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Building-integrated Photovoltaic
System in the UK

Summ ary the new overcladding of the

University’s Northumberland
A refurbishment project at the Building and the electricity produced v Integrated into conventional
University of Northumbriain contributes to meeting the building’'s rain-screen overcladding
Newcastle upon Tyne, United needs for lighting, heating,

v Installed using normal

Kingdom, provided the opportunity computers and other appliances. Any S ,
building industry practices

to install one of the largest building-  surplus electricity can be fed into the

integrated photovoltaic systemsin University’sinternal distribution v High system reliability
Northern Europe. Photovoltaic system to supply other buildings on
panels have been incorporated into the campus.

Photovoltaic panels integrated into the cladding of the Northumberland Building.
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Project Background

In 1991, the Newcastle Photovoltaics
Applications Centre based at the
University carried out astudy to
estimate the potential UK generating
capacity from building-integrated
photovoltaics. Thisstudy, funded by
the UK government, suggested that
thetotal theoretical resourceisvast —
up to 360 TWh/year (compared with
the UK’sannual electricity
consumption at thetime of

270 TWh/year). To demonstrate the
technology and to gain information
on system performancein aUK
climate, the University,

OveArup & Partners, BP Solar and
IT Power Ltd formed aconsortiumto
develop aschemefor recladding the
Northumberland Building. The
buildingisatypical 1960sdesign
and required refurbishment

dueto the poor condition of the
original cladding.

The Project

The project involved the installation
of anew rain-screen overcladding
system on both the north and south
facades of the five-storey building.
The photovoltaic system,
comprising 465 high-efficiency,
crystalline silicon photovoltaic
modules manufactured by BP Solar,
has been incorporated in the
cladding of the south facade. This
south-facing cladding isinclined at
25’ to the vertical, to enhance the
winter performance, to give some
summer shading to the windows
below and to provide an improved
appearance by the introduction of a
surface feature. The electricity
generated is fed, through cabling

Graph of dc and ac outputs by month for the first two years of operation.

routed behind the cladding, to the
ground-floor plant room and, after
conversion to alternating current
(ac), isfed into the main building
supply system. The total system
capacity isamost 40 kWp.

Each photovoltaic moduleisrated at
85 Wp and five such modules are
combinedtoformasingle
architectural cladding unit. The
electrical leadsfrom each cladding
unit are connected in seriesin sets of
three, iethereare 31 15-module
series strings making up thewhole
array. Theelectrical leadsfromthe
resulting 31 strings are connected in
parallel through thedirect current
(dc) switch box before being fed into
aline-commutated thyristor inverter.
Thethyristor israted at 40 kW, witha
dcinput voltage of approximately
270V and a415V, 3-phase ac output.
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Schematic of the cladding design.

Performance

The system has performed with a
high degree of reliability sinceits
official opening in January 1995
and experienced |ess than 36 hours
of downtimeinitsfirst two years of
operation. The performance of the
system is consistent with that
expected, providing over

39,000 kWh during the same period.

All the electricity produced has
been used within the building.

The system efficiency is calculated
by comparing the electrical output
with the solar input, measured in an
unshaded position on the roof, and
has an annual average value of
about 8%. Thisvalue would be
around 10.5% if there were no
shading from surrounding buildings

on the university campus. The
annual average performance ratio,
an indicator of electrical system
efficiency, is around 60% and thisis
reduced from avalue of about 75%
by the shading losses. The inverter
has proved to be very reliable with
average monthly efficiencies of
about 90% for reasonable sunlight
conditions.

The use of embedded
thermocouplesin five of the
modules allows typical operating
temperatures to be measured. The
modules are mounted so asto allow
natural ventilation between them
and the wall. This together with the
cool climate keeps operating
temperatures close to those of
ground-mounted systems with
unrestricted airflow. Thus, average

operating temperatures only exceed
25°C during two to three monthsin
the summer. The maximum operating
temperature recorded to dateisjust
under 60°C for ahot August day.

Economics

The objective of the project wasto
demonstrate the possibilities for
photovoltaic integration and to obtain
performance data for a UK city
centre location. As a demonstration
project, the cost of the electricity
generated by the system does not yet
compete with conventionally
generated power. In the case of the
Northumberland Building, the
additional cost of the photovoltaic
cladding has been calculated to be
around £800/m?2 (where £ is the UK
pound) and thisresultsin an
electricity cost of £0.40-1.00/kWh
depending on the discount rate and
system lifetimes chosen. Clearly,
thiswill have to be substantially
reduced before widespread adoption
of the technology on similar
buildings. However, the cost/kWh
is significantly reduced when the
additional cost of the photovoltaic
cladding is lower; for example,
whereit is selected instead of

higher value cladding materials

(eg marble).

The project team are confident that
present costs could be reduced by
about £100/m?2 dueto thelessons
learned inthedesign and installation
of the system and that further
reductionsin cost will occur asthe
market increases. The project now
aimsto establish operation and

mai ntenance requirementsto aid
future economic analysis of
building-integrated photovoltaic
systems.
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Please write to the address below if you require more information.

Host Organisation

University of Northumbriaat
Newcastle

Ellison Place

Newcastle upon Tyne

NE18ST

United Kingdom

Contact: Dr N Pearsall, Newcastle
Photovoltaics Applications Centre
Tel: +44 191 227 4595

Fax: +44 191 227 3650

I nfor mation Or ganisation
ETSU

Harwell

Didcot

Oxfordshire

OX110RA

United Kingdom

Contact: New and Renewable
Energy Enquiries Bureau
Tel: +44 1235433601

Fax: +44 1235 433 066
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renewable energy

CADDET Centre for Renewable Energy
ETSU, Harwell

Oxfordshire OX11 ORA

United Kingdom

Tel: +44 1235 432719

Fax: +44 1235 433595

E-mail: caddet.renew@aeat.co.uk

International Energy Agency

The International Energy Agency (IEA) isan
autonomous body which was established in 1974 within
the framework of the Organisation for Economic
Co-operation and Devel opment (OECD) to implement
an international energy programme.

Printed on environmentally friendly paper.

CADDET

CADDET was set up in 1988 as an |IEA Centre for the
Analysis and Dissemination of Demonstrated Energy

Technologies. Today, there are two CADDET operations:

oneis for energy-efficient technologies and the other for
renewable energy technologies. The Centres co-operate
with member countriesin the exchange of high quality
information on energy technologies.

Disclaimer

Neither CADDET, nor any person acting on their

behalf:

(a) makes any warranty or representation, expressed or
implied, with respect to the information contained in
this brochure; or

(b) assumes any liabilities with respect to the use of this
information.

See the whole range of CADDET Renewable Energy projects on www.caddet-re.org
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