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Abstract: This paper studies the Possibility of utilizing photovoltaic systems in residential buildings in 
Sari city in Iran. Data on solar radiation, sunshine duration has been recorded in Sari city. The 
electrical power needs and cost were calculated for the residential buildings. The total daily residential 
building load is 9.2 kW h and detailed loads are listed. The National Renewable Energy Laboratory 
(NREL) optimization computer model for distributed power, “HOMER,” is used to estimate the 
system size and its lifecycle cost. The analysis shows that the optimal system’s initial cost, net present 
cost, and electricity cost is US$ 43,800, US$ 50,907, and US$ 1.63/kW h, respectively. These values 
for the PV system are compared with those of a generator alone used to supply the load. We found that 
the initial cost, net present cost of the generator system, and electricity cost are US$ 10, 000, US$ 
214,063, and US$ 6.883/kWh, respectively. Additional conclusions are PV systems may be 
economically rewarding in Sari if applied in locations far from electrical grid or in remote large scale 
PV power installations to overcome economical limitations of PV technology. 
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INTRODUCTION 

 
 Photovoltaic (PV) has considerable potential to contribute to meeting the energy needs of rural and remote 
communities in developing countries. However, the high capital cost of PV systems means that new and 
innovative implementation models are needed in order to encourage widespread use of the technology. This 
study attempts to give an overview of the options and produce a model for the implementation of small domestic 
PV systems in developing countries such as Iran. Solar energy is a main clean and renewable resource of 
energy. The amount of annual solar energy reaching the Earth’s surface is about 10,000 times more than annual 
global energy demand and more than available energy reserves on earth. Only 0.01% of the solar energy 
reaching the Earth need to be harnessed to cover the world energy needs. The use of solar energy is utilized in 
buildings in two ways; solar systems to supply heat to warm up spaces using solar collector; and solar systems 
to generate electricity using PV cells. Yet, energy produced using PV systems is much higher than the price of 
network electricity in many countries as Iran. This is because the production cost of PV system is high. The PV 
technology uses crystalline semiconductor material that is similar to integrated circuit chips which is high in 
coast. Thus, PV applications have been limited to use in remote locations that are not connected to utility 
gridlines (Al-Karaghouli, A. 2010). However, between 1976 and 2008, the capital cost of PV modules per watt 
of power capacity has declined from more than $58 per watt to less than $4 per watts. Unlike the dynamic wind 
turbine, the PV installation is static, does not need strong high towers, produces no vibration, and does not need 
cooling. In addition, it is environmentally, safe, and has no gas emissions nor generates noise. The PV solar cells 
do not have moving parts in effect requiring little maintenance and high level reliability. Implementation of PV 
systems in urban residential buildings has yielded some results, such as solar power at the residential level is 
accessible, particularly when it is included in civic planning at an early stage (Badran, O. 2001). 
  
Existing Knowledge and Previous work: 
 PV cells can provide a considerable amount of electricity, making a significant contribution to the 
building’s overall power consumption. The capacity of PV which is installed at 2007 in the world reached 2400 
MW while the total installed capacity in 2006 was 1500 MW. This is a significant growth projection, largely 
attributed to new manufacturing plants installed to manufacture low cost PV cells and modules to meet the 
growing demand. One of the world’s largest PV markets is Germany which is rapidly growing since 2004. A 
strong driver of the German PV market is the feed-in tariff law of solar electricity. These regulations allow 
customers to supply extra green (PV) electrical energy to the network for prices higher than that of the network 
electricity (Mekhilef, S., and R . Saidur, 2011). Solar energy is plenty, free and clean which does not make any 
noise or any kind of pollution to the environment. The experimental works were started by collecting the solar 
information in southern Iraq and Jordan in order to collect the data of solar intensity. So far, many attempts have 
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been made to extract solar energy by means of PV systems in order to utilize it for residential purposes. The 
design of the proposed system used to power the health clinic was done according to the solar international 
design manual (Ramadhan, M., and A. Naseeb, 2011; Al-Salaymeh, A., and Z. Al-Hamamre, 2010). HOMER 
models a power system’s physical behavior and its life-cycle cost, which is the total cost of installing and 
operating the system over its life span. HOMER allows the modeler to compare many different design options 
based on their technical and economic merits. The solar systems can satisfy the electrical needs of clinics, 
schools, and other social places in a way that can positively affect healthcare and education, ensuring adequate 
services for the population. An excellent use of these systems is in health. The proposed system consists of PV 
modules, batteries, charge controller, inverter and Secondary diesel generator (Al-Salaymeh, A. 2006). Solar 
energy combination building is an inevitable trend in future China, and especially, solar energy integration 
building development has great potential. In China, solar energy application in the buildings has experienced 
three phases. The first solar energy Benefit in the building industry is passive sunspace, which simply collects 
and distributes solar energy through application of buildings orientation, structure and materials. The second 
stage of solar energy utilization in the building industry shifts to active sunspace. The buildings are heated by 
solar heating system with solar heat collectors, fans, pumps and radiators, or are refrigerated by solar energy 
absorption chillers and air-conditioners. The third stage is photovoltaic application to buildings. The solar 
energy is converted to electric power by the photovoltaic system installed in building’s, which fully meets the 
building’s operation energy demands for heating, lighting, ventilation and air-conditioning, and even to so-
called ‘‘zero energy consumption building’’(Zhai, X., and R.Z. Wang, 2007). 
  

MATERIALS AND METHOD 
 
 The province Mazandaran covers 23701 km2 in northern Iran. It is composed of the northern slopes of the 
Alborz Mountain Range and coastal lowlands along the Caspian Sea. It is dominated by the green belt of the 
Hyrcanian vegetation zone, which stretches over the northern slopes of Alborz mountain ranges and covers the 
southern coasts of the Caspian Sea. Sari province extends between latitude of 37° N and longitude of 53° E 
(Figure 1).  
 

 
Fig. 1: Location Mazandaran province in Iran. 
 
 Solar radiation data for this region were obtained from the automatic meteorology station. The sunshine 
hours are an important factor in PV calculations. Fig. 2 shows the monthly solar radiation data on a horizontal 
surface for Sari city over a 1-year period. Table 1 shows the monthly average of solar radiation for this area. The 
annual average solar radiation is 3.98 kw h/m2/day. 
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Fig. 2: The solar radiation data as a function of time in months for Sari Station. 
 
Table 1: Monthly average solar radiation in sari station. 

Month Clearness Index Average radiation 
(KW/m2/day) 

Jan. 0.38 1.88 
Feb. 0.37 2.28 
Mar. 0.38 3.12 
Apr. 0.37 3.68 
May. 0.47 5.27 
Jun. 0.58 6.74 
Jul. 0.58 6.53 

Aug. 0.56 5.79 
Sep. 0.53 4.58 
Oct. 0.41 2.77 
Nov. 0.56 2.89 
Dec. 0.52 2.30 

Average  3.98 

 
Assumptions and HOMER Model Inputs: 
 A residential building in Sari city has been chosen as a case study to conduct the calculations of energy 
consumption. The residential building comprises the following rooms: saloon, bathroom, 2 bedrooms, kitchen 
and other devices used in this residential unit. Our analysis found that the total connected wattage is 820 W and 
the total average daily load is 9.2 kW h. The load analysis calculation is listed in Table 2. Fig. 3 illustrates the 
hourly load profile; whereas the majority of the load occurs during the day time (6 am to 5 pm). 
 
Table 2: Total electrical energy consumption per month. 

Application Power 
(W) 

Duration time of 
operation (hour) 

Power consumption 
(W h/day) 

Lamps 250 10 2500 
Refrigerator, Freezer 200 15 3000 
TV set and Computer 120 10 1200 

Other devices 250 10 2500 
Total 820 45 9200 
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Fig. 3: Hourly load profile in sari station. 
 
 The system feasibility analysis was performed using the HOMER software developed by the National 
Renewable Energy Laboratory (NREL) to assist the design of micro power systems. HOMER is a computer 
model that simplifies the task of evaluating design options for both off-grid and grid-connected power systems 
for remote, stand-alone, and distributed-generation (DG) applications. HOMER’s optimization and sensitivity 
analysis algorithms allow one to evaluate the economic and technical feasibility of a large number of technology 
options and to account for variation in technology costs and energy resource availability HOMER models both 
conventional and renewable-energy technologies. HOMER models a power system’s physical behavior and its 
life-cycle cost, which is the total cost of installing and operating the system over its life span. HOMER allows 
the modeler to compare many different design options based on their technical and economic merits. It also 
assists in understanding and quantifying the effects of uncertainty or changes in the inputs. The system consists 
of PV modules, batteries, charge controller, inverter, and the necessary wiring and safety devices.  
 
System Components and Estimated Prices: 
 There are two types of the photovoltaic systems, stand-alone PV system and grid-connected system. In a 
stand-alone system the solar energy yield is matched to the energy demand. Solar energy yield often does not 
correspond in time with energy demand from connected loads, thus, a storage system (batteries) is required. In 
grid-connected systems the public electricity grid functions as an energy store. The stand-alone PV system 
requires batteries to store the generated electricity. The proposed system consists of PV modules, batteries, 
charge controller, inverter, diesel generator, and the rest of the balance-of-systems, which includes modules 
structure, wiring, fuses, and other system safety devices.  
 
Photovoltaic Array Sizing: 
 The PV array is an interconnection of PV modules or panels that produces direct-current (DC) electricity in 
direct proportion to the global solar radiation incident upon it, independent of its temperature and voltage to 
which it is exposed. The suggested PV panels to be used in the system simulation are 1 kw and have estimated 
capital and replacement cost of US$ 3.2/W. This cost includes shipping, tariffs, mounting hardware, control 
system, wiring, installation, and dealer markups. The lifetime is assumed to be 20 years. A derating factor of 
80% was applied to the electric production from each panel. The panels were modeled as fixed and tilted south 
at an angle equal to the latitude of the site. Capacities of different PV panels (0, 1, 2, 3, 4, 5, 6, 8, and 10 kW) 
were considered in the analysis. 
 
Batteries: 
 Energy generated by the PV cells is accumulate and stored in batteries to use as needed. The battery is 
capable of storing a certain amount of DC electricity at fixed round-trip energy efficiency, with limits as to how 
quickly it can be charged or discharged without causing damage, and how much energy can cycle through it 
before it needs to be replaced. HOMER assumes that the properties of the battery remain constant throughout its 
lifetime and are not affected by external factors such as temperature. The chosen battery is Surrette 4KS25P. 
The estimated price of each battery is US$ 1000. Its lifetime is considered to be 10,569 KWh of throughput per 
battery.  
 
Selection of Inverter: 
 Inverters change direct current (DC) to alternating current (AC). Stand-Alone inverters are used to convert 
DC current from battery to AC to run electronic equipment. The estimated price of an inverter is US$ 2/W, and 
its lifetime is up to 20 years. Inverters of various sizes (0, 4, 6, 8 kW) were considered in the analysis. 
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Generator: 
 A generator consumes fuel to produce electricity and possibly heat as a by-product. A vast range of 
generators are available (diesel, gasoline, propane, and biofuel). In this analysis, we used a generator producing 
electricity that operates on diesel fuel, because it is more efficient than the others and its lifetime is longer. The 
estimated price of the generator is US$ 25000. We considered various sizes (0 and 25 kW) in the analysis. 
 
Economic Estimation of the PV System: 
 The economic benefit of using PV system is mainly of reducing electricity consumption. A number of 
factors influence the costs of PV system such as the installed system and maintenance costs. The life cycle cost 
of the PV system is estimated by considering the life cycle of the PV system components for 20 years except for 
the batteries, which are considered for a lifetime of 10 years. 
 

 
 
Fig. 4: A schematic diagram of PV modules- Storage battery project at HOMER software. 
 
System Analysis: 
 The simulation process serves two purposes. First, it determines whether the system is feasible. HOMER 
considers the system to be feasible if it can adequately serve the electric load and satisfy any other constraints 
imposed by the user. Second, it estimates the life-cycle cost of the system, which is the total cost of installing 
and operating the system over its lifetime. To be equitable, such comparisons must account for both capital and 
operating costs. Life-cycle cost analysis includes all costs that occur within the life span of the system. HOMER 
uses the total net present cost (NPC) to represent the life-cycle cost of a system. The total NPC condenses all the 
costs and revenues that occur within the project lifetime into one lump sum in today’s dollars, with future cash 
flows discounted back to the present using the discount rate. In the optimizing process, HOMER simulates every 
system configuration. Table 3 presents the HOMER simulation results for a diesel price of US$ 0.30/L and an 
interest rate of 12%. The table shows that the greatest optimal result is achieved when the system is composed 
of 4-kW PV modules, 13 batteries, 4-kW inverter, and a 25-kW generator.  The least optimal result is when only 
the generator is used. The initial cost, NPC, and electricity cost (COE) for this system is US$ 43,800, US$ 
50,907, and US$ 1.63/kW h, respectively. The most expensive system is when we use the generator alone, with 
an initial cost, NPC, and electricity cost of US$ 10, 000, US$ 214,063, and US$ 6.883/kW h, respectively. The 
diesel generator’s high electricity cost is due to its low fuel efficiency.  
 
Table 3: Categorized optimization results. 

 
 
Conclusion: 
 Photovoltaic modules can provide a clean and reliable energy and environmentally friendly source of 
power. In addition, the cost of photovoltaic energy technology is gradually decreasing as the market demand and 
production of PV systems increases. This paper studies the feasibility of utilizing the photovoltaic systems in a 
residential unit in Sari city in Iran. Solar data such as solar radiation, sunshine duration has been recorded for 
Sari city. Using the HOMER software computer model, we determined that the most economic system for 
residential buildings in Sari city having a daily load of 10 kWh is composed of 4-kW PV modules, 13 batteries, 
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4-kW inverter and a 25-kW generator. The total initial cost, net present cost, and cost of electricity produced 
from the system are US$ 43,800, US$ 50,907, and US$ 1.63/kW h. The most expensive system is when we use 
a generator alone, with an initial cost, net present cost, and cost of electricity produced of US$ 10, 000, US$ 
214,063, and US$ 6.883/kWh, respectively. Also Conventional fuel use for the equivalent power generation 
results in the emission of significant amounts of greenhouse gases. By adapting renewable-energy technologies, 
the emission of all these harmful gases can be substantially reduced.  
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