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Abstract— The world today is in great competition to 

invent the best technologies that will contribute to 

preserving the sources of natural resources for future 

generations and providing the best healthy environment. 

today several countries lack the use of solar energy systems 

and Libya is one of them, which would increase the local 

production of electrical energy at a time when Libya 

suffers from a continuous interruption in the public 

electricity network. The objective of this paper is to learn 

about the current application of water heating systems 

using solar water heaters in Libyan buildings. 

Classification and analysis of variance (correlation) were 

used to analyze data collected using SPSS version 21. 

system application of solar energy is very low in the 

construction industry found. The result obtained from this 

study shows the lack of awareness and interest in the 

change towards healthy alternative energy in the 

construction industry in Libya. 

 

Key Words—Solar Energy. Data Collection. Data 

Analysis.  

 

I. INTRODUCTION 

Energy requirements are abundant and can be used in several 

life fields like solar one of the clean energy resources. May be 

used sustainable energy source for heating water and 

electricity generation by solar, such as solar photovoltaics. 

system of water heating by solar is commonly known in the 

domestic hot water solar systems (SDHW) industry [1]. 

 Consumers often question whether there is enough sunshine 

in the world to support solar applications like water heating. 

Solar energy is sufficient for the average annual energy 

production is 2500 kW/h. The system of heating by solar 

water provides for the needs of a family of three to five 

persons, half of the needs from the electric energy of water 

heating [2]. 
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 Water warming is one of the savviest employments of sun-

oriented energy, giving high temp water to showers, 

dishwashers, and garments washers. Consistently, a few a 

great many new sun-oriented water radiators are introduced 

around the world. Sun-based water warming is an 

acknowledged innovation and is progressively being utilized 

as one of the financially savvy methods for warming water in 

private and public structures like lodgings, laundries, cafés, 

medical clinics, and wellbeing focuses [3]. 

Solar water heaters, also known as household solar water 

heaters, can be a financially savvy method for delivering high 

temp water for houses. It utilizes daylight as a wellspring of 

energy that allows for use in any climate. Active and passive 

solar systems have two types [4]. 

  A functioning sunlight-based gatherer framework can create 

roughly 80 to 100 gallons of heated water each day, a latent 

framework will have a lower limit. Sun-based water warming 

(SWH) or sun-based water warming (SHW) frameworks 

consolidate a few advancements and various grounded 

sustainable power advances over numerous years [5]. 

The system of heating water Solaris is a part of the 

sustainable energy phenomenon. This is required because of 

the potential that was built into it. According to the Economic 

Commission for Africa (ECA) under the United Nations 

Decade of Sustainable program that was air marked between 

2014 and 2024, it has potential opportunities in the medium 

and long term as well as existing barriers and perspectives [6].   

The construction industry is one of the most important areas 

of Libya's socio-economic development. This is caused by a 

high rate of urbanization which exposes the country to various 

problems, which are also associated with the exhaustion of the 

environment and natural resources [7]. This means that as a 

result of population growth, more housing needs to be built 

and, as a result, the level of energy use has increased. 

Due to the increase in global energy demand, the design of 

energy-efficient buildings is a matter of great concern among 

scientists and researchers [8]. 

 

II. INCIDENT SOLAR IRRADIATION 

Irradiance is the total amount of solar radiation that hits the 

collecting surface. This can come from beam, diffuse, and 

ground-reflected radiation. The first step in planning a solar 

thermal system is determining the solar resources available 

where the system will be installed. Monthly mean solar 

radiation incident on the collecting surface can be determined 

using Liu-Jordan isotropic sky model [9].  
  

Solar Water Heating System in Libyan Buildings 

Isa Ali Almukhtar¹, Allam Musbah Al Allam ², Abdelrazag Faraj Emhemed3 Saleh Ahmeed 
Buagela Muftah4, and Khaled Abdallah A Elghadi5 



 

66 
 

 Libyan Journal of Engineering Science and Technology (LJEST)   Vol. 2, No. 2 ,   2022  

Below is an example of measured data obtained from 

Kwame Nkrumah University of Science and Technology 

(KNUST) and it provides results for monthly average daily 

solar irradiation levels throughout the year as given in Table 1 

[10]. The table describes the monthly solar radiation within a 

year. July, August, September, and December generate each 

above three (3) KWh/m2/day while January, February, May, 

June, October, and November generate more than four (4) 

KWh/m2/day. But the other months generate more than five 

(5) KWh/m2/day. The annual average solar-generated is 4.34 

KWh/m2/day. 

 
Table 1. Monthly Average Daily Global Solar Irradiation Data for Kumasi 

(Source: Lee, 2012). 

month Daily solar radiation 

horizontal Kwh/m
2
/day 

Earth 

temperature c
o 

January 4.18 26.7 

February 4.68 26.9 

March 5.04 27 

April 5.09 26.9 

May 4.97 26.5 

June 4.38 25.4 

July 3.67 24.4 

August 3.35 24.4 

September 3.80 24.8 

October 4.44 25.3 

November 4.66 25.7 

December 3.87 25.9 

Annual 4.34 25.8 

III. SOLAR COLLECTOR CHARACTERISTICS  

The most important consideration of any solar thermal 

system is to find out the available solar collectors.  This solar 

water heating system considers flat plate and evacuated tube 

collectors to determine the type of collector that will give 

better thermal as well as economic performance when 

installed on the roof of the hospital. 

Tube vacuum lifetimes vary from collector to collector, 

ranging from 5 to 15 years, while flat plate collectors have a 

lifetime of up to 25 years [11]. This study assumes a lifespan 

of 15 years evacuated tube collectors and 20 years for flat 

plate collectors.  The flat plate collector (type AE-40) is 

supplied by Alternate Energy Technologies and the evacuated 

tube collector (type AS-CPC-18) is supplied by Andy 

Schroder Solar Technology.   

IV. METHODOLOGY  

Research methodology is a stepwise approach for finding 

the answers to research questions.  It is a procedural 

framework to carry out any study. For an adequate study, it is 

necessary to ensure all the data gathered is reliable and to 

show that it is systematically collected and analyzed. 

 This chapter presents the methodology adopted for this 

study. It starts with problem identification, literature review, a 

design questionnaire, data collection, and data analysis. 

Finally, the results of the data analysis are discussed and 

closed. 

Research is steps or processes used for data collection and 

analysis based on data obtained to increase understanding of a 

subject or issue [12]. The steps involved are listed as: 

 

i. Pose a question. 

ii. Collect data to answer the question. 

iii. Present an answer to the question. 

DATA COLLECTION TECHNIQUES  

A quantitative approach is defined by Thomas, [13] as the type 

of research that is suited to solve a research issue by 

measurement and number of features exhibited by the people 

and the actions that the researcher studies. 

Findings from the literature form the bases of the drafting 

questionnaire.  The questionnaire is sent out for a pilot test. 

The purpose of the pilot test is to ensure that the questions will 

provide the required data undoubtedly. Before the 

questionnaire can be distributed to the targeted respondent, a 

discussion with the supervisor will be ensured. Structured 

questionnaires will be sent to targeted respondents which 

could lead to identifying the current practices of solar water 

heating systems in Libyan buildings thereby benefit in the 

future procurement of projects. 

DATA ANALYSIS  

This section of the research work integrates confirmed ideas, 

together with the know-how of consultants and contractors. It 

discloses factors that hinder the application of solar water 

heating systems in Libyan buildings. The first test was the 

ranking of mean values for the variables. To achieve this, a 

frequency test has been carried out to ensure that the data was 

entered correctly. Cronbach’s alpha test was conducted to 

ensure the reliability of the data also. The variables were 

treated according to the objectives they are under.  

The correlation test was conducted to verify the extent of 

the relationship between the variables or not. The test was 

conducted and the result was presented. The t-test was also 

carried out for two variables, which are the effects and 

solutions to ensure that they have a significant difference 

between them. Finally, the analysis of variance has been 

conducted. The main importance of this test is to verify the 

perception of the respondents on the variables. The result also 

was presented in the table and explained. 
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V. APPLICATION OF RENEWABLE ENERGY IN LIBYAN 

BUILDINGS 

The respondents notice in figure 1 the importance of having 

the application of renewable energy of respondent in 

practicing the system of water heating in Libyan buildings by 

solar. This resulted that 11.1%, 14.3% rated strongly agree and 

agree, while 6.3% moderately, while 31.7% and 36.5 % were 

rated as strongly disagree and disagree respectively. This 

shows how Libyan buildings need the application of 

renewable energy. 

 

 
Fig. 1. Application of renewable energy in Libyan buildings. 

 

VI. THE ECONOMIC IMPACT OF SOLAR WATER HEATING 

SYSTEMS APPLICATION IN LIBYAN BUILDINGS (LONG-

TERM COST-BENEFIT). 

The respondent's notice in figure 2 Economic impact of 

(SWHS) application in Libyan buildings of the respondent in 

practicing the solar water heating system in Libyan buildings. 

This resulted that 3.2%, 11.1% rated strongly agree and agree, 

while 15.9% moderately, while 58.7% and 11.1% were rated 

as disagree and strongly disagree respectively. This indicates 

that, Environmental impacts of the Application of (SWHS) 

from where (long-term cost-benefit) in Libyan buildings. 

 

 
Fig. 2. Economic impact of solar water heating systems 

application in Libyan buildings (long-term cost-benefit) 

VII. DECREASED CARBON EMISSION VIA WAY SYSTEMS OF 

WATER HEATING IN BUILDINGS LIBYA BY SOLAR  

The respondent's notice in figure 3 reduced carbon emission 

(SWHS) application in Libyan buildings of the respondent in 

practicing the system of water heating in Libyan buildings by 

solar. This resulted that 4.8%, 20.6% rated strongly agree and 

agree, 20.6% moderately, while 49.2% and 4.8% were rated as 

disagree and strongly disagree respectively. 

 

 
Fig. 3. Solar water heating systems in Libyan buildings 

reduced carbon emission. 

 

VIII. CONCLUSION 

Determine the immediate practices of the system of water 

heating in Libyan buildings by solar is the main objective of 

this research. Many countries have already applied the system 

of water heating by solar in their buildings because of their 

benefits. However, many African countries are yet to 

implement a system of water heating via solar in the 
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construction industry and Libya is one of them. Therefore, this 

research will look into the current practice system of water 

heating in Libyan buildings by solar. Data will be collected 

through an online questionnaire and will be analyzed using 

(SPSS). This study promotes sustainability in the built 

environment which will preserve the environment, save 

valuable resources including energy and fossil fuels, and 

reduce the emission of greenhouse gasses and the level of 

pollution. As focused on the studying system of water heating 

in Libyan buildings by solar in the Libyan city, which is Bani 

Walid. The study aimed to identify current practices of solar 

water heating systems in Libyan buildings. Various objectives 

were set and defined for achieving the aim of the study. The 

benefit from this study found that conservation energy usage 

can be achieved by increasing the use of solar energy 

resources instead of electric energy, this increase to Create a 

new industry for manufacturing solar systems and create new 

jobs (manufacturer, installer) Not only money can be saved, 

but also decrease of Carbon emissions can be Enhance the 

local industry through the use of local material and might lead 

to cost reduction. 
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