Suspended Solar Farm

Abstract

The ‘Suspended Solar Farm’ consists of 75 tent–shaped solar dishes grouped together shaping a medium–grid utility with total area of 17331 square meters. The design concept originates from the ‘Bedouin tent’ and is in accordance with the location. However, the dishes are made up of light parabolic, high reflective alloy, with Stirling engines located at their focal point. The engines are fixed using cables. The system also harvests rainwater, using it to irrigate the green space. The annual capacity of the system are mentioned below:

Energy Technologies: solar parabolic concentrators

Water Technology: rainwater harvesting

Annual Capacity: 378.9 MWh, 832.4 thousand liters of water

Introduction

Solar parabolic dish concentrators reflect the direct normal radiation of the sun to a central receiver, located at the focal point of the dish. This energy can be used directly for cooking (Grupp, et al., 2009; Muthusivagami, et al., 2010; Badran, et al., 2010; Lokeswaran & Eswaramoorthy, 2012), or water heating (Mohammed, 2012; Dafle & Shinde, 2012; Sakhare & Kapatkar, 2014); it can be used for water desalination (Srithar, et al., 2016), be converted into mechanical energy and be used for irrigation (Saini, et al., 2013), or it can be converted into electricity using a thermoelectric generating unit (usually a Stirling engine) attached to the receiver (Nepveu, et al., 2009; Wu, et al., 2010). Attaching the generator unit to the receiver, reduces thermal loss. That is why this technology has the highest overall efficiency between solar concentrating systems (Baharoon, et al., 2015: p1017). The other advantages of solar dishes are: having high power density, versatility, long lifetime, modularity, durability for moisture effects, and possibility of hybrid operation. Also this technology has relatively low construction cost as many parts can be constructed by local manufacturers. These reasons, make solar dish system an economically reasonable source for electricity generation (Hafez, et al., 2017: p1020). While this technology is generally proposed for small capacity applications (tens of kilo Watts per unit) especially in household applications (Bianchini, et al., 2019), larger capacities can also be achieved by integrating small units into a dish farm (Hafez, et al., 2017: p1020). So, as in this project, these dishes can be grouped together to shape a small or medium grid utility application (Baharoon, et al., 2015: p1017).

Efficiency of the dishes

Various numbers were reported as the annual efficiency of parabolic dishes. Hafez and colleagues reported the annual solar to electricity conversion efficiency of this system to be 26%, while the peak solar to electricity conversion efficiency was reported from 29.4% to 31.25% (Hafez, et al., 2017: p1018). Coventry and Andraka reported the power efficiency of 30–45% for Stirling engines, and solar-to-electric efficiency of 29.4–32% for the whole dish-Stirling system (Coventry and Andraka, 2017: p143). Moreover, in a location with average annual solar irradiation of 2000 kWh.m–1, a parabolic dish with 5 meters diameter produced 6.74 GWh/year energy (Gholamalizadeh & Chung, 2017: p20761). Also in a recent study performed in Italy, just one parabolic dish produced 5,440 kWh of electricity during 1,326 hours (Bianchini, et al., 2019).

Either hydrogen or helium can be used for driving the generating unit. In this project, hydrogen is proposed because it increases the engine’s efficiency (Baharoon, et al., 2015: p1017). The other factors which can affect the efficiency of solar dishes are: diameter of the opening of parabola, parabolic concentrator surface area, and reflectivity of the concentrator (Eswaramoorthy & Shanmugam, 2012: p1732). Solar dishes usually have a diameter between 1–20 meters, and the surface area of 5–200 square meters (Hafez, et al., 2017: p1030). In this project, 75 solar dishes with diameters between 6 and 13 m, and surface areas between 40 and 188 m2 were used in a tent–shaped solar farm with total area of 17331 m2. To perform better, parts of these dishes are tilted southward in different angles. Surface areas of different parts of the solar farm is demonstrated in table 1.

Table 1: surface area of various parts of the solar farm situated in different tilt angles.

	Tilt Angle (β)
	8°
	17°
	20°
	24°
	27°
	30°

	Surface area (m2)
	1148.7
	4913.3
	1441.1
	6898.5
	1404.4
	1525.3


Incident solar radiation of a southward surface in Abu Dhabi was calculated based on the meteorological data provided in the website (table 2). Solar radiation received by different parts of the solar farm can then be calculated by multiplying the incident solar radiation in each angle, on total surface area in each angle (table 3).

Table 2: Calculated incident solar radiation (Wh/m2) of a southward surface situated in different tilt angles (based on the average values of ‘Airport’ and ‘Corniche’ stations)

[image: image1.png]Tilt angle 0° 8° 17° 20° 24° 27° 30°
Jan. 4,179.3 4,691.4 5,172.7 5,308.7 5,470.1 5,575.7 5,667.7
Feb. 4,986.1 5,408.2 5,774.2 5,869.1 5,973.8 6,035.5 6,082.8

March 5,811.6 6,075.3 6,250.7 6,279.9 6,295.7 6,290.2 6,269.9
April 6,625.7 6,676.6 6,605.0 6,551.0 6,455.8 6,367.3 6,264.5
7,2477.5 7,116.5 6,842.7 6,722.4 6,540.4 6,388.0 | 6,222.5

June 7,194.7 6,978.1 6,618.2 6,471.8 6,257.1 6,081.9 5,895.1

Annual 69,551.1 | 71,858.6 | 73,085.3 73,165 73,013.9 | 72,707.4 | 72,236.9




Table 3: Calculated total incident solar radiation on different parts of the solar farm.

	Tilt angle
	8°
	17°
	20°
	24°
	27°
	30°

	Jan.
	5,389.0
	25,415.0
	7,650.4
	37,735.5
	7,830.5
	8,644.9

	Feb.
	6,212.4
	28,370.4
	8,458.0
	41,210.3
	8,476.3
	9,278.1

	March
	6,978.7
	30,711.6
	9,050.0
	43,430.9
	8,834.0
	9,563.5

	April
	7,669.4
	32,452.3
	9,440.6
	44,535.3
	8,942.2
	9,555.2

	May
	8,174.7
	33,620.2
	9,687.7
	45,118.9
	8,971.3
	9,491.2

	June
	8,015.7
	32,517.2
	9,326.5
	43,164.6
	8,541.4
	8,991.8

	July
	7,558.3
	30,830.0
	8,859.0
	41,104.0
	8,149.3
	8,596.1

	Aug.
	7,495.3
	31,295.8
	9,063.8
	42,503.7
	8,495.6
	9,036.2

	Sep.
	7,295.9
	31,577.8
	9,255.0
	44,097.3
	8,921.3
	9,605.9

	Oct.
	6,713.9
	30,248.7
	8,980.1
	43,517.8
	8,915.7
	9,721.2

	Nov.
	5,782.7
	27,026.1
	8,113.8
	39,886.4
	8,257.0
	9,094.8

	Dec.
	5,257.9
	25,024.9
	7,553.2
	37,381.6
	7,775.6
	8,604.1

	Annual
	825,44.0
	359,090.0
	105,438.1
	503,686.4
	102,110.3
	110,182.9


Total incident solar radiation of the farm: 1263.1 MWh

Based on the literature review, the average solar–to–electric efficiency of dish/Stirling system was 30%. Total electricity generated in the farm can be seen in table 4.

Table 4: electricity generation from different parts of the solar farm, based on the average solar–to–electric efficiency of dish/Stirling system reported in the literature (30%).

	Tilt angle
	8°
	17°
	20°
	24°
	27°
	30°

	Jan.
	1,616.7
	7,624.5
	2,295.1
	11,320.6
	2,349.2
	2,593.5

	Feb.
	1,863.7
	8,511.1
	2,537.4
	12,363.1
	2,542.9
	2,783.4

	March
	2,093.6
	9,213.5
	2,715.0
	13,029.3
	2,650.2
	2,869.0

	April
	2,300.8
	9,735.7
	2,832.2
	13,360.6
	2,682.7
	2,866.6

	May
	2,452.4
	10,086.1
	2,906.3
	13,535.7
	2,691.4
	2,847.4

	June
	2,404.7
	9,755.2
	2,798.0
	12,949.4
	2,562.4
	2,697.5

	July
	2,267.5
	9,249.0
	2,657.7
	12,331.2
	2,444.8
	2,578.8

	Aug.
	2,248.6
	9,388.7
	2,719.1
	12,751.1
	2,548.7
	2,710.9

	Sep.
	2,188.8
	9,473.3
	2,776.5
	13,229.2
	2,676.4
	2,881.8

	Oct.
	2,014.2
	9,074.6
	2,694.0
	13,055.3
	2,674.7
	2,916.4

	Nov.
	1,734.8
	8,107.8
	2,434.1
	11,965.9
	2,477.1
	2,728.4

	Dec.
	1,577.4
	7,507.5
	2,266.0
	11,214.5
	2,332.7
	2,581.2

	Annual
	24,763.2
	107,727.0
	31,631.4
	151,105.9
	30,633.1
	33,054.9


Total electricity generated in the farm: 378.9 MWh

Harvesting rainwater

The average precipitation reported in ‘Airport’ and ‘Corniche’ stations were 54.8 mm (equivalent to 54.8 liters of rainfall/m2. As the total area of the parabolic mirrors are 15,202.9 m2, a total capacity of 832.4 thousand liters of water can be harvested per year.
Environmental Impact Statement
Rather than generating energy and harvesting rainwater, the ‘Suspended Solar Farm’ accomplishes four other needs simultaneously:

1– Providing shade

In the hot climate of Abu Dhabi, protecting from the severe sunshine is one of the basic requirements of using outdoor spaces. The tent–shaped dishes provide shade, lowering temperature by up to 20° C.

2– Providing air movement

As the solar energy is concentrated to the engines, the air nearby them warms up. The warm air goes up and be replaced by the cooler air. Thus, a breeze will come in from the outside, decreasing sensible temperature even more.

3– Staying up at night

High air temperature in Abu Dhabi makes it difficult to use outdoor spaces during the day. So, outdoor spaces may better be used at nights. This project uses part of the electricity generated during the day for the lighting at night, so that the area can be used in 24 hours.

4– Minimum environmental impact

As mentioned by Brenda and Robert Vale, one of the principles of green architecture is that we must “touch the earth lightly” (Wheeler & Beatley, 2014: p191). This project, initiated from the ‘Bedouin tent’, uses recyclable materials such as mirror glass or steel. The dishes are supported by a few poles. If the farm is to be removed, the foundations can be lifted and replaced by the soil; so the site can be given back to nature almost unaltered.
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