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ABSTRACT 

In this paper, the environmental assessment of the solar collector is investigated mainly considering the solar energy 

capacity of the collector and its LCA based CO2 rate. In this regard a 4 m
2
 solar collector is taken into account. It is 

found that the environmental assessment of solar collectors can be done effectively by the environmental analysis 

methodology. As a result, solar collector can obtain 2.64 kW solar energy rate, and by considering its CO2 rate (0.0065 

kg-CO2/kWh with LCA), the solar collector can cause 0.136 kg CO2 releasing in a day. The environmental analysis is 

depending on solar collector area, solar radiation, permeability, working hours and most importantly the LCA data. So, 

it can generally be concluded that; this environmental method can be used for assessment of solar collectors. 
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INTRODUCTION 

 Energy production and utilization are increasing rapidly considering the population growing. So, 

environmental protection and control methodologies are becoming important issues day after day [1,2]. 

Energy is the major player in the environmental management. Generally, non-renewable energy sources 

(natural gas, coal, etc.)  are used for energy production and they cause SOx, CO, NOx, etc. emissions which are 

harmful to environment and living things [3,4]. So, utilization of renewable energy sources (solar, wind, etc.) 

are becoming attractive methods for environmentally friendly energy production. Today, almost 1/5 of the 

electrical energy is generated by renewable energy sources [5]. Renewable energies are clean, safe and 

sustainable energy sources and solar energy is a promising energy source among them. It is free and can meet 

the world‟s energy demand [6,7].  

 Solar energy is the Sun‟s heat and radiant light. It is harnessed using a range of ever-evolving 

technologies such as solar heating, photovoltaics, solar thermal energy, solar architecture and artificial 

photosynthesis. It is one of the important renewable energy sources and the technologies of solar energy are 

characterized as passive solar or active solar depending on how they capture and distribute solar energy or 

convert it into solar power. The active solar techniques are photovoltaic systems, concentrated solar power 

systems and solar water heating systems. On the other hand, the passive solar techniques cover solar 

buildings, solar materials with favorable thermal mass or light-dispersing properties, etc. [8]. 

 According to the International Energy Agency; “the development of affordable, inexhaustible and 

clean solar energy technologies will have huge longer-term benefits. It will increase countries‟ energy security 

through reliance on an indigenous, inexhaustible and mostly import-independent resource, enhance 

sustainability, reduce pollution, lower the costs of mitigating global warming, and keep fossil fuel prices 

lower than otherwise. These advantages are global. Hence the additional costs of the incentives for early 

deployment should be considered learning investments; they must be wisely spent and need to be widely 

shared” [8]. 

 Electromagnetic energy of solar radiation is converted to heat by the absorber plate of the solar 

collector. Absorber has insolated side which allows to solar radiation transmission to the absorber without 

heat loss from absorber to the environment. Useful heat is taken from the absorber by working fluid in content 

of the collector [9]. 

 In 1950s, the most common type solar flat plate collector is developed by Hottel and Whillier. The 

solar flat plate collectors include a dark flat-plate absorber, a transparent cover that reduces heat losses, a heat-
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transport fluid (air, antifreeze or water) to remove heat from the absorber, and a heat insulating backing. The 

absorber has a thin absorber sheet often backed by a grid or coil of fluid tubing. In water heat panels, fluid is 

usually circulated through tubing to transfer heat from the absorber to an insulated water tank This technology 

is mainly used in residential buildings where hot water demand has an important effect on energy bills. The 

general applications are laundromats, car washing, military laundry facilities and eating establishments. It can 

also be used for space heating in buildings [10]. 

 On the other hand, emissions of energy sources need to be controlled, because they can cause 

temperature increasing in environment. So, products‟ environmental performances are studied by companies 

and researchers. In this regard, Life Cycle Assessment (LCA) is considered for the evaluation of impacts of 

environmental products. It has environmental management system including pollution prevention approach. 

Also, life cycle energy and emissions can be assessed effectively [9,10]. LCA method has a standard of 

ISO14040 which allows to all investigate environmental impacts. In this regard, LCA is used to determine 

environmentally benign systems [2]. 

 In this study, environmental assessment of solar collectors is explained with a case study. 

 

METHODOLOGY 

A classical solar collector is considered for the assessment of environmental impact. The scheme of the 

system is given in Figure 1. Greenhouse gas emissions have environmental impacts that play important role in 

global warming. Changing in this situation effects the anthropogenic greenhouse gases in atmosphere, and 

these greenhouse gases‟ concentrations cause global warming. This process is named as carbon cycle coupling 

which is related with anthropogenic carbon dioxide rate remaining in the atmosphere. So, it is important to 

estimate these values for environmental assessment [2].  

 

Fig 1: Scheme of the system. 

 The life cycle assessment (LCA) is also known as life-cycle analysis, eco-balanceanalysis [11]. The 

LCA is a method to assess environmental impacts associated with the life of product. It is also a cradle to 

grave analysis from raw material extraction through materials processing, manufacture, distribution, use, 

repair and maintenance, and disposal or recycling. The LCA concerns about environmental issues by [12]; 

 Collecting energy and material inputs and environmental releases; 

 Investigating the potential impacts related with identified inputs and releases; 

 Assessing the results for better informed decision. 

 The aim of the LCA is to compare the environmental effects assignable to products and services by 

quantifying all inputs and outputs of material flows. Also, the another goal of LCA is to assess how these 

material flows affect the environment. This information is used to improve processes, support policy and 

provide a sound basis for informed decisions [13-16]. 

 The LCA is a systematic set of procedures for compiling and examining the inputs and outputs of 

materials and energy and the associated environmental impacts directly attributable to the functioning of a 

product or service system throughout its life cycle. The life cycle means the notion that a 
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fair, holistic assessment requires the assessment of raw-material production, manufacture, distribution, use 

and disposal including all intervening transportation steps necessary or caused by the product's existence [12]. 

 The LCA generally has two types. Attributional LCAs seek to establish (or attribute) the burdens 

associated with the production and use of a product, or with a specific service or process, at a point in time 

(typically the recent past). Consequential LCAs seek to identify the environmental consequences of a decision 

or a proposed change in a system under study, which means that market and economic implications of a 

decision may have to be taken into account [12]. The LCA can be seen in the following standards: 

 ISO 14000 environmental management standards 

 ISO 14040:2006  

 14044:2006  

 ISO 14044  

 ISO 14041 

 ISO 14043 

 The greenhouse gas product life cycle assessment is also under the specification of PAS2050 and 

greenhouse gas product life cycle accounting and reporting standards.  

 The environmental analysis of a solar collector can be calculated from [18-21]. 

2 2CO CO solar workingx y En t           (1) 

where „„
2COx ‟‟ is the released carbon dioxide in a considered time (environmental parameter), „„

2COy ‟‟ is the 

CO2 value for the energy option defined by life cycle assessment methodology, „„
solarEn ‟‟ is the energy rate of 

the solar energy option and „„
workingt ‟‟ is the working time (8h/day) of the system. 

The solar energy rate (
solarEn ) can be determined by 

solarEn q A           (2) 

where “ ” is the permeability (0.88), “ q ” is the solar radiation rate (0.75 kW/m
2
) and “A” is the collector area 

(4m
2
) of the system, respectively. 

 

RESULTS AND CONCLUSION 

The environmental assessment of the solar collector is investigated considering mainly the solar energy 

capacity of the collector and its LCA based CO2 rate. The results are given in Figure 2 and tabulated in Table 

1. It is found that the solar energy rate is 2.64 kW and the environmental parameter is 0.136 kg-CO2/day, 

while the carbon dioxide value of solar collector is 0.0065 kg-CO2/kWh. 

 

Fig 2: Environmental parameter and CO2 rates of the system. 

https://en.wikipedia.org/wiki/Holistic
https://en.wikipedia.org/wiki/Sustainable_distribution
https://en.wikipedia.org/wiki/Waste_management
https://en.wikipedia.org/wiki/ISO_14000
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Table 1. Results of the system 

Data Rate 

Solar energy 2.64 kW 

CO2 value 0.0065 kg-CO2/kWh 

Environmental parameter 0.136 -CO2/day 

 

 It can be concluded that environmental assessment of solar collectors can be done effectively by the 

environmental analysis methodology. In this case study, the 4m
2
 solar collector can obtain 2.64 kW solar 

energy rate, and by considering its CO2 rate (0.0065 kg-CO2/kWh with LCA), the solar collector can cause 

0.136 kg CO2 releasing in a day. As is seen from the equation, the environmental analysis is depending on 

solar collector area, solar radiation, permeability, working hours and most importantly the LCA data. So, it 

can generally be concluded that; this environmental method can be used for assessment of solar collectors. 
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