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Abstract
For two decades, the United Nations have developed several initiatives and agreements
concerned with the environment, sustainable buildings, and climate change. These initiatives and
agreements require economic and social transformation. This paper will focus on the
opportunities and challenges in developing sustainable buildings for Middle Eastern countries
such as Saudi Arabia. For example, in Saudi Arabia, residential buildings account for over 50%
of the total electricity consumption. Solutions such as solar panels and hydroponic systems
(indoor farming) can help develop sustainable, energy-efficient, and cost-effective buildings. The
question here: is adding solar panels and hydroponic systems infrastructures worth the total
costs? The purpose of this paper is to investigate the use of both systems for residential building
(personal home). Furthermore, to develop economic and risk uncertainty analysis.
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Introduction & Background

For the past two decades, the United Nations has developed several new initiatives and
agreements concerned with the environment, sustainability, and climate change. These initiatives
and agreements require economic and social transformation. Therefore it is important to
understand why sustainability is important? How to achieve sustainable development? What are
the economical aspects associated with the transition?

Sustainability boosts the quality of life, creates healthier environments, and preserves natural
resources. If managed correctly, it creates an economically efficient system that satisfies the
present needs without jeopardizing future generations' ability to meet their own needs [3].

Sustainability is essential to meet the worldwide population growth. The United States for
example has 0.57%  population growth rate [5]. And the international population growth rate is
around 1% [4]. On the other hand, the Middle East has a higher average population growth rate
of 1.7%, in which countries like Egypt and Saudi Arabia have population growth rates of 1.9%
and 1.6% respectively [6,7]. This will lead to a continuous increase in the demand for food,
water, and energy supplies. Therefore, it is important to achieve sustainable development to meet
the increasing demand.

Achieving sustainable development requires holistic consideration of the food, water, and energy
nexus. The United Nations stated that the countries of the Gulf Cooperation Council (GCC):
Bahrain, Kuwait, Oman, Qatar, Saudi Arabia, and the United Arab Emirates (UAE) import 83%
of their consumed food. Saudi Arabia for example has scarcity in arable lands and water with
88% of water consumption going to agricultural uses [4]. Therefore, achieving higher food
sustainability levels can severely impact non-renewable water resources. A noteworthy example
in the 1980s, Saudi Arabia subsidized the local wheat production in an initiative to achieve food
security. This helped Saudi Arabia achieve wheat self-sufficiency to the point that Saudi
exported wheat in the 1990s [8]. However, this severely impacted the non-renewable
underground water reserves, which required an action to regulate wheat production. Does this
mean that achieving food security always comes with the price of water security?  Is it still
important to focus on urban food sustainability?

Urban food sustainability is important especially in situations such as COVID-19, in which the
global supply chain was distributed. Solutions such as indoor hydroponic farming have high
levels of water efficiency and proved to be much more efficient, practical, and have clear
advantages over traditional agriculture approaches especially in urban places.
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Table 1: Rand’s Food-Water-Energy Index for GCC [9,17]

The development of sustainable energy can also help to reach high levels of urban sustainability.
The Middle East in general and GCC countries especially have significant solar potential.
Therefore, building on these strengths might be more beneficial. Table1 shows the FWE- index
for the GCC countries, in which the average scores for GCC countries in the Food Sub-index,
Energy Sub-index, and Water Sub-index were 0.64, 0.9, and 0.2 respectively.  This shows the
high potential energy levels and the limited water resources. Furthermore, table 2 shows the total
renewable water resources per capita in GCC countries and compares it with the United States
and Egypt.

Countries Total renewable water resources per capita (m3/inhab/yr)

USA 9383

Egypt 584

Bahrain 74

Kuwait 5

Oman 190

Qatar 21

Saudi Arabia 72

UAE 16

Table 2: Total Renewable Water Resources per Capita.  AQUASTAT Database - FAO, accessed in April 2022 [2].

This paper will focus on the opportunities and challenges to achieve urban sustainability through
the development of sustainable buildings in the middle east region. In doing so, this paper will
focus on analyzing the economical challenges due to infrastructure costs and operational costs
which include maintenance, electricity, and water. Furthermore, assessment of different tariffs
and costs that supports those systems.
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Why focusing on Buildings’ Sustainability?
According to the US Green Building Council buildings are considered the largest consumer of
natural resources [20]. Furthermore, buildings’ sustainability have social, environmental, and
economical impacts. In the United States for example, buildings account for 39% of total energy
use, 68% of total electricity consumption, 12% of total water consumption, and 38% of carbon
dioxide emissions [18]. Furthermore, in Saudi Arabia buildings account for 49% of total energy
use and 80% of total electricity consumption [19].

Solutions such as solar panels and hydroponic farming can help develop sustainable,
energy-efficient, and cost effective buildings. The market for solar panels and hydroponic
farming in Saudi Arabia is significantly increasing, but mainly in large scale projects much more
than for residential usage. The question here is adding solar panels or hydroponic systems in
residential buildings (homes) cost effective?  What are the risks associated with the use of both
systems in residential buildings?

Assumptions:
● Rooftop Area (400 square meters)
● Solar Panels Systems:

○ A 6kW System or  10kW System
● Location: Alraed neighborhood, Riyadh, Saudi Arabia
● All of the energy produced will be used for the house.
● Solar panels salvage value is 0.

Rooftop Hydroponic farming:
In cities like Riyadh, rooftop hydroponic farms are critical for developing urban agriculture
environments. Hydroponics farms have a soilless culture. They provide high yields and they
have year-round production. Furthermore, it does not require space as highlighted in figure 1 and
consumes 90% less water. Therefore, it is essential in cities such as Riyadh.
Furthermore, the development of urban agriculture resources help in reducing the carbon
footprint [1]. Especially after understanding the demand. For example, growing lettuce and
tomatoes might be more beneficial than strawberries depending on the demand as they can be
used in different meals.
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Figure 1: Urban Agricultural Sustainability Opportunities (Hydroponic farming). [1]

Rooftop Hydroponic farms - Risk Uncertainty Analysis

Figure 2: Risk analysis - rooftop hydroponic farming in residential buildings (home).

Risks associated with hydroponic gardens Risks Mitigation

1 Planet disease (high severity- low
likelihood)

Low probability, which can be avoided by
sanitizing to avoid transporting a disease

2 Power outage (low severity- low likelihood) Low likelihood, but in case it happened self
irrigating the system would be sufficient.

3 Nutrition Balance (med severity- med/high
likelihood)

Requires experienced labor, but can be
simplified by growing only one crop.

4 High electricity costs for Air conditioning Electricity costs associated with air
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and lightning. (med/ high severity- high
likelihood)

conditioning would be high in relation to the
return of investment.

The two major risks associated with the installation of a hydroponic system are the nutrition
balance and the high electricity costs. Achieving nutrition balance between the different crops
require experience. For example, tomatoes do not grow together with lettuce as it consumes most
of the nutrition. Therefore they need to be separated in the system, which requires extra space.

Hence, growing only one type of crop is recommended especially for less experienced farmers.
This will lead to the overproduction of one crop, which would be an issue unless it was sold.

Therefore, it would be more justifiable to build a hydroponic farm in a larger building, in which
either the demand for one crop such as lettuce would increase. Or in a building with larger space
and larger hydroponic system to grow more than one crop. Then it would be justifiable to hire an
expert and to develop a market for the plants.

Therefore, for the purpose of this paper since it’s targeting personal homes, growing one crop
only would be insufficient. Because the system will require air conditioning and it won’t be cost
effective to provide air conditioning to the system for just one plant given the nutrition
deficiency risk. Therefore, this option will be excluded from further analysis in this paper.

Rooftop Solar Panels
The total energy consumption regardless of the sources is continuously increasing
internationally. Therefore, governments worldwide place regulations and incentives to facilitate
the transition towards renewable energy resources. Figure 3 shows the increase in the total
energy consumption per year in Saudi Arabia from 2010 to 2020. However, after 2016 the Saudi
electricity company announced new tariffs which helped reduce the increasing demand.
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Figure 3: Data source: ”Saudi Arabia Energy Information” [25], Analysis: Waleed Alhayaza

Therefore, the prices for electricity are expected to continuously increase internationationaly.
Figure 4 shows average electricity retail prices in the US from (2015-2021). Therefore, investing
in a renewable energy system such as rooftop solar panels becomes much more economical with
the continuous increase in electricity tariffs.

Figure 4: Data source: “U.S. Retail Electricity Prices 2021.” , Analysis: Waleed Alhayaza
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Analyzing Energy sustainability requires understanding the energy flow and the load itself. Most
of the produced electricity in Saudi Arabia is consumed by cooling systems around 52% [21].
This will help in selecting suitable solar panels to meet the demand.

Figure 5: Load Contribution Percentage from the overall electricity consumption [21].

Rooftop Solar Panels- Risk Uncertainty Analysis

Figure 6: Risk analysis - rooftop solar panels in residential buildings (home).
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Risks associated with solar panels Risks mitigation

1 Electrocution.
(high severity- low/med likelihood)

The access to the rooftop has to be controlled
especially with the presence of kids. Plus, full
coverage of wires to avoid direct exposure.

2 Decrease in the performance due to
sandstorms. (Med severity- med
likelihood)

Establish a contract with a cleaning agency.

3 Decrease in the performance due to
shade. (med severity- high
likelihood)

Solar panels have to be fully exposed to the  sun. If
one of the panels under performed due to shade
other panels will suffer. Therefore, solar panels have
to be integrated in the initial design of the house.

4 Shortage in trained maintainers.
(annually). (med/high severity-
med/low likelihood)

Establish a contract when possible.

5 Shortage in trained cleaning
services. (med/low severity-
med/low likelihood)

Establish a contract when possible.

6 Damage to panels leading to lower
performance due to extreme heat
and weather conditions. (med
severity- med/low likelihood)

Purchase insurance with the solar panels system

Rooftop Solar Panels - Economic Analysis
For the purpose of this paper the two solar panels systems analyzed are the 6 kW system and 10
kW system. The 6kW system produces around 400-900 kWh of electricity a month. And it
requires up to 43 square meter of space [13],[14]. On the other hand, the 10kW system produces
about 1200-1700 kWh of electricity a month. And it requires up to 60 square meter of space
[15],[16]. Table 3, shows the electricity tariff in Saudi Arabia, in which it states that the
electricity price for residential consumption is 18 Halalah/kwh (around 0.048 U.S. dollar/
kWh0). On the other hand Table 4, shows different electricity rates internationally.
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Table 3: Electricity tariff in Saudi Arabia. (Saudi Electricity company)[12].

California 19.90¢ / kWh

United Arab Emirates 8.10¢ / kWh

Egypt 4.40¢ / kWh

Texas 11.36¢ / kWh

Washington DC 13.21¢ / kWh

Table 4: Electricity rates for different cities based on different tariffs. [10],[11]

The size of the energy produced by solar panels depends on several variables including size of
the system, location of the system (city), and the position in relation to the sun. Therefore, the
solar calculator tool was used to estimate the energy produced by rooftop solar panels per month
at the specified location (Alraed neighborhood, Riyadh Saudi Arabia). The tool was developed
by the Water and Electricity Regulatory Authority in Saudi Arabia.  Figure 7 shows the average
produced energy per month for the 6 kW and 10 KW systems.

Figure 7: Data source: ”Saudi Arabia Energy Information” [25], Analysis: Waleed Alhayaza
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The average electricity production for the 6 kW and the 10 kW systems was 860 kWh and 1520
kWh respectively. Therefore, the average cost of electricity savings using the $0.048 tariff in the
specified location would be $41.3 for the 6 kw system, and $73 for the 10 kW system.

There are two main costs associated with purchase of solar panels systems. First, infrastructure
cost and second operational costs. The cost of the 6 kW and 10 kW systems was calculated by
taking the average price of each system in the different states as in (figure 8). The average costs
for the 6 KW and 10 KWsystems were 17,500 and 29,000 respectively.

Figure 8: Solar panels cost for 6 KW and 10 KW systems[22], [23]
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Figure 9 shows the cash flow for the total costs associated with the installation of a 6 KW system
in Saudi Arabia and the monthly costs saved, which varies depending on the season.
Furthermore, figure 10 shows the cash flow by keeping the same weather conditions constant
while changing the tariff to be 19.90¢ / kWh similar to California.

Figure 9: Cash flow diagram : Total Cost/ Revenue for solar panels in Saudi Arabia with ($0.048 tariff).

Figure 10: cashflow diagram for 6 KW Solar Panel System using California's electricity tariff.

The solar panels’ lifespan and annual costs vary depending on the location. For example, solar
panels installed in the middle east will require frequent cleaning to remove the dust, which will
add to the costs. Additionally, dust reduces the efficiency of solar panels and degrades its
performance in the long term. However, in general the lifespan of the solar panels is around 25
years and the operational costs is about $200 a year [26, 27].
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The average monthly costs saved with the current tariff in Saudi is $41 a month. And the total
estimated saved costs would be around $500 per year, in which $200 will be deducted for annual
maintenance. However, if the tariff was 19.90¢ / kWh then the average monthly cost would be
$171, and the total estimated saved costs would be around $2050 per year, and $200 will be paid
for maintenance.

Therefore, with the current electricity tariff in Saudi Arabia only $7,500 will be saved after 25
years, which is still less than the original price paid ($17,500). However, if the tariff was 19.90¢ /
kWh similar to California then after 25 years the saved cost would be $45,000, which is much
higher than the original infrastructure cost ($17,500). Therefore, the investment would be
justified if the tariff was 19.90¢ / kWh.

Summary Observations

In conclusion, sustainability improves people's lives through creating better ecosystems and
conserving natural resources. Solar panels and hydroponic farming are examples of sustainable,
energy-efficient, and cost-effective construction solutions.

However, hydroponic farming requires either a large demand for the crops within the building or
a market to sell the crops.  The highest risks associated with the system are nutrition balance and
high costs associated with labor and air conditioning.

On the other hand, Solar panels have a high potential for growth within the middle east.
However, the current price for the system is much higher than the return of investment due to
low tariffs. Therefore, with the current tariff in Saudi Arabia, United Arab Emirates, and Egypt
the solar panels are not economically viable for residential use. However, if the electricity rate
was equivalent to California (19.90¢ / kWh) then the purchase of the solar panels system would
be viable. Therefore, promoting rooftop solar panels requires subsidies to reduce the purchase
cost, tax credit, or increase in the electricity tariff.
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