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Solar energy has been used to preserve agricultural products which require drying 
through a consistent application of relatively low heat. In the present study, the 
feasibility of implementation the solar dryer system in the city of Yazd in Iran is 
evaluated by examining the effective factors. By identifying factors which may 
somehow affect the design, construction and operation of solar drying systems, a 
questionnaire was prepared and distributed. Among the results of the analysis, six 
main factors were identified: “performance,” “geographical location,” 
“infrastructures,” “interactions,” “financial support” and “social, cultural and political 
issues.” According to the results obtained from factor analysis and with Structural 
Equations Modelling (SEM) method, a model was introduced. Subsequently, the final 
model was developed with the use of path analysis method and with AMOS. Based on 
the final model, the three factors of infrastructures (with the coefficient of 0.44), 
interactions and cultural, social and political issues (both with the coefficient of 0.12) 
directly affect the possibility of implementing the solar dryer in Yazd. According to the 
proposed model, it was concluded that authorities should mainly focus their attentions 
on finance, science, economy and infrastructures to develop and promote use of solar 
drying systems. 
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1. Introduction 
 

With the growing expansion of the world, energy consumption has also increased. Fossil fuels 
currently supply most of the energy in the world. Fossil fuel consumption causes numerous 
environmental risks and repercussions. Thus recently, global attention has been focused on the 
development of the use of new and renewable energy resources, including nuclear energy, solar 
energy, hydroelectric energy, geothermal energy and wind energy [1]. Various studies have been 
conducted around the world regarding new energies and the development and promotion of related 
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systems. Among the renewable energies, solar energy is a clean and completely free energy resource 
that may be a good alternative to fossil fuels. Factor analysis is an effective method explaining and 
quantifying the complex relationships in variety of fields [2] which could also be used in renewable 
energy areas. Many research works have been done about different kinds of renewable energies by 
author for the development and application of renewables [3-9].  

In this study, factors which may in some way affect the progress of projects related to the 
construction and operation of solar drying systems of the city of Yazd in Iran have been identified 
and modeled using SEM method and AMOS software. Structural equation modeling is a multivariate 
statistical technique that examines the relationships among a number of variables at the same time; 
this method is actually a combination of factor analysis and path analysis methods [10]. In this study, 
factors are identified and then the relationships between the identified factors and the possibility of 
implementing solar dryers in the city of Yazd and also the internal relations among the factors have 
been provided in the format of a final version. 
 
2. Geographic Characteristics 
 

As can be seen from Figure 1, Yazd province is located in central Iran and is in a good location in 
terms of solar radiation, so that the solar radiation received on the horizontal surface of the city of 
Yazd, the capital of Yazd province, has been reported approximately 7787 MJ/m2 per year [11].  
 

 
Fig. 1. Location of Yazd province 

 
3. Solar Dryers  
 

Drying foodstuffs in order to preserve them over long periods of time has long been customary 
among people. In agricultural countries, there are a lot of losses after harvesting, especially during 
peak harvest in which there are surplus products, this excess cannot be stored for a long time and is 
wasted as a result [12]. The loss of agricultural products in developing countries is estimated at 
approximately 30-40% [13]. Many of these products have high initial moisture and, consequently, if 
their moisture stays at the same level, they are subject to rapid decline in quality and even perishing 
[14]. For thousands of years, farmers spread their crops outdoors in the sun for drying them. 
Although this trend saves energy because of its use of the free and sustainable solar energy, yet it 
has shortcomings as well, including the fact that this method depends on weather conditions and 
that products might be destroyed by unexpected wind and rain or might fail due to decomposition 
or be attacked by pests, insects, birds or animals. In addition, this process is very arduous and costly 
and requires a large surface area to spread products, there is no control over the drying process and 
the time required for the products to dry is often long [14,15-17]. Implementing renewable energy is 
very important for many countries in the world, because of the global warming, environmental 
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hazards, and many other adverse effects of using fossil fuels. There have been numerous research 
works using different kinds of renewable energies [18-23]. 
 
4. Structural Equation Modelling (SEM) 
 

This section discusses Structural equation modelling is a multivariate technique and a 
combination of factor analysis and path analysis; with this method, the correlational relationships 
between independent and dependent variables can simultaneously be evaluated [10]. With SEM 
method, the causal relationships between structures with multiple items and also the measured 
features of the structures can be examined. SEM often has application in the social sciences and is 
used extensively in literature. The reasons for the expansive use of SEM can be summarized as such: 
SEM clearly studies measurement error in the observed variables of a model, is successful in testing 
complex models, provides the possibility of doing several analyses simultaneously, presents the 
model layout again based on structural relationships of the model and the model output offered by 
it is highly accurate [24].  

In SEM, the research focuses mainly on the structural model rather than the model measurement. 
In this method, each structure can be evaluated with conformity assessment of the model. Factor 
analysis and path analysis in SEM are actually conducted simultaneously. In this method, basically, 
the relationships between the two types of variables, the main variables (MV) and the latent variables 
(LV), are examined [25]. Jahangiri et al., [26] investigated location optimization of using hybrid wind-
solar systems in Qatar. Rezaei et al., [27] analysed a hybrid wind-solar system for seven locations in 
Fars province of Iran. There have been numerous research works related to different kinds of 
renewable energy sources [28-34]. Kian and Che Sidik [35] did a research on designing a solar updraft 
tower power plant (SUTPP) which found that the system was suitable for remote regions. Hashim 
and Che Sidik [36] investigated heat transfer in an asphalt solar which their study concluded that high 
amount of heat would be collected. 

The main variables can be directly observed due to their characteristics, while latent variables 
cannot be directly observed and explain the relationships between the main variables. The structural 
equation modelling involves all the LVs and the interrelations between them.  
 
5. Analysis 
5.1 Validity and Reliability 
 

In this study, the reliability of the questionnaire was evaluated by calculating Cronbach's alpha 
coefficient with SPSS software. Cronbach's alpha coefficient was calculated 0.789 for the whole 
questionnaire indicating the reliability of the questionnaire. Required sample size according to 
Cochran's formula is estimated equal to 144.  

Content validity of the questionnaire was confirmed by specialists and experts and validity of the 
questionnaire was also verified using confirmatory factor analysis method with SPSS software; among 
the 20 proposed indicators/items, 6 factors were identified as effective factors that explain 51.258% 
of the overall questionnaire and, among the 12 proposed indicators/items, 3 factors were identified 
for risks that explain 52.032% of the whole questionnaire. According to opinion of experts, many 
factors were introduced, but important factors were identified and were analysed for this study. 
Based on the results obtained from factor analysis, it can be concluded that in the classification of 
factors affecting the implementation of solar dryers in Yazd, six general factors can be identified, 
which consist of: “performance”, “geographical location”, “infrastructures”, “interactions”, “financial 
support”, and “social, cultural and political issues”.  
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Factors affecting the implementation of solar drying system in Yazd were identified using 
confirmatory factor analysis method. Thus, to ensure the suitability of conducting factor analysis 
method for each of the factors, the KMO criterion and Bartlett's test were used. After ensuring the 
appropriateness of using factor analysis method, factor loadings and coefficients of its constituent 
components were calculated and analysed for each component.  
 
5.2 Structural Equation Modelling 
 

This Based on the identified factors of the factor analysis, a few hypotheses are taken into 
account. The hypotheses intended to build an initial model in this research are 

 

 Hypothesis 1: The performance of solar dryers directly affects the possibility of implementing 
solar dryers in Yazd. In this hypothesis, the solar dryer performance is meant the quality of 
the dried crops and the drying rate. 

 Hypothesis 2: Geographical location and environmental issues directly affect the possibility of 
implementing solar dryers in Yazd. Solar radiation and climate change are among the effective 
factors constructing the components of geographic location and environmental issues.  

 Hypothesis 3: Finance, economy, science, technology and infrastructures directly affect the 
advancement of projects related to the solar dryer. 

 Hypothesis 4: Interactions and behaviour of authorities have a direct effect on the 
implementation of solar drying systems in the city of Yazd. In making this hypothesis, the 
presence of competition, manufacturing experience and executive management are among 
the effective factors constructing the component of interactions. 

 Hypothesis 5: Financial support of solar drying projects directly affects the progress of the 
relevant project. The allocation of loans by banks and also the funds assigned by the 
government to investment in solar projects are among the factors constructing the 
component of financial support in this hypothesis. 

 Hypothesis 6: Cultural, social and political issues directly affect the implementation of solar 
drying systems. 

 
Next, in order to evaluate the intended hypotheses, a model is built. The proposed initial model 

is shown schematically in Figure 2. Coefficients shown in Figure 2 are calculated based on the 
obtained factor from factor analysis. As follows, the proposed model will be further discussed. For 
this purpose, AMOS software is used. In this evaluation, in each path, the regression coefficient of 
that path is examined, so that the null hypothesis of the regression coefficient is tested against the 
non-zero regression coefficient. In case of effectiveness of the path, the value of the standard 
estimates shows the effect of the related path. The review of the research model paths is presented 
in Table 1. 
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Fig. 2. Primary model 

 
Table 1 
The values of Reynolds number and velocity 

Hypothesis Standard 
Estimation 

Standard 
Error 
S.E. 

C.R. Significance 
Level 

Result 

performance ---> possibility of implementing 
solar dryers 

-0.34 0.45 -
0.670 

0.503 Rejection 

Geographical location and environmental issues 
---> possibility of implementing solar dryers 

0.112 0.45 2.162 0.031 

Finance, economy, science, technology, and 
infrastructures ---> possibility of implementing 
solar dryers 

0.428 0.45 8.297 *** 

Interactions ---> possibility of implementing 
solar dryers 

0.165 0.45 3.189 0.001 

Financial support ---> possibility of implementing 
solar dryers 

-0.117 0.45 -
2.257 

0.024 

Cultural, social and political issues ---> possibility 
of implementing solar dryers 

0.110 0.45 2.098 0.036 

 
After the elimination of the rejected paths from the initial model and doing several trial and errors 

in modelling and determining their fit, the final modified model is obtained. The final modified model 
is approved since all values of significance probability in the appraised paths are less than 0.05 and 
thus all the defined paths are accepted. From the final model (Figure 3), it can be inferred that among 
the factors affecting the possibility of implementing solar dryers in Yazd, the factor of finance, 
economy, science, technology and infrastructures with the coefficient of 0.44 has the highest effect 
on the possibility of implementing the solar dryer (dependent variable). Next to that, the factors of 
interactions and cultural, social and political issues (with the coefficient of 0.12) directly affect the 
possibility of implementing the solar dryer in Yazd. The rest of the factors do not directly affect the 
implementation of the solar dryer, yet have a role in this matter through affecting the other factors. 
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Fig. 3. Final model 

 
6. Conclusion 
 

Considering the numerous environmental consequences and hazards followed by the use of fossil 
fuels, global attention has been focused on developing and promoting the use of a variety of 
renewable energies. By identifying factors which may somehow affect the design, construction and 
operation of solar drying systems, a questionnaire was prepared and distributed among a small 
sample of the statistical population, involving the residents of the city of Yazd. According to the 
results obtained from factor analysis and with SEM method, a model was introduced to determine 
the relationships between the identified factors and the feasibility of implementing the solar dryer. 
The proposed model was appraised using the goodness of fit criteria. Subsequently, the final model 
was created with the use of path analysis method and with AMOS software by doing trial and errors. 
Based on the final model, the three factors of infrastructures (with the coefficient of 0.44), 
interactions and cultural, social and political issues (both with the coefficient of 0.12) directly affect 
the possibility of implementing the solar dryer in Yazd. The remaining factors do not directly affect 
the implementation of the solar dryer, but play a role in this respect by affecting the other factors. 
According to the proposed model, authorities should mainly focus their attention on finance, science, 
economy and infrastructures to develop and promote solar drying systems. 
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