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Note to readers:

One intention of this publication is to provide an overview for those involved in building and building services design and
for students of these disciplines. It is not intended to be exhaustive or definitive and it will be necessary for users of the
Guide to exercise their own professional judgement when deciding whether or not to abide by it.

It cannot be guaranteed that any of the material in the book is appropriate to a particular use. Readers are advised to
consult all current Building Regulations, EN Standards or other applicable guidelines, Health and Safety codes, as well as
up-to-date information on all materials and products.
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1 Introduction

If the 19" century was the age of coal and the 20™" of oil, the 215 will be the

age of the sun.

Solar energy is set to play an ever-increasing role in generating the form, and
affecting the appearance and construction, of buildings. The principal reason for
this is that photovoltaic (PV) systems which produce electricity directly from solar
radiation are becoming more widespread as their advantages become apparent
and as costs fall. PVs are an advanced materials technology that will help us design
buildings which are environmentally responsible, responsive and exciting. PV

installations can take a variety of forms as shown in the following figures.

HIRRARRIA
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There are many applications for PVs and some are already in widespread use here in Ireland. Others
represent potential uses that are likely to be seen in the near future. These are listed in the table below:

End users Typical Applications

Waterway Authorities /
Environmental Protection Agency

Lock & Sluice operation
Water pumping
Water quality monitoring

Local Authorities

Parking meters

Car park security lighting
Street / path lighting

Bus stop and shelter lighting

Road Authorities

Emergency phones

Roadside information and hazard warning signs
Mobile units for temporary warning signs
Speed cameras

Remote junction / crossroads lighting

Powered cats eyes

Traffic and pollution monitoring

Rail Network

Remote rail stations - lighting
Point greasers
Signalling and warning signs

Harbour & Light House Authorities

Lighthouses
Offshore (buoy-mounted) navigation beacons
Harbour navigation beacons and warning signs

Met Office

Weather stations — wind speed, temperature etc
Air quality monitoring

Heritage and National Monument Sites

Remote visitor centres

Youth Hostels

Remote hostels

Universities / Research Laboratories

Remote monitoring equipment

Gas / Electricity / Water Utility
Companies / Suppliers

Remote meter reading

Pressure and flow measurement

Valve operation

Anti-freeze heating

Monitoring HV cable insulation

Water level measurement

Water treatment, pumping and purification

Phone Network Operators

Mobile phone local transmitters
Telecoms repeater stations

Farming & Agriculture

Electric fencing

Pest control - flashing lights, bird scarers
Water pumping for livestock & drinking water
Lighting for stables and out-houses

Fish farm pond aeration

Fish farm feeding systems

Greenhouse lighting and heating

Best Practice Guide - Photovoltaics (PV)
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End users Typical Applications

Domestic Buildings Lighting and general power
Industrial Buildings Lighting, general power and process equipment
General Alarms for remote buildings
Area lighting
cctv
Advertising
Leisure Boats Electric boat battery charging
Battery charging (lighting & TV)
Camping & Remote Homes Battery charging (lighting & TV)
Commercial Buildings Lighting and general power

Table 1.1 : Typical applications of photo voltaic technology’

Many of the applications listed in the table above can be considered small scale.
Application of PVs in buildings has a very large potential and this best practice guide is focused on this
area of use.

PVs can form part of the roof structure, walls or be floor mounted. Different types will lend themselves
to different buildings.

This Guide provides an overview of how PVs work and are incorporated in the design of buildings; it
gives the information that building owners, designers and, in particular, architects, need. It is for those
who wish to assess the feasibility of using PVs in a specific project, for those who have already decided
to use PVs and want to know how to do so and for those with the foresight to want to plan their
buildings for PVs in the future.

New buildings have been addressed especially and covered by a number of building types and
sectors; much of the technology could be applied as a retrofit to existing buildings. The focus is on PV
systems which are building-integrated and grid-connected. PVs are a proven, commercially-available
technology. In grid-connected systems, the PVs operate in parallel with the grid, so if the PV supply is
less than demand the grid supplies the balance; when there is excess energy from the PV system it can
be fed back to the grid. Building-integrated, grid-connected systems have the following advantages:

«  The cost of the PV wall or roof can be offset against the cost of the building element it replaces.

«  Power is generated on site and replaces electricity which would otherwise be purchased through
the national grid from utility suppliers.

« By connecting to the grid the high cost of storage associated with stand-alone systems is avoided
and security of supply is ensured. If the facility for selling excess electricity is available, then
connecting to the grid will ensure that the high cost of storage associated with stand-alone
systems is avoided and that security of supply is ensured.

«  There is no additional requirement for land.

PVs should be considered as an integral part of the overall environmental strategy of energy-efficient
building design. PVs will be a key element in furthering this approach to building and will help us
move towards lower carbon, carbon neutral and carbon negative buildings.

1 Adapted from International Energy Agency Cooperative Programme on Photovoltaic Power Systems — Task 1: Exchange and dissemination of information on PV power
systems: National Survey Report of PV Power Application in the United Kingdom 2007 (Department for Business Enterprise and Regulatory Reform).
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Figure 1.1-
Solar irradiation
over Europe
(kWh/m?/y)

This guide has been produced with Ireland in mind. The Guide deals with its weather conditions.
However, as can be seen from Figure 1.1, annual irradiation is similar in much of Northern Europe.

Photovoltaic Solar Electricity Potential in European Countries
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The Guide is set out in a way that mimics the design process:

«  Chapter 2 introduces some basic PV concepts.

«  Chapter 3 discusses the site and building and the design options.
«  Chapter 4 examines costs and sizing.

«  Chapter 5 looks at the integration of PVs inside the building.

Included at the end of this guide is an example commercial case study, an appendix setting
out a number of technical points and a glossary of terms commonly encountered in relation to
photo voltaics.

The Guide is intended to give an idea of the variety and flexibility of PVs and of their design and

aesthetic potential; if we as a design community are successful, our local and global environments will
be enhanced.

Best Practice Guide - Photovoltaics (PV)



2 What are photovoltaics?

2.1 Introduction

PV systems convert solar radiation into electricity. They are not to be confused with
solar thermal panels which use the sun’s energy to heat water (or air) for water and
space heating. This chapter looks at PVs and examines a number of issues of interest

to designers including:

« PV module size and shape.
« Colour.

« Manufacturing technology.
« Environmental issues.

« Energy production.

8 Best Practice Guide - Photovoltaics (PV)



Figure 2.1 -
Diagram of PV
Principle

Figure 2.2 -
Direct and diffuse

radiation

2.2 PVs

The most common PV devices at present are based on silicon. When the devices are exposed to the
sun, direct current (DC) flows as shown in Figure 2.1. Appendix A provides a more detailed technical

description of how PVs work.

Baiiei

Piype silicon

PVs respond to both direct and diffuse radiation (Figure 2.2) and their output increases with increasing
sunshine or, more technically, irradiance, or solar “power’, which is measured in W/m?2,

PVs can be seen everywhere. They power calculators and navigation buoys, form the wings of satellites
and solar planes, and are beginning to appear on cars such as the Bluecar from Bolloré/Pininfarina
(See figure 2.3). Irish PV installations are also becoming more common, with installations such as that

in the Irish Lights building (see Figure 2.4).

Best Practice Guide - Photovoltaics (PV)
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Figure 2.3 -
Bluecar from
Bolloré/Pininfarina

Figure 2.4 -
Irish Lights PV
installation

Common types of PV available are:

* Crystalline silicon - sliced from ingots or castings or grown from ribbons

* Thin film - photo-sensitive materials deposited in thin layers on a low cost backing, e.g.
glass, stainless steel (produces lower efficiency cell than crystalline silicon). Typical
photo-sensitive materials include amorphous silicon (a-Si), copper indium diselenide (CIS,
CIGS) and cadmium telluride (CdTe).

Best Practice Guide - Photovoltaics (PV)



In 2007, approximately 90% of PVs produced were of the crystalline silicon type. Thin film PVs are
set to take a much larger market share in the future as advances in manufacturing techniques
increase thin film efficiencies due to advantages of the need for less raw materials, low weight and a
smoother appearance.

A typical crystalline cell might be 100 x 100mm. Cells are combined to form modules.

Table 2.1 shows typical efficiencies.

Cell material Module efficiency ' Surface area needed for 1 kWp
Mono-Si 13-15% c.7 m2
Poly-Si 12-14% c.8 m2
Thin-film (CIS) 10-11% c.10m2

Table 2.1 Typical PV efficiencies’. (Standard Testing Conditions: 25°C, 1,000 W/m?)

Efficiencies are determined under standard test conditions (STC).

Theoretical maximum efficiencies are about 30%. Actual efficiencies are improving. In solar car races
PVs with efficiencies of about 25% are being used. Novel approaches such as producing multi-junction
cells which use a wider part of the solar spectrum are another aspect of a drive to increase efficiency.

It is also useful to keep efficiencies in perspective. A tree relies on photosynthesis, a process which has
been functioning in seed plants for over 100,000,000 years and only converts 0.5-1.5% of the absorbed
light into chemical energy?

A more hi tech example are power stations and the national electricity grid. Typically between 40 and
45% of the energy in the fuel burnt at the power station is converted into useful energy by the time it
reaches your home.

Crystalline silicon cells consist of p-type and n-type silicon and electrical contacts as shown
schematically in Figure 2.5.

1 European Photovoltaic Association (2008), Solar Generation V — 2008 - solar electricity for over one billion people and two
million jobs by 2020.
2 Bowen, H.J.M., (1965), Introduction to Botany. Newnes, London, p.119.

Best Practice Guide - Photovoltaics (PV)
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Figure 2.5 -
Crystalline
silicon Cell

Figure 2.6 -
Typical Module
Constructions

thickness of the sofar cell: approx 0,3 mm
thickness of the n-semiconductor layer: approx 0,002 mm . .
Bl anti-reflection film

n-semiconductor
layer
p-n-junction

consumer

p-semiconductor layer

rear metal contact

The cells, which are of low voltage, are joined in series to form a module of a higher, more useful
voltage. The modules (Figure 2.6) are constructed like a sandwich (and sometimes referred to as
laminates) have a backing sheet and a cover of low-iron glass which protects the front surface of the
material while maintaining a high transmissivity. A structural frame is used in a number of designs to
protect the glass.

The backing sheet need not, however, be opaque. The PV cells can be encapsulated between two
layers of glass with transparent spacing between cells so that light passes through the transparent
areas. This produces an effect inside the building which is similar “sunlight filtered through trees”. Irish
Lights Head Quarters uses this type of PV, as can be seen from Figure 2.4.

Thin film silicon (TFS) PVs using amorphous silicon are manufactured by a vapour deposition process.
Between the p and n layers is the i (for intrinsic) layer. Overall, thickness is much less than with
crystalline technologies, hence the name. Typically, the cells are laminated into glass but modules can
also be made flexible by using plastics or metal.

Best Practice Guide - Photovoltaics (PV)



Figure 2.7 -TFS
using amorphous
silicon

Figure 2.8
Schematic

of a typical
grid-connected
PV system

Modules electrically connected together in series (Figure A.3) are often referred to as a string and a
group of connected strings as an array. An array is also a generic term for any grouping of modules
connected in series and/or parallel. Power from the array (Figure 2.8) goes to a Power Conditioning
Unit (PCU). PCU is a general term for the device (or devices) which converts the electrical output from
the PV array into a suitable form for the building. Most commonly, the PCU has a principal component,
an inverter (which converts DC to alternating current, AC) and associated control and protection
equipment. PCU and inverter are sometimes loosely used interchangeably. The AC output from the
PCU goes to a distribution board in the building or to the grid if supply exceeds demand.

1

i

2

T
=]
A

Generally, grid-connected PV systems are most efficient when the array experiences uniform
conditions. This tends to favour the same orientation and tilt for all modules, similar module and cell
types and sizes, uniform temperature conditions and so forth.

Crystalline silicon modules come in a variety of sizes and shapes, although rectangular patterns of
0.3 m?to 1.5 m? have been most common.

Best Practice Guide - Photovoltaics (PV)
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Figure 2.9 -
Cell/Module/
Panel/Array

Figure 2.9 shows the build up of a solar PV array from cell to module to panel to final array.

CELL MODULE

The weight of a 0.5 m by 1.2 m framed module is about 7.5kg. The laminate (without the frame) is
about 4.5kg. Larger modules are available to meet the needs of the building market. With larger
modaules cost reductions are possible through lower wiring costs and simpler framing arrangements.

Thin film modules are generally available up to 1.2m wide by 1.7m long. As an example, the modules
at the BRE building in the UK are 0.93m by 1.35m. At the smaller end of the scale, in the US, amorphous
silicon is being used for flexible PV roof tiles.

Monocrystalline silicon modules normally appear as a solid colour, ranging from blue to black. A wider
variety of colours is available but at a cost of lower efficiency since their colour comes from reflection
of some of the incident light which would otherwise be absorbed. As an example, magenta or gold
results in a loss of efficiency of about 20%. Polycrystalline modules are normally blue (but again

other colours are available) and have a multifaceted appearance which has a certain ‘shimmer’. The
appearance of TFS is uniform, with a dark matt surface, in some ways like tinted glass; colours include
grey, brown and black. For all PV types it is best to see several installations to appreciate their varying
aesthetics.

PVs have long lifetimes. Manufacturers generally guarantee module outputs of 80% of the nominal
power for 20 - 25 years. Guarantees are designed to ensure, for example, that electrical integrity is
maintained in a wide variety of varying weather conditions; the PV mechanism at the cell level itself is
not the issue and will function, in principle, indefinitely.

Environmentally, PVs have the significant advantages of producing no pollutant emissions in use
and, by replacing grid-generated electricity with solar energy used mainly on site, reducing CO,, NO,
(nitrogen oxides) and SO, (SO, and SO3) emissions.

Energy is, of course, required for their production but the energy payback period (the time for the PV
installation to produce as much energy as is required for manufacture) is in the order of 5 to 7 years.

Best Practice Guide - Photovoltaics (PV)



Figure 2.10 -

Tilt (alpha) and
azimuth (beta) for
clarity

A life cycle analysis has been carried out to examine other potential environmental impacts of PVs.
In general for the manufacturing processes for crystalline silicon and amorphous silicon there are no
environmental issues which raise concern’.

Some reservations have been expressed about the environmental impact of new materials,
particularly cadmium telluride (CdTe). However, the production process can be designed so that
cadmium is not emitted and manufacturers are actively developing recycling techniques to avoid
disposal problems. The prudent approach is to keep the situation under review.

2.3 How much energy do PV systems produce?

The output from a PV installation is the output of the PV array less the losses in the rest of the system.
The output from the array will depend on:

*  The daily variation due to the rotation of the earth and the seasonal one (due to the
orientation of the earth’s axis and the movement of the earth about the sun).

* Location i.e. the solar radiation available at the site.

e Tilt (Figure 2.10).

*  Azimuth i.e. orientation with respect to due south (Figure 2.10).

* Shading.

*  Ambient temperature (the efficiency of PVs is lower in higher temperature surroundings).

M

LL

S

For purposes of standardisation and comparison, PV modules are tested at Standard Temperature
Conditions (STCs) of 1000 W/m? and 25°C. Thus a module of 1m? with an efficiency of 15% is rated at
150 W peak (Wp); note that this is DC (and is before conversion to AC).

Commonly used test standards within Europe are:

* ISEN 61215 Terrestrial Photovoltaic (PV) modules with Crystalline Solar Cells — Design
Qualification and Type Approval

*  BS EN 61646 Thin-film terrestrial photovoltaic (PV) modules — Design Qualification and
Type Approval

e EN 61215 (2005) : Terrestrial Photovoltaic (PV) modules with Crystalline Solar Cells - Design
Qualification and Type Approval

*  EN 61646 (1977) : Thin-film terrestrial photovoltaic (PV) modules — Design Qualification and
Type Approval

e |EC61853-3: Performance testing and energy rating of terrestrial PV modules

e EN 50380 - Data sheets

1 Environmental Resources Management, (1996), A Study Into Life Cycle Environmental Impacts of Photovoltaic Technologies. ETSU S/P2/00240/REP. ETSU: Harwell.

Best Practice Guide - Photovoltaics (PV)
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Figure 2.11 -
Hourly Average
Solar Radiation -
Dublin (W/m?)

Manufacturers will often quote the kWp output of a PV panel tested to one of these standards in
brochures and trade literature. For Building Energy Rating (BER) purposes, a test certificate is required
to allow the benefits of PV systems to be recognised.

It is therefore recommended that the certificate or report is checked before purchasing any modules
and is preferably obtained at the design stage before any time is committed to the design process. The
certificate or report should be from a body which is accredited to carry out the tests. Further avialable
is in the BER Dwelling Energy Assessement Procedure (DEAP) manual (Appendix M) available under
http://www.sei.ie/DEAP.

Note that PV can help a new dwelling comply with the renewables requirement in Part L of the
Building Regulations

The maximum power an installation can produce will usually be significantly lower than the peak
power. One reason for this is that 1000 W/m? is a high level of solar radiation achieved only in very
sunny conditions. The actual solar radiation received will often be less than this and will also be
dependent on other such collector temperature, less than optimal orientation, overshading and
so forth.

The ratio of the actual power output to the peak power output is known as the performance ratio.

For example, Ireland typically receives 900 kWh/m?/year. This equates to an average of 100 W/m? Of
course, this would be zero during the night and vary throughout the day. Some examples of hourly
average solar radiation for representative months of the year for Dublin are provided in

Figure 2.11 below.

W
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2.3.1 Location, tilt, orientation and output

While the maximum theoretical output is of value, the more important figure for grid-connected
systems is the annual energy production. Figure 2.12 shows a solar map of Ireland and the UK and
gives the maximum annual amount of energy available on a horizontal surface.

Best Practice Guide - Photovoltaics (PV)



Figure 2.12 -
Ireland annual
average solar
radiation (kWh/
m?/day)

Global irradiation and solar electricity potential
Horizontally mounted photovoltaic modules
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Specialist computer software is available for estimating the output of solar PV systems. It is
recommended that this approach is used at a detailed design stage for larger commercial installations.

Suppliers will often be able to assist in this respect. For domestic inst

allations and at an early design

stage for commercial sized installations, Table 2.2 can be used for estimating available solar radiation

in Ireland.
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Tilt of Orientation of Collector

Collector S SE/SW E/W NE/NW N

Horizontal 963 963 963 963 963
15° 1036 1005 929 848 813
30° 1074 1021 886 736 676
45° 1072 1005 837 644 556
60° 1027 956 778 574 463
75° 942 879 708 515 416
Vertical 822 773 628 461 380

Table 2.2 : Annual Solar Radiation’ (kWh/m?)

The maximum annual incident solar radiation (and hence output) is achieved at an orientation of due
south and at a tilt from the horizontal of 30°. Slight deviations from these optimums will not have a
significant effect on the solar availability. An encouraging aspect is that the total annual output is of
the order of 95% of maximum over a surprisingly wide range of orientations and tilts.

The output of a solar PV array can be approximated by:

Output (kWh) = 0.8kapxSprv

Where :
KWp = installed peak power
S = annual solar radiation (from Table 2.2)

o = over shading factor (typically a value of 1 where placed on a roof with no shading)

Worked example:

For an array of 8 monocrystalline silicon panels (approx. 1.3 m? per panel) each with a peak power
of 170 Wp, mounted on a roof with a 45° pitch facing directly south with no overshading, the total
installed capacity would be:

0.170x 8 = 1.36 kWp

The annual output would be:

0.8x1.36x1,072x1=1,166 kWh

1 DEAP Manual 2008, SEI
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2.3.2 Overshading and temperature

Shading will depend on the geography of the site, neighbouring buildings and self-shading by the
architectural forms, all of which are considered in the next chapter; the effects of overshading can be
mitigated somewhat through system design.

Typical overshading factors as used in the previous worked example are provided in the Table below.

Overshading % sky blocked by obstacles Overshading factor
Heavy > 80% 0.50
Significant 60% - 80% 0.65
Modest 20% - 60% 0.80
None or very little <20% 1.00

Table 2.3 - Overshading Factors’

The performance of PV modules decreases with increasing temperature (the drop in performance is
more significant for crystalline silicon than amorphous silicon (Appendix A)).

Designs for building-integrated PVs need to consider this from the outset in order to allow air to flow
over the backs of the modules to maintain high performance. It is also likely to be necessary with all
types of module to avoid unwanted heat gain into the occupied space (which could cause discomfort
and increase any cooling load).

Building-integrated modules can reach 20-40°C above ambient in conditions of high radiation
(Chapter 3). For each 10°C increase in cell temperature above 25°C the power output decreases by
about 0.4-0.5% (Appendix A). It is therefore important to ensure excessive temperature is avoided as
far as possible.

The output is also related to the peak rating of the installation. As with the worked example above, the
array of 8 panels is capable of producing 1,166 kWh/year or an average 3.2 kWh/day. If this is divided
by the peak power of 1.36 kWp we have what is known as the final yield of 2.35 kWh/kWp/day; this

is also sometimes seen expressed on an annual basis, in this case, approximately 857 kWh/kWp. Such
figures are used to compare PV systems of varying characteristics, e.g. size.

So, the higher the expected kWh / kWp for an installation, the better.

Another common way of assessing installations is the Performance Ratio which is briefly mentioned in
section 2.4 and discussed in Appendix A.

1 DEAP Manual 2008, SEI
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KEY POINTS

PVs produce DC which in grid-connected systems is converted to AC.

PVs respond to direct and diffuse radiation.

The more sunshine, the greater the output.

Efficiencies range roughly from 5-15%.

PV cells do not let light through but modules can be constructed so that some areas are

transparent and some are opaque.

6. PV systems tend to be most efficient when the array experiences uniform conditions
Designers can facilitate this.

7. Modules come in various sizes and shapes. Appearance varies with the type of PV.

8. A number of PV installations have been in operation for 15 years or more.

9. Energy payback periods for PVs are short provided the system is installed to optimise
performance.

10. Designers have a key influence on the following factors that affect PV output:

-Tilt.

— Azimuth.

- Shading.

—Temperature.

A wN e

11. For grid-connected systems the annual energy production is the key figure.

12. Exact orientation is not critical. A range of orientations and tilts give 95% of the
maximum output.

13. Shading is to be avoided wherever possible.

14. Ventilation needs to be provided to remove heat from the modules.

FURTHER READING

1 Hill, R, (1998), PV Cells and Modules. Renewable Energy World, 1 (1), pp.22-26.
2 Anon. (undated), Photovoltaic Technologies and their Future Potential. Commission of the
European Communities Directorate-General for Energy (XVII). EAB Energie - Anlagen, Berlin.
3 Studio E Architects, (1995), Photovoltaics in Buildings - A Survey of Design Tools,
ETSU S/P2/00289/REP. ETSU: Harwell.
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3.1 Introduction

For commercial buildings, the use of PVs may significantly influence the geometry,

positioning and orientation of the builiding to maximise their viability.

For domestic properties there is normally a part of the building, usually the roof,
that lends itself to the location of PVs. However, if the opportunity exists it is worth
thinking about the building design where it can be influenced to maximise the
potential of PVs wherever possible. This is especially true where solar thermal panels
are also being considered as there may be a limited amount of space suitable for

mounting the panels.

PVs need to be considered as an integral part of the energy strategy of the building
and of its functioning. The integration of PVs with the other building elements is
critical to success. Appearance and aesthetics are, as ever, especially important.
This chapter looks at the site, building type and load analysis - all factors in
assessing the suitability of PVs. It then looks at the influence of PVs on the building.
Because PVs are a high capital cost technology it is important to use them as

optimally as possible.
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3.2 The Brief

It is very important to start with a well-defined brief, i.e. a clear idea of what the objective is, and then
to determine if PVs are applicable. If they are, they need to be part of the initial building concept and
must comply with the architect’s design needs as well as the engineer’s functional ones.

Reasons to use PV include:
1. Energy costs
Environment
Security of supply
Demonstration / Education purposes
Architectural design / feature

uoA W

The use of PVs should be part of the overall energy strategy for the building. Each project needs
careful thought as the PV area required can vary enormously according to the desired objective.

PVs are worth considering if the following key factors are right:

* Location: The solar radiation at the site is important and the building on the site needs to have
good access to it.

e Demand: The PV installation should be sized so as to optimise (in practical and economic
terms) the amount of electricity which can be contributed to the overall electrical demand,
e.g. Storage or stand-alone system?, grid-tied system?

*  Design: PVs will affect the form and aesthetics - the community, the client and the designers
all need to be satisfied with the result.

3.3 Site considerations

In brief, the more solar radiation and the more uniform the radiation is on the array, the better. The
location of the site is of importance generally, as one goes farther north there is less solar energy
available (Figure 2.12), e.g. Letterkenny receives less solar radiation than Cork on average over the
course of a year.

The topography of the site should be studied. The local wind regime should be considered as part of
the strategy for ventilating the building. The matter is complex because in the winter a microclimate
with low wind speeds is to be preferred as it reduces heat loss due to infiltration. In the summer, some
wind is preferable as it can improve comfort during the day, assist night-time cooling, and depending
on the design, improve PV performance by reducing the temperature of the PV panels (see below).
The strategy should be to achieve the right balance.

It is desirable to have a site with as little shading by hills and other geographical features as possible as
this reduces the electrical output. Overshadowing by trees is to be similarly avoided wherever feasible.
Because of the way PV modules are wired, shadowing from any source can have what might seem

to be a disproportionate effect. This is explained in more detail in Appendix A. The implications for

the architectural design are that obstructions are to be avoided wherever possible, whether they are
telephone poles, chimneys, trees, other buildings or even other parts of the array itself. Where shading is
unavoidable careful selection of components and configuration of the array can help minimise losses.

In urban areas overshadowing by other buildings is common.
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Orientation is important but there is some flexibility for designers. It is desirable to locate the
building on the site so that a suitable PV mounting position is within £20° of due south; this will
permit collection of about 95% or more of the energy available at a variety of tilt angles (See Table
2.2); within £30° of due south, the figure drops slightly. The principal difference between a surface
orientated 15° east of south and 15° west of south is in the period of time the radiation is received
rather than its total amount.

3.4 Building type

Generally, using as much of the energy produced by PVs in the building makes sense.
For domestic customers, there is a tariff available for installations in the microgeneration category (see
section 5.2).

The amount of PV energy usable on site is related to the size of the array and the magnitude and
pattern of the demand (Chapter 4).

A wide range of building types from offices to hotels to houses can use PVs. Office blocks have good
PV potential because their electricity demand is significant year-round (including the summer) and
because demand is highest between 9am and 5pm. Thus, the match between demand and PV supply
is good.

Residential properties, on the other hand, are more challenging because the times of required

demand are more intermittent and highly dependable upon the way in which occupants use the
house. Grid connected systems work best with dwellings as the grid in effect acts as a storage device.

Best Practice Guide - Photovoltaics (PV)
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Feed in tariffs were introduced in Ireland in 2009 making this a good possibility for most installations.
On-site storage using battery systems is a possibility but increases capital costs and complexity thus
lowering the financial attractiveness of PV systems.

Commercial and industrial buildings with large roof areas available also offer significant scope for PVs.

Energy consumption varies with both type and the individual building, so a design should be carried
out at an early stage of the design process. Table 3.1 gives some indicative electrical energy demands.

Building Type Electrical Energy Requirement (kWh/m?/year)

UK example : BRE Environmental building 36
Good Practice Office Building 53
Average Irish Dwelling 50
Low Energy House 15-25
Schools 20

Table 3.1 Annual approximate electrical energy requirement .

Figure 3.3 shows the electrical load pattern for the BRE Environmental Building in the UK which
was designed to improve on ‘best practice’ by 30%. The building is not air-conditioned and the
load is slightly higher in winter than in summer because of the need to run additional plant such as
circulation pumps for the heating system.

6.5 7
5
4.5 1
4
A5 1
3
25 1
a |
15 -

EWhimZmonth

Figure 3.3

- Electrical 11
05 -

0-

energy demand
of the BRE
Environmental

Building

Figure 3.4(a) shows a representative annual load pattern for a house (with non-electric heating) and
the output from a 1.8kWp PV installation.
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Figure 3.4(b) looks at a representative daily power demand pattern for a five-person household (no
two households are identical) and compares it with the output from a 3kWp PV installation.
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Note the variability of the daily load (due in part to some appliances with high power requirements
being used but only for short periods) and the significant evening demand when the PV output
is negligible.

If the site has good solar exposure and if the demand and supply pattern are reasonably matched, the
design can be developed further.

Figure 3.5 shows the electrical load pattern for a junior and infant school with 300 pupils compared
with the predicted output from a 440m? PV array. The school has a very low installed lighting load
(12W/m?2). Note the much lower electricity consumption in August during school holidays.
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3.5 Design and construction

A brief guides (or effectively constrains) the design process. A certain amount of floor area will need to
be located on a particular site, access to daylight will be required in many of the spaces, costs will limit
floor-to-ceiling heights, and so forth. An ‘image’ of the building usually results from the brief.

What PVs provide an additional use of the sun’s energy to produce electricity.

If the question, “What difference do PVs make to a building” was asked, what would the response be?

Firstly, in construction terms, building-integrated PV systems need to play the same role as the
traditional wall and roofing cladding elements they replace. Consequently, they must address all the
normal issues, for example:

* Appearance.

*  Weather tightness and protection from the elements.

*  Windloading.

e Lifetime of materials and risks and consequences of failure.
e Safety (construction, fire, electrical, etc.).

* Cost.

In addition, there are a number of more particular aspects, often associated with being able to use the
electricity produced, namely:

*  Avoidance of self shading (as mentioned above).

* Heat generation and ventilation.

*  Provision of accessible routes for connectors and cables (discussed in Chapter 5).
*  Maintenance (discussed in Chapter 5).

As PVs can have a marked impact on a building’s appearance it is important to consult with the planning
authorities at an early stage to obtain their views on the proposals. However, smaller domestic installations
are generally exempt from planning requirements if some simple design constraints are followed.

A summary of the planning exemptions is given below :

Statutory Instruments (S.I1.) No’s. 83 of 2007 and 235 of 2008 outline the exemptions which apply to PV
installations on domestic premises and agricultural / business / commercial premises respectively.
These S.I. documents can be found in the planning area of the legislation section on the Department
of Environment website : www.environ.ie

However, Statutory Instrument No. 600 of 2001, outlines conditions and situations where the exemptions
for solar PV do not apply. Local Authorities should still be contacted even if the proposed installation
appears to be meeting the criteria of the planning exemptions, to investigate if Statutory Instrument No.
600 of 2001 is applicable or not. It is recommended that Local Authorities are contacted early on in the
design stages so that unforeseen planning issues do not disrupt the project timeline.

Each local authority has drawn up development plans which designate areas, for example, as areas

of special conservation, natural amenity or development potential. Should you go ahead with an
installation and adhere only to the exemptions as per SI No. 83 of 2007 and SI No. 235 of 2008 you may
still be in contravention of planning laws as outlined in SI No. 600 of 2001.
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If we look at heat generation and ventilation there are three aspects of particular interest:

* The effect of potentially high temperatures.
* The desirability of ventilating the back of the modules to improve efficiency.
* The possible use of the heat from the back of the modules.

Potentially high temperatures

The potentially high temperatures associated with building elements specifically designed to

capture the sun’s radiation need careful consideration. The lifetime of materials, thermal movement,
temperature cycling, suitability of electrical cables in high temperatures and so on need to be thought
about carefully. In general, as long as the heat from PV modules does not build up and is removed by
ventilation (normally, natural ventilation), there should not be a problem. As mentioned in Chapter

2, in conditions of high radiation, say 700-750 W/m?, modules can reach up to 40°C above ambient
temperature levels, approximately 70°C, but this will obviously depend on module design and
building context. Higher temperatures can, however, occur and this should be discussed with the
manufacturers or suppliers when considering modules.

Ventilation and modules

Chapter 2 also pointed out the importance of adequate ventilation to keep the temperatures as low as
possible to improve module performance.

There are many ways of doing this, varying from ventilation gaps in rainscreen cladding (discussed
below) to combining the module ventilation with the building ventilation ( see case study in Chapter
6). A rule of thumb is to provide an air gap of 100mm. However, at least one study indicates that
performance is improved with gaps up to 200mm or more'.

Use of the module heat

For large scale installations, it is a possibility that heat given off at the back of the panels is of value
during the heating season. It is possible to use it directly or to recover it by a system of ducting.
However, an important question remains about the economical viability of doing this and there are
not many examples in practice.

Other possibilities of using the waste heat also exist. For example, PV panels could incorporate water
pipes linked to space or domestic hot water systems but tend to increase cost and complexity.

Outside the heating season, or more precisely anytime the heat is not needed, it is important that any
heat recovery does not cause overheating and contribute to the building’s cooling load. This requires
consideration of the ventilation patterns in the building.

Thought should be given to ensuring that in windy conditions in summer heat from the modules does
not lead to discomfort.

1 Brinkworth, B.J., Cross, B.M., Marshall, R.H. and Yang, H., (1997), Thermal Regulation of Photovoltaic Cladding. Solar Energy, 61(3), pp. 169-178.
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3.6 Forms and systems

Continuing with the effect of introducing PVs into the brief, the next step might be to consider the
design options.

There are three basic ways of integrating PVs in buildings:
*  Roof-based systems.

* Facade systems.
e Sunshades and sunscreens.

Figure 3.6 shows a number of these; non-integrated options such as PVs on independent frames on

roofs and PVs on walkways and other ancillary structures are not covered here but much of this Guide

is also applicable to them.

The path to successful design lies between PVs imposing too great a constraint on the building and

simply tacking PVs on to a form (most likely a box) that has already been designed. Real buildings
Figure 3.6 - have forms and angles that need to respond to more than the PV array output and this needs to be
Building-integrated PVs acknowledged in developing the design.

ist ARenam MR "

Inclined roof Roof with integrated tiles Saw-toothed north light roof

Atrium Vertical Vertical with windows Inclined PVs with windows
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3.6.1 Roof-based systems

Roofs have a number of attractions as sites for PVs:

*  They are often free from overshading.
* Theroof slope can be selected for high performance (Figure 2.14).
* It may be easier to integrate PVs aesthetically and functionally into a roof than a wall.

Table 3.2 lists the main systems available.

Position of PVs

1. Inclined roof

System

a. PV roof panels

b. PV roof tiles

Characteristic

Combined with roof structural
system.

Roof tiles are familiar products
and are likely to find easy
acceptance.

2. Saw-tooth north light roofs

PV panels

Allow daylighting.

3. Curved roof

Opaque PV Extends design

flexible substrate possibilities.

(sheet metal or synthetic
material) or rigid modules
arranged on a curve

Extends design possibilities

4, Atrium

PV roof panels

As for the inclined roof.
Variations include part-glazing,
part-opaque PVs and semi-
transparent PVs.

Table 3.2 - Roof systems

Note that saw-toothed roofs represent a family of designs. The most common has a north-facing
vertical glazed surface for daylighting. Another design in the family is transparent PV skylights set into

a‘flat’roof.

Ventilating roof systems

Roof systems are likely to be easier to ventilate than facade systems and any unwanted heat gains,
being above the occupancy height, are likely to have less effect than for facade systems.
For inclined roof designs one approach is to have a sub-frame for mounting the PV modules onto the

roof structure.

This allows an air space (at least 100mm if possible) between the modules and the roof structure
(which can incorporate insulation). For many saw-toothed commercial and industrial roof designs,
opening north lights can take away the heat.
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3.6.2 Facade systems

Facades have significant potential. Much PV cladding can be considered to be panes of glass to which
PV cells are applied and so the extensive experience of glazed facades can be built upon. In addition,
modules can be easily incorporated into other proven systems such as rain-screen cladding. Table 3.3
lists the main systems available.

Position of PVs System Characteristics and Comments
Vertical Wall Curtain walling Standard, economical construction. PVs
can be mixed, i.e. some being opaque,
some being semi-transparent

Vertical Wall Rainscreen cladding Rainscreen designs incorporate a
ventilation gap which is advantageous
in dissipating heat; the gap can also be
used for running cables

Vertical Wall with Glazing or rainscreen cladding | PV efficiency improved. Complexity
Inclined Panels of construction increased. Potential to
provide shading windows (if desired) but
a degree of self-shading.

Inclined Wall Glazing Potentially enhanced architectural
interest. PV output is improved

compared with a vertical wall. Less
efficient use of building floor area.

Fixed Sunshades Glazing Can enhance architectural interest.
Entails a loss of daylight.

Moveable sunshades | Glazing Can enhance architectural interest.
Entails some loss of light but less than
with fixed shades. Increased PV output
compared with all fixed systems.

Table 3.3 - Facade systems

Curtain walling systems

Curtain walling systems are a well-established technology used in numerous prestige projects such

as city centre offices. The mullion/transom stick system is the most common. Vision areas are normally
double-glazed and non-vision areas are either opaque glass or insulated metal panels. PV modules can
be incorporated easily as factory-assembled double-glazed units. The outer pane might be laminated
glass-PV-resin-glass and the inner pane, glass, with a sealed air gap between; the overall thickness of
the module would typically be under 30mm.

Numerous design options are available. For example, a facade could consist of a combination of
glazed areas for vision and opaque PV panels or it could have PV modules with opaque areas and
transparent ones.

Careful consideration needs to be given to the junction box positions and cable routing.
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Rainscreen cladding systems
Rainscreen cladding systems normally consist of panels (often coated aluminium) set slightly off from
the building (on, for example, cladding rails) to allow for drainage and ventilation. As such they are
very suitable for PV integration. The ventilation gap (which needs to be adequate, e.g. 100mm or more
if possible, and unobstructed) has the beneficial effect of reducing temperatures, thus enhancing
performance; it also provides space for cable routes.
Figure 3.8 -
Rainscreen
cladding
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3.7 What difference do PVs make?

Having reviewed the various systems, we can now return to the question of ‘What difference do PVs
make to building design?’

The main points to address are:

*  Orientation.

¢ Footprint.
* Facade.
e Section.

A building orientated to the south for daylighting, passive solar gain and free of overshading is
eminently suitable for PVs. Similarly, a footprint with the long axis running east-west thus giving a
large south-facing wall area and potentially a large south-facing roof is advantageous for PVs.

The facade of a building is more complex.

It is important to remember that PV can be wall mounted as well as roof mounted, but can still be very
beneficial in terms of contribution to the overall energy requirement of a building. A similarity can be
drawn to a window, which is a very simple “passive” element of a building, which provides free energy
gains to a building (heat and light).

How much of a south facade should be glazed for daylighting and how much allocated to PV
modules? Should a roof be all PV panels? Or none? Or something in between?

In practice the conflicts are resolved during development of the design and the solutions are building-
specific and relate back to the brief. For example, one reason a south-facing facade is unlikely to be
100% glazed is that it would probably lead to overheating (or high energy consumption for cooling) in
summer. Low-energy offices, for example, have approximately 30-45% of the south facade as glazing.
Thus, PVs could readily be used in much of the 55-70% of the wall that is normally opaque.

The effect on the section will depend on the size of the PV array and the system selected. Taking the
easier case of the roof first, if the PVs are roof-mounted the section will tend to offset the east-west
ridge to the north and perhaps vary the roof tilt angle to improve PV performance. The south facade
could remain vertical or might be tilted back. The impact of facade and roof mounted PV on the
design U-Values of wall / roof should also be investigated.

In the case of dwellings which must comply with Part L 2008, PV can help achieve the requirement
for renewable energy contribution of 4 kWh/m2a of electrical renewable energy as per the Technical
Guidance Document Part L 2008 for dwellings (www.environ.ie/en/TGD)

For all buildings which fall under the buildings regulations part L 2008, It should be noted that
the building as a whole, incorporating these products, must comply with all Parts of the Building
Regulations.

Issues of particular relevance where, for example, roof mounted PV is fitted may include: weather
tightness, fire safety, structural safety etc. Third party certification bodies e.g. NSAI/IAB are available to
assess compliance with all parts of the Building Regulations.

When installing these products, reference should be made to the following :

-BRE Digest 489 : Windloads on roof-based photovoltaic systems.
-BRE Digest 495 : Mechanical installation of roof-mounted photovoltaic systems.
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KEY POINTS

*  PVsneed to be considered as an integral part of the energy strategy of a building.

* Appearance and aesthetics are key issues.

*  PVs make a positive contribution to the environment.

* Itis essential that shading (by topographical features, other buildings, or features of the PV
building itself) be minimised so as not to impair performance.

e There should be a good match between the building’s energy demand pattern and the
energy available from the PV array.

* PV modules need to be adequately ventilated so as to lower temperatures and thus maintain
good performance.

e There are a wide range of architectural ways of successfully integrating PVs with buildings
and, in particular, roof and facade systems.

*  PVs can affect the orientation, the footprint, the facade and the section of buildings.

FURTHER READING

Photovoltaics for professionals — Solar Electric Systems Marketing, Design and Installation.
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4 Costs and sizing

4.1 Introduction

This chapter discusses the inter-related issues of costs and sizing.
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Figure 4.1-
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PV system

4.2 Costs

Costs and returns will be project specific and will largely depend on the way the building is used.

It is always recommended that a suitable professional is used to carry out a feasibility assessment of
any installation. PV supply and installation companies will normally be well placed to offer this service
as part of the overall package for domestic and small commercial installations. For larger installations,
consultants specialising in renewable technologies or the supply / installation companies are well
placed for carrying out a feasibility study.

The same general approach can be used in most situations when carrying out an initial
feasibility assessment.

As a rough guide, a typical domestic installation will cost in the region of €1,000 / m? or €10 / Wp of PV
panel installed including associated equipment, grid connection and installation. Approximate cost
breakdown of total system component costs is provided in figure 4.1.

B Mounting structure
B AcCessones
Inverter

B Module

For commercial size installations the unit costs will be lower but these are more difficult to predict
because the buildings will be less standardised.

One benefit of building-integrated PVs is that the cost of the elements they replace can be offset
against the PV cost. For a domestic installation this would be the saving in cost of roof tiles where the
PV panels are located. For a 10 m? array this would be in the region of a €250 saving in materials in
terms of tiles.

Hardware costs for PV systems have fallen over recent decades. This trend can be expected to continue
as production output increases and manufacturing techniques improve.

Other cost issues, energy saved over the lifetime of the installation and cost per kWh are
examined below.
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4.3 Sizing the array

In sizing a grid-connected PV array there are a number of key points to keep in mind:

*  On-site use of energy: For a given installation the more of the energy that can be used on site
the better; this is principally because, given the current price differential between purchased
and sold electricity, using the energy on site makes more financial sense.

*  Contribution to the overall load: Sizing is usually on the basis of a contribution to the overall
load for the building rather than to meet a particular load (e.g. lighting).

*  Contribution to the annual load: Usually, sizing is to determine the contribution to the total
annual load but one can also consider the contribution to the annual load during daylight
hours.

* Available area: The available roof and facade area may restrict the array size, particularly in
smaller installations such as houses.

e Budget: Often the available budget is the dominant constraint.

The approach outlined below is to help designers make broad decisions; actual sizing is normally
done with a computer model (often a PV manufacturer or supplier) and real weather data. However,
for domestic installations it is normally more cost effective to use a rule of thumb approach based

on feedback over a number of years from actual installations or a simplified approach. Experienced
installers will be able to provide good estimates of the size of panels that make economic and practical
sense for domestic installations.

Given a particular location with its solar input, a PV module type and a brief for a building, what is a
sensible size of array and what will its output be? And what are the costs?

Two examples are given below. One for a commercial office installation and one for a typical
domestic installation.

Example 1: Commercial Office Installation

In this example, the objective is to provide a reasonable quantity, 40%, of annual electricity demand
for a 1,000 m? commercial office building with an annual electricity demand of 28,800 kWh. Base
summer and winter loads are 15 kW and 20 kW respectively.

Assume:
e 170Wp/ panel
* 1.3 m?/panel
*  €1,500 /m? building construction costs.
* €800/ panel PV panel installation costs
* PV panels south facing with 30° tilt
e  Electricity Cost =€0.1733 / kWh (based on standard business tariff October 2009
ww