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Abstract

In this study, the solar water heating system for Dar Ghadames Hotel was optimized using the f-chart method to
convert solar energy into hot water to meet the hotel's demand. The optimal collector area was determined under
the local climatic conditions of Ghadames. A flat plate collector was selected for this project after comparing the
advantages and disadvantages of other types of collectors.

Solar radiation data was collected through the National Meteorological Centre in Tripoli and utilized to calculate
the monthly average solar radiation outside the atmosphere and the monthly average solar radiation inside the
atmosphere on a horizontal surface. The study analyzed the monthly average solar radiation inside the atmosphere
at different tilted surface angles and selected the optimal tilt angle to achieve the suitable annual solar energy rate.
Based on this, the hotel's hot water consumption rate was estimated, and the amount of solar energy required to
meet the hotel’s load was calculated. Then, using the f-chart method, the optimal collector area was determined to
cover the maximum possible load throughout the year.

Keywords: solar water heating system, solar radiation, optimal collector area, Dar Ghadames Hotel, f-chart
method.
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Introduction

Our country, Libya, enjoys immense potential that enables it to develop renewable energy sources. It receives a
plentiful amount of direct sunlight, which in turn generates a substantial amount of solar energy. North Africa has
the continent's greatest potential for developing solar and wind energy [1]. The average annual solar radiation in
the region is about 2,200 kilowatt-hours per square meter. The average wind speed is 7 meters per second, and
reaches 9.5 meters per second in Algeria and Libya [2].

Considering that Libya is one of the oil-producing and exporting countries and relies on it as a primary source of
income, and due to the fluctuations in oil prices, its finite nature, and its impact on the global environment in terms
of global warming and climate change, as well as the global trend towards finding clean alternatives to energy,
the thought of finding alternative energy sources has begun. These alternatives aim to replace traditional energy
sources, reduce their negative impacts, and achieve sustainable development for communities.

Libyan Journal of Contemporary Academic Studies
Website: https://ljcas.ly/index.php/ljcas/index
Copyright: © 2026 by the authors. Submitted for possible open access publication under the terms and conditions of the
Creative Commons Attribution (CC BY) license (https://creativecommons.org/licenses/by/4.0/).



https://ljcas.ly/index.php/ljcas/index
mailto:firuze.boujwod@uod.edu.ly

(Libyan Journal of Contemporary Academic Studies) 5 salrall 4aaas¥) cilaf jall 4l ddaal)
LICAS, eISSN: 5970-3005
Volume 4, Issue 1, 2026, Pages: 60-74

Libya needs to implement significant changes and take important measures to reposition itself regarding energy
usage and diversifying its sources of income. This includes providing incentives for investment in renewable
energy to make it competitive and redirecting subsidies from electricity generated by oil and gas to renewable
energy. These measures are essential to building investor confidence and attracting their participation in renewable
energy projects. Investing in these potentials significantly reduces dependence on fossil fuels, contributing to a
cleaner environment and paving the way for new action plans for social and economic growth.

This study aims to contribute to encouraging the state to move forward and take important steps towards adopting
solar energy as one of the most important types of renewable energy sources, making it a major source of energy
in Libya. Dar Ghadames Hotel was chosen to conduct the study due to its location in the city of Ghadames.

Research method

This study aims to calculate the energy that can be extracted from the incident solar radiation (solar radiation)
under the local climate conditions of Ghadames city and convert it into thermal energy. For this purpose, the
characteristics of the local climate and the solar panel were analysed. Solar collectors consist of several
components, as we will see in the third chapter, to deal with solar radiation and convert it into thermal energy. The
conversion efficiency varies from one collector to another, as well as from one place to another and other factors
that will be studied in this project. Figure 1 shows the model that was chosen for this study.

The first stage is determining the attractive location for investment

It is a study in which the initial opinion was collected, and the suitability of the site for the project was stated in
terms of area, availability of data, and review of the information available locally through the National Centre for
Meteorology in Tripoli.
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Figure 1 standard configuration of domestic heat water system.

The second stage is calculations and estimates.
e Estimating the amount of solar energy available on the horizontal level of the selected site.
e Estimating the amount of solar energy available on the inclined surface.
e  Choosing the optimal angle of inclination for the system.
Third stage the f-chart method which includes:
e Excel date sheet.
e Studying the load and choosing the appropriate area for the system.
e Mathching the appropriate collector for the site.

Theoretical aspect

In order to define the declination angle, the correlation 1 was used. The declination is the angular position of the
sun at solar noon with respect to the plane of the equator as shown in figure 2. Actually the declination angle gives
an idea about time of year. it respects seasonal affect on insolation energy. It ranges from a maximum of 23.45
degrees on July 21 to a minimum of -23.45 degrees on December 21.
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Figure 2 The solar Declination angle.

The solar declination can be calculated by cooper's Equation (1969) [3]:

§ = 2345 Sin (360 x Z21) Q)

Where (n) is the day of year.
The lines of latitude are imaginary lines parallel to the equator and are used to determine locations on the Earth's
surface. Latitude ranges from 0 degrees at the equator to 90 degrees north or south at the North and South Poles
@.
Sun angle at sunset
wg = cos~1(—tangtand)  (2)
Where ( ¢) is the latitude and § is the declination.
After obtaining the sunset angle, the number of daylight hours can be determined using the following equation:

No= 22 3)
Extraterrestrial radiation is the theoretical amount of solar energy that would be available on a horizontal plane on
the earth's surface if the earth were not surrounded by an atmosphere. In reality, solar radiation undergoes
attenuation as it propagates through the atmosphere, resulting in a decrease of its intensity when measured on a

plane on the earth's surface. At any specific time within the day, extraterrestrial irradiance can be given by [4];

H, = 223000 Gsc (1 + 0.033cos (32(::1)) (cosgocos&sinws + %wssimpsind) (4)

Where G =1367 w/m?, @ = latitude

Clearness index for each month is influenced by atmosphere characteristics and has a high value under clear
weather conditions and a low value under cloudy conditions, with its value ranging from 0.3 to 0.8. It is defined
as the ratio of the average daily or monthly radiation to the average daily or monthly extraterrestrial radiation Kr.

Monthly average clearness index Kr.

= i
K = o ©)
Where H and H, represents monthly average values over an horizontal surface.

According to latitude (¢ = 30°), the Ky can be obtained from table 1.
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Table 1 Clearance index for different latitude.

Latitude  Jan Feb Mar | Apr | May  Jun | Jul | Aug | Sep | Oct | Nov \ Dec
$88 052 053 052 | 06 | 065 | 049 | 042 | 038 | 043 | 047 | 062 | 05
N3O 05 06 081 06 066 088 067 066 066 065 059 056

N9.O 0.59 06 0.57 0.54 0.52 0.45 037 0.38 0.46 0.61 0.68 0.64

$13 063 062 069 062 049 046 039 04 | 051 064 052 | 061
N336 051 054 056 08 | 088 05 | 061 061 | 061 | 05 054 | 048
N61 046 04 046 046 047 043 | 036 034 03I | 044 051 | 048
NI47 062 067 068 067 065 06 | 053 05 05 | 06 06 | 059
$268 055 05 057 05 | 065 067 | 069 067 | 063 | 05 057 08
N136 068 07 | 07 | 068 067 064 | 061 061 064 | 067 07 | 07

N6S 051 051 055 0§ 06 063 | 066 | 064 061 08 | 058 | 05
NO1 05 048 048 047 047 048 046 045 | 048 | 048 | 048 | 049

The amount of solar radiation falling on a horizontal surface changes annually based on location and seasons, due
to its proximity to or distance from the equator. The solar path varies with the seasons, influenced by the summer
and winter solstices, and the length of day and night throughout the year. At the equator, the solar angle on a
horizontal surface is 90 degrees throughout the year, whereas it is less than 90 degrees on a horizontal surface at
the Tropic of Cancer and Tropic of Capricorn. The hemisphere that is tilted toward the Sun receives more solar
radiation than the hemisphere that is tilted away from the Sun. Thus, the amount of solar energy received on a
horizontal surface is greater in summer than in winter because the hemisphere tilted towards the sun receives more
solar energy, while the opposite hemisphere, tilted away from the sun, receives less solar radiation in winter.

The tilt angle of a surface significantly affects the amount of incident solar radiation. The maximum annual solar
energy is obtained when the tilt angle equals the latitude of the location, assuming fixed, non-adjustable tilt angles.
By selecting the optimal tilt angle, the goal is to have the incoming solar radiation perpendicular to the surface.
However, due to Earth's movement, this angle constantly changes, affecting the annual energy output. It is known
that the solar radiation incident on a surface is the sum of the direct, diffuse, and reflected components of the total
solar radiation, as shown in the figure 3.

By method of Liu and Jordan (1962) as extended by Klein (1977) [5], which has been widely used. If the diffuse
and ground-reflected radiation are each assumed to be isotropic, the monthly mean solar radiation on an unshaded
tilted surface can be expressed as in the correlation 6 [6].

Direct rad.

Diffuse rad.

\G_mur(\d reflected rad.

: -

Figure 3 solar radiation on a tilt surface [7].

There are many mathematical models for calculating the total amount of radiation, depending on how terms and
periods are handled, each of which relies on different assumptions.
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Hr =RH 6)

R the ratio of total radiation on the tilted surface to that on the horizontal surface. Assuming that the emitted
radiation and the reflected radiation from the Earth have the same properties, the R will be;

N

The correlation 7 represents the components of total radiation, where the first part represents direct radiation, the
second part represents diffuse radiation, and the third part represents reflected radiation.

% is a function of Kr, it is the ratio of daily total diffuse to daily total radiation.

% = 1.188 — 2.272KT +9.473 K% — 21.865 K?F + 14.648 Ki‘f (8)

The numerator of correlation 8 is the extraterrestrial radiation on the tilted surface, and the denominator is that
on the horizontal surface.

The ratio of the average daily beam radiation on the tilted surface to that on a horizontal surface for the month is
Rp;

cos(@—P) cos(8) sin(wg)+(1/180)wg sin(¢—B) sin(8)

Rb = cos(@) cos(8) sin(wg)+(1/180)wg sin(¢) sin(8)

9)

where ( w3) is the sunset hour angle for the tilted surface for the mean day of the month, which is given by:
. cos™1(— tan ¢ tand) }
| — 1
@s = min {cos‘l(—tan (@ — B)tand) (10)

where “‘min’’ means the smaller of the two items in the brackets.

Hy is monthly average daily total radiation on a tilted surface, Rpis monthly mean beam radiation tilt factor, H is
monthly average daily total radiation, Hq is monthly average daily diffuse radiation, R is monthly total radiation
tilt factor, pg is albedo factor, wg is sunset hour angle on a tilted surface by degree.

Calculating the energy required to heat the water in Dar Ghadames Hotel. These equations were used.

qhw(t) = Pw Q(t) pr . [Td - Ts] (11)

Water source temp. (Ts), Required hot water temp.(Td), Rate hot water demand volume (Q), the water density
(pw ) = 1000 kg/m3 and specific heat of water (C,,,) =4.18 ki/kg° C

The f-chart method estimates the fraction of a total heating load that will be provided by incidence solar radiation
energy for a standard configuration of domestic heat water system which has already shown in figure 1.

£f=1.029 Y — 0.065 X — 0.245Y2+ 0.0018 X? + 0.0215 Y3 (12)

X = Ac FRUtot(Tref— Ta)At (13)
Y — AC FR(‘:X)HT N (14)
FRUtot = C1 + G (T — To) (15)
FR(T(X) = CO (16)

Co=80%=0.8, C;=2.5w/m?k, C,=5.10"3 wim2Kk

Where: A, collector area (m?), f is the solar load fraction: fraction of monthly load carried by solar system, Fr is
the collector heat-removal factor , L is total monthly water-heating load (J/month), Ta is monthly average ambient
temperature (°C), T: is reference temperature with a value of 60°C, Uc is collector heat-loss coefficient (W/m2-°C).
At is number of seconds per month (s/month), ta is monthly averaged collector transmittance—absorptance
product.

Note That: All equations used in this paper are based on the equations in the book of Solar Engineering of Thermal
Processes, Fourth Edition, John A. Duffie and William A. Beckman [6].

Results and discussion

Ghadames is located in the far west of Libya at a longitude of 9.5° East and a latitude of 30° North, near the borders
with both Tunisia and Algeria. It is known as the "Pearl of the Desert" as it is one of Libya's oldest cities,
characterized by its unique architectural style. The construction of its houses is closely connected to its maze-like
alleys and streets, making it appear to visitors as if it were a series of pathways and corridors. The city has a
population of approximately 25,000 people. Ghadames Old City is a deeply historical site and has been classified
by Enesco as a World Heritage Site.
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Situated in a desert region with high solar radiation and a dry climate, where the sky is clear most days of the year,
Ghadames is an ideal location for investments in solar energy projects. Such initiatives can provide electricity and
water heating, contributing to sustainable development and creating new job opportunities in the region.

Dar Ghadames Hotel is one of the city's tourist landmarks, welcoming visitors throughout the year. Construction
of the hotel began in 1996 by the Tunisian company Atraf and was completed in 2005. It is rated as a 4-star hotel
and is owned by the Libyan Automobile and Tourism Club, a private institution established in 1969. The hotel is
currently leased to Wanzrik Tourism Services Company.

The total area of the hotel site is 13 hectares, with a covered area of 6000 square meters as in the figure 4.The hotel
has 68 rooms, including 32 double rooms, 32 single rooms, and 4 suites. Additionally, there is a dining hall with
a capacity of 120 people, as well as a central boiler room containing 3 boilers with a capacity of 5,000 liters each.
Two boilers are used for daily operations, while the third serves as a backup.

The hotel is supplied with water from the public network and fresh wells, and it has two main water tanks with a
capacity of 50,000 liters.

The hotel's peak season is from early October to late April when the weather is cool to moderate. During this
period the hotel accommodates about 100 guests. While the number of customers decreases during the summer
due to the high temperatures and the decrease in tourist demand to less than half.

The project to install a solar water heating system at Dar Ghadames Hotel represents a step toward achieving a
broader vision of adopting renewable energy sources in Libya’s tourism sector. It provides an opportunity to reduce
reliance on oil and gas, preserve the environment, and create new job opportunities in the region.
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Figure 4. Dar Ghadames Hotel Area.

The declination and sunset hour angles can be found from the correlations 1 & 2 and the results illustrated in the
table 2, while the number of daylight hours was determined by correlation 3. The site was characterized by a long
number of daylight hours which makes the environment very suitable for investment.

Table 2. Estimation of the Solar Declination& sunset angles .

months Day of year 8 Wy Ns (hours)
Jan (31) 15 -21.26 77.01 10.27
Feb (28) 46 -13.28 82.16 10.96
Mar (31) 74 -2.81 88.37 11.78
Apr (30) 105 9.41 95.49 12.73
Mai (31) 135 18.79 101.32 13.51
Jon (30) 166 23.31 104.40 13.92
Jul (31) 196 21.51 103.15 13.76
Aug (31) 227 13.78 98.14 13.09
Sep (30) 258 2.21 91.28 12.17
Oct (31) 288 -9.59 84.39 11.25
Nov (30) 319 -19.14 78.43 10.46
Dec (31) 349 -23.33 75.57 10.08
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The results obtained from the table 2 are positive, with daylight hours ranging between 10 and 14 hours. It is
noticeable that the deviation between June and December daylight hours is just 4 hours. This is a good for
encourage people to utilize the solar energy at this site, particularly. It shows higher sun hours in June, July and
August, while lower sunshine hours were in December and January. Figure 5 shows a graphic representation of
these values obtained. It represent the appropriate and natural of the radiation amounts during the months of the
year within the city of Ghadames.

16
14
12

10

day hours
0]

months

Figure 5. Number of daylight hours (Ns) for each month.

Using correlation 4 , the average monthly extra-terrestrial radiation energy ( H,) for the city of Ghadames was
estimated and presented in Table 3. The relationship between mean of the months and average monthly extra-
terrestrial radiation is shown in figure 6. It is oblivious that the peaks of solar radiation were at June to August.
The lowest values were around December and January. The solar constant (Gsc) was chosen to be 1367 w/m? [6].

Table 3. The Average monthly extra-terrestrial radiation for Ghadames city.

months Day of year ) Wy Ho MJ/m?
Jan (31) 15 -21.26 77.01 21.06
Feb (28) 46 -13.28 82.16 25.79
Mar (31) 74 2.81 88.37 31.39
Apr (30) 105 9.41 95.49 36.82
Mai (31) 135 18.79 101.32 40.02
Jon (30) 166 23.31 104.40 41.18
Jul (31) 196 21.51 103.15 40.57
Aug (31) 227 13.78 98.14 38.06
Sep (30) 258 221 91.28 33.40
Oct (31) 288 -9.59 84.39 27.56
Nov (30) 319 -19.14 78.43 2221
Dec (31) 349 23233 75.57 19.75
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Figure 6. The Average monthly extra-terrestrial radiation (Ho) for Ghadames city.

The Clarity Indexes for Ghadames Latitude have been obtained for each month and presented in Table 4. As can
be seen, the index vales shows a good values indicating possibility of investment solar energy. The index values
were around 0.6 which shows the consistent of solar energy during the year. In order to have obvious visualization,
the Clarity Indexes vs. months of the year have been shown in figure 7.

Table 4. Clearance index for Ghadames city latitude.

Months Jan | Feb | Mar | Apr | May | Jun | Jul | Aug | Sep | Oct | Nov | Dec

Ki (@ =30°) 056 | 0.60 | 0.61 | 0.63 | 0.66 | 0.68 | 0.67 | 0.66 | 0.66 | 0.65 | 0.59 | 0.56
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Figure 7. The average monthly clearance index (Kr) for Ghadames city latitude.
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By using correlation 5, the estimation of the average monthly solar terrestrial-radiation on horizontal surface (
Hy) has been found out and presented in table 5. It obvious lowest values were during winter time (December to
February) and highest vales were at summers time (June to August). It can be noted that the average monthly solar
radiation within winter time has a good values with about 11 MJ/m?2. This indicates that the consummation energy
will not be a big different between summer and winter. the relationship between average monthly solar radiation
on horizontal surface and months of the year has been sketch and illustrated in figure 8.

Table 5. The average monthly solar terrestrial-radiation on horizontal surface in Ghadames city.

Months n H, MJ/m? Kr Hu MJ/m2
Jan 15 21.06 0.56 11.80
Feb 46 25.79 0.6 15.48
Mar 74 31.39 0.61 19.15
Apr 105 36.82 0.63 23.20
May 135 40.02 0.66 26.41
Jun 166 41.18 0.68 28.01
Jul 196 40.57 0.67 27.19
Aug 227 38.06 0.66 25.12
Sep 258 33.40 0.66 22.05
Oct 288 27.56 0.65 17.92
Nov 319 22.21 0.59 13.10
Dec 349 19.75 0.56 11.06
30
25
20
§=
S~
§ 15
=
T
10
5
0

0 1 2 3 4 5 6 7 8 9 10 11 12
Months

Figure 8. monthly average solar terrestrial-radiation on horizontal surface.

The optimal solar tilt angle for a collector plays an important role for the efficiency of solar energy systems. The
solar flat collector surface tilted at different angles: 20°, 30°, 40°, and 60° were studied by employing correlation
6. The average monthly solar radiation at each of angle was calculated. The results were then analyzed to determine
the optimal tilt angle for ensure the optimal load is obtained. The effect of collector panel inclination at each angle
was presented in tables 6 to 9. Figures 9 to 11 show monthly average solar radiation at different tilted angles for
each month. As can be seen from the figures, the winter shows less solar radiation energy than summer but the
division between them was not large which is preferred to solar energy people.
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Table 6. The monthly average solar radiation at p=20".

Months n Hu [MJ/m?] Rb Ha/H R Ht [MJ/m?]
Jan 15 11.79 2.67 0.48 1.85 21.85
Feb 46 15.47 2.31 0.41 1.76 27.34
Mar 74 19.15 1.92 0.39 1.55 29.83
Apr 105 23.20 1.62 0.35 1.39 32.38
May 135 26.41 1.46 0.30 1.31 34.75
Jun 166 28.00 1.39 0.28 1.28 35.98
Jul 196 27.18 1.42 0.29 1.29 35.19
Aug 227 25.12 1.55 0.30 1.38 34.74
Sep 258 22.04 1.83 0.30 1.57 34.71
Oct 288 17.91 2.22 0.32 1.82 32.68
Nov 319 13.10 2.60 0.42 1.90 24.99
Dec 349 11.06 2.82 0.48 1.92 21.29
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Figure 9. The monthly average solar radiation (Hr) at f=20°.

Table 7. The monthly average solar radiation at § = 30°.

Months n Hu [MJ/m?] Rob Ha/H R Ht [MJ/m?]
Jan 15 11.79 2.70 0.48 1.85 21.89
Feb 46 15.47 2.33 0.41 1.77 27.43
Mar 74 19.15 1.94 0.39 1.56 29.91
Apr 105 23.20 1.63 0.35 1.40 32.49
May 135 26.41 1.47 0.30 1.32 34.92
Jun 166 28.00 141 0.28 1.29 36.20
Jul 196 27.18 1.43 0.29 1.30 35.39
Aug 227 25.12 1.57 0.30 1.38 34.91
Sep 258 22.04 1.85 0.30 1.58 34.88
Oct 288 17.91 2.24 0.32 1.83 32.85
Nov 319 13.10 2.62 0.42 191 25.06
Dec 349 11.06 2.84 0.48 1.92 21.33
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Figure 10. The monthly average solar radiation (Hr) at  =30°.
Table 8. The monthly average solar radiation at f= 40°.

Months n Hu [MJ/m?] Rob Ha/H R Ht [ MJ/m?]
Jan 15 11.79 2.67 0.48 1.82 21.57
Feb 46 15.47 2.31 0.41 1.74 27.07
Mar 74 19.15 1.92 0.39 1.54 29.52
Apr 105 23.20 1.62 0.35 1.38 32.08
May 135 26.41 1.46 0.30 1.30 34.52
Jun 166 28.00 1.39 0.28 1.27 35.80
Jul 196 27.18 1.42 0.29 1.28 34.99
Aug 227 25.12 1.55 0.30 1.37 34.52
Sep 258 22.04 1.83 0.30 1.56 34.51
Oct 288 17.91 2.22 0.32 1.81 32.49
Nov 319 13.10 2.60 0.42 1.88 24.73
Dec 349 11.06 2.82 0.48 1.90 21.02
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Figure 11. The monthly average solar radiation (Hr) at p=40°.
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Table 9: The monthly average solar radiation at p=60°.

Months n Hu [MJ/m?] Ry Ho/H R Hr [MJ/m?]
Jan 15 11.79 2.45 0.34 1.91 22.59
Feb 46 15.47 2.11 0.33 1.70 26.33
Mar 74 19.15 1.76 0.34 1.45 27.95
Apr 105 23.20 1.48 0.35 1.27 29.62
May 135 26.41 1.33 0.34 1.18 31.24
Jun 166 28.00 1.28 0.34 1.14 32.19
Jul 196 27.18 1.31 0.34 1.16 31.75
Aug 227 25.12 1.45 0.34 1.26 31.76
Sep 258 22.04 1.72 0.32 1.45 32.10
Oct 288 17.91 2.09 0.31 1.71 30.75
Nov 319 13.10 243 0.33 1.92 25.21
Dec 349 11.06 2.61 0.34 2.02 22.41
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Figure 12. The monthly average solar radiation at f=60°.

Table 10 summarize the monthly average solar radiation for different tilt angles. By comparing the results
throughout the angles, the surface with inclination of 30° shows the maximum energy value in June (36.2 MJ/m?)
and maximum energy value in December (21.34 MJ/m?). It is noticeable the inclination at this angle is close the
city's latitude.

Figure 13 shows inclination angels of the surface as a function of mean of the months. As can be seen from the
figure, that the amount of solar energy falls onto a surface with inclination angles (8 =20°, 30° and 40° had not
significant different. This indicates that the location has a good solar energy availability year-round. Since the
highest amount of solar energy is available when the surface was at tilted angle of 30°, in summer and winter, it
was considered the optimal tilt angle for the collector surface at this location. These results suggest that the location
is rich in solar energy making it very interesting for investment in solar energy fields.
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Table 10 The monthly average solar radiation (Hr) for different tilt angles of the collector.

Hr (MJ/m?)

Months (B=20) (B=30) (B=40) (B=60)
Jan 21.86 21.89 21.57 22.59
Feb 27.35 27.43 27.07 26.33
Mar 29.84 29.92 29.53 27.96
Apr 32.39 32.49 32.08 29.62
May 34.76 34.93 34.52 31.25
Jun 35.98 36.20 35.80 32.19
Jul 35.20 35.39 34.99 31.75
Aug 34.75 34.92 34.52 31.77
Sep 34.71 34.89 34.51 32.11
Oct 32.68 32.85 32.50 30.75
Nov 24.99 25.07 24.74 25.21
Dec 21.30 21.34 21.03 22.41
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Figure 13. Inclination angels of the surface versus of mean of the months at different tilted angles =20, 30, 40
and 60°.

The loads required to meet the demand of the hot water is determined by providing the desired water temperature.
In this study, the required water temperature was considered to be 60°C. The loads related to the distribution
network within the hotel depend on the number of guests in the hotel and the rate of hot water consumption. The
maximum capacity of the hotel is 110 people according to the company which has been managing the hotel for
about ten years, however the number of guests does not reach the maximum ranging between 70-100 in peak
months and less than half in the summer. According to what was reached after field visits to a number of hotels in
the city of Tripoli, the Tourism Development and Projects Authority affiliated with the Ministry of Tourism, and
the General Administration of the Water and Sanitation Company affiliated with the Ministry of Water Resources,
the average individual consumption of hot water is about 60 liters per day, accordingly, the demand loads for hot
water can be calculated by knowing the following variables:

If the water source temperature (Ts), the required hot water temperature (Td), and the rate of volume demand for
hot water (Q). For 100 Guests the demand rate Q will be:

Q =100 x 60 liters/day =6000 liters/day= 6 m3/day. (In the peak months). Q = 45 x 60 liters/day = 2700 liters/day
= 2.7m3/day.(In the summer months). The density of water can be taken as 1000 kg/m3, and the specific heat, as
4.18 kJ/kg °C. The energy required to heat the water has been estimated by using equation 11. Table 11 summarize
Monthly Water Heating Energy Demands.
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Table 11. Average monthly water Heating Energy Demands for each month.

Months Days/Month Q (m¥/day Demand (m3/month) gw (GJ/month)
Jan 31 6 186 38.874
Feb 28 6 168 34.40976
Mar 31 6 186 34.9866
Apr 30 6 180 28.5912
May 31 2.7 83.7 13.99464
Jun 30 2.7 81 12.52746
Jul 31 2.7 83.7 12.24531
Aug 31 2.7 83.7 11.545578
Sep 30 2.7 81 11.17314
Oct 31 6 186 28.76676
Nov 30 6 180 32.3532
Dec 31 6 186 37.31904

The F-Chart method is a simple and effective graphical technique used in the design and analysis of solar water
heating system and as well as for estimating the performance of the system. It was developed in the 1970 by Dr.
Duffy and Dr. Beckman [6]. The F-Chart method is based on sketching curves that represent the expected
performance of a solar water heating system based on several factors such as the amount of solar radiation obtained
from the solar collector, the amount of heat required for different applications, the specifications of the solar
collector and its absorption, insulation and storage system characteristics. In this manner, the specific annual solar
load fraction (the ratio of annual solar load fraction to area) has been calculated using correlation 12 and illustrated
in table 12.

Table 12. Annual solar load fraction (f).

Days Demand
Months (Mor)(th) Q ma3/day (m3/month) qw (J) f
Jan 31 6 186 1254000000 0.3858
Feb 28 6 168 1228920000 0.4385
Mar 31 6 186 1128600000 0.5577
Apr 30 6 180 953040000 0.6715
May 31 2.7 83.7 451440000 1.1939
Jun 30 2.7 81 417582000 1.2448
Jul 31 2.7 83.7 395010000 1.281
Aug 31 2.7 83.7 372438000 1.307
Sep 30 2.7 81 372438000 1.285
Oct 31 6 186 927960000 0.710
Nov 30 6 180 1078440000 0.481
ec 31 6 186 1203840000 0.386
9783708000 (J)
9.783708 (GJ)

According to the equations and based on the characteristics of the collector from the approved tables, the results
were obtained. figure 14 show the annual solar load fraction at different surface area. It was noticed that the most
suitable area for this specific load was 20 m2.This area is sufficient to cover 97% of the load with the remaining
load being coverable, if necessary through the main grid.

The optimal annual system was designed to supply Dar Ghadames Hotel with hot water at a temperature of 60
degrees throughout the year, including the peak period when the load is 100 guests, as well as covering the demand
during the summer period when the load is less than half. The design was to install the solar collector on top of the
building near the boiler room and tanks.
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Figure 14. The annual load fraction vs. collector area (f-chart curve).

The conclusion

In this research conducted to design a solar water heating system for Dar Ghadames Hotel, the necessary site data
obtained from the National Center of Meteorology were used along with mathematical equations from the book
Solar Engineering for Thermal Processes, by John A. Duffy and William A. Beckman. A flat plate solar collector
was chosen for this study with the following characteristics Fg(ta) = C,= 80 % = 0.8, C;= 2.5 W/m2 k , C,=
5.1073 W/m2 k.

It is considered the most suitable in terms of meeting the required temperatures and cost effectiveness. Solar
radiation data were collected and the monthly average of extra-atmospheric and intra-atmospheric solar radiation
on a horizontal surface was calculated. The monthly average of solar radiation inside the atmosphere was also
calculated on the inclined surfaces at different angles (20, 30, 40, 50, 60) to determine the optimal angle of
inclination. It was found that the best angle of inclination is 30 degrees towards the south, through which the
maximum amount of solar energy needed to heat water, can be obtained in the appropriate amount to cover the
load in the hotel and at the required temperature of 60 degrees Celsius. The f-chart method was used to calculate
and optimize the area of the suitable solar collector area for the system in this location, which was 20 square
meters. This is an appropriate area to cover the load of the hotel required during a year. Any increase in the number
of solar panels means an increase in costs. The results also showed that the site has a good enough of solar energy.
It was found that the maximum intensity of solar radiation reached (36.20 MJ/m?2) in June and the lowest value
reached (21.33 MJ/m?) in December. This amount of energy is sufficient to meet the site’s needs, which amount
to (38.874 GJ/month).

Compliance with ethical standards
Disclosure of conflict of interest

The authors declare that they have no conflict of interest.

References

1. International Energy Agency. 2022 report.

2. IRENA. 2022 report.

3. Cooper, P. 1. (1969). The absorption of solar radiation in solar stills. Solar Energy, 12(3), 333—346.

4. https://www.astrojem.net/translation-of-the-earth-around-the-sun-at-106-000-km-hour.

5. John A. Duffie and William A. Beckman, Solar Engineering of Thermal Processes
1977 (Wiley).

6. Duffie, J. A., & Beckman, W. A. Solar Engineering of Thermal Processes, Fourth Edition. John Wiley & Sons,
Inc,2013.

7. G. E. A. Muftah, Mohamed Husayn Alzaaluk, Optimize tilted angle of PV panel subjected to Tripoli
microclimate condition, Albahit Journal of Applied science 4 (2025) 1.

Disclaimer/Publisher’s Note: The statements, opinions, and data contained in all publications are solely those of
the individual author(s) and contributor(s) and not of LJCAS and/or the editor(s). LJCAS and/or the editor(s)
disclaim responsibility for any injury to people or property resulting from any ideas, methods, instructions, or
products referred to in the content.

Libyan Journal of Contemporary Academic Studies
74 Website: https://ljcas.ly/index.php/ljcas/index

Copyright: © 2026 by the authors. Submitted for possible open access publication under the terms and conditions of the
Creative Commons Attribution (CC BY) license (https://creativecommons.org/licenses/by/4.0/).



https://ljcas.ly/index.php/ljcas/index
https://www.astrojem.net/translation-of-the-earth-around-the-sun-at-106-000-km-hour

