Solar Energy Potential and Applications
Energy from the sun travels to the earth in the form of electromagnetic radiation similar to radio waves, but in a different frequency range. This sunlight is a clean, renewable source of energy. It is a sustainable resource meaning it doesn’t run out, but can be maintained. There are many ways that solar energy can be used effectively. In this chapter, many topics will be discussed: solar constant, solar energy potential in PT’s, solar energy systems: solar thermal applications, photovoltaic (solar cell).

3.1 Solar Constant
[bookmark: _GoBack]The solar constant is defined as the quantity of solar energy (W/m²) at normal incidence outside the atmosphere (extraterrestrial) at the mean sun-earth distance. Its mean value is 1367.7 W/m². Solar constant acquires special importance in the applications of solar energy so that it cannot in fact access to the amount of energy from the sun is higher than the value of solar constant, for the amount of energy reaching the Earth is less than the value of solar constant because of the inversion of solar radiation absorbed or while transiting Atmosphere. It’s possible to calculate the value of solar constant and sun as a
black body temperature 6 thousand degrees Kelvin, as a result of these accounts produces the value of the solar constant equal ( 1600 w/m² ) , but the measurement process conducted by the spacecraft gives value less than that value as computational practical value amounting to ( 1353 w/m² ). The solar constant has had many different numerical expressions throughout the years, some of the more familiar ones have been:
1353 W/m², 1366.1, 1363, 1367, 1367.5, 1367.7, 1368, 1370, 1371, and 1395.
From the previous data, one may see that the concept of a "constant" is actually rather variable. Supposedly, the concept of a "constant" means that the particular event being observed or analyzed remains constant throughout the Universe. In this specific case, we are talking about the Sun's radiation that reaches the surface of the Earth, and therefore, we may comprehend a certain variance in the nature of the events, depending upon variables in the numerous conditions of existence. For example, at what position on the surface of the Earth one takes the measurement, and whether the measurement is made below or above the Earth's atmosphere, and so on.

3.2 Solar Energy Potential in PT’s
Palestine has a high potential of solar energy falling out during the year compared with other neighboring countries. The annual daily average of solar radiation in Palestinian Territories is estimated at (5.46 kWh/ m².day). The average of solar radiation during winter season is approximately (3.5 kwh/m².day), and it exceeds (6.2 Kwh/m².day) in the rest of the year. The following table (3.1) shows the values of solar radiation in different locations in Palestine.





Table (3.1) Daily Average Global Solar Radiation (kWh/m².day) in PT’s
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3.3 Solar Energy Applications
Sun gives energy in two forms: heat and light. , so human seek with the passage of time to use solar energy ideally in numerous applications, and in the following some applications that can be used in the Palestinian Territories.

3.3.1 Solar Thermal Applications
Today, we are able to harness solar energy in many ways, including using it for water heating, solar heating and cooling of buildings, crop and vegetable drying, and greenhouse agriculture.

3.3.1.1 Solar Water Heater (SWH)
Solar water heaters come in a variety of configurations. Each differs in design, cost, performance, and level of complexity. There are two main types of systems: passive and active solar heating.
* Passive Solar Heating. It can be inferred by its name, where the sun acting in everything without any mechanical help in any ways. When referring to space heating, passive solar design takes advantage of the sun’s warmth through such design features as large, south facing windows and materials in the floors or walls that will absorb warmth during the day and release that warmth at night, when the heat is most needed because the south side of a building always receives the most sunlight. Passive solar water heating refers to a hot water system that is not aided by heat pumps. These systems will include a solar collector to heat the water and a storage tank to store the hot water.

* Active Solar Heating. Active solar heating uses the same concepts in terms of passive solar heating, absorbs sunlight and compounded by using a special mechanical designs. Active solar heating generates more heat for hot water and space heating more than passive solar heating, there are two essential active solar heating system based on whether liquid or air is heated in the solar collector. An air-based system heats air in an “air” collector, and a liquid-based system heats water or an antifreeze solution in a “hydronic” collector. Both of these systems absorb and collect solar radiation, then transfer the solar heat directly to the interior space or to a storage system; an auxiliary or backup system provides the additional heat. The technical potential for residential applications of solar heating systems is 0.5 to 1.0 m² of solar collector/inhabitant. “Solar countries” such as Israel, Greece, and Cyprus already have high “solar water heating penetration” (Israel has about 0.95 m² per inhabitant), whereas some of the best IEA (International Energy Agency) countries, such as Greece and Austria, have a penetration of between 0.2 and 0.25 m² per inhabitant. Most solar water-heating systems have two main parts: (1) solar collector and (2) a storage tank. The most common collector used in solar hot water systems is the flat-plate collector, and the most common water heating methods is thermosyphon system, and Collective systems.

3.3.1.1.1 Flat-Plate Collector.
The most solar collectors which are sold in many countries are of flat-plate collector which is composed of insulated metal box covered with transparent front cover plastic or glass, called the glazing, and dark-colored absorber. The absorber, inside the flat-plate collector, converts sunlight to heat and transfers it to water in the absorber tubes. The absorber is usually made of materials such as copper, galvanized steel, aluminum or fiber glass reinforced plastic. The collector housing can be made of plastic, metal or wood and the glass front cover prevent wind and breezes from carrying the collected heat away. However, the glass also reflects a small part of the sunlight, which does not then reach the absorber at all. The first accurate model of flat-plate solar collectors was developed by Hottel and Whillier in the 1950's. Figure (3.1) shows the processes occurring at a flat-plate.
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Fig (3.1) Processes at a flat-plate collector
3.3.1.1.2 Thermosyphon systems
There are several systems for storing water in cloudy days or at night through the use of tanks based on the principle of gravity is the most important of these systems the thermosyphon system is shown in figure (3.2) This system relies on that cold water has a higher specific density than warm water, making them heavier and thus moves down to the bottom. Therefore, the water storage tank is always mounted above the collector, so that cold water reaches the collector from via a descending water pipe. After the collector heats up the water, the hot water rises again and reaches the tank through an ascending water pipe at the upper end of the collector. The cycle of tank–water pipe–collector ensures the water is heated up until it achieves an equilibrium temperature. The consumer can use hot water at the top of the storage tank, and any quantity of hot water used is replaced by cold water at the bottom. Then the collector heats up the cold water again.
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Fig. (3.2) A thermosyphon system



3.3.1.1.3 Direct Pump Solar Water Heaters
In this system of heating systems depends on using pumps devices to move water between storage tanks and collectors, the site for storage tank is not important as can be level or low level of the collector see figure (3.3), the goal of using pumps is to raise the efficiency of water heating system compared with systems that rely on thermosyphon system. But this system of course has a disadvantage that is using of the electricity for the operation of the pump. This system often used in commercial applications, and in hospitals in developing countries.
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Fig. (3.3) Direct pump solar water heater

3.3.1.1.4 Applications of Solar water Heaters in PT’s
The sectors which consume the hot water show significantly in residential and there are other sectors such as services sector (hospitals, medical clinics, educations), commercial (hotels, restaurants) and industrial sector, but as noted in the previous chapter that their is no statistical information about quantity of hot water consumed in each sector except residential sector. Households: have the fundamental role in the market of solar water heating. About 67.2% of houses are actually using solar family system of water heating in 2005(PCBS survey of house energy 2005).

* One of the most common solar water heating systems is thermosyphonic open circuit system which allows using hot water directly by consumer. This system consists of 2 or 3 flat-plate collectors, each measuring 1.7 m², a rating of 2750 kcal/ day (iron collector) as a yearly average output, and it directed to the south with angle 42º. For climate conditions, three collectors are generally used in hilly areas, while two collectors are utilized in the Jordan Valley, Jenin, Tulkarm and Gaza Strip. The hot water storage tank has a capacity of 150-200 litres.
The cold water supply tank is located generally above the hot water storage tank. The area of a system with three collectors is 5 m2 which can produce 12 kWh daily, particularly in summer time or 200 litre of hot water (50-60 oC). 
Industry of solar water heaters is strongly affected by the Israeli market due to the occupation and Israeli monopolizing practices on the trade movements throughout the borders and obstacles on import/ export of material and products. However, the raw material is usually imported from Israel, Europe and Turkey such as the shell for the hot water storage tank and the inner painted lining of the storage tank, pipes, insulation materials, sheet metals and pumps.
• Collective systems: Many of the apartments in residential buildings in the Gaza Strip and Nablus have been using this system as it more than 20 systems are available in 1999, in addition to its use in hospitals see figure (3.4), hotels and universities, fitness clubs, and security residencies. The perspective of collective systems seems large if real efforts are directed towards the efficient utilization of solar energy by imposition of standards to improve the quality.
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Fig. (3.4) Collective Solar system at Jericho hospital

* Direct pump system: This system is used in the roofs of villas where storage tank is kept indoor, sited at the same level as the collector and the pump circulate hot water between storage tank and the collector see figure (3.5).
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Fig. (3.5) Direct pump system on the roof of villas



The system is considered direct because no heat exchangers are involved during the heating of water. The liquid that runs in the collector is the water used by the consumer.

* Central (SWH) for apartment buildings: this system successfully used and adopted for apartment buildings in Palestine, Solar collectors are shared for all apartments. Collectors are connected in arrays and parallel and then in series, as shown in figure (3.6).
Each three collectors are connected in series to form one group and then connected in parallel to the similar groups that is in some designs and within the array itself. Each apartment uses the domestic hot water separately. The hot water is a double jacket storage tank and acts as heat exchanger, inside each apartment one storage tank is installed. A mixture of water and antifreeze is the liquid heat carrier that runs through the solar collector, to circulate the heat carrier liquid from the solar collectors to the heat water exchangers and back a pump is used. The temperatures are sensed by the differential controller at the coldest point in the storage tank and the hot end of the solar collector. If the temperature difference is higher than a predetermined value, it will activate the pump. An electric back up system is installed in each storage tank. The cost of this type of systems is around that of individual ones. In 1999 more than 20 systems of this type have been installed in Gaza and West Bank. They have been working perfectly for the last few years. This system has observed many advantages such as:
• No needing for stands or cold water on the roof.
• The number of collectors is less than that in traditional system, Almost 20% of collectors could be saved.
• Comparing with thermosyphone system about two third of the space on the roof is needed.
• Neither freeze nor calcification problems observed.
• Saving of one to two cubic meter of water each month for each apartment, in addition to minimum heat losses from the hot water storage tank, due to placing the storage tank indoor and close to a place of use.
• Better view of the roof and eventually of the city.
[image: ]
Fig. (3.6): Central solar water heater for apartment buildings

3.3.1.2 Solar Heating and Cooling of Buildings
Passive solar space heating is used in traditional and wide form in Palestine, particularly when the buildings were constructed and windows were oriented to the direction of the sun to benefit from the direct rays in heating the indoor air but it is an ineffective way, because the duration of the sun is a few hours especially in winter and also there is no way to keep heat inside for moor hours.

Passive solar heating is the absorption of solar energy in a building to reduce the energy required to warm the habitable areas (i.e. to contribute to space heating). Air is normally used to circulate and distribute the collected energy, generally without the use of pumps or fans. The collector may be an integral part of the building, perhaps designed as part of an architectural feature that provides light and heat.
Indeed, the air flow generated can be used as a means of ventilating the building, or even cooling it by drawing in cooler air to replace upwardly moving solar heated air.
applications in residential and public buildings. These systems include:
Solar Window, Solar Wall, Solar Roof, Solar Chimney and Greenhouse (Solarium).


3.3.1.3 Solar Thermal Electricity Generation
Solar thermal energy can be collected at large scale and used to heat a transfer fluid that can then power a steam turbine to generate electricity. Sunlight may be collected using huge mirror arrays focused on to a receiver at the top of a tower or, at the other extreme, may be based on the temperature gradient produced when sunlight impinges on a "solar pond" (a large salty lake) and heats the water at its base.
Most commercially attractive is the solar thermal electricity generation system originally developed by Luz, which uses parabolic reflectors to warm heat-transfer oil running through a pipe at the focus of the reflector. This heated oil is used to raise steam to power a turbine.
3.3.1.4 Solar Drying
Using the sun to dry crops, grains, vegetables and to make yogurt is one of the oldest and most widely used applications of solar energy. The simplest and least expensive technique is to allow crops to dry naturally in the field, or to spread grain and fruit out in the sun after harvesting, but this industry is small and limited in some villages and charitable institutions and voluntary
3.3.1.5 Greenhouse Agriculture
Another agricultural application of solar energy is greenhouse heating. Solar greenhouse is designed to utilize solar energy for both heating and lighting see figure (3.7). Greenhouse is used to plant many flowers and vegetables, medicinal herbs, and it has many benefits such as increase production and reduces the amount of water lost in irrigation in addition to a temperature appropriate for the growth of some plants, but it is still using traditional.
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Fig. (3.7) Greenhouse heating in one of The Palestinian Village


3.3.1.6 Solar cooking
Solar cookers are great educational tools; they fall into two main categories –direct solar concentrators and solar ovens. The basic design for a solar oven is that a glass cover of a box . the insulation lined The box and a reflective surface is applied to concentrate the heat onto the pots. The other approach is to reflect the suns rays onto a put, often with a parabolic dish. The pots to absorb heat it can be painted black. It is a real oven, it typically cooks at temperatures between 225 - 275 F. and will cook most anything you would put in your oven at home. They are considered a slow cooker, usually taking about twice as long as your conventional oven.
The cookers have limitations in terms of only being effective during hours of strong sunlight on a domestic scale. For the periods when there is cloud or during the morning and evening hours there is another cooking oven. However, the main advantage to solar cookers is that wood does not need to be purchased or collected, which is often a very time consuming activity for women. There are many forms of solar cookers the following
figure(3.8) shows one of them.
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Fig. (3.8) Solar Cooker

3.3.2 Photovoltaic (Solar cell)
Photovoltaic (PV) or Solar cell is an energy conversion system which converts the light comes from the sun into electricity. PV's have played an important role in our life, such as feeding satellites with needed electricity and they have many applications and benefits, as will be discussed later.
PV output over the time per day
The amount of solar radiation varies with the passage of time during the day, solar cells can work between the hours of 6 a.m. to 6 p.m. and the value of energy generated almost remain within the normal distribution curve compared with the axis of time as shown in the following figure (3.9).
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Fig. (3.9) PV output over daytime per day

3.3.2.1 How photovoltaic work?
The solar cells (PV) convert sunlight directly into electricity without the need to heat the air or water. Photovoltaic cell made from at least two layers of the semiconductor material is usually silicon. A positive layer which called p-type, the other layer negative which called n-type, and between them area that called p/n junction, see figure (3.10).
When light falls on the cell surface and then enter the photons will be absorbed by atoms semiconductor article, which lead to liberation of electrons from the negative layer flowing across the electric circuit and then return to class with which constitutes a positive flow of electrons electricity.
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Fig. (3.10) Components of PV Cell

These cells are linked with each other in a sealed so-called module. When two modules are linked with each other in series the voltage will be doubled, while the current remains constant, but when two modules are linked in parallel the current will be doubled and the voltage remains constant.
For the current and the voltage that be required many number of modules are linked to each other in a series and parallel form which called array. The following figure (3.11) shows photovoltaic cell, module, and array.
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Fig. (3.11) Photovoltaic Cell, Module, and Array

* The Four General Types of Silicon Photovoltaic Cells are:
􀂃 Single-crystal silicon.
15% efficient, typically expensive to make (grown as big crystal)
􀂃 Poly-crystalline silicon (also known as multicrystal silicon).
10–12% efficient, cheaper to make (cast in ingots)
􀂃 Amorphous silicon (also known as thin film silicon).
4–6% efficient, cheapest per Watt, easily deposited on a wide range of surface type
􀂃 Ribbon silicon.
They are made by growing a ribbon from the molten silicon instead of an ingot. These cells operate the same as single and poly-crystal cells. The anti-reflective coating used on most ribbon silicon cells gives them a prismatic rainbow appearance.
3.3.2.2 Advantages of Photovoltaic
Photovoltaic (PV) systems are an important energy technology for many reasons such as:
• PV costs little to build and operate
Once installation of PV systems can produce electricity continuously with minimal operating costs, installation and maintenance, these cells are usually installed near the scene, which uses electricity and usually require much shorter lines used in the power distribution network, which means less consumption of wire, low cost of the time required for installation, and reduced permitting paperwork, particularly in urban areas.
Low-maintenance, cost-effective PV systems are ideal for supplying power to remote communications stations, navigational buoys at sea, and homes more than a quarter mile from utility power lines.


• No fuel use
One of the main features of the photovoltaic system that do not need fuels such as diesel or kerosene to produce electricity but the reliance on the Sun as the main fuel and it does not cost money it is free in the extraction or reprocessing, or Depletion.
• PV is modular and thus flexible in terms of size and applications
Fortunately in the use of photovoltaic cells that are not one size fits all applications but a photovoltaic system can be built in any size response to the needs required in the various applications, For instance, homeowners can add modules every few years as their energy usage and financial resources grow. And ranchers can use mobile trailer-mounted pumping systems for watering cattle that are rotated around different field.
• PV is highly reliable and needs little maintenance.
What is the value of the electricity when it is not available?
To consider this question once thought of the last lost of electricity on your house and what you are doing at that time such as studying examinations, watching television, using of the Internet, the cleaning of the house or preparing food and other things that relying on electric equipment in their work. However, many companies lose a lot of money when their work disrupted for a few minutes due to the outage of the electricity, that from here we can see the importance of reliability key to these things. Also the photovoltaic system was developed for use in space to provide the majority of Satellite orbiting the Earth for energy operations, where repairs are expensive and impossible in addition to the reliability of it is working for a long time, it does not need for maintenance, and work on
the production of energy in all forms of weather with various efficiency. photovoltaic is easy maintenance system contains no moving parts and the battery which associated with the system sufficient to maintain the effectiveness and operation of the system so that when the manufacturing cells be built, it will be tested for the weather conditions as impact of the hail, high winds, freezing and melting, and the different weather does not affect the productivity of photovoltaic as is the case in other types of media Energy production.
• Long life
Photovoltaic system has a long life there is not a decline in the level of its performance before 15 year.
• PV has virtually no environmental impact
Photovoltaic system does not have environmental effects, making it one of the cleanest techniques used in energy production. It does not burn fuel to produce electricity, which means that there is no gas is emitted to pollute the air or the lifting of global warming, but
when we compared it with electricity generated from fossil fuels which result in the emission of large quantities of toxic gases such as carbon dioxide, nitrogen oxide, sulfur dioxide Which means air pollution and the environment and an increase in global warming. PV system also has no moving parts, if it does not affect the output of the environment in disturbing voices, and don’t made noise. Since that PV system is manufactured from small quantities of chemicals, it reduces the risk and the resulting of its long life is few of the process of disposal or destruction that can be controlled. From all these things we can deduce that the PV system is friend to the environment.
• PV is strengthening the economy and reducing trade deficit.
Despite tireless efforts and substantial steps to reduce the cost of electricity production by photovoltaic but it is not yet competitive in terms of electricity use with the fixed network, but however is the fact that the sources of energy used in the production of electricity on a continuous rise in the cost and reduced production and undoubtedly the cost of electricity produced by the photovoltaic system become few and economic. Also not rely on using fuel in photovoltaic means no need to import it; we will have saved large amounts of money in addition not rely on any other country in the refueling, also can be said because PV has a long life that their using is economically. The latter case, if (PV) was manufactured locally, it will save many of the import expenses of the State as well as provide jobs for many unemployed and thus contribute to reducing the budget deficit in the State.
• Development human life
When using photovoltaic especially in remote areas which not reached by electricity network, that help to improve the life in those areas where lighting can be provided, and there are an opportunities to become a communications network also using essential and luxury homes needs, such as washing machines and refrigerators as well as many others.
3.3.2.3 Common Photovoltaic Applications
Photovoltaic system generates clean electric power, as I said earlier from its advantages it is modular that could be connected a number of modules in parallel or serial, this operation made PV system access to different Voltage easy and this means that can be used in several applications for different voltages. The most important areas where the use photovoltaic system is remote and rural areas and where there is no electricity or generally network access to electricity is expensive. This increase dramatically the quality of life for local population and encourage them to stay in their villages without the need to reflect on migration to big cities in order to improve the standard of living.

In the following some common application for PV:
• Remote village electrification
In many villages and remote areas there is no electricity network, but is often rely on private generators to provide the simple requirements of the population who are in these areas because of many reasons:
* The electricity network is far away from these areas.
* The distance between the houses is large.
* The number of population is few.
* And on the other hand that connecting these areas with electricity
network is costly, difficult and economically not feasible But because the life in constant evolution must find a way easier and cheaper to secure the needs of these areas with electricity, many studies and research projects proof that the PV system is the least expensive and easier option connectivity to meet the requirements of energy.
The PV system supplies energy effectively for the operation of refrigerators, televisions, lightings, radios, etc. and the following figure (3.13) shows PV arrays in one of the villages that used the PV system. In social terms their are many benefits of the PV system such as it is economic prosperity and improve the standard of living in the village in general and women in particular, by reducing the time required for the basic tasks, such as access to water and light up the house, and the health situation in these areas is through establishment of health clinics and provides electricity and therefore be able to provide treatment and preservation of medicines, vaccines and the refrigerators at home can be preserved food, thus preventing food poisoning caused by corruption. It is also the development of social education, where it could provide schools with lighting and sophisticated learning facilities such as computer and the provision of clean water, which would have a positive impact on the village or the region as whole different age groups.
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Fig. (3.13) PV array in one of the village

For example, in Palestine, many residential communities lacking electricity and the possibility of connecting power are very poor in the near future due to the political and financial. The total number of Palestinians villages that are not electrified in 2005 was more than 40 villages. The daily demands of these villages from electricity is low, some people of these villages depend on private diesel generators which mostly are used unprofessional, making it dangerous use, these small generators pollute strongly the environment, and are not reliable due to their frequent faults. In addition a high diesel prices in Palestine.
• Water pumping
Photovoltaic system is ideal often used for water pumping for irrigation, drinking, and small industrial purposes. PV-powered water pumping is especially popular in rural areas because, although the electricity is used as it is generated, the water can be stored in tanks and reservoirs during daylight hours and then using water by gravity when it was needed especially at night. And storing water is much cheaper than storing electricity. For most of the agricultural irrigation water is needed during daylight hours in summer especially when the plants need water, here is the effectiveness of solar cells and highly significant because the sun is strong. Pumping system through PV is excellent in the small and medium scales of pumping needs.
PV water pump lock like other water pumps but what distinguishes it that it does not depend on any type of fuel, but the source of energy is the sun. PV pumping system consists of simple parts in the form of solar cells (PV array), motor, pump and tank to store water, sometimes PV array placed or fixed on passive trackers in order to increase pumping volume or time. There are two types of motors AC or DC can be connected to the system. When the sun shines and its rays fall on the surface of the PV array, it converted sunlight directly into electricity and the electricity gathered in the array and then goes to the pump’s controller and motor after that pump push up water from the well to the tanks for use, the following Figure (3.14) shows parts of the PV pumping system. The use of this system has many advantages as well as it is not expensive, economically, does not effect on the environment because it does not use any kind of fuel and also contribute in raising the standard of living and health of the population especially in rural and remote areas.
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Fig. (3.14) Parts of the PV Pumping System

• PV electrification of clinic in rural village
There are many villages where clinics are not connected to the electricity grid and thus services may be limited and insufficient to the needs of the population. The average load in these clinics is estimated at about 2.4 kwh/day, which is to run refrigerators medicines and vaccines, lighting, and some simple medical equipment, so easy to deliver electricity to these clinics by using PV system with low cost less than the cost of using fuel generators or Linked it to the public network and this helps in raising the standard of health in these villages.
• Lighting
PV lighting is lighting that operate by the electricity which produced from PV cells these kind of lighting systems are reliable and cheap cost, they used in many parts of the world and the most common applications of PV lighting are: In remote locations such as nature preserves, mountain areas, national and state parks, or rural towns and villages, street lighting, security, gardens, billboard, highway signs ,vacation cabins, and car’s parking. These PV lighting systems are usually off-grid, or “stand-alone” system and a source of energy is the sun only. PV powered lighting system collects solar energy using one or more PV panels, energy is stored in a battery or a series of batteries and then releases the energy to operate light sources (lamps) at night. PV lighting system consists of PV panels, batteries, electronics (including battery charge controller, inverter, and timer or switch), light sources (lamps), and luminaries, the following figure (3.15) shows PV lighting system components and energy flow diagram. The most lamps which are recommended in these systems of lighting are fluorescent or sodium lamps with low voltage (12 or 24 volt DC) because of there high efficiency of lumens per watt. The batteries which are used in these PV lighting systems are designed specially for this purpose the best type of battery is deep discharge (deep-cycle) battery that can be repeatedly drained its energy and recharged, these batteries must be replaced when their rated capacity are reduced less of 80%, batteries must be put in protected place in order to resist the changes in weather, during the time work maintenance must be done to these batteries and keep these batteries a clean to ensure maximum performance, batteries must be regulated by charge controllers which protect them from over-discharge by loads and overcharge by PV panels. The cost of these PV-powered lighting systems varies as the size.
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Fig (3.15) PV lighting system components and energy flow diagram



• PV communication
The use of PV arrays to power mobile, radio system, radio communication, telephones, remote control system, emergency call boxes, microwave links, TV translators and receivers in areas remote from electric network utilities is considered. The range of power that is used in these systems various from few watts for emergency call system to several kilowatts for large radio repeaters.
• Gate Openers
Gate Openers powered by electricity produced from PV module by using wireless remote controls that releases gate latch, opens the gate, and closes behind the vehicle. Gates are designed to stop if resistance is met as a safety mechanism. Small PV module is charging the batteries gates of only a few watts. Digital keypads are available to allow access with an entry code for persons without a transmitter.
• Consumer Electronics
One of the uses of PV technologies is consumer electronics that require low energy, which we see all around us, such as watches, calculators, cameras, which are working well, even in artificial light environments such as classrooms and offices.
• Battery Charging
Photovoltaic system provides constant and small current to the batteries to prevent discharge problem which happened when these batteries are not used from time to time because their capacity gradually diminishes. These PV cells are very reliable and a cheap solution in these cases.
• Warning signal
Photovoltaic system is used to power warning signal in several areas such as the transportation, oil industries, utility and military. This warning signal that could be transmission tower, highway warning signs, navigational beacons, railroad signals, and audible emergency signals.
• Remote switching
One of the ideal applications for photovoltaic power is remotely switches because these switches require very little power throughout the year. Transmission line can not power the switch because it is expensive to connect the switch to the grid by transformer and the switch must operate when the line is out of service.
• Remote monitoring
In these days the applications of photovoltaic has become very large and monitoring is one of these largest applications. PV systems are used to monitor the water, temperature, weather, pipe lines, flow rates, and factory emissions.
3.3.2.4 Photovoltaic Projects in Palestinian Territories
The max kilowatt PV system installed in Palestine is about 50kwp (The Palestinian Energy and Environment Research Center PEC), there are numbers of PV system projects are implemented in Palestine’s villages such as the following:
* PEC had implemented three electrification projects, in those projects about 50 households, 20 clinics, 25 schools, and 5 mosques were electrified using stand alone PV system. (Note: some of these systems are currently not working).
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Fig. (3.16) PV system, rural clinic- Kufor Thulth village in the north of West Bank.

* Supplying of medical center and isolated clinics with required electricity for lighting, refrigeration, and operating small medical equipments such as, “rural clinic in- Kufor Thulth village”, see figure (3.16).
* Installation PV system for Bedouin tents, and police stations.
* Supplying animal zoo with PV system such as Qalqelia zoo.
* Water pumping system were electrified using stand alone PV system, see figure (3.17) PV water pump in one of the Palestinian village.
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Fig. (3.17) PV water pump in one of the Palestinian villages

* Installation PV system for hospital and school, see figure (3.18)
* Gaza municipality lights some main streets using PV electricity, see figure (3.19).
* Another Project for street lighting and electrification of public sites at Jib Al aldeeb community is going to be implemented by Arij. This project is financed by UNDP/PAPP, GEF and SGP.
* The energy research center at An Najah National University electrified a Palestinian village (Atouf) by PV centralized power system. The village includes 25 houses, school, and clinic with power capacity about 24 kWp. The project is considered a successful renewable energy application in Palestine. The project was financed by EU.
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Fig. (3.18) School PV system in one of Palestinian’s villages
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Fig. (3.19) Solar Street Lighting in Gaza
• Installing Solar Chargers for Video and Mobile Phone in South Hebron see figure (3.20): The systems are based on 10W solar panel a charge controller and a small deep cycle battery. The systems will allow for day and night charging of both video and mobile phones.
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Fig. (3.20) Solar Panel Charger for Video and Mobile in South Hebron


4.3 Application of solar energy that can be used
Solar technology was used to reduce the dependent on energy bconsumption from fuel in different sectors. In this section we summarized some solar application that can be used.
4.3.1 Solar Thermal Water heating systems
Households, public building (hotels, hospitals, universities, school), and factories are the main users of solar water heating systems. In chapter three we discussed the types of solar water heating system that is used in houses, some hotels, hospitals in PT’s such as thermosyphon system, direct pump system, central (SWH) for apartment buildings and collective system, but installing these system is not sufficient. The hot water which was used in these sectors has 100 °C as maximum temperature that means the conventional types of solar water heating are sufficient to give the required hot water, but the problem is that the number of installed systems isn’t preparation to give the demand of hot water and the efficiency is not high so we can use other system such as:
• Solar District Heating
District heating is one of heating systems that transfers and distributes heat that used in the residential industrial and commercial sectors for hot water heating, space heating, and industrial processes, it is very reliable, see figure (4.2). The temperature of district heating supply water varies depending on the country weather, being for example 65-115° C. The temperature is at its lowest in summer and highest in winter, when
heat is only needed for hot water. It consists of heat production units, which could be a combination of heating-only plants, combined heat and power production plants, waste heat recovery plants, peaking and standby heat plants, primary heat distribution network, substations at the consumer connection points, end users secondary networks and installations for space heating and domestic hot water.
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Fig. (4.2) Solar District Heating System



• Integrated Collector Storage (ICS) System
ICS also called batch water heater, see figure (4.3) the water is heated and stored inside the collector. These systems are suitable only for warm climates where there is no risk of freezing. ICS are made of one or more black tanks or tubes in an insulated glazed box. Cold water first passes through the solar collector, which preheats the water, and then continues to the conventional backup water heater. ICS systems are simple, reliable solar water heaters. However, they should be installed only in climates with mild freezing because the collector itself or the outdoor pipes could freeze in severely cold weather. Some recent work indicates that the problem with freezing pipes can be overcome in some cases by using freeze-tolerant piping in conjunction with a freeze-protection method.
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Fig. (4.3): Integral-collector storage system

• The Vacuum Tube Collector
A vacuum tube collector is composed of a series of evacuated glass tubes. Inside the tube, an absorber plate, in contact with a pipe in which the heat transfer fluid flows, collects the solar energy. Heat losses are low, owing to the insulating properties of the vacuum. Therefore, the temperature can rise to over 100°C. This type of collector is particularly well adapted to applications that need high temperatures, see figure (4.4).
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Fig (4.4) Vacuum Tube Collector
• Concentrating Collectors
Concentrating collectors use mirrored surfaces to concentrate the sun's energy on an absorber called a receiver, see figure (4.5). Concentrating collectors also achieve high temperatures, but unlike evacuated-tube collectors, they can do so only when direct sunlight is available. The mirrored surface focuses sunlight collected over a large area onto a smaller absorber area to achieve high temperatures. Some designs concentrate solar energy onto a focal point, while others concentrate the sun's rays along a thin line called the focal line. The receiver is located at the focal point or along the focal line. A heat-transfer fluid flows through the receiver and absorbs heat. These collectors reach much higher temperatures than flat-plate collectors. However, concentrators can only focus direct solar radiation, with the result being that their performance is poor on hazy or cloudy days. Concentrators perform best when pointed directly at the sun. To do this, these systems use tracking mechanisms to move the collectors during the day to keep them focused on the sun. Single-axis trackers move east to west; dual-axis trackers move east and west and north and south (to follow the sun throughout the year). In addition to these mechanical trackers, there are passive trackers that use Freon to supply the movement. While not widely used, they do provide a low-maintenance alternative to mechanical systems. Concentrators are used mostly in commercial and industrial applications because they are expensive and because the trackers need frequent maintenance. Some residential solar energy systems use parabolic trough concentrating systems. These installations can provide hot water, space heating, and water purification. Most residential systems use single axis trackers, which are less expensive and simpler than dual-axis trackers. There are four basic types of concentrating collectors: Parabolic
trough, parabolic dish, Power tower, Stationary concentrating collectors.
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Fig (4.5) Solar Concentrating Collectors

4.3.2 Space Heating and Cooling Systems
Heating a home with solar energy is not difficult in Palestine. If done correctly the building will use 50 to 70 percent less energy during the heating season, have good day lighting and remain cool during the hottest summer months. Two approaches can be used to heat a home with solar energy: an active system or a passive system. Active systems use mechanical equipment such as a pump or fan to move energy from collectors into the house. Passive systems are much more common, simply relying on south facing windows to allow solar heat and light into the building, figure (4.6) shows the sun chart for space heating using passive solar systems
[image: ]
Fig. (4.6) Sun chart for space heating using passive solar systems.
Space heating and cooling consume a huge amount of energy in all sectors in the PA. In order to reduce these quantities we can design our new building to include one of the following systems:
• Solar Window
Windows are one of the important elements in designing buildings because of their role in reducing the energy consumed in heating, cooling and lighting, also they are considered as a good and inexpensive solar collector. The size of the windows, the types of glass used and the orientation are the basic techniques to derive the maximum benefit from solar windows. Therefore, the best design is to make the windows facing the south to obtain the largest amount of solar energy especially in the winter when the sun is low in the sky while in the summer when the sun is high and its temperature is high. Also, a several techniques can be used to reduce the excessive heat from entering through these windows, such as shading or the use of umbrellas. The shading helps to reduce heat gain in summer and heat loss at night, see figure (4.7). North windows that have a role in the provision of lighting, in particular, while the East and West windows should be limited as it is difficult to control the quantity of heat entering through the sky, especially when they are low. New technologies are used in designing the windows that include selective coatings, and increasing window insulation properties lessened such concerns to help keep heat where it is needed.
A high Solar Heat Gain Coefficient (SHGC)—usually 0.60 or higher—to maximize heat gain is required in south-facing windows to be effective, to reduce conductive heat transfer the U-factor must be low (0.35 or less), and for good visible light transfer it is used a high visible transmittance (VT). SHGC refers to the portion of incident sunlight admitted through a window, and U-factor indicates the heat loss rate for the window assembly. For north-facing window particularly effective strategies include preferential are used along with generously shaded south-facing windows. Shading from landscaping, overhangs, shutters, and solar window screens helps lower heat gain on windows that receive full sun.
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Fig.(4.7) Solar Window

• Solar Wall (or Trombe Wall)
Solar walls are simple systems used for space heating. These walls are also known as Trombe walls. The diagram in figure (4.8) shows how the collector operates. The solar radiation heats the outside of the solar wall. The heat slowly passes through the massive wall, and arrives at the inside surface of the wall several hours later to provide heat in the evening. The glazed covering on the outside of the wall reduces heat loss, and allows more heat transfer to the inside space. The vents shown at the top and bottom of the wall in this diagram are optional -- they allow heat to be transferred to the living space earlier in the day than occurs with an unvented solar wall.
[image: ]
Fig (4.8): Solar wall

These walls can be used in new construction or as a retrofit. Some existing homes have wall construction that can be converted to a solar wall easily.
The characteristics of a solar wall as compared to a solar window:
1- Its efficiency in collecting solar heat is not as high as a direct gain window of the same size.
2- Night heat losses are less than for direct gain windows.
3- Very simple -- no fans, no ducts, no controllers.
4- Does not provide day lighting or views as a direct gain window would -- this can be an advantage or disadvantage.
5- The inside surface of the wall can be used to some extent, but should not be covered with anything that reduces heat transfer from the wall to the living space.
6- Depending on the current wall construction, it may be easier to retrofit a solar wall than to retrofit a direct gain window, since no wall structural members are cut. The collectors can be used in new construction, or as a retrofit.
• Solar Chimneys
This retrofit passive space heating device, called a thermosiphoning air panel (TAP), uses the existing house wall as the major structural element. The exterior finish is removed, new glass box structural sheathing added over the existing wall, and wood framing added to support the ribbed aluminum absorber plate (industrial siding material) and to support the field-installed insulated glass units. The system shown uses three patio door replacement units as the aperture, creating three areas of absorber plate, each of which requires a high and a low vent through the house wall to allow the thermosiphoning action to occur. The weight of the added glazing is carried by brackets at the base of the panel to a continuous ledger strip bolted to the house wall. After flashing is added, the exterior siding materials are patched around the unit to complete the installation.
The characteristics of the Solar Chimney see figure (4.9) as compared to a solar window:
• It has roughly the same collection efficiency as a direct gain window.
• Night heat losses are less than for direct gain windows.
• Very simple -- no fans, no ducts, no controllers -- uses natural convection.
• Does not provide day lighting or views as a direct gain window would -- this can be an advantage or disadvantage.
• The inside surface of the wall can be used for shelves etc. -- unlike a direct gain window.
• No structural changes to the wall framing are required, since no structural members are cut -- this can make it an easier retrofit than a direct gain window.
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Fig. (4.9) Solar Chimney
These are very cost effective energy collectors. For example, a PV panel of the same size would cost 5 to 10 times more, and produce about one fifth as much energy! Depending on the materials used, and how good a scrounger you are, the payback period will usually be a year or two.
• Solar Roofs
Solar roofs, often called thermal storage roofs, see figure (4.10) is similar to storage walls. Waterbed-like bags of water, exposed to sunlight, collect, store and distribute heat. This heat passes freely down through the supporting ceiling to the house, gently warming it. In the summer, heat rises through the ceiling into the water, cooling the house. Then at night, the water is cooled by the radiation of its heat to the sky. Movable insulation covers the ponds at night in winter, to trap heat inside, and during the day in summer, to shade the ponds while the sun is shining. Generally, solar roof ponds are 8 to 12 inches deep. Roof ponds are always flat, but in northern buildings the glazing is often sloped to the south to capture the sun's low rays as well as to shed snow. Under the sloped glass, the walls are well insulated and faced with materials that reflect the sunlight into the ponds.
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Fig. (4.10) Solar Roof

• Greenhouse (Solarium)
Greenhouses are the most common solar rooms, see figure (4.11) Conventional greenhouses, however, are not designed to take maximum advantage of the sun's energy. The problem is that most are built with a single layer of glass, and so they lose more heat at night than they gain from the sun during the day. Consequently, they need expensive auxiliary heat to keep the plants warm. A solar greenhouse is designed both to maximize solar gain and to minimize heat loss. Usually, only the south facing walls and roof of the solar greenhouses are glazed, while the east and west walls are well insulated. (Southeast and southwest portions, if any, are also glazed, partly because plants need that low-angle early sunlight.) If at least two layers of glass or plastic are used instead of one, this type of greenhouse will remain above freezing most of the winter in all but the coldest climates of this country. However, for maximum heat savings while growing plants year round, three and even four layers of glass and plastic should be used where winters have more than 5000 degree days. Keep in mind that each additional layer of glazing blocks additional sunlight. For maximum sunshine, and for minimum heat loss at night, movable insulation is used in combination with double glazing. This can be tough to do, however. Some of the tricky design and construction problems include storing the insulation out of the way during the day, interfering with plants while moving the insulation, and obtaining tight seals against the glazing when the insulation is closed. Additional considerations include the need for insulation to resist mold, other plant and insect life, and moisture damage.
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Fig. (4.11) Solar Room

• Under floor heating using solar water heating
Under floor heating and cooling is a form of central heating and cooling which uses heat conduction and radiant heat or cold for indoor climate control, rather than forced air heating which relies on convection, see figure (4.12). Heat can be provided by circulating heated water or by electric cable, mesh, or film heaters. This technique does not require hot water at high temperatures as the case for central heaters with radiators. Warm water at temperature around 30°C is good enough to make the room warm enough for residents. This fact makes solar water heaters a good source of energy for this system as it is difficult to get higher temperatures in winter.
[image: ]
Fig.(4.12) Under_Floor Hot Water System
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