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ABSTRACT: The use of photovoltaic solar energy integrated to buildings, allows such power to be generated close to its consumption 

point, minimizing transmission loss, cost and environmental damage. The aim of the present work was to examine and study different 

types of photovoltaic technology and find ways of integrating them to the building`s architecture. To achieve such purpose, a survey 

was carried out in order to collect data from the site as well as from the building potentiality, followed by a PV pre-dimensioning 

which aimed at comparing some technologies and four possible sceneries for the building. The results indicated the crucial role the 

BIPV systems play in the early stages of design, and that they therefore must be implemented in such stages, avoiding the building self 

shading, the addition of new elements and raise of costs. It was also concluded that the panels shape, size and efficiency are key 

factors .to set up the FV system and their choice will have significant impact in the architectural building central ideas. All sceneries 

were checked with different technology and pre-design projects what allowed us to consider this building as a “Zero Energy 

Building”  
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INTRODUCTION  

Photovoltaic systems can be classified as autonomous 

and those grid-connected (GCPVS). GCPVS may be 

installed in the building itself. Whether the energy 

generated by the system is not sufficient, the demand can 

be supplied by the network and in case generation 

exceeds the energy demand it can be injected into the 

network [1].  

 

The additive and integrative solutions can be 

considered when mounting PV systems for building 

integration.  In an additive solution, the PV modules are 

fixed on top of the roof or to the facade, through a metal 

structure. On the other hand in integrative solutions, the 

roof or the building facade components are replaced by 

photovoltaic elements [2]. 

 

According to Rüther [1] solar photovoltaic panels are 

designed for outdoor environments, resisting well to 

climatic agents and operating satisfactorily for 30 years 

or more. Rüther and Montenegro [3] state that the solar 

PV systems can be incorporated aesthetically, and in the 

near future, will become cost-competitive if compared to 

traditional energy forms. The solar photovoltaic (PV) in 

thin film, when in semi-transparent modules can replace 

the glass film. On the other hand, opaque modules can 

replace marble and other costly materials. Castanheira 

and Corbella [4] in a study about the influence of shading 

produced by PV on roofs in Rio de Janeiro showed that 

reduction in the thermal load is significant. Therefore in 

addition to producing energy, the building can save on 

the air conditioning system. 

OBJECTIVE 

The present work aims at the study of solar photovoltaic 

systems integrated to the building through the 

development of preliminary designs for a school 

building. The systems purpose is to address the building 

consumption to its maximum, comparing different 

technology types, and also emphasizing the architectural 

features that might or  not enhance FV integration to the 

building. 

 

 

METHOD 

A site data was initially conducted followed by a 

building potential survey. Then the preliminary design 
that sought to compare some PV technologies and some 

possible scenarios for the building was accomplished. 
 

Data Collection 

The object of study selection was carried out through 

contact made with the Curitiba Municipality (CM) which 

provided the Municipal School Otto Bracarense Costa 

design, Fig. 1, Fig. 2. The school is in operation for two 

years. 
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Figure 1: Minicipal School Otto Bracarense Costa. 

Source: author, in 09/2010 

 

 

 

 
 Figure 2: Municipal School Otto Bracarense Costa 

Implantation 

Source: CM 

 

 

Local Description 

The school has a total area of 2795.20 m² distributed into 

two floors, and houses students from elementary to 

intermediate level. The school use pattern can be 

classified as follows: for the weekdays from 07am to 

18pm and Saturdays for occasional use. 

 

The building is divided into seven volumes with 

different heights, and platbands sequence with varying 

sizes. The total area coverage corresponds to the area of 

1,247.48 square meters, divided into 10 roof faces, being 

8 covered with galvanized tile corrugated profile and two 

waterproofed slab. 

 
Available Areas for Panels Installation  

It is known that the shade panels or regions thereof can 

produce losses in the power generation capacity [5]. 

Therefore, an insolation study was conducted in the 

software Sketch Up Pro 7 in order to prevent the 

occupation of such areas with panels . 

 

The simulations were performed with emphasis on 

the building roof, since the vertical surfaces have a lower 

potential of solar radiation use. Furthermore, the building 

is distributed into several mismatched volumes, which 

causes impressive facades self-shadowing. The insolation 

simulations were performed for the three main points of 

solar declination (equinox, winter and summer solstice) 

during the period from 06:00am to 18:00pm. 

 

 

Monthly Electric Energy Consumption 

The data of average monthly electric energy consumption 

from January 2009 to July 2010 was taken into account. 

It was decided to adopt an average daily consumption of 

107.82 kWh /day which is the average of all the values 

provided from the beginning of school activities. 
 

 

PV Design Proposal 

In order to achieve the goal proposed, four scenarios 

were created to study PV systems integrated to buildings. 

 

Solar Radiation Potential 

Through the software Radiasol 2.1, developed by the 

Solar Energy Laboratory at the University of Rio Grande 

do Sul values were obtained from monthly averages of 

total daily solar radiation over the year. The angles of 

inclination analysed for the purpose of tests were 0° 

(horizontal) and 25° (local latitude). As for the scenarios, 

angles compatible with the preliminary designs were 

adopted. The azimuth deviations were: 0° for the purpose 

of testing technologies and for the scenarios, azimuth 

deviations were considered, corresponding to every work 

plan adopted at the roof. 

 

System Dimensioning 

PV system sizing was achieved based on both the 

installed rated nominal power required to meet the 

building daily consumption and the total area required to 

implement this system. 

 

The installed nominal power rating necessary to meet 

the building daily consumption is given by Equation 1: 
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Equation 1 

 

where: 

PCC = average power required or installed nominal 

power (kW Pcc) 

E = average daily consumption during the year (kWh / 

day) 

Solar radiation-GPOA = monthly average daily total 

(kWh / m² / day) in the plan of the photovoltaic generator 

GAM1, 5 = default irradiance equal to 1kW / m² 

R = system Yield (%), adopted from the literature 0.8 

 

While the area required for photovoltaic panels 

installation is given by Equation 2. 
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where: 

ATotal = The system  total area(m²) 
PCC = average power required or installed nominal 

power (kW Pcc) 

Eff = PV panel efficiency (kW / m²) 

 

Additional factors also play a crucial role in the 

photovoltaic project, such as the array arrangements. The 

amount of modules connected in a serial mode will 

determine the DC operating voltage of the system. The 

solar generator current is defined by parallel connection 

of individual panels or strings. The strings are connected 

in parallel to the drive taking into account the DC 

maximum power. The installed capacity is given by the 

individual modules nominal power sum [1]. 
 

 

Database - FVS and Inverters 
Eight PV panels from different brands and technologies 

were selected for evaluation, in order to see which ones 

would be the most suitable to each scenario objectives. 

Compatible inverters were selected from these screening 

panels. The database for the inverters selection was 

Sunny Family Catalog. The inverters are responsible for 

converting DC power generated by PV modules to AC 

required for the grid. 

 

Scenarios 

Different types of technology were compared to supply 

the building maximum possible energy consumption. 

Scenarios were set up to analyze the architectural 

features that might or not enhance PV building 

integration. See table1. 

 

 
Table 1 – Scenarios objectives. 

Scenarios Objectives 

Scenario 01 Least apparent cost technology. 

Scenario 02 Amorphous silicon flexible technology. 

Scenario 03 Technology that does not need architectural 

intervention. 

Scenario 04 Technology with highest efficiency found. 

 

 

RESULTS ANALYSIS 

This section initially describes the studies accomplished 

related to architecture, seeking to understand which 

aspects contribute or impede building integrated PV 

installations. Subsequently, a comparison is carried out 

among different photovoltaic technologies to obtain 

technology overview of those most easily found. The 

four scenarios results are presented. They highlighted the 

close relation among the technology chosen, the 

architecture and the energy amount intended to supply. 

Therefore, they should be considered together. 

 

Shading Estimation 

Since the school has only two floors, its roof available 

area compared to the building area proportion is relevant, 

as illustrated in Figure 3. However, the roof is quite 

fragmented, and almost all its surfaces are surrounded by 

platbands with heights ranging from 1.7 m to 3.65 m. 

Figure 3 shows the Work Plans number sequence (WP) 

that will be used throughout the text. 
 
 

 
Figure 3: Possible work plans on the building roof. 

 

 

 
Figure 4: Area affected by the shadow trajectory to be 

disregarded for the panels deployment, including possible 

gymnasium roof. 

 
 

The differences between the blocks height, added to 

the platbands and to the water tank produce a significant 

self-shading on the roof, expressively reducing the area 

available for PV modules disposal ( * remaining area, 

Fig. 4). 

 

As a great loss was observed in the useful roof area, 

hypothetical roof was added on the sports field located to 

the building southeast in order to expand the possibilities 

for study. Through the shadows study, and due to the 

building architectural features, considering the shade 

during the period from 06:00 to 18:00h, it could be 

noticed that almost no areas existed for PV panels 
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placement, reducing or invalidating the use of solar 

energy. Thus the shaded area between 08:00 and 16:00h 

was considered. As an approximation, the time 

disregarded had their corresponding radiation subtracted 

from the GPOA calculation. Figure 4 shows the shading 

annual total sum regarding the three dates chosen for this 

time interval. 

 
 

Solar Radiation Harnessing  

The school roof was divided into several work plans 

(WP), corresponding to each building's roof faces. The 

WPs have different orientations and inclinations. Tests 

were performed in the program Radiaol 2.1 with Curitiba 

coordinates (lat. 25° 33'S, long. 49° 23'W) to an 

azimuthal deviation of 0°, obtaining a GPOA of 4.916 

kWh / m² / day. 

 

Considering 25° as the optimum slope for panels 

efficiency, there was no significant loss in the use of 

WPs inclination applied to the scenarios. In addition, 

shading simulations were carried for the 25° angled 

panels. It was concluded that to ensure the panels 

wouldn’t shade each other the deploying area would need 

to be significantly higher. 

 

 

PV Modules and Inverters Selection  

The modules chosen for preliminary assessment served 

as basis to choose the technologies to be used in the 

scenarios. The criterion for  this initial modules selection 

was: efficiency, size and differentiated type of 

technology.  
 

The modules selected were: Sunmodele SW85-

mono/5SE, Sunmodele SW50-monoR5C, RWE 

SOLUTION - ASE ASI-30-DG-UT-36VDC semi-

transparent, Unisolar PVL 144, Kyocera KC-85T, 

SANYO HIT N225SE10, NEWHIT SANYO HD 250 

and SunPower E19/318. 

  

The inverters were selected in order to be compatible 

with the panels. Sunny Tripower 10.000TL, Tripower 

15.000TL Sunny Mini Central and Sunny 11.000TL [6] 

were chosen. 

  
 

Systems dimensioning for different technologies  

A system pre-sizing was initially carried out and  used to 

compare the respective technologies. 

 

Firstly, the required  nominal power and the area 

were calculated. To do so, some initial conditions were 

taken into account. The building average daily 

consumption was the average daily consumption of all 

the months provided by Curitiba Municipality, being 

equivalent to 107.82 kWh / day. The average daily solar 

radiation incident gain on the PV system was considered 

assuming the panels inclination equal to 0° and azimuthal 

deviation in relation to north also 0°. Curitiba total 

average radiation gain extracted from the program 

Radiasol 2.1 was 4.654 kWh/ m²/day. Through the 

Equation 01 the nominal power installed (Pcc) of 28.96 

kWpcc, necessary to meet the school demands, was 

determined. Assuming a 0.8 system yield, according to 

the literature. 

 

To calculate the area required for the PV system 

deployment, a conversion efficiency of 16%, which is 

considered to be relatively high, was estimated. At this 

study stage the PV panel to be adopted is still to be 

defined. Applying the equation 2 an area of 180.99 m2 

was reached, which was necessary for the PV generation.   

 

In this case, the WP3 itself would have sufficient 

remaining area for the panels placement as well as to 

supply the school energy school demand. However, the 

area required suffered an increase after adjusting the tilt 

and orientation to WP3 characteristics. In addition, the 

shadow irregular shape and the panels rigid shape 

prevented the area from being fully exploited. Therefore, 

it was necessary to develop scenarios seeking  distinctive 

panels distribution . It was assumed that every array 

corresponding to an inverter must have the same 

orientation and inclination characteristics. 

 

The panel SW40mono/R5C stood out for presenting 

the smallest module area. However, due to its less 

efficiency, it would take a deployment system area 

greater than other technologies. 

 

The two panels from SANYO and SUNPOWER were 

the ones with the highest efficiencies and therefore the 

lowest occupied areas. 

 

As this comparison used the module Sunmodule 

SW85/SER as a basis, the inverter Sunny Tripower 

10.000TL was adopted. It was observed that the modules 

ASI-ASE-30-DG-UT, the SANYO NEWHIT 250 and 

E19/318 SUNPOWER were not compatible with this 

inverter. Alternative suitable inverters were selected for 

the panels that were used in the scenarios and were not 

compatible with the pilot inverter.  

 

A systems costs approximation was made for 

Sunmodule SW85/RSE and SW40mono/R5C 

considering $ 5,000.00 (USD)/kWp. The actual 

equipment costs were not taken into account . The simple 

payback of all systems would be around 14 years, 

considering the dollar as $1.66 kWh/month and the 

kWh/month cost related to July 2010 as R$0.4196. Yet, a 

payback performed considering the Internal Rate of 

Return (IRR) of 6% indicates that the system would pay 

itself in 30 years. 
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This initial study allowed a better comparison among 

the technologies and it was important to support the 

scenarios structuring. 
 
 
Table 2- Scenarios aimed at integrating PV to the building. 

 
 

Alternatives of Generation 

Four scenarios were formulated as alternatives of energy 

generation, to achieve the purposes described in Table 1. 

For these scenarios the GPOA, PCC, area and all other 

data were recalculated in order to adapt the WPs 

orientation and inclination and other systems used. When 

there was the necessity of panels distribution in different 

WPs, the PCC was recalculated deducting the energy 

generated by the panels already installed in the first WP 

and so on, Table 2. In the building modules graphical 

disposal three basic colors were used to identify the 

subsystems, and gradients of these respective colors to 

identify the strings, table 2. 

 

 

 

Power Grid Energy Use Reduction  

Based on the installed power data for the four scenarios 

and GPOA to each respective WP the equation 01 was 

applied again in order to obtain the average daily energy 

  

 

 

generated by each system along every month. In an  

overall assessment, all scenarios attend the building total 

average consumption, and scenario 04 supplies 103.63%. 

During the summer months all scenarios meet the school 

consumption, yet in the winter months none of them 

meets the demand based on the average consumption of 

107.82 kWh. Scenario 02 presents the best performance 

in the winter months, while in summer scenario 04 is the 

one which performs best. In every case, the building can 

be considered within the concept of "Zero Energy 

Buildings". 
 
 
 
 
 
 

 Scenario 01 Scenario 02 Scenario 3 Scenario  4 

Painel Sunmodule SW85/R5E Unisolar PLV144 Sanyo Hit SE 10 Sunpower E19//318 

I Inverter Sunny Tripower 

10.000TL 

Sunny Tripower 

15.000TL 
Sunny Minicentral 

11.000TL 

Sunny Minicentral 

11.000TL 

№ subsistems 3 3 3 3 

KWp 10 13,34 11 11 

№ modules 120 88 48 35 

Wp/ fase 10.200 12.672 10.800 11.130 

WP 

Plans WP1 WP2 WP7 WP11 WP12 WP1 WP3 WP13 

Inverter 1 1 1 1 2 1 2 3 

 № String/ 

inverter 

(parallel) 

4 4 4 4 1 4 4 5 

№ Modules/ 

String 

(series) 

30 30 30 22 22 12 12 7 

Egenerated 

(KWh/day) 

36,48 34,12 38,53 34,12 76,82 36,62 72,23 112 

Location 

   
 

Layout 
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Inverters Distribution  

According to the European Commission [2], the inverters 

should be alocated in order to be protected from rain and 

direct sunlight. The installation site must maintain the 

environmental conditions required by the inverter 

manufacturer, especially in terms of humidity and 

temperature. The noise produced by the inverter must 

also be considered. Following these recommendations it 

is not advised to place the inverters on the roof or near 

the classrooms windows. 

 

 

CONCLUSIONS 

With the increasing energy consumption and an 

increased demand of energy matrices added to incentives 

for renewable energy sources, the photovoltaic energy 

use is seen as a viable alternative. However, it cannot be 

ignored that it is still an expensive technology, but with 

the learning curve and technology development costs are 

likely to fall significantly.  

 

One of this alternative energy source potential is that 

it can be generated close to the consumption place 

relieving the system and minimizing losses. However, 

through this case study it could be noticed the difficulties 

of implementing a PV system when it is not designed 

with the architectural design. 

 

Results obtained from this work showed that the 

building architectural features, such as volumes at 

different heights, platbands and non-matching facades 

produced higher building self-shading. This hampered 

the use of photovoltaic solar energy due to the lack of the 

adoption of some intervention in architectural 

construction. In this case, the louvers on the openings 

have prevented testing of photovoltaic technology 

applied to the windows. These relationships between 

architecture and PV installation observed in the case 

study are applicable to any architectural design. 

 

It was concluded that the simplest solution for the 

shadowing case caused by the platbands, is to place a 

metal structure on them for fixing the panels as used in 

scenario 01 on WP7. This thermal solution has the 

advantage of shade coverage, however in the winter it 

can be a drawback in cold areas, apart from loading the 

system installation. 

 

It is essential to consider the photovoltaic generation 

in the design early stages, taking advantage of its 

elements and seeking geometries that enhance its use. In 

this way, costs can be reduced by making new structures 

unnecessary for the panels accommodation. Interventions 

in buildings already constructed are usually additional. 

However, during the design phase they become 

integrative enabling greater freedom of choice. 

 

The technologies comparison showed that the panels 

efficiency is of extreme importance when defining 

design, since it allows for greater power generation in 

smaller areas. As in most cases the remaining shading 

area is irregular, the panel size and shape play an 

essential role in the layout accommodation. 

 

The use of panels tilted at local latitude was not 

significantly relevant, because the panel number 

reduction for power generation was minimal and the area 

required to avoid shading between the strings was 

considerably large. 

 

A potential worth mentioning addresses the school 

operating hours (morning and afternoon respectively). It 

coincides with the time when sunlight is available, 

facilitating the use of photovoltaic energy generated by 

the building itself, allowing power grid greater 

independence. 

 

The payback achieved approximation, considering 

Internal Rate of Return (IRR) of 6% showed that all 

systems would pay themselves in an average of 30 years. 

This fact emphasizes the need of incentives for 

photovoltaic installation since these facilities typically 

operate around this period and sometimes for an 

extended time. The tax policy incentives and possible 

utilities preparation to purchase excess energy generated 

in the power grid are likely to make this system 

financially more appealing.    

 

On annual average, the building can be considered 

within the concept of "Zero Energy Buildings." 
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