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▪ 2 weeks 
 
▪ 4 lectures 

□ Introduction & PV-principles 
□ Influence on electricity performance 
□ BiPV vs. conventional constructions & LCA 
□ Market development & Aesthetics 

 
▪ 4 corresponding tutorials 

 

Content BiPV-material 

Presenter
Presentation Notes
The focus of the coming two weeks will be on this topic. In 4 lectures, and 4 corresponding tutorials, the students will become familiar with all the related principles of BiPV. Think about basic calculations on electricity generation and system-performance, the pro’s and cons of BiPV and market-related aspects such as potential barriers, developments and opportunities. The total workload on BiPV is 40 hours.8 hours of lectures8 hours of tutorials24 hours of self-study
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1. Introduction 
a. What is BiPV 
b. Examples 
c. Advantages and barriers 

2. Photovoltaic solar energy 
a. Solar Energy 
b. Photovoltaic effect 
c. Solar cells 
d. PV systems  

 

Content of the lecture 
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What is BiPV? 

PV-system integrated in the 
building envelope. 
 

The system converts solar energy 
into electricity and it takes over 
(part of) the functions of the initial 
construction material.  
 

This can be either on the roof or 
as facades. 

SolarBuildingTech, n.d.; Schüco, 2014 

Presenter
Presentation Notes
BiPV is the replacement of the conventional/initial structure material by a PV-system. The PV-system will have a multiple function: First of all, solar energy production (primary function) but it takes over (part) of the initial construction material, depending on the type of PV-system (Secondary functions). The PV-system is limited to the external structure of the building in order to receive sufficient solar energy. From there on it has little limitations mostly related to maximize the receiving solar irradiance. For this reason, facades and roofs are both promising locations for BiPV and there are different types of systems available for both the facades and roofs. 
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Climate change: 
 

Relevance 

NOAA, 2018 

Presenter
Presentation Notes
Slide 7-10 belong together and make one story. There is a strong scientific consensus that current climate changes are driven by GHG-emissions This graph shows the average temperature increase over the last 137 years. In order to put limitations on the current climate changes it’s necessary to reduce our GHG-emissions. However, mankind doesn’t like to change current energy-consumptions and therefore more renewable energy sources (RESs) are required. One of the most promising RESs is Solar PV electricity, which is produced directly from sunlight. (continues at next slide)
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Photovoltaic electricity generation: 
 

Relevance 

Source: IEA PVPS, 2016 
IEA PVPS, 2016 

Presenter
Presentation Notes
 PV electricity generation has increased the last decade exponentially (see graph), mainly because of the large potential PV electricity.This potential is caused by the large amount of sunlight that receives the PV-cell daily. Furthermore, a long life-time, low maintenance-costs and a predictable electricity generation are a couple of the strengths of PV contributing to the intense generation-growth. 
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BIPV: 
 
Logistic reasons: 
▪ Lack of available area (densely populated areas) 
▪ No/less dependence on the electricity grid 
 

Regulatory reasons: 
▪ European Commission: nZEB – directives 

• All new buildings must be near Zero-Energy Buildings by 31 dec. 2020 
▪ Dutch government: Energielabel 

• All Dutch offices will have at least an ‘energielabel C’ (scale A-G) in 2023 

Relevance 

Presenter
Presentation Notes
BiPV has some specific reasons to be of high relevance in the current energy transition. These reason can be separated in logistics reasons and regulatory reasons.Logistic reasons: In densely populated area (think about large urban areas or crowded countries like for example the Netherlands), the lack of available spatial area is a strong limitation on the installation of conventional PV. BiPV tackles these limitations and provides the opportunity to use more space in urban areas. Furthermore, the building might become independent of the electricity infrastructure when electricity production exceeds the electricity consumption, but in many of these cases a form of electricity storage is necessary to meet the electricity demands and certain moments. Regulatory reasons are based on governmental legislation. For example, the European Commission states that all newly build buildings by the end of 2020 will be near Zero-Energy Buildings. As example for the Netherlands: The Dutch government has announced in 2016 that it’s obligated by law that all offices will at least have ‘energielabel C’ on a scale from A to G (A is excellent).
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These new regulations caused more optimistic forecasts for 
BIPV-generation. 

Tripathy et al., 2016 

Presenter
Presentation Notes
This graph shows the expected growth of BiPV until 2020. As the graph shows the BiPV-installation is growing exponentially, showing the potential of BiPV.
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Building integrated PV vs. Building applied PV 
 

 BiPV replaces the initial construction material and thereby 
BiPV takes over its functions, BaPV is installed on top of the 
initial material and its function are thus limited to solar energy 

production only.  

BiPV vs. BaPV 

Presenter
Presentation Notes
BAPV less complicated - For BIPV, take into account:optimal conditions or energy productionArchitectural design (aesthetics)Requirements of construction materials (insulation, ventilation, etc.)Financial aspectsBuildings regulations
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Functions of BiPV 

University of Cyprus 

Presenter
Presentation Notes
These are the six main functions to take over by the BiPV-system (will be discussed more extensively in lecture 3):Solar electricity: It’s primary function. PV converts solar light into electricitySound protection: Creating a satisfying internal environment by excluding noise from outdoor.Thermal Control: Heat transmittance can be actively or passively being managed. Actively can result in higher performance of the PV-system, but is also more expensiveWeather Proofing: The structure needs to be strong enough to deal with wheatering from wind, rain, ice etc, but should also make sure that the internal structure is protected enough. Shade and light: Insulation can be managed actively, by developing a system which can control/assist the internal climate or passively by improvement of IV- and IR-light transmittance. However this will later be discussed more    extensively.Design Structural:“increase in architectural appearance” is in many cases related to the image related to sustainability of the firm. Therefore the appearance is a form of marketing. 
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.  

Shading & Light 

PV-sunscreen (BISEM, 2012) 

DSD PV: PV modules partly covered with a full color 
print (ECN).  

Aesthetics  

Presenter
Presentation Notes
These are the secondary functions which the PV-system will take over from the conventional building-material. Keep in mind that not all functions will be fulfilled by the PV-system. The amount of functions taken over is dependent on the type of PV-system. Insulation can be managed actively, by developing a system which can control/assist the internal climate or passively by improvement of IV- and IR-light transmittance. However this will later be discussed more extensively.“increase in architectural appearance” is in many cases related to the image related to sustainability of the firm. Therefore the appearance is a form of marketing. Greenpix Zero Energy Mediawall: The largest color LED display combined with a PV-system in the glass curtain wall
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1. Introduction 
a. What is BiPV 
b. Examples 
c. Advantages and barriers 

2. Photovoltaic solar energy 
a. Solar Energy 
b. Photovoltaic effect 
c. Solar cells 
d. PV systems  

 

Content of the lecture 
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Full Roof Solution 
 

Examples 

Zanetti et al., 2017 

Presenter
Presentation Notes
Key points:HomogenousWater-tight
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PV roof tiles 
 

Examples 

Zanetti et al., 2017 

Presenter
Presentation Notes
Key Points:Designed to resemble the conventional roof tileDisadvantage:high costs (large number of tiles)
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Curtain Wall (warm facade) 
 

Examples 

Onyx, 2017 

University of Cyprus 

Presenter
Presentation Notes
Picture:Key Points:Continuous building envelopeOuter walls are non-structuralLow heat transmittance (That why it’s called ‘warm facade’) - The BiPV-system influences directly the internal temperature.Image:PV modules can be integrated into unitised curtain wall systems either in the vision area or in the spandrel area of the facade. Single or double-glazed units can be replaced by clear or opaque, single- or double-glazed PV modules. PV modules can be mounted and weather-proofed into the facade in the same way as ordinary glass panels.
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Curtain Wall (warm facade) 
 

Examples 

● PV modules can be integrated 
into unitised curtain wall systems 
either in the vision area or in the 
spandrel area of the facade.  

 
● Single or double-glazed units can 

be replaced by clear or opaque, 
single- or double-glazed PV 
modules. Installation for PV is 
comparable as for ordinary glass.  

 University of Cyprus 

Presenter
Presentation Notes
A ‘warm facade’ means that the outer-structure of the building-envelope is directly connected with the inner-space. Therefore it’s (actively) responsible for the insulation as well. This requires a proper heat-cöefficient, to make sure the indoor-temperature is pleasant.
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Curtain Wall (cold facade) 
 

Examples 

Cameron, 2007 

University of Cyprus 

Presenter
Presentation Notes
A cold-facade means that the BiPV-system isn’t directly responsible for the indoor-temperature. For example, an insulation-layer or ventilated area is installed behind the modules. This layer or space is the main determinant for heat-transmittance. Left Image:CIS Tower in Manchester.First, European large scale application of BiPV.Annual production of 180 MWH/aAnother function is to create awareness among citizens and visitors of Manchester for renewable energy sources.Middle image:The inner structural leaf or backing wall can be built of any material, for example concrete or brickwork, a cast-concrete wall or a metal-stud wall. A layer of insulation is provided on the outside of the backing wall, finished off with a vapour barrier on the warm side (on the inside in a typical) and possibly a breather-type waterproofing membrane on the cold side of the insulation (on the outside). Vertical cladding rails or fixing brackets are bolted on to the backing wall ready to receive the outer rainscreen panels.Right image:Rainscreen over-cladding systems offer a very good opportunity for the integration of PV modules. In the case of existing cladding technology, no major modification would be needed to incorporate solar modules. Furthermore the ventilated cavity contained within the system would help to keep the operating temperatures of the PV cells down to some degree.
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Curtain Wall (cold facade) 
 

Examples 

• Rainscreen over-cladding systems offer 
a very good opportunity for the 
integration of PV modules.  

• In the case of existing cladding 
technology, no major modification would 
be needed to incorporate solar modules.  

• Furthermore the ventilated cavity 
contained within the system would help to 
keep the operating temperatures of the 
PV cells down to some degree 

University of Cyprus 

Presenter
Presentation Notes
Cold-facade structures are, in general, easier to integrate. The ‘rainscreen over-cladding’-system has as secondary function to protect to building from incoming moisture. The temperature is controlled by a ventilated cavity behind the BiPV-system. 
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Curtain Wall (cold facade) 
 
 

Examples 

● The inner structural leaf or backing wall can 
be built of any material, for example concrete 
or brickwork. 

● A layer of insulation is provided on the 
outside of the backing wall, finished off with a 
vapour barrier on the warm side (on the inside 
in a typical) and possibly a breather-type 
waterproofing membrane on the cold side of 
the insulation (on the outside).  

● Vertical cladding rails or fixing brackets are 
bolted onto the backing wall ready to receive 
the outer rainscreen panels. 

 

University of Cyprus 

Presenter
Presentation Notes
This slide shows an example of a BiPV-system (cold-facade) by which the heat-transmittance is managed by a insulation layer. The vertical cladding rails or fixing brackets makes installation of the (pre-fab)modules less complicated. 
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Skylight/Canopy 
 

Examples 

Onyx, 2017 
University of Cyprus 

Presenter
Presentation Notes
Key Points:The semi-transparent character allows natural light the enter the space underneath.Furthermore the system must be waterproof and be able to deal with the external climatic elements
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Skylight/Canopy 
 

Examples 

• Construction of glazed skylights can 
be based on stick curtain wall 
system and unitised curtain wall 
system.  

• The double-glazed units can be 
replaced by clear or opaque PV 
modules, preferably double-glazed. 
An additional outer lite can be 
installed for solar control, high 
performance coatings and low 
emissivity 

• The mullions acting as rafters and 
the transoms acting as counter 
battens transfer the vertical loads 
(dead load, wind, snow, maintenance) 
to the main structure. 

 

University of Cyprus 

Presenter
Presentation Notes
Mullions are vertical beams between glass units, transoms are horizontal beams between glass units. A rafter is a sloping beam that supports a roof, counter battens support loads between the rafters.
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1. Introduction 
a. What is BiPV 
b. Examples 
c. Advantages and barriers 

2. Photovoltaic solar energy 
a. Solar Energy 
b. Photovoltaic effect 
c. Solar cells 
d. PV systems  

 

Content of the lecture 
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What are potential advantages of BiPV? 

 
 
 

What could be the disadvantages/barriers for BiPV? 

2 questions: 

Presenter
Presentation Notes
Time for some interaction with the students.Can they come up with, besides the already mentioned advantages,  some more advantages of the BiPV? And secondly, can they come up with barriers which should be overcome to make BiPV-integration on large scale realistic. 
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▪ Lower costs 
▪ No rural/unoccupied area required 
▪ Electrically self-sufficient 
▪ Lower electricity losses 
▪ Increased aesthetics 
▪ Decreased heat-transmittance 
▪ Decreased harmful irradiance 
▪ Internal shading 
▪ Creating awareness for BiPV 
▪ Interesting marketing-strategy 

Advantages: 

Improved internal 
environment 

Presenter
Presentation Notes
Keep in mind that the specific advantages are case and preferences specific. Therefore a clear determination of the whole system and correlating goals has to be made first. For example, a focus on aesthetics may lead to lower performance.
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▪ Lower electricity performance 
□ Cell-efficiency fetish 

▪ (Partial)-shading 
▪ BiPV is experienced as ‘too difficult’ 

□ Shortage of specialists 
▪ Critics on aesthetics 

Disadvantages/Barriers 

Presenter
Presentation Notes
Try to approach this slide with a positive attitude. In other words, a disadvantage is not a reason not to choose for BiPV, but it’s a obstacle to overcome to increase the potential even more.
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From      To  

Introduction to Photovoltaic Solar Energy 
 

Presenter
Presentation Notes
This brief introduction to solar energy gives a short introduction about how energy from the Sun can provide electric power from your wall plug
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1. Introduction 
a. What is BiPV 
b. Examples 
c. Advantages and barriers 

2. Photovoltaic solar energy 
a. Solar Energy 
b. Photovoltaic effect 
c. Solar cells 
d. PV systems  

 

Content of the lecture 
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Solar Energy- Seasonal differences 

USRA, 2018 

Presenter
Presentation Notes
The figures shows how the earth is tilted towards the sun during a northern Summer-Smaller density of incident rays equator compared to higher latitudes-Angle of rays differs from North, South and equator



31 
Source: Steve Ackerman and John Knox. US Department of Energy (ARM) 

 

Solar Energy - Effect of Atmosphere 

▪ Solar energy 
passes through a 
certain amount of 
Air Mass before it 
reaches the 
earth’s surface 

 

Presenter
Presentation Notes
-Part of the Incoming Solar Radiation is absorbed by Atmosphere before it reaches the earth’s surface-Absorption by Water (vapor and clouds), Dust and Ozone-Solar energy passes certain amount of Air Mass (AM). 

http://www.archive.arm.gov/Carbon/dataneeds/radiation_pres.jpg
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Jeong, 2014 

 

Solar Energy - Effect of Atmosphere 

▪ Straight to the 
equator = AM 1 

 
▪ Europe in summer  

≈ AM 1.5 = 
Standard Test 
Condition (STC) 

Presenter
Presentation Notes
Solar energy passes certain amount of Air Mass. The amount of Air mass the Solar Energy passes before it reaches the place where a PV system is installed varies with latitude and seasonAbove the atmosphere = AM 0 , AM = 1 is the distance the sunlight has to cross before it reaches the surface at the equator. Increasing your latitude means that the sunlight has to cross more atmosphere, so AM increases, which result in more scattering and reflection. 

http://www.archive.arm.gov/Carbon/dataneeds/radiation_pres.jpg
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Wikimedia, n.d. 

Spectrum of solar irradiation 

Presenter
Presentation Notes
Figure shows the Irradiance in (W/m^2 ) as a function of the Wavelength (nm) Yellow in the graph is undisturbed sunlight, red is sunlight at sea level. Absorption bands of gases in the atmosphere are clearly visible. For example large portion of UV is absorbed by Ozone, Water vapor takes up large part of infrared light (greenhouse gases).
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Wu et al., 2011 

Available for cSi PV 

Presenter
Presentation Notes
Typical crystalline Solar cell utilizes irradiance of short wavelengths up to the Si bandgap. Hetero- or multi junction technology Solar cells are being designed to also make use of the smaller wavelenghtsLarge part of irradiation in infrared area→ ‘low quality’ heat
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1. Introduction 
a. What is BiPV 
b. Examples 
c. Advantages and barriers 

2. Photovoltaic solar energy 
a. Solar Energy 
b. Photovoltaic effect 
c. Solar cells 
d. PV systems  

 

Content of the lecture 
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Watch the following video’s to understand semiconductors  
and the photovoltaic effect. 
 
 
 

Photovoltaic effect basics 
 

Adams, 2014 The Green Translation Service, 2011 

Presenter
Presentation Notes
These videos both explain the photovoltaic effect in different ways. So the student can watch these videos at home when they want some more explanation. 

http://www.youtube.com/watch?v=1gta2ICarDw
http://www.youtube.com/watch?v=5FM3WPBd4Bk
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▪ Material used is a semiconductor (commonly Silicon) 
▪ Using light, electrons are released from their atoms  and 

become mobile carriers (electron - hole pairs) 
▪ Electrons have to cross an energy gap (band-gap, material 

specific) 
▪ By making additions to the pure semiconductor,  an 

electronic structure is created that separates and directs 
mobile carriers 

▪ Electron - hole pairs recombine after flowing through an 
external circuit 

 
 

Photovoltaic effect basics 

Presenter
Presentation Notes
Explain these steps more elaborately. 
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Basic process of photovoltaic conversion 

Utrecht University 

Presenter
Presentation Notes
This figure illustrates text of the last slideSemiconductor -> a junction of  an n and p typeNote the arrow!--> electron and hole generation happens at the junctionn type semiconductor is very thin, for light to reach the junctionWhen a photon with enough energy hits an electron, it’s released from its atom. When the electron has enough energy to cross the bandgap, the only way to recombine to its ‘hole’ is the flow through an external circuit.Front and back contact are connected to an external circuit that allow the ‘electron - hole’-pairs to recombineAnti reflection coating to optimize the efficiency
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Losses in photovoltaic conversion 
E

ne
rg

y 

Utrecht University 

Presenter
Presentation Notes
In the conversion process there are different scenarios possible with their losses:Spectral lossesLow energy photon: A photon releases an  electron from its atom with too little energy to cross the band gap, it doesn’t cross the junction and recombines (23%)High energy photon: A photon releases an  electron from its atom with just more than enough energy to cross the band gap, it crosses the junction and releases its excess energy as heat (30%)Transport & Separation loss: A photon releases an  electron from its atom with just enough energy to cross the band gap, it crosses the junction and can’t return.A photon releases an  electron from its atom with enough energy to cross the band gap, but it recombines with a hole before it crosses the band gap.
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1. Introduction 
a. What is BiPV 
b. Examples 
c. Advantages and barriers 

2. Photovoltaic solar energy 
a. Solar Energy 
b. Photovoltaic effect 
c. Solar cells 
d. PV systems  

 

Content of the lecture 
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▪ Under illumination solar cells generate electrical current 
▪ Cells have a built-in voltage due to the electronic structure 

(p-type and n-type) 
▪ Current is mostly linear with light intensity 
▪ Voltage is logarithmic and affected by temperature 

Solar cell operation 
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Operation described by: 
 
 

Solar cell operation 

Voc 

Utrecht University 

Presenter
Presentation Notes
The functions for J and V are described, just as background information. Important to note is that these functions give the VI curve as shown on the right for a given Si-cell at a given temperature at a given irradiance.When the terminals of the cell are not connected (Open Circuit), I = 0 and VOCWhen the terminals of the cell are connected without a load (Short Circuit), V = 0 and Jsc
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▪ Pmax = Imax * Vmax 
 
▪ Varies with cell 

temperature, irradiance 
etc. 

 
▪ MPPT to operate the 

cell at maximum 
efficiency 

 
 

IV-curve of typical Si cell 

Imax 

Jsc = JL 

VOC Vmax 

Utrecht University 

Presenter
Presentation Notes
Since P =  I * V , to generate P a cell should be operated somewhere between ISC  and VOC . The optimum lies at the point where the area of the rectangle below the graph (I * V)  is the largest.In practice it means that for different circumstances the output voltage has to be varied to reach an optimum cell efficiency. A maximum powerpoint tracker is generally used for this. A MPPT is a general part of a net-inverter and is more of a luxury in charge controllers for batteries.
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A typical cSi solar cell has an output voltage of around 0.5 V at 
its maximum power point. 
 
How do we get from here to a solar panel?   

From Cell to Panel (or module) 
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JA Solar JAP6-60 270 
▪ 60 Cells (6 x 10) 
▪ Rated maximum power @STC: 270 W 
▪ Max Power Voltage (Vmp): 31.21 V 
▪ Max  Power Current (Imp): 8.65 A 
▪ Open Circuit Voltage (Voc): 38.30V 
▪ Short Circuit Current (Isc): 9.16 A 

STC 
Irradiance of 1000 W/m2 
Cell temperature of 25 C 
Air Mass 1.5 
  

Typical solar panel 

Source: JAsolar, 2016 

Presenter
Presentation Notes
Many cells (generally) around 60 are placed in series to generate a higher voltage Why in series and not parallel? In parallel currents become much higher, thicker cables, more losses due to resistanceTypical data of a complete solar panel (or module)STC : Standard Test Condition: Typical irradiance, air mass and cell temperature at moderate summer conditions (Midday in the Netherlands in June on a sunny day)
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IV-characteristics of solar panel 

JASolar, 2016 

Presenter
Presentation Notes
The characteristics of the solar panel show for example:IV (irr)- Current is proportional to IrradianceIV(T)With increasing temperature the voltage drops, lower PowerPower-VoltageThe lower the power, the higher the voltage for the MPPT
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1. Introduction 
a. What is BiPV 
b. Examples 
c. Advantages and barriers 

2. Photovoltaic solar energy 
a. Solar Energy 
b. Photovoltaic effect 
c. Solar cells 
d. PV systems  

 

Content of the lecture 
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Grid connected PV System 

Alternative Energy Tutorials, 2013 
 

Presenter
Presentation Notes
The inverter converts the direct current into the responding alternate current. The inverter has to be chosen with attention to make sure losses are minimized. 
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Grid Connected PV System with battery storage 

Alternative Energy Tutorials, 2013 
 

Presenter
Presentation Notes
In many cases the inverter is directly installed behind the PV-system. However, the DC can be used for consumption directly (when the system allows it) or the charge a battery for example. The consumption-meter is installed in between the inverter and the electricity grid. This is especially important when there is an agreement on the feed-in tariff (regulation which provide the BiPV-system owner to sell their electricity back to the grid and the buy it for a lower price than the market-price. This to promote residential renewable energy production).
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▪ For a quick performance check of a PV system 
□ PVGIS (online tool) 

 
▪ For more elaborate simulations several software packages 

available.  
□ PVSites for our assignment 

 
 

Modelling software 
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▪ Photovoltaic 
Geographical 
Information 
System 

   

PVGIS 

Presenter
Presentation Notes
PVGIS is a project of the Joint Research Centre of the EU that helps to make expectations of the energy yield of a PV-systemThe map shows the yearly sum of generated kWh/ kWp installed capacity at optimum tilt and azimuth angle.



52 
http://re.jrc.ec.europa.eu/pvg_tools/en/tools.html#PVP 

Presenter
Presentation Notes
The website has an interactive map, where you can adjust many variables to make predictions for your project.-Type of PV-technology-Installed Peak Power-Slope and Azimuth angle-System losses
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Presenter
Presentation Notes
The website gives a graph of the monthly energy output, an estimation of the yearly energy production etc.Note for lecturer: Best would be to test the website for yourself first and use the website to give some predictions for a location a student gives for example.Play around a bit with slope of the system, location, etc. http://re.jrc.ec.europa.eu/pvg_tools/en/tools.html#PVP
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Assignment 

Presenter
Presentation Notes
The assignment for the coming four tutorials is based on software from PVSites. This software can be downloaded from PVsites.eu, but this is explained more extensively in the assignment. 
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The ‘Willem C. Unnik-building’ - Utrecht University 

Assignment 

Presenter
Presentation Notes
Your goal is to develop a BiPV-system on the facades of the ‘Willem C. Unnikbuilding’. This building is located on the campus of Utrecht University and houses the faculty of geosciences. It’s a high-rise, 22 floor high, building built in the 60’ies. The university has built a new building, which the faculty is moving to in May, this year. However it’s still uncertain what will happen to the ‘Willem C. Unnikbuilding’. Will it be demolished or is there potential for renovation? This seems the ideal timing to propose a BiPV-system, however is has to be a specific proposal. Therefore it’s your goal the develop a BiPV-system taking into account all the aspects and elements involved in a great BiPV-design. 
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Assignment 

Presenter
Presentation Notes
The PV-site software is very user-friendly, it shows itself, nonetheless it’s elaborately explained in the appendix of the exercise as well. 
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Thank you for Your Attention 
www.dem4bipv.eu 
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