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Summary: Energy resources and their utilization relate to sustainable development. In attaining sustainable development, increasing the energy efficiencies of processes utilizing sustainable energy resources plays an important role. The utilization of renewable energy offers a wide range of exceptional benefits. There is also a link between exergy and sustainable development. A sustainable energy system may be regarded as a cost-efficient, reliable, and environmentally friendly energy system that effectively utilizes local resources and networks. Exergy analysis has been widely used in the design, simulation and performance evaluation of solar energy systems. This paper reviews  exergetic analysis solar energy systems. In this regard, general relations between energy, exergy, entropy and exergy are given. Next, use of renewable energy resources are exergetically analyzed and evaluated for different solar energy systems (solar collector applications such as solar water heating systems).
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1. INTRODUCTION 
Achieving solution to environmental problems that we face today requires long-term potential actions for sustainable development. In this regard, renewable energy are inexhaustible and offer many environmental benefits compared to conventional energy sources.  Even though conventional sources, meet most of the energy demand at the moment, the role of renewable energy resources and their current advances have to take more relevance in order to contribute to energy supply and support the energy conservation (or efficiency) strategy by establishing energy management systems. The use of renewable energy offers a range of exceptional benefits, including: a decrease in external energy dependence; a boost to local and regional component manufacturing industries; promotion of regional engineering and consultancy services specializing in the utilization of renewable energy;  decrease in impact of electricity production and transformation; increase in the level of services for the rural population. Dincer [1] reported the linkages between energy and exergy, exergy and the environment, energy and sustainable development, and energy policy making and exergy in detail. He provided the following key points to highlight the importance of the exergy and its essential utilization in numerous ways: (a) it is a primary tool in best addressing the impact of energy resource utilization on the environment. (b) It is an effective method using the conservation of mass and conservation of energy principles together with the second law of thermodynamics for the design and analysis of energy systems. (c) It is a suitable technique for furthering the goal of more efficient energy–resource use, for it enables the locations, types, and true magnitudes of wastes and losses to be determined. (d) It is an efficient technique revealing whether or not and by how much it is possible to design more efficient energy systems by reducing the inefficiencies in existing systems. (e) It is a key component in obtaining a sustainable development. Sustainable development does not make the world ‘ready’ for the future generations, but it establishes a basis on which the future world can be built. A sustainable energy system may be regarded as a cost-efficient, reliable, and environmentally friendly energy system that effectively utilizes local resources and networks. It is not ‘slow and inert’ like a conventional energy system, but it is flexible in terms of new techno-economic and political solutions. An exergy analysis (or second law analysis) has proven to be a powerful tool in the simulation thermodynamic analyses of energy systems. Exergy analysis method is employed to detect and to evaluate quantitatively the causes of the thermodynamic imperfection of the process under consideration. It can, therefore, indicate the possibilities of thermodynamic improvement of the process under consideration, but only an economic analysis can decide the expediency of a possible improvement. The concepts of exergy, available energy, and availability are essentially similar.  Exergy is also a measure of the maximum useful work that can be done by a system interacting with an environment which is at a constant pressure and temperature. Many authors  dealt with  of  renewable energy resources in terms of exergetic aspects,they also made a comparison between renewable and non- renewable energy sources, and concluded that some of the systems appear to had high efficiencies, and in some cases they are greater than the efficiency of systems using non- renewable energy sources [1].
This paper reviews  exergetic analysis solar energy systems. Exergy analysis has been widely used in the design, simulation and performance evaluation of solar energy systems. In this regard, general relations between energy, exergy, entropy and exergy are given. Next, use of renewable energy resources are exergetically analyzed and evaluated for different solar energy systems (solar collector applications such as solar water heating systems).
ENERGY AND EXERGY MODELING
Dincer et al. [4] reported that, to provide an efﬁcient and effective use of fuels, it is essential to consider the quality and quantity of the energy used to achieve a given objective. In this regard, the ﬁrst law of thermodynamics deals with the quantity of energy and asserts that energy cannot be created or destroyed, whereas the second law of thermodynamics deals with the quality of energy, i.e., it is concerned with the quality of energy to cause change, degradation of energy during a process, entropy generation and the lost opportunities to do work. More speciﬁcally, the ﬁrst law of thermodynamics is concerned only with the magnitude of energy with no regard to its quality; on the other hand, the second law of thermodynamics asserts that energy has quality as well as quantity. By quality, it means the ability or work potential of a certain energy source having certain amount of energy to cause change, i.e., the amount of energy which can be extracted as useful work which is termed as exergy. First and second law efﬁciencies are often called energy and exergy efﬁciencies, respectively. It is expected that exergy efﬁciencies are usually lower than the energy efﬁciencies, because the irreversibilities of the process destroy some of the input exergy.
Exergy is the expression for loss of available energy due to the creation of entropy in irreversible systems or processes. The exergy loss in a system or component is determined by multiplying the absolute temperature of the surroundings by the entropy increase. Entropy is the ratio of the heat absorbed by a substance to the absolute temperature at which it was added. While energy is conserved, exergy is accumulated.
Exergy analysis provides a method to evaluate the maximum work extractable from a substance relative to a reference state (i.e., dead state). It should be noticed that exergy is always evaluated with respect to a reference environment (i.e. dead state). When a system is in equilibrium with the environment, the state of the system is called the dead state due to the fact that the exergy is zero [3].

GENERAL RELATIONS 
For a general steady state, steady-ﬂow process, the four balance equations  (mass, energy, entropy and exergy) are applied to ﬁnd the work and heat interactions, the rate of exergy decrease, the rate of irreversibility, the energy and exergy efﬁciencies [4,5–6].
Mass, energy, entropy and exergy balances
The mass balance equation can be expressed in the rate form as 
                                                                                   (1)
where  is the mass flow rate, and the subscript in stands for inlet and out for outlet. The general energy balance can be expressed below as the total energy inputs equal to total energy outputs.
(2)
In the absence of electricity, magnetism, surface tension and nuclear reaction, the total exergy of a system  can be divided into four components, namely (i) physical exergy , (ii) kinetic exergy , (iii) potential exergy , and (iv) chemical exergy [4].
(3)
Although exergy is extensive property, it is often convenient to work with it on a unit of mass or molar basis. The total specific exergy on a mass basis may be written as follows:
 (4)
                                                                   (5)
or
(6)
with
(6a)
(6b)
                                                                            (6c)
(6d)
where is the heat transfer rate through the boundary at temperature Tk at location k
and is the work rate.The flow (specific) exergy is 
The rate form of the entropy balance can be expressed as
                                                                             (7)
Exergy efficiencies exergy efficiency is defined as the ratio of total exergy output to total exergy input, i.e.
                                                                           (8)
where ‘‘output or out’’ stands for ‘‘net output’’ or ‘‘product’’ or ‘‘desired value’’ or ‘‘benefit’’, and ‘‘input or in’’ stands for ‘‘given’’ or ‘‘used’’ or ‘‘fuel’’.
EXERGETIC ANALYSIS AND EVALUATION OF SOLAR ENERGY SYSTEMS
In evaluating the performance of solar energy systems using exergy analysis method, calculation of the exergy of radiation is very crucial. However, its calculation is a problem of unquestionable interest, since exergy represents the maximum quantity of work that can be produced in some given environment (usually the terrestrial environment, considered as an infinite heat source or sink). Over a period of more than 20 years, many papers including various approaches to this calculation have been published, as reported in [7,8]. Among these, the first one [9], which is called by Petela [7,10] the maximum efficiency ratio (or exergy-to-energy ratio for radiation) for determining an exergy of thermal emission at temperature T, is as follows:
                                                                     (9)
where T was taken to equal the solar radiation temperature (Ts) with 6000 K in exergetic evaluation of a solar cylindrical-parabolic cooker and a solar parabolic-cooker by Petela [10] and Ozturk [11], respectively. Eq. (9) was also derived by Szargut [12] who presented a simple scheme of a reversible prime mover (different from that of Petela) transforming the energy of radiation into mechanical or electrical work and took into account that the solar radiation had a composition similar to that of a black body.

4.1. Solar collector applications  
The instantaneous exergy efﬁciency of the solar collector can be deﬁned as the ratio of the increased water exergy to the exergy of the solar radiation. In other words, it is a ratio of the useful exergy delivered to the exergy absorbed by the solar collector [2].
 (10)
with
(11a)
or
(11b)
(11c)
and
                                                                   (12c)
where the subscripts ‘‘in’’ and ‘‘out’’ denote the inlet and outlet of the solar collector, respectively, while may also be calculated using Eqs. (9), (12b) and (12c) given in Table 1 [7]. 
Table 1.Numerators (output) and denominators (input) of the limiting energy efficiency of radiation utilization by three different researchers 
	Investigators
	Input
	Output
	Unified efficiency expression

	Petela [9]
	Radiation energy
	Useful work = radiation exergy
	

	Spanner [13]
	Radiation energy
	Absolute work
	

	Jeter [14]
	Heat
	Net work of a heat engine
	



4.2. Solar water heating systems 
Solar water heater is the most popular means of solar energy utilization because of technological feasibility and economic attraction compared with other kinds of solar energy utilization. Fig. 1 illustrates a schematic of a typical domestic-scale solar water heater, which mainly consists of a solar collector and a storage barrel [15].

[image: ]
Fig.1. A typical domestic-scale solar water heater [15].
Exergy efficiency of the domestic-scale solar water heater may be calculated using Eq. (8) as follows
                                                                             (13)
where exergy from the storage barrel to the end-user (output exergy) may be written as
follows [15], assuming the temperature distribution in the storage barrel is linear:
(14)
and is the exergy from sun (input exergy) and may be found using Eq. (11a).
The collector exergy efficiency is calculated by the following equation, while it may be found using Eqs. (10), (11b) and (12).
                                                                                (15)
where is exergy from the collector to the storage barrel and may be written in a similar way given by Eq. (11b) as follows [15].
(16)

5. CONCLUSION 
Exergy is a way to a sustainable development. In this regard, exergy analysis is a very useful tool, which can be successfully used in the performance evaluation of renewable energy resources as well as all energy-related systems. The exergy efficiencies of a solar collector, a somewhat lower value than other renewable sources, but the results  have clearly indicated the necessity of the planned studies towards increasing exergy utilization efficiencies in the sector studied.This very useful knowledge is also o needed for identifying energy efficiency and/or energy conservation opportunities, as well as for dictating the right energy and exergy management strategies of a country.
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