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Abstract

NEOM is a proposed megacity and business zone in the Kingdom of Saudi Arabia (KSA). It was announced
in 2017 by Crown Prince Mohammed bin Salman with the goal of creating a hub for innovation and a hub
for the future of living. NEOM is planned to cover an area of over 26,500 square miles, and will include a
focus on sustainability and cutting-edge technology. The project is being backed by the Saudi Arabian
government and private investment. The primary objective of KSA is to utilize the renewable energy
resources in the NEOM region sustainably. This study evaluates the availability of solar energy in the
NEOM region on a quantitative and qualitative basis, and a database of weather conditions such as
temperature and wind speed is collected and processed. NEOM has favorable climate conditions with an
average annual radiation incident energy of 12.54 GJ/m?, wind speed of 15.68 km/h, and temperatures
ranging from 16 to 38 °C. Based on the analyzed data, the study investigates the potential of solar energy as a
sustainable source and alternative to conventional fossil fuels. The utilization of solar energy could be
applied in various ways including seawater humidification-dehumidification (HDH) desalination with
productivity of 26-33 I/day/m?, solar cooling with an average load of 15 MJ/day/m?, green hydrogen
production with rate of 41-47 mole/day/m?, and electrical power generation with rate 4.2-6.8 MJ/day/m?.

Keywords: Solar energy; availability assessment, potential applications.

1. Introduction

In October 2017, the Kingdom of Saudi Arabia
introduced the NEOM project, which aims to
construct a smart, environmentally friendly
economic region with zero carbon emissions. The
NEOM project covers a 465 km coastline along
the Agaba Gulf and coral reefs in the northwest of
Saudi Arabia [1]. The project offers numerous
benefits including economic opportunities and
enhanced  competitiveness among  various
economic sectors [2].

The development of new communities such as
NEOM presents challenges, particularly in terms
of a lack of natural resources such as water and
clean energy. As a result, it is necessary to utilize
the available renewable energy sources such as
solar, wind, wave, and tidal energy to meet the
demands of these communities [3-6]. Solar
energy is a promising solution, as it is readily
available in the Middle East and North Africa,
particularly in the Arabian Peninsula, and can be
utilized for a variety of applications including
solar heating [7], solar cooling [8-10],

desalination [11], green hydrogen production
[12,13], and electrical energy generation [14, 15].

One potential application for the NEOM region is
the desalination of seawater utilizing solar energy,
which would provide a sustainable source of fresh

water.  Various solar-powered  desalination
technologies exist including thermal-driven
membrane (TDM) [16-19], humidification-

dehumidification [20-23], and solar stills (SS)
[24-27]. TDM desalination offers benefits such as
high system efficiency and water quality,
intermittent  operation, and low operating
temperatures. SS desalination is simple and low-
cost but has limited production capabilities. The
performance of SS desalination can be improved
through the use of various design features such as
pyramidal or hemispherical shapes, internal or
external condensers, solar reflectors with fins or
wicks or phase-changing materials. HDH
desalination offers high productivity but is
complex in configuration and operation, and its
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performance is dependent on the
configuration and energy source.
Another potential application is solar cooling,
which can reduce the amount of traditional energy
used in air conditioning systems for facilities and
residential buildings. The solar cooling process
utilizes solar power to drive a thermally-driven
cooling process, reducing and controlling the
temperature of water or air for conditioning.
Several cooling cycle technigques exist including
absorption cycles [8-10], desiccant cycles [28,
29], and solar mechanical cycles [30—-32].

The NEOM green hydrogen project, the world's
largest green hydrogen plant, utilizes renewable
energy to produce green ammonia. Research is
underway to increase the efficiency of converting
solar energy into hydrogen using a combination of
technologies [33-37]. The storage and
transportation of hydrogen energy is facilitated
through the use of ammonia, which serves as an
enabler for the storage, transport, and use of
renewable energy [38]. Ammonia can be burned
with air to produce energy, serving as an
alternative to solar and wind energy during
periods of low supply power [39]. Efforts are
currently underway to find the best methods for
burning ammonia in thermal power plants [40].
Green ammonia is also being evaluated as a cost-
effective option for decarbonizing maritime
transport and as a fuel source for internal
combustion engines [41].

Direct conversion of solar energy into a clean and
sustainable source of electrical energy via solar
photo-voltaic (PV) or flexible panels remains a
crucial approach for supplying electricity to
various sectors. Although PV  conversion
efficiency is low, ongoing research aims to
optimize their application and increase their
efficiency [42-45].

This research work assesses the availability of
solar energy in the NEOM area based on data
from the NASA project [46]. It also investigates
the potential applications of solar energy
including direct use for desalination or solar
cooling and indirect use through conversion into
green hydrogen or electric energy. The
productivity of these applications is evaluated
based on available data from literature for each
month of the year.

system

12

2. Results and discussion

2.1. Assessment of solar energy

NASA POWER project [46] provided solar
radiation and weather data for the NEOM region
over the course of five years, from January 2017
to December 2021. Using this data, an arithmetic

average was calculated for each day of each

month to represent the daily average of solar

radiation and weather conditions.

Figure 1 represents the various components of clear
sky solar radiation for the NEOM region (located
at 28°05'43.8"N 35°04'57.4"E) over the course of a
year. The components included in the figure are
global radiation, direct normal beam, diffuse sky
radiation, and earth reflected radiation, along with
ambient temperature and wind speed data for an
average day of each month.
The data in figure 1 provides insight into the daily
average of global solar radiation perpendicular to
a surface, as well as the daily average of wind
speed and temperature. The total solar radiation
has an average value of 715 W/m? with a day
length of approximately 12 hours during the
winter, while it has an average value of 685 W/m?
with a day length of more than 15 hours during
the summer months. The total solar radiation is
composed of the direct normal beam and sky
diffuse radiation.
The direct normal beam has an average value of
600 W/m? during the winter months and decreases
to 570 W/m? during the summer months, while the
average sky diffuse radiation is 115 W/m2. The
earth reflected radiation has an average value of
85 W/m? in the winter months and increases to
115 W/m? during the summer months.
From processing the provided data from NASA
POWER project [46], table 1 lists the total
incident energy from solar radiation on a
perpendicular surface for an average day of each
month, as well as the annual total amount for the
NEOM region. The data shows that the total
annual incident energy of the global radiation,
direct normal beam, and sky diffuse radiation are
12.54, 10.41, and 2.13 GJ/m?, respectively, while
the total incident energy of the earth reflected
radiation is 1.82 GJ/m?. The minimum values of
the daily total incident energy of the global
radiation and direct normal beam are 30.3 MJ/m?
and 25.9 MJ/m? in December, while the maximum
values are 38.4 MJ/m? and 32.1 MJ/m? in June,
respectively.
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Figure 1. Clear sky conditions solar radiation and climate data for NEOM Region around the year for the average of each

month processed and manipulated from NASA POWER project [46].

Table 1. Total incident energy from the solar radiation components of the average day of each month and year based

on clear sky condition for NEOM region.

Solar radiation Total
[MJ/m?/day] Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Gaim?lyear
Total 319 | 331 | 353 | 364 | 372 | 384 | 369 | 358 | 331 | 325 | 314 | 303 12.54
radiation
D"eggggma' 271 | 273 | 291 | 203 | 299 | 321 | 304 | 298 | 273 | 273 | 267 | 259 | 1041
Sky diffuse 48 | 58 | 62 | 71 | 73 | 63 | 65 6 58 | 52 | 47 | 44 213
radiation
Earth reflected
adintion 34 | 42 | 52 | 59 | 62 | 63 | 63 6 52 | 44 | 36 | 31 1.82
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2.2. Weather data

From processing the available data from NASA
POWER project [46], table 2 records the
minimum, average, and maximum temperature,
and the average wind speed of the average day of
each month through the year as well the annual
average amount for the same weather aspects. The
data depicts that, January has the minimum

temperature trajectory around the year of
minimum, average and maximum of about 16, 19,
and 22 °C, respectively, while July and August
have the maximum temperature trajectory of
minimum, average and maximum of about 29, 33,
and 38 °C, respectively. The wind speed has an
average value over the year of 15.68 km/h.

Table 2. Minimum, average and maximum temperature, and average wind speed on the average day of each month
for NEOM region.

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Avg.
Min
® 16.02 | 16.56 | 18.43 | 21.03 | 2555 | 27.31 | 29.02 | 2941 | 2847 | 25.65 | 21.86 | 18.47 | 23.15
>
8 | Avg
g O, 18.80 | 19.68 | 22.10 | 25.11 | 29.86 | 32.04 | 3335 | 3356 | 32.69 | 29.22 | 24.74 | 21.14 | 26.86
IS
2 Max
2211 | 2329 | 26.13 | 29.31 | 34.08 | 36.57 | 37.70 | 37.94 | 3741 | 3332 | 2817 | 24.41 | 30.87
Average wind
speed [km/hr] 1515 | 14.65 | 16.02 | 16.06 | 1543 | 1829 | 1566 | 1575 | 17.28 | 15.11 | 13.61 | 15.15 | 15.68

2.3. Potential application of solar desalination

Solar desalination

Due to the limited water resources and the
availability of solar energy around the year, solar
desalination is one of the most talented
applications that can supply fresh water for the
NEOM region. Solar desalination relies on several
techniques including HDH, thermal membranes,
and solar stills. The gain ratio of the HDH can be
ranged from 0.81 to 4.23 [20-23], which depends
on the design of the system and the use of
multiple sources of energy. This method is

considered one of the most productive methods,
especially if it is combined with other thermal
systems for heating water and air. The TDM
method is characterized by medium productivity,
which is obvious from the specific energy
consumption (SEC) that ranges from 180 to 611
kWh/m? [16-19]. SS desalination is characterized
by simple design and effortless operation that
does not require trained workers or high
maintenance costs, but SS is characterized by low
production [24-27] compared to the other
techniques. The performance of solar desalination
technologies is listed in table 3.

Table 3. Performance of solar desalination technologies.

HDH Gain ratio TDM, SEC, kWh/m? Solar still, Efficiency %
Elzayed et al., 2021 [20] 0.99 | Shafieian et al., 2020 [16] 611 | Prakash and Jayaprakash, 2021 [24] | 50.85
Mohamed et al., 2021 [21] 0.81 | Criscuoli and Carnevale 2022 [17] | 580 | Abdullah et al., 2021 [25] 82.00
Abdel Dayem and AlZahrani, 2022 [22] | 4.23 | Zaragoza et al. 2014 [18] 400 | Ahmed et al., 2021 [26] 50.55
Khalaf-Allah et al., 2022 [23] 1.45 | Shafieian et al., 2020 [19] 180 | Mohaisen et al., 2021 [27] 46.00

Figure 3 depicts the freshwater daily production
of different solar powered desalination
technologies around the year under NEOM region
solar radiation and climate conditions. Figure 2 (a)
illustrate the freshwater production from solar still
methodologies. On the average basis, solar still
produces 8 l/day/m? in the winter months and
increases to 10 l/day/m? in the summer months.
Figure 2 (b) shows the freshwater production from
HDH techniques. On the average basis, HDH
yields 26 I/day/m? in the winter months and grows
to 33 I/day/m? in the summer months. Figure 2 (c)
indicates the freshwater production from TDM
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systems. On the average basis, TDM returns 20
I/day/m? in the winter months and increases to 25
I/day/m? in the summer months. A comparison
between the three technologies is presented in
figure 2 (d), the figure illustrates that the HDH
technologies have a large production compared to
the other technologies. In this context, it should be
noted that these technologies should be compared
in terms of the cost of construction and periodic
maintenance, as well as the extent of ease of
operation and dependence on different types of
energy, and the extent of their compatibility with
the environment.
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Figure 2. Daily freshwater production from solar desalination technologies based on NEOM region solar availability and
climate conditions around the year.

Solar cooling

As shown in figure 1, the nature of the weather in
NEOM region tends to be high temperatures that
exceed 30 degrees Celsius from April to October.
This makes the need for air conditioning in
residential, administrative, and commercial
buildings very necessary, so solar cooling is one
of the important potential applications in NEOM
area. Solar cooling technologies depend on the use
of different pairs of moisture adsorption materials,
which are designed and operated in different ways
that affect their coefficient of performance, as
listed in table 4.

Figure 3 illustrate the solar cooling load from
different systems based on two-dimensional solar
tracking water heaters. The solar cooling load
varies from 10 to 20 MJ/day/m? with an average
of 14 MJ/day/m? in the winter months and
increases to 10 to 25 MJ/day/m? with an average
of 17 MJ/day/m? in the summer months.
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Table 4. Coefficient of performance of solar cooling
technologies

Solar cooling, coefficient of performance
El-Sharkawy et al., 2013-2014 [8-10] 0.53
Najeh et al., 2016 [47], Elsheniti et al., 2021 [48] 0.625
Liu et al., 2021 [49] 0.26
Chang et al., 2009 [50] 0.37

30 — r - r - r : r ' : ' :
[ E1-Sharkawy et al., 2013-14 [8-10] [ Elsheniti et al., 2021 [32]
[Cviu et al., 2021 [31] Chang et al., 2009 [33]

Average

N
o

Daily solar cooling load, [MJ/day/mZ]
> @ 8

o
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Figure 3. Daily solar cooling load based on NEOM
region solar availability and climate conditions around
the year.
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Green hydrogen production

Green hydrogen can be produced at NEOM using
photolysis, which is a process that uses light
energy to split water into hydrogen and oxygen. In
this process, sunlight is concentrated onto a photo-
electrochemical cell, which uses the energy from
the light to drive the electrolysis reaction. This
allows for the production of hydrogen gas without
the need for electrical power, which can be
generated from renewable sources such as solar
energy with solar to hydrogen efficiency (STH)
ranged from 25% to 36%, as listed in TasLe 5. By
using photolysis at NEOM, hydrogen can be
produced in a clean and sustainable manner,
helping to reduce greenhouse gas emissions and
support the transition to a low-carbon energy
economy.

Figure 4 represents the green hydrogen production
at NEOM for each month of the year. The
production of green hydrogen appears to be
highest in the months of June, with a production
rate of 47 mole/day/m?, and lowest in the months
of Jan and Dec, with a production rate of 38
mole/day/m?. Overall, the production rate is
relatively stable throughout the year, with small
fluctuations around an average production rate of
approximately 41 mole/day/m?. This could
indicate that the green hydrogen production at
NEOM is relatively consistent and reliable but
further analysis is needed to determine the causes
of the fluctuations in production and the factors
that influence the production rate.

Table 5. Green hydrogen production, STH efficiency.

Green Hydrogen production, STH efficiency
Sun et al., 2022 [33] 25.00%
Nishiyama et al., 2021 [34] , 0
Jieyang et al., 2016 [35] 30.00%
Wijayantha 2012 [36] 31.00%
Qiao et al., 2022 [37] 26.33

60
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Figure 4. Daily green hydrogen production based on
NEOM region solar availability and climate conditions
around the year.
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Electric generation

Electricity can be produced from photo-voltaic
(PV) and thermos-photo-voltaic (TPV) systems at
NEOM. Photo-voltaic (PV) systems convert
sunlight into electrical energy using solar cells.
Thermo-photo-voltaic (TPV) systems use heat
from a fuel source or solar collectors to generate
electricity by exciting a photovoltaic cell. Both
methods produce electricity from renewable
sources and support a low-carbon energy
economy. By using both PV and TPV systems,
NEOM can produce electricity from renewable
sources in a clean and sustainable manner with
conversion efficiency ranged from 12% to 18%,
as listed in table 6, helping to reduce greenhouse
gas emissions and support the transition to a low-
carbon energy economy.

Table 6. PV and TPV conversion efficiency.

PV and TPV conversion efficiency

Yildirim et al., 2022 [42] 17.79%

Arslan et al., 2020 [43] 13.56% - 13.89%

Sukumaran and Sudhakar, 2018 [44] 13.33-16.4%

Kumar et al., 2021 [45] 12-18%

Figure 5 represents the electricity production at
NEOM using PV/TPV systems around the year.
The production of electricity appears to be highest
in the months of May and Jun, with a production
range of 6.7 to 6.8 MJ/day/m?, and lowest in the
month of Nov, with a production range of 4.2 to
5.5 MJ/day/m?. Overall, the production rate is
relatively stable throughout the year, with small
fluctuations around an average production rate of
approximately 5.2 to 5.9 MJ/day/m?2. This could
indicate that the electricity production at NEOM
is relatively consistent and reliable but further
analysis is needed to determine the causes of the
fluctuations in production and the factors that
influence the production rate.
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Figure 5. Daily PV electricity generation based on NEOM
region solar availability and climate conditions around
the year.
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3. Conclusion

In conclusion, the study analyzed the solar energy
potential of the NEOM region. The annual
incident energy of the global radiation, direct
normal beam, and sky diffuse radiation was found
to be 12.54, 10.41, and 2.13 GJ/m?, respectively.
The weather data showed that the wind speed in
the region had an average value of 15.68 km/h,
and the temperature had minimum, average, and
maximum values of 16, 19, and 22 °C in January,
and 29, 33, and 38 ‘C in July and August,
respectively.

e Solar Desalination: Solar desalination
techniques  including HDH,  thermal
membranes, and solar stills can provide fresh
water for the NEOM region. HDH vyields 26-
33 I/day/m?, thermal membranes yield 20-25
I/day/m?, and solar stills yield 8-10 I/day/m?.
HDH is considered to be the most productive
method compared to the other techniques.

e Average solar cooling load is 14 MJ/day/m?
in winter and 17 MJ/day/m? in summer.

e Average green hydrogen production rate is
41 mole/day/m?, with highest production rate
in June (47 mole/day/m?) and lowest in
Jan/Dec (38 mole/day/m?).

e Monthly electricity production rate is highest
in May and June (6.7 to 6.8 MJ/day/m?) and
lowest in Nov (4.2 to 5.5 MJ/day/m?) with an
average of 5.2 to 5.9 MJ/day/m?.

Further study is needed to determine the best
technology that aligns with NEOM's goals of
maximizing productivity while minimizing costs
and environmental impact. The chosen technology
should be cost-effective and minimize the
negative impact on the environment. With the
proper technology in place, NEOM can achieve its
goal of producing renewable energy in a clean and
sustainable manner, reducing greenhouse gas
emissions, and supporting the transition to a low-
carbon energy economy. By conducting this
additional analysis, the team can ensure that the
implementation of the technology is both efficient
and sustainable, and that the goals of NEOM are
met in a manner that benefits the environment and
society.
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