22 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
                                                
22 ‘‘Solar Lampion,’’ Damian O’Sullivan Design, accessed April 13, 2011, 
http://www.moma.org/interactives/exhibitions/2008/elasticmind/index.html#/247/. 
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3.1.6. Portable Light 

 

 
 

Figure 3.6. Sheila Kennedy, Sloan Kulper, Jason O’Mara, Patricia Gruits, Heather 
Micka Smith, and Casey Smith, Portable Light, KVA MATx, USA, 2004 
(Source:   Photography KVA MATx; http://www.moma.org, 2011) 

 

Portable Light is a kind of textile solar prototype light, it can be used for 

traditional clothes. One unit of textile can produce 2 W energy, and can be used as a 

charger. It also consists of copper indium gallium deSelenide flexible solar cells, and 

high brightness light emitting diode (HBLEDs) as light. 23 

 

 

 

 

 

 

 

 

 

 

 

                                                
23 ‘‘Portable Light,’’ KVA MATx, accessed April 13, 2011, 
http://www.moma.org/interactives/exhibitions/2008/elasticmind/index.html#/205/. 
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3.1.7. Solar Module 

 

 
 

Figure 3.7. Giulio and Valerio Vinaccia, Solar Module, Integral Studio Vinaccia and 
Pulsar Lighting, Italy,2009 (Source: http://www.vinaccia.it/lighting.html, 
2011). 

 

Solar Module is a ceramic tile that is integrated with a photovoltaic cell and a 

light. It was designed as an interior household unit which turns into a light at nights. 24 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
                                                
24 ‘‘Solar Module,’’ Integral Studio Vinaccia and Pulsar Lighting, accessed April 13, 2011, 
http://www.vinaccia.it/lighting.html, http://www.vinaccia.it/lighting.html (images). 
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3.1.8. Park Bench House 

 

  

 
 

Figure 3.8. Sean Godsell Architects, Park Bench House, Australia, 2002 (Source:               
Photography Hayley Franklin; http://www.seangodsell.com, 2010; ht 
tp://www.architecturemedia.com, 2011) 

 

The Park Bench House is designed as a shelter for the homeless people by 

Sean Godsell. It is a multipurpose unit that is a seat during the day and a shelter at night. 

The small PV module of the seat generates the energy for the automatic night light 

which signals that someone is using the seat.25  

 

 

 

 

 

 

 

 

 

 

 

 

 

 
                                                
25 ‘‘Radar Shelter,’’ Architecture Media Pty. Ltd., accessed April 13, 2011, 
http://www.architecturemedia.com/aa/aaissue.php?issueid=200207&article=3&typeon=1. 
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3.1.9. Solar Birdhouse 

 

 

 

Figure 3.9. Guido Oooms, Solar Birdhouse, OOOMS Studio, The Netherlands, 2009 
(Source: http://www.oooms.nl/category/products/, 2010) 

 

Solar Birdhouse includes a basic lighting system and design, during the day the 

cell charges battery, at night it feeds the stick light. It can be used as a decorative object 

for garden lighting, and it provides a living space for birds.   
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3.1.10. DISKO-SU1 

 

  
    

Figure 3.10. Matteo Bazzicalupo and Raffaella Mangiarotti, deepdesign + charon, 
DISKO SU1-Sun Unit One, Heimdall, Italy, 2009 (Source: Photography 
Mattia Campo;    http://www.heimdallsrl.com, 2010) 

 

DISKO-SU1 is a solar powered wireless light and sound diffuser, which can be 

controlled by smart phone, laptop etc., and it is engineered by Alteres. Music is 

transferred to the Disko by the integrated transmitter which is connected to any 

electrical device. It includes 3 LED optical parts, audio diffuser, a light censor, and it is 

made of varnished or anodized aluminium. It is especially designed for outdoor use, and 

places such as conference centers, parks, beaches, gardens, archeological places, trade 

fairs as a lighting and visual object. And it has the 2008 Green Dot Awards Honorable 

Mention as a concept product. 26  

 
 

 

 

 

 

 

 

 

 

                                                
26 ‘‘Heimdall-Disko-SU1: Press Release,’’ Heimdall, accessed January 23, 2011, 
http://www.heimdallsrl.com/portale/wp-content/uploads/Heimdall_Disko-
SU1_PressRelease_ITAENG.pdf.  
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3.1.11. Solar Collector 
 

 
 

Figure 3.11. Matt Gorbet, Rob Gorbet, and Susan LK Gorbet, Solar Collector, Gorbet              
Design Inc., Canada, 2008 
(Source:http://www.gorbetdesign.com/proj_solar.html, 2010) 

 

Twelve shimmering aluminium shafts are the components of this interactive 

solar sculpture. Each of them consists of a battery, a charge controller, three solar 

modules, nine LEDs, and a DC-DC converter which increases the voltage from12V to 

30V. The battery of the shaft which is 12V and 7.2Ah sealed lead-acid (SLA) battery, 

stores the energy from the panels during the day, then feeds the lights. Same time the 

light compositions which are the patterns in light created by the public, are collected by 

the Solar Collector website. The movement of the sculpture is composed by the 

computer system from this website.27  

 

 

 

 

 

 

 

 

 

 

 

                                                
27 ‘‘Explore The Sculpture: Description and Technical,’’ Solar Collector Team (Gorbet Design Inc.), 
accessed January 23, 2011, http://www.solarcollector.ca/explore.php. 
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3.1.12. Lux 

 

 
 

Figure 3.12. Mae Yokoyama, Lux, Konstfack University College of Arts, Crafts and 
Design, Sweden, 2009 (Source: Photography Andreas Nyquist; 
http://www.konstfack.info/Default.aspx?id=18&studentId=22, 2010) 

 

Lux is a school project which is designed as an elegant jewellery for underlining 

the importance of the solar energy (Degree Exhibition 2009). It popularizes the solar 

energy and makes it an ordinary term. Solar cells are charged by the sun, and they 

provide the power for little LEDs which seem like sparkling pearls. 28 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

                                                
28 ‘‘Lux,’’ Konstfack University College of Arts, Crafts and Design, Mae Yokoyama, accessed April 13, 
2011, http://www.konstfack.info/Default.aspx?id=18&studentId=22. 
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3.1.13. Emu Ivy Pouf 

 

 
 

Figure 3.13. Paola Navone, Emu Ivy Pouf, Coalesse, Italy, 2009 
 (Source: http://www.coalesse.com/products/357/23/Tables/Emu_Ivy_Pouf, 2011) 

 

Emu Ivy Pouf is the part of a furniture-sculpture collection by Paola Navone. It 

includes handmade steel mesh structure, a sheet metal top integrated with PV panel with 

five LEDs which illuminate the under area, and a plastic strap for easy carrying. It can 

be used as a seating unit or a lighting object. 29 

 

 

 

 

 

 

 

 
 
 
 
 
 
 
 

                                                
29 ‘‘Emu Ivy Pouf, ’’ Coalesse, accessed April 13, 2011, 
http://www.coalesse.com/products/357/23/Tables/Emu_Ivy_Pouf. 
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3.2. Public Lighting 
 

Two billion people do not have commercial electricity, and when possible they 

use it for electricity-based services, as rechargeable batteries or small fossil fuel driven 

generators. Usually these devices are not affordable, reliable or ecologic. On the other 

hand, services like lighting, television, telecommunication, health services, cooling are 

available at a very low level. And education, business and small commercial activities 

are depended on electricity. Thence the lack of a reliable electricity effects the 

development of rural areas.30 Photovoltaics are the solution of this problem, and today 

one-third of the world population could benefit from off-grid PV installations, but 

system components have to be developed to make it affordable.31 At present, the main 

applications of photovoltaics in rural areas are charging stations, home systems for 

lighting, household devices, and pumping stations for water requirements.32  

For this reason public lighting appliances have been focused on as renewable 

energy based industrial products. And I have researched the components of the solar 

lighting devices. As a stand-alone system solar applications do not need electricity 

connection, but as a public lighting device my designs could be grid-connected systems 

to extend the usage area.  

 

 

 

 

 

 

                                                
30 Antonio Luque and Steven Hegedus, eds., Handbook of Photovoltaic Science and Engineering (West 
Sussex: John Wiley & Sons Ltd, 2003), 54.  
 
31 Luque and Hegedus, Handbook of Photovoltaic Science and Engineering, 57. 
 
32 Luque and Hegedus, Handbook of Photovoltaic Science and Engineering, 56. 
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*In grid-connected systems battery is not needed always. 

 

Figure 3.14. The diagram of stand-alone and grid-connected PV systems  
 

3.2.1. Public Lighting Application Components   
 
 Public lighting devices are consisted of several components, thus these 

components have been researched in this part of the chapter. 

 

3.2.1.1.Photovoltaic Cells 
 

Solar energy is generated by the fall of the light on a solar cell. First the radiant 

energy is converted into direct current (DC), then it is transformed into household- 

compatible alternating current (AC) by an inverter. Crystalline silicon (c-Si), and thin-

film amorphous silicon are the the most widespread cell materials. Photochemical and 

concentrating cells are the developing photovoltaic technologies.33 Crystalline cells 

have been produced since 1970’s, and constitute 90% of the market. But thin-films are 

10 year old solar technologies, and have 10% marketshare.34 24% efficient single-

crystal silicon cells can be produced in laboratories. Though, efficiency of the 

commercial cells is 13-14%, because the complex production methods can not be 

applied to industry, and it is expected to be over 20% in the near future.35 

                                                
33 Brad Burdic, ‘‘Photovoltaic Cells: Selecting the Right Solar Technology for Your Roof,’’ Sustainable 
Facility 33, no. 5 (2008): 36.  
 
34 Jan H. Schut, senior ed, ‘‘Shining Opportunities In Solar Films,’’ Plastics Technology 55, no. 2 (2009): 
41,  
 
35 Stuart R. Wenham, Martin A. Green, Muriel E. Watt, and Richard Corkish, ed. Applied Photovoltaics, 
2nd ed. (London: Earthscan, 2006), 57. 
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Crystalline silicon (c-Si) cells, are the most common ones. The purpose of the 

c-Si technology was producing cells for integrated circuits and microchips. Types of 

crystalline silicon technology for producing cells are mono- crystalline, and multi-

crystalline. Monocrystalline technology contains thin wafers sliced from a single, 

pure crystal silicon ingot. Multi-crystalline or polycrystalline technology is the 

slicing of the cast silicon crystals. And it is not as pure as mono-crystalline, so the 

quality of the wafers are low, and it is affordable.36 Crystalline silicon modules contain 

a glass top sheet, an encapsulation, silicon-wafer cells, another film, and a back sheet of 

laminated Huoropolymer, so they are expensive. But their service life is 20-25 years and 

the efficiency, which is the percentage of sunlight converted into electricity, is 14-

23%.37 

The demand for c-Si has increased the price of it, so manufacturers have started 

using affordable materials for semiconductors, which are thin and good light absorbers, 

such as amorphous silicon (aSi), cadmium telluride (CdTe), copper indium diselenide 

(CIS) or copper indium gallium selenide (CIGS). Thin-film cells are made of these 

materials and can be deposited in very thin layers, that is less than 1 micron (human hair 

is 50-100 microns), on stainless steel, glass or flexible plates. They are combined into 

modules and laminated for protection. They are cheap, but their efficiency is low (8%), 

and can be applied over large areas. Today in the US, because of the shortage of c-Si the 

use and production of thin-film cells, that fulfils 30% of the market, has increased.38  

 

 

                                                
36 Burdic, ‘‘Photovoltaic Cells: Selecting the Right Solar Technology for Your Roof,’’ 36.  
 
37 Schut, senior ed, ‘‘Shining Opportunities In Solar Films,’’ 41. 
 
38 Burdic, ‘‘Photovoltaic Cells: Selecting the Right Solar Technology for Your Roof,’’ 36-37. 



 31 

 
 

Figure.3.15. Structure of the thin film module 
 (Source: Schut, 2009, p.42) 

 

 

 
 

Figure 3.16. A flexible thin film solar module for house roof (presented by Fuji 
Electric.) (Source: Hamakawa, 1999, p. 219) 

 

Ribbon technology (amorphous silicon) applies molten silicon onto cheaper 

plates. And it can be applied onto flexible surfaces. This method decreases waste during 

slicing process, contrary to this, it is less refined and efficient. But it is an affordable 

option because of the low costs. According to National Renewable Energy 

Laboratory (NREL), the typical cell efficiency is 15%.39. The amorphous silicon 

solar cell, the crystalline silicon solar cell, and the microcrystalline silicon thin film 

                                                
39 Quoted in Petros J. Katsioloudis et al., ‘‘Energy From the Skies: Empowering Future Generations,’’ 
Technology Teacher 68, no. 6 (2009): 14; for original source: Seale, 2003.  
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solar cell are types of silicon thin film solar cells. The microcrystalline cell concerns a 

transparent conductive oxidation film, a microcrystalline silicon thin film, and an 

aluminum back contact film. The PVD (physical vapor deposition), PECVD (plasma 

enhanced chemical vapor deposition), and laser multiple-channel isolation scribing 

processes are the producing methods of these cells.40  

             

     (a)     (b) 

 
               (c)     (d) 

 

Figure 3.17. Materials of the microcrystalline silicon thin film solar cell:(a) aluminum 
tool; (b)AZO/glass; (c) mc-Si /glass; (d)Al/glass (Source: Kuo et al., 2010, 
p. 948) 

 

Photoelectrochemical cells (PEC) are being developed, and are liquid. Dye 

sensitizer of the cell absorbs light to create current in a nanocrystalline titanium dioxide 

semiconductor layer. Back of the cells is covered with carbon and both sides contain 

glass layers. These cells can reduce the cost in the future. 41 

Lenses and mirrors are the part of concentrating cells that concentrate sunlight 

onto cells. The needed cell surface is small because of the concentration of the light, 

that makes these cells more expensive and efficient (more than 40%). Thence tracking 

systems can be installed to use every available sunlight 42 

The modules are the cells that are connected together to increase energy 

amount, and the energy amount that can be a number of watts to several hundred watts, 

depends on the size of the modules. The electricity amount of the photovoltaic arrays 

                                                
40 Kuo et al., ‘‘Optimization of Microcrystalline Silicon Thin Film Solar Cell Isolation Processing 
Parameters Using Ultraviolet Laser,’’ Optics & Laser Technology 42 (2010): 945.   
 
41 Burdic, ‘‘Photovoltaic Cells: Selecting the Right Solar Technology for Your Roof,’’ 37. 
 
42 Burdic, ‘‘Photovoltaic Cells: Selecting the Right Solar Technology for Your Roof,’’ 37. 
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can be a couple of kilowatts.43 Manufacturers indicate that lifetime of the modules is 

around 20 years, and 30-year lifetime is expected.44    

 

 
 

Figure 3.18. The structure of a module with c-Si cells 
(Source: Photography SBM Solar; Schut, 2009, p. 45) 

 

3.2.1.2. Light Censors  
 

Photoelectric sensors perceive the changes of the light intensity. Specific 

sensors use different detecting methods to perceive the light types. The sensors are 

consist of a light source (LED), a receiver (phototransistor), a signal converter, and 

an amplifier. The light is analyzed by the phototransistor, then the phototransistor 

verifies that the light is from the LED, and generates an output. Technological 

developments of the photoelectric sensors make them more affordable than other 

technologies. Photoelectric sensors use diffused, retro-reflective, and thru-beam 

methods for target detecting process. 45 Light sensors are common in modern life. Some 

sensors use reflected light for detection, as bar code readers, laser printers etc., and 

                                                
43 Katsioloudis et al., ‘‘Energy From the Skies: Empowering Future Generations,’’ 15. 
 
44 Wenham et al., Applied Photovoltaics, 83. 
 
45 Ed Myers, Jeff Allison, and Gary Frigyes, ‘‘Photoelectric Sensors: A Solution for Every Application,’’ 
Control Solutions International 77, no. 3 (2004): 50.  
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some sensors are used for adjusting the amount of ambient light, like digital cameras, 

cell phones and laptops.46 

 

 
 

Figure 3.19. Crossbow Mote, MICA2DOT with CdS light sensor 
(Source: Nakamura et al., 2008, p. 1833) 

 

3.2.1.3. Lights 
 

Lighting is the most important and the most necessary notion of the modern life. 

Consequently, type and specification of the light sources are varying. The light sources 

can be grouped into four categories. 

 

3.2.1.3.1. Incandescent Lights  

 

These lights are the classic and most affordable lights. The light is generated by 

the heating of a tungsten filament by electric current. The heated filament glows and 

produces the light. The domestic light is a type of incandescent light. 47 

 

 
 
 

                                                
46 Mike Wong, and Tamara Schmitz, ‘‘Using Light Sensors to Extend Battery Life,’’ Wireless Design & 
Development 16, no. 2 (2008): 3.  
 
47 N. Alan Smith, ‘‘Light and Lighting,’’ in Occupational Hygiene, Third Edition, ed. Kerry Gardiner, 
and J. Malcolm Harrington (Massachusetts: Blackwell Publishing, Inc., 2005), 276.   
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3.2.1.3.2. Discharge Lights  
 

Discharge lights consist of tubes that have a gas or vapour. The voltage displaces 

the electrons to higher energy levels, and the electrons come back to the first level, 

thereby electromagnetic photons as a form of energy is generated. The specifications of 

the light depend on the gas or the vapour. Discharge lights can be grouped into two 

main categories, low-pressure and high-pressure lamps. Fluorescent lights (low-

pressure mercury) and low-pressure sodium lamps are low-pressure lights. The 

wavelength of the low-pressure sodium lamp is optimum for the human eye, so the 

luminous efficacy of the light is high. They are suitable for foggy conditions. But, 

because of the low colour rendering index value the surface colors of the objects are 

blurred. Fluorescent lamps are generally used in indoors because the light is affected 

by the ambient temperature. They generate more light and less heat than incandescent 

lamps. Mercury vapour, metal halide and high-pressure sodium lamps are the high-

pressure lamps. They are used for outdoor spaces like roads, car parks, railways, 

building complexes. The broken mercury vapour and metal halide lamps can emit 

dangerous ultraviolet radiation, so disposal of the lamps must be controlled carefully.48 

Compact fluorescent lamps (CFLs) are the developed version of the fluorescent lamps 

that are 75% more efficient than incandescent lamps and their work life is 10 times 

longer. 49 

 

Table. 3.1. Specifications of the lamp types 
 (Source: Smith, 2005, p. 277) 

 

 

                                                
48 Smith, ‘‘Light and lighting,’’ 276-277.  
 
49 Graeme Stemp-Morlock, ‘‘Cleanup for Broken CFLs,’’ Environmental Health Perspectives 116, no. 9 
(2008): 378.. 
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Figure 3.20. The structure of a CFL 
(Source: Fischbach, 2004, p. 30) 

 

3.2.1.3.3. Fiber Optic Systems  
 

These systems use a remote source for lighting and transmit the light into the 

space by an illuminator, that consists of optics and connected to fiber optic cables. The 

system needs less power and energy than fluorescent lighting systems.50 The fiber 

cables protect the glass components that transmit the light. 51 

 

                                                
50 Steven Parker et al., ‘‘New Lighting Technologies Demonstrated at Defense Commissaries,’’ Energy 
Engineering 106, no. 2 (2009): 11-12.  
 
51 Deniz Türsel Eliiyi, and Tayfun Çaylan, ‘‘Güneş Enerjisi ve Led ile Etkin Enerji Kullanımı: Yol 
Aydınlatmalarına Yönelik Bir Uygulama,’’ Makina Mühendisleri Odası Endüstri Mühendisliği Dergisi 
19, no. 2 (2008): 5. 
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Figure 3.21. Components of the fiber optic lighting system 
 (Source: Knisley, 2002, p. 24) 

 

3.2.1.3.4 LED (Light Emitting Diode) Lights  
 

LEDs are semiconductor diodes, that produce light by activation of the electrons 

by a voltage. Spectrum of the LED light is wide, and in the long term they have a low 

energy cost. LEDs are eco-friendly products that do not contain Mercury, Lead etc. 

LEDs are long lived lamps, in theory the expected life of the LEDs is about 100000 

hours, and they are suitable for PV systems. 52 LEDs do not produce heat during the 

lighting process, thus a higher efficiency (85-90%) can be obtained. Organic light-

emitting diodes (OLED) are being developed, thereby LED displays as thin as paper 

will be produced. And this flexible displays can be used for different purposes. 53  For 

now OLEDs are not as efficient as LEDs, but they will be cheaper than the LEDs, and 

Colour Rendering Index (CRI) is similar to the LED technology. 54 

The LEDs’s structure is very simple and strong. It includes a semiconductor, 

that detects the color of the light, a lens that protects the LED material, the conductive 

components, and the conductive wires that join them.55 

 

                                                
52 Eliiyi and Çaylan, ‘‘Güneş Enerjisi ve Led ile Etkin Enerji Kullanımı: Yol Aydınlatmalarına Yönelik 
Bir Uygulama,’’ 5-6. 

53 Narendra B. Soni, and P. Devendra, ‘‘The Transition To LED Illumination: A Case Study On Energy 
Conversation,’’ Journal of Theoretical & Applied Information Technology 4, no. 11 (2008): 1084.  

54 José M. Portela et al., ‘‘Leds, Toward the Best Energy Efficiency in Lighting,’’ Advanced Materials 
Research 107 (2010):  97. 
 
55 Portela et al., ‘‘Leds, Toward the Best Energy Efficiency in Lighting,’’ 93.  
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Figure 3.22. Structure of the LED: 1) phosphor layer; 2) reflector; 3) InGaN  
emittingcrystal; 4) Si substrate; 5) metal part, 6) printed board, 7) gel, 8) 
polycarbonate lens(Source: Aladov et al., 2010, p. 23) 

 

LEDs are very efficient about power consumption, so they can be widely used 

for battery needed household and industrial systems as a back up lighting device. LEDs 

can also be used as headlight in under water and mines, thanks to the weight and 

consumption advantages. In rural areas the long life and the low power consumption of 

the LEDs make them a beter choice for PV systems. LEDs have long work life and 

spectrum of the LEDs makes the street light more spectacular, therefore LEDs are the 

economical and visual solution of the street lighting process. And self charging LED 

systems can be used as reflectors to stop the accidents.56 

Packaging is important for LEDs, package contains the electrical connections of 

the LEDs and it makes the lighting process more efficient by focusing and increasing 

the light of the LEDs. Packaging protects the LED chip from physical factors and 

decreases the heat.  

The 5mm diameter epoxy dome is the standard LED package. The design of the 

device effects the package; the active layer that is close to the surface increases the 

light, the lens on the top of the device increases the collection cone and lets the enter of 

the photons, and the dome increases the efficiency and focuses the light. The 5mm 

LEDs can capture 60% of the light flux. The flip-chip design technology is the process 

that is used for producing the more efficient LEDs than common 5mm LEDs. 57 

 

                                                
56 Soni and Devendra, ‘‘The Transition To LED Illumination: A Case Study On Energy Conversation,’’ 
1085-1086.  
 
57 Hadis Morkoç, ‘‘Emitting Diodes and Lighting,’’ in Handbook of Nitride Semiconductors and Devices: 
GaN-Based Optical and Electronic Devices, Volume 3, (Weinheim: Wiley-VCH Verlag GmbH & Co. 
KGaA,  2009), 15-17. 
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Figure 3.23. Diagram of a standard 5mm. epoxy domed LED that focuses the emitted 
light, and the photograph of three 5mm. domed packaged LEDs (Source: 
Morkoç, 2009, p. 16) 

 

 

 
 

Figure 3.24. Reflector type 18 W LED lamp (Kenzrun Co., KZ-PAR3809 X type) 
(Source: Prikupets, 2008, p. 86). 

 

3.2.1.4. Batteries 
 

Producing electricity from the Sun depends on the energy amount of the Sun, 

and it varies from season to season or day to day. Thus storage of the energy is vital for 

continuation of the PV systems, and this problem makes the batteries one of the main 

components of the PV systems.  

Lead-acid, nickel-cadmium, nickel-iron, nickel hydride, and rechargeable 

lithium are the rechargable battery types. Lead-acid and nickel-cadmium batteries are 

more suitable for PV systems than others. Nickel-iron batteries are not widely used 

devices. Nickel-hydride and rechargeable lithium batteries are designed for high tech 

products like laptops and mobile phones. And they need more complex protection for 

charging, this makes them more expensive than lead-acid batteries, therefore they can 
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not be used for high electricity needed PV systems. New type of batteries are being 

developed. 

 

3.2.1.4.1. Nickel Cadmium (NiCd) Battery 
 

A potassium hydroxide electrolyte, a cadmium and iron oxide negative 

electrode, and a nickel hydroxide and graphite positive electrode are used in NiCd 

batteries. They have the shortest recharge time, the highest load current per use and the 

lowest overall cost per cycle. A cell can produce 1,25V. So they can be used for high 

electricity needed applications. 58 

 

3.2.1.4.2. Nickel-metal Hydride (NiMH) Battery  
 

A NiMH battery is similar to a NiCd battery, but it has a hydrogen-absorbing 

alloy as the anode, and cathode is nickel. Its capacity 30-40% percent higher than NiCd, 

it is more eco-friendly than NiCd. The self-discharge rate and high cost are the 

disadvantages of it.59 Nominal voltage of it is 1,2 V, and energy efficiency is 80-90%. 

Maximum power is low and memory effect is less than NiCd.60 

 

3.2.1.4.3. Lead-Acid Batteries 
 

Lead-acid batteries are the most common ones for PV systems. Deep or shallow 

cycling, gelled batteries, batteries with captive or liquid electrolyte, sealed or open 

batteries are the types of these batteries. Unlike electrolyte, hydrogen gas can be added 

to the sealed batteries, and transformation of the hydrogen and oxygen back to the 

water can be achieved more effectively by the catalytic converters. They do not need 

maintenance as open batteries. Electrolyte can be added to the open or flooded 

electrolyte batteries, and electrolyte must be added constantly for efficacy.61 

                                                
58 Steve C. Hsiung, and John M. Ritz, ‘‘Reusable Energy and Power Sources: Rechargeable Batteries,’’ 
Technology Teacher 66, no. 6 (2007): 15-16.  
  
59 Hsiung, and Ritz, ‘‘Reusable Energy and Power Sources: Rechargeable Batteries,’’ 16. 
 
60 Wenham et al., Applied Photovoltaics, 106. 
 
61 Wenham et al., Applied Photovoltaics, 103. 
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A lead-acid battery contains lead dioxide (PbO2) positive parts as active 

material, lead negative parts as active material, and an electrolyte of sulphuric acid 

solution. During the process the positive and the negative parts are transformed into 

lead sulphate, and the electrolyte (sulphuric acid) is being used and produced again 62 

Most of them are six-cell integrated devices that can generate 12 Volts as a maximum 

output, and the average cell voltage is 2V. 63 

 

3.2.1.4.4. Gel Batteries (Gel Cell)  
 

Gel batteries are the more developed and expensive types of the lead-acid 

batteries. They contain a semisolid material (gel) as electrolyte. And they are widely 

used for PV applications. 

 

 
 

Figure 3.25. Structure of the Sonnenschein A600 Industrial Batteries: 1- Pos. Plates that 
consists of a lead calcium alloy, and have high corrosion resistance, 2- 
Neg. Plates that consists of lead calcium alloy, 3-Separator, for electrical 
separation of the positive and negative plates, 4-Cover, 5- Poles: Screw 
connection for easy and safe assembly, 6- Valves for releasing gas in case 
of excess pressure (Source:  
http://www.sonnenschein.org/PDF%20files/A600.pdf., 2011) 

 

 

 
                                                                                                                                          
 
62 David Spiers, ‘‘Batteries In PV Systems,’’ in Practical Handbook of Photovoltaics: Fundamentals and 
Applications, eds. Tom Markvart and Luis Castañer, (New York: Elsevier Advanced Technology, 2003), 
603-604.   
 
63 Hsiung and Ritz, ‘‘Reusable Energy and Power Sources: Rechargeable Batteries,’’ 15.  
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3.2.1.5. Solar Charge Controller 
 

The batteries are the weakest components of the PV systems. Most of the 

batteries have less service time than the other components of the system, and the failure 

of the system depends on the lifetime of the battery.  

In stand alone PV systems, the charge controller units protect the battery from 

overcharging and deep discharging by limiting the current flow from the solar modules 

when the battery is charged fully. The controller limits the battery voltage to a specific 

value or cuts off the voltage. The regulation algorithms vary from controller to 

controller: simple on-off interrupting, maximum power point tracking, fuzzy logic 

based, but all of them use basic parameters like PV and load currents. 64 The charge 

control units are the links between the solar modules, the batteries, and the load. The 

most important specifications of the controllers are; low energy need  (<5 mA), high 

efficiency (96-98%), compensating the temperature of the charging cut-off voltage, 

ambient temperature from 0 to 50C0, and integrated overvoltage protection.65 

 

 
 

Figure 3.26. Steca Solar Charge Controller (10 A,12- 24 V) 
(Source:http://www.stecasolar.com, 2011) 

 

 
 
 
 
 

                                                
64 N Vela and J. Aguilera, ‘‘Characterisation of Charge Voltage of Lead-acid Batteries: Application to the 
Charge Control Strategy in Photovoltaic Systems,’’ Progress In Photovoltaics: Research And 
Applications 14 (2006): 721–722. 
 
65 Luque and Hegedus, Handbook of Photovoltaic Science and Engineering, 788. 
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3.2.1.6. Energy Converters/ Inverters 
 

PV modules convert the sunlight into DC electricity power but the grid 

connected appliances, household devices etc. need AC electricity power. Thus the 

inverters that convert the DC power into AC power, are the main devices for making 

the sunlight a useful energy source. Stand- alone and grid-connected inverters are the 

type of inverters that are used for renewable energy appliances. 

The stand-alone inverter systems include, PV modules, charge controllers, 

batteries, and DC-AC stand-alone inverters. The stand-alone inverters are more 

affordable and maintenance of them is easier. The stand-alone inverters can be used for 

specific power needed systems, and the generated energy can not be transferred to the 

grid, so more batteries are needed, and this makes the system more expensive. Grid-

connected inverters that transfer the energy to the grid, can be used for more efficient 

PV systems.66 Operating over a wide DC voltage, self protection and user safety, 

regulating output voltage, generating AC power with quality, working in a wide range 

of temperature and humidity, and a useful interface are the basic specifications of the 

inverters. 67 

 

 

                                                
66 İbrahim Sefa and Necmi Altın, ‘‘Güneş Pili İle Beslenen Şebeke Etkileşimli Eviriciler- Genel Bir 
Bakış,’’ Gazi Üniversitesi Mühendislik- Mimarlık Fakültesi Dergisi 24, no. 3 ( 2009): 409-410. 
 
67 Ward Bower, ‘‘Inverters- Critical Photovoltaic Balance-of-system Components: Status, Issues, and 
New-Millennium Opportunities,’’ Progress In Photovoltaics: Research and Applications 8 (2000): 114-
115. 
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Figure 3.27. Sunny Island 4248-US Stand-alone inverter from SMA America, LLC 
(Source:http://download.sma.de/smaprosa/dateien/7996/SUNNYIS4248
USDUS103810W.pdf., 2011) 

 

3.3. Improvements and Visions, Scope and Limitations 

 
In this chapter I have focused on solar energy, because it is the most common, 

popular and developing renewable technology. And it is possible to find more research 

materials about solar technology. The aim of researching the solar products is to have an 

opinion about how solar technologies have been adapted to industrial products. The 

public lighting is another solar technology based process, thus I have searched 

components of the public lighting systems. During the research it is understood that 

flexible cells are not efficient enough, their efficiency is 8 %, and they must be applied 

to large areas to produce enough energy. But for public lighting, area that can be used is 

limited, thus flexible cells are not suitable for public lights. 
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CHAPTER 4 
 

CASE STUDY: LIGHTING DESIGN PROPOSALS  
FOR PUBLIC USE 

 
4.1. Solar Lighting Potential 
 

Solar energy potential depends on the position of the Sun, the attenuation of the 

sunlight by clouds and atmosphere, and declination of the surface.68 And solar energy 

amount effects the solar lighting process. So primarily solar radiation will be focused 

on, then the possible energy that can be produced by the solar lights will be calculated. 

   

4.1.1. Solar Radiation 
 

Solar radiation values are important for determining the energy amount and 

lighting time of the devices. So feasibility of the solar systems depends on the radiation 

values of the area. 

    

4.1.1.1. Solar Radiation Types and Definitions About Solar Radiation 

 
 Solar radiation terms are important for understanding the solar radiation process, 

thus first of all definitions about the solar radiation have been searched. 

 

 

 

 

 

 

 

                                                
68 Edward Linacre, Climate Data And Resources: A Reference And Guide (London: Routledge, 1992), 
147. 
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4.1.1.1.1. Radiation Types 

 
Three radiation types are useful for solar processes. Beam (direct) radiation, 

diffuse (scattered) radiation and reflected radiation. Beam radiation is the type of 

radiation that is not diffused by the atmosphere, therefore it cames from the sun with 

minimum direction change. And it is the 80% of the total sunlight on a sunny day. 

Second type of radiation is diffuse sunlight, it comes from all directions in the sky. It is 

generated by the atmospheric components as particles, water vapor, aerosols; that 

scatter the sunlight. On a cloudy day the sunlight is 100% diffuse. Third type of 

radiation is reflected radiation. It is either diffuse or direct radiation reflected from the 

foreground onto the solar aperture. It is not an important component of the solar 

radiation, for example, reflected radiation from roof- mounted collectors is small.69 

Total (global) radiation is the total of the beam and diffuse radiation which is the most 

common radiation measurement. 70 

 

 
 

Figure 4.1. Radiation types 
 (Source: The German Energy Society, 2007, p. 10) 

 

 

 

 

 

                                                
69 Jan F. Kreider et al.,  Solar Design: Components, Systems, Economics (New York: Hemisphere 
Publishing Corporation, 1989),19-20.        
 
70 John A. Duffie and William A. Beckman, Solar Engineering of Thermal Processes (New York: A 
Wiley- Interscience Publication, 1991), 10. 
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4.1.1.1.2. Definitions 

 
Air mass, m, is the ratio of the mass of atmosphere that beam radiation passes 

through to the mass that it would pass through if the Sun were at the zenith (θz). At the 

sea level, for θz from 00 to 700m. can be determined by using Equation 4.1  71 

 

 

                                                            m =  1/cos θz           (4.1) 

         

 

Irradiance (W/m2), G, is the rate at which radiation energy is incident on the 

surface, per unit area of surface. Irradiation (radiant exposure, J/m2), is the incident 

energy per unit area on a surface, and it is the integration of irradiance over a definite 

time, an hour or a day. Radiosity (radiant exitance, W/m2), is the rate at which radiant 

energy leaves a surface, per unit area, by emission, reflection, and transmission. 

Emissive power (radiant self-exitance, W/m2), is the same rate, by emission only. 

Insolation, is a term that concerns with solar energy irradiation. H is insolation for a 

day, and I is insolation for an hour. Subscripts on G, H, I are o, b, d, T, n.72 

o, is the symbol of extraterrestrial radiation or radiation above the atmosphere, b 

is for beam radiation, d is for diffuse radiation, T and n are for radiation on a tilted 

surface. If they do not appear, the radiation is on a horizontal surface.  

Solar time is the time for sun-angle relationships and different from clock time. 

Standard time can be converted into the solar time by two equations. Lst, is the local 

time zone’ s standart meridian, Lloc,  is the longitude of the location (00 < L< 3600).73 The 

equation of time E (in minutes): 

 

 

E = 229,2 x (0,000075 + 0,001868 x cosB – 0,032077 x sinB 

– 0,014615 x cos2B – 0,04089 x sin2B)                   (4.2)        

 

                                                
71 Duffie and Beckman, Solar Engineering of Thermal Processes, 10. 
 
72 Duffie and Beckman, Solar Engineering of Thermal Processes, 11. 
 
73 Duffie and Beckman, Solar Engineering of Thermal Processes, 11-12. 
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        Where     B = (n - 1) x (360/365),        (4.3)         

               and n = day of the year, 1≤ n ≤ 365. 

 

 

     Solar time – standard time = 4 x (Lst - Lloc) + E        (4.4)          

  

4.1.1.2. Location of the Sun 

 
Motion and location of the sun are important for determining the angles that are 

necessary for radiation calculations. 

Sun’s location affects the radiation. ‘zenith angle’ and ‘azimuth angle’ are the 

terms that describe it.74  

Zenith angle ( z ) is the angle between the vertical and the line to the sun.75 

 

 

                                              cosz = cosxcosδ x cosω + sin x sinδ    (4.5)76        

 

 

Slope ( ) is the angle between the surface’s plane and and the horizontal, 00 ≤ 

≤ 1800.77 

Surface azimuth angle ( ), is the deviation of the projection on the normal’s 

horizontal plane to the local meridian’s surface, -1800 ≤ ≤ 1800. 78 

‘The solar azimuth angle (s=AZM ) is measured in the horizontal plane 

between the due-south direction and the projection of the sun-earth line onto the 

horizontal plane’79 It depends on the same angles as the solar altitude angle does and 

                                                
74 Linacre, Climate Data And Resources: A Reference And Guide,147-148. 
 
75 Duffie and Beckman, Solar Engineering of Thermal Processes,  13. 
 
76 Duffie and Beckman, Solar Engineering of Thermal Processes,  16. 
 
77 Duffie and Beckman, Solar Engineering of Thermal Processes,  13. 
 
78 Duffie and Beckman, Solar Engineering of Thermal Processes,  13. 
 
79 Kreider et al., Solar Design: Components, Systems, Economics, 21. 
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can be calculated from Equation 4.6.80 ‘ Displacements east of south are negative and 

west of south are positive.’81 

 

 

                               AZM(s) = sin-1 x [(cos(DEC) x sin (HOUR))/ cos(ALT)]      (4.6)        

 

 

 
 

Figure 4.2. Zenith Angle, Slope, Surface and Solar Azimuth Angles for a Tilted 
Surface, and Plan View for Solar Azimuth Angle (Source: Duffie and 
Beckman, 1991, p. 14) 

 

Solar altitude angle (s=ALT) is measured upward from a horizontal plane to a 

line that is between the Sun and the observer.  It can be calculated from Equation 4.7 

that depends on three angles: the solar declination (DEC), the latitude (LAT), and solar 

hour angle (HOUR).  82 

 

 

        ALT = sin-1x [cos(DEC) x cos(LAT) x cos(HOUR) + sin(DEC) x sin(LAT)]   (4.7)       

 

 

Solar declination (DEC is the angle between the observer’s, who is on the 

equator, overhead point and the location of the sun at noon on a specific day. It is 

                                                
80 Kreider et al., Solar Design: Components, Systems, Economics, 25. 
 
81 Duffie and Beckman, Solar Engineering of Thermal Processes, 13. 

82 Kreider et al., Solar Design: Components, Systems, Economics, 21- 25.  
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constant for a specific day. On June 21 declination angle is maximum, and on 

December 21 it is minimum. We can calculate it by using Equation 4.8.83 Alternatively, 

it is the latitude of the sun’s path across the sky that changes season to season, 84 or the 

angular location of the sun at noon; -23.450 ≤ ≤ 23.450. 85 

 

 

DEC = -23,450 x cos [ 0,986 x (DAY + 10,5)] 8





DAY is day number counted from January 1. 

‘Solar hour angle ( ) is the number of hours between solar noon and the 

specific time multiplied by the constant 150/ h.’ Solar time must be used for calculating 

the hour angle.86 It is negative on the morning, and positive in the afternoon. 87 

Latitude (is the angular position of the equator, north is positive, south is 

negative, -900 ≤ ≤ 900. 88 And it can be learned from an atlas. 

Sunrise and sunset are the points at which the altitude angle is zero. The sunset 

hour angle (HOURSET, s) can be calculated from Equation 4.9. HOURSET is 

divided by 15 to determine the sunset time. The result is the number of hours after noon 

at which the sun sets. Hour of sunrise can be find by subtracting the same number of 

hours from noon. 89   

 

 

HOURSET = cos -1 x [-tan (DEC) x tan(LAT)]                  (4.9)

           

                                                
83 Kreider et al., Solar Design: Components, Systems, Economics, 21- 25.  
 
84 Linacre, Climate Data And Resources: A Reference And Guide,147-148. 
 
85 Duffie and Beckman, Solar Engineering of Thermal Processes,  13.  

86 Kreider et al., Solar Design: Components, Systems, Economics, 24.  
 
87 Duffie and Beckman, Solar Engineering of Thermal Processes,  13. 
 
88 Duffie and Beckman, Solar Engineering of Thermal Processes,  13. 

89 Kreider et al., Solar Design: Components, Systems, Economics, 24-25.  
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The number of daylight hours can be calculated from Equation 4.10 which is 

generated from Equation 4.9. 

 

 

N = (2/15) x cos-1 x (-tanxtan)            (4.10)90       

  

      

Incidence angle( C) is the angle between the beam radiation on an area 

and area’s normal. 91 It is zero if the surface is vertical to the sun rays. And it is 900 if 

the surface is parallel to the rays. We can calculate it from Equation 4.11. or 4.12. 

TILT, is the surface tilt angle that is measured from the horizontal.92 

 

 

            INC = cos-1 x [cos(DEC) x cos(LAT - TILT) x cos(HOUR) + 

         sin(DEC) x sin (LAT- TILT)]                  (4.11)

            

 

              cossin x sin x cos

sinxcosxsin x cos 

+ cos x cos x cos x cos 

+ cos x sin x sin x cos x cos 

+ cos x sin x sin x sin             (4.12)93       

    

  

Sunpath diagrams which include values of polar coordinates, declination, time 

of the day and latitude, can be used as alternative methods for determining the solar 

altitude and azimuth angles. 

 

                                                
90 Duffie and Beckman, Solar Engineering of Thermal Processes,  19. 
 
91 Duffie and Beckman, Solar Engineering of Thermal Processes,  13. 
 
92 Kreider et al., Solar Design: Components, Systems, Economics, 27. 
 
93 Duffie and Beckman, Solar Engineering of Thermal Processes, 15. 
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4.1.1.3. Extraterrestrial Radiation (Gon) 

 
Extraterrestrial radiation is the radiation that could be expected in the absence of 

the atmosphere, 94 and it could be adopted as beam (direct) radiation. Extraterrestrial 

radiation, Gon, can be calculated from Equation 4.13. Where n is the nth day of the year, 

and Gsc is the solar constant. ‘‘Solar Constant, Gsc, is the energy from the sun, per unit 

time, received on a unit area of surface perpendicular to the direction of propagation of 

the radiation, at mean earth- sun distance, outside of the atmosphere.’’ The World 

Radiation Centre (WRC) has accepted 1367 W/m2  (+ %1) as the value of Gsc.
  95 

 

 

Gon = Gsc x (1 + 0,033 x cos(360 x n/ 365) )              (4.13)96       

 

 

4.1.1.3.1. Extraterrestrial Radiation on Horizontal Surfaces 

 
The solar radiation on a horizontal surface out of the atmosphere is the normal 

incident solar radiation, Go, and can be calculated from Equation 4.14. Go, for 

horizontal surfaces at any time is expressed with Equation 4.15. The integration of the 

daily extraterrestrial radiation on a horizontal surface, Ho, is used for calculating the 

daily solar radiation. 97  

 

 

Go = Gsc x (1 + 0,033 x cos(360 x n/ 365) ) x cosz                 (4.14)

         

 

 

 
                                                
 
94 Duffie and Beckman, Solar Engineering of Thermal Processes,  7. 
 
95 Duffie and Beckman, Solar Engineering of Thermal Processes,  6.  
 
96 Duffie and Beckman, Solar Engineering of Thermal Processes,  10. 
 
97 Duffie and Beckman, Solar Engineering of Thermal Processes, 40. 
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Go = Gsc x (1 + 0,033 x cos(360 x n/ 365) ) x 

(cosxcosδ x cosω + sinx sinδ)                 (4.15)                    

 

 

Ho = (24 x Gsc x 3600/π) x (1 + 0,033 x cos(360 x n/ 365) x (cosx cosδ x sins + 

(πxs / 180) x sinxsinδ) 

(Ho:  J/m2, Gsc: W/m2)                           (4.16) 

         

Table 4.1. Average days and ‘n’ values of the months 
(Source: Duffie and Beckman, 1991, p. 14) 

 

 
                _  

The monthly average daily extraterrestrial radiation, Ho, is useful for predictions, 

and can be calculated from Equation 4.17, and Table 4.1 for the values of the n, δ for 

the mean day of the month.98                       

 

                                           _ 
    Ho = (∑ Ho / total number of the days of the interested month)     (4.17)         

 

 

 

 

                                                
98 Duffie and Beckman, Solar Engineering of Thermal Processes,40. 
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4.1.2. Solar Radiation Data Measurements and Analysis  
 

Solar radiation data are important to determine the feasibility of the solar 

applications. So the measuring units and the data of the İYTE Campus Area have been 

researched to calculate the energy amount. 

 

4.1.2.1. Solar Data Measuring Units 
 

Two types of devices are used for measuring the solar radiation, and data 

loggers, several softwares can be used for keeping the radiation data. 

 

4.1.2.1.1. Pyranometers and Pyrheliometers  

 
Pyranometer is the most common one, that measures the total radiation from 

all directions which is the sum of the direct and diffuse radiations. The second one is 

called pyrheliometer, that only measures the direct (beam) radiation. Data from 

pyrheliometers are used for estimating the radiation process for focusing collectors, as 

they depend on beam radiation.99 

It is possible to derive more useful data from pyranometers and pyrheliometers. 

As an example, it is difficult to sever the direct radiation from the diffuse radiation for 

transformating measured data on a horizontal surface into the estimates of radiation on 

tilted surface. And, by blocking the direct beam with a ring, the diffuse radiation can be 

measured with a pyranometer. The beam radiation can also be indicated by subtracting 

the diffuse from the total. On the other hand, the ranges of wavelengths is an important 

data, and can be determined by fitting these devices with filters that allow measuring 

only certain wavelengths. 100 

 

 

                                                
99 Gilbert M. Masters, Renewable and Efficient Electric Power Systems (New Jersey: Wiley-Interscience 
Publication, 2005), 428-431.  
 
100 Masters, Renewable and Efficient Electric Power, 428-431. 
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Figure 4.3. Pyranometer (Manufacturers and providers: Kipp & Zonen, Thies Clima, 
Uniklima Sensors, UMS.) (Source: The German Energy Society, 2007, p. 
14) 

 

Solar radiation can be measured indirectly by analysing satellite images. 

Pyranometers have two hemispherical glass parts, a black metal absorber plate that 

contains thermopiles, and a white metallic housing. Radiation passes through the 

hemispherical parts and warms the absorber surface. So, radiation can be calculated 

from the temperature difference between it and the environment. Using a voltmeter, it is 

then possible to work out the global radiation directly from the voltage and the 

calibration factor. 101 

The detector for incoming radiation is the most important component of the 

devices. The most precise detectors measure how much hotter a black surface becomes 

when exposed to sunlight. Thermopile, which ‘ is an electrical loop of alternating 

lengths of wire of two suitable alloys’,102 is used for measuring the temperature 

difference between the sunlight absorbing black parts, and the sunlight reflecting white 

ones, to produce a voltage that depends on radiation. And thermopile sensors measure 

all wavelengths of the radiation. 103  

The alternative pyranometers use photodiode sensors that generate a current for 

producing a voltage proportional to radiation, and they are less expensive. 

Photoelectric sensors measure limited wavelengths of the radiation, so they are less 

accurate than other pyranometers. The most popular devices use silicon photosensors 

                                                
101 Deutsche Gesellschaft fur Sonnenenergie (The German Energy Society, Contributor), Planning and 
Installing Photovoltaic Systems: A Guide for Installers, Architects, and Engineers,2nd ed. (London: 
Earthscan, 2007), 14. 
 
102 Linacre, Climate Data And Resources: A Reference And Guide,165. 
 
103 Masters, Renewable and Efficient Electric Power Systems, 428-431. 
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to obtain precise measurements.104 Silicon photosensors have a solar cell that generates 

a current proportional to the radiation. Radiation sensivity of this cell is low, hence solar 

radiation can not be measured accurately. Measurement accuracy of 2% to 5% can be 

acquired by the calibration and design of the censor.105 

 

  
(a) (b) 
 

Figure 4.4. (a) A thermopile-type, black-and-white pyranometer and (b) a Li-Cor silicon  
cell pyranometer (Source: Masters, 2005, p. 431) 

 

 

 
 

Figure 4.5. Diagram of the thermopile pyranometer that consists (A) black absorbing 
surface, (B) thermocouples, and (C) reference base (Source: Hari and 
Kulmala, 2008, p. 29) Ascension Technology Rotating Shadowband 
Pyranometer (RSP) stable (left) and rotating (right) (Source: Geuder and 
Quaschning, 2006, p. 1403) 

 

Pyrheliometers measure only the direct radiation, and have a narrow range 

which is between 5o-6o total solid angle. Pyrheliometers must be focused on, and follow 

the sun. Censor of the pyrheliometer must always be normal to the direct beam, so it is 

often called direct normal irradiance.106 Some pyrheliometers are more sensitive to 

                                                

104 Masters, Renewable and Efficient Electric Power Systems, 428-431.  

105 Deutsche Gesellschaft fur Sonnenenergie (The German Energy Society, Contributor), Planning and 
Installing Photovoltaic Systems: A Guide for Installers, Architects, and Engineers,2nd ed., 14. 

106 Christian A. Gueymard, and Daryl R. Myers, ‘‘Solar Radiation Measurement: Progress in Radiometry 
for Improved Modeling,’’ in Modeling Solar Radiation at the Earth’s Surface, ed. Viorel Badescu. 
(Berlin: Springer-Verlag, 2008), 5.  
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environmental conditions, and characterization of the pyrheliometer is important for 

accurate data.107 

 

 
 

Figure 4.6. A number of pyrheliometers 
 (Source: Gueymard and Myers, 2008, p. 5) 

 

4.1.2.1.2. Data Loggers 
 

Data loggers connected with measuring units or inverters can compare the 

measured radiation to the produced electrical power. So performance of the PV system 

can be tested.108 

 

  
 

Figure 4.7. A measuring instrument with sensor, direct radiation and temperature 
display, and optional data logger (left) (Source: The German Energy Society, 
2007, p. 14) Danfoss ComLynx Monitor data logger for radiation and air 
temperature data with a time scale of 10 min (right) (Source: Mellit and 
Pavan, 2010, p. 809) 

 

                                                
107 Gueymard, and Myers, ‘‘Solar Radiation Measurement: Progress in Radiometry for Improved 
Modeling,’’, 10. 
 
108 Deutsche Gesellschaft fur Sonnenenergie (The German Energy Society, Contributor), Planning and 
Installing Photovoltaic Systems: A Guide for Installers, Architects, and Engineers,2nd ed., 15. 
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4.1.2.2. Measurements and Analysis of the Solar Radiation Data of 

İzmir 

 
In this study, at first the solar radiation measurements of the Wireless Vantage 

Pro2 Plus (6162EU) Weather Station that includes UV and solar radiation sensors and 

WeatherLink software and datalogger system (Figure 4.8) have been used. The solar 

radiation sensor (P/N: 6450) or the pyranometer which is set up on the roof of The 

İYTE Faculty Of Architecture Block-A (Latitude: 380 19’ 27’’ N; Longitude: 260 37’ 

49’’109), measures the total radiation.  

During the study it is understood that the solar radiation data of the Ege 

University Institute of Solar Energy are more specific than the data of the İYTE 

Campus Area, thus solar data of Ege University have been used for the calculations. 

 

Table 4.2. Specifications of the pyranometer (P/N: 6450) (Source: http://www.davis 
tr.com/Istasyonlar.html., http://www.davis-tr.com/Sensorler.html., 2011) 

 

 
 

 

                                                
109 ‘‘Coordinates of The Faculty ofArchitecture Block-A,’’ Google, accessed February 14, 2011, E-
GoogleEarth Version: 1.2.183.39. 
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Figure 4.8. Vantage Pro2 Plus (6162EU) Weather Station, pyranometer and 
WeatherLink Datalogger/software system (Source: http://www.davis-
tr.com/images/, 2011) 

 

In this study, the solar data of the İYTE Campus area have been organized to 

understand that if the concept solar street lights can be feasible designs or not. Then 

calculations have been made to have an opinion about working time, capacity and 

feasibility of the system. Thus I have 23 months of solar data from January 2009 to 

November 2010 from the Faculty of Architecture. But it is understood that these data 

are not specific enough, so radiation data of the Ege University Institute of Solar 

Energy which is measured by PVPM 1000 Measuring and Testing Unit, and 34970A 

Data Logger 110 have been used and analyzed. These data are the year 2009 solar 

radiation values of the İzmir Area. Measured and organized total solar radiation data on 

horizontal surface for İzmir in the year 2009 are shown in Table 4.3.  and Figure 4.9. 

 

 

 

 

 

 

 

 

 

 

                                                
110 ‘‘Important Instruments in the Solar Electicity Laboratories,’’ Ege University Institute of Solar 
Energy, accessed July 14, 2011, http://www.eusolar.ege.edu.tr/en/detay.php?SayfaID=176. 
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Table 4.3.  Monthly average of daily total solar radiation on horizontal surface for year 
2009, İzmir  

 

2009, İzmir 
Average Radiation 
(Horizontal) 

MONTHS kWh/m² 
January 2,11 
February 3,22 
March 4,73 
April 5,74 
May 7,17 
June 7,76 
July 7,98 
August 7,17 
September 6,30 
October 4,45 
November 2,85 
December 2,13 
Average 5,14 

 

 

Monthly Average of Daily Total Solar Radiation on Horizontal Surface- 
2009,İzmir( kWh/m²)

2,11
3,22

4,73
5,74

7,17
7,76 7,98

7,17
6,30

4,45

2,85
2,13

0,00
1,00
2,00
3,00
4,00
5,00
6,00
7,00
8,00
9,00

Ja
nu

ar
y

Fe
br

ua
ry

M
ar

ch

A
pr

il

M
ay

Ju
ne Ju
ly

A
ug

us
t

Se
pt

em
be

r

O
ct

ob
er

N
ov

em
be

r

D
ec

em
be

r

Months

M
on

th
ly

 A
ve

ra
ge

 o
f D

ai
ly

 
To

ta
l S

ol
ar

 R
ad

ia
tio

n 
on

 
H

or
iz

on
ta

l S
ur

fa
ce

kWh/m²

 
 

Figure 4.9. Monthly average of daily total solar radiation on horizontal surface 
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 Radiation on tilted surfaces can be calculated from the horizontal surface solar 

data. By using the following formulas radiation on tilted surfaces can be calculated, and 

estimated.111 

     

 

HT = Hb x RB + Hd x (1 + cos β ) / 2 + (Hb + Hd ) x ρ (1 - cos β ) / 2 (4.18)        

 

 

Where, HT is the total solar radiation on tilted surface 

 

 

        H = Hb + Hd        (4.19) 

          

 

Where, H is the total solar radiation on a horizontal surface, it is the sum of the 

beam and diffuse radiation on horizotal surface. 

 

 

     RB = HT / Ho = cos/ cosz      (4.20) 

          

 

Where, RB is the beam radiation tilt factor. 

 

 

  RB = [cos(-) x cos  x sinsunset ‘ + (π /180) x s ‘ sin(-) x sin  ] / [cos x cos x 

     sin sunset ‘ + (π /180 ) x s x sin x sin ]      (4.21)       

 

 

 

 

 
                                                
111 Orhan Ekren, ‘‘Optimization of A Hybrid Combination of A Photovoltaic System and A Wind Energy 
Conversion System: İzmir Institute of Technology Campus Area Case’’ (MSc diss., İzmir Institute of 
Technology, 2003), 39.  
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R = (HT / H ) = (Hb / H ) x RB + (Hd / H) x (1+ cos ) /  

          2 + ρ x (1 - cos ) / 2     (4.22) 

         

 

Where, R is the total radiation tilted factor 

 

 

            R = (HT / H ) = [ 1- (Hd / H )] x RB + (Hd / H) x (1 + cos) /  

                    2 + ρ (1 - cos) / 2       (4.23) 

         

 

Table 4.4.  Solar reflectance values of different surfaces 
 (Source: Ekren, 2003, p. 40 (Hsieh, 1986)) 

 

 
 

Liu and Jordan have generated a method for estimating the monthly average of 

daily total radiation on tilted surface. The method specifies the diffuse-total radiation 

ratio for a horizontal surface by using the term KT, monthly average clearness index. 
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Monthly average of daily total radiation on tilted surface has been calculated by using 

the following formulas.112  

 

 

Hd / H =1,39 – 4,027 x KT + 5,531 x KT 2 – 3,1008 x KT
3    (4.24)      

 

 

Where, Hd is monthly average of daily diffuse solar radiation on horizontal 

surface. 

             

   

        KT = H / Ho                                         (4.25)       

 

        

Where, H is monthly average of daily total radiation on horizontal surface as it 

can be seen in Table 4.3., and Figure 4.9. And Ho is monthly average daily total 

extraterrestrial radiation on horizontal surface.  

Monthly average of daily total solar radiation on tilted surface has been 

caculated by using Microsoft Excel Program and can be seen in Table 4.5., and Figure 

4.10. And these organized data will be used for the solar calculations of ‘the Obliques’. 

 

 

 

 

 

 

 

 

 

 

 

 

                                                
112 Ekren, ‘‘Optimization of A Hybrid Combination of A Photovoltaic System and A Wind Energy 
Conversion System: İzmir Institute of Technology Campus Area Case,’’ 40.  
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Table 4.5.  Monthly average of daily total solar radiation on tilted surface for year 2009, 
İzmir  

 

2009, İzmir Average Radiation (Tilt: 600) 
MONTHS kWh/m² 
January 3,64 
February 5,03 
March 5,5 
April 5,11 
May 5,2 
June 5,14 
July 5,48 
August 5,9 
September 6,73 
October 6,67 
November 5,16 
December 4,34 
Average 5,32 

 

 

Monthly Average of Daily Total Solar Radiation on Tilted Surface - 
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Figure 4.10. Monthly average of daily total solar radiation on tilted surface 
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4.2. Design Proposals and Calculations 

 
 In this part suitable components for my design(s) have been researched to 

calculate the energy amount and possible lighting times easily, and I have used the 

İzmir Area solar data of the Ege University Institute of Solar Energy. Three concept 

solar lights as the components of the design study about public lighting have been 

designed. Three different lights have been designed to propose different options for 

usage and for visual variation. 

The lights have been designed as a term project, thus at first the designs were not 

feasible enough for the usable technology. The public lighting process have been 

searched to understand the solar lighting technology, then I have redesigned, 

customized ‘the Obliques’ to make it suitable for the usable technology (crystalline 

cells).  

 

 
 

Figure 4.11. Early sketches of the designs 
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4.2.1. Design Proposal-1: ‘Discrete Illuminator’ 

 
Discrete Illuminator is a basic shaped street light concept which can be made of 

aluminum, and can be produced by using basic manufacturing methods, such as 

bending, folding and welding. My goal by designing this concept is to utilize the space 

of the post as an illumination area, and to create a different lighting form for a street 

light, to provide the integrity of the design I used flexible PV module as a component 

which can have a more round shape, and which is at the top of the design. The second 

component of the design is the cable led light which can be placed around the inner part 

of the post to have a different visuality.   
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Figure 4.12. Early sketches of the Discrete Illuminator 
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Figure 4.13. Dimensions of the Discrete Illuminator-1 (left, front) 
 

Discrete Illuminator is a medium height concept solar light that is designed for 

places like shopping centers, parks, hotels, fairgrounds, campuses, etc. As the 

illumination component of the device, the cable led light is not as efficient as the other 

ones. Thus lighting is not the main purpose of this design, and it is designed for offering 

different visual options for these places. Basic materials and basic producing methods 

will make this design an affordable product for these places.     
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Figure 4.14. Dimensions of the Discrete Illuminator-2 (back, back-top, back-bottom) 
 

 The holes which are on the surface of the aluminum post will let the LEDs 

illuminate the back and front of the device. Using different coloured cable leds, or 

covering the space of the post with different coloured transparent fiberglass or plastic 

piece can change the color of the light. The form of the design can also be changed and 

it can be protected by using the fiberglas piece.  
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Figure 4.15. Dimensions of the Discrete Illuminator-3 (top, left-top) 
 

Flexible PV modules, and cable LED lights are better options for design based 

solution, but they are not efficient enough for lighting. Their efficiency is about 8 % as 

mentioned before, and to produce same amount of energy with silicon cells, they must 

be applied over large areas. Therefore, production of the Discrete Illuminator depends 

on the improvements of the solar technology. The flexible PV cells will be more 

efficient in the future, and maybe more developed technologies can be applied to the 

product. Customizing the design to the monocrystalline PV modules, and LED lights 

can be the solution for producing it, but the original design of the Discrete Illuminator 

has to be changed. So representative images have been generated to understand that how 

the components can be mounted. During the process the energy from the PV module is 

storaged by the battery, then it is transferred from the battery to the LEDs and converted 

into the light energy. By using small components, as battery, charge controller, etc. the 

device can be a stand-alone product. As it consumes less energy, and designed for 

visuality, the stored energy can be used for charging electrical devices, such as lap tops, 

mobile phones, mp3 players, etc. 
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Figure 4.16. Diagrams of the Discrete Illuminator with a representative monocrystalline 
module, and cable LEDs 
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Figure 4.17. Different views of the Discrete Illuminator 
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4.2.2. Design Proposal-2: ‘P-Light’ 

 
P- Light is a multipurpose concept light that can be used as a street light, a 

garden or a wall light. The aluminum post is the component which makes it a street 

light, without the post it is suitable for walls, gardens or other outdoor spaces. The 

flexible PV module is very important for the spherical form of the design, but they are 

not efficient. And the P-Light is a small light as an outdoor and a wall light, because of 

these reasons less energy is needed. 

 

 
 

Figure 4.18. Early sketches of the P-Light 
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Figure 4.19. Zoomed view of the early sketches-1  
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Figure 4.20. Zoomed view of the early sketches-2  
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Figure 4.21. Zoomed view of the early sketches-3  
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As it can be seen from the sketches, my aim was designing a small solar light for 

outdoor places. And I was inspired from the penguins, from their oval and small body 

types, as they are small animals. During the design process, a post has been added to the 

product components for adjusting the height. In this way, using the product as a street 

light is possible. Using the light as a vertical one can make it a wall light. Thus, the 

product can be turned into a multipurpose light. 

 

 
 

Figure 4.22. The usage of the P-Light without the post as a wall and a garden light  
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Figure 4.23. Dimensions of the P-Light -1 (top) 
 

 

  
 

Figure 4.24. Dimensions of the P-Light -2 (left, front) 
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Figure 4.25. Dimensions of the post of the P-Light (left,front) 
 

The main part and the post of the P-Light can be made of aluminum, and can be 

produced by using basic manufacturing methods, such as bending, folding, welding, 

drilling. The semispherical part which keeps the LED light, light censor and the 

controller can be made of transparent fiberglass, thus the light can pass through it and 

the colour of the light can be changed. The semicylinder additional fiberglass part can 

be assembled for protection and to have a different form. Also, if a nontransparent part 

which reflects the light is used, the direction of the light can be controlled, thus the 

inside of the post can be lightened. By using different type of posts, drilling the post, or 

using a transparent material for the post will make many different products.  
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(a) (b) 

 

Figure 4.26. P-Light with the aluminum post and a protection component (a), 
components of the P-Light (b) 

 

The PV module of the P-Light is flexbile, so it is not efficient enough as the 

Discrete Illuminator. And using the crtstalline modules can be the solution for making it 

a feasible product, but the original design of the P-Light havs to be customized. Thus 

representative images have been generated to understand that how it can be customized. 

The energy from the module is storaged by the battery, then transferred to the LEDs and 

converted into the light. Because, it is a small device, the components of the P-Light 

must be small, as battery, charge controller, etc. And this makes it a stand-alone 

product.  
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Figure 4.27. Diagrams of the P-Light with representative monocrystalline module, and 
LED 
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Figure 4.28. Different views of the P-Light 
 

 

 



 83 

4.2.3. Design Proposal-3: ‘Obliques’ 

 
Obliques is a basic design which consists of three aluminum tubular parts, these 

parts can be manufactured by bending and welding technologies. Each part is 117 cm. 

long and can be assembled telescopically, thus the height of the design is changeable, 

and the light which consists of one or two components can be used for different 

purposes, as a wall light, or as a shorter light for outdoor places. All the pieces including 

the tubular parts can be assembled by welding method or by using bolt and screw. 

 

 
  

Figure 4.29. Different dimensions and different usages of the Obligues 
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Figure 4.30. Early sketches of the Obliques 
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 The street lights are generally long devices for calibrating the luminous level. 

The height of the post is important for utilizing the solar radiation for solar lights. And, 

the post must take a small place too. Because of these reasons, during the design process 

for the Obliques, I have inspired from the giraffes, as they are thin and tall animals. The 

flexible modules have been used for the Obliques, so it is not an efficient, feasible 

product. And to make it a feasible one it has been customized to the monocrystalline 

modules, and it is redesigned. The solar calculations will be done for tilted modules.  

 

 
 

Figure 4.31. Zoomed view of the early sketches 
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Figure 4.32. Dimensions of the Obliques-1 (left) 
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Figure 4.33. Dimensions of the Obliques-2 (front, top) 
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Figure 4.34. Different views of the Obliques 
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4.2.3.1. PV System Components of ‘the Obliques’ 
 

Lighting appliances which are similar to my designs have been researched to 

determine the components of the lighting device, thereby more realistic calculations can 

be done. In my designs, the LED(s) that can use the direct current (DC) directly have 

been chosen, thus an inverter is not needed for the PV system. 

 

 
 

Figure 4.35. The PV system diagram of my designs 
 

Generally,  18 W to 36 W lamps are used for street lighting, and they can 

provide luminosity of 1800, 3320 and 4800 lumens. 113 Thus, a LED light that has 

luminosity range between 1800-3320 lumens has been chosen. As it can be seen in 

Appendix D, the LED light has a luminosity of 2850 lm, and luminous efficiency is 

more than 95 %. 

Kyocera KD70SX-1P 70 W PV module has been chosen as can be seen in 

Appendix A. Three 70 W modules have been used to supply the energy. Morningstar 

SunLight solar controller (15A-12V, Appendix B), Rolls (Surette) 12 CS-11P battery 

(12 V-503 A, Appendix C), and Shenzhen CTS-30 LED street light (30 W/ 35 W, 

Appendix D) are the other components of the system. 

 

                                                
113 Somchai Hiranvarodom, ‘‘A Comparative Analysis of Photovoltaic Street Lighting Systems Installed 
in Thailand,’’ (paper presented at the 3rd World Conference on Photovoltaic Energy Conversion, Osaka, 
Japan, May 11-18, 2003), 2478.  
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Figure 4.36. PV module of the designs (Kyocera KD70SX-1P 70 W PV module) 
(Source: http://www.kyocerasolar.eu/index/products/download/English.-
cps-7724-files-1656 File.cpsdownload.tmp/KD70SX-
1P_Eng_March%202011.pdf., 2011) 

 

 

  
(a)   (b)           (c) 

 

Figure 4.37. The system components of my designs: (a) Charge controller (Source: 
http://www.morningstarcorp.com/en/support/library/SunLightENG2_11.
pdf., 2011), (b) battery, (Source: 
http://www.rollsbattery.com/battery_selector/index.php?companyName=
Rolls., 2011), and (c) the LED light (Source: http://www.ct-
lighting.com/products.asp?selectclassid=003008&id=208., 2011). 
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4.2.3.2. Solar Calculations for the ‘Obliques’ 

 
The feasibility of the solar lights can be determined by calculating the energy 

amount that can be generated form the PV modules and the available energy from the 

solar radiation that depends on the location. PV module efficiency is % 13-20 as it is 

mentioned before, and tilted PV modules can generate more energy. The horizontal 

radiation values can be transformed into the radiation data on tilted surfaces. Thus the 

radiation values on tilted and horizontal surfaces have been used for the solar 

calculations.  

 

4.2.3.2.1. Calculations for Tilted PV Modules of ‘ the Obliques’ 

 
Peak Hour (PH) is important for the calculations, and it depends on the monthly 

average of daily total solar radiation as it can be seen in Table 4.3 and Table 4.5. Yearly 

average of the monthly average of daily total solar radiation can be assumed as PH 

value. 114 Thus, as it can be seen in Table 4.5. the PH value for 600 tilted surface is 5,32 

hours. And it is needed for Formula 4.31. 

Total energy need (kWh) for a day must be calculated to select the right 

components for the PV systems. The DC and AC loads have different efficiencies, thus 

they must be calculated separately. Energy need calculations depend on the average 

consumption, average working time, and efficiency of the system componenets. A DC 

LED light has been used, so calculating the AC loads is not needed. The following 

equations can be used for calculating the capacity of the system, and requirements of the 

system components. Thus the specifications of the components can be determined.115 

Average daily energy need depends on daily DC load and DC load efficiency. 

As it can be seen in Appendix E the LED light consumes 35W energy per hour, and 

                                                
114 Mutlu Boztepe, GEE 514 Photovoltaics Systems Lecture Notes and Materials: Sizing of Stand-Alone 
PV Systems (EES 487 Yeni Enerji Kaynakları: PV Sistem Tasarımı) (İzmir: Ege University Department of 
Electrical And Electronics Engineering, 2010), 4-5.  
 
115 Boztepe, GEE 514 Photovoltaics Systems Lecture Notes and Materials: Sizing of Stand-Alone PV 
Systems (EES 487 Yeni Enerji Kaynakları: PV Sistem Tasarımı), 6-14.  
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average working time of the light for a night is 16,02 hours as can be seen in Table 

4.6.116 Thus, average daily DC load is 560,58 Wh/day.            

 

Table 4.6.  Daily working time of the LED for İzmir  
 

Daily Working 
Time of the LED   

MONTHS 
İzmir- Hours of 
Sunshine 

Night 
Time 

January 4,4 19,6 
February 5 19 
March 6,5 17,5 
April 7,5 16,5 
May 9,9 14,1 
June 11,7 12,3 
July 12,2 11,8 
August 11,7 12,3 
September 10 14 
October 7,4 16,6 
November 5,4 18,6 
December 4,1 19,9 
Average 7,983333333 16,01667 

 

 

Average Daily DC Load = Light Consumption (W) x Night Time for a Day (h/d)  

            Average Daily DC Load = 35 x 16,02 = 560,58 Wh/day      (4.26)          

 

 

DC load efficiency (ηdc)depends on the efficiency of the PV module (ηpv), 

charge controller efficiency (ηcc) and the battery efficiency (ηbat). PV module efficiency 

can be assumed as 0,8; charge controller efficiency can be assumed as 0,99 (Appendix 

B), and battery efficiency can be assumed as 0,9.117 118 By using them DC load 

efficiency can be calculated as 0,713.   

                                                
116 ‘‘İl ve İlçelerimize Ait İstatistiki Veriler, İzmir: Ortalama Güneşlenme Süresi,’’ Devlet Meteoroloji 
İşleri Genel Müdürlüğü, accessed July 19, 2011,  http://www.dmi.gov.tr/veridegerlendirme/il-ve-ilceler-
istatistik.aspx?m=IZMIR. 
 
117 Osman Beyit and Şirin Dervişoğullar, ‘‘Güneş Pilleri ve Güneş Enerji Sistemleri,’’ EMO Bilim 
Yayınları 23 (2009): 56. 
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            ηdc= ηpv x ηcc x ηbat                    

              ηdc= 0,8 x 0,99 x 0,9 = 0,713                      (4.27)                               

 

 

Average daily energy need (EL) depends on daily DC load and DC load 

efficiency. By using the calculated values average daily energy need is calculated as 

786,5 Wh/day. 

 

 

 Average Daily Energy Need (EL)= Average Daily DC Load / ηdc                 

        Average Daily Energy Need (EL)= 560,58 / 0,713  

                               Average Daily Energy Need (EL) = 786,5 Wh/day         (4.28)       

 

 

PV module must generate more energy than the DC load (the LED) needs. 

Average load current (IL), and needed PV current (Ipv) are important for selecting the 

suitable PV module. System voltage (Vdc) is 12 V. And average load current is 

calculated as 2,73 A.      

 

 

Average Load Current (IL) = EL / (24 x Vdc) 

                     IL= 786,5 / (24 x 12 ) = 2,73 A       (4.29)                           

 

 

        EL = PH x Vdc x Ipv         (4.30)                   

 

 

By using the Formula 4.29 and Formula 4.30 Formula 4.31 can be generated. As 

it can be seen in Table 4.5. the PH value for 600 tilted surface is 5,32 hours. And needed 

PV current is calculated as 12,32 A. 

 

 

                                                                                                                                          
118 Tahsin Köroğlu et al., ‘‘Güneş Paneli Sistemlerinin Tasarımı,’’ Elektrik Mühendisliği 439 (2010): 100. 
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Ipv= (24 x IL)/ PH 

                Ipv= (24 x 2,73) / 5,32 = 12,32 A      (4.31)         
 

 

 By calculating the parallel PV module number (Np), and series PV module 

number (Ns) total PV number for the PV system can be determined. Needed PV current 

(Ipv), maximum power voltage of the PV (Vmp), and short circuit current of the PV (ISC ) 

are used for the calculations. Short circuit current of the 70 W panel (Appendix A) is 4,3 

A. Maximum power voltage of the 70 W panel is 17,9 V. As it can be seen from the 

calculations, the parallel PV module number is 3, the series PV module number is 1,  

total PV number for the PV system is 3, and total PV power of the system is 210 W. 

The Obliques consists of three tubular parts, therefore three modules are needed. 

Because of this reason Kyocera 70 W PV, which has a suitable short circuit current (4,3 

A) has been selected for the PV system. 

 

 

Np = I pv / ISC 

     Np = 12,32 / 4,3 =  2,865 ≈ 3 PV Modules                          (4.32)       

 

 

Ns = Vdc/ Vmp 

            Ns = 12 / 17,9 = 0,67 ≈  1 PV Module     (4.33)         

  

 

      Total Module Number = Np x Ns = 3 x 1 = 3 PV Modules          (4.34)           

 

 

Total PV Power (Wp)= Total Module Number x One Module Power 

             Wp = 3 x 70 = 210 W                (4.35)       
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Battery capacity (Ebat) is important for the system, because energy storage is 

needed for the continuity of the PV system. It depends on the depth of discharge of the 

battery (DOD) that can be assumed as 0,7, and overcast day number can be assumed as 

5.119 120 A deep cycle battery is selected to have a more improved PV system. 

 

 

   Ebat (Wh)= (EL x Overcast Day Number)/ DOD 

                           Ebat (Wh)= (786,5 x 5)/ 0,7 = 5617,52 Wh      (4.36)         

 

 

Ampere hour capacity of the battery can be calculated by dividing the battery 

capacity value to the system voltage. And it is calculated as 468,13 Ah. Thus a battery 

which is 12V (Because, the system voltage is 12 V), and up to 468,13 Ah must be 

selected for the PV system.  

 

 

Ah Capacity of the Battery = E bat / Vdc  

         Ah Capacity of the Battery = 5617,52 / 12 = 468,13 Ah          (4.37)         

 

 

Battery number can be determined by calculating the paralel and series battery 

numbers. A 12 V- 503 Ah, deep cycle solar battery (Appendix C) have been chosen As 

it can be seen from the calculations 1 battery is enough for the PV system. Two or more 

batteries that have different spacifications can be used too.   

 

 

Parallel Battery Number = Ah Capacity of the Battery / Battery Current 

                  Parallel Battery Number = 468,13/ 503 = 0,93 ≈ 1 Battery    (4.38) 

                   

 

                                                
119 Exide Management and Technology Company, Handbook of Secondary Storage Batteries and Charge 
Regulators in Photovoltaic Systems Final Report ((Pennsylvania: Exide Management and Technology 
Company, 1981) Arizona: Arizona Solar Center, Inc., 2002), 34. 
 
120 Boztepe, GEE 514 Photovoltaics Systems Lecture Notes and Materials: Sizing of Stand-Alone PV 
Systems (EES 487 Yeni Enerji Kaynakları: PV Sistem Tasarımı), 14. 
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            Series Battery Number = Vdc/ Battery Voltage = 12/12= 1 Battery   (4.39)               
 

 

 Total Battery Number = Series Battery Number x Parallel Battery Number  

                               Total Battery Number = 1 x 1= 1 Battery     (4.40)                   

                                                            

 

Charge controller specifications can be determined by using the following 

equations.121 Short circuit current of the 70 W panel (Appendix A) is 4,3 A, and 3 

panels are used. A charge controller that has a up to 12,9 A current and 12 V must be 

selected. 

 

 

               Charge Controller Current (A) ≥ Np x ISC ≥ 3 x 4,3 ≥ 12,9 A         (4.41)      

 

 

    Charge Controller Voltage = Vdc = 12 V     (4.41)         

 

 

I have chosen Morningstar Sunlight charge controller (12 V, 20 A), the 

efficiency of the charge controller affects the amount of the energy which is transferred 

from the PV modules to the battery, therefore it is calculated by using the datasheet of 

the controller (Appendix B). And it is used for the DC load efficiency calculations. 

 

 

Charge Controller Efficiency = (Rated Solar Input(A) - Self Consumption(A)) /         

   Rated Solar Input (A) = (20-0,008)/20 = 0,9996 ≈ 0,99         (4.42)                             

          

 

 

    

                                                
121 Boztepe, GEE 514 Photovoltaics Systems Lecture Notes and Materials: Sizing of Stand-Alone PV 
Systems (EES 487 Yeni Enerji Kaynakları: PV Sistem Tasarımı), 17. 
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4.2.3.2.2. Calculations for Horizontal PV Modules of  ‘ the Obliques’ 

  

 
 

Figure 4.38. Diagrams of the Obliques with representative monocrystalline horizontal 
module, and LED light 
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Figure 4.39. The horizontal usage of the redesigned version of the Obliques 
 

Peak Hour (PH) for horizontal surface is 5,14 as it can be seen in Table 4.3. And 

it changes some of the calculations. Average daily energy need for the tilted surface is 

786,5 Wh/day, and it can be used for calculations for horizontal surfaces. Needed PV 

current, Ipv affects the parallel PV module number. For tilted PV module it is 12,32 A, 

and for horizontal PV module it is 12,75 A. Paralel PV number for tilted surface is 

2,865, for horizontal surface it is 2,96. Thus it can be said that PH which depends on the 

tilt factor changes the PV module number.  

The value of 2,865 is not so different from the value of 2,96, so in this system 

the needed total PV number is assumed as 3. And total PV power is assumed as 210 W. 

But in a system that needs more energy, this small difference can make a world of 

difference.  

 

 

Average Load Current (IL) = EL / (24 x Vdc) = 786,5 / (24 x 12) = 2,73 A   (4.43)        

 

 

                   Ipv= (24 x IL)/ PH = (24 x 2,73) / 5,14 = 12,75 A     (4.44)  
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      Np = I pv / ISC = 12,75 / 4,3 =  2,96 ≈ 3 PV Modules    (4.45)                    

 

4.2.3.3. Redesigning the Design: Improvement of  ‘ the Obliques’ 

 

 

 
 

Figure 4.40. Perspectives of the redesigned version of the Obliques 
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Figure 4.41. Different views of the redesigned version of the Obliques-1 (left, top, front) 
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Figure 4.42.  Components of the redesigned version of the Obliques 
 

 During the redesigning process different pieces have been added to protect the 

PV components, to make it more suitable for the crystalline modules, and to make it a 

stand-alone system. As it can be seen from the Figure 4.42. the pieces are very basic and 

suitable for the original design. Because they will be used for protection and efficiency, 

they must be light and cheap, and they can be made of aluminum or plastics. These 

pieces can be manufactured by bending, welding, cutting methods. 
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Figure 4.43.  Flattening of the tubular parts of the redesigned version of the Obliques  
 

Flattening the tubular parts by cutting or pressing them will make placing the 

crystalline modules easy. So they have to be flattened to make the Obliques feasible. 

Another method for flattening surface of the tubular parts can be using additional pieces 

which will make their surface plane, but they will need maintenance, and additional 

effort. Thus, monolithic tubular parts can be beter choices.  
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Figure 4.44. Dimensions of the lower cover 
 

 Lower cover can be made of aluminum and must be tilted to suit and protect the 

rear side of the lower tubular part and the protective box, which keeps the battery and 

charge controller. Lower cover can be demounted for maintenance of the battery and 

charge controller.  

Protective box, which keeps the battery, cables, and charge controller can be 

made of aluminum or plastics. Its cylindirical shape makes it suitable for the lower 

tubular part. As it keeps the battery and charge controller, it makes the Obliques a stand-

alone product. Drilling the top and bottom of the box will make wiring for PV system 

easy. If its dimensions are customized for the other tubular parts, it can make the device 

a stand-alone light. For example the yellow tubular part, which has the light, can be a 

stand- alone wall light. 
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Figure 4.45. Dimensions of the protective box for battery, cables, and charge controller 
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Figure 4.46. Dimensions of the protective boxes for the module cables 
 

Protective boxes for the module cables can be made of aluminum or plastics. 

Cylindirical boxes are suitable for the upper tubular parts. As they keep the PV cables, 

they are important for protection of the whole PV system. Drilling the top and bottom of 

the boxes will make wiring for PV system easy, as it does for protective box that keeps 

the battery, cables, and charge controller. 
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Figure 4.47. Dimensions of the protective tube for the PV system cables 
 

Protective tubes for the PV system cables can be made of aluminum or plastics. 

And they are important for connecting the LEDs with the modules, charge controller 

and the battery. So they are important for protection and PV connections. One tube for 

each of the tubular aluminum parts are used. Thus three tubes are used for the device (3 

x 117 = 351 cm.). 
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Figure 4.48. Dimensions of the light reflector 
  

Light reflector has to be more durable, because of the sun light. So, it must be 

made of aluminum or other durable materials. Folding method can be used for 

manufacturing it. The inner surface of the reflector must be made of a reflective 

material. By changing the angle of the component, illumination field and level can be 

changed.  
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Figure 4.49. Fixing the light reflector to the upper tubular part 
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Figure 4.50. Assembling of the reflector to the upper tubular part 
 

During the redesigning process as can be seen from Figure 4.51., I have to 

change the reflector of the Obliques. First new components have been added to the 

design. I have added a reflector (blue part), and two fixing components (red and yellow 

tubes) to assemble the reflector to the upper tubular part. Thus it had multiple pieces, 

and this feature made the Obliques more complicated. To solve this problem the upper 

tubular part is cutted as can be seen from Figure 4.50. The reflector and the upper 

tubular part can be assembled by using bolt and screw as can be seen from Figure 4.48, 

Figure 4.49, and Figure 4.50. By using the upper tubular part as the assembling unit the 

integrity of the Obliques is provided. And finally the Obliques is transformed into a 

single color object to improve the integrity. Thus altough it has multiple components it 

seems like a monolithic object.  
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Figure 4.51. Redesigning process of the Obliques 
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Figure 4.52. The components of the Obliques 
 

 
 
 
 
 
 
 



 112 

  

 
 

Figure 4.53. The cut views of the tubular parts 
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Figure 4.54. Assembling of the tubular parts with screw and bolt 
 

As it was mentioned before plastics and aluminium were selected as the 

materials of the Obliques. But as it is a street product, the material of the Obliques must 

be more durable. Thus aluminium is selected as the material of the all components of 

the Obliques.  

Welding was selected as one of the producing methods, but it will make the 

Obliques a monolithic product, and transporting, assembling, and using it as a shorter 

light can not be possible. Thus using bolts & screws and additional parts is selected for 

assembling process. The tubular parts are compatible with each other. They can be 

assembled easily by using additional pieces, and bolts & screws as can be seen from 

Figure 4.53., Figure 4.54., Figure 4.55.     
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Figure 4.55. Assembling of the protective boxes and protective tubes with screw & bolt 
and additional pieces 
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CHAPTER 5  
 

CONCLUSION 
 

Production is the key element of the industrial life, and it is an important 

requirement for economic development of the countries. Materials, labour, machines, 

and energy are the constituents of the production process, and energy is the most 

important one. On the other hand, energy is used for public and individual life. 

Lighting, heating, cooling needs of the public areas, buildings, and transportation 

service is fulfilled by energy usage. People need energy for activities, like cooking or 

entertainment. Even a small radio needs energy, thus energy is indispensable for life. 

Fossil fuels are the main and the most common sources of the energy, but they are not 

clean and they are running out. Nuclear power is another option for producing large 

amounts of energy, but the investment cost and operating costs are high. Additionaly, as 

it is seen in Japan, it is so dangerous. Thus, renewable energy sources and technologies 

are better choices for energy needs, and for sustainable life. Renewable technologies are 

not efficient enough and they are expensive for now, but renewable sources are safe and 

everywhere. Because of these reasons I have focused on renewable energy technologies 

and sources in my thesis. 

The most common and usable renewable source is the solar energy, thus public 

solar lighting have been focused on, and solar lighting products are designed in my 

study. The main goal of this study is to design solar lighting appliances and to find out 

that they will be feasible or not. Thus, in the second chapter solar energy sources and 

technologies have been researched to understand the energy producing process. In the 

third chapter solar energy is researched in detail, solar products for lighting have been 

researched to perceive the lighting process. Then, I have focused on public lighting, and 

public lighting components, such as PV cells, censors, lights, batteries, charge 

controllers, and inverters are researched to understand the process. In the fourth chapter 

solar radition, radiation data, and data measuring units such as, pyranometer and data 

logger have been researched. I used the total radiation on horizontal surface data that are 

measured by the Wireless Vantage Pro2 Plus (6162EU) Weather Station that 

includes WeatherLink software/datalogger system and P/N: 6450 Pyranometer which 

is set up on the roof of the İYTE Faculty Of Architecture Block-A. 
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These radiation data have been organised and analysed to determine the 

feasibility of the designs, but during the study it is understood that the data of İYTE are 

not specific enough, so solar data of the Ege University Institute of Solar Energy, 

which is measured by PVPM 1000 Measuring and Testing Unit, for year 2009 have 

been used for calculations. These data are for horizontal surface (Table 4.3), and they 

are transformed into the data for 600 tilted surface (Table 4.5). 

Three concept solar lights; Discrete Illuminator, P-Light, Obliques; are designed 

and proposed as the components of the design study for public use. The goal of 

designing three products is to offer different solutions for public space. During the 

research for the PV system components, it is understood that the used technology 

(flexible cells) is not feasible, and efficient enough for the real conditions. Thus I have 

to use a new component for energy producing, and a multicrystal 70 W PV module has 

been selected. Because of this new component ‘The Obliques’ is redesigned, 

customized for suitable technology (crystalline cells) to make it an imroved, a feasible 

and a new solar product for public lighting. 

The tilt angle of the tubular parts of the Obliques is 600 as it can be seen from 

Figure 4.32. And this feature makes energy producing process easier, because the tilted 

PV modules can generate more energy. Thus radiation data for 600 tilted surface is used 

for the solar calculations of the Obliques. Tilt angle changes the PH as it can be seen 

from Table 4.3. (5,14 hours), and Table 4.5.(5,32 hours), and PH value affects the PV 

power. A tilted PV can produce more energy than a horizontal PV, which is the same of 

the tilted one. Thus to produce the same energy amount a less powerful tilted module 

can be used, and this reduces the price. 

Three modules are used for three parts (70 x 3 = 210 W). If only the part that has 

the light will be used as can be seen from Figure 4.38. and Figure 4.39., one more 

powerful (210 W) PV can be used to run the system. Or more than three modules which 

are less powerful (35 x 6 = 210 W) can be used. One deep cycle battery (12 V-503 A, 

Appendix C) is used for energy storage. Two batteries (12 V- 250 A) can be used for 

this system too. Because the Ah capacity of the system (battery) is 468,13 Ah, and this 

two batteries will be sufficient (250 x 2 = 500 Ah). But the needed space for the 

batteries and the price will be changed.               

In my opinion, one of the goals of the industrial design is to encourage the firms 

to use the new technologies by popularizing them. Thereby, designing products which 
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concern renewable technologies will be the solution for energy needs, and in the future 

developments that make them more efficient will make them more preferable too.  

By designing these solar lighting devices, and searching the solar lighting the 

usability of the solar energy for lighting is embodied, and solar lighting process is 

understood. Therefore, this study can be assumed as ‘my technical diary’ which is 

written during my journey to the ‘solar lighting world’.    
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