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Nomenclature 

Symbol Description Unit 

Prated PV peak Total AC power of PV systems kW 

Prated load peak Rated peak total consumption of loads. kW 

Pmaximum daily PV production Maximum daily PV production kW 

Pmaximum daily load peak Maximum daily load power consumption kW 

Etotal daily PV production Maximum daily PV production MWh 

Etotal daily load consumption Total daily energy consumption by load MWh 

Etotal PV output Annual PV production MWh 

Eannual demand load Total annual energy consumption by load MWh 

PVorientation PV area per orientation m2 

Atotal Total area m2 

Aorientation Percentage of roof area in that orientation % 

Porientation Rated PV power per orientation kW/MW 

Oorientation PV output per orientation MWh 

O5.94 kW PV output per 5.94 kW kWh 

Autilization Roof area utilization factor - 

Aavailable Available roof area in an orientation m2 

Atotal Total available roof area m2 
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1 Introduction 
The residential and service sector accounts for almost 40 % of the total energy use in 
Sweden [3]. This sector consists of households, public administrations, commercial, 
agriculture, forestry, fishing, and construction. Households and non-residential buildings 
account for around 90 % of the energy use in the sector. 
 
According to the European Performance of Building Directives (EPBD), adopted by the 
European Parliament and the Council of the European Union, by the end of 2020 all new 
buildings in the European Union will have to consume nearly zero-energy, as well as 
existing buildings to undergo cost-effective refurbishment into nearly zero-energy 
buildings [2]. To achieve this goal a significant part of the used energy should be provided 
by local renewable sources if possible [4]. The overall goal of Swedish energy policy in the 
short and long term is to secure the supply of energy on competitive terms. Energy policy 
must create conditions for efficient and sustainable energy use and cost-effective energy 
provision with a low impact on health, the environment and climate. Swedish energy 
policy is based on the legislation that has been adopted within the EU. The climate and 
energy goals adopted by the Swedish Parliament specify that the proportion of renewable 
energy in 2020 shall be at least 50 % of the total energy use. [2]  
 
The society we live in today is highly dependent on energy. It is required for basic 
amenities in daily lives such as lighting, appliances, transport, heating etc. Sweden has been 
heavily investing in the field of alternative energy sources since the oil crisis of the 1970s. 
It has one of the highest per capita consumption of energy when compared to the entire 
world, yet Swedish carbon emissions are low compared with those of other countries due 
to its heavy reliance over nuclear and hydroelectricity generation. [5] 
 
The energy requirement in Sweden has been fairly constant since the early 1990s even 
though there has been a slight rise in the electricity consumption in the household sector 
mainly due to increasing population and migration which has led to the creation of new 
residential and service sector buildings [5]. It is of utmost importance to understand the 
current energy situation in the region where the development of a new urban area is 
planned to ensure that the energy demands are met and the goal of developing an energy 
sustainable urban colony is achieved. A new law for energy efficient households has been 
in force in Sweden since 2008. It aims to promote a more efficient use of energy by 
investing in providing information with the help of energy advisors which are placed at all 
290 municipalities in Sweden who advise on ways to turn towards a more energy efficient 
way of living. [5] 
 
Many aspects of the urban planning and development process, from the layout of the 
roads to the building massing and shape of the roofs, affect the feasibility and performance 
of any PV systems installed. It is highly important to understand the zoning plans for the 
site as they have a major impact in determining the level of shading on the roofs of the 
buildings. Planning for solar access in the planning stage itself ensures optimum levels of 
output from the PV systems and eliminates the risk of poor feasibility from the PV 
systems. 
 
In Sweden, electricity is transported from the major power stations to the regional 
electricity grids (40–130 kV) via the national grid (220 kV and 400 kV). From the regional 
grids, electricity is transported via local grids (40 kV or less) to the electricity consumers. 
The voltage in the wall sockets in Sweden is 230 V. Collective self-consumption from a PV 
system in an apartment building is allowed in Sweden if all the apartments share the same 
grid subscription. Several housing companies and housing societies are using this option. 
The general approach for such a solution is that the whole apartment building shares one 
electricity contract with the utility and that the electricity is included in the rent, but that 
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electricity consumption is being measured internally by the housing company/society and 
the monthly rent is affected by this consumption. [6] 
 
The city of Borlange has a population of over 50,000 people and has witnessed migrations 
due to which the population in the city is rapidly increasing. The municipality plans to 
develop a new residential and commercial area in Jakobsgardarna. This is a residential area 
in Borlange which was developed around the early 1980s and had all the city center 
activities and commercial services around, but these have drastically declined today. It is a 
residential area with about 2150 inhabitants with a distribution of women and men are 
relatively equal. A large proportion is children which accounts for almost 38 % of the 
population [1]. The grid in Borlänge is operated and maintained by Borlänge Energi Elnät 
which caters to over 28500 network customers within the municipality of Borlänge [7]. 
Approximately 1200 homes are planned in the area, from the townhouse, terraced / semi-
detached to apartment buildings for occupied apartments and rental housing (2-5 floors). 
Along with housing, the municipality also plans to develop a school, commercial center, 
health and social care service centers and a chapel. [1] 
 
The district proposed a regional spearhead of social and ecologically sustainable solutions 
in a modern urban development. The creation of a carbon neutral district is one of the 
objectives. The district's goal is to be a varied and mixed habitat where homes can be 
rented or owned within the same residential area [1]. To achieve these goals and in 
accordance with the EPBD, a study is planned to provide feasible solutions on how PV 
can be integrated into these buildings with the help of simulations to increase local energy 
production by renewable sources such as PV and try to attain sufficient PV penetration 
which would serve towards the goal of zero-energy buildings. [2] 
 
The capacity to fully utilize the solar potential in an urban area depends on the street 
orientation, type of roofs, area available for solar energy production along with the shading 
considerations [6]. Site analysis, design phase, and implementation processes have the 
ability to integrate various criteria that can lead to a clearer definition and representations 
of the properties.  
 
Understanding the zoning ordinances are of utmost importance so that the new 
constructions will not cause any shading on the installed PV arrays of the neighboring 
constructions. The zoning plan is a legal instrument for urban planners to set up certain 
boundaries of the use of land, street dimensions, and open spaces, the density of the 
buildings, the building’s function, orientation, height, and roof type. [4] 
 

  Aims 

The main objective of this study is to understand the importance of planning for PV in 
new areas and performing a series of simulations for different scenarios with varying 
degrees of PV penetration for the area of Jakobsgardarna in Borlänge, Sweden. 
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 Methodology 

It is highly necessary to create a roadmap for the tasks to be performed in order to 

achieve the desired aim of the study. An outline that provides the direction in which 

the work needs to proceed in order to achieve the desired results of various degrees of 

PV penetration for multiple scenarios in the planned residential area of 

Jakobsgardarna are noted as under: 

  Estimate and determine the total number of new buildings that are to be constructed 

and divide them into 4 specific zones namely, North-West Zone (NW), North-East 

Zone (NE), South-West Zone (SW) and South-East Zone (SE) based on their location 

in the planned area. 

 

 Separate the type of buildings based upon their specific usage such as single-family 

houses, multifamily houses, offices, schools, commercial centers, housing and service 

operations, activity centers and establishes their respective demand loads. 

 

 Create annual hourly load profiles for all types of buildings based on their daily 

demand loads. 

 

 Determine the total roof area for all buildings in each zone and summarize the 

available roof area for the entire project. 

 

 Establish the available PV area for each building in all the zones and determine the 

total PV area after taking into consideration the shading issues that may arise after 

studying the zoning ordinances. 

 

 Analyze and establish the orientation of roofs for all the buildings. 

 

 Multiply the annual hourly load profiles of each type of building with the number of 

buildings of each type respectively to get the annual demand load for each type of 

building along with the total annual demand load. 

 

 Create a weather data profile from multiple sources for the location and determine the 

most appropriate profile for simulations in PVSyst. 

 

 Perform batch simulations in PVSyst for a base case scenario that shall provide the 

annual hourly PV output for each orientation. 

 

 Obtain the total rated PV power that can be installed on the available roof area. 

 
1. Multiply the total available PV area with the percentage of available roof area in 

each orientation to obtain the PV area per roof orientation. 

2. To obtain the rated PV power per orientation, the PV area per roof orientation is 

multiplied with the PV power used in PVSyst for batch simulation in the base case 

scenario. 

3. The result is divided with the PV area of the base case. 

4. The total rated PV power that can be installed on the roofs is obtained by adding 

all the results of rated PV power per orientation. 

 Obtain the total energy output from PV installation. 
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1. The PV energy output per orientation is calculated by multiplying the rated PV 

power per orientation with the PV output per base case rated power for that 

orientation. 

2. The result is divided with the rated power for the base case on with the batch 

simulations were performed. 

3. The total PV output that can be generated is obtained by adding all the results of 

PV energy output per orientation. 

 

 The PV penetration is established by dividing the total PV output with the total annual 

demand load. 

 Match the results with the possible load profiles and grid topographies. 

 Create multiple scenarios for the base case by varying the available PV roof area based 

on roof orientations to provide a better perspective. 

 Create similar scenarios with actual building orientations and roof areas for all the 4 

zones. 

 

Figure 1-1 Flow chart  of the methodology created to achieve the aim of studying the importance of planning 
for PV in new areas and performing a series of simulations for different scenarios with varying degrees of 
PV penetration for the planned residential area  
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 Background 

To design a PV system for a new urban area, the first and foremost important factor is 
understanding the average household energy loads in the region to create load profiles in 
accordance with the type of usage of the buildings. Matching between electricity demand 
and generation is important to maximize the benefits. Load profiles need to be created by 
detailed research for all types of buildings such as single-family house, multi-family house, 
offices, schools, student housing and service operation buildings, activity centers and 
commercial centers. [1]  
 
Proper system designing can only be done with a detailed knowledge about the current PV 
penetration scenario in Sweden. The installation rate of PV has seen a steady growth in 
Sweden. A total of approximately peak 79.2 MW were installed in 2016. The annual 
Swedish PV market grew by 63 % as compared to the peak 48.4 MW that was installed in 
2015. In recent years, the market for grid-connected PV systems has grown rapidly in 
Sweden. This continued in 2016 as another peak 77.7 MW of grid-connected systems were 
installed under the year, a 65 % increase compared to the peak 47.0 MW installed in 2015. 
The cumulative grid-connected capacity was at the end of 2016 approximately peak 192.9 
MW. Summing up the off-grid and grid-connected PV capacities, one ends up at a total of 
peak 205.5 MW of PV that have been sold in Sweden until the end of 2016. [6] 
 
Since the 1980s, Jakobsgardarna is the residential area in Borlange provided with all 
necessary amenities like educations, jobs, commercial services. Currently, the area of 
Jakobsgardarna has 732 residential and apartment buildings. Along with shared 
accommodations, 11 family houses and 78 special rental apartments for students exist in 
the area [1]. Due to increase in population in the city, the municipality has decided to build 
1200 homes together with-residential buildings for students and elderly, schools, 
apartments, kindergartens, medical center, and commercial services which shall include the 
supermarket, hairdresser, kiosk, pizzeria, clothing store and automatic teller machine in 80 
hectares of land [1].  The aim of the municipality is to build a modern, social, ecological 
sustainable district for people to have a healthy life with all necessary provided amenities.  
To achieve eco-friendly environment and to provide green energy to everyone, the 
municipality has planned to put solar panel systems on the roof of the residential buildings 
[1]. According to Million Programme, (Swedish: Miljonprogrammet) which was 
implemented by the Swedish Social Democratic government between 1965 and 1974, it 
aims to provide homes by developing a million new homes to everyone at a much 
reasonable price [8]. 
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 Previous Work 

1.4.1 PV-roof installations 
 
The important aspect of PV installation on the roof is to understand the losses that occur 
in PV system due to shading from trees, buildings, mostly during peak sunshine hours. 
Understanding the zoning laws is important so that the new construction will not cause 
any shading on the installed PV array of the neighboring construction. Maximize use of 
south-facing roof and analyzing the drawing of the roof which helps in maximizing system 
performance, so it is important to keep a south-facing portion of the roof to be 
obstruction free as much as possible. [6] 
 
 Reducing the use of roof mounted equipment, understanding the different technique of 
mounting strategies of PV panels and maximize the use of open area available in the roof 
for PV array installation. The roof should have more ability to carry the load of the solar 
equipment for (PV – between 14.64 and 29.29 kg/m2). The roof structure must be 
analyzed in order to check whether the solar equipment area capable to withstand the wind 
loads. [6] 
 
 As the installation will be made on the roof of the buildings, it is important to check the 
roof installation accepts a warranty and its contract consist of terms mentioning solar 
installation. The PV systems needs to be connected to the electrical system of the building, 
electrical panel must have sufficiently larger ampere rating so that it can accommodate the 
PV energy as well as grid energy. Also, the electrical panel for interconnection with PV 
system should be placed near the building to reduce the transmission losses. [6] 
 
A successful sustainable solar PV system of a residential building is generally based on 
determining the solar potential in the existing area and comparing it with the possible gains 
obtained after installing the solar system on the roof of the same building. This approach 
will help to understand the economic, social and environmental benefits with solar energy 
use. [7] 
 
According to the research study of J. Ordonez, E. Jadraque, J. Alegre, G. Martinez [8] the 
solar energy potential assessment for grid-connected photovoltaic system on the rooftop 
of the buildings can be done by understanding the characteristic parameters of the 
building, also the available potential surface area on the roof of the building for installation 
of photovoltaic system. According to J. Ordonez, E. Jadraque, J. Alegre, G. Martinez, [8] 
the study of mean solar radiation and calculation of technical parameter of the 
photovoltaic system also helps to analysis the solar potential on the roof of the buildings. 
 
Salvador Izquierdo, Marcos Rodrigues, Norberto Fueyo [9] explains the technical potential 
of grid-connected photovoltaic system of an area with large-scale territories by 
understanding the available roof area of the building used for installation of the 
photovoltaic system with used of Geographic Information System (GIS) maps. Analysis of 
the photovoltaic solar energy capacity of residential rooftops. 
 

 1.4.2 Use of satellite images for planning 
 
The ability to use the maximum solar potential depends on the street orientation, urban 
morphology. Analyzing and inspecting the sites during the initial stage of urban planning 
with implementation process gives a clear representation of installing the PV system at an 
optimal place and maximize the PV output. [10] 
  
Kanters, J., Wall, M., Kjellsson, E. [11] explained the technique to understand the solar 
potential in the urban area with an important tool of a solar map which is depended on the 
GIS which provide information about annual solar irradiation on building surfaces. The 
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use solar maps had helped a lot to the city administration to provide information citizen 
about the potential of their own roof. The solar maps provide different level of 
advancement by becoming part of larger program to achieve more renewable energy 
productions in the cities. The application of Light detection and ranging data (LiDAR) also 
helps in the estimation of rooftop solar photovoltaic active potential [12]. Further 
Jakubiec, J.A., Reinhart, C.F. [13] introduce a “method for Predicting City-Wide Electricity 
Gains from Photovoltaic Panels Based on LiDAR and GIS Data Combined with Hourly 
Daysim Simulations” which is used to calculate the PV panels efficiency by including the 
effect of hourly roof temperature which is further compared with the real measured PV 
production which showed minimal error of 3.6 – 5.3 %.  
 
According to the M. Cellura, A. Di Gangi, S. Longo, A. Orioli, [14] the photovoltaic 
potential assessment in an urban area can be done with the help of google earth which 
basically provide the satellite view of the roof of the building and number of the floor of 
the building with the help of street view function. Thus, the roofs are classified by 
different shape, the orientation of the buildings which is used to identify the energy share 
of the installable photovoltaic with regards of the number of floors also the detailed energy 
demand is evaluated based on energy demands of each household. As a result, the energy 
assessment was done with the economic feasibility of the grid-connected photovoltaic 
system 
 

1.4.3 Temperature Coefficient: Module selection 
 
 The PV Modules under Standard test condition have irradiance of 1000 W/m2, the solar 
spectrum of Air Mass of 1.5 and ambient temperature of 25˚C [15]. The temperature 
coefficient varies for different commercial modules in the market due to which under a 
working condition in the field the output from the PV module varies from the output at 
rated Standard test condition. 
 
To understand the change in the temperature coefficient in different modules test has been 
carried out in Solar Energy Center, Delhi and found that the temperature coefficient for 
mono-crystalline silicon is higher amongst all the other modules available in the market as 
multi-crystalline, CdTe. CdTe PV module can be good option to be used for hotter climate 
and it has less temperature loss due low-temperature coefficient than mono-crystalline and 
multi-crystalline. [15] 
 

1.4.4 Electrical loads study with new techniques 
 
The electricity consumption in the average for every EU-25 household was continuously 
increasing by 2 % for past 10 years. This is due to the use of basic comfort level and 
utilization of new appliances with an increase the load demand. The aim of Residential 
monitoring to decrease energy use and carbon emissions in Europe (REMODECE) 
project was to understand the importance of the increasing the electricity demand of the 
EU household. [16] 
  
The purpose of the project was to evaluate how the electricity can be saved by using 
energy efficient appliances by adopting the suitable behavior of the appliances. A large 
survey was done in 12 countries of Europe for almost 500 households with different 
questioners and deep analysis of appliance. The collected data after monitoring and from 
the survey was further evaluated and found that the 2.7 kWh was the average electricity 
consumption per household per year excluding space and water heating. [16] 
  
 The major contribution was from electronic loads (office equipment’s and entertainment) 
which consume 22 % of electricity consumption form total electricity consumption. The 
standby consumption represents 11 % of the total consumption for all the end uses but it 
was mostly focused on the office equipment. Thus, by use of the best technology and best 
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practice behavior, it was observed the household can reduce almost 1300 kWh of 
electricity consumption which is 48 % of the total consumption of the electricity. [16] 
 
The aggregated saving of electricity was found to be 165 TWh for all 12 participating 
countries and thus the saving of the electricity resulted in a reduction of almost 72 million 
ton of CO2 emission per year. The REMODECE project suggests following steps to 
achieve savings in the electricity consumption as the use of LEDs in place of fluorescent 
lamps, selection of efficient appliances, and selection of efficient entertainment 
equipment’s. [16] 
 
According to Christina Ljungqvist, Emma Lindblom, Malin Ahgren [17] modern electric 
load demands for households can be met by opting sustainable and environment-friendly 
ways of using electricity. They focused on the use of energy efficient devices like LEDs, 
HWC which have shown a reduction from 93 MWh a year to 55 MWh a year accounting 
for up to 60 % savings per year. HWC alone can reduce the energy dependency by 29 %.  
 
Not only does it reduce dependency on electricity but supplements the benefits by 
reducing peak load demands. Data from the Swedish Energy Agency and Top Ten’s list of 
high energy saving appliances. Knivsta municipality has contemplated the possible 
reduction of an electric load by the change in consumption behaviors amongst the 
households by increasing individual knowledge. [17] 
 
As discussed by Javier Campillo, Fredrik Wallin, Daniel Torstensson, and Lana Vassileva, 
[18] smart meter technologies advancement has brought new opportunities in Sweden. 
This opportunity has capitalized the reliability and efficiency of the power system by 
running price-based demand response programs for industrial, households and commercial 
customers. 
 
The distribution of demand response programs requires authentic energy demand 
forecasting. The olden procedure was not sufficient to provide the accurate peak load 
demand and total energy use. The article had explained and analysis different techniques to 
understand the estimation of electricity consumption and estimating the behaviors of the 
parameters in order to design an energy model. [18] 
 
 
 Lana Vassileva [19] further went on to discuss factors like dwelling size, the number of 
occupants and income were also important alongside consumer pattern. The largest 
difference between energy use has been found between individual households, even 
exceeding all possible factors and attributes. 
 
The type of dwellings, the age of occupants, their level of education, income and 
awareness and interest have been identified as parameters to develop and provide effective 
feedback. [19] 
 
Another important aspect noted by Lana Vassileva [19] was providing feedback and 
information to households. Consumer patterns were recorded before and after the 
implementation of feedback mechanism through three of the most powerful methods 
which include bills, websites, and displays to make the suitable useful analysis. Web-based 
feedback was found to be the best for electricity reduction by a whopping 17.5 % as 
compared to others.  
 
According to Dennis Johansson, Hans Bagge, Swegon, Tomelilla, [20] designing a building 
that meets energy usage on the lower side, it is essential to simulate the energy demand 
during the building process with conditions as when the building is operative. Such 
simulations require very accurate input data to obtain good results and have a great reliance 
on the consumer behavior data. In order to understand load use patterns, the amount of 
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electricity used on a daily and yearly basis is some of the most important data. Results 
based on energy simulations of the above data are explained. 
 
Hans Bagge has discussed, [21] multi-family households are altogether a different scenario 
when it comes to load use. With a focus towards sustainable energy use, nine properties 
under consideration were restricted to a specific load consumption barometer of 105 
kWh/m2. Energy consumption data for district heating, household electricity, and 
common electricity were not only measured but also audited to find out necessary 
variations. Alongside energy and heating electricity use, solar gains were also monitored. 
Variations in all the above parameters were studied in detail to develop power signatures 
throughout the year and for all the properties.  
 
It was rightly observed, the solar gains fluctuated on the basis of orientation, a technical 
system in place and window areas. Short period simulations and variations were observed 
for measurements that varied not just around the year and with different weather 
conditions, but also in a shorter duration. Essentially, the difference in technical designs, 
electricity use and variations around the day for the different properties were analyzed 
using fundamental and important values. [21] 
 

1.4.5 Photovoltaics in Sweden  
 
According to Joakim Widen, [22] the extent of PV in Sweden subject to module price and 
grid integration could be manifolds. A detailed discussion of important factors 
promulgating the same has been discussed at length. The capacity of PV distributed 
generation systems to achieve load demand and ability to not affect low voltage 
distribution grid networks simultaneously has been the crux. Succumbing to lack of load 
data in Sweden, Joakim Widen [22] has worked to develop a stochastic load model.  
 
Time use data was found to be appropriate for modeling the same. Markov Chain model 
for generating synthetic load behavior pattern and a conversion model based on the 
empirical time use data were built and validated against measurements. The models thus 
provide a basis for power simulations. Proceeding to case studies, a highly variable 
relationship between PV generation and daily load demand was observed in individual 
households. [22] 
 
Demand side management, storage, and PV orientation are crucial aspects for improving 
load matching with different choices having varying importance at different production 
levels. Power flow simulations for 3 Swedish low voltage grid households showed that a 1 
kW peak power PV system was most advantageous, but up to 5 kW of peak power could 
be adjusted depending upon consumer traits to secure load demand and mitigate voltage 
drop. Additionally, probabilistic power flow simulations are developed to get a much more 
lucid impression. [22] 
 
According to Swedish Energy Agency survey report, [23] the dissemination of information 
on several PV power system aspects and facilitation of such a system is discussed 
meticulously. Some of the broader PV system objectives such as cost reduction, increase in 
awareness of PV potential and elimination technical and non-technical barriers have also 
been highlighted. Problems related to installation, PV competitiveness, policy framework, 
research and development and industrial engagement have been thoroughly argued.  
 
Further, the report published by Swedish Energy Agency, [24] had explained the energy 
situations and its expansion in Sweden with different facts and figures along with its 
statistics. This report also emphasis on different energy policies of Sweden and the usage 
and importance of energy in various sectors such as industrial sectors, transport sector, 
electricity market, and fossil fuel market. The total energy consumption of Sweden was 
125.40 billion kWh per year. Per capita this an average of 12637 kWh. With all producing 
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facilities total production of electricity in Sweden was 154 billion kWh which was 123 % of 
the countries own usage [25]. The sales statistics of the photovoltaics varies from company 
to company with different uncertainties. The selling and buying of modules between each 
other increase the risk of double counting of same modules for some cases. Due to 
uncertainties in counting the cumulative installed capacity of PV systems in Sweden, the 
Swedish government mandatorily collects the data of grid connected PV systems from 
Swedish grid owner. According to SCB the grid-connected PV data collected from the grid 
owner at the end of 2016 was found to be peak 140.86 kW [23]. As per data collected by 
Swedish installation companies the installed capacity of PV systems in Sweden over the 
years was found peak 192.9 MW. This clearly shows the uncertainties and deficiencies in 
collecting sales statistics. In 2017 the total installed capacity of the PV system was peak 77 
MW which includes different market segments. To increase the PV installation in Sweden, 
the government has started various policy like providing “direct capital subsidy for PV 
installations”. According to this policy 70 % of the installation cost was recovered if the 
system was built on the public building. The other policies introduced by the Swedish 
government was “direct capital subsidy for renewable energy production in the agricultural 
industry”. This subsidy is applied to various company have business in agriculture and thus 
produce green electricity for their own use and for sale also. [23] 
 

2 Simulations and calculations 

 Assumptions, uncertainties and boundary conditions 

During this study, various assumptions and boundary conditions were set as the project is 
in planning stage now which had led to the creation of various uncertainties. 
 

1. The hourly load profiles of commercial centre, school and activity centre have 
been created based on regular day to day observations on the occupancy status in 
these buildings. 

2. The roof area of the buildings was measured from a map with a satellite view 
which negates the factor of tilt on the roofs. The roofs areas measured in this study 
is less than the actual available roof areas as the tilt would lead to an increase in the 
area. 

3. The roof orientations have been determined based on the visuals that were noted 
manually from the map in plan-program [1] and may not be completely accurate. 

4. There are buildings that have roofs with several orientations, but these buildings 
have been presumed to have just 2 orientations in this study for ease of 
calculations and limiting the variables. 

5. The tilt of the roofs of all the buildings have been pre-determined at 30° to limit 
the variables as each building would have a different tilt and multiple orientations 
and the true tilts and orientations of the buildings are not available as the project is 
in its planning stage. 

6. The type of buildings has been determined based on their roof structures, roof 
areas and colour variations as shown in the map in plan-program. [1] 

7. The demand loads have been analysed without considering the aspect of consumer 
behaviour due to seasonal variations which may cause the demand load in this 
study to be lower than the actual demand loads. 

8. The study has been focussed on evaluating variations in PV penetration levels for 
different scenarios in terms of energy on an annual basis. 

9. Each type of building has a different roof area and orientation in each zone. 
Hence, the roof area for the base case for each type of building has been averaged 
out from the roof areas for their respective type of buildings in each zone. 

10. The boundary condition for base case simulation in PVSyst was performed with a 
PV system peak power of 5.94 kW with the roof area as 36 m2 as it was observed 
that it is the minimum available roof area for the smallest building in the planned 
area and hence would accommodate all buildings by creating analogies with the 
base case results. 
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 Zonal distribution of buildings 

The first order of business before commencing the detailed working on the PV 

penetration in the area is to determine the number of buildings and their types based on 

their usage that are to be constructed in the planned area. It is important to divide the 

complete area into sub-zones to maintain a clarity with the working data as the sheer 

volume of the project is massive. Dividing the planned area into sub-zones helps in better 

understanding of the type of buildings to be constructed in that particular zone and helps 

in establishing their orientation and roof area with better precision. This is done by 

dividing the area into four zones based on their location in the planned area, namely: 

1. Zone 1 - North-East (NE) 

2. Zone 2 - North-West (NW) 

3. Zone 3 - South-East (SE) 

4. Zone 4 - South-West (SW) 

 
Figure 2-1 Map for the proposed planned residential area, Jakobsgardarna, Borlange, Sweden [26] [27]. 

After due scrutiny and detailed analysis, it was determined that the buildings shall be 
divided into 7 categories based on their usage. The type of buildings was determined with 
the assistance of the layout provided in the plan program and visual differentiation 
between the types of roofs among the buildings along with color variations of the 
buildings. The images of buildings used are only for referential purposes and do not depict 
the actual construction or scale of the planned buildings. All buildings in the study have 
been assumed to have two-sided tilted roofs with a tilt of 30°on both sides. 

1. Commercial centers/ operations:  
 
 
 
 

                                               Figure 2-2 Commercial centres/operations [26] 

These are buildings that would consist of public utility service centers such as 
supermarkets, kiosks, ATM, hairdressers etc.  

 
2. Apartment buildings:  
 
 
 

                                                  Figure 2-3 Apartment buildings [26] 
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An apartment building shall have 34 apartments each with each apartment having 3 
rooms to accommodate a family of 2 adults and a child. 
 
3. School: 
 
 
 

                                                             Figure 2-4 School [26] 

The schools that will be constructed would be for toddlers going in kindergartens and 
for students of grade 6-9. 
 
4. Single family houses: 
 
 

                                                Figure 2-5 Single family houses [26] 

A single-family house would accommodate a family of 5 people. 
 
5. Multi-family houses:  
 
 

                                                  Figure 2-6 Multi-family houses [26] 

Multi-family houses would accommodate a total of around 15 people in the building. 
 
6. Activity center:  
 
 

                                                         Figure 2-7 Activity centre [26] 

The activity center consists of open public spaces such as playgrounds, parking lots, 
community spaces for gatherings etc. 
 
7. Student housing and operations: 

 
 
 
                                              Figure 2-8 Student housing and operations [26] 

Student housing and service operations are the buildings that would accommodate 
students studying at various universities around Dalarna and would consist a total of 
around 50 people in each building. 
 
Once the proper identification of the type of buildings on the plan program layout was 
done on the basis of the roof structures and visual differentiation, the buildings were 
manually counted and noted as follows: 
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Table 2-1 Types of buildings and its quantities for all zones 

SR. NO TYPE OF BUILDING QUANTITY  

1 
Commercial 

center/operations 
5 

2 Apartment buildings 23 

3 School 4 

4 Single family 62 

5 Multi family 49 

6 Activity center 3 

7 
Student housing & 

operations 
26 

 Total 172 

 
1. Zone 1 - North-East (NE) 

 

 
Figure 2-9 Location of Zone-1(North-East), Jakobsgardarna, Borlange, Sweden [26] [27]. 

It is observed that a total of 30 buildings are to be constructed in this zone. 
 
Table 2-2 Zone-1 (North-East) types of buildings and its quantities 

SR. NO TYPE OF BUILDING QUANTITY 

1 Commercial center/operations 2 

2 Apartment buildings 0 

3 School 1 

4 Single family 4 

5 Multi family 8 

6 Activity center 3 

7 Student housing & operations 12 

 Total 30 
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2. Zone 2 - North-West (NW) 

 
Figure 2-10 Location of Zone-2 (North-West), Jakobsgardarna, Borlange, Sweden [26] [27]. 

As it can be observed from the Figure 2-10 Location of Zone-2 (North-West), 

Jakobsgardarna, Borlange, Sweden, it is an area with a high density of buildings. It has a 

combination of all types of buildings with a major focus on the residential buildings. 

Hence, it is divided into two blocks B1 and B2 so that there can be an easy identification 

of buildings while performing the study. Block B1 lies on the west and block B2 towards 

the east of the North-West zone. Both the zones are separated by a walking track which is 

parallel to Paradisvagen road. This walking track will be turned into a street and hence is 

used to separate the region into two blocks. It was assumed that 87 buildings are to be 

constructed in this zone which is separated as follows: 

 

Table 2-3 Zone-2 (North-West), Block-1, types of buildings and its quantities 

               BLOCK - B1  

SR. NO TYPE OF BUILDING QUANTITY 

1 Commercial center 2 

2 Apartment buildings 0 

3 School 0 

4 Single family 23 

5 Multi family 21 

6 Activity center 1 

7 Student housing & operations 11 

 Total 58 

 

Block B1 has 58 buildings with a high concentration of residential buildings which shall 

provide accommodation for single family, multi-family and student housings.  
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Table 2-4 Zone-2 (North-West), Block-2, types of buildings and its quantities 

                   BLOCK - B2  

SR. NO TYPE OF BUILDING QUANTITY 

1 Commercial center 1 

2 Apartment buildings 5 

3 School 3 

4 Single family 10 

5 Multi family 6 

6 Activity center 2 

7 Student housing & operations 3 

 Total 29 

 

Block B2 has 29 buildings with a major focus on public utility centers such as schools, 

activity center and commercial center. These buildings shall provide a healthy balance in 

the community as there is a good mix of residential and public utility buildings within close 

range that are necessary for convenience and ease of living. 

 

3. Zone 3 – South-East (SE) 

 

 
Figure 2-11 Location of Zone-3(South-East), Jakobsgardarna, Borlange, Sweden [26] [27]. 

It is observed from Figure 2-11 Location of Zone-3(South-East), Jakobsgardarna, 
Borlange, Sweden that 26 new buildings will be constructed in this zone which is divided 
as follows: 
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Table 2-5 Zone-3 (South-East) types of buildings and its quantities 

SR. NO TYPE OF BUILDING QUANTITY 

1 Commercial center/operations 0 

2 Apartment buildings 6 

3 School 1 

4 Single family 7 

5 Multi family 12 

6 Activity center 0 

7 Student housing & operations 0 

  Total 26 

 
4. Zone 4 – South-West (SW) 

 

 
Figure 2-12 Location of Zone-4(South-West), Jakobsgardarna, Borlange, Sweden [26] [27]. 

It is observed from Figure 2-12 Location of Zone-4(South-West), Jakobsgardarna, 
Borlange, Sweden that 32 new buildings will be constructed in this zone which is divided 
as follows: 
Table 2-6 Zone-4 (South-West) types of buildings and its quantities 

SR. NO TYPE OF BUILDING QUANTITY 

1 Commercial center/operations 0 

2 Apartment buildings 12 

3 School 0 

4 Single family 18 

5 Multi family 2 

6 Activity center 0 

7 Student housing & operations 0 

 Total 32 
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 Determination of demand load 

It is important to understand the demand load profiles of various types of buildings as they 
vary according to their usage. The relation between electricity supply and demand holds 
acute importance in the process of system optimization. Reduction in mismatch benefits 
the functioning of the system and improves its efficiency. Excessive electricity supply from 
PV relative to the demand load increases the system cost. For small systems, these supply-
demand interactions grow in importance due to limitations in redundancy. A logical and 
proper balance between the demand load and PV output is required based on the hourly 
load profiles for various types of buildings to have an efficient PV system. The knowledge 
and understanding of the electricity demand and its variations with various users and as a 
function of time at different time scales is a key for PV deployment success. 
 
The hourly load profile for a single-family house was recreated from the study by 
“REMODECE on Residential Monitoring to Decrease Energy Use and Carbon Emissions 
in Europe” [16]. A similar load profile behavior was established for multi-family and 
student housing buildings as the building usage remains similar i.e. all of them are 
residential buildings which have minute variations in the consumer behavior. Hence, the 
demand loads for them were varied on the basis of number of occupants in the building. 
The demand load in apartment buildings were recreated based on the data acquired from 
the Swedish Energy Agency [29] [17]. The study was based on the electricity consumption 
during the months of April, July and December. Hence, the seasonal variation in the load 
consumption in apartment buildings was taken into consideration for this type of building. 
The hourly load profiles for commercial center, activity center and School were created on 
the basis of the available annual load consumption data in the Swedish official statistics for 
electricity, gas and district heating supply 2016 [30]. 
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2.3.1. Single family house 
Figure 2-13 Electricity consumption on a typical day for a single-family house shows the 
electricity consumption by a family of 5 people in Sweden. The demand load for a single-
family house over the course of 24 hours was calculated to be 13.69 kWh/day [16]. Hourly 
consumption of the most common electrical appliances used in a household were noted, 
and it was observed that the peak loads occur during late evening hours. The load 
consumption pattern was analyzed, and it was concluded that since the people living in 
such houses are mostly families, there is a sudden rise in the load consumption as people 
arrive back from their respective workplaces that lead to a substantial increase in the 
electricity consumption during the evening hours. An annual average load consumption 
was considered as the factors such as seasonal variations and individual consumer behavior 
over electricity consumption was not taken into consideration. 

Figure 2-13 Electricity consumption on a typical day for a single-family house shows the electricity 
consumption by a family of 5 people in Sweden.  

The annual demand load of household for each single-family house was measured to be 
around 5 MWh excluding water and space heating [28]. Electronic loads such as office 
equipment and TV are a key contributor to the electricity consumption representing 23 % 
of the total electricity consumption. Washing and drying along with lighting consume the 
maximum electricity individually which accounts for 20 % each of the total consumed 
electricity. The standby electricity consumption which accounts for 11 % is categorized 
under ‘others’ in the graph. 62 single-family houses shall be constructed as the major focus 
of the project is to provide economical and sustainable accommodation for families. 
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2.3.2. Multi-family house 
The hourly load profile for multi-family houses was generated based on the analogy 
between the electricity consumption of the most commonly used electrical appliances in a 
single-family house of 5 people and the electricity consumption by 15 people, as the type 
of usage remains constant i.e. a residential accommodation. Hence, the load profiles can be 
co-related. Figure 2-14 Electricity consumption on a typical day for a multi-family house 
shows the electricity consumption by a multi-family house of around 12-15 people. The 
demand load for a multi-family house over the course of 24 hours was calculated to be 
41.07 kWh/day. The annual demand load for each multi-family house was 15 MWh. 

Figure 2-14 Electricity consumption on a typical day for a multi-family house 

During the estimation of the type of buildings and measuring the available roof areas for 
each type of building, it was observed that on an average basis, the available roof area for 
PV system in a multi-family house was thrice the available roof area for a single-family 
house as shown in Table 2-31 Total PV installation based on the type of buildings. Thus, it 
has been assumed that the multi-family house shall accommodate 15 people. 49 multi-
family houses would be constructed in the planned area to support the goal of creating a 
balanced community. Similar to the load patterns observed in a single-family house, the 
peak load in observed during the late evening hours with the maximum consumption 
accounting to washing and drying along with lighting. 
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2.3.3. Student housing and service operations 
 
Figure 2-15 Electricity consumption on a typical day for a student housing shows the 
electricity consumption by a student housing of around 50 people with an operations 
office. The hourly load profile for student housing was generated based on the analogy 
between the electricity consumption of all electrical appliances in a single-family house of 5 
people and the electricity consumption by 50 people, as the type of usage remains constant 
i.e. a residential accommodation. A similar procedure was followed as observed in the load 
analysis of multi-family houses to determine the number of occupants in the building. The 
demand load for the entire building of a student housing over the course of 24 hours was 
calculated to be 136.9 kWh/day. The annual demand load for each student housing was 
measured to be around 50 MWh. 

 
Figure 2-15 Electricity consumption on a typical day for a student housing 

The community is being created with a focus on having people from various backgrounds 
living within the same vicinity. Students form a large part of that community as there are 
universities close-by and the closeness of the area to the center of the city makes it an 
economical location for students to reside and work. 26 new buildings would be 
constructed with a focus on providing housing solutions for students. 
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2.3.4. Apartment buildings 

Figure 2-16 Electricity consumption on a typical day for an Apartment building has each 
apartment with 3 rooms with a floor area of 80 m2 housing a family of 2 adults and one 
child. The hourly load profile for the apartment building is based on the raw data collected 
from the Swedish Energy Agency [29] [17] on which the calculations of daily electricity 
consumption are based.  

 
Figure 2-16 Electricity consumption on a typical day for an Apartment building                                               

The above graph represents an average load consumption in an apartment building 
extracted from the electricity consumption analysis done for the months of April, July and 
December. “The others category includes data for electrical devices which could not been 
measured accurately. It could include cell phone chargers, computers and other devices 
along with other temporary electrical devices such as smaller kitchen equipment, hair 
dryers, shavers etc.” [17] 23 apartment buildings would be constructed in the entire 
planned area and the demand load for each apartment building over the course of 24 hours 
was calculated to be 344 kWh/day. The annual demand load for each apartment building 
consisting of 34 apartments was 125.54 MWh. 
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2.3.5. Commercial centre 
 Figure 2-17 Average hourly electricity consumption of a commercial building shows the 
electricity consumption in a single store commercial building. A commercial center 
consists of supermarket, hairdresser, kiosk, pizzeria, clothing store and automatic teller 
machines. 

Figure 2-17 Average hourly electricity consumption of a commercial building 

A total of 5 buildings of commercial centers would be constructed with each building 
having 10 stores in it and it has been assumed that all types of stores would have a uniform 
load profile. It has also been assumed that the load profile of a supermarket in a building 
shall be equivalent to the demand loads of 10 stores in a building i.e. the building that has a 
supermarket shall not have any other stores in it, making the demand load of one 
supermarket equivalent to the combined demand load of 10 stores which is the demand 
load of one building. As it can be observed, the demand load for lighting and electronics 
increases drastically during the working hours of commercial shops. The hourly load 
profile for a commercial center was created with the help of statistics from Swedish official 
statistics for electricity, gas and district heating supply 2016 [30]. The demand load for a 
commercial building over the course of 24 hours was calculated to be 310 kWh/day. The 
annual demand load for each commercial center was 113 MWh. 
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2.3.6. Activity centre 
 
An activity centre would consist of a parking lot, playgrounds for children and open spaces 
for leisure and public activities. The hourly load profile was created with logical analysis of 
the typical electrical usage during a day and by creating an analogy with the help of 
statistics from the Swedish Energy agency in the Swedish official statistics for electricity, 
gas and district heating supply 2016. [30]  

Figure 2-18 Average hourly electricity consumption of an activity centre 

Figure 2-18 Average hourly electricity consumption of an activity centre shows the hourly 
electricity consumption in an activity center over the course of an entire day. The demand 
load for an activity center over the course of 24 hours was calculated to be 131.50 
kWh/day. The annual demand load for each activity center which shall be used for culture, 
entertainment and recreation was 48 MWh. 
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2.3.7. School 
Figure 2-19 Average hourly electricity consumption of a School shows the hourly 
electricity consumption that would occur in a school over 24 hours. There would be 4 new 
schools constructed in the planned area. Three of those schools are kindergarten, while the 
fourth school building would serve the purpose of educating students from grade 6-9.  

Figure 2-19 Average hourly electricity consumption of a School 

The demand load for a school over the course of 24 hours was calculated to be 85 
kWh/day. The aforementioned graph is applicable for only weekdays as it has been 
assumed that no electricity would be required on weekends. The annual demand load for 
each school building was 31 MWh in accordance with the Swedish official statistics for 
electricity, gas and district heating supply 2016 for education, research and development. 
[30]  
 

Figure 2-20 Hourly electricity consumption of each type of building 

Figure 2-20 Hourly electricity consumption of each type of building reflects on the hourly 
electricity consumption of each type of building in the planned area over the course of 24 
hours. As stated previously, the seasonal variations and consumer behavior were not 
considered while creating the demand load profiles. 
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It was observed that to ensure 100 % electric supply to one building of each type, an 
energy of 1062 kWh/day would be required. The annual demand load for one set of all 
type of buildings would be 387.63 MWh. A summary of the demand loads for 1 building 
of each type is shown below: 
   
Table 2-7 Summary of demand loads for 1 building of each type 

Type of buildings - Demand load 

 
Commercial 

center 
Apartment 
buildings 

School 
Single 
family  

Multi 
family 

Activity 
center 

housing 
service & 
operations 

kWh 
per 
day 

310 344 84 14 41 131 137 

MWh 
per 
year 

113 125 31 5 15 48 50 

 
 

 Determination of available roof area and orientation 

Determination of the available roof area for PV installation plays a major role in 
determining the rated PV power that can be installed on the roof. The roof area and their 
orientation were measured in phases based on the predetermined zones and an average 
roof area for each type of building was calculated accordingly for the base case. All the 
buildings are assumed to have tilted roofs with a tilt of 30° on both sides. Hence, with 
each roof orientation, there is an equal and opposite corresponding roof orientation of the 
building. A similar type of roof structure has been assumed in this study as the actual roof 
structures are varied and have minimum singularity. The roof orientations have been 
determined on assumptions which are the based on their visual directions on the map in 
plan program [1] and are not precise. 
 

2.4.1. Base case 

The base case consists of all the buildings planned to be constructed in Jakobsgardarna. 
The roof area calculated out here is the average area for all types of buildings based on 
their respective actual roof areas measured in each zone. For PV installation on these 
roofs, only 75 % of the total roof area would be used to accommodate the shading issues 
that may arise due to surroundings and for proper maintenance of the system on the roof. 
This factor was determined after understanding the importance of zoning ordinance in 
general which are created to ensure proper planning in a developing community and how it 
could lead to a magnification in loss of efficiency of the systems in their lifetimes due to 
improper assumptions. The factor of 75 % has been assumed arbitrarily and would vary as 
the building constructions get finalized in the later stages of the project. It based on past 
knowledge and an educated guess as the actual shading considerations cannot be 
considered at this time due to the project being in the planning phase. 
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Table 2-8 Base case PV installation on 75% of the total available area 

Sr. 
No 

Type of building quantity 
Roof 
area 

 Total roof 
area/building 

Available PV 
area (75% of 

total) 

      m2 m2 m2 

1 Commercial center 5 3196 639.2 479.4 

2 Apartment buildings 23 5328 231.6 173.7 

3 School 4 5880 1470 1102.5 

4 Single family 62 5984 96.5 72.3 

5 Multi family 49 14960 305.3 228.9 

6 Activity center 3 1984 661.3 496 

7 
Housing service & 

operations 
26 13034 501.3 375.9 

  Total 172 50366     

 
The roof orientation of a building is the most important factor in determining the PV 
output from the system along with its efficiency. It has been assumed that all the buildings 
would have tilted roofs with a tilt of 30°. Hence, each roof orientation will have a 
corresponding orientation for the opposite side of the building as shown below. 
 
Table 2-9 Buildings similar and opposite roof orientation 

Sr. 
No 

Type of 
building 

quantity Orientation 

    

  

N 
(180°) 

NE 
(135°) 

E 
(90°) 

SE 
(45°) 

S 
(0°) 

SW 
(-45°) 

W  
(-90°) 

NW  
(-135°) 

1 
Commercial 

center 
5 3 2 0 0 3 2 0 0 

2 
Apartment 
buildings 

23 12 2 0 9 12 2 0 9 

3 School 4 3 0 1 0 3 0 1 0 

4 
Single 
family 

62 21 11 6 24 21 11 6 24 

5 Multi family 49 13 12 10 14 13 12 10 14 

6 
Activity 
center 

3 2 0 1 0 2 0 1 0 

7 
Housing 
service & 
operations 

26 8 11 4 3 8 11 4 3 

  Total 172 62 38 22 50 62 38 22 50 
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2.4.2. North-East zone 
It can be observed from Table 2-10 North-East zone, building’s roof area and its 
orientation that the total roof area is inclusive of all orientations and quantities. The roof 
area would be divided equally among the mentioned orientation and their quantities. 
For example: The commercial center has two buildings with a total roof area of 2200 m2 
and both the buildings have their roof orientations in the South-West and its 
corresponding North-East direction. Thus, once divided, the roof area per orientation 
would be 1100 m2. Similarly, in the case of multi-family house, there are 8 buildings that 
shall be constructed which would have the total roof area of 3840 m2 and would be equally 
divided among 4 roof orientations. Thus, each roof in the mentioned orientation shall have 
a roof area of 240 m2 as the total area is divided with the total number of roofs, which in 
this case is 16 as there are 8 buildings and each building has 2 roofs in corresponding 
orientations. The roof area per orientation would be 960 m2. 
 
Table 2-10 North-East zone, building’s roof area and its orientation 

Sr. No Type of building quantity Total roof area Orientation 

   m2  

1 Commercial center 2 2200 2 - SW, NE 

     

2 
Apartment 
buildings 

0 0 - 

3 School 0 0 - 

4 Single family 4 768 4- SE, NW 

5 Multi family 8 3840 5-SW, NE; 3-SE, NW 

6 Activity center 3 0   - 

7 
Housing service & 

operations 
12 9216 9-SW, NE; 3-SE, NW 

 Total 29   

 
Similar method as mentioned above was followed to obtain the roof area per orientation 
for all type of buildings in all zones. 
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2.4.3. North-West zone 
It was observed that the North-West Zone had a high concentration of buildings, so it was 
divided into two blocks, namely B1 and B2 for ease of calculation and identification. Block 
B1 represents the region on the west of North-West Zone. 
 
Table 2-11 North-West zone, Block-B1, building’s roof area and its orientation 

Block B1 

Sr. No Type of building Quantity Total roof area Orientation 

   m2  

1 Commercial center 2 896 2 - S, N 

2 
Apartment 
buildings 

0 0  - 

3 School 0 0  - 

4 Single family 23 2208 
8 -SE, NW; 5 -S, N 
4- E, W; 6- SW, NE 

5 Multi family 21 7056 11-S, N; 10-E, W 

6 Activity center 1 384 E, W 

7 
Housing service & 

operations 
11 3168 7-S, N; 4-E, W 

 Total 58   

 
Block B2 represents the region on the East of the North-West Zone in the planned 
program. 
 
Table 2-12 North-West zone, Block-B2, building’s roof area and its orientation 

Block -B2 

Sr. No Type of building quantity Total roof area Orientation 

   m2  

1 Commercial center 1 100 S, N 

2 
Apartment 
buildings 

5 1680 3-SE, NW; 2-SW, NE 

3 School 3 5400 1-E, W; 2-S, N 

     

4 Single family 10 960 8-SE, NW; 2-E, W 

5 Multi family 6 1440 3- SW, NE; 3-SE, NW 

6 Activity center 2 1600 2-S, N 

     

7 
Housing service & 

operations 
3 650 2-SW, NE; 1-S, N 

     

 Total 29   
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2.4.4. South-East zone 
 
Table 2-13 South-East zone, building’s roof area and its orientation 

Sr. No 
Type of 
building 

quantity 
Total roof 

area 
Orientation 

   m2  

1 
Apartment 
buildings 

6 1344 6 – SE, NW 

2 School 1 480 N, S 

3 
Single 
family 

7 896 4-SE, NW; 3-SW, NE 

4 Multi family 12 2304 8-SE, NW; 4-SW, NE 

 Total 26   

 

2.4.5. South-West zone 
 
Table 2-14 South-West zone, building’s roof area and its orientation 

Sr. No 
Type of 
building 

quantity 
Total roof 

area 
Orientation 

   m2  

1 
Apartment 
buildings 

12 2304 12 - S, N 

2 
Single 
family 

18 1152 16 - S, N; 2 – SW, NE 

3 Multi family 2 320 2 - S, N 

 Total 26   

 
  



30 

 Determination of Total annual demand load 

The annual demand load per building is the summation of the hourly loads over the course 
of an entire year i.e. 8760 hours for their respective type of building. The total annual 
demand load is calculated by multiplying the annual demand load per building with their 
respective number of buildings. 

2.5.1. Base case 

 
Table 2-15 Base case, total annual load demand for all types of building 

Type of Building 
Annual demand 

per building 
Quantity Total annual load 

  MWh   MWh 

Commercial 
center 

120 5 599 

Apartment 
buildings 

132 23 3041 

School 31 4 104 

Single family  5 62 295 

Multi family 15 49 700 

Activity center 48 3 153 

Housing service 
& operations 

50 26 1238 

Total   172 6129 

 

2.5.2. North-East zone 
 
Table 2-16 North-East zone, total annual load demand for all types of building 

Type of Building 
Annual demand per 

building 
Quantity 

Total annual 
load 

  MWh   MWh 

Commercial center 120 2 240 

Apartment buildings 132 0 0 

School 31 0 0 

Single family  5 4 19 

Multi family 15 8 114 

Activity center 48 0 0 

Housing service & 
operations 

50 12 571 

Total   26 944 
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2.5.3. North-West zone 
 
Table 2-17 North-West zone, total annual load demand for all types of building 

Type of Building 
Annual demand 

per building 
Quantity Total annual load 

  MWh   MWh 

Commercial center 120 3 359 

Apartment 
buildings 

132 5 661 

School 31 3 78 

Single family  5 33 157 

Multi family 15 27 528 

Activity center 48 3 153 

Housing service & 
operations 

50 14 667 

Total   88 2603 

 

2.5.4. South-East zone 
 
Table 2-18 South-East zone, total annual load demand for all types of building 

Type of Building 
Annual demand per 

building 
Quantity 

Total annual 
load 

  MWh   MWh 

Commercial center 120 0 0 

Apartment buildings 132 6 793 

School 31 1 26 

Single family  5 7 33 

Multi family 15 12 171 

Activity center 48 0 0 

Housing service & 
operations 

50 0 0 

Total   26 1023 
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2.5.5. South-West zone 
Table 2-19 South-West zone, total annual load demand for all types of building 

Type of Building 
Annual demand per 

building 
Quantity 

Total annual 
load 

  MWh   MWh 

Commercial center 120 0 0 

Apartment 
buildings 

132 12 1586 

School 31 0 0 

Single family  5 18 86 

Multi family 15 2 29 

Activity center 48 0 0 

Housing service & 
operations 

50 0 0 

Total   32 1701 

 

 PVSyst – batch simulations 

 
Batch simulation is a process in PVSyst software (version 6.6.8), [31] which was used to 
perform several simulations at a time by varying different parameters and easy to obtain 
the results of all simulations on the excel sheet for further detail study. 
 
The components used for performing the batch simulation can be found in Table 2-20 
Make and Power of module and inverter for base case simulation. A total area of 36 m2 
was utilized in this simulation. Refer Appendix 2 for detailed procedure followed for the 
simulation. 
 
Table 2-20 Make and Power of module and inverter for base case simulation 

Component Make Peak Power 
Number of 

units 
Total  

PV Module REC 330 W 18 5.94 kW 

Grid Inverter SMA 5.2 kW 1 5.2 kW 
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Batch Simulations: 
 
 
 
 
 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Figure 2-21 Flow-chart of simulation steps for batch simulation [32] 
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 Determination of total rated PV Power and PV output 

The total rated PV power is measured by initially calculating the available PV area per 
orientation. As shown in the previous section, the batch simulation has been performed 
for a PV system with a roof area of 36 m2. A 36 m2 roof area is chosen as it was observed 
that it is the minimum available roof area for a particular orientation and provides an 
installation capacity of a 5.94 kW system. Considering the minimum roof area for the base 
case simulation enables the study to include all buildings which have different roof areas. 
This would help in determining the total PV power along with the PV output based on the 
available roof area. 
 

𝑃𝑉𝑜𝑟𝑖𝑒𝑛𝑡𝑎𝑡𝑖𝑜𝑛 =  𝐴𝑡𝑜𝑡𝑎𝑙 ×  𝐴𝑜𝑟𝑖𝑒𝑛𝑡𝑎𝑡𝑖𝑜𝑛 × 0.75 
Equation 2-1 

 

𝑃𝑜𝑟𝑖𝑒𝑛𝑡𝑎𝑡𝑖𝑜𝑛 =
(𝑃𝑉𝑜𝑟𝑖𝑒𝑛𝑡𝑎𝑡𝑖𝑜𝑛 × 5.94 𝑘𝑊)  

36𝑚2
 

 Equation 2-2  

 

𝑂𝑜𝑟𝑖𝑒𝑛𝑡𝑎𝑡𝑖𝑜𝑛 =
 [(𝑃𝑜𝑟𝑖𝑒𝑛𝑡𝑎𝑡𝑖𝑜𝑛) × (𝑂5.94 𝑘𝑊)]

5.94 𝑘𝑊
 

                                                                                                                          Equation 2-3 

Au𝑡𝑖𝑙𝑖𝑧𝑎𝑡𝑖𝑜𝑛 =
 Aa𝑣𝑎𝑖𝑙𝑎𝑏𝑙𝑒

Atotal
 × 100       

                                                                                                                          Equation 2-4 

2.7.1. Base case 
The base case includes all the buildings with an average total roof area per building as 
shown in Table 2-21. The roof area utilization factor denotes the percentage of roof area 
available in that orientation which is eventually calculated out as the available roof area for 
PV installation in that orientation. 
 
Table 2-21 Base case, calculation of total available roof area in each orientation for all type of buildings 

Roof 
orientation 

N NE E SE S SW W NW 

 (180°) (135°) (90°) (45°) (0°) (-45°) (-90°) (-135°) 

Roof area 
utilization 

factor 
0.18 0.11 0.06 0.14 0.18 0.11 0.06 0.14 

Available 
roof area 

(m2) 
6649 4063 2216 5171 6649 4063 2216 5171  

 
The PV output for a 5.94 kW system in all 8 orientations was calculated by batch 
simulation in PVSyst. On the basis of the rated PV power and roof area needed for the 
base case, the rated PV power for all 8 orientations were determined as the available roof 
area in all orientations was calculated as shown above. 
 
Similarly, as we knew the PV output for the base case simulation, the total PV output was 
calculated accordingly. 
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Table 2-22 Base case, calculation of total rated PV power and PV output 

Orientation 
Rated PV power as 
per roof availability 

PV output for 
5.94 kW 

Total PV 
output 

Inverter 
power 

 Peak MW MWh (annual) MWh Peak MW 

N (180°) 1.09 2.97 549.4 0.96 

NE (135°) 0.67 3.38 381.5 0.58 

E (90°) 0.36 4.43 272.9 0.32 

SE (45°) 0.85 5.34 767.7 0.74 

S (0°) 1.09 5.69 1051.5 0.96 

SW (-45°) 0.67 5.37 606.9 0.58 

W (-90°) 0.36 4.49 277.0 0.32 

NW (-135°) 0.85 3.45 496.8 0.74 

Total 5.97  4404.1 5.22 

2.7.2. North-East zone 
As shown in Table 2-10 North-East zone, building’s roof area and its orientation along 
with the number of buildings of each type are considered while determining the roof area 
utilization factor which calculates the available roof area for PV installations. 
 
Table 2-23 North-East zone, calculation of total available roof area in each orientation for all type of 
buildings 

Roof 
orientation 

N NE E SE S SW W NW 

 (180°) (135°) (90°) (45°) (0°) (-45°) (-90°) (-135°) 

Roof area 
utilization 

factor 
0 0.30 0 0.19 0 0.30 0 0.19 

Available 
roof area 

(m2) 
0 3689 0 2307 0 3689 0 2307 
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Table 2-24 North-East zone, calculation of total rated PV power and PV output 

Orientation 
Rated PV power as 
per roof availability 

PV output for 
5.94 kW 

Total PV 
output 

Inverter 
power 

 Peak MW MWh (annual) MWh Peak MW 

N (180°) 0 2.97 0 0 

NE (135°) 0.60 3.38 346.43 0.53 

E (90°) 0 4.43 0 0 

SE (45°) 0.38 5.34 342.52 0.33 

S (0°) 0 5.69 0 0 

SW (-45°) 0.60 5.37 551.09 0.53 

W (-90°) 0 4.49 0 0 

NW (-135°) 0.38 3.45 221.68 0.33 

Total 1.97  1461.74 1.73 

2.7.3. North-West zone 
As shown in Table 2-11 North-West zone, Block-B1, building’s roof area and its 
orientation and Table 2-12 North-West zone, Block-B2, building’s roof area and its 
orientation, the number of buildings of each type are considered while determining the 
roof area utilization factor which calculates the available roof area for PV installations.  
 
Table 2-25 North-West zone, calculation of total available roof area in each orientation for all type of 
buildings 

Roof 
orientation 

N NE  E  SE  S  SW  W  NW  

 (180°) (135°) (90°) (45°) (0°) (-45°) (-90°) (-135°) 

Roof area 
utilization 

factor 
0.17 0.07 0.12 0.12 0.17 0.07 0.12 0.12 

Available 
roof area 

(m2) 
2836 1179 2007 2007 2836 1179 2007 2007 

 
Table 2-26 North-West zone, calculation of total rated PV power and PV output 

Orientation 
Rated PV power as 
per roof availability 

PV output for 
5.94 kW 

Total PV 
output 

Inverter 
power 

 Peak MW MWh (annual) MWh Peak MW 

N (180) 0.46 2.97 234.32 0.4 

NE (135) 0.19 3.38 110.71 0.17 

E (90) 0.33 4.43 247.24 0.28 

SE (45) 0.33 5.34 298.02 0.28 

S (0) 0.46 5.69 448.49 0.4 

SW (-45) 0.19 5.37 176.11 0.17 

W (-90) 0.33 4.49 250.91 0.28 

NW (-135) 0.33 3.45 192.87 0.28 

Total 2.65  1958.71 2.31 
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2.7.4. South-East zone 
It can be observed from Table 2-13 South-East zone, building’s roof area and its 
orientation which provides the information of the available roof area and the roof 
orientation for all type of buildings which helps in determining the roof area utilization 
factor to obtain the available roof area for PV installations. 
 
Table 2-27  South-East zone, calculation of total available roof area in each orientation for all types of 
buildings 

Roof 
orientation 

N  NE  E  SE  S  SW  W  NW  

 (180°) (135°) (90°) (45°) (0°) (-45°) (-90°) (-135°) 

Roof area 
utilization 

factor 
0.02 0.13 0 0.34 0.02 0.13  0 0.34 

Available 
roof area 

(m2) 
55.29 370.44 0 956.51 55.29 370.44 0 956.51 

 
Table 2-28 South-East zone, calculation of total rated PV power and PV output 

Orientation Rated PV power as 
per roof availability 

PV output for 
5.94 kW 

Total PV 
output 

Inverter 
power 

 Peak MW MWh (annual) MWh Peak MW 

N (180) 0.009 2.97 4.56 0.007 

NE (135) 0.06 3.38 34.78 0.05 

E (90) 0 4.43 0 0 

SE (45) 0.15 5.34 141.98 0.13 

S (0) 0.009 5.69 8.74 0.007 

SW (-45) 0.06 5.37 55.33 0.05 

W (-90) 0 4.49 0 0 

NW (-135) 0.15 3.45 91.89 0.13 

Total 0.45  337.31 0.39 
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2.7.5. South-West zone 
It can be observed from Table 2-14 South-West zone, building’s roof area and its 
orientation which provides the information of the available roof area and the roof 
orientation for all type of buildings which helps in determining the roof area utilization 
factor to obtain the available roof area for PV installations. 
 
Table 2-29  South-West zone, calculation of total available roof area in each orientation for all types of 
buildings 

Roof 
orientation 

N  NE  E  SE  S  SW  W  NW  

 (180°) (135°) (90°) (45°) (0°) (-45°) (-90°) (-135°) 

Roof area 
utilization 

factor 
0.46 0.03 0  0  0.46 0.03 0   0 

Available 
roof area 

(m2) 
517.54 34.50 0 0 517.54 34.50 0 0 

 
Table 2-30 South-West zone, calculation of total rated PV power and PV output 

Orientation 
Rated PV power as 
per roof availability 

PV output for 
5.94 kW 

Total PV 
output 

Inverter 
power 

 Peak MW MWh (annual) MWh Peak MW 

N (180) 0.085 2.97 42.76 0.07 

NE (135) 0.005 3.38 3.23 0.004 

E (90) 0 4.43 0 0 

SE (45) 0 5.34 0 0 

S (0) 0.085 5.69 81.83 0.07 

SW (-45) 0.005 5.37 5.15 0.004 

W (-90) 0 4.49 0 0 

NW (-135) 0 3.45 0 0 

Total 0.182  132.99 0.15 
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On the basis of all the results obtained, a summary was created to establish the rated PV 
power that can be installed on each type of building and the total PV that can be installed 
on the basis of type of buildings. 
 
Table 2-31 Total PV installation based on the type of buildings 

Sr. 
No 

Type of 
building 

quantity 
Roof 
area 

 Total roof 
area/building 

Available 
PV area 
(75% of 
total) 

 Rated PV 
power/building 

Total 
PV 

   m2 m2 m2 Peak kW 
Peak 
MW  

1 
Commercial 

center/operations 
5 3196 639 479 79.09 0.39 

2 
Apartment 
buildings 

23 5328 231 173 28.66 0.65 

3 School 4 5880 1470 1102 181.89 0.72 

4 Single family 62 5984 96 72 11.94 0.74 

5 Multi family 49 14960 305 229 37.77 1.85 

6 Activity center 3 1984 661 496 81.83 0.24 

7 
Housing service 

& operations 
26 13034 501 376 62.03 1.61 

 Total 172 50366    6.23 

 
It must be noted that the total peak PV power for the base case is 5.97 MW but the 
summation of total peak PV power from all the zones is 5.26 MW and when compared on 
the basis of type of buildings as shown in Table 2-31 Total PV installation based on the 
type of buildings, the peak PV power is 6.23 MW. This variation arises because the true 
roof areas were taken into consideration when analysis for each zone was done while these 
true roof areas were averaged out for all types of buildings when the base case was 
considered. It was done because each type of building had various different roof 
dimensions within and amongst all zones. 
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 PV Penetration 

PV penetration can be defined as a parameter used to determine the factor of electricity 
that is produced from solar PV plants against with total electricity consumption i.e. the 
demand load. It is mainly used to determine the efficiency and productivity of solar PV 
systems and can be used as a benchmark for financial analysis as it provides a view on the 
electricity consumed from the grid and the electricity generated from the PV installations. 
There are various definitions of PV penetration which differ based on power and energy 
[32].  
PV penetration based on Power: 

𝑃𝑉 𝑃𝑒𝑛𝑒𝑡𝑟𝑎𝑡𝑖𝑜𝑛 =
𝑃𝑟𝑎𝑡𝑒𝑑 𝑃𝑉 𝑝𝑒𝑎𝑘

𝑃𝑟𝑎𝑡𝑒𝑑 𝑙𝑜𝑎𝑑 𝑝𝑒𝑎𝑘
                                                                   Equation 2-5 

 

𝑃𝑉 𝑃𝑒𝑛𝑒𝑡𝑟𝑎𝑡𝑖𝑜𝑛𝑑𝑎𝑖𝑙𝑦 =  
𝑃𝑚𝑎𝑥𝑖𝑚𝑢𝑚 𝑑𝑎𝑖𝑙𝑦 𝑃𝑉 𝑝𝑟𝑜𝑑𝑢𝑐𝑡𝑖𝑜𝑛

𝑃𝑚𝑎𝑥𝑖𝑚𝑢𝑚 𝑑𝑎𝑖𝑙𝑦 𝑙𝑜𝑎𝑑 𝑝𝑒𝑎𝑘
                                        Equation 2-6 

 
PV penetration based on Energy: 
 

𝑃𝑉 𝑝𝑒𝑛𝑒𝑡𝑟𝑎𝑡𝑖𝑜𝑛𝑑𝑎𝑖𝑙𝑦 𝑒𝑛𝑒𝑟𝑔𝑦 =  
𝐸𝑡𝑜𝑡𝑎𝑙 𝑑𝑎𝑖𝑙𝑦 𝑃𝑉 𝑝𝑟𝑜𝑑𝑢𝑐𝑡𝑖𝑜𝑛

𝐸𝑡𝑜𝑡𝑎𝑙 𝑑𝑎𝑖𝑙𝑦 𝑙𝑜𝑎𝑑 𝑐𝑜𝑛𝑠𝑢𝑚𝑝𝑡𝑖𝑜𝑛
                                Equation 2-7 

 

𝑃𝑉 𝑝𝑒𝑛𝑒𝑡𝑟𝑎𝑡𝑖𝑜𝑛𝑎𝑛𝑛𝑢𝑎𝑙 =  
𝐸𝑡𝑜𝑡𝑎𝑙 𝑃𝑉 𝑜𝑢𝑡𝑝𝑢𝑡

𝐸𝑎𝑛𝑛𝑢𝑎𝑙 𝑑𝑒𝑚𝑎𝑛𝑑 𝑙𝑜𝑎𝑑
                                                  Equation 2-8 

 
In this study, the focus is on the annual PV penetration in terms of energy (see equation 
2.8). This has been chosen as the data analyzed has a major focus on the energy generated 
by PV against the energy consumed by the loads annually. 
 
The PV penetration for the base case scenario and all zones was calculated based on the 
annual demand load which was calculated in Section 2.5 and the annual PV output as 
shown in Section 2.7. 
 
Table 2-32 PV penetration based on energy for base case and all zones 

Sr. No. Zone 
Annual 

demand load 
Annual PV 

output 
PV penetration 

  MWh MWh % 

1 Base case 6129 4404 72% 

2 North-East zone 944 1461 155% 

3 North-West zone 2603 1958 75% 

4 South-East zone 1023 337 33% 

5 South-West zone 1701 133 8% 
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 Scenarios for various degrees of PV penetration  

Various scenarios of PV penetration were created based on the available area in specific 
roof orientations for the base case that includes all buildings. The roof area utilization 
factor for all orientations has been maintained to their true values on the basis of their 
actual orientations. 

2.9.1. Scenario 1 

In this scenario, we determined the degree of PV penetration when PV systems are placed 
only on roofs facing South-East, South and South-West orientations. Due to reduction in 
the available roof area, the total roof utilization factor is reduced to 0.43. The rated PV 
power per orientation is determined with the available roof area. The PV output for 
various orientations was calculated for the base case simulation of 5.94 kW which is used 
to determine the total PV output for the created scenario. 
 
Table 2-33 Scenario-1, calculation of total number of buildings per type. 

 
Commercial 

center 
Apartment 
buildings 

School 
Single 
family  

Multi 
family 

Activity 
center 

Student 
housing 

Total 
area 

Roof area 
per 

building 
(m2)  

640 230 1470 96 305 330 500 3571 

No. of 
buildings 

5 23 4 62 49 3 26 49257 
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Table 2-34 Scenario-1, calculation of total available roof area in each orientation, total rated PV power 
and PV output for all type of buildings combined. 

Roof 
orientation 

N NE E SE  S SW W NW 

Total roof 
area 

utilization 
factor 

 (180°) (135°) (90°) (45°) (0°) (-45°) (-90°) (-135°)  

Roof area 
utilization 

factor 
0 0 0 0.14 0.18 0.11 0 0 0.43 

Available 
roof area 

(m2) 
0 0 0 5172 6649 4063 0 0  Total 

Rated 
power as 
per roof 

availability 
(peak MW) 

0 0 0 0.85 1.09 0.67 0 0 2.62 

PV output 
for 5.94 kW 
(MWh year) 

2.97 3.38 4.43 5.34 5.69 5.37 4.49 3.45 - 

Total PV 
output 

(MWh year) 
0 0 0 767.75 1051.52 606.98 0 0 2426.26 

Inverter 
power 

(peak MW) 
0 0 0 0.74 0.96 0.58 0 0 2.29 

 

                     𝑃𝑉 𝑃𝑒𝑛𝑒𝑡𝑟𝑎𝑡𝑖𝑜𝑛 = (2426.26 ÷ 6129) × 100 

                                           𝑃𝑉 𝑃𝑒𝑛𝑒𝑡𝑟𝑎𝑡𝑖𝑜𝑛 = 39.5%  
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2.9.2. Scenario 2 
In this scenario, we determined the degree of PV penetration when PV systems are placed 
only on South facing roofs. Due to reduction in the available roof area, the total roof 
utilization factor is reduced to 0.18. The rated PV power per orientation is determined 
with the available roof area as shown below. The PV output for various orientations was 
calculated for the base case simulation of 5.94 kW which is used to determine the total PV 
output for the created scenario. 
 
Table 2-35 Scenario-2, calculation of total number of buildings per type 

 
Commercial 

center 
Apartment 
buildings 

School 
Single 
family  

Multi 
family 

Activity 
center 

Student 
housing 

Total 
area 

Roof 
area per 
building 

(m2)  

640 230 1470 96 305 330 500 3571 

No. of 
buildings 

5 23 4 62 49 3 26 49257 

Table 2-36 Scenario-2, calculation of total available roof area in each orientation, total rated PV power 
and PV output for all type of buildings combined. 

Roof 
orientation 

N NE E SE  S SW W NW 

Total roof 
area 

utilization 
factor 

 (180°) (135°) (90°) (45°) (0°) (-45°) (-90°) (-135°)  

Roof area 
utilization 

factor 
0 0 0 0 0.18 0 0 0 0.18 

Available 
roof area 

(m2) 
0 0 0 0 6649.6 0 0 0 Total 

Rated 
power as 
per roof 

availability 
(peak MW) 

0 0 0 0 1.09 0 0 0 1.09 

PV output 
for 5.94 kW 
(MWh year) 

2.97 3.38 4.43 5.34 5.69 5.37 4.49 3.45 - 

Total PV 
output 

(MWh year) 
0 0 0 0 1051.5 0 0 0 1051.52 

Inverter 
power 

(peak MW) 
0 0 0 0 0.96 0 0 0 0.96 

 

                              𝑃𝑉 𝑃𝑒𝑛𝑒𝑡𝑟𝑎𝑡𝑖𝑜𝑛 = (1051.52 ÷ 6129) × 100 

𝑃𝑉 𝑃𝑒𝑛𝑒𝑡𝑟𝑎𝑡𝑖𝑜𝑛 = 17% 
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2.9.3. Scenario 3 
In this scenario, we determined the degree of PV penetration when PV systems are placed 
only on East and West facing roofs. Due to reduction in the available roof area, the total 
roof utilization factor is reduced to 0.12. The rated PV power per orientation is 
determined with the available roof area as shown below. The PV output for various 
orientations was calculated for the base case simulation of 5.94 kW which is used to 
determine the total PV output for the created scenario. 
Table 2-37 Scenario-3, calculation of total number of buildings per type 

 
Commercial 

center 
Apartment 
buildings 

School 
Single 
family  

Multi 
family 

Activity 
center 

Student 
housing 

Total 
area 

Roof 
area per 
building 

(m2)  

640 230 1470 96 305 330 500 3571 

No. of 
buildings 

5 23 4 62 49 3 26 49257 

Table 2-38 Scenario-3, calculation of total available roof area in each orientation, total rated PV power 
and PV output for all type of buildings combined. 

Roof 
orientation 

N NE E SE  S SW W NW 

Total roof 
area 

utilization 
factor 

 (180°) (135°) (90°) (45°) (0°) (-45°) (-90°) (-135°)  

Roof area 
utilization 

factor 
0 0 0.06 0 0 0 0.06 0 0.12 

Available 
roof area 

(m2) 
0 0 2216.56 0 0 0 2216.5 0 Total 

Rated 
power as 
per roof 

availability 
(peak MW) 

0 0 0.36 0 0 0 0.36 0 0.72 

PV output 
for 5.94 kW 
(MWh year) 

2.97 3.38 4.43 5.34 5.69 5.38 4.5 3.46  

Total PV 
output 

(MWh year) 
0 0 272.96 0 0 0 277.02 0 549.99 

Inverter 
power 

(peak MW) 
0 0 0.32 0 0 0 0.32 0 0.64 

 

                                𝑃𝑉 𝑃𝑒𝑛𝑒𝑡𝑟𝑎𝑡𝑖𝑜𝑛 = (549.99 ÷ 6129) × 100                                       

𝑃𝑉 𝑃𝑒𝑛𝑒𝑡𝑟𝑎𝑡𝑖𝑜𝑛 = 9% 
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3 Results 
The study, as stated previously is based on the PV penetration for various scenarios which 
were created on the basis of available roof area for PV installation at particular roof 
orientations. Once the procedure in accordance with the methodology was followed, PV 
penetration levels were observed for all the scenarios created as shown below. The figures 
were generated on the basis of the annual demand load and the annual PV output. The X-
axis denotes the total number of hours in a year i.e. 8760 hours while the Y-axis in the 
figures depicts the electricity consumed in terms of the demand load and the energy 
generated in terms of the PV output.  
 

 Base Case – All available roofs 

The total available roof area for the base case was around 36200 m2 which had a peak PV 
installation capacity of 5.9 7MW. The peak PV output observed for the base case was 7.27 
MWh. 

Figure 3-1 Demand load vs PV output for base case 

As it can be observed from Figure 3-1 Demand load vs PV output for base case, there is a 
surplus electricity generation from PV during the summer months. As the seasonal 
variations are not taken into consideration, the demand load remains constant all 
throughout the year. This leads to a massive overproduction which increases the 
theoretical PV penetration. A PV penetration of 72 % is calculated in terms of energy 
when PV systems are installed on all the roofs facing all orientations. This leads to a 
massive oversizing of the entire system which results in a very high PV Penetration. 
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 Scenario 1- South, South-West, South-East Orientation 

In this scenario, PV systems were installed only on roofs having South, South-West and 
South-East orientation. The available roof area for PV installation in this scenario was 
around 15900 m2 which accounts for 44 % of the total available roof area as observed in 
the base case. 

Figure 3-2 Scenario-1, demand load vs PV output for South, South-West, South -East orientation 

PV solar systems having total peak PV power of 2.62 MW can be installed within the 
available roof area. A PV penetration of 40 % was observed in terms of energy over the 
course of an entire year with constant demand load with the peak PV power being around 
4 MWh as shown in Figure 3-2 Scenario-1, demand load vs PV output for South, South-
West, South -East orientation. The PV penetration is quite high as the South, South-West 
and South-East orientation allows a higher efficiency of the PV system due to better 
availability of solar radiation over the course of an entire year which leads to an enhanced 
PV output.  
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 Scenario 2- South only 

PV Systems in this scenario were installed only on South facing roofs of all the buildings. 

Figure 3-3 Scenario-2, demand load vs PV output for South orientation 

The available roof area for PV installation in this scenario was around 6650 m2 which 
accounts for just 18 % of the total available roof area as observed in the base case. PV 
solar systems having total peak PV power of around 1 MW can be installed within the 
available roof area. A PV penetration of 17 % was observed in terms of energy with the 
peak PV power being around 1.7 MWh as shown in Figure 3-3 Scenario-2, demand load vs 
PV output for South orientation. The PV penetration is calculated in terms of energy and 
analyzed over the course of an entire year with constant demand load throughout the year. 
 

 Scenario 3- East-West orientation 

In Scenario 3, PV Systems were installed only on East and West facing roofs of all the 
buildings. 

Figure 3-4 Scenario-3, demand load vs PV output for East-West orientation 
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The available roof area for PV installation in this scenario was around 4400 m2 which 
accounts for just 12 % of the total available roof area as observed in the base case. PV 
solar systems having total peak PV power of around 0.73 MW can be installed within the 
available roof area. A PV penetration of 9 % was observed in terms of energy with the 
peak PV power being around 0.9 MWh as shown in Figure 3-4 Scenario-3, demand load vs 
PV output for East-West orientation. The PV penetration is calculated in terms of energy 
and analyzed over the course of an entire year with constant demand load throughout the 
year. 
 

4 Discussion and conclusions 
In this study, a methodology was created to examine and determine the PV output 
simultaneously from roofs with varied orientations and available area along with buildings 
having different demand loads due to difference in their type of usage. Due to the sheer 
magnitude of the project, it was important to channel the focus of this study towards the 
PV penetration in terms of energy. Understanding the basic concept of zoning ordinance 
helped in visualization of scenarios and the problems that may arise due to non-
compliance of those zoning laws that may lead to shading issues from trees and buildings 
during the peak sun hours. “A zoning ordinance is a written regulation and law that defines 
how property in specific geographic zones can be used. Zoning ordinances specify whether 
zones can be used for residential or commercial purposes, and may also regulate lot size, 
placement, bulk (or density) and the height of structures.” [34] Thus, in most of the 
developed countries, the government uses zoning technique with proper use of land 
planning for urban planning development. It was also important to avoid shading due to 
new construction in the surroundings. 
 
It was studied from the ‘plan program’ about the various types of buildings that are to be 
constructed in Jakobsgardarna [1]. Due to lack of available information regarding the 
actual demand loads of the buildings that are to be constructed, various papers regarding 
the demand loads in Sweden on household energy consumption were studied. [16] [28] 
[29] [17] [30] and load profiles for all residential buildings were created accordingly. The 
load profiles for commercial centers, activity centers and schools were created based on an 
analogy between the data observed from the Swedish Energy Agency survey 2016 [23] and 
the multiple sources of demand load obtained for all buildings. As the hourly load profiles 
for these buildings were created by day to day observation of load patterns, they have an 
impact on the results as the actual load consumptions patterns vary on a daily and seasonal 
basis which were not taken into consideration while creating the load profiles. 
 
The identification of type of buildings in the original plan by [1] Jakobsgardarna was done 
on the basis of the roof area as the map was created on scale with respect to the actual 
dimensions. Due to varied types of roofs and their structures, it was assumed that all 
buildings have a similar roof structure i.e. tilted roofs having a tilt of 30°. Having varied 
roof structures in the study would have resulted into innumerous PV outputs for each 
orientation due to different tilts and roof areas, hence increasing the number of variable 
parameters that would have led to an increased complexity. Limiting the parameter of tilt 
was done to create a uniformity in the study and simulations. Though utmost care was 
taken whilst determining the type of buildings on the basis of their roof areas and roof 
color variations as shown in the map, there might be an error percentage of around 10 % 
in the determination of the type of buildings due to the non-availability of actual figures 
since the project is still in its planning stage and the roof areas were determined on the 
basis of a map with a satellite view which negates the tilt factor of the roofs, hence 
reducing the actual roof area in the study. 
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Table 4-1 Summary of PV penetration for all scenarios 

Scenario Roof area 
Annual 

demand 
PV output PV penetration 

 m2 MWh MWh % 

Base Case 36200 6129 4404 72% 

Scenario 1 15800 6129 2426 40% 

Scenario 2 6650 6129 1051 17% 

Scenario 3 4400 6129 550 9% 

 
It can be observed from the base case results that an annual PV penetration of 72 % is 
obtained when PV systems are installed on all available roofs which have a total roof area 
of around 36200 m2. As installation of PV on all roofs would amount to acute oversizing 
of the system and reduce the overall efficiency of the PV setup, various scenarios were 
created that analyzed the PV penetration when the systems were placed on South, South-
East, South-West and East-West facing roofs in different combinations. These particular 
roof orientations were chosen as they produce the most optimum output due to greater 
availability of solar radiation in these orientations. It was observed that PV penetrations of 
40 %, 17 % and 9 % were obtained for scenarios when PV systems were installed on roofs 
facing South, South-East, South-West, only South and only East and West facing roofs 
respectively. As shown in the figures above, the PV penetrations were analyzed on an 
hourly basis over an entire year and it can be noted that there is a high over-production in 
Scenario 1 as the roof area availability is much higher compared to Scenario 2 and 3. When 
Scenario 1 and 2 are scrutinized, the outcome is that even though the available roof area in 
Scenario 1 is 40 % greater than Scenario 2, the PV penetration of Scenario 2 is almost 50 
% of Scenario 1 which signifies the importance of installing systems in optimum 
orientations for better system efficiencies and the importance of planning for PV during 
the planning stages of new communities as it enables in the creation of energy and cost 
efficient buildings in the community. As the roof orientations were determined based on 
their visual representation on the map in plan-program [1], they may vary a fraction from 
the actual orientations which would lead to a proportionate variation in the PV output 
results based on their true orientation. 
 
A total of around 4400 MWh of energy can be produced annually in the area if PV systems 
are installed on all the roofs of 172 buildings that are to be constructed. It would be highly 
unreasonable to install PV on roofs of all orientations as it would neither be technically or 
financially feasible. Installation of PV only on South facing roofs of all the buildings would 
be optimum as it would keep the surplus electricity generation in control if any which can 
be accessed via mini-grid setup. A phase wise installation is recommended on the basis of 
the Over 1000 MWh of energy can be availed annually with the excess production 
observed only during the peak summer months. When the PV penetration is analyzed 
zone-wise, the results are not quite accurate due to various uncertainties which lead to 
results of very high PV penetrations in a couple of zones such as North-East and North-
West. It must also be noted that the zonal analysis was done with PV installed on all roofs, 
irrespective of their orientations leading to oversizing which has produced results of high 
PV penetration. 
 
The results of PV Penetration obtained for various scenarios highlights the importance of 
roof orientations to ensure energy efficient buildings. It can be observed that a large 
amount of PV electricity is generated as excess electricity during peak sun hours which 
could lead to massive energy losses as net-metering is not applicable in Sweden. High PV 
penetration leads to additional maintenance of systems as they require more ramping and 
frequency regulation capabilities. High PV penetration also has a major impact in the grid 
operations and creates various technical issues related to voltage sag and swells, reduced 
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power quality, reverse power flow and excessive operations of voltage regulating 
equipment. It leads to voltage rise and variations due to the fluctuations in solar PV 
generation. High voltage can lead to PV inverters trip off-line which could lead to financial 
losses due to non-availability of electricity from PV [35].  
 
To overcome this problem, it is suggested to create a mini-grid for each zone in the area 
that would ensure that most of the electricity generated from PV is utilized. This would 
lead to major economic benefits and ensure the feasibility of the project. A mini-grid 
would be most desired for the North-East zone as it has a very high PV penetration of 155 
%. This is mainly because the demand load is way lower than the PV output which is due 
to high roof availability and as the PV was installed on all roofs irrespective of its 
orientation. It is recommended that when the PV penetration level in terms of energy go 
beyond 50 %, installation of a mini-grid in the zone is advisable to ensure the financial 
feasibility of the PV systems. A mini-grid would ensure that the energy demands are met 
for occupants in buildings on which the PV system is not producing sufficient electricity 
due to various natural or technical reasons to meet their energy requirements. 
 
The inverter power for all orientations and roof areas was measured by creating an analogy 
between the inverter power used for the base case having peak power of 5.94 kW. This 
was done to ensure a similar relation between all variables as it was found after 
considerable probing that providing a specific make and power of an inverter at this stage 
of the study would result in cumbersome data accumulation of inverters which was not 
quite necessary. 
 
It can be observed that the total peak PV power for the base case was 5.97 MW but the 
summation of total peak PV power from all the zones was 5.26 MW. This variation arises 
because the true roof areas were taken into consideration when analysis for each zone was 
done while these true roof areas were averaged out for all types of buildings when the base 
case was considered. It was done because each type of building had various different roof 
dimensions within and amongst all zones. 
 
There are multiple definitions of PV penetration in which the results can be presented, but 
this study was focused on the energy aspect i.e. annual demand load of the buildings and 
annual PV output from the systems. The various degrees of PV penetration are analyzed 
by creating various scenarios on the basis of the available roof areas at particular 
orientations and determining their PV outputs accordingly. As the project is still in its 
planning stage, it is possible to create multiple scenarios of PV penetration by altering the 
roof area utilization factor for the given roof orientations to improve the PV output and 
hence the PV penetration. It can be concluded from these results that the planning for PV 
systems during the elementary stages of any new project is of acute importance as it can 
have a massive impact on the annual net energy consumed by the buildings and may lead 
to energy losses if the buildings are constructed without taken PV installations into 
consideration. 
 
Due to time constraint, it was not possible to analyze in detail about the aspects of creating 
a mini-grid in the region to ensure energy sustainability. The inverter location plays a major 
role in determining the DC losses which couldn’t be probed currently due to lack to 
building data as the project is still in its planning stage. The transformer power along with 
the complete wiring at the AC side of the PV system can be further analyzed and modelled 
accordingly. 
 
Timely planning for PV for new communities in essential in today’s time as creating a 
zero-energy society is of utmost importance for a sustainable future. 
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Appendices 

Appendix 1 

 
Hourly demand load for all type of buildings in Wh 
 

Hours Type of buildings - Demand load 

 
Commercial 

center 
Apartment 
buildings 

School 
Single 
family  

Multi 
family 

Activity 
center 

housing 
service & 

operations 

1 7300 6333.3 2150 479 1437 4700 4790 

2 7300 6333.3 2150 350 1050 4700 3500 

3 7300 6266.6 2150 303 909 4700 3030 

4 7300 6233.3 2150 261 783 4700 2610 

5 7300 6300 2150 255 765 4700 2550 

6 7300 6566.6 2150 287 861 4700 2870 

7 7300 9133.3 4900 349 1047 4700 3490 

8 16300 13033.3 4900 426 1278 6260 4260 

9 16300 14700 4900 507 1521 6260 5070 

10 16300 20600 4900 531 1593 6260 5310 

11 16300 18566.6 4900 645 1935 6260 6450 

12 16300 13433.3 4900 608 1824 6260 6080 

13 16300 16266.6 4900 593 1779 6260 5930 

14 16300 12066.6 4900 576 1728 6260 5760 

15 16300 16150 4900 597 1791 6260 5970 

16 16300 15733.3 4900 609 1827 6260 6090 

17 16300 20833.3 4900 663 1989 6260 6630 

18 16300 21950 4900 715 2145 6260 7150 

19 16300 23366.6 2150 773 2319 6260 7730 

20 16300 22300 2150 866 2598 4700 8660 

21 16300 18866.6 2150 918 2754 4700 9180 

22 16300 19850 2150 926 2778 4700 9260 

23 7300 18200 2150 798 2394 4700 7980 

24 7300 10883.3 2150 655 1965 4700 6550 

Total 310200 343965.9 84600 13690 41070 131520 136900 

in 
kWh 

310.2 343.9659 84.6 13.69 41.07 131.52 136.9 

  



55 

Appendix 2 

 
Detail procedure of Batch Simulations in PVSyst (version 6.6.8) [31]. 
 
1) The Batch simulation was used to perform different orientation simulations by keeping 
constant the plane tilt as 30˚and azimuth as 0˚for South orientation. 
 
PVSyst- filed parameter 

 

 
 
2) Under system tab select, available roof area required for mounting module was added 
and appropriate module and inverter selection was done. 
 
3) The selected module was Polycrystalline REC 330TP2S 72XV of peak 330 W and 
inverter from Sunny boy 6000TL-US-22-208V of 5.2 kW were used to achieve area of 
36m2. 
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PVSyst selection of PV-module and Inverter 

 
 
4)  Under simulations tab click on the advance simulations setting further, click on the 
batch simulation tab and thus a CSV file was created.  
 
PVSyst batch CSV files 
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5) Different parameters were indicated by clicking on them, create hourly file tab under 
Mateo and Save mode. Further, enter into plane orientation tab and click on the plane 
Azimuth to perform different orientation simulations (180˚for North orientation, 135˚for 
North -East orientation, 90˚ for East orientation, 45˚for South- East orientation, -45˚ for 
South-West orientation, -90˚ for West orientation, -135˚for North-West orientation).  
 
PVSyst parameters selection 
 

 
  

 
6) The desired output was achieved by choosing the appropriate variable under result 
variable specification tab and thus Energy injected into the grid variable was selected and 
close the dialogue box. 
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PVSyst results variables specification 

 
 
7) Before running the simulation, a CSV file was created in Excel form under user data, 
user Batch. 

  
8) All different parameter defined carefully for each orientation by changing the value of 
plane azimuth. For example 
  
SIM_1; Jackobsgarden_Project_VC0_HourlyRes_0.CSV; 0.0; New simulation variant; 
SIM_2; Jackobsgarden_Project_VC0_HourlyRes_180.CSV; 180; New simulation variant; 
  
9) The excel file was closed before performing the batch simulation. 
  
10) After the simulation has performed a result was found under User data, user hourly 
data. As the desired result was to achieve hourly data for different orientation. 
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Appendix 3 
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Appendix 4 
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Appendix 5 
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Appendix 5 

Check-list before submitting your first draft 
 
Please go through this check-list before you submit your first draft to your supervisor. To 

show that you have done it; mark the done parts by clicking on the check box☒.If the 

instructions in this document are not followed, your supervisor can refuse to read your 
thesis. You will remove the checklist from the appendix after you have received grade and 
the comments from the examiner.  
 

☒ Use the given thesis template and do not change the style. Note the page breaks 

after each section were taken away to make the document shorter. Please add them 
where it is necessary. Each section should always start on a new page. 

 

☒ Always use the spell check in the text editor before you hand in a report to avoid 

misspellings.Set the language before you start writing in the document. You can use 
US or UK English but you must be consistent with the one style all the way through 
the thesis 

 

☒ Use the check-list in [7] for the SI rules and style conventions. 

 

☒ The Abstract should include the important parts of introduction, method, results 

and conclusion with focus on method and conclusions. 
 

☒ The Abstract should stand alone from the report, thus no references or cross-

reference to figures or tables should be made. 
 

☒ All abbreviations have to be listed in alphabetical order in the Abbreviation section 

and have to be introduced the first time they are used in the text; same for the 
nomenclature list. 

 

☒ Do not include a list of figures to the thesis. 

 

☒ Does the Introduction give a good background to the research question and is it put 

into perspective and do you describe why it is relevant to make this investigation? 
 

☒ Does the Method section clearly describe the procedure of the study and performed 

experiments and are the main simplifications and limitations of the method 
discussed. 

 

☒ Preferably the used method should be motivated in relation to the aim of the study 

and other possible methods. 
 

☒ Are the results clearly presented and easy to understand for the reader? 

 

☒ Have you really looked at the results with critical eyes and tried to find contradictory 

data and unexplainable results or trends? 
 

☒ Have you critically evaluated the results and critically discussed simplifications and 

uncertainties in the method and possible implications for the results due to these 
imperfections? 
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☒ Have you critically evaluated the results and critically discussed simplifications and 

uncertainties in the method and possible implications for the results due to these 
imperfections? 

 

☒ Are your results put in relation to the results from other similar studies? 

 

☒ Excluding or avoiding the presentation of data which does not fit what you expect is 

strictly forbidden. Just if you know that there was a specific mistake in the 
measurement or the methodology for that particular data point, then the data could 
be excluded and the criteria to exclude data should be given in the Method section. 

 

☒ Recommendation for further work should be included in the thesis. 

 

☒ Are all figures, tables, equations, references and appendices referred to in the text? 

Use the Word cross-reference function. 
 

☒ A report is usually a formal text where personal words such as “I”, “we”, “us”, 

“our” etc. are seldom or never used. Therefore, formulate without using these 
words, i.e. the passive form, e.g.: 
Do not write: 
I will investigate the effect of climate on xxxx. 
 
Instead: 
The effect of climate on xxxx will be investigated. 

 

☒ Original figures (copy/paste) used from other sources should be referred in the 

figure text and permission needs to be requested from the author. In that case the 
figure text will include “[ref] with permission from (the publisher/copyright owner)” 
This should be only done if it is really necessary to understand the context. 
Otherwise avoid it. 

 

☒ Redrawn figures used from other sources should be referred in the figure text. In 

that case the figure text is “Reprinted from [ref]”. 
 

☒ All statements and conclusions presented must be backed up with either a reference, 

a logical discussion, which explains the point of view or it should be concluded from 
your own results. 

 

☒ If you use labels in equations or figures they must be explained the first time they 

appear and then shown in a nomenclature list (with units) placed before the 
reference section. 

 

☒ Use consistent terminology if you talk about the same thing: e.g. do not use once 

“solar radiation” and somewhere else “sunlight”. 
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Appendix A  
Summary of your thesis for the examiner 
It must be brought to knowledge that as the project for expanding the community in 
Jakobsgardarna is still in its planning stage, a lot of assumptions and simplifications had to 
be taken into consideration as mentioned in the study in order to create scenarios that 
could provide PV penetration levels. The study is presently based on a hypothetical case 
due to lack of availability of all the data and information. The scenarios were limited to 
three because of time constraints and hence the focus was kept towards the most optimum 
combination of roof orientations for PV installation. As authentic data regarding the 
building drawings, construction planning, exact number and type of buildings and their 
orientations is not available, realistic assumptions with the assistance of various references 
as shown in the previous work section have been made in this study which may lead to a 
discrepancy between the actual results and the results obtained in the simulation. 
 
 
 
 
 
 
 
 
 
 




