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Feasibility analysis of community-based PV systems for residential districts: a 

comparison of on-site standalone centralized and distributed PV installations 

Abstract 

Photovoltaic systems are one of the most promising renewable energy technologies for on-site 

generation. Most of the techno-economic studies consider distributed standalone photovoltaic 

generation with little consideration of community-based standalone photovoltaic systems. 

Location-based case studies are required to provide economic and reliable photovoltaic systems 

to meet the peak loads of residential neighbourhoods in an optimized manner. This paper 

devises an integrated evaluation methodology; a combination of white-box energy modelling 

and black box photovoltaic design optimization. This research uses optimization methods to 

develop a quantitative optimized model for analysing the opportunities of centralized systems 

to adequately meet the demands of a residential neighbourhood and support the grid. This 

analysis includes three metrics including the level of the energy production, reliability of 

system for peak power and finally the capital cost of implementation in residential districts. 

Results indicate that the size of a centralized photovoltaic installation is less when compared 

to distributed installations to support a similar single peak load. The required converter size is 

reduced for the centralized system owing to the reduced system size. Centralized installations 

require fewer batteries to store surplus energy produced due to increased interaction of energy 

flows. Centralized installations are economically more viable than distributed ones.  
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Nomenclature and symbols 

PV Photovoltaic 

RE Renewable Energy 

DOD Depth of Discharge 

SOC State of Charge 

DC Direct current 

AC Alternating Current 

HOMER Hybrid Optimization Model for Electric Renewables 

RSM Response Surface Methodology  

NPC Net Present Cost  

O&M Operation and Maintenance 

CCSPV Community-based Centralised Standalone PV  

SPV Stand-alone PV  

DSPV Distributed Standalone PV 

NPV Net Present Value 

VPV Optimum operating point voltage of the PV panel 

iPV Optimum operating point current of the PV panel 

Vmp Maximum power voltage 

imp Maximum power current 

VOC Open-circuit voltage 

iSC Short-circuit current 

αo Current temperature coefficient 

βo Voltage temperature coefficient 

Tcell Temperature of the PV cell 

IT Total solar irradiance on tilted panel 

Ist Standard solar irradiance (1000 W/m2) 

TA Ambient temperature 

Tst Standard ambient temperature (250C) 
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1 Introduction 

The world has experienced a drastic increase in the growth rate of urban environments resulting 

in a major population shift to urban areas over the past few decades [1]. Sustainable urban 

planning has focused on energy-sensitive design as a long-term perspective in local scales since 

neighbourhoods are one of the most insightful and practical scales for studying energy systems 

[2]. Existing energy systems are being transformed to increase the penetration of renewable 

energy sources [3]. Zero energy buildings and neighbourhoods now emerge as viable solutions 

that can achieve this transformation and balance the annual energy demand using electricity 

generated from renewable energy sources. Urban planners and researchers have defined 

initiatives to pave the way for zero energy analysis at the neighbourhood scale [2,4]. Demand 

and supply balancing with cost and emission analysis are considered as crucial elements of 

zero energy neighbourhood [5].  

Strengthening the potential to produce energy locally is one of the key concepts towards 

achieving sustainable and zero neighbourhoods [6,7]. PV systems are one of the most 

promising renewable energy technologies for on-site generation at different scales, especially 

in local urban areas. High accessibility to solar radiation and increasing residential electricity 

tariffs justify the use of Standalone PV (SPV) panels [8]. The feasibility of PV application is 

strongly affected by demand load profiles which significantly change the scenarios for the 

combination of generation and storage measures [9].  

A number of existing studies analysed the potential of localized electricity production at the 

individual building level [10,11]. These studies analysed different technical, economic and 

environmental aspects associated with decentralized electricity generation [10,11]. Other 

researchers analysed the effect of various weather conditions on solar generation in detail and 

proposed solutions to mitigate reduced generation and unforeseen outcomes [12].  

Although the literature on the techno-economic analysis of solar panels has experienced a 

major boost in the last decade, some issues require additional attention. (1): Most of the techno-

economic studies consider DSPV generation with little or no consideration of CCSPV. In fact, 

centralized PV analysis only exists for large solar PV farms and alongside, the performance of 

localized PV systems at the neighbourhood scale has not been accounted for. Moreover, 

analysing the grid interactions of local centralized PV systems are rarely addressed in recent 

studies [13–15]. (2) Combined systems with complicated components are not sufficiently 

addressed [16]. Optimization strategies considering storage systems have to be developed 
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based on distinctive characteristics, practical needs, and uncertainties that exist at different 

locations. Therefore, location-based case studies are required to provide economic and reliable 

PV systems to meet the peak loads of residential neighbourhoods in an optimized manner. (3) 

Finally, although some studies provide a generalized solution for optimization [17,18], the 

majority of the methodologies tend to be case and scenario-specific in nature; rendering them 

irreproducible for other locations/scenarios. 

The main objective of this work is to develop and demonstrate an integrated evaluation 

framework for comparing the feasibility results of CCSPV and DSPV installations for 

neighbourhood scale. The feasibility analysis includes economic efficiency indicators and 

technical measures for the performance optimization of components and storage systems for 

the peak load points. In this regard, this research uses the optimization methods to develop a 

quantitative optimized model for analysing the opportunities of CCSPV systems to adequately 

meet the demands of a residential neighbourhood and support the grid. This analysis includes 

three main metrics that characterize each system type including the level of the energy 

production in response to the consumption, reliability of the system for peak power and finally 

the capital cost of implementation for these two systems in residential districts. The proposed 

solution is reproducible and is not location/scenario specific. The system is designed with 

minimal constraints and hence, can be modified to suit a particular scenario or location. 

The outline of this research is as follows: Section 2 objectively examines the state of art 

optimization techniques that have been implemented to design PV installations. Section 3 

describes the integrated methodology including the process of designing the base case model 

and then the subsequent design of the PV system components. Section 4 details the pilot case 

development and the associated results for techno-economic investigations. In this section, 

different components in the PV system including the PV panel, storage components, and 

converters are identified and then the optimization process is conducted for CCSPVs and 

DSPVs. Finally, section 5 discusses the observations and applicability of the integrated 

methodology in addition to conclusions and suggestions for future work. 

2 Literature Review 

This section profiles previous research that focuses on energy-sensitive planning strategies for 

urban neighbourhoods and societies in the context of sustainable cities. Many communities and 

neighbourhoods plan to implement cost-effective and efficient strategies that leverage 

renewable energy sources and technologies that are located inside or outside of the area in 
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question. Other placement options for renewable generation technologies include beyond 

district boundaries with transmission into the district through energy transactions or within the 

built environment on brownfield sites or in green spaces [2,19].  

PV systems are divided into two categories in terms of their configuration, namely centralized 

and distributed. In terms of their connectivity, PV systems can be classified as standalone or 

grid-connected. Also, PV installations can be on-site and off-site based on their location. 

Centralized PV systems exist as large solar farms as opposed to distributed PV systems that 

are installed at or near an individual building. Of the two types commonly available, only grid-

connected systems can feed electricity directly to the grid. Furthermore, off-site installations 

are usually grid-connected and centralized while on-site installations can be centralized or 

distributed and standalone or grid-connected. Figure 1 represents the classification of PV 

systems. 

  

Figure 1- Classification of the different PV systems using: location, system connection and system 

architecture. 

CCSPV panels are gaining popularity as these shared energy generation resources aid in 

enhancing the access to clean solar energy. The community shared solar systems exist in 

different architectures, for instance, off-grid centralized, PV storage household systems, grid-

connected distributed systems, and PV-battery systems [3]. Augustine (2015) defines 

community shared solar systems as solar photovoltaic projects that deliver energy and/or 

economic benefit to multiple customers [20]. Within this system, customers can use their share 

of the solar PV system without any kinds of physically connected systems to their property 
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[21]. Community solar business models increase the deployment of solar technology in 

communities, making it possible for people to invest in solar together [22]. The increasing cost 

of electricity from the grid can justify using local strategies for market optimization with 

corresponding reductions in energy costs for urban and rural neighbourhoods [16]. 

Numerous studies analysed the techno-economic feasibility of different system interactions and 

identified the effect of such systems on the stakeholders involved. For instance, a study 

developed a probabilistic model to increase electricity generation and potential investors in 

community solar by identifying the sources of uncertainties in PV [23]. Another study 

performed a parametric analysis of PV-battery systems for on-grid locations and concluded 

that battery installation is mostly price-driven and large PV systems with storage are only 

viable when selling electricity to the grid [18]. Castillo-Calzadilla et al. determined the 

differences between three different PV configurations by metrics such as reliability and 

economic and environmental impacts [24]. The feasibility analysis of these systems 

demonstrated that DC systems can be used as viable and feasible solutions for energy 

generation [24]. Barbour et al. (2018) developed a model to balance the energy consumption 

and generation within a community to determine the potential for community energy storage 

systems and batteries [25]. Another study examined the interrelationships between PV 

generation, storage capacity, and on-site consumption to prevent unmanageable load variance 

and consequent costs [26]. He et al. (2018) employed Homer tool to assess the techno-

economic performance of renewable energy-based microgrid scenarios in residential 

communities in Beijing [27]. 

A considerable volume of literature relates to PV system optimization which helps in 

maintaining a balance between investment and operation cost. For optimization of PV 

electricity generation, three main data categories must be considered including 1) solar 

irradiation combined with climate data, 2) characteristics of a PV system such as tilt, 

orientation and shadow impacts, and 3) defining the appropriate time resolutions for recording 

PV system performance [28]. System optimization ensures power reliability within the system, 

which is associated with satisfying the load demand requirements. Power reliability is often 

expressed in terms of load probability that needs to be minimized to achieve a low levelized 

cost of energy [12].  

Different mathematical techniques have been applied for techno-economic optimization of PV 

panels such as genetic algorithms, linear programming, neural networks, simplex algorithms, 

and iterative and probabilistic approaches [9]. Khatib (2012) investigated the optimal sizing of 
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standalone PV systems combined with battery storage systems by proposing two simple 

equations, which are verified for five test cases in Malaysia [29]. Aghamolaei et al. (2018) 

implemented an integrated method by using ANOVA and Response Surface Methodology 

(RSM) to optimize the PV panels' performance in residential neighbourhoods [11]. Another 

study implemented mixed linear integer programming to explore the possibilities of the 

influences of potential demand management strategies in overall system cost reduction while 

presenting a relatively efficient first-pass component sizing for stand-alone micro-grids [15]. 

Khalilpour (2016) used mixed-integer linear programming to develop a decision support tool 

for investment decision making, optimal sizing, and operation scheduling of grid-connected 

PV/battery system with respect to dynamics of periodical weather data, electricity price, 

PV/battery system cost, PV/battery specifications, desired reliability and other critical design 

and operational parameters [18]. These studies employ different optimization scenarios, 

namely, peak shaving potential, renewable energy potential quality, and demand response, with 

a single objective to identify the size of the PV system. These studies further emphasize the 

importance of interaction between households and other stakeholders in transitioning to a 

sustainable power system. 

Many studies have addressed the potential of a generation system through optimization 

methods, however, combined systems with more complicated components are not sufficiently 

addressed for CCSPV systems. Therefore, an integrated evaluation framework for comparing 

the feasibility results of CCSPV and DSPV installations at the local scale is presented. 

3 Methodology 

Because of the fatal triad of carbon emissions, fossil fuel depletion and mounting 

environmental damage due to the use of oil and coal, cities will have to be powered differently. 

The use of renewable and distributed micro-power systems is already on the rise today but the 

current speed of change is much too low to meet global goals in time to avert serious crises. In 

the context of the research gaps presented, this study presents an integrated quantitative model 

for analysing the opportunities of CCSPV systems that adequately meet the demands of a 

residential neighbourhood (Fig. 2). 

The process workflow of the methodology is summarized as follows: 

 Analysis of the architectural and construction characteristics of buildings to perform 

energy simulation and identify the consumption profiles. 
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 Identify the different configurations of PV systems and their associated components 

suitable for various buildings in the residential block.  

 Perform PV size optimizations for identified configurations based on the buildings’ 

consumption profile using grid modelling software. 

 Perform a feasibility analysis to associate economic relevance with different PV 

configurations. 

 

Figure 2- Overall methodology for evaluating the integration of PV systems in neighbourhoods 

The methodology investigates the performance of CCSPV and DSPV systems using a base 

case model. The process of developing the base case is outlined in Section 3.1. Subsequently, 

the process following the base case development defines the characteristics of PV system 

components including the PV panel, storage components, and converters, all of which are 

detailed in Section 3.2. Since component sizing has a significant effect on the performance of 

the system, the target is to find the optimal size of components for the generation system. 

Simulation results for each scenario are assessed in Section 3.3 in order to determine the best 

design alternative based on the characteristics and boundary conditions of each location.  
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3.1 Base Case Development 

The base case development process involves an appropriate representation for the residential 

block in question. Urban energy modellers often represent a building stock through “building 

archetypes”, i.e. building definitions that represent a group of buildings with similar properties 

[30]. As the archetype buildings are designated as representative of actual buildings (with data 

obtained from surveys), the archetypes can be used for modelling the energy demand [30,31]. 

The archetype approach has been extensively used in the context of national or regional bottom-

up building stock models to understand the aggregated impact of energy efficiency policies and 

new technologies [30,32]. Detailed energy simulations of blocks and neighbourhoods can be 

performed using the archetype approach even if individual building data is not available for the 

neighbourhood. It is identified that apartment complexes are usually the most popular dwelling 

choices for the newly developed blocks of the city. 

This process analyses different kinds of residential blocks by using web mapping services, for 

instance, Google Maps. Such web mapping services enable the analysis and identification of 

most prominent configurations within the residential building stock. The typical models, 

considered as residential archetypes, are then mapped into three-dimensional models to 

generate an overall visualization for their morphological characteristics [31,33]. Three-

dimensional modelling software such as SketchUp can be used to import layouts from the web 

mapping services and develop the models [34]. Further enrichment of these models leverages 

different libraries consisting of free model assemblies. After the overall understanding of 

residential configurations using three-dimensional models, the next step is to perform energy 

modelling with building energy performance simulation tools. The overall process is depicted 

in Figure 3. 

 

Figure 3-The overall process for modelling building in residential blocks. 
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These energy models act as reference cases for load profiles of different buildings in blocks. 

The energy performance modelling is performed in DesignBuilder which makes use of several 

inputs, for instance, physical parameters, operation schedules etc., to compute the energy 

consumption associated with different entities [35]. In order to calibrate the building simulation 

tool and ensure the accuracy of the modelling procedure, the actual energy consumption of 

buildings was compared with the calculated energy usage. Internal zones are based on the 

standard zone types in DesignBuilder [35]. The next step is to execute the base case simulation 

and record the annual energy consumption values by energy subcategory (heating, DHW 

requirements, lighting and cooling). These consumption profiles are then used as inputs to 

design the PV system. The design of the PV system mainly involves matching of load demand 

to the system generation capacity. 

The energy modelling is conducted in a subtropical desert/ low latitude arid hot climate. The 

city of Yazd in Iran is selected for the study. This city has a longitude of 54° 21' E and a latitude 

of 31° 53' N with an elevation of 1,216 m. Yazd has a subtropical desert/low-latitude arid hot 

climate with BWh Köppen categorization of hot desert climate. This city is located in the centre 

of Iran and has considerable solar access with more than 300 sunny days a year. The air 

temperature in Yazd ranges from -4°C in January to 42°C in July. As demonstrated in Figure. 

4, Yazd has significant solar energy potential that can increase the potential for renewable 

electricity generation.  

 

Figure 4-Average solar potential for direct and diffuse solar radiation in Yazd based on hourly 

weather data 

To calculate the energy consumption of this residential block, electricity and gas loads of 

heating, cooling and lighting systems are determined. The heating and cooling system, 
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occupancy schedules, activity pattern in each zone, setpoint settings and construction 

characteristics have been modelled in according to the detailed survey of characteristics and 

available documents and are assumed to be the same over the analysis period [36–39]. The 

building’s heating systems comprise gas boilers (with a heating CoP of 0.85) that deliver hot 

water to radiators located in the interior spaces. The cooling systems employ chillers that are 

integrated with fan coils (with a cooling CoP of 1.80). These two systems represent typical 

HVAC systems used in tall residential buildings of Iran [36–38]. The heating and cooling 

setpoints are defined as 22°C and 28°C respectively. The occupancy schedules of this 

residential building (heating system: October to February and cooling system: June to 

September) and activity for each zone are modelled in detail according to the surveyed features 

of that building and are assumed to be consistent during the analysis. Electrical loads are 

assumed for a variety of minor and major appliances, lighting systems and cooling systems.  

The approach considers LED lighting systems for residential blocks as is a common installation 

for these apartment buildings [36–39]. The construction profile of buildings is defined as 

follows; the infiltration rate of each building is set to 0.7 ach which shows airtightness of 

apartments. The U-Value for the windows performance is 1.9 W/m2-K while the U-value for 

external walls is set to 0.35 W/m2-K. The effective inputs for energy modelling are presented 

in Table 1. 

Table 1- The initial settings for running the simulation  

Category Inputs Value Ref 

Time of 

simulation 

Time of simulation Annual (2017) 
 

Time interval Hourly based 

Location 

City Yazd, Iran 

[11,38,40] Location on the earth Longitude: 54° 21' E, Latitude: 31° 53' N 

Elevation 1,216 m 

Climate 

Condition Subtropical desert/low-latitude arid hot climate 

[38,40,41] 

Type BWh Köppen category 

Average air temperature Min: -4°C (January), Max: 42°C (July) 

Average relative Humidity Min:15% (July), Max: 51% (January) 

Solar radiation (Direct Normal 

Irradiation (DNI)) 
Max: 5253 Wh/m² (September) 

Sunny days in a year More than 300 days 

Construction 

Infiltration rate 0.7 ACH 

[36–39] 

U-Value of the Glazing 1.9 W/m2-K 
U-value for external walls 0.35 W/m2-K 
Roof U-Value 0.6 W/m2-K 

Cooling system 

Type Chiller with fan coils 

CoP 1.80 

Occupation June to September 

Set point 28°C 

Heating 

system 

Type Gas boiler with standard radiators 

CoP 0.85 

Occupation October to February 

Set point 22°C 
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3.2   PV system design 

Sizing of the PV array and battery bank for a SPV system is an important part of system design, 

which in turn requires the data on solar radiation and load demand. There are three basic ways 

of integrating PV systems in buildings, namely, roof-based systems, facade systems and 

sunshades and sunscreens. These systems are designed in a way to avoid additional constraints 

(such as appearance or airtightness) on the buildings. This study mainly focuses on roof-based 

PV panels as these systems are often free from over shading and roof slope can be selected to 

boost PV performance. Furthermore, from functional and aesthetic perspectives, it may be 

easier to integrate PV systems onto a roof. This electricity can be used at night by employing 

a storage mechanism. Batteries used for this purpose must have a large storage capacity [42]. 

A typical PV system contains PV panels, converter and batteries. The details of the selected 

system for this study are included in Appendix B. 

A PV panel is often characterized by the total power generated, which can be calculated using 

(1).  

 𝑃𝑃𝑉 =  𝑛𝑃𝑉𝑉𝑃𝑉𝑖𝑃𝑉  (1) 

Where nPV denotes the number of PV panels, VPV and iPV are the voltage and current of the PV 

panel. To account for various physical and environmental interactions, the output of a PV panel 

is usually calculated using (1a).  

𝑃𝑝𝑣 =
𝑓𝑝𝑣𝑌𝑃𝑉 𝐼𝑇

I𝑠
 (1a) 

where fPV is the PV derating factor and accounts for the effects of dust on the panel, wire losses, 

or elevated temperature that would cause the output of PV array to deviate from the ideal 

conditions. YPV (kW) is the rated capacity of the array. IT (kW/m2) is the global solar radiation 

incident on the surface of PV array, and IS is 1kW/m2, which is the standard amount of radiation 

used to rate the capacity of PV array.  

The optimum operating point current and voltage of a PV panel are calculated using (2) and 

(3). 

 iPV = iSC (1 − C1 [exp (
VPV − ∆V

C2VOC

 ) − 1]) + ∆i (2) 

And 

 VPV = Vmp (1 + 0.0539 log (
IT

Ist

)) +  β0∆T (3) 
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Where 

 
C1 = (1 −

imp

iSC

) exp (−
Vmp

C2VOC

) (4) 

 

 
C2 =

Vmp

(VOC − 1) ln (1 −
imp

iSC
)

 (5) 

 

 ∆V = VPV − VMP (6) 

 

 ∆i =  αo (
IT

Ist

) ∆T + (
IT

Ist

− 1) iSC (7) 

 

 ∆T = Tcell − Tst (8) 

 

 Tcell = TA + 0.02IT (9) 

Where iPV is the optimum operating point current of the PV panel and VPV is the optimum 

operating point voltage of the PV panel. iSC is the short-circuit current, Vmp and imp are the 

maximum power voltage and current, VOC is the open-circuit voltage, αo is the current 

temperature coefficient and βo is the voltage temperature coefficient of the panel. Tcell is the 

temperature of the PV cell. C1 and C2 are two constants calculated using eq. (4) and eq. (5). 

ΔV, Δi and ΔT represent the differential voltage, current and temperature and are calculated 

using eq. (6), eq. (7) and eq. (8) respectively. IT is the total solar irradiance on tilted panel, Ist 

is the standard solar irradiance (1000 W/m2) and TA is the ambient temperature [37]. The 

standard ambient temperature is Tst = 250C. Commercially available PV simulation software 

makes use of Eqs. (1-9) to model the PV.  

Energy supply systems based on renewable energy sources require energy storage because of 

their fluctuation and the insufficient certainty of supply. Due to the stochastic nature of the 

electrical output of PV systems, energy storage is needed to supply the load “on demand” by 

storing energy during periods of high irradiance [43]. There are different kinds of batteries that 

have been used as a storage bank in photovoltaic applications. Most popular ones in these 

applications are Lithium-ion batteries, which outperform other batteries in energy and power 
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densities and round trip efficiency [44]. These batteries are also characterized by their long 

cycle life leading to reduced life-cycle costs [45]. 

Batteries are modelled based on their charging and discharging cycles. The number of life-

cycles reduces with the Depth of Discharge (DOD) [46]. Also, a few models use the current-

voltage characteristics of a battery as a function of State of Charge (SOC) [47]. During the 

charging mode (output from the PV panels is greater than the demand), the available capacity 

of the battery is a function of time and can be expressed as in Eq. (10).  

 
𝐶(𝑡) = 𝐶(𝑡 − 1). (1 − 𝜎) + (𝑃𝑇(𝑡) −

𝑃𝐿(𝑡)

𝜂𝑐𝑜𝑛𝑣

) 𝜂𝐵𝑎𝑡𝑡 
(10) 

Where PT is the total output power generated by the system, PL is the load at the corresponding 

hour, ηconv is the efficiency of the converter, ηBatt is the charging efficiency and σ is the self-

discharge rate of the battery.  

During the discharging mode, the battery capacity can be expressed as in Eq. (11). 

 
𝐶(𝑡) = 𝐶(𝑡 − 1). (1 − 𝜎) + (

𝑃𝐿(𝑡)

𝜂𝑐𝑜𝑛𝑣

− 𝑃𝑇(𝑡)) 𝜂𝐵𝑎𝑡𝑡 
(11) 

The charge capacity of the battery storage must always be maintained within the limits. The 

maximum limit is the nominal capacity of the battery while the minimum is determined by the 

maximum DOD (normally 80%).  

A converter is required for a system in which DC components serve as an AC load or vice 

versa. It can operate as a rectifier which converts AC to DC, an inverter which converts DC to 

AC, or both.  

3.3 System optimization  

This process enables identification of the optimal size for each of the components in the PV 

system. Besides, this process also aids in the identification of overall system size for centralized 

and distributed installations required to support a similar load. For each time step, the electric 

and thermal demand in that time step is compared to the energy that the system can supply and 

the flow of energy to and from each component of the system is calculated. For systems that 

include batteries or fuel-powered generators, how to operate the generators and whether to 

charge or discharge the batteries is also determined in each time step. Component size 

optimization is performed by either fixing various sizes of the components or by specifying the 

lower and upper limits of the component size range. It is possible to specify the maximum 

number of simulations per optimization, system design precision, and Net Present Cost (NPC) 
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precision and focus factor. The maximum number of simulations per optimization prevents the 

optimization from running indefinitely if convergence cannot be achieved. The system design 

precision specifies the relative error in the decision variables (i.e., PV array capacity) below 

which convergence is allowed. 

This study performs these energy balance calculations for each system configuration and 

determines whether a configuration is feasible. The process subsequently estimates the cost of 

installing and operating the system over the lifetime of the project. System financial 

calculations account for costs that include capital, replacement, operation and maintenance, 

fuel, and interest. 

4 Results 

This section describes the implementation of the devised methodology and shows the results 

for the selected case. 

4.1 Base case identification results 

To ensure the accuracy of the research, a model that is a representative of the most prominent 

residential block is chosen based on various configurations of existing blocks. Here, blocks are 

defined by focusing on spatial aspects including two main factors of network design and 

similarity of architecture style of buildings in each block  [48,49]. Therefore, from the web 

mapping process and reviewing the master plans of the city, it was identified that apartment 

complexes are usually the preferred and prominent dwelling choice for the newly developed 

blocks of the city [31,38,50]. Also, apartment complexes usually provide a larger inhabitant to 

area ratio, which is necessary to cater to the housing needs of a growing population.  

Hence, apartment complexes as a representative of the new developments in the city are 

selected for the reference case of this study. A residential block comprising ten similar 

apartment complexes is chosen as the reference case for the energy modelling process. The 

block is located in the outskirts of the city and, each apartment complex in the block consists 

of 9 storeys. These 10 buildings are characterized on the basis of peak power consumption.  

The next step after choosing the base case model is to execute the energy simulation to generate 

annual consumption profiles. In this regard, the hourly weather data is used to analyse the 

consumption and solar radiation for a complete year [40]. Although the 10 building complexes 

of this block are similar to each other, the results of energy consumption differ due to different 

reasons such as the orientation of buildings [51,52]. Results of energy simulations for these 10 
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buildings show that these buildings can be categorized into four archetypes with similar energy 

performance results. Here, the energy performance of one of these apartment buildings broken 

down by energy usage subcategory (heating, DHW requirements, lighting and cooling) is 

shown as a sample in Figure 5. Moreover, the energy consumption results of the other three 

apartments in Appendix A. 

 

Figure 5- Monthly energy consumption profile for one of the apartment buildings in the residential 

block. The figure identifies the major end uses with heating dominating during winter and cooling 

dominating during summer. Lighting and DHW remain relatively constant throughout the year. 

As the peak loads have occurred in the cooling profiles, we designed the PV systems to meet 

the cooling loads of these four archetypes. Moreover, the cooling demand represents the highest 

hourly peak amongst all the other end uses. Therefore, the PV system designed to match the 

cooling load will also satisfy the heating. The day chosen for the analysis is 3rd August, the 

standard cooling design day at 99% design temperature for Yazd.  

The PV system is designed to match the maximum system of these four archetypes. The results 

show that there are four distinct hourly cooling load profiles (Fig. 6). Maximum peak cooling 

load in the cluster of ten building is 253 kWp, as depicted in Fig. 6(a). There are two buildings 

in the neighbourhood that belong to this category. The peak cooling loads of the remaining 

three profiles are relatively close to each other. The second maximum peak cooling load is 

94.31 kWp, shown in Fig. 6(b) and two buildings in the neighbourhood fall into this category. 

Five buildings in the neighbourhood belong in the category of 83.31 kWp peak cooling load, 

depicted in Fig. 6(c). There is only one building that falls into the last category of 78.60 kWp 

peak cooling load, as shown in Fig. 6(d). 
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Figure 6- Cooling load profiles of buildings in the neighbourhood. (a) Building with 253.39 kW peak 

cooling load. (b) Building with 94.31 kW peak cooling load (c) Building with 83.31 kW peak cooling 

load (d) Building with 78.60 kW peak cooling load. 

4.2 Technical Analysis: Identification and Optimization 

The PV system size is calculated by running optimization routines. The hourly cooling 

consumption profile is fed into HOMER, which then optimizes the system based on the least 

cost and identifies the optimum result. These apartment buildings provide considerable roof 

area for PV panel installation including 450 to 530 m2 for each building. Satellite photos and 

location maps indicate that the area does not have trees or other types of shadings around these 

apartment complexes affecting the PV performance. Furthermore, there is no obstruction due 

to shading from the individual buildings (Appendix A: Figure 12). 

The priority is to cover the loads based on the hourly time series. The next filter is to sort results 

by their cost which includes the capital cost, operation and maintenance costs. The optimization 

process applies two in-built algorithms: 1) the original grid search and 2) a proprietary 

derivative-free algorithm, to calculate the economic and technical feasibility of different 

scenarios. The original grid search algorithm simulates all of the feasible system configurations 

defined by the search space. The proprietary derivative-free algorithm searches for the least-



 19 

cost system. These algorithms significantly simplify the design process for identifying the 

least-cost options for micro grids or other distributed generation electrical power systems [53].  

The inputs to the model include cooling demand profiles of buildings in the block, energy 

resources to generate electricity and storage battery to ensure efficient energy use. The system 

is defined based on the above inputs along with optimized sizing of each piece of equipment, 

which is then coupled with economic analysis based on the NPC, NPV and cash flow of the 

system (Fig. 7).  

 

Figure 7- Overall system as implemented in HOMER. The system consists of a generator acting as the 

system base, PV panels, Lithium-ion batteries, electric loads and a converter. 

PV systems are only optimized based on load profiles to identify scenarios and opportunities 

for distributed and centralized PV installations at a neighbourhood scale. Furthermore, we have 

optimized the PV systems based on different levels of PV penetration and hence, in the event 

of unavailability of roof area for distributed installations, PV penetration at the building level 

can be reduced accordingly. To conduct the feasibility analysis, a DSPV system is assumed for 

each individual building and a simulation is run to identify the system size along with other 

desired system components, tabulated in Table 2. The results are then compared to the case 

where a single centralized SPV system is considered for the neighbourhood, as tabulated in 

Table 3. Different PV penetration levels are analysed to ensure the consistency of results. 

Identification of the number of panels involves the use of PV system size. For instance, PV 

system size (802kW; Table 2) is used to identify the number of panels required for a peak load 

of 253.39kW. There are different combinations possible to attain the system requirements. For 

instance, the 802kW (~800kW) PV system can be divided into two subsystems of 400kW each. 
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Each 400kW subsystem can be further divided into four substations of 100kW equipped with 

an inverter. Hence, considering each single PV system of 4kW, 

𝑇𝑜𝑡𝑎𝑙 𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑃𝑉 𝑠𝑦𝑠𝑡𝑒𝑚𝑠 𝑝𝑒𝑟 100𝑘𝑊 𝑏𝑟𝑎𝑛𝑐ℎ =
𝑇𝑜𝑡𝑎𝑙 𝑏𝑟𝑎𝑛𝑐ℎ 𝑝𝑜𝑤𝑒𝑟 𝑐𝑎𝑝𝑎𝑐𝑖𝑡𝑦

𝑃𝑉 𝑠𝑦𝑠𝑡𝑒𝑚 𝑐𝑎𝑝𝑎𝑐𝑖𝑡𝑦
 

𝑇𝑜𝑡𝑎𝑙 𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑃𝑉 𝑠𝑦𝑠𝑡𝑒𝑚𝑠 𝑝𝑒𝑟 100𝑘𝑊 𝑏𝑟𝑎𝑛𝑐ℎ =
100𝑘𝑊

4𝑘𝑊
= 25 

Similarly, 

𝑇𝑜𝑡𝑎𝑙 𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑃𝑉 𝑠𝑦𝑡𝑒𝑚𝑠 𝑖𝑛 400𝑘𝑊 𝑠𝑢𝑏𝑠𝑦𝑡𝑒𝑚 = 25 ∗ 4 = 100 

𝑇𝑜𝑡𝑎𝑙 𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑃𝑉 𝑠𝑦𝑡𝑒𝑚𝑠 𝑟𝑒𝑞𝑢𝑖𝑟𝑒𝑑 = 100 ∗ 2 = 200 

Hence, a PV system of 802kW requires 200 PV systems of 4kW each. It is worthwhile to note 

that different combinations of branches and subsystems are possible. The combinations vary 

on the basis of inverter and PV panel specifications. 

Table 2- Sizing of the different system components considering DSPV installation for varying levels of 

PV penetration. 

Case 

Number 

Peak 

Load 

(kW) 

System 

Base 

(kW) 

PV 

Penetration 

(%) 

Optimized 

PV System 

Size 

(kW) 

Converter 

Size 

(kW) 

Number of 

100 kWh Li-

Ion batteries 

Annual PV 

Electricity 

Production 

(kWh) 

Case 1 253.39 

0 100 802 264 10 1,424,438 

150 71 269 204 2 477,901 

200 37 115 88 1 204,430 

Case 2 94.31 

0 100 258 129 6 457,928 

50 71 105 84 1 186,489 

60 37 52.6 49.9 1 96,633 

Case 3 83.31 

0 100 274 96.9 4 486,242 

30 71 95.9 55.3 5 170,270 

50 37 37.1 34.7 1 65,900 

Case 4 78.60 

0 100 254 87.4 4 450,549 

35 71 83.5 50.4 4 148,231 

55 37 32.6 29.3 1 57,866 

Total 1190.5 

0 100 3998 1358 56 6,646,941 

550 71 1311 903 30 2,328,361 

800 37 501 479 10 989,512 

 



 21 

Table 3- Sizing of different system components considering a CCSPV installation for varying levels of 

PV penetration. 

Peak 

Neighbourhood 

Cooling Load 

(kW) 

System 

Base 

(kW) 

PV 

Penetration 

(%) 

Optimized 

PV System 

Size 

(kW) 

Converter 

Size 

(kW) 

Number of 

100 kWh 

Li-Ion 

batteries 

Annual PV 

Electricity 

Production 

(kWh) 

1190.5 

0 100 3690 1310 48 6,554,808 

550 71 1259 806 15 2,600,386 

800 37 400 306 8 1,063,582 

4.2.1 PV system components 

As evident from the results, the PV system size reduces by a considerable amount when a 

CCSPV system is considered for the neighbourhood. For instance, considering the case of 

100% PV penetration level, the optimized system size of a centralized SPV architecture to 

support the total peak load of 1190.5 kWp would be 3690 kW. If a distributed PV architecture 

is assumed for the neighbourhood, it would require around 3998 kW of PV installation to 

support the same peak load although now distributed over 10 buildings using individual PV 

panels. Table 4 lists the comparison results for DSPVs and CCSPV. For each penetration level, 

the combined size of the DSPV installation is found to be greater than the centralized SPVs. 

This relates to the fact that a centralized SPV installation is more efficient and economical in 

terms of overall system size than DSPV installation. 

Table 4- Comparison of the system size for CCSPV and DSPV installations. 

PV 

Penetration 

(%) 

 Optimized PV System Size 

(kW)  

 Converter Size  

(kW) 

 Number of 100 kWh Li-Ion 

batteries 

 CCSPV DSPV  CCSPV DSPV  CCSPV DSPV 

100  3690 3998  1310 1358  48 56 

71  1259 1311  806 903  15 30 

37  400 501  306 479  8 10 

4.2.2 Storage system 

To use the system in an efficient manner, storage systems are evaluated in the neighbourhood. 

Battery sizing analysis is performed to determine the optimal size and number of batteries. 100 

kWh Lithium-ion batteries (optimal size) are considered with the CCSPV and DSPV. From 

Table 4, it is evident that the number of batteries required for centralized SPVs is always less 

than for DSPVs for the entire range of penetration levels. It can be attributed to the fact that for 
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a centralized SPV system, the surplus energy generated from the PV panels can be always 

utilized within the network or stored in a battery. However, for a DSPV installation, the surplus 

energy can only be stored in batteries with incompatible capacities. This observation highlights 

the importance of interlinking that exists in the centralized architecture, thus optimizing the 

energy flow across the buildings in the neighbourhood. 

4.2.3 Converter size 

The variations in the converter size follow a similar pattern as for the PV system size. Owing 

to the fact that the PV system size is less for the centralized installation, the converter size 

required to serve that installation is also less. Again, from Table 4, it can be concluded that the 

converter sizes for different penetration levels are smaller for centralized SPV architectures 

than for the distributed ones. Hence, CCSPV installation results in a system which is more 

efficient and economically viable. 

4.3 Economic analysis 

The economic efficiency is one of the main concerns of investors and stakeholders in PV 

projects. This is due to the fact that the results of economic feasibility guarantee the 

implementation of the project in different stages and encourage the investors to fund other 

similar projects.  

The economic performance of the CCSPV and DSPV configurations is evaluated using the 

NPC, NPV and cash flow parameters. The actual data for fuel price and electricity production 

is taken from the real-time pricing data [54]. The NPC of a component is the present value of 

all the costs of installing and operating the component over the project lifetime, minus the 

present value of all the revenues that it earns over the project lifetime. The total NPC is obtained 

by summing the total discounted cash flows in each year of the project lifetime. Costs include 

capital costs, replacement costs, Operation and Maintenance (O&M) costs, and fuel costs. The 

capital cost of a component is the total installed cost of that component at the beginning of the 

project. O&M cost of a component is the cost associated with operating and maintaining that 

component. The total O&M cost of the system is the sum of the O&M costs of each system 

component. The fuel cost is the annual cost of fueling the generator. Salvage value is the value 

remaining in a component of the power system at the end of the project lifetime. The project 

lifetime is the length of time over which the costs of the system occur. The real discount rate 

is used to convert between one-time costs and annualized costs. NPV estimates the current 

value of the project assuming a fixed price of electricity (0.21 USD/kWh). 
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In this step, the economic analysis is performed to present the feasibility of each system based 

on economic priorities. Figure 8 includes the NPC for DSPV configuration for different levels 

of PV penetration. The cost breakdown for the CCSPV configuration is in illustrated in Figure 

9. 

 

Figure 8- Cost Breakdown for DSPV for different PV penetration levels (total). The individual costs 

include capital cost, replacement cost, O&M cost, fuel cost and, salvage cost. 

 

Figure 9- Cost Breakdown for CCSPVs for different PV penetration. The individual costs include 

capital cost, replacement cost, O&M cost, fuel cost and, salvage cost. 

Figure 10 presents the comparison of NPCs for DSPVs and CCSVs. CCSPVs are economically 

more viable than DSPVs. For PV penetration levels of 71% and 37%, savings are almost 35% 

when installing CCSPV. 
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Figure 10- Comparison of NPCs for CCSPV and DSPV installations. All the negative values depict 

negative cash flows. 

Furthermore, CCSPV installations result in positive NPVs for all levels of PV penetration while 

DSPV installations result in negative NPVs for lower levels of PV penetration (Figure 11).  

 

Figure 11- Comparison of NPVs for CCSPV and DSPV installations. Positive values depict positive 

cash flows and negative values depict negative cash flows. 

5 Discussion 

Zero energy districts are viable solutions towards balancing the annual energy demand using 

electricity generated from renewable energy sources [2]. The studies conducted in the literature 

considered centralized installations to be suitable only as grid stand-alone systems [55]. Also, 

DSPV installations are often the preferred choice for urban city planners when planning new 
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neighbourhoods [56]. However, with a shift towards renewable energy and smart cities, 

centralized SPVs would prove to be more beneficial, having established that these installations 

perform better in terms of overall efficiency and meet a higher proportion of occupant energy 

demands [57]. Although the literature on the techno-economic analysis of PV panels has 

experienced a major boost in the last decade, not many studies have focused on the feasibility 

analysis of community-based and local centralized PV systems at a residential neighbourhood 

scale. 

In this research, the techno-economic analysis of CCSPV system was discussed. Technical 

analysis includes three metrics of PV components definition, storage systems, and converter 

size. Regarding the PV component overall size, comparing the results for DSPV and CCSPV 

architectures demonstrates that in different PV penetration rates, the CCSPV system requires 

smaller size. Considering the case of 100% PV penetration level, the optimized system size of 

a CCSPV architecture to support the total peak load of 1190.5 kWp would be 3690 kW. If a 

DSPV architecture is assumed for the neighbourhood, it would require around 3998 kW of PV 

installation to support the same peak load although now distributed over 10 buildings using 

individual PV panels (Table 4). By reducing the penetration level to 71%, the requirement of 

PV system is about 1259 kW for the centralized system while the distributed installation 

requires 1311 kW. This difference would be more significant when the penetration level is 

lower, for instance, the PV components’ overall size would be lower by about 25% when 

implementing the centralized system at the neighbourhood scale (Table 4). 

To use the system in an efficient manner, storage systems are also evaluated in the 

neighbourhood. By considering the same Lithium-ion batteries, centralized and DSPVs require 

a different number of batteries which is always lower for the CCSPVs. For 71% penetration 

level of PV generation, the required batteries for centralized panels are 50% lower when 

compared to the distributed system. This feature significantly contributes to the economic 

efficiency of PV storage systems [18]. 

The performance pattern of the converter size follows a similar pattern as for the PV system 

size. The converter size varies considerably to respond to the PV systems in peak load points. 

The variation pattern is more vibrant for lower levels of PV penetration. For instance, at the 

level of 100% PV penetration, the converter requirement of the system is about 1310 kW for 

CCSPV system while it is increased to 1358 kW when implementing the distributed 

architecture. However, by reducing the penetration level to 37%, the system requirement is 



 26 

dropped to 35% in a centralized architecture. Hence, CCSPV results in a system which is more 

efficient and economically viable. 

This system resulted in a decrease in the size of the PV system, the required converter size and 

a number of batteries needed to store the surplus energy. This is due to the fact that increased 

interactions of energy flow between different buildings in the neighbourhood facilitate the 

optimized use of available resources. Moreover, transmission losses are reduced and multiple 

connections are available, usually at a higher voltage level. Furthermore, the presence of a 

manageable number of inverters results in relatively straight forward monitoring and easy 

access to individual central inverters.  

The economic efficiency is a promising factor to encourage investors to implement PV system 

in different spatial scales from individual buildings to community scales or solar farms. The 

economic performance of the CCSPV and DSPV configurations is evaluated using NPC 

parameter which includes capital costs, replacement costs, O&M costs, NPV and fuel costs. 

For PV penetration level of 100%, centralized installations are 7% cheaper than the distributed 

installations. For PV penetration levels of 71% and 37%, savings are almost 35% when 

installing centralized PV plants (Figure 10). These benefits enable affordable and efficient PV 

installations for a neighbourhood. CCSPV installations result in positive NPVs for all levels of 

PV penetration while DSPV installations result in negative NPVs for lower levels of PV 

penetration (Figure 11). Centralized installations offer a maximum level of efficiency with low 

self-consumption, thus, enabling the highest possible yields.  

CCSPVs, although capital intensive, have been receiving enhanced investments as opposed to 

DSPVs. Most of the countries currently subsidize renewable power producers with billions of 

euros a year, regardless of demand. Because network development lags far behind, a lot of 

power is wasted. With CCSPVs, the grid would be able to achieve two objectives single-

handedly; (1) empower the customers, and (2) achieve an indirect control over micro-grids. 

The results of this study confirm that for implementing PV systems in residential 

neighbourhoods and communities of this climate, it is necessary to receive financial support 

from the government to reduce the rate of NPC and O&M costs. As results show the economic 

performance of PV panels for both presented systems cannot highly encourage consumers of 

fossil fuel electricity to install these new systems (Figures 8 &9). However, these systems can 

be quite economically feasible by receiving governmental supports. As governmental financial 

support can play a prominent role in the development of these systems since without adopting 

such strategies, the high initial costs of PV panels discourage private investors to replace 
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electricity from fossil fuels with clean electricity [9]. Studies have shown that deployment 

policies have been established all over the world which resulted in positive growth in annual 

installation from 2.67 GW in 2007 to 37.6 GW in 2013 [9]. 

6 Conclusion 

This research investigated the importance of CCSPV systems as opposed to the already 

established DSPVs. The feasibility analysis includes economic efficiency indicators and 

technical measures for optimizing the performance of components and storage systems for the 

peak load points. This analysis incorporates three main metrics including the level of the energy 

production in response to the consumption, reliability of the system for peak power and finally 

the capital cost of implementation. The economic analysis is evaluated using NPC parameter 

which includes capital costs, replacement costs, O&M costs, NPV and fuel costs.  

Results revealed that CCSPVs perform more efficiently than DSPVs in terms of overall system 

size and economic analysis. CCSPVs offer a maximum level of efficiency with low self-

consumption, thus, enabling the highest possible yields. Regarding the PV component overall 

size, the CCSPV resulted in a decrease in the size of the PV system, the required converter size 

and a number of batteries needed to store the surplus energy. Regarding the economic 

performance, CCSPV installations result in positive NPVs for all levels of PV penetration 

while DSPV installations result in negative NPVs for lower levels of PV penetration.  

As there has been an emerging trend to transform the entities of the built environment to 

become an active part of the energy system, CCSPVs will allow buildings to play an active 

role in managing the flow of energy. Such installations will allow a reduction of peak utility 

loads and with the advent of new tracking systems, the peak PV output could be increased 

across the whole day. A centralized PV installation would ensure optimization of the PV system 

size and of the components attached to the system.  

Besides the aforementioned potentials of PV systems in neighbourhood scale, there is no single 

choice that results in an optimal PV system concept; instead, a wide range of technical and 

commercial requirements must be weighed in combination with the client’s highly individual 

needs. An important restriction of implementing community-based PV systems is that these 

systems require huge vacant public spaces. Provision of such spaces increases the initial costs 

of the project. Moreover, another important issue of CCSPV is the possibility of decreasing the 

aesthetic values of the neighbourhood or causing discomforts such as glare of sunlight for 

vehicle drivers and pedestrians.   
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Although the results establish the benefit of considering CCSPVs for neighbourhoods, there 

are certain aspects that have not been taken into account. Buildings’ features such as form, 

transparency ratio of facade and orientation and also climatic features of the context and 

location of each study considerably impact on the results of feasibility analysis. As the 

characteristics of different locations have a huge impact on the results of feasibility analysis, 

further studies can investigate the application of the suggested feasibility framework in other 

climate contexts and provide comparative analysis between their results.  
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Appendix A: Settlement Plan and building consumption profiles 

 

Figure 12- The location and layout of residential buildings selected as the case study of this research 

at the city, neighbourhood and block scales. 
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Figure 13- Monthly energy consumption profile for the apartment buildings in the residential block. 

The figure identifies the major end uses with heating dominating during winter and cooling dominating 

during summer. Lighting and DHW remain relatively constant throughout the year. 

 

Appendix B: Modeling, configuration and sizing of the PV system  

PV array:  The suggested size of one PV system used in the simulation is 4 kW, which 

comprises 16 x 260 W panels, at 470C. Different sizing combinations are tested for the 

neighborhood. These panels are connected to produce an array with 230 V. The panel 

distribution on a roof depends on the size of the installed PV system and associated voltage 

and current requirements of the system. For instance, considering 4 kW PV system for a 

distributed architecture, the number of panels are decided based on the overall PV system size. 

A 16 kW PV system would need four PV systems of size 4 kW. Estimated capital and 

replacement cost of PV is 1000 USD/kW. The lifetime is assumed to be 25 years. 80% derating 

factor is applied to the electricity production from each PV panel [58]. The panels are modelled 

as fixed and tilted south at an angle equal to the latitude of the site. HOMER assumes the PV 

array is outfitted with a Maximum Power Point Tracker (MPPT), in which case the output of 

the array is effectively linear with incident solar radiation, regardless of the DC bus voltage 

identification of the number of panels involves the use of PV system size. For instance, PV 

system size (802kW; Table 2) is used to identify the number of panels required for a peak load 

of 253.39kW. There are different combinations possible to attain the system requirements. For 

instance, the 802kW (~800kW) PV system can be divided into two subsystems of 400kW each. 

Each 400kW subsystem can be further divided into four substations of 100kW equipped with 

an inverter. Hence, considering each single PV system of 4kW. 

The distribution of panels for a distributed PV installation depends on the PV system size 

determined using the load profiles. The panels can be connected in a different arrangement to 
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satisfy the load requirements. Besides, the total number of panels on any roof is also limited by 

the available roof area. For a centralized PV installation, the panels are assumed to be centrally 

located in various combinations so as to satisfy the overall load requirements. 

Storage: The properties of the battery remain constant throughout its lifetime and are not 

affected by external factors such as temperature. 100 kWh Lithium-ion batteries (rated at a 

nominal voltage of 600V, with a capacity of 167 Ah) storage are chosen for the analysis. In 

order to produce higher energy capacity, batteries are connected in series. Different 

combinations of these batteries are analyzed to obtain the optimum number and size. The 

estimated price of each battery is 20,000 USD with a replacement cost of 20,000 USD. This 

battery is characterized by its versatility of application and zero-maintenance design with life 

expectancy of 15 years [59]. Different numbers of these batteries are considered in the analysis 

conducted. 

Converter: The converter used in the simulation is a generic system converter. The estimated 

capital cost of the converter is 300 USD/kW and the replacement cost is 300 USD/kW [60]. A 

lifetime of 20 years is assumed in which the inverter efficiency is assumed to be 95% and the 

converter efficiency is assumed to be 90%, for all sizes considered. The California Energy 

Efficiency (CEC) of the inverter is 10% at 90% load, 95% at 50% load and 95% at 100%. 


