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Abstract 

In the previous decades, people raised the awareness of the shortage of fossil fuel in 

the coming forty to fifty years. Besides, the reduction of CO2 emission is paid 

attention. Among the renewable energies, solar energy has the highest potential to be 

the main energy source in the future to solve the mentioned problems. 

In the last few ten years, the technologies of solar energy were improved and used 

more widely as an energy source. The solar energy is used in several different ways. It 

can be used as heat energy for water heating or space heating. The solar thermal 

energy can be used with active or passive design. There are direct and indirect designs 

regardless the active or passive energy system. The efficient and the cost effectiveness 

are according to the designs of the systems. The places and the climate of the 

buildings where they locate are the main considerations of the system design. With 

understanding more about the differences of the existing solar energy systems, they 

can be applied in more efficient, cost effective and environmental friendly. 

Regardless the dimension of the system, solar energy is the trend of the energy source 

for heating and electric power. It is not only used in building, it can also used for 

producing hydrogen fuel cells which will be using in transportation. 
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INTRODUCTION 

In the previous decades, people raised the awareness of the shortage of fossil fuel in 

the coming forty to fifty years. In order to solve this problem, renewable energy is 

becoming the alternative energy that the societies pay attention to. Besides, most of 

the renewable energy does not have the consequence of pollution. As the problem of 

greenhouse effect by gases emitted from the fossil fuels, the renewable energy is 

being more concerned as most of them are CO2 emission free. 

There are different kinds of renewable energies, such as wind power, hydro power and 

bioenergy. These energies are based on the energy from the sun indirectly. For wind 

power, the energy comes from the air movement on the earth. The air movement is 

due to the air of different part on the earth heated by the sun differently. For the hydro 

power, the energy used for the turbines comes from the different head of the water 

flow. The sea absorbs the heat from the sun which evaporates into the air. Then the 

water vapor in the air condenses which becomes the rain and falls back to the river, 

hence provides good conditions for the hydro power. For bioenergy, the energy from 

any biological sources like wood absorbs and stores the energy from the sun through 

the process, photosynthesis. 

Not only the previous renewable energies, there is also a kind of renewable energy 

comes from the sun directly, the solar energy. In the pass decades, the technologies of 

solar energy were improved and used more widely as an energy source. The solar 

energy is used in several different ways. It can be used as heat energy for water 

heating or space heating. The sizes of the solar heating system vary from using for 

individual houses to contributing to the grid for district heating. Besides, solar energy 

can also be used for providing electricity, through absorbing the energy by the solar 

collectors for the process of electricity generation or converting the solar energy to 

electricity directly by the process solar photovoltaic. 

As the technology of using the solar energy is well developed, though it still keeps 

improving, there are many systems available for different purposes. With 

understanding more about the differences of the existing solar energy systems, they 

can be used in more efficient, cost effective and environmental friendly. This can be 

achieved by comparing the efficiency, functionality and the economical aspect of the 

existing systems and products. 
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Among all the renewable energies, solar energy is abundant and inexhaustible. The 

sun has a high surface temperature at around 6000ºC. Because of this high 

temperature, it emits solar radiation to the space at a rate of 3.8 x 1023kW [8]. The 

solar radiation reaches the earth in the form of electromagnetic wave with different 

wavelengths. Around 70% of the solar radiation which the wavelengths are between 

0.3µm to 2.5µm reaches the earth surface, so called the short wave radiation. The 

remaining 30% of the solar radiation which in the infrared wavelength band is 

transmitted back to the space, so called the long wave radiation. It is because this 

energy is reflected by the cloud, atmosphere and the earth surface. For the radiation 

reaches the earth surface is in two different forms, direct radiation and diffuse 

radiation. Direct radiation is the sun ray hits the earth surface directly and seen as the 

sunlight. For that scattered by the cloud before reaching the earth surface is the 

diffuse radiation, which seen as the skylight. Since the scattered light is mainly in the 

short wavelength band, the sky appears blue in colour. Because of the amount of the 

absorbed short wave radiation is almost the same as that of the reflected long wave 

radiation, the atmospheric temperature keeps stable at average -20ºC[2]. Fig 1 shows 

the conditions of solar radiation reaching the earth surface. 

Under a clear sky, the average amount of energy reaches the earth surface is 

1000W/m2. However, the amount of energy received depends on the location, the time 

and the weather condition. For the countries near the equator have a higher average 

irradiance than the Nordic countries. The climate also influences the amount of 

incidence ray. For example, Britain is cloudy for almost half of a year, which 

decreases the amount of direct radiation received. Fig 2 shows the average solar 

radiation on the earth surface. 

The solar radiation absorbed can be transferred to different usable energy. Solar 

thermal energy is the heat energy transferred from solar energy by solar thermal 

systems while electricity can be generated directly through the process of solar 

photovoltaic. 
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Fig 1: Solar radiation reaching the earth surface 

 

Fig 2: The average solar radiation on the earth surface 
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SOLAR THERMAL ENERGY 

The solar radiation absorbed which converts to heat energy can be used for heating 

function. It is used for water heating, space heating, daylighting and contributed to 

electricity generating systems. It is applicable to residential, industrial, business 

building, swimming pool, etc. In order to use the solar energy, equipment for 

collecting the solar radiation is necessary. The solar energy system can either be active 

or passive which the detail is going to be explained in the following parts. Besides, 

the systems are mainly designed as direct system or indirect system which the detail is 

explained in the following parts. 

1 Passive Solar Energy 

Passive solar energy is the use of solar energy directly absorbed from the sun without 

any support of mechanical or electrical equipment. The energy can be used in several 

purposes like daylighting, which the sunlight is used directly for indoor lighting 

through the window of a building. It can also be used for space heating and water 

heating with installing some apparatus in the system. However, it cannot be used 

widely as the amount of energy absorbed is limited for the small and simple system. 

As no mechanical equipment is used, the circulation of the fluid in the system relies 

on gravity and the convection effect. 

Moreover, since there is no mechanical equipment consisted in the system, it is not 

costly for the operation and maintenance, so as to the capital cost. Nevertheless, the 

efficiency of passive solar heating is relatively low but it is sufficient for low heat 

demand. Therefore, it is normally used for domestic like individual house, especially 

for those locating in the area with higher average solar radiation and sunny climate.  

There are mainly two types of passive solar heating system, the integrated collector 

storage (ICS) system and thermosiphon system. Both of the system can be in direct or 

indirect, which are explained in detail in the following part. 
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1.1 Passive water heating 

1.1.1 Direct System 

Direct system is that the heat carrier is also the usable fluid like water and air, which 

means the usable fluid, is heated when it flows through the solar absorber. Then it is 

stored in a water tank or fed to the supply point directly. This is an opened loop 

system which less apparatus are required, hence more cost effective. 

On the other hand, it is not recommended to be used in the places with cold climate 

which freezing happens in the system. It is because water is used directly, anti-freeze 

fluid is not suitable to be used in the loop. 

Integrated collector storage (ICS) system 

The integrated collector storage (ICS) system is one of the simplest direct passive 

solar heating systems. In the ICS system, the water tank is integrated to the solar 

collector. That means the water tank is used for storing the water and at the same time 

as a heat absorber. It can be as simple as just put a water tank with dark colour coating 

at high level under the sun, which water pipes are connected to it for water circulation, 

like the one shown in Fig 3. It is a system which low-energy materials can be used as 

a collector or the storage tank, for example, soil and concrete [4]. However, the heat 

conversion efficiency for this system is low at around 15% [4] because of the great 

heat loss. As a result, there is improvement on the insulation for the system. The water 

storage tank is covered by transparent materials in order to reduce the heat loss by 

convection.  
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Fig 3: Structure of a basic ICS system 

With the transparent cover in the system, the efficiency can be improved up to 30% [5] 

depending on the factors of time, climate and location. The flow of the water depends 

on the pressure from the water mains which keeps the circulation of the water in the 

system. As pump is not used for a passive system, supplying water from the tank to 

the supply point mainly depends on gravity, thus the tank should be installed at high 

level, such as the rooftop. Fig 4 shows the ICS system with transparent cover. 

 

Fig 4. Integrated collector storage system with transparent cover 
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Thermosiphon system 

In this system, solar collectors are required for collecting the solar energy and the 

storage tank is installed at a higher level than the solar collectors. By the effect of 

natural convection, the incoming cold water and the outgoing warm water through the 

solar collectors forms a circulation with the water tank. The driving force of the water 

circulation is the density difference between the cold and hot water. Since the density 

of cold water is higher than hot water, the cold water stays at the bottom of the storage 

tank and flows down to the solar collector. Due to the different density of the cold and 

hot water, the cold water tank should be supplied to the bottom of the water tank. As 

the water is installed at high level, the water flows from the tank to the supply points 

mainly relies on the gravity. Fig 5 shows the general thermosiphon system. 

 

 

Fig 5: Direct thermosiphon system 
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1.1.2 Indirect System 

In an indirect system, other than water, non-toxic anti-freeze heat transfer fluid can be 

used as heat carrier flowing from the solar collectors to the water tank. Then the heat 

is exchanged inside the storage tank. As anti-freeze fluid can be used, this system is 

applicable for the places with cold weather. 

Thermosiphon system 

This system is similar to the direct thermosiphon system, the circulation of the 

anti-freeze heat carrier relies on the natural convection but in a closed loop. The heat 

carrier absorbs heat when it flows through the solar collector and then flows to the 

water storage tank which is placed at a high level. 

 

Fig 6: Schematic of passive indirect thermosiphon system 

In the tank, heat is transferred from the heat carrier to the water through a heat 

exchanger. Fig 6 shows the schematic of a passive indirect thermosiphon system, 

which is very similar to the direct one. 

1.2 Passive space heating 

It is the space heating by using the passive solar energy. It is abundant and free of 

using passive solar energy but a proper design of the building is necessary. As 

previous explained about the features of a passive solar energy, for passive space 

heating, the building is used as a solar collector to absorb heat from the sun directly 
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and stores the heat as well. However, gaining heat from the sun is not the only feature 

for passive space heating. In order to use the solar energy efficiently, good insulation 

of the building to minimize the heat loss is needed. This makes use of the design of 

the building which the basic element for passive space heating is shown in Fig 7. 

There are several designs should be considered: 

- Windows 

For increasing the solar heat gain and reducing the heat loss, the south oriented 

windows are enlarged and north oriented windows are diminished in order to 

increase the solar heat gain and reduce the heat loss through the windows 

respectively. 

- Thermal insulation of the building 

To reduce the heat loss, the building envelop has to be thermally insulated. It 

depends on the materials used for the walls, roofs, floor and doors.  

- Thermal mass of the building 

It is the heat capacity of the building. The sunlight penetrates through the 

windows, heat is gained inside the building. The heat is stored temporarily inside 

the building, the ability and the amount of heat which can be stored by the 

building depend on the thermal mass of the building. It is also relied on the 

materials and the structure of the building. 

- Shading of the building 

Although the building is designed with considering the heat gain, heat loss and 

heat storage, the outdoor environment of the building influences the solar heat 

gain of the building. The most obvious influence is the shading from the adjacent 

construction which reduces large amount of direct sunlight on the building, hence 

decreases solar heat gain. 
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Fig 7: The basic passive space heating 

1.3 Daylighting 

Besides space heating, penetration of sunlight through the window can be used as 

daylighting. The amount of receivable light is highly depends on the orientation and 

the size of the window. It is similar to the passive space heating, detail calculations 

and different considerations should be taken into account during the design stage of 

the building. In addition, with using the daylight from the sun, the electrical load due 

to artificial lighting can be reduced, hence lower the energy cost. 

1.4 Passive house 

A passive house is a standard of energy efficient buildings, which provide a good 

thermal comfort during both summer and winter with using less energy than the 

conventional buildings. One of the criteria of a passive house is to reduce at least 90% 

of energy uses for heating comparing to traditional code. An important requirement is 

that the annual heat demand of a passive house must less than 15kWh/m2 [9]. The 
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combined primary energy demand for heating, hot water and household electricity 

cannot exceed 120kWh/m2 [11]. It is applicable to individual houses, office buildings, 

schools, supermarkets, etc. The passive house makes use of renewable energies in 

which passive solar energy plays an important role in it. As a result, it is essential to 

consider several points during the design stage of the building for receiving more 

solar energy and minimizing the heat loss. The general considerations are going to be 

explained and Fig 8 shows the basic features of a passive house. 

1. Building envelop 

It consists of different parts including the walls, roofs, floor, doors and windows. 

It is important to have good insulation for the building envelop for minimizing the 

heat loss. The level of thermal insulation depends of the materials used for the 

building envelop. For the walls, roofs and floor, higher thermal mass material 

should be used. For the windows, triple plane is used instead of double glazing. 

Besides the materials uses for the structure, the air tightness of the building 

envelop is a crucial parameter for reducing the heat loss due to air leakage from 

the building. For a passive, the air leakage must be less than 0.6h-1 [11].  

2. Windows 

It is important to have a good design of the windows as it can be the media of both 

heat gain and heat loss. For maximize the heat gain and minimize the heat loss at 

the same time, glazing of the window should be considered. In conventional 

buildings, double glazed windows are used commonly. The required U-value of 

the window for a passive house must less than 0.8W/m2K [11]. However, the 

U-value of double glazed windows is around 2.8W/m2K which is not low enough 

for a passive house. Hence, triple glazed windows which have lower U-value are 

used for passive house. The U-value of typical triple glazed windows is 

2.2W/m2K while it can be reduced to 0.4W/m2K if low emittance coating is used. 

Besides minimizing the heat loss, windows are the dominant part for solar heat 

gain among the building structure. In order to receive more solar heat, the 

windows facing the south should be enlarged while those facing the north should 

be designed to be smaller to avoid the heat loss. Moreover, shading of the window 

should be considered for the solar heat gain. Not only for gaining of heat, using of 

the daylighting reduces the electrical load for artificial lighting. 
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Fig 8: Basic features of a passive house 

2 Active Solar Energy 

Active solar energy is the use of energy from the sun with the supporting of electrical 

or mechanical equipment. This system is similar to the passive system which it is also 

common to be used for water heating and space heating. The cost of active systems is 

higher when compare to that of passive systems because more equipment is needed. 

On the other hand, it is more flexible and has a higher efficiency with installing some 

electrical or mechanical parts for controlling the system. 

2.1 Active water heating 

The concept of active water heating system is similar to that of passive water heating 

system but with using electrical apparatus. Therefore, pumps, controllers and 

interconnecting pipes are used for carrying the heat carrier for transferring the heat to 
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the usable water. Moreover, a conventional water heater is usually used as a backup 

when there is insufficient heat for the sun due to the climate. Similarly, the active 

solar water heating system can be used for preheating the water which reduces the 

heating load of the conventional water heater. Though it is more flexible, it is more 

complicated and more expensive as different electrical parts are installed in the 

system. The system can be monitored by installing a controller which measuring 

different data of the system in order to actuate the backup water heater and control the 

ON/OFF of the pump or display any error of the system. By controlling the system, it 

is applicable under colder climate. The system can be designed to be an anti-freeze 

system or has overheating protection for the places with very good sunshine. 

2.1.1 Direct system 

In an active direct system, the water storage tank is not necessary to be located in a 

high level. It is because pump and controller are installed to the system which the 

water is circulated by the pump. The required electricity for the controller is usually 

provided by installing a small photovoltaic panel together with the solar collector. In 

Fig 9 shows a simple active direct heating system. With this controller, the pump will 

be activated when the temperature of the water inside the tank is not warm enough. In 

contrast, the pump will be stopped when the temperature of the water flowing out of 

the solar collector is lower or no heat gain from it. It can ensure that heat is always 

gained from the solar collector and prevent heat from losing through the solar 

collector. This kind of direct system is usually occupied in places with warm climate 

which it is not frozen for a long time. 
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Fig 9: A simple active direct system with pump and controller 

Freeze protection 

Some of the direct systems are designed to have a reverse circulation as an anti-freeze 

function. The warm water is pumped to the solar collector when the water in the loop 

is too cold. However, this kind of system is not improved by the Solar Rating & 

Certification Corporation (SRCC) in the United States [6]. Besides the recirculation of 

the water, another design is also used for freezing protection which is called drain 

down system as shown in Fig 10. In this system, the loop is pressurized and a drain 

down valve is installed in the system. It is activated when there is enough solar heat 

gain, so water is circulated by the pump. It is deactivated when the temperature sensor 

detects the water temperature flows out from the solar collector does not have 

sufficient heat gain and the outdoor temperature drops near the freezing point [12]. 

The temperature sends a signal to the central controller to deactivate the valve. Then 

the water in the system is drained out in order to prevent it from freezing inside the 

pipes. When there is sufficient heat gain again, the valve is activated and water is 

filled to the system and circulated by the pump again. 
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Fig 10: Active drain down system [12] 

2.1.2 Indirect system 

In an indirect system, heat transfer fluid is used instead of potable water. The heat 

transfer fluid is circulated in a closed loop by the pump. It flows through the solar 

collector and heat is absorbed, then the heat is transferred inside a water tank via a 

heat exchanger. Fig 11 shows the basic indirect active system. There are different 

designs for the indirect systems in order to make it become for flexible to be used. 

The most common systems are the antifreeze system and the drain back system which 

have different features. 

Drain back 

In a direct system, it is called a drain down system. In an indirect system, it is called 

the drain back system which shown in Fig 12. For the drain back system, the loop for 

the solar collector is not pressurized, so no valve is required for the system. When the 

temperature sensor detects a low temperature near to the freezing point, a signal is 
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sent to the controller and the pump is turned off. After the pump is stopped, the heat 

transfer fluid in the solar collector loop drains to a reservoir and is saved. 

 

Fig 11: Indirect active system  Fig 12: Indirect active system with drain 

reservoir 

Anti-freeze 

The other freezing protection is to us anti-freeze fluid as the heat transfer fluid instead 

of water. The commonly used fluid are propylene and ethylene glycol [12], the system 

is shown in Fig 13. These fluids have a low freezing point so that can be used for the 

cold climate. However, some of them are toxic which the heat exchanger in the water 

tank should be with a doubled wall while single wall heat exchanger can be used for 

non-toxic heat transfer fluids. This kind of system is pressurized which fill and drain 

valves are installed for the use of refilling and inspection of the system [12]. 
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Fig 13: Anti-freeze system 

Besides heating for domestic water, there is also pool heating system. Generally, the 

required temperature raise is not too much, just several degree Celsius. In fig 14, it 

shows a typical pool heating system with using active energy.  

 

Fig 14: Typical pool heating system 
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2.2 Active space heating 

There are two main types of space heating, water based and air based. For the water 

base system, it can be designed as either direct or indirect system. Regardless a direct 

or indirect systems, radiators as a heat exchanger or air ductwork for delivery of warm 

air inside are needed inside the building. The operation of the system is similar to the 

solar water heating system. The water is pumped to circulate to the solar collector in 

order to absorb heat and then to the radiators or forced air system for a direct system. 

On the other hand, the heated water is pumped to the water tank where the heat is 

stored and then the heated water is circulated to the radiators or ventilation system for 

the indirect system, as shown in Fig 15. The water based design can be applied to 

provide space heating and combined to water heating.  

 

Fig 15: Water base active space heating 

For an air base system, air ducts are required to be installed in order to deliver the 

warm air to the indoor space. The air base system can be designed as open loop or 

close loop. In an open loop system, cold outdoor air is drawn through a solar collector 

which has a perforated metal facing called transpired air collector. This collector is 

not only installed on the roof, it is also designed to be a solar wall which the collectors 
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are mounted on the outer wall of a building, like the system shown in Fig 16. The air 

is heated by the collector and then supplied to the interior area. This system is usually 

used for places where preheat of the ventilation of air is required such as warehouses 

and halls which the incoming of outdoor air is warmed by the air collector. For the 

close loop system, the indoor air is circulated by a fan to flow through the solar air 

collector, Fig 31, which heat is absorbed and flows back to the indoor. This system is 

applicable for residential use. 

 

Fig 16: Principle of solar wall operation 

3 Comparison Between Direct System and Indirect System 

In both active and passive system, there are direct and indirect designed for the 

systems. In the direct system the potable water is heated directly through the solar 

collector then circulated to the supply points. For the indirect system, heat transfer 

fluid is used in the solar panel loop instead of water. The two different systems have 

their own advantages and disadvantages. The direct system is commonly used in 

warm climate places where freezing is mild or even does not occur. It is because 

potable water is used as the heat transfer fluid which is circulated in the system so no 
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anti-freeze fluid can be added in the loop. However, the system is not suitable to be 

used for the places of hard water which it can damage the system quickly. The cost of 

a direct system is lower than the indirect system as its design is simpler and less 

equipment and electronic parts are needed. For the cold weather places, an indirect 

system is more suitable as anti-freeze fluid is used to transfer the heat to the potable 

water through a heat exchanger. However, there is a risk of using the anti-freeze fluid 

as a heat transfer fluid. If there is any damage to the pipework of the solar collector 

loop, the toxic anti-freeze fluid will leak to the potable water. On the other hand if a 

drain back design is applied to the indirect system, the installation cost will be lower 

as no drain valve is required for the system. Nevertheless, the selection of the systems 

depends on the different conditions of the occupants. 

4 Comparison Between Active System and Passive System 

In an active system, regardless the direct or indirect system, controller and pump are 

installed in it. These electronic apparatus improve the efficiency and flexibility of the 

system, though make it becomes more expensive. By installing the pump, the water 

tank can be located at a lower level than the solar collectors. It is because the 

circulation of the water or the heat transfer fluid can be forced by the pump. In 

addition, the storage tank can be situated inside the building which is more space 

effective. As the tank is placed indoor, the heat loss can be reduced during the night. 

In contrast, it prevents the system from overheating during the daytime with strong 

sunshine. 

Moreover, the system can be drain back and drain down for indirect and direct system 

respectively. The water or the heat transfer fluid is drained in order to prevent it from 

freezing in the loop. There are alternatives for freeze protection, temperature sensor 

can be installed on the solar panel loop. When the temperature of the fluid is too low, 

the pump will be actuated and circulates the fluid to the storage tank which then be 

warmed by the hot water. It is not only protecting the fluid from freezing, the concept 

is also applicable for overheating protecting. However, the fluid is circulated in order 

to be cooled by the solar collectors during the night when the collectors are cool. For 

applying all the above function, a controller is necessary for the system. 

Although there are several advantages for the active system, it is not as reliable as the 

passive system. It is because the system relies on electricity and the apparatus, it will 
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not work if any one of them is malfunction. An active solar system is suitable to 

retrofit an old system but it is not easy to be satisfied than a correct designed passive 

solar system [7]. As mentioned in the previous part, the cost of active systems is 

higher than the passive systems, it is still worth for it because the payback period for 

the systems is short. 

5 Central Solar Heating/Solar District Heating 

In the previous parts, the general features of solar thermal systems are described. The 

systems are mainly in small scale and applied to buildings. On the other hand, solar 

thermal system is also applicable to the district heating with using the solar collectors 

in large scale. However, the solar heating system is usually used as a solar assist to the 

district heating or combined with other kinds of energy because of the unpredictable 

climate. 

Since the heat is mainly absorbed in the summer while a larger heat demand is in the 

winter. In order to balance the heat gain and heat demand, an interseasonal storage is 

essential to store the heat from the summer and maintain the heat supply during the 

winter time and peak demand. A very large area and good insulation are required for 

the storage. The system can be designed with short term heat storage – Central solar 

heating plant with diurnal storage (CSHPDS) and long term heat storage – Central 

solar heating plant with seasonal storage (CSHPSS). 

According to the guidelines for the solar assisted district system of central and 

northern Europe, the CSHPDS has to cover around 10-20 % of the total heat demand 

while the CSHPSS should cover approximate 40-60% of the total heat demand [13]. 

The gained heat from the solar collector is stored in the heat store where it is usually 

built underground, but the heat is also transported to the central heating plant then to 

the occupants beforehand. As the weather is not a constant, in case both the solar 

collector and the heat storage cannot provide the sufficient, a conventional heating 

system is used as a backup, like the system shown in Fig 17.  
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Fig 17: Central solar heating plant with seasonal storage (CSHPSS) 

There are three main heat storage systems which are low-temperature seasonal heat 

stores, warm-temperature seasonal heat stores and high-temperature seasonal heat 

stores.  

Low-temperature seasonal heat store makes use of the soil adjoining the building to 

store the heat in the summer. The stored heat is drawn in the winter used for space 

heating. It is suitable to associate with the passive house design which the stored area 

can be designed as the extension of the building. 

Warm-temperature seasonal heat store is similar to the low-temperature seasonal heat 

stores as soil is also used as the medium for heat storage. The difference between two 

stores is the warm-temperature system uses mechanical equipment is applied in the 

summer to heat up a large thermal bank with the surplus heat. Consequently, the heat 

extracted in the winter is easier and cheaper. 

High-temperature seasonal heat store uses water as the medium to store the heat. A 

water storage tank with good insulation is required which the stored heat water can be 
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kept up to boiling point. 

Ground storage is also developed rapidly in the past years. There are four main types 

of heat storage in separate construction: hot-water thermal energy store, gravel-water 

thermal energy store, borehole thermal energy store and aquifer thermal energy store 

which shown in Fig 18. To select a suitable storage type, it depends on the 

geometrical conditions of the places [14]. 

 

Fig 18: Different heat storage types for CSHPSS 

Borehole thermal energy store uses the ground to store the heat by conduction. Holes 

are drilled in the soil and pipes for carrying the heat transfer fluid are inserted to the 

holes. Aquifer thermal energy store uses ground water as the medium for heat storage. 

It can store cold and heat together with two wells. Hot-water thermal energy store 

uses water for storing the heat. It is kept in a water tank on the ground or buried in the 

soil. Gravel-water thermal energy stores is storing of hot water by digging a pit. 

Usually the pit is placed neat to the surface for reducing the excavation cost. The top 

of the pit is covered with a lid with the top can be used for other purpose. In order to 

minimize the heat loss, the pit is insulated for the top and the walls [15]. 
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6 Life cycle cost for solar water heating system 

After understanding different kinds of solar heating system, the cost of the systems is also 

concerned for the users. Besides the initial cost of the system, such as the equipment and 

the installation, the running cost is also a main consideration in the financial aspect. 

Therefore it is essential to know about the life cost cycle, which is defined as the total 

cost of owning, operating, maintaining and disposing of a system [19]. In the following 

equations, the life cycle cost of a solar water heating system is determined [20] 

LCCS = CI•E1 + (CA•A + CB) •E1 + A•CO•E2 + CM•E3 + (1-F) •L•CF•E4  Eqt (1) 

Nomenclatures 

LCCS Life Cycle Cost ($) 

C1 Initial cost of a conventional water heating system ($) 

CA Collector area-dependent costs ($/ft2) or ($/m2) 

CB Cost of other equipment, such as pumps, valves, piping, etc., which is not 

dependent on collector area 

CM Maintenance costs in the first year ($) 

CO Operating costs in the first year ($/ft2) or ($/m2) 

CF The costs of fuel in the first year ($/MMBtu) or ($/GJ) 

L Annual heating load (MMBtu) or (GJ) 

A Collector area (m2) 

F Solar fraction 

E2 PWF(n, ro, d), where d is the discount rate, ro is the operation cost inflation rate 

and n is the analysis period 
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E3 PWF(n, rm, d), where rm is the maintenance cost inflation rate 

E4 PWF(n, rf, d), where rf is the fuel cost inflation rate 

PWF is a present worth factor which is generally given as follow: 

PWF(n, r, d) = [1-((1+r)/(1+d))n]/(d-r), d≠r 

PWF(n, r, d) = n/(1+r), d = r 

For a conventional heating system, the life cycle cost can be calculated as follow: 

LCCC = C1•E1 + L•CF•E4           Eqt (2) 

With the above equations, the cost of a solar water heating system can be estimated for 

the user to consider before installing the system. 

7 Concentrating solar thermal power 

Electricity can be produced from the sunlight by two main means which are solar 

photovoltaic (PV) and concentrating solar thermal power. PV is the production of 

electricity directly from the sunlight by the process of photovoltaic while 

concentrating solar thermal power is an indirect mean. 

The concept of the concentrating power system is to concentrate and reflect a large 

area of sunlight as a small beam by using lenses or mirrors with sun tracking function. 

To concentrate the sunlight, some specific types of solar collectors are used which the 

temperature of the collected heat is high enough to produce steam for generate 

electricity by driving steam engines. There are two main collectors used for the 

system, the line focus collectors and the point focus collectors. The CSP technology is 

categorized in four different systems according to their way of focusing and receiving 

the solar energy. 
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7.1 Parabolic troughs system 

Parabolic trough systems using line focus collectors which can be moved for tracking 

the sun. There are parallel rows of curved mirror to reflect the sunlight onto a pipe 

running along the focal line of the mirrors. The pipes are acted as the heat collectors 

which heat transfer fluid flows along with it. It is made of stainless steel with special 

coating which has a high absorptance of heat and low emittance for infra-red radiation. 

It is covered with evacuated glass in order to reduce the heat loss by convection. 

Synthetic oil is used as the heat transfer fluid flowing through the collecting pipes to 

the heat exchanger in the currently operated plants [16]. The heat absorbed by the heat 

carrier is transferred to the water through a heat exchanger. The water is heated to 

become superheated steam used in a steam turbine for generating electricity. The 

general features and the operation of a parabolic troughs system is shown in Fig 19, 

This system requires a heat storage system or it can be designed to be a hybrid system 

to ensure the production reaches the demand. It is possible to have a backup by 

conventional boiler during the days with low solar radiation and at nights. 

 

Fig 19: Parabolic trough system 
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7.2 Linear Fresnel reflectors (LFRs) system 

The system is similar to the parabolic troughs but flat or slightly curved mirrors in Fig 

20 are used to reflect the sunlight. The mirrors used are Fresnel reflectors which make 

us of the Fresnel lens effect. They are installed at the base of the system and the 

receiver which is a tube carrying the heat transfer fluid is fixed at a specific location 

about the reflectors where it is the common focal point, as shown in Fig 21. Typically, 

the reflectors are aligned on the north-south axis and rotate on the other axis to track 

the sun. Sometimes there is a small parabolic mirror installed on the top of the 

receiver for further focus of the sunlight [6]. The installation and maintenance cost is 

lower than the parabolic trough system because the design is more simple and there is 

no movable part on the receiver. However, the efficiency of the LFRs system is lower 

than the parabolic troughs system and the design is difficult to incorporate a heat 

storage system [16]. 

 

Fig 20: Linear Fresnel reflectors 
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Fig 21: Linear Fresnel reflector system 

7.3 Solar tower system 

Solar tower system uses a numerous of small reflectors called heliostats to focus the 

incidence sunlight to a receiver which is located on the top of a fixed tower. There is 

water or other heat transfer fluid inside the receiver. The heliostats are installed on a 

sun tracker which they rotate across the sky. Liquid sodium was introduced to be the 

working thermal fluid in the place of water. It is because molten salt has a high heat 

capacity which the absorbed heat can be stored at over 500ºC [2]. Since the high heat 

capacity of the working fluid, the efficiency of a solar tower system is much higher 

than a parabolic trough system. The capacity of a power plant with using solar tower 

system can be tens of hundreds megawatts [17]. Fig 22 shows the features and the 

operation of a solar tower system. 
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Fig 22: Solar tower system 

 

 

Fig 23: A solar tower system near Sevilla, Spain 
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7.4 Parabolic dishes system 

The parabolic dishes system concentrates the sunlight by reflection of light from 

mirrors which is mounted on a dish shaped structure. At the focal point, there is a 

receiver which normally is an engine, normally is a small steam engine or a Stirling 

engine which connected to a generator for producing electricity. The entire apparatus 

is movable for tracking the sun in two dimensions, so the working fluid in the receiver 

can be heated up to 1000ºC [2]. Thus it has a higher efficiency but the capacity is 

small due to the limitation on the size of the system. The size of the parabolic dish 

cannot be too large because of the available size of the engine and the wind load on 

the dish [17]. It is suitable for small demand in remote area. For producing large 

amount of power, the system can be designed as a large scale plant as shown in Fig 

26. 

 

 

Fig 24: Basic structure of a parabolic 

dish 

 

Fig 25: Parabolic dish with an engine at 

the focal point 
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Fig 26: Large scale plant of parabolic dishes system 

8 Solar Collectors 

Solar collector is an important apparatus for collecting the solar energy and transfers 

to usable heat energy. There are several types of solar collectors in the market. They 

normally contain an absorber, a frame, an insulator and heat carrier which transfers 

the heat from the absorber to the fluid that needs to be heated. In order to absorb as 

much radiation as possible, the absorber usually has a black with a high absorptivity. 

Besides, the absorber must also be good thermal conductor which reduces the heat 

loss for transferring the heat to the heat carrier. 

8.1 Flat plate collectors 

Unglazed flat plate collector 

The flat plate collectors can be glazed or unglazed. The unglazed type is not very 

efficient, as there is no cover for the absorber, a large amount of radiation can be 

absorbed while large amount of the absorbed heat is lost. Nevertheless, it is suitable to 

be used for low temperature demand which is normally below 30ºC [6] like 

swimming pool and pre-heating of water for other usage. Fig 27 shows the two 
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different types of unglazed solar collectors. 

 

Fig 27: Unglazed flat plate collector 

Glazed flat plate collector 

There are two different types for the glazed flat plate collector, which are using air or 

water as the heat carrier. In the flat plate water solar collector, the heat carrier is water 

which it flows through the pipes in contact to the absorber. The absorbed energy 

transfer from the absorber to the water, then the water carries the heat to the required 

points. It can be a storage tank or a radiator which depends on the systems connected 

to the collectors. With using air as the heat carrier, the air flows in between the 

transparent cover and the absorber where the air is heated. Fig 28 shows the general 

structure of a glazed flat plate collector. 

 

Fig 28: Glazed flat plate collector 
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The net heat absorbed by the plate can be calculated with Eqt. (3) [7] 

]/)[(cov Lapppnet RTTGAP −−= ατ        Eqt. (3) 

The useful output can be calculated with Eqt. (4) [7] 

netpfu PP η=             Eqt. (4) 

The efficiency of glazed flat plate collector can be calculated with Eqt. (5) [7] 

GTTUGAP afLpfppfpuc /)()/( cov −−== ηατηη      Eqt. (5) 

Where 
LR   resistance to heat loss 

cη   collector efficiency 

uP   power output of the solar collector 

p
A   exposed collector area 

G   irradiance on the collector 

pfη   transfer efficiency 

cocτ   transmittance of transparent cover 

pα   absorptance of the collector 

LU   overall heat loss coefficient 

  fT
  

mean fluid temperature 
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a

T
  

outdoor temperature 

As small scale system for domestic use of individual house can be made by the 

occupants themselves. Thus there are a lot of flat plate collectors available to be 

purchased in the market which are commonly used in a simple solar energy system. In 

Table 1, there are two common manufacturers of glazed flat plate collectors taken as 

reference. Some of the basic specifications are listed and the price is compared with 

calculating the price for 1W of useful output. 

According to the Eqt. (5), to yield 1W of useful output by the two collectors exposing 

under the same irradiance (G), the required area and price are as follows: 

Thermo Dynamics 

The absorber area required to yield 1W, A = 1/η = 1/0.7 = 1.43 m2 

Price/Area = 933/2.87 = 325USD/ m2 

Price/W = 1.43×325 = 464.75USD 

 

SunMaxx 

Price/Area = 890/2 = 445 m2 

The absorber area required to yield 1W, A = 1/η = 1/0.776 = 1.29 m2 

Price/W = 1.29×445 = 574.05USD 

 

Manufacturer Model Origin Absorber Area Efficiency Price Price/W 

Thermo 

Dynamics 

G32-P Canada 2.87 m2 0.7 USD933 464.75 USD/ W 

SunMaxx M2S USA 2 m2 0.776 USD890 574.05USD/ W 

Table 1: List of price and efficiency of glazed flat plate collectors 
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8.2 Evacuated tube collectors 

 

Fig 29: Evacuated tube collector 

The absorber of this type of collector is placed in a vacuum glass tube. The vacuum 

glass tube reduces the heat loss by convection and conduction. The fluid that flows 

through the tubes inside the absorber usually has a low vaporizing point. It vaporizes 

at one end and condenses at the other end by the heat carrier through a heat exchanger. 

In order to maintain this process, the collectors have to be installed with a suitable 

incline.  
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Fig 30: Detail structure of a evacuated tube collector 

The price to yield 1W of useful output by two manufacturers of evacuated tube solar 

collector are listed in Table 2 for reference. 

Trendsetter 

The absorber area required to yield 1W, A = 1/η = 1/0.8 = 1.25 m2 

Price/Area = 1677/0.93 = 1803USD/ m2 

Price/W = 1.25×1803 = 2253.75USD 

 

SunMaxx 

The absorber area required to yield 1W, A = 1/η = 1/0.85 = 1.176 m2 

Price/Area = 716/0.938 = 763USD/ m2 

Price/W = 1.176×763 = 897USD 
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Manufacturer Model Origin Aperture Area Efficiency Price Price/W 

Trendsetter TS10 USA 0.930 m2 0.8 USD 1677 2254USD /W 

SunMaxx VHP10 USA 0.938m2 0.85 USD 716 897USD/W 

Table 2: List of price and efficiency of evacuated tube collectors 

From the result of the price comparison for the two different type of solar collectors, it 

shows that the flate plate collecotr is cheaper than the evacuated tube collector. 

However, the above result only shows the cost to produce 1W of useful output, the 

exact cost should be defined by considering the entire system, such as the lifetime of 

the system, the maintenance cost etc. That is the life cycle cost, hence the above 

information is a reference o 

8.3 Transpired air collector 

This collector is unglazed and it is usually mounted on the outer wall of the building. 

The absorber is perforated and in dark colour which gains heat from the sun and allow 

the air to flow through it. The heated air is stored at the space between the collectors 

and the construction wall. There is a hole on the top of the wall connected to the air 

duct inside the building which supplies warm air to indoor space as shown in Fig 31. 

During the daytime, heat is absorbed and stored which supply to the indoor. In the 

night time, the space between the collectors and the walls still keeps the small amount 

of heat gain by capturing the heat loss from the building. 

8.4 Glazed air collector 

Glazed air collector is a kind of flat plate solar collector which air is the heat transfer 

medium. When air flows through the collector, heat is gain from the solar radiation 
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and heats up the air. In a active solar system, air duct and fan is installed with the 

collector which draws the heated air from the collector to the supply point. The basic 

structure of a glazed air collector is shown in Fig 32. Fig 33 shows the comparison 

between several flat plate solar collectors and the evacuated tube collector 

 

 

Fig 31: Transpired air collector 

Fig 32: Solar air collector 

 

Fig 33: The efficiency of various types of solar collectors [10] 



43 

 

8.5 Line focus collectors 

Parabolic trough 

There are water pipes placed at the centre of the parabolic trough. The sunlight is 

concentrated and reflected by the mirror on the water pipe. For better absorption of 

radiation, the parabolic trough is set to be able to track the sun either in horizontal or 

vertical plane to its axis [2]. Fig 34 shows the basic structure and the incident sun ray 

focuses on the focal point.  

 

Fig 34: Parabolic trough 

There are two lining direction for the tracking function. If the troughs are aligned on 

the north-south axis, they will rotate from east to west across the sky daily. If they are 

aligned on the east-west axis, they will rotate across the sky in the north-south axis 

seasonally. With the concentration of the incident radiation, the temperature of the 

heat transfer fluid can be high enough to produce steam which is used for driving 

turbine to generate electricity.  

8.6 Point focus collectors 

The working principle is similar to the line focus collectors but a parabolic dish is 
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used instead. The water which needed to be heated is placed at the focal point of the 

parabolic dish. Hence the incoming sun rays have to be in parallel in order to focus it 

to the focal point for heating the water into steam. As a result, the parabolic dish also 

has the function of tracking the sun and it tracks the sun in two dimensions to receive 

parallel sun rays. For this kind of collectors, the main reason of heat loss is the 

inaccurate design for the shape of the dish in which the incoming sun rays cannot be 

all focused to the focal point. 
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THE FUTURE OF SOLAR THERMAL ENERGY 

The passive and active solar will become the main source of low temperature heating 

systems. The integration of solar energy into the building is a trend of the building 

energy development. The tendency of designing energy efficient and cost effective 

building is the main direction in the next few decades [6]. For the electricity, it will 

rely on the concentrating solar power (CSP).  

The developed countries constitute a minor part of world’s population, but the needs 

of the energy are growing faster than the developing countries [18]. According to the 

U.S. Department of Energy study, the demand of the electric power will grow very 

fast with an annual rate of 2.6% in the two coming decades. The developing countries 

in Asia will have the greatest growth with a rate of 5% [17].  

Refer to the experts, a minimum reduction of 50% of greenhouse gases have to be 

achieved in the coming fifty to a hundred years in order to protect the global climate 

[10]. According to some studies, the number of CSP plants around the world will 

increase. The CSP plants will be mainly built in the sunny areas. In the less sunny 

places, there will be mixing of local energy production with less contribution of CSP 

electricity from nearby CSP plants in the sunnier places [16]. As the energy 

production from the CSP is not sufficient to the demand, the solar-hybrid energy 

systems are the trend in the short-term development. For the long-term development, 

the solar power tends to be the major energy source.  

Besides using the solar energy directly for heating and producing electricity, the 

electricity produced from solar energy will be used to separate hydrogen and oxygen 

in water with the electrolysis process. Then the hydrogen is used in fuel cells which is 

applicable in transportation and buildings [6]. 

  



46 

 

CONCLUSION 

For more and more people pay attention to the renewable, solar energy will become 

one of the most important energy in the future regardless to small scale system for 

domestic use or large scale system for centralized energy supply. For the low 

temperature system, as the energy from the sun is abundant, solar passive solar 

systems are cost effective with simple designs and it is free of energy source. 

However the efficiency of the system greatly depends on the climate and the location 

of the occupants. On the other hand, active solar energy systems are more efficient 

with less limitation of the location and the climate of the users, but the cost is higher 

depends on the designs of the systems. 

For the high temperature system and the electric power, the concentrating solar power 

systems play an important role in the coming fifty to a hundred years. In order to have 

an energy efficient and cost effective solar energy system, there are several 

considerations. First of all is the environmental effect of the building, the geometric 

matter and the climate that the building located. After that is the system design, 

passive energy or active energy while both have different design for the system to fit 

the climate. Finally is the selection of the equipment. In this paper, only solar 

collectors are introduced while there are other apparatus in the system such as water 

tank, pump and the control system. All of the mentioned equipments are the factors of 

influencing the efficiency and the cost of the energy system. 

Besides the small scale system, large scale system like concentrating solar power 

plant for providing district heating and centralized electric power is well developed in 

some projects. Moreover, the fact that there will be the storage of coal in the future, 

the trend of using solar energy as one of the main energy source for heating and 

electric power is paid attention. Hence, a lot of project regarding the usage of solar 

energy is under process in different countries all over the world. 
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