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Abstract 

Statistics show that the residential and service sectors consume a large amount of the total generated 

energy in every country, most of which is spent for space and water heating. Solar water heater (SWH) 

as a recently developed technique can be used for supplying most of the energy consumption which is 

necessary to be considered for social and economic development and continuously improving the quality 

of life.  Practical measures of SWH for space and water heating have not been developed enough and 

no feasibility study has been conducted on the subject in Lebanon.  To do so, using the energy software 

such METEOSYN and TSOL as very important pre-fabrication tools for the simulation, modelling and 

analysis of every management applications for energy development-based systems, we study the 

potential of using domestic-scale SWHs in residential apartments at 2 stations in Lebanon. The results 

show that Tripoli station, which supplies 37.8% of its total heating needs, is more suitable than Riyaq, 

which could provide for 32.1% of its total needs. The results also demonstrate that both stations produce 

2915.7 kWh for space heating and 5403.7 kWh for water heating annually using SWH. This method 

prevent the emission of 2.4 tons of CO2 pollutant gas annually based on fossil fuels. 

Keywords: Buffer tank, Gas boiler, Urban network, Water temperature, Heating load. 

Nomenclature: 

kt Hourly clearness index TA Air temperature 

I Total hourly radiation on a horizontal surface (kJ/m2) Tcm Average temperature of collector 

Id Hourly diffuse radiation on a horizontal surface (kJ/m2) kq Heat transfer coefficient in W/m2.k2 

Gdir Part of solar radiation striking a tilted surface QCL;DHW Collector loop heating for domestic 

hot water 

η0 Collector’s zero-loss efficiency QS;HL Solar heating for heating load 

fIAM Incidence angle modifier factor QAux;DHW Auxiliary heating for domestic hot 

water 

Gdiff Diffuse solar radiation striking a tilted surface QAux;HHL Auxiliary heating for heating load 

fIAM,diff Diffuse incidence angle modifier factor EWH Electric water heater 

k0 Heat transfer coefficient in W/m2.k SWH Solar water heater 

α Tilt angle ρ Collector losses 

LT Low temperature DHW Domestic hot water 
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1- Introduction 

Due to the increase in global energy 

demand, there are important concerns for 

energy producers such as accessibility of 

and dependence on fossil fuel resources, 

greenhouse gas emission, the destruction of 

the environment caused by producing 

energy from fossil fuels and debates on their 

future effectiveness [1-3]. Statistics also 

indicate that the global demand for primary 

energy will most probably see an extra 

growth of 37% by 2040 [4]. According to 

the report by the International Energy 

Agency, renewable energy will be the 

biggest contributor in reducing the 

greenhouse gas emissions by 2050 [5]. 

Concerns about exhausting fossil fuel 

resources, growing energy security and 

environmental problems have caused policy 

makers all over the world to pay attention to 

renewable energy resources [6]. The 

development of solar energy as an 

alternative approach limits the use of fossil 

fuels that emit too much greenhouse gas and 

cause climate change [7]. Solar energy can 

be considered as a good choice for replacing 

fossil fuels in the residential sector [8]. 

Considering its share of the total 

consumption, domestic water heating is one 

of the main energy concerns of residential 

buildings [9, 10]. The energy demand for 

water heating can be provided through 

various costly ways such as electricity or 

fossil fuels costly. SWHs not only can 

reduce costs, but also have unique 

advantages like producing clean and 

sustainable energy [11-13].  

Fig. 1 shows that the total solar water 

heating capacity installed around the world 

reached 472000 megawatts thermal (MWt) 

by 2017 [14]. The graph in Fig. 1 also 

demonstrates SWHs have garnered as much 

attention in the world as wind turbines. The 

total SWH capacity (in gigawatt thermal) is 

approximately 1.17 times the capacity of all 

solar cells in the world (in gigawatt 

electric). The growing global trend of 

installing SWH capacity shown in Fig. 2 

indicates that this technology has been able 

to make inroads into heating systems. 

According to the investigations, very few 

articles, which will be introduced next, have 

studied the use of SWH in Lebanon. Houri 

studied the current situation and future 

outlook of using domestic-scale SWHs in 

Lebanon in 2006 [16]. He stated that using 

SWHs is an economical water heating 

alternative. His study illustrated that only 

100,000 of the possible 1,500,000 m2 was 

used by solar collectors. His initial 

approximation indicated a return on 

investment in 4-5 years, while 

RETSCREEN software approximated it to 

be less than 9 years. Government support 

and reducing taxes were proposed as 

approaches for increasing SWHs used in 

Lebanon and increasing the price of fossil 

fuels will increase the trend of using SWHs. 

In 2013, Ruble and El Khoury studied 

Lebanon’s domestic SWH market, as well 

as its achievements and obstacles [17]. 

They studied a basic scenario as well as 2 

renewable energy-based scenarios (the use 

of SWH was mandatory for (first) newly 

built houses and (second) already existing 

houses). The results for the primary 

scenario’s electricity consumption for water 

heating purposes were projected to reach 

2430 GWh by 2027; while scenarios based 

on renewable energy project this amount to 

be 1550 GWh and 1393 GWh, respectively.  
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Fig. 1 Global capacity in operation and annual energy yields in 2017 [14]. 

 

 
Fig. 2 Global solar thermal capacity in operation 2000 – 2017 [15]. 

 

To the best of our knowledge, the use of 

SWH for providing a residential building’s 

heating requirements in Lebanon has not 

been studied. No environmental studies 

have been conducted on this subject, either. 

Therefore, in this study, we are going to 

analyze the behavior of SWHs monthly and 

annually in two stations located in Lebanon 
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using TSOL software. The parameters 

under this study include the required 

heating supply for space heating, heating 

required for sanitary consumption water, 

prevention of CO2 pollutant emissions and 

the use of auxiliary boilers.  

 

2- The under study stations  

Lebanon is a high and mountainous country 

located on the eastern shore of the 

Mediterranean Sea. As a Middle Eastern 

country, Lebanon has a coastal border with 

the Mediterranean Sea of approximately 

225 km. Lebanon’s border with Syria is 375 

km, while its border with Israel is only 79 

km. With an area of only 10452 km2, 

Lebanon is one of the smallest countries in 

the world which is the 162nd country in the 

world in terms of scale. Many of Lebanon’s 

regions are mountainous, except a narrow 

coastal region and the Beqaa valley which 

is an important part of Lebanon’s 

agricultural industry [18]. Lebanon’s 

location on the world map is shown in Fig. 

3. 

 

 
Fig. 3 Lebanon and the stations under study 

Lebanon has a Mediterranean climate. The 

coastal regions are cold and rainy in winter 

and warm and humid in summer. In higher 

regions and especially mountains, winters 

are snowy, and the temperature falls below 

zero. Other regions have warm and dry 

summers. Although Lebanon is located on 

the solar belt of the Mediterranean, it 

depends on imported fossil fuels for 97% of 

its energy consumption. This issue has 

made Lebanon vulnerable to international 

oil price fluctuations. Therefore, it was 

announced for the first time in 2010 that 

Lebanon intends to supply 12% of its total 

electricity needs from renewable energy by 

2020 [17]. About 35% of Lebanon’s 

electricity is consumed in the domestic 

sector [19], 20% of which is used for water 
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heating [20, 21]. Fig. 4 shows the 

distribution of Lebanon’s SWH use in 

various regions [22]. This figure illustrates 

that the Mount Lebanon region has the 

highest number of installed SWHs, while 

the South has the lowest.  

According to Fig. 5, studies show that 81% 

of Lebanese households use electric water 

heaters for providing warm water, while 

about 13% use solar heating [23]. It is also 

stated that about 63% of installed water 

collectors are flat plates and the rest are 

vacuum tubes. Information required by 

TSOL for the two stations being 

investigated are presented in Table 1, and 

the climate data for both stations have been 

extracted using Meteonorm, which is 

installed along with TSOL and used for 

producing climate files [24]. The locations 

of under study stations are shown in Fig. 3.  

 

 
Fig. 4 Geographic distribution of using SWH in Lebanon [22] 

 

 
Fig. 5 Domestic water heating methods (Residential users) [23] 
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Table 1: The information of stations under study 

Station Latitude Longitude 
Total annual global 

irradiation (kWh/m2) 

Diffuse radiation 

percentage (%) 

Cold water temperature 

(Feb./Aug.) oC 
Riyaq 33.87 -36 2061.471 38.1 13.5/19 

Tripoli 34.45 -35.8 1770.276 42.9 18/21.5 

3- Software and the required equations  

TSOL is a software for the design and 

simulation of solar heating systems that 

makes it possible for the users to calculate 

the accuracy and precision of a solar heating 

system for a one-year period by supplying 

warm water, space heating, pool heating, 

procedural heating, and large-scale systems. 

TSOL is designed for simulating solar 

heating systems of separate and semi-

separate homes (with one barrier wall) and 

makes it possible to present and display the 

related solar heating systems 

instantaneously, including revenue and 

profitability projections [24]. Calculations 

are performed in TSOL based on balanced 

energy flow and supplying final demand 

using hourly meteorology data [25-27]. 

The amount of radiation incident on the 

collector's surface, comprising the total of 

direct and diffused radiations, is a key 

parameter studied in solar energy-related 

research. Direct radiation in terms of kJ/m2 

refers to sunlight that reaches the collector 

directly from the source. This type of 

radiation arrives directly at the collector's 

surface from the solar angle and plays a 

primary role in forming the incident 

radiation on the collector. Diffused 

radiation in terms of kJ/m2 refers to sunlight 

reaching the Earth's surface that is scattered 

in the atmosphere and deviates from its 

direct path. This radiation includes sunlight 

arriving at the collector's surface from 

various directions, and thus, geographical 

location and atmospheric conditions are 

influential factors in this type of radiation. 

The total radiation incident on the 

collector's surface results from the 

combination of these two types of 

radiations. This radiation is of significant 

importance as it affects the collector's 

ability to absorb and convert solar radiation 

into energy. There is a direct radiation in the 

climate files and the amount of diffused 

radiation directly hitting the collector’s 

surface with an angle of α and hourly air 

quality index of kt is calculated using the 

following equations [26]: 

(1) 
0 ≤ kt ≤ 0 ∙ 3  ∶  
Id

I
= 1 ∙ 02 − 0 ∙ 245 kt + 0 ∙ 0123 sinα 

(2) 
0 ∙ 3 < kt ≤ 0 ∙ 78  ∶ 

 
Id

I
= 1 ∙ 4 − 1 ∙ 749 kt + 0 ∙ 177 sinα 

(3) 
kt ≥ 0 ∙ 78  ∶ 

 
Id

I
= 0 ∙ 486 kt − 0 ∙ 182 sinα 

Where “I” is hourly total radiation on a 

horizontal surface (kJ/m2) and Id represents 

hourly diffuse radiation on a horizontal 

surface. It’s worth mentioning that a part of 

radiation hitting the collector is wasted. In 

TSOL software, the collector loss is 

calculated as follows [25]: 

(4) 
ρ = Gdir ∙ η0 ∙ fIAM + Gdiff ∙ η0 ∙ fIAM.diff

− k0 (Tkm − TA)

− kq (Tkm − TA)2 

where Gdir is a part of solar irradiation 

striking a tilted surface, η0 is the zero-loss 

collector efficiency, fIAM is incident angle 

modifier, Gdiff is the diffuse solar irradiation 

striking a tilted surface, fIAM, diff  is the 

correction coefficient for the diffused 

radiation angle, k0 is the heat transfer 

coefficient in terms of 
𝑤

𝑚2−𝑘
 , Tkm is the 

average collector temperature, TA is the air 
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temperature and kq is the heat transfer 

coefficient in terms of 
𝑤

𝑚2−𝑘2. 

The software applied the prevented factor of 

CO2 pollutant emission with 5.14355 grams 

per each kJ of energy produced from natural 

gas [25]. The amount of energy supplied by 

collectors is calculated by dividing the 

energy supply sent from the solar heating 

system to the standby tank by the total 

energy supplied to the standby tank (solar 

system+auxiliary heating) as follows [27]: 

(5) 
Solar fraction. total

=
QCL.DHW + QS.HL

 QCL.DHW + QS.HL + QAuxH.DHW + QAuxH.HL
 

 

Fig. 6 shows the schematic view of our 

heating system in which the equations of 

such system for the design and simulation 

are organized as follows [25]: 

(6) Solar fraction DHW =
QCL.DHW

QCL.DHW + QAuxH.DHW
 

(7) Solar fraction heating =
QS.HL

QS.HL + QAuxH.HL
 

 

 
Fig. 6 Schematic of solar system with bivalent storage tank (internal heat exchanger) 

4- The required data for simulations 

Thermal information, geographic position, 

water temperature of urban network, and 

annual global radiation (presented in Table 

1) are necessary for simulations. The 

stations studied here are shown in Fig. 3. 

The average volume of sanitary hot water 

for daily use is 110 liters with the 

temperature of 60°C. The period of time 

required for sanitary hot water is the whole 

year. In addition, the thermal load used for 

space heating is 10 kW, the space 

temperature and the built-up area being 

heated are 21°C, and 80 m2, respectively. 

Windows are double glazed and the area of 

north, east, south, and western windows are 

1.6, 4, 8 and 5.6 m2, respectively. The heat 

produced by heating equipment inside the 

building is considered to be 5 W/m2. The 

building heating requirement is invariable 

(except from May to September that are 

equal to zero). The building’s wall materials 
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are the “medium” type. The SWHs and 

other auxiliary equipment such as buffer 

tanks, pipe length, used boiler, etc. are the 

same for both stations. The type of used 

water heater has 14 m2 area with flat plate 

and the azimuth angle of zero degree. As 

shown in Fig. 6, the buffer tanks for sanitary 

hot water consumption and space heating 

are two- and one-coil types and have 300 

liters and 1000 liters capacity respectively. 

The boiler is gas-fueled with a nominal 

capacity of 9 kW. The intermediate fluid is 

40 to 60 propylene glycol-water and the 

flow for each square meter is 40 liters per 

hour. In case of urgent need for space 

heating, the difference between outlet and 

inlet temperature is considered to be 20°C, 

and 15°C in other conditions. The complete 

schematic of the simulated system is 

presented in Fig. 6. It’s worth mentioning 

that the solar collectors’ placement angle is 

set based on the region’s latitude.  

 

5- Results and discussion 

Simulation results presented in Table 2 

demonstrate that the Tripoli station 

provides 37.8% of its total space heating 

and sanitary water heating needs. This 

station is more suitable than Riyaq station, 

which supplies 32.1%. Therefore, the 

Tripoli station is a better choice for using 

SWH.  

Regarding the necessity of space heating 

supply, the Riyaq station produced 1911.87 

kWh which is more than the Tripoli 

station’s that was 1003.85 kWh. On this 

subject, the Riyaq station supplied 16.2% of 

its space heating needs through SWH, 

compared with the Tripoli station’s that was 

14.8%. 

The Riyaq station could produce 2820.32 

kWh of solar heating for the use in sanitary 

water, higher than the Tripoli station’s 

2583.4 kWh. It’s worth mentioning that 

both stations could supply more than 95% 

of their sanitary hot water needs through 

SWHs. 

  By using SWHs for supplying required 

heating, the Riyaq station prevented the 

emission of 1323.59 kg of CO2 pollutants 

per year, compared to the Tripoli station’s 

(1111.02 kg). Since SWHs cannot supply 

all the heating needs of a residential 

apartment, there was a need in both stations 

for auxiliary boilers. As the results show, 

the Riyaq station needs 9990 kWh annually, 

which is the highest supplied by the 

auxiliary gas boiler.

 

Table 2. Results of the studied Parameters 

Boiler 

energy 

to 

DHW 

(kWh) 

Boiler 

energy 

to 

heating 

(kWh) 

CO2 

emissions 

avoided 

(kg) 

DHW 

solar 

fraction 

(%) 

Solar 

contribution 

to DHW 

(kWh) 

Heating 

solar 

fraction 

(%) 

Solar 

contribution 

to heating 

(kWh) 

Total 

solar 

fraction 

(%) 

Station 

75 9915 1323.59 97.4% 2820.32 16.2 1911.87 32.1 Riyaq 

112 5801 1111.02 95.8% 2583.40 14.8 1003.85 37.8 Tripoli 

Fig. 7 compares the energy produced by 

solar collectors with the total heating energy 

required by the residential building. As can 

be observed in this figure, the Riyaq and 

Tripoli stations don’t need auxiliary heating 

from boilers for 5 and 6 months of the year 

respectively, because the solar collectors 

were able to provide for 100% of their 

heating needs. Since there was no need for 

space heating in the warm seasons of the 

year (May to September), the collectors 

only had to supply hot water for sanitary 
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consumption, which also indicates that the 

Tripoli station has a warmer climate than 

Riyaq. Results also show that most of the 

need for the auxiliary gas boiler was 

through the cold season starting December 

through March. Although, solar heating 

produced at Riyaq station is 1.32 times that 

produced at Tripoli station, the total solar 

deficit for Tripoli is higher than Riyaq, 

because the heating needs of Tripoli is about 

0.65 of Riyaq. Also, the most critical state 

for the stations occurs in January, when 

about 800 and 650 kWh of heating should 

be supplied by the gas boilers at Riyaq and 

Tripoli, respectively. 

 

 
 

 
Fig. 7 Solar energy consumption as percentage of total consumption 

 Fig. 8 shows the maximum daily 

temperature of solar collector plates for 

each station in 12 months of a year. The 

results show that the temperature of Riyaq 

station’s collector plates was more than 

100°C in about 6 months of a year (May to 

October), and reached 130°C in some 

months. This causes more heat to be 

produced by Riyaq station’s solar collectors 

compared to Tripoli, which is consistent 

with the results of Fig. 7. The collectors 

getting hotter at Riyaq station compared to 

Tripoli station leads to more heat waste. The 

results from Fig. 8 also illustrate that the 

least collector surface temperature was 

about 30°C in December, January, and 



62 

M. Jahangiri et al./ Journal of Simulation and Analysis of Novel Technologies in Mechanical Engineering 15 (2023) 0053~0065 
 

 

February at Riyaq and about 20°C in 

December and January at Tripoli.  

Fig. 9 represents the energy balanced 

schematic for the solar water heating 

system’s components at both stations. The 

results show that Riyaq’s and Tripoli’s solar 

collector plates received 32 and 27 MWh of 

radiation, respectively, which indicates a 

better radiation condition at Riyaq station. 

It should of course be mentioned that the 

collectors’ optical and heat wastes at these 

stations were 24 and 20 MWh, respectively, 

which mean that the SWHS of Riyaq and 

Tripoli station produced 8 and 7 MW of 

pure heat annually. Also, it made clear by 

the system energy balance schematic is that 

most of the system’s wastes are first at the 

tank-level and then the piping system. Such 

wastes were 2822 and 1249 kWh, 

respectively at Riyaq, and 2813 and 1179 

kWh, respectively at Tripoli. 

 

 
 

 
Fig. 8 Daily maximum collector temperature 
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Fig. 9 Energy balance schematic 

6- Conclusion 

Solar water heating is a mature and cost-

effective technology that has a growing 

trend in popularity all over the world. 

Despite this, the growth rate of SWH is still 

low in many countries, like Lebanon. 

Therefore, the current study used TSOL to 

study and evaluate the performance of SWH 

in supplying the hot water needs of a 

residential apartment in 2 stations, Riyaq 

and Tripoli, in Lebanon. The objective is 

supplying 110 liters of 60°C hot water for 

an apartment with 80 m2 of built-up area 

and using a gas boiler whenever necessary. 

The main results are organized as follows: 

- 2915.7 kWh of space heating was 

produced in total using SWH during a year 

at both stations.  

- 5403.7 kWh of sanitary hot water was 

produced in total using SWH during a year 

at both stations.  

- About 2.4 tons of CO2 pollutant emission 

was prevented in total during a year at both 

stations.  
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- The need for gas boilers for supplying the 

required heat was 15903 kWh in total 

during a year at both stations.  

- The average percentage of heat supply 

needed during a year for space heating and 

hot consumption sanitation water was 15.5 

and 96.6% of the total, respectively, for 

both stations.  

- During a year, solar collectors’ optical and 

heat wastes were higher in Riyaq than in 

Tripoli.  
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