Mahsa Mokhtari 
  
Evaluation of optimal absorption of solar energy to supply electric energy to urban settlements in line with the sustainable development of Shiraz city

Keywords: sustainable development, solar energy, Shiraz city, residential houses, office buildings

HAL is

electrical energy is one of the forms of consumption of this energy. In order to make maximum use of solar energy in order to produce electric energy, solar panels (photovoltaic) are used. In order to absorb the maximum amount of sunlight during the period of exposure, they must have the ability to change the placement angle so that they are continuously exposed to direct sunlight.

In office buildings and residential houses, the use of solar energy is the most economical option.

Using solar heating and cooling systems can save a lot of money in the life cycle of the building.

On the other hand, it reduces damage to the environment and natural resources. The design of urban buildings according to the prevailing weather and climate in the urban area can help in maximum utilization [START_REF] Shafahi | The first conference on examining the challenges and presenting new solutions of urban management[END_REF][START_REF] Khorsandi | Designing residential complexes with a sustainable development approach with an emphasis on absorbing solar energy[END_REF][START_REF] Houshmandrad | Choosing the most optimal type of contract in infrastructure projects from the employer's point of view in the field of technical participation and getting rid of the pressures of liquidity provision[END_REF][START_REF] Houshmandrad | Identifying the necessary indicators to confirm the qualification of the executive contract of infrastructure plans. 5th national conference on applied research in civil engineering, architecture and urban management[END_REF][START_REF] Houshmand | employer in the field of technical assistance and relief from the pressures of funding[END_REF][START_REF] Houshmandrad | Examining the methods of providing financial resources for large-scale housing massification projects[END_REF].

Photovoltaic system

It is for a phenomenon that produces electricity as a result of light radiation without using mechanical drive mechanisms, it is called photovoltaic phenomenon and the factor that creates this process is called solar cell. Photovoltaic systems that were originally developed and perfected for space applications convert light energy directly into electrical energy. The basic principle in this process is the photovoltaic effect, which was first explained by Einstein that light causes electrons to separate from matter. In the 1960s, Bell Lab scientists used silicon in solar cells for the first time and were able to obtain a four percent efficiency of converting solar energy into electricity. Over the years, these plates have been able to provide the power required by satellites. Photovoltaic development for terrestrial applications began in two very different directions during the first oil crisis. One is in line with the technology in which cost reduction is done by replacing the PV surface with a lens, and the other is in line with reducing the costs of the photovoltaic module by using high-volume industrial manufacturing. By stacking silicon and gallium materials with other semiconductor materials in order to form multi-junction cells, each layer of which collects the symmetric part of the solar frequency spectrum, it is possible to reach higher values for Marai [START_REF]Photovoltaic energy fact sheet[END_REF].

On average, the sun produces 1.1*10^20 kilowatt-hours of energy per second. Only about 47% of the total energy emitted by the sun reaches the earth's surface. This means that the Earth receives about 60 million Btu of radiation every hour. In fact, the radiant energy caused by three days is equal to all the energy caused by the combustion of all fossil fuels in the heart of the earth.

Therefore, it can be concluded that due to the sun's radiation for 40 days, the energy needed for a century can be provided. The development and growth of the global market of photovoltaic systems has had a growth rate of more than 40% since 2000. So that in 2014 alone, more than 38 gigawatts of photovoltaic systems have been installed and launched in the world. More than 70% of the world's photovoltaic systems have been installed in European countries. Despite the high potential of solar energy in the Middle East region, the number and volume of solar power systems implemented in this region has been low compared to the scales done in the world [START_REF] Azizi | Economic-social and environmental analysis of the benefits of using solar energy in a case study of Shiraz city[END_REF][START_REF] Homayoun Far | The second national conference of new energies[END_REF].

The study area

Shiraz is located on a wide plain, far from the alluviums of the Dry River, Nehar Azam and the side of the road. The direction of the slope of the Shiraz plain is from the northwest to the southeast.

The minimum height in the southern part is 1430 meters, the maximum height in the western part is 1750 meters. This plain belongs to arid and semi-arid regions in terms of climate. The mentioned plain is geometrically almost rectangular and is located at 29 degrees and 37 minutes' north latitude and 52 degrees and 32 minutes' east longitude. According to the data of the synoptic station of Shiraz city, the average annual temperature in the last ten years is 3.17 degrees Celsius and mostly 2.43. The annual rainfall is more than 307 mm and the frost days are about 54 days [10,11]. 

2-Research method

The research method in engineering sciences is divided into different categories, which in this research is applied in terms of purpose and descriptive-analytical in terms of type [START_REF] Mobasseri | Impact of driving style on fuel consumption[END_REF][START_REF] Mobasseri | Traffic noise and it's measurement methods[END_REF][START_REF] Mobasseri | A Comparative Study Between ABS and Disc Brake System Using Finite Element Method[END_REF][START_REF] Mobasseri | Intelligent Circuit Application for Detecting the amount of Air in Automobile Tires[END_REF][START_REF] Mobasseri | Intelligent Circuit Application for Monitoring the Employees Attendance[END_REF][START_REF] Mobasseri | Approximated 3D non-homogeneous model for the buckling and vibration analysis of femur bone with femoral defects[END_REF].This research consists of the following steps:

A) Identifying and investigating the current state of energy production and consumption in Shiraz.

b) Investigating the location of the photovoltaic system in Shiraz.

d) The process of designing and selecting photovoltaic systems on a sample system.

3-The result

The intensity of the sun's radiation in our country is higher than the average radiation in the world, according to the American Space Agency. Finally, the statistics and information related to the average energy percentage of the horizontal surface and the inclined surface in different months of Shiraz city are shown in table no. The value of 6762 and 6700 is more than other months of the year, but the highest average daily energy of the mile level is related to the months of July and August with the value of 7264 and 7508. 

Estimation of electrical energy consumption in a residential unit

The estimation of the information is based on the specifications of a two-bedroom residential unit, with an approximate infrastructure of 120 square meters, and we have provided the average amount of electrical energy in the residential unit as described in the table below. 

Estimation of electrical energy consumption of a residential unit

We have estimated the information based on the specifications of a two-bedroom residential unit with an approximate infrastructure of 120 square meters. According to similar research studies conducted according to Zhu's calculations in 2017, the energy consumption rate of one-micron unit is equal to 07.25 kVh. In a similar study conducted by Herche, the energy consumption of a residential unit is approximately 28 kilowatts. On the other hand, according to the efficiency of the produced photovoltaic panels, the maximum efficiency of these panels is 09.3.

The capacity and placement of photovoltaic panels for residential use

Considering the average annual temperature of 30 degrees Celsius and using polycrystal modules, we have: using 265 watt modules, it is assumed that the area of each module is as follows.

Formula One 1.019 * 1.625 = 1.65 m^2

And by applying a distance of 8 mm between each adjacent module, we have:

Formula two 1.027 * 1.637 = 1.67 m^2 Now, assuming that there is a limit to the use of the roof space, an area equal to 80 square meters of the roof space, which is a residential building with a base of 120 square meters, we use for the installation of modules (length 10 meters and width 8 meters). The way to deploy the module is presented in the figure below, which can be deployed in both longitudinal and transverse ways: The total number of installable modules is equal to 42. Transverse mode: longitudinal installation Formula Four 8m ÷ 1.632 m ~4 10m ÷ 1.027m ~ 9

The total number of modules that can be installed in this mode are 36.

Therefore, the maximum number of modules that can be installed is 42 and the minimum is 36. To determine the output of photovoltaic arrays, the average amount of output energy that is obtained from the photovoltaic system on a daily basis is equal to the product of the average amount of output energy from the photovoltaic array (watt hours), the amount of output power of the module in the condition (STC watts), the reduction factor due to Temperature (unitless), reduction factor due to manufacturer's tolerance (unitless), reduction factor due to pollution, irradiance during peak hours of the sun for a specific orientation and incident angle, and the number of modules in the array. Therefore, for the example of residential house design under study, the amount of daily energy production is obtained as follows:

Formula Five 265*0.95*0.875*0.95*5*32=33.482 KWh

To determine the amount of energy delivered from the photovoltaic system that is delivered to the grid by the photovoltaic array, the effect of converter efficiency and losses must be taken into account, so according to the relationships stated, for the studied example, assuming 92% efficiency for the converter and considering equal losses 5% of the amount of energy delivered from the photovoltaic system is obtained as follows:

Formula Six 33.482*0.92*0.95=29.26 KWh

4-Conclusion

Considering the high capacity of solar radiation in the city of Shiraz, there are enough grounds to benefit from this clean energy. In this research, data related to the consumption of electrical energy for an urban residential unit in Shiraz city, the minimum and maximum temperature of this city, the average hours of sunshine in different seasons of the year, the annual average absorption of solar energy in horizontal and inclined levels and other necessary information were presented. .

According to the detailed calculations made in Table No. 6 of the average consumption of electrical energy by the module plates for a residential unit in Shiraz city with the relative area mentioned and the calculation of the amount of absorption and output of electrical energy by the module plates in relation No. 7 is ascertained. that the possibility of providing electric energy for similar residential units in Shiraz city by means of solar energy is completely possible. Due to the economic profitability of using solar energy, it can lead to the activation of solar systems at least in some sectors such as government organizations and offices. But this small amount of exploitation is not enough according to the studied capacities of solar energy in Shiraz city, and in order to maximize the use and exploitation of this useful and renewable energy, more detailed planning is required in different sectors. In such a way that the correct selection of the infrastructure and equipment of photovoltaic systems, which are the main components of the photovoltaic power plant for the use of solar energy, as well as the appropriate selection of capacity and layout, will increase the efficiency of the power plant from the available solar energy radiation and also reduce the total cost.
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 12 Figure number 1. Map of the city of Shiraz in the territorial area
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 3 Figure number 3. How to place photovoltaic panels

Table number 1

 number . Specifications of Shiraz meteorological synoptic station

	Station name	established year	sea level	Latitude	Longitude
				(degrees -minutes)	(degrees -minutes)
	Shiraz	1334	1484	39-32-29	10-36-52

  hours per square meter during one day. In the table below, the total number of sunny hours of Shiraz city in different seasons of the year is presented.

	2.6 kilowatt	Chart Title
	60	
	50	
	40	
		Minimum temperature
	30	Maximum temperature
	20	average temperature
	10	
	0	
		Apr May Jun Jul Aug Sep Oct Nov Dec Jan Feb Mar

The average annual solar radiation in Shiraz city is about

Table number 2. Sunny hours of Shiraz city in different seasons of the year Sun clock season 667 Spring 1044 Summer 793 Fall 508 winter 3012 Total

 number 

The maximum amount of solar energy absorption in kilocalories per square meter in one day is as follows in table number 3:

  In the following, the amount of direct radiation of the sun's energy to horizontal and inclined surfaces is presented as described in Table No. 4:

	Table number 3. The amount of solar energy absorbed in kilocalories	
	٥٠٤٦	Oct	٣٤٠٣	Apr
	٣٦٥٣	Nov	٤٤٠٨	May
	٢٤٣٥	Dec	٥٧٢٠	Jun
	١٩٣٧	Jan	٦٥٩٤	Jul
	٢١١٧	Feb	٦٧٢٦	Aug
	٢٧٤٢	Mar	٥٦٠٧	Sep
	4199		Average annual intake	

Table number 4

 number . The amount of radiation to horizontal and inclined surfaces

	Month	Radiation on horizontal surfaces	Total radiation energy on the
		(cal/day)	inclined surface (cal/day)
	Apr	٣٥٧	٤٩٧
	May	٤٣٣	٥٢٥
	Jun	٥٦٠	٦٧١
	Jul	٥٩٨	٦٥٨
	Aug	٦١٠	٧٤٨
	Sep	٥٢٤	٦٧٤
	Oct	٤٣٥	٤٤٥
	Nov	٢٠٧	٤٠٧
	Dec	١٤٨	٣٠٨
	Jan	١٦٩	٣٥٩
	Feb	٢٣٤	٤٣٤
	Mar	٢٦٨	٤٩٣
	Apr	٣٧٩	٥١٨
	yearly	٣٥٧	٤٩٧

Table number

 number 

5. Average horizontal and inclined surface energy in different months of the year, Shiraz

city Month The average daily energy of the horizontal surface (kW hour/square meter) The average daily energy of the mile level (kW hour/square meter)

  

	Nov	٤٥٩٠	٣٢٧٦
	Dec	٣٥٩٦	٢٢٩٦
	Jan	٣٤١١	٢١١٨
	Feb	٤٠١٨	٢٧٣٦
	Mar	٤٤٥٩	٣٦٢٤
	Apr	٤٧٨٥	٤٤٣٥
	Apr	٤٧٨٥	٤٤٣٥
	May	٥٤٩٢	٥٥٥٢
	Jun	٥٩٧٨	٧٠١٩
	Jul	٦٠٨٥	٧٢٦٤
	Aug	٦٧٦٢	٧٥٠٨
	Sep	٦٧٠٠	٦٠٧٣
	Oct	٥٧١٢	٤٣١٥