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Certificate of Approval
Certificate Number: RS0054 Issue: 03

Senior Architectural Systems (SAS)

having complied with the requirements of:

BES 6001: Issue 3.1

Framework Standard for the Responsible Sourcing of
Construction Products

has achieved a performance rating of: Pass ****

and is authorised to use the BRE Global Certification Mark on the following
product(s) and associated stationery and publications.

Head Office Address Production Site(s)
Eland Road See appendix for details
Denaby Main

Doncaster

South Yorkshire
United Kingdom
DN12 4HA

@‘W Emma Baker 20 January 2022

Signed for BRE Global Ltd Scheme Manager Date of this Issue
22 November 2018 19 January 2025
Date of First Issue Expiry Date

m This certificate and appendix remains the property of BRE Global Ltd and is issued
subject to terms and conditions (for details visit www.greenbooklive.com/terms.
It is maintained and held in force through annual review and verification. BES 6001

To check the validity of this certificate and appendix please visit

lFJR‘I)(DUAGS www.greenbooklive.com/check or contact us. Responsible Sourcing
CERTIFICATION BRE Global Ltd., Garston, Watford WD25 9XX.
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Appendix to Certificate No: RS0054 Issue: 03
Senior Architectural Systems (SAS)

Production Site(s)

Eland Road
Denaby Main
Doncaster
South Yorkshire
United Kingdom
DN12 4HA

Description

Aluminium Extrustions - Eland Road (HQ)

In accordance with the scheme requirements, you must notify us of any changes in circumstances so that we can
amend the Certification details.

% Emma Baker 20 January 2022 22 November 2018 19 January 2025
For BRE Global Ltd Scheme manager Date of this Issue Date of First Issue Expiry Date
m This certificate and appendix remains the property of BRE Global Ltd and is issued
subject to terms and conditions (for details visit www.greenbooklive.com/terms). It is BES 6001
maintained and held in force through annual review and verification.
Tlo check the validity of this certificate and appendix please visit
lijnéwAcrs ww.greenbooklive.com/check or contact us. Responsible Sourcing
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Appendix to Certificate No: RS0054
Senior Architectural Systems (SAS)

Scoring Table

Section

3.2.1 Responsible sourcing policy

3.2.2 Legal compliance

3.2.3 QMS and Operational Management of RS
3.2.4 Supplier management system

Issue: 03

Additional
Credit

3.3.1 Material traceability through the supply chain
3.3.2 EMS in the supply chain
3.3.3 H&SMS in the supply chain

NN NNONNONN

3.4.1 Greenhouse gas emissions
3.4.2 Energy use

3.4.3 Resource use

3.4.4 Waste prevention and waste management
3.4.5 Water abstraction

3.4.6 Life Cycle Assessment (LCA)
3.4.7 Ecotoxicity

3.4.8 Transport impacts

3.4.9 Employment and skills
3.4.10Local communities
3.4.11Business ethics

NnnnNnoNn

(@]

N N

Key C Compulsory
Points scored
Maximum score available per clause

In accordance with the scheme requirements, you must notify us of any changes in circumstances so that we can

amend the Certification details.

% Emma Baker 20 January 2022 22 November 2018

19 January 2025

For BRE Global Ltd Scheme manager Date of this Issue Date of First Issue

m This certificate and appendix remains the property of BRE Global Ltd and is issued

subject to terms and conditions (for details visit www.greenbooklive.com/terms). It is

maintained and held in force through annual review and verification.
Tlo check the validity of this certificate and appendix please visit
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British
Assessment
Bureau

Certification is conditional on maintaining the required performance standards throughout the certified period of registration

Design,

The British Assessment Bureau, 30 Tower View, Kings Hill, Kent, ME19 4UY

The management system of Certificate Number 238663

Senior Architectural Systems Ltd
Eland Road, Denaby Main, Doncaster, DN12 4HA

has been assessed and certified as meeting the requirements of

ISO 9001:2015

for the following activities

stockholding, powder coating and supply of aluminium extrusion, timber glazing profiles and
associated accessories and hardware

Further clarifications regarding the scope of this certificate and the applicability of requirements may be obtained by consulting the certifier.

Valid from Authorised by
Initial Certification: 22 August 1996
Latest Issue: 21 May 2023
Expiry Date: 14 June 2026

UKAS subject to annual assessments
MANAGEMENT
SYSTEMS .
8283 Mike Tims

Chief Executive Officer

www.british-assessment.co.uk

Certificate issued by Amtivo Group Limited, trading as British Assessment Bureau

The validity and status of this certificate can be verified by using the UKAS CertCheck website at certcheck.ukas.com




British
Assessment
Bureau

Certification is conditional on maintaining the required performance standards throughout the certified period of registration
The British Assessment Bureau, 30 Tower View, Kings Hill, Kent, ME19 4UY

The management system of Certificate Number 238664

Senior Architectural Systems Ltd
Eland Road, Denaby Main, Doncaster, DN12 4HA

has been assessed and certified as meeting the requirements of

ISO 14001:2015

for the following activities

Design, stockholding, powder coating and supply of aluminium extrusion, timber glazing profiles and
associated accessories and hardware

Further clarifications regarding the scope of this certificate and the applicability of requirements may be obtained by consulting the certifier.

Valid from Authorised by
Initial Certification: 08 September 2008
Latest Issue: 21 May 2023
Expiry Date: 14 June 2026

UKAS subject to annual assessments
MANAGEMENT
SYSTEMS .
8283 Mike Tims

Chief Executive Officer

www.british-assessment.co.uk

Certificate issued by Amtivo Group Limited, trading as British Assessment Bureau

The validity and status of this certificate can be verified by using the UKAS CertCheck website at certcheck.ukas.com




British
Assessment
Bureau

Certification is conditional on maintaining the required performance standards throughout the certified period of registration
The British Assessment Bureau, 30 Tower View, Kings Hill, Kent, ME19 4UY

The management system of Certificate Number 238665

Senior Architectural Systems Ltd
Eland Road, Denaby Main, Doncaster, DN12 4HA

has been assessed and certified as meeting the requirements of

ISO 45001:2018

for the following activities

Design, stockholding, powder coating and supply of aluminium extrusion, timber glazing profiles and
associated accessories and hardware

Further clarifications regarding the scope of this certificate and the applicability of requirements may be obtained by consulting the certifier.

Valid from Authorised by
Initial Certification: 08 September 2008
Latest Issue: 21 May 2023
Expiry Date: 14 June 2026

UKAS subject to annual assessments
MANAGEMENT
SYSTEMS .
8283 Mike Tims

Chief Executive Officer

www.british-assessment.co.uk

Certificate issued by Amtivo Group Limited, trading as British Assessment Bureau

The validity and status of this certificate can be verified by using the UKAS CertCheck website at certcheck.ukas.com




Next-generation window, door and curtain
wall systems

S S SENIOR ARCHITECTURAL SYSTEMS




architectural
fenestration systems

that bring
environments

to life




SENIOR ARCHITECTURAL SYSTEMS

Frominitial designto final installation,
Senior provides arange of solutions to
help you achieve a credible BREEAM

assessment rating.

Our goalistodevelop
innovative window, door and
curtain wall systems that
bring environments to life.

With over thirty years of experience to our
credit, Senior Architectural Systems’

reputation is that of an innovative driver of the contents
fenestration market, offering technical

excellence, performance, value, and company introduction
creativity to the fabricators, architects and

contractors with which we are proud to be taking the

associated. environment seriously
As well as being totally focused on product anintroduction to
development and customer service, Senior BREEAM®

Architectural Systems also works within a
green agenda, demonstrating our

: . helping you achieve
commitment to the environment for now and BREEAM credits

future generations.

case studies

Next-generation window, door and curtain wall systems | 03



afterthirtyyearsin
business we are known

for our down-to-earth
approach




SENIOR ARCHITECTURAL SYSTEMS

H H After thirty yearsin business we are well
Senlor ArChIteCtural SYStems OfferS d known for our uncorporate down-to-earth
va riety of windows, doors and curtain cooperative approach. Fabricators, architects
. and contractors around the UK tell us that's why
wall systems. We also provide product they choose to deal with Senior rather than

experience, training, support and

anyone else.

As well as being totally committed to customer

SourCing for any CommerCial- reSidential service, we actively work with a green agenda,

or public building project.

demonstrating our commitment to the
environment for now and future generations.

Our future depends on the
foundations we put down
today. This underpins our
company, our people and our
product development - not

just meeting today’s needs

but building for
the future now.

Mark Wadsworth
Managing Director

Next-generation window, door and curtain wall systems | 05






taking the
environment
seriously

We are aware of the impact that buildings have on
the environment, and we take a lifecycle responsibility
for the products that we manufacture and deliver.

We minimise the risk of any chemical releases during
manufacturing, and our aluminium systems are perfect
for producing low maintenance, energy efficient
windows and fagades that have a long life.

MANUFACTURING

Our metal of choice is aluminium. It recycles perfectly
without losing any of its properties.

CRADLE
TO CRADLE

Next-generation window, door and curtain wall systems | 07



BREEAM

BREEAM (Building Research Establishment’s Environmental
Assessment Method) is the world's foremost environmental
assessment method and rating system for buildings, with 250,000
buildings with certified BREEAM assessment ratings and over a
million registered for assessment since it was first launched in 1990.
The system sets the standard for best practice in sustainable
building design, construction and operation.

ABREEAM assessment uses recognised measures of performance, set
against established benchmarks, to evaluate a building’s specification,
design, construction and use.

Credits are awarded across ten categories based on the outcomes of
the building assessed. The credits are then combined to provide a
single score, achieving either a Pass, Good, Very Good, Excellent or
Outstanding overall BREEAM rating.



Management

Energy

Transport

Water

Materials

Waste

Land Use & Ecology

Innovation

Credits | Senior Architectural

Categories Available products impact
Management 1 No
Health & Wellbeing 14 Yes
Energy 24 Yes
Transport 9 No
Water 9 No
Materials 13 Yes
Waste 7 Yes
Land Use & Ecology 10 No
Pollution 12 No
Innovation 10 Yes

Total 119

Next-generation window, door and curtain wall systems | 09



BREEAM credits

Senior Architectural Systems product range has been
developed with BREEAM at its centre. Our systems are proven
to help you achieve a credible BREEAM rating. With many
BREEAM rated projects already successfully utilising Senior
products, we have a wealth of experience to assist the
architect/designerin meeting their sustainability goals.

The Senior Architectural Systems suite of products allows
the specifier to gain credits across a number of categories.

Alongside providing credits in the Materials and Health & Wellbeing
categories, we can also assist in helping you meet the requirements of
the Mat 5 responsible material sourcing category and thereby achieve
up to three credits. Senior Architectural Systems holds IS0 9001, ISO
14001and ISO 45001 accreditation.

Our thermally efficient systems, supported by thermal modelling of the
fenestration elements can achieve up to 15 credits within the Ene 1
category.

The company is also able to work with the specifier to quickly develop
additional features and benefits to gain credits from
the Innovation category.



Using products from Senior Architectural System can help
future projects maximise the potential credits achievable.

Health & Wellbeing Energy Waste
Hea 1 daylighting Ene 1 energy efficiency Wst2  recycled aggregates
1 credit part of 15 credits 1 credit
Hea 2 view out
1 credit
Hea3  glare control
1 credit .
Hea9  volatile organic compounds Materials
1 credit
Hea 10 thermal control Mat 1 materials specification
2 credits 4 credits
Hea13 acoustic performance Mat5  responsible material sourcing
1 credit 3 credits

Next-generation window, door and curtain wall systems | 11



BREEAM rating ‘Very Good’

The Toybox

Birmingham

12 | Next-generation window, door and curtain wall systems

Architect:
Corstorphine & Wright

Main Contractor:
Torsion Group

Installer:
EYG Commercial

Products:
SPW600 windows

SF52 curtain wall

Awarded a UK BREEAM rating of ‘Very Good’, The
Toybox shortlisted in 2019 for The Private Halls of
Residence of the Year showcasing what can be
achieved with great design and innovative
materials. Built in the heart of the city centre on the
former site of a toy factory and close to all four of
Birmingham'’s universities, the 15-story building
comprised 290 high spec student apartments as
well as a shared garden space, laundry, gym, social
areas and group study spaces.

Designed by Corstorphine + Wright architects the
building has an eye-catching curved fagade which
creates a 9-metre cantilevered canopy over the
main entrance on the ground floor. It features an
attractive mix of green coloured brickwork, zinc
cladding and the extensive use of Senior’'s SF52
curtain walling and SPW600 aluminium windows.



Fusion Students Accommodation

Sheffield

This new student accomodation building Architect:

located in the heart of Sheffield has been ; ;
awarded a UK BREEAM rating of ‘Very Corstophine & Wright
Good'. Delivered at a cost of £46.5 Million

the scheme involved the construction of 4 Main Contractor:

blocks ranging in height from 6-storeys ISG Limited
through to 17-storeys at the highest

elevation, comprising 864 accommodation Installer:

units. Acorn Aluminium
Senior’s energy efficient SPW600e Products:

windows were fitted with acoustic energy SPW600e windows
efficient insulated glass units to achieve a

sound reduction index (RW) rating of 43. A SPW501 doors
light and welcoming space, was created in

communal spaces using Senior’s thermally SF52 curtain wall

enhanced SF52 fully capped two-storey
aluminium curtain walling, whilst perimeter
capped silicone glazed SF52 was chosen
for the link bridge between accommodation
blocks.

Next-generation window, door and curtain wall systems | 13



BREEAM rating ‘Very Good’

Arts University

Bournemouth

14 | Next-generation window, door and curtain wall systems

Architect:
Design Engine Architects

Main Contractor:
Morgan Sindall

Installer:
Soundcraft

Products:

SPW600 & Louvre Guard
windows

PURe® SLIDE & PURe®
Commercial doors

SPW600e & SPW501 doors
SF52 curtain wall

Sustainability and design were the major
focus for this new £24 student
accommodation project which achieved a
‘Very Good’ BREEAM rating.

Senior’s highly thermally efficient glazing
package was chosen to meet the
scheme’s sustainability criteria and
budget. This included thermally enhanced
SPW600 windows fitted with a Louvre
Guard System in bedrooms and kitchens
and with smoke vents in corridors for
additional safety and security. With their
innovative thermal break offering
exceptional thermal efficiency, PURe®
Commercial Doors were installed at the
security office whist PURe® SLIDE Lift &
Slide doors were specified for the large
communal area.



Sharman Court

Sheffield

Located close to the city’s universities, the new Architect:

Sharman Court scheme on Sheffield’s Broad Lane Kelsey Design associates
offers students high-specification accommodation in

a central location. Main Contractor:

With acoustic performance a key factor in Watkins Jones

minimising the impact of external noise from a busy Installer:
city centre, Senior’s PURe® aluminium windows o .
were chosen by Kelsey Design Associates for use Continental Installations Ltd

on the high-profile scheme.
Products:

Fabricated and installed by Continental Installations PURe® windows
Ltd for main contractor Watkins Jones, the slim

sightlines of the PURe® windows have also helped

to create bright and airy interiors while providing a

robust and low-maintenance solution that is both

safe and secure.

Next-generation window, door and curtain wall systems | 15



BREEAM rating ‘Excellent’

Soar Valley School

Leicester

16 | Next-generation window, door and curtain wall systems

Architect:
ADP Architects

Main Contractor:
Miller Construction Ltd

Installer:
Acorn Aluminium Ltd

Products:
SCW curtain wall

SPW300 windows
SD doors

Leicester’s latest newly built school has been
creatively designed and fitted with a suite of
aluminium doors, windows and curtain wall from
Senior Architectural Systems’ high performance
ranges, which collectively account for around
60% of the building’s facade.

The building is simple and functional, yet the

impressive resultis a reflection of the school’s
aim to inspire and reflect the rich and diverse

community it serves.



Stourbridge College

West Midlands

Reflecting the campus’ status as an innovator, Architect:
the three-storey steel-framed Stourbridge Pick Everard
College art and design faculty features dramatic
angular glazing to nine elevations, using Senior Main Contractor:
Architectural Systems’ SCW aluminium curtain BAM Construction Ltd
walling and SPW300 series aluminium windows.

Installer:
The glass fronted atrium forms a gallery Acorn Aluminium Ltd
showcase for exhibiting college sculpture and

Products:

artwork. Dominating the skyline on the former .
Brier School site at Brierley Hill, and backing SCW curtain wall
onto the Dud_ley Car)al,the building is set at the SPW300 window
front of the site leaving space for further

development as future funding allows.

Next-generation window, door and curtain wall systems | 17



BREEAM rating ‘Excellent’

Scape Student
Accomodation

London

Architect:
Jefferson Sheard Architects

Main Contractor:
Simons Construction Ltd

Installer:
Denval Co Ltd

Products:
SPW600e door

SD door
SCW curtain wall

18 | Next-generation window, door and curtain wall systems

Jefferson Sheard Architects designed a building consisting of
three primary blocks tiered in height. Sustainability issues are
addressed by incorporating features such as green sedum
roofing on two of the tiered blocks as well as ground source
heating and cooling. With an innovative internal scheme by Ab
Rogers, designers have created a bright, modern and cost
effective solution to student living. Scape Living caters for 600
students with study bedrooms not more than 12.5 square
metres in area.

A project that achieve both an innovative and colourful design
as well as achieving an ‘Excellent’ BREEAM rating.
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HEAD OFFICE

Senior Architectural Systems Ltd, Eland Road, Denaby Main, Doncaster, South Yorkshire, DN12 4HA.
Tel: 01709 772 600.  E-mail: info@seniorarchitectural.co.uk

BRANCHES

Scotland; Unit 4 Dunlop Court, Deans Industrial Estate SW, Livingston, West Lothian, EH54 8SL.
Tel: 01506 407 640.

South; Unit 4 Leeway Industrial Estate, Newport, South Wales, NP19 4SL.
Tel: 01633 277 880.

www.seniorarchitectural.co.uk

Senior Architectural is a major UK
supplier of fenestration solutions.
Thisbrochure is intended to show
what makes Senior’s unique and
how our products and services can
make a difference to customers,
clients, their projects and the
environment.

Whilst every effort has been made to ensure the accuracy of this publication, no
responsibility for content is taken by Senior Architectural Systems Ltd. We strongly
S recommend the specification for any given application is checked with Senior

SENIOR ARCH |TECTU RAL SYSTEMS Architectural Systems before anorder is placed. Senior Architectural Systems reserves

the right to alterany of the specifications givenin this publication without prior notice
due to a process of continual development




Lakeside House, Hopper Hill Road, Eastfiel Scarborough, YO11 3Y$S

) SENIOR GLASS SYSTEMS™

Websife: www.seniorglass.co.uk

Quote No: 225761

01723 580010
glassorders@seniorglass.co.uk

Glass & General Maintenance
Unit 4 Page1of 2
Heathway Industrial Estate
Manchester Way Quote Date 20-Nov-2024
Dagenham Account No GGMO001
RM10 8PN
Tel: 054537914450 Route 7-NORTH LONDON Order Ref ~ GREGGS READING
Fax: 0845 371 4455
Site Cont.
Line Refersnce  Qty Width Height Description ::,: It:l Rate Disc Rate ;:::;
m m: £
1 4 1484 820 10mm Toughened Clear Float / 12mm 1.23m? 4.92m?
Black Warm Edge Spacer With Argon /
6mm Climaguard A+1.1 Tgh
2 4 1494 2234 10mm Toughened Clear Float / 12mm 3.34m*  13.36m?
Black Warm Edge Spacer With Argon /
6mm Climaguard A+1.1 Tgh
3 1 2841 2156 10mm Toughened Clear Float / 10mm 6.13m? 6.13m?
Black Warm Edge Spacer With Argon /
8mm Climaguard A+1.1 Tgh
Oversize 6msq
4 1 1384 2157 10mm Toughened Clear Float / 12mm 3.01m? 3.01m?
Black Warm Edge Spacer With Argon /
6mm Climaguard A+1.1 Tgh
5 1 1378 2157 10mm Toughened Clear Float / 10mm 2.97m? 2.97Tm?
Black Warm Edge Spacer With Argon /
6mm Climaguard A+1.1 Tgh
6 2 218 2235 10mmToughened Clear Float / 10mm  0.74m? 142
q Black Warm Edge 8pacer With Argon /
6\ 6mm Climaguard A+1.1 Tgh
7 2 34 824 10mm Toughened Clear Float / 10mm 0.26m*  1.00m?
Black Warm Edge Spacer With Argon /
24 6mm Climaguard A+1.1 Tgh
iy Min area of 0,50m? has been applied




GUARDIAN
CLIMAGUARD"

Thermal Insulating Glass
ClimaGuard

Advanced Thermal Performance

The ClimaGuard Range comprises four products for use in residential, commercial and architectural applications
where thermal insulation is essential in complying with Building Regulations and Standards.

The increasing cost of energy, sustainability of natural resources and the reduction of harmful CO2 emissions are at
the forefront of political and environmental concerns today. The construction industry is constantly being challenged
to significantly reduce the future energy requirement in buildings, the greatest energy loss being that of heat through
the external envelope of a building.

In comparison with other construction materials, state-of-the-art insulating glass units provide excellent thermal

insulation together with high transparency. This architectural benefit provides almost unlimited creative options in
building design.

* ClimaGuard DS
* ClimaGuard A+

e ClimaGuard A 1.1

* ClimaGuard A 1.0




Product Descriptions

ClimaGuard DS is designed for the residential market. It has an attractive hint of blue in the coating and provides a U-value of up
to 1.3 W/m?K in an argon filled double glazing unit. ClimaGuard DS also offers advanced durability through processing making it
an ideal alternative to hard coat Low E options.

ClimaGuard A+ offers the very best Window Energy Rating performance, the combination of a high g value (Solar Gain) and a low
U value of 1.2 W/m?K produces Window Energy Rating results in excess of A+ 10 in double glazing and A+ 25 in triple glazing.
ClimaGuard A+ is ideal for any application where passive solar heat gain is desired in combination with good thermal insulation.

ClimaGuard A 1.1 is specifically designed for use in architectural buildings. It has a very neutral appearance and can achieve U-
values of 1.1 W/m?K in an argon filled double glazing unit.

ClimaGuard A 1.0 is also specifically designed for use in architectural buildings. It has a very neutral appearance and can achieve
U-values of 1.0 W/m’K in an argon filled double glazing unit.

All ClimaGuard Low E glass options are single products and can be used either annealed or heat treated.

Performance
{:k Maximum transparency
c/(])}?‘/) P
PSS ~
g R
Low U-value
Characteristics
Insulating glass Coated surface Gas filling Light Light Colour Solar Factor U-value EN 673
configuration (90%) Transmission Reflection Rendering (9) (15K)
Index EN 410
[%] [%] [Ra] [%] W/m?K
ClimaGuard DS
4-16-4 | 3 | argon | 70 | 12 | 9% | 69 | 13
ClimaGuard A+
4-16-4 | 3 |  argon | 80 | 13 | 99 | 736 | 1.2
ClimaGuard A 1.1
4-16-4 | 3 |  argon | 79 | 13 | 98 | 65 | 11
ClimaGuard A 1.0
4-16-4 | 3 | argon | 72 | 21 | 97 | 54 | 1.0

All performance data are nominal values and are subject to production tolerances. The data were determined according to EN 410.
* Clear outer pane / Low Iron outer pane

Disclaimer: The products in this publication are sold subject to Guardian’s standard terms and conditions of sale and any applicable written warranties. It is the responsibility of the purchaser to
confirm that the products are suitable for their intended application. Please contact your local Guardian representative to obtain any applicable handling and fabrication guides and for the most
current information about the product and its use.

©2014 GUARDIAN Industries Corp. GUARDIAN Goole
www.qguardianglass.co.uk Reference code: ClimaGuard Range /10

GUARDIAN



http://www.guardianglass.co.uk/
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COMPANY PROFILE

@ GUARDIAN
SUNGUARD’



LIGHT

A construction material
facilitated by glass.

The ability of glass to combine function, strength and beauty is remarkable. It has many
roles to play in modern architecture, where the benefits of advanced technology
enhance the timeless beauty of glass. There are now fewer technical constraints to creativity
than ever before. With advances in the design capabilities of all building materials, including
glass, architects have a spectrum of products available that gives them the freedom to design

with light.

Founded in 1932, one of the most significant developments in GUARDIAN's history occurred
in 1970 when it began manufacturing flat glass using the float process. Its developments in
quality, safety, versatility and service reflected the changes in the glass manufacturing market
worldwide. In 1997, GUARDIAN Industries Corp. launched one of the most comprehensive
ranges of architectural glass: the SunGuard® series. This confirmed its status as a leading
manufacturer and developer of glass for the construction industry worldwide.

Years of experience mean that GUARDIAN offers high-quality, modern products backed up by
technical support provided by highly skilled experts. With its global headquarters in Auburn
Hills, Michigan, USA, the privately-owned company now employs around 19,000 people in
over 20 countries. In Europe, the first GUARDIAN plant was established in Luxembourg in 1981,
while current operations include nine locations throughout the continent.

GRS MOSCOW  STOCKHOLM BUCHAREST GENOA WARSAW VIENNA BELGRADE




GUARDIAN
SUNGUARD’

RESCIA CAGLIARI ZAGREB KRASNODAR SOFIA SPLIT SAINT PETERSBURG




GLASS

Not just a material to
look through, but one with
many other functions.

L2
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GUARDIAN
SUNGUARD"®

It is clear to see that glass is not just glass. The list of glass products produced by GUARDIAN is
impressively long and diverse. These products all have one thing in common: quality.

GUARDIAN's dedication to producing high-quality, modern products means that it has been able to
expand its portfolio to include a wide range of products such as heat-strengthened and fully tempered
safety glass, low-e glass, insulating and reflective glass as well as coated and laminated products that
are aesthetically pleasing whilst also providing high-performance results. The SunGuard® range of

products offers excellence on all levels:

e colour uniformity
e enhanced durability and flexibility for fabrication
e maximum natural light transmission

For further information on the way SunGuard® products can help you BUILD WITH LIGHT™, go to

www.sunguardglass.com

ORODT mloJNeIeh\V\ ROME PODGORICA CLUJ NAPOCA HAIFA BRASOW SKOPJE MILAN




INNOVATION

Not just a good idea,
but a reality.

VIENNA BELGRADE BUDAPEST BRESCIA CAGLIARI ZAGREB KRASNODAR SOFIA



GUARDIAN
SUNGUARD"

Committed to developing new products and efficient processes for its clients,
GUARDIAN set up a Science and Technology Center in 2000 to evolve and develop
new coatings and manufacturing methods. With research centres in the USA and
Europe, GUARDIAN is continually developing new SunGuard® products, while
pushing the boundaries of performance with state-of-the-art technologies and
processes. World-class scientists and engineers ensure that the innovations are
practical and client-oriented. The focus is on effective solutions that provide

inventive materials for integrating light into tomorrow’s buildings — or in other words,
applied vision.

SPLIT SAINT PETERSBURG CLERMONT-FERRAND  VILNIUS SARAJEVO KIEV MILAN




FUNCTIONALITY

Meeting not just technical specifications
but all of our clients’ need:s.

As the choice of glass has a tremendous impact on the cost, energy
efficiency and aesthetics of a building project, architects need to know
who they can rely on. GUARDIAN's tried-and-tested SunGuard® products
deliver what they promise, providing high-quality, creative solutions to
meet these challenges. When building with light, SunGuard® products take
into account aspects such as solar control, insulation, fire, noise, safety,
security and privacy without hampering creativity. Several architectural
tools have been designed to help simplify specification documents
and to find efficient solutions to the most demanding applications — an
advantage for both architects and their buildings.

BERLIN HAMBURG VIENNA BRUSSELS BILBAO STOCKHOLM BUCHAREST BARC




GUARDIAN
SUNGUARD’

—_ e . e &
"}_ ._""_:-.__j o o | """--.._-_| """"--._-_ __.--"""r ‘__.r"'"'" __17.--'" \-_,._-'-"" \__ﬁ"'__'l.f
# PR — - —
y N
y ife= o — -
¥y s P ————
r ¥, . 3 — :
g ——— . et i e
A | | N —_—_— | e — i — -
" F ' i L A
- g#.mif_ o — #

- & L ‘ " bl 2
N N R O e e AR, T T
e \ !

g o My L A
A Visi oy o) - J-=evimy ) e SR
. | BUILD WITH LIGHT —

) A Y | SO T

\*

: \ ) Thi‘ﬁj; . E"B
[ ay

i 18

...i__\__ \ | . ! X

ROME

BRERCIA CAGLIARI

ORICA BELGRARE DUBLIN

e



EMPLOYEES

Not just workers but
committed partners.
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GUARDIAN
SUNGUARD"

Nothing succeeds like success. Having the right people produce
the right products at the right time and in the right place
improves confidence. But it is the training and development
of these people that makes the difference. When working
together with clients demanding the highest levels of expertise to
meet their individual needs, up-to-the-minute skills are required.
These, along with a decentralised management structure that
links the responsibility of each employee within a flexible
organisation, enable quick reactions to new challenges. As a
leading brand within a growing industry, protecting the health
and safety of its employees comes first and foremost, and this
calls working operations and conditions of the highest possible
standard. GUARDIAN is committed to providing, operating and
maintaining exemplary procedures that go beyond industry
norms, as it understands that its success is due to its employees.

PLOVDIV ~ ANKARA MADRID BOLOGNA ROME LUXEMBOURG RIGA  TALLIN POSEN




ENVIRONMENT

Not just the here and now,
but the future too.

BERLIN HAMBURG PARIS MOSCOW STOCKHOLM BUCHAREST




GUARDIAN
SuNGUARD®

An in-depth understanding of the environmental issues involved both in
the production of glass and its use is a basic precept at GUARDIAN. Our
environmental policy ensures that we carry out all our operations in full
compliance with local environmental legislation. The policy is under
continuous review, with processes being developed to reduce emissions and
energy consumption. Each and every employee is responsible for carrying out
this policy and applying it in his or her own work in order to achieve a level of
environmental protection to be proud of. In general terms, minimising waste
while maximising sustainability forms the basis of GUARDIAN'’s philosophy.
All responsible companies treat the environment with care and GUARDIAN is
pleased to take a leading role, not just for its own sake but also to provide for
future generations.
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ETHICAL STANDARDS

It is not just GUARDIAN's glass
that is transparent.

Transparency and accountability are key to GUARDIAN's dealings with clients,
suppliers, regulatory authorities — in fact, with everyone. Whether meeting
deadlines or honouring financial arrangements, respect lies at the heart of
client-centred support and services. A high level of integrity within dedicated
teams is seen as a valuable asset in a company that is committed to the
highest standards of ethical and social behaviour. This responsibility is taken
seriously at all levels in order to maintain the company’s values and visions
and to achieve profitable growth.

CLIENT SUPPORT

Not just a department but a
complete company culture.

Years of accumulated experience at GUARDIAN ensure the application of
best practices in all company operations. By bringing together consulting
skills, high-quality products and reliable service, clients are guaranteed
the highest standards of technical excellence. GUARDIAN offers comprehensive
know-how in a portfolio of wide-ranging services that are continually evolving
through interactive dialogue with clients. The powerful synergy of technology,
products and commitment gives GUARDIAN the expertise to help architects
BUILD WITH LIGHT™.

ISTANBUL BERLIN HAMBURG PARIS BRUSSELS MOSCOW

STOCKHOLM

ROME



ADDITIONAL INFORMATION

For further information

on SunGuard® products go to
www.sunguardglass.com

www.sunguardglass.com

O

GENOA WARSAW VIENNA BELGRADE BUDAPEST BRESCIA CAGLIARI ZAGREB KRASN



GUARDIAN
SUNGUARD"

SunGuard® products are available at several locations situated throughout Europe through GUARDIAN's
independent network of processors. Please contact your local GUARDIAN representative for further
information.

GUARDIAN Industries Goole LTD GUARDIAN Luxguard I, S.A. GUARDIAN Luxguard Il, S.A.
Rawcliffe road ZAE R. Steichen 8, rue Bommel Zone Industrielle Wolser

Goole, East Riding of Yorkshire, U.K. L-4940 Bascharage L-3452 Dudelange

DN14 8GA Luxembourg Luxembourg

Phone: 0044 1405 726 800 Phone: 00 352 50301 Phone: 00 352 521111

Fax: 0044 1405 726 999 Fax: 00352 503745 Fax: 00352 510805

GUARDIAN Oroshéaza Kft. GUARDIAN Thalheim GmbH GUARDIAN Czestochowa Sp,z.0.0
Csorvasi ut 31 Thalheim, Guardianstraf3e 1 ul. Korfantego 31/35

H-5900 Oroshéza D-06766 Bitterfeld-Wolfen PL-42-200 Czestochowa

Hungary Germany Poland

Phone: 00 36 68 887 200 Phone: 0049 3494 361 800 Phone: 0048 34 323 9200

Fax: 0036 68 411 447 Fax: 0049 3494 361 501 Fax: 0048 34 323 9229
GUARDIAN Navarra GUARDIAN Llodio GUARDIAN Steklo Ryazan O.0.0
Poligono Industrial Montes del José Matia 36 Ryazhskoye shosse, 4

Cierzo E-01400 Llodio, Alava RU-391000 Ryazan

CN-232 km 86 Spain Russia

E-31500 Tudela, Navarra Phone: 0034 94 6719509 Phone: 007 4912 9566 00

Spain Fax: 0034 94 6719506 Fax: 007 4912 9566 01

Phone: 0034 948 817209

Fax: 0034 948 817208

ODAR SOFIA SPLIT SAINT PETERSBURG CLERMONT-FERRAND VILNIUS SARAJEVO
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GUARDIAN

SUNGUARD"
CHAPTER: Cover CHAPTER: Cover
PROJECT: LEX 2000 PROJECT: Milan Fair
LOCATION: Brussels, Belgium LOCATION: Milan, ltaly
ARCHITECT: Jaspers-Eyers & Partners ARCHITECT: Studio Massimiliano Fuksas-Roma

PRODUCT NAME:

SG HS SN 51/28

PRODUCT NAME:

SG HS, ClimaGuard® NL

CHAPTER: Cover CHAPTER: Light / Environment

PROJECT: Hansa bank-Swedbank PROJECT: Olympiades Marriott Court Yard
LOCATION: Riga, Latvia LOCATION: Brussels, Belgium

ARCHITECT: Zenico Projekts, Tectum ARCHITECT: Jaspers-Eyers & Partners

PRODUCT NAME:

SG HP Light Blue 62/52

PRODUCT NAME:

SG HP Light Blue 62/52

CHAPTER: Glass CHAPTER: Innovation

PROJECT: Office Park Vienna PROJECT: Milan Fair

LOCATION: Vienna, Austria LOCATION: Milan, Italy

ARCHITECT: Prof. Holzbauer Architekten ARCHITECT: Studio Massimiliano Fuksas-Roma

PRODUCT NAME:

SG HP Light Blue 62/52

CHAPTER: Functionality
PROJECT: Siddeutscher Verlag
LOCATION: Munich, Germany
ARCHITECT: GKK+ Architekten

PRODUCT NAME:

SG Solar Neutral 67

PRODUCT NAME:

SG HS, ClimaGuard® NL

The products in this publication are sold subject to GUARDIAN's standard terms and conditions of sale and any applicable written warranties. It is the responsibility
of the purchaser to confirm that the products are suitable for their intended application. Please contact your local GUARDIAN representative to obtain any
applicable handling and fabrication guides and for the most current product information.

GUARDIAN Europe
www.sunguardglass.com Reference code: SG CB/GB/12-11

GUARDIAN

Glass - Automotive « Building Products ©2011 GUARDIAN Industries Corp. SunGuard® is a registered trade mark of GUARDIAN Industries Corp.



EPD Flat glass, toughened safety glass and
laminated safety glass

Environmental Product Declaration
in accordance with DIN EN ISO 14025 and EN 15804

Flat glass, toughened safety glass and laminated safety glass

Guardian Europe S.a.r.l.

Declaration Code
M-EPD-FEV-GB-001016 EI
May 2012

Note: This EPD was created on the basis of the sample EPD FSG/TSG/LSG ROSENHEIM



Environmental Product
Declaration in accordance with
1ISO 14025 and EN 15804

Summary

Flat glass, toughened safety glass and
laminated safety glass

Programme ift Rosenheim GmbH
operator Theodor-Gietl-Strasse 7-9 ]ft
D-83026 Rosenheim ROSENHEIM
Holder of the Guardian Europe S.a.r.|
declaration .
Zone Industrielle Wolser

L-3452 Dudelange

GUARDIAN

Glass - Automotive « Building Products

Declaration code

M-EPD-FEV-GB-001016

Designation of
declared product

Flat glass, toughened safety glass and laminated safety glass

Scope

Flat glass (FG), toughened safety glass (TSG) and laminated

safety glass (LSG) for processing into insulating glass units
and for use as glass for building (in the building envelope and
in the upgrade of construction works).

LCA results per m2 and

Manufacture End-of-life

1 mm of flat glass
Primary energy — non- T
renewable (PE , enw) in MJ 443 -18,6

R
Primary energy — renew- = _./\
able (PE eny) in MJ El 0.95 0,18
Global warming potential ".a
(GWP 100) in kg CO2 \\y
equiv. par 2,67 -1,39
Ozone depletion potential 5
(ODP) in kg R11 equiv. ‘ ]‘ 1,84 x10® -3,65x10°
Acidification potential .
(AP) in kg SO , equiv. 0,023 -0,014
Eutrophication potential
(EP) in kg PO .~ equiv. 2,52 x10° -0,001
Photochemical ozone
creation potential (POCP) 3
in kg C »H, equiv. 1,37 x 10 0,000
Abiotic resources deple- Ca
tion potential (elements) P 5 -5
(ADP..) in kg Sb equiv. 9N]  133x10° 12310
Abiotic resources deple- =
tion potential (fossil) i
(ADPy,) in MJ P\ 38,55 -14,01
Water consumption in m3 1.219 -0.36

ift Rosenheim GmbH

Geschéftsflhrer:

ift

ROSENHEIM Dr. Jochen Peichl

Dipl.-Ing. (FH) Ulrich Sieberath

Theodor-Gietl-Str. 7 - 9
D-83026 Rosenheim

Tel.: +49 (0)8031/261-0
Fax: +49 (0)8031/261-290
wwwi.ift-rosenheim.de

Sitz: 83026 Rosenheim
AG Traunstein, HRB 14763
Sparkasse Rosenheim
Kto. 3822

BLZ 711 500 00

ROSENHEIM

Basis
e IS0 14025:2006
e EN 15804:2012

Allgemeiner Leitfaden zur
Erstellung von Typ Il Umwelt-
produktdeklarationen (Guidan-
ce on preparing Type Il Envi-
ronmental Product Declarati-
ons).

This Declaration is based on
the PCR Document "Flachglas
im Bauwesen" (Glass in Build-
ing) PCR-FG-1.1 : 2011

Validity

This verified Environmental
Product Declaration applies
solely to the specified products
and is valid for a period of 5
years from the date of issue.
The declaration holder as-
sumes full liability for the un-
derlying data, certificates and
verifications.

Date created:
01 May 2012

Date of issue:
22 October 2013

Next revision:
01 May 2017

LCA basis

The LCA was prepared in
accordance with

EN 1SO 14040 and

EN ISO 14044. The base data
include both data collected at
various companies and generic
data from the "GaBi 4.4" data-
base. LCA calculations were
based on the "cradle to grave"
life cycle.

The LCA was prepared by PE
INTERNATIONAL AG

Basis:
This EPD was prepared on the
basis of a model EPD

Notes on publication

The "Conditions and Guidance
on the Use of ift Test Docu-
ments" apply.

Notified Body Nr.: 0757
Anerkannte PUZ-Stelle: BAY 18

Dtscher ngs  DAP-PL-0808.09
Rat DAP-ZE-2288.00
(=R T6AZM-16-93-00
TGA-ZM-16-93-60



Environmental Product
Declaration in accordance with
1ISO 14025 and EN 15804

Summary

Flat glass, toughened safety glass and
laminated safety glass

Ip_)gﬁmrleézsl —- Toughened safety glass Laminated safety glass
Manufacture End-of-life Manufacture End-of-life

Primary energy — non- T

renewable (PE nrenw) in MJ ‘_ 62,20 -14,72 80,68 -11,19

Primary energy — renewable

(PErenw) in MJ 3,76 -0,21 6,18 0,99

Global warming potential l%

(GWP 100) in kg CO2 equiv. [\ 3,65 1,17 5,42 -1,19

Ozone depletion potential
(ODP) in kg R11 equiv. I 9 ié

Acidification potential (AP) in
kg SO, equiv.

Eutrophication potential (EP)
in kg PO ,* equiv.

Photochemical ozone crea-
tion potential (POCP) in kg
C,H, equiv.

Abiotic resources depletion

potential (elements) (ADP ) 5P
in kg Sb equiv. “Ca
Abiotic resources depletion

potential (fossil) (ADP ) in

MJ &

Water consumption in m3

iz

Ulrich Sieberath

Signature of Director of Institute,
ift Rosenheim GmbH

ift Rosenheim GmbH

I I l Geschéftsflhrer:
Dipl.-Ing. (FH) Ulrich Sieberath
ROSENHEIM Dr. Jochen Peichl

777x10%  -4x10° 1,38x107 4,89 x 107

0,029 -0,015 0,036 -0,015
0,003 -0,001 0,003 -0,001
0,002 0,000 0,002 0,000

1,37x10° -7,065x 107 1,4x10° -4,96x 10"

49,80 -11,79 61,69 -8,56

5,68 -1,08 9,42 -0,6

(Dorttaec

Patrick Wortner

Signature of Verifier

Theodor-Gietl-Str. 7 - 9 Sitz: 83026 Rosenheim
D-83026 Rosenheim AG Traunstein, HRB 14763
Tel.: +49 (0)8031/261-0 Sparkasse Rosenheim
Fax: +49 (0)8031/261-290 Kto. 3822
wwwi.ift-rosenheim.de BLZ 711 500 00

ROSENHEIM

Notified Body Nr.: 0757
Anerkannte PUZ-Stelle: BAY 18

Dtscher ngs  DAP-PL-0808.09
Rat DAP-ZE-2288.00
(=R T6AZM-16-93-00
TGA-ZM-16-93-60



Additional holder
of declaration

Environmental Product
Declaration in accordance with
ISO 14025 and EN 15804
Detailed version

Flat glass, toughened safety glass and
laminated safety glass

e Guardian Flachglas GmbH / Germany
*  Guardian Oroshaza / Hungary

e Guardian Bascharage / Luxembourg
Guardian Dudelange / Luxembourg
Guardian Czechtochowa / Poland
Guardian Llodio / Spain

Guardian Navarra / Spain

Guardian UK / United Kingdom

ift

ROSENHEIM

Cix

GUARDIAN

Glass « Automotive « Building Products




Environmental Product

Declaration in accordance with

ISO 14025 and EN 15804

Summary ROSENHEIM

Flat glass, toughened safety glass and
laminated safety glass

1 Product definition

Product definition

This EPD applies to:

Flat glass, toughened safety glass and laminated safety glass.

The LCA was prepared using the declared unit:
1 m2and 1 mm glass thickness

The declared unit relates to the product and end-of-life stages of 1 m2 area and
1 mm thickness of flat glass, toughened safety glass (TSG) or laminated safety
glass (LSG).

Product description:

"Flat glass" (FG) refers to both uncoated and coated float glass. Float glass is a
clear, flat soda lime silicate glass with parallel, fire-polished surfaces, in some
cases bearing metal-oxide-based coatings to modify the radiation (thermal insu-
lation and/or solar control) properties of the glass.

Toughened safety glass (TSG) consists of a single pane that has been spe-
cially heat-treated to give the glass increased impact resistance. If the glass
breaks under exposure to a high load, it disintegrates into very small fragments
with no sharp edges.

Laminated safety glass (LSG) consists of at least two glass panes lying one on
top of the other, with one or several layers of a tear-resistant, toughened film,
usually polyvinyl butyral (PVB), positioned between the panes.

Cutting/characteristics:  Flat glass is generally supplied in stock sizes of 600 x
321 cm. Itis cut and processed into toughened safety glass or laminated safety
glass on a project-specific basis.

Product standards:
* Flatglass: EN 572
e Toughened safety glass: EN 12150
« Heat strengthened glass: EN 1863
* Laminated safety glass: EN 14449



EPD for flat glass, toughened safety glass and laminated safety glass Page 2

Product group: Glass in building Date created: 01 May 2012
Declaration code: M-EPD-FEV-GB-001016 Next revision: 01 May 2017
Application Flat glass, toughened safety glass and laminated safety glass for processing into

Verifications (optional)

Additional information

2 Materials used

2.1 Primary products

Primary products

insulating glass units and for use as glass for building (in the building envelope and
in the upgrade of construction works).

No verifications available.

For detailed structural characteristics please refer to the CE marking and to the
documents accompanying the product or to the product data sheets.

Flat glass Toughened Laminated
safety glass safety glass
Strength EN 572 EN 12150 EN 14449
Fracture pattern EN 12150 EN 14449
Additional load bear- | No No Yes
ing capacity

The main components of float glass are the naturally occurring raw materials sand
(silicon carbonate, 59%), soda (sodium carbonate, 18%), dolomite (15%), lime (cal-
cium carbonate, 4%), nepheline (3%), and sulphate (1%).

Explanation of materials:
* Flat glass: Soda lime silicate glass
e Coated flat glass: Soda lime silica glass + metal oxides
» TSG: Soda lime silicate glass

* LSG: Soda lime silicate glass + PVB film

2.2 Declarable substances

Declarable substances

3 Product stage

Product manufacture

In accordance with the REACH candidate list, no substances of very high concern
are contained.

Soda lime silicate glass (float glass):

The raw materials are introduced as a mixture into the furnace where they are
melted at a temperature of approx. 1560 T, general ly using gas as an energy re-
source.

The glass is shaped by distributing the mass of liquid glass over a bath of molten tin.
The glass sheet is then cooled evenly and cut to size.

Coated glass is float glass that has been coated with a metal-oxide-based coating
using various processes (sputtering, evaporation, pyrolytic processes). The coating
is a few atom layers thick.
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Product group: Glass in building Date created: 01 May 2012
Declaration code: M-EPD-FEV-GB-001016 Next revision: 01 May 2017

In the manufacture of TSG, float glass is heated to its transition temperature (min.
640 ) and then rapidly cooled. This causes the su rfaces of the glass to cool and
contract faster than the remaining material. This creates additional compressive
strength in the surfaces that makes the resulting glass tougher.

For the manufacture of LSG, a PVB film is placed between the panes of glass and
these are pressed together in an autoclave under the action of heat and pressure.

The manufacturing processes described are applicable to all manufacturing sites of
all manufacturers in Europe, because no production processes are used for the
manufacture of FG, TSG and LSG that differ significantly from the above.

4  Construction stage

Processing
recommendations
installation

5 Use stage

Causel/effect
relationships
Man - Environment

Service life

6 End-of-life stage

Possible end-of-life
stages

Flat glass (i.e. uncoated and, in some cases, coated float glass) can be processed
into toughened safety glass, laminated safety glass, and insulating glass units. It
can also be used separately; depending on the application, other processes such
as cutting, polishing or drilling may be applied.

Toughened safety glass can be processed into laminated safety glass and insulat-
ing glass units. It can also be used separately; depending on the application, other
processes such as cutting, polishing or drilling may be applied prior to the thermal
toughening process.

Laminated safety glass can be processed into insulating glass units. It can also be
used separately; depending on the application, other processes such as cutting,
polishing or drilling may be applied.

No further emissions to water and soil are known of. The emissions to air are within
the official limits. Sound emissions do not exceed the statutory limits.

Due to the wide range of possible applications and designs, the use stage is not
taken into account in the calculation.

If used according to their intended use, flat glass, TSG and LSG can be expected to
have a service life of more than 50 years (as per BBSR [German Federal Institute for
Research on Building, Urban Affairs and Spatial Development] table "Nutzungsdauer
von Bauteilen" [service life of building components]).

FG, LSG and TSG are not specifically designed for reuse, although reuse is by all
means possible.

Flat glass can be sorted into its original pure components and reintroduced into the
manufacturing process.

Offcuts from glass cutting can be sorted into their original pure components and rein-
troduced into the float glass process (as per VDI 2243).
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Product group: Glass in building Date created: 01 May 2012
Declaration code: M-EPD-FEV-GB-001016 Next revision: 01 May 2017

Disposal routes

90% of flat glass, TSG and LSG is collected and recycled (as per VDI 2243), for ex-
ample for the manufacture of container glass, insulating wool, sandpaper or glass
bricks.

All production waste generated during manufacture is internally recycled.

Approximately 10% of the products are disposed of at a construction waste dump.
Waste codes:
» 170202 for glass from construction and demolition waste

e 170902 for insulating glass units containing PCBs

7 Life Cycle Assessment (LCA)

Environmental product declarations are based on life cycle analyses (LCAs) which
use material and energy flows for the calculation and subsequent representation of
environmental impacts.

As the basis for this, an LCA was prepared for flat glass, toughened safety glass and
laminated safety glass by PE INTERNATIONAL AG. The LCA was developed in
accordance with EN 15804 and the requirements set out by the international stan-
dards EN ISO 14040, EN ISO 14044, 1SO 21930 and ISO 14025.

The LCA is representative of the products presented in the Declaration and the
specified reference period.

7.1 Definition of goal and scope

Goal

Data quality and data
availability

The goal of the LCA is to demonstrate the environmental impacts of FG, TSG and
LSG. As set out by EN 15804 the environmental impacts covered by the Environ-
mental Product Declaration for flat glass, toughened safety glass and laminated
safety glass are presented in the form of basic information. The specified environ-
mental impacts are as follows:

e Primary Energy Demand (PED - renewable and non-renewable)
*  Global Warming Potential (GWP)

» Acidification Potential (AP)

e Ozone Depletion Potential (ODP)

» Eutrophication Potential (EP)

» Photochemical Ozone Creation Potential (POCP)

» Abiotic Deplation Potential Elements (ADPgement)

e Abiotic Deplation Potential Fossil (ADPsgssi)

These are specified for the declared products for the product and end-of-life stages.
Apart from these no other environmental impacts have been specified/presented.

The life cycle of the glass was modelled using the sustainability software tool "GaBi
4" for the development of Life Cycle Assessments. All relevant background datasets
for the production of FG, TSG and LSG are taken from the database of the software
tool "GaBi 4".
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Product group: Glass in building Date created: 01 May 2012
Declaration code: M-EPD-FEV-GB-001016 Next revision: 01 May 2017

Geographical and
time-related system
boundaries

Scope and system
boundaries

Cut-off criteria

The age of the LCA background data is less than eight years.

The production-specific data for flat glass manufacture are taken from data collected
at various typical manufacturer plants. The average values determined are based on
the volumes produced by the plants.

For the manufacture of TSG and LSG, typical industry data were collected on the
basis of an annual average (2009) for plants of members of the Bundesverband
Flachglas e.V. (German Flat Glass Association).

The base data for FG manufacture consist of data collected in 2005, corresponding
to current production. The data for the manufacture of TSG and LSG are based on
the year 2010. The quantity data for the raw materials, energy and ancillary materials
used are annual averages. Data were additionally collected by the ift Rosenheim in
2012 in order to verify representativeness.

The European electricity mix was used as the basis for energy consumed, with 2008
as the reference year.

Raw materials are modelled using generic data and include average transport dis-
tance data.

The system boundaries refer to all process steps for the manufacture of the glass,
from the extraction of the raw materials to the dispatch of the product, ready for
shipment, from the production gate.

Due to the wide range of possible applications and designs, the use stage is not
included in the calculation.

A scenario is used to offset the recycling against the manufacture of container
glass. Transportation associated with the end-of-life stage is likewise included. The
end-of-life scenario of the glass includes collection and recycling into container
glass (including benefits for a lower use of primary energy in manufacture due to
the use of secondary materials, and material batch benefits).

All operating data collected, i.e. all raw materials used by composition, the electrical
energy consumed, internal consumption of ancillary materials, all production waste
which can be directly attributed to the product, and all available emissions data from
the plants, were included in the LCA.

Building sections/parts of facilities that are not relevant to the manufacture of the
product were excluded.

It can be assumed that the total of negligible processes per life cycle stage does not
exceed 5 percent. The life cycle calculation also includes material and energy flows
that account for less than 1 percent.

7.2 Inventory analysis

Goal

Life cycle stages

Benefits

All material and energy flows are described below. The processes covered are pre-
sented as input and output parameters and refer to the declared/functional units.

The models of the unit processes used for the LCA have been documented in a
transparent manner.

Product stage A1-A3 and end-of-life stage C1-C4 and D are included.

Deductions are made for the recycling of the glass into container glass, using equiva-
lence processes which were also used in the product stage (for sand, soda, pow-
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Product group: Glass in building Date created: 01 May 2012
Declaration code: M-EPD-FEV-GB-001016 Next revision: 01 May 2017

Allocation procedures

Allocation of co-
products

Allocations for reuse
and recycling

Allocations based on
life cycle boundaries

Secondary materials

Inputs

dered limestone).

The use of secondary materials reduces the energy consumption in the manufactur-
ing stage. Account is taken of this reduction using the equivalence processes DE:
Strom (DE: electricity) and DE: Thermische Energie aus Erdgas (DE: thermal energy
from natural gas) (both GaBi 2009).

The benefits for the recycled glass are calculated on the basis of the corresponding
primary production.

It is not envisaged that these products will be thermally recycled, hence no benefits
are derived from thermal recycling.

Allocations do not need to be performed for product manufacture.

Allocations for the use of recycled materials/secondary raw materials can be found in
the GaBi database documentation.

Use of recycled materials in the product stage was based on the current market-
specific situation. In parallel to this, a recycling potential was taken into consideration
which reflects the economic value of the product after recycling (recyclate). The sys-
tem boundary set for the recycled material refers to collection.

Secondary materials were included in the benefits.

» Open loop (waste recycled into new products)

Energy:

The electricity mix is based on "Strommix Europa" (European electricity mix).
Gas is based on "Erdgas Europa" (European natural gas).

Water:

Around 11 | of water are required over the life cycle of 1 m2 of FG (1 mm), 19 | over
the life cycle of TSG, and 22 | of water for LSG, including upstream processes.

Primary energy:

A guantitative evaluation of the primary energy consumption for the individual sub-
systems in the manufacture of 1 m2 of various glass types of 1 mm thickness is pre-
sented below.
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Flat glass
. Raw materials Total
2?::%/;; Unit/m2 Manufacture incl. upstream Transport (cradle-to-
> processes gate)
PE, non- MJ
renewable [MJ] 34,17 8,92 1,21 44,3
PE,
renewable [MJ] 0,86 0,08 0,01 0,95
Toughened safety glass
" Raw materials Total
Anrz;Ir):]s;fe[r)a- Unit/m? Manufacture incl. upstream Transport (cradle-to-
processes gate)
PE, non- MJ
renewable [MJ] 52,07 8,92 1,21 62,2
PE,
renewable [MJ] 3,67 0,08 0,01 3,76
Laminated safety glass
Raw
. materials
Anré;%s;fef’)a- Unit/m? | Production incl. Transport Total (cradle-to-gate)
upstream
processes
PE, non- MJ
renewable [MJ] 61,31 8,52 1,16 80,62
PE, renew-
able MJ] 5,91 0,07 0,01 6,18

55% of the primary energy used in the manufacture of flat glass is thermal energy
from the natural gas and heating oil required for the production of FG in the plant. A
further 20% is due to the process upstream of sodium carbonate production and a
further 16% to the processes upstream of electricity provision.

Some 45% of the electricity used in the manufacture of TSG is due to the toughening
process, while the remaining 55% is due to the processes upstream of FG produc-
tion.

The bulk of the primary energy consumed in the manufacture of LSG is used in the
production of the basic glass.

Life cycle
A quantitative evaluation of primary energy consumption over the life cycle of 1 m2 of
FG, TSG and LSG is presented in the tables below.
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Analysis parameter Unit/m? Manufacture End-of-life Total

PE, non-renewable [MJ] 443 -18.6 257

PE, renewable [MJ] 0,95 -0,18 0,77

Non-renewable primary energy consumption in the manufacture of FG can be re-
duced by around 43% due to the recycling potential of FG in its end-of-life stage.

Analysis parameter Unit/m2 Manufacture End-of-life Total
PE, non-renewable [MJ] 62.20 -14.72 47 48
PE, renewable MJ] 3.76 -0,21 3,55

Non-renewable primary energy consumption in the manufacture of TSG can be re-
duced by around 24% due to the recycling potential of TSG in its end-of-life stage.

Analysis parameter Unit/m2 Manufacture End-of-life Total
PE, non-renewable [MJ] 80.68 11.19 69.49
PE, renewable [MJ] 6.18 0.99 519

Non-renewable primary energy consumption in the manufacture of LSG can be re-
duced by around 14% due to the recycling potential of LSG in its end-of-life stage.

The following graph shows primary energy consumption over the life cycles of the

various glass types.

From a more detailed evaluation of the non-renewable primary energy consumption
in the manufacture of 1 m2 of FG (1 mm) it can be seen that natural gas is a signifi-
cant primary energy source in the manufacture of this product. Natural gas is used to
a significant extent in flat glass production.

The share of uranium is exclusively due to the share of nuclear energy in the electric-
ity mix.
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Outputs

Raw materials/primary products:

:\(lec;rg L::ecneeswable material FG TSG LSG
Total kg 7.73 | 100% | 18.49 | 100% | 19.4 | 100%
Soil kg 065 | 8% | 0.65 4% 0.62 3%
Waste rock kg 317 | 41% | 1387 | 75% | 1471 | 7%
Siliceous sand kg 163 | 21% | 163 9% 1.56 8%
Dolomite kg 046 | 6% | 0.46 2% 0.44 2%
Limestone kg 1.00 | 13% | 1.04 6% 1.00 5%
Sodium chloride kg 0.80 10% 0.80 4% 0.76 4%

The main non-renewable material resources consumed are siliceous sand and waste
rock.

The table shows the proportions of these material resources as a share of total non-
renewable material resources consumed, including upstream processes.

Of these, sand, dolomite and limestone are direct ingredients in the manufacture of
flat glass. Sodium chloride is required for the production of sodium carbonate, which
in turn in an ingredient in the manufacture of flat glass.

Waste rock is the commercially worthless mass of stone obtained during the mining
of ores and energy resources such as coal, etc.

The material resource "Soil" is produced in particular in the excavation and extraction
of raw materials for energy generation, and refers to the mass of soil material moved.

The LCA includes the production-relevant outputs per m2 glass area given below:
Waste:

See 7.3 (Impact assessment).

7.3 Impact assessment

Goal

Impact categories

Impact assessment covers inputs and outputs. The impact categories applied are set
out below:

Manufacture

A quantitative evaluation of the environmental impacts of the individual subsystems
in the manufacture of 1m2 of FG, TSG and LSG with a thickness of 1 mm is pre-
sented below.
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Flat glass
Analysis Manu- Raw materials Total
parame- Unit/m2 facture incl. upstream | Transport | (cradle-
ter processes to-gate)
cGwP (kg CO, equiv.] 1,8 0,79 0,08 2,67
obP kgRIlequiv] | 5 g7, 10° 1,42 x 10°® 1,23x10° | 1,84x10°
AP (kg SO equiv] 0,0193 3,63 x 10° 448x10° | 2,34x10?
Ep [kg PO*
equiv.] 1,83x 107 6,01 x 10 9,02 x 10° 2,52 x 107
[kg CoH4
pOCP equiv.] 1,08 x 107 2,42 x10™ 4,51x10° 1,37 x 10°
Toughened safety glass
Analysis Manu- Raw materials Total
parame- Unit/m? A—— incl. upstream | Transport | (cradle-
ter processes to-gate)
Gwp (kg CO, equiv.] 2,78 0,79 0,08 3,65
opP kgRIlequv] | 5535 10° 1,42 10° 1,23x10° | 7,77x10°
AP (kg SO equiv] 0,024 3,63 x 10° 448x10° | 2,85x10?
- [kg PO*
equiv.] 2,09 x107° 6,01 x 10™ 9,02x10° | 2,78x10°
[kg CoHa4
POCP equiv.] 9,67 x 10™ 2,42 x 10™ 451x10" 1,66 x 10°
Laminated safety glass
Analy
sis Manu- Raw materials Trans-
pa- Unit/m? facture incl. upstream ort Total (cradle-to-gate)
rame- processes P
ter
GWP | [kg COzequiv] 4,58 0,76 0,08 5,42
ODP kg RILequiv.] | | 53 g7 1,35E-08 1,17E-09 1,38E-07
AP (kg SOz equiv.] | 33 3,47E-03 4,28E-04 0,037
3- .
EP (kg PO equiv] | 5 44¢ 03 5,74E-04 8,62E-05 3,1E-03
POCP | [kg CoHsequiv] | 5 43¢ o3 2,32E-04 4,31E-05 2,4E-03

The prime environmental impacts in the manufacture of flat glass are due to the con-
sumption of energy resources in the melting process and the associated emissions
at plant level.

In the manufacture of TSG the main environmental impacts are due to electricity
consumption in the thermal toughening process. The same applies in the manufac-
ture of LSG.

By way of example, the tables show the environmental impacts resulting from the
manufacture of 1 m2 of the various glass types for selected impact categories.

Global warming potential is due primarily to carbon dioxide emissions. Flat glass
manufacture is responsible for some two-thirds of GWP in the manufacture of TSG.
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This is due in particular to the consumption of energy resources in the melting proc-
ess and the associated emissions. For LSG, the manufacture of the TSG in turn ac-
counts for around 90% of GWP. Emissions in the product stage are due in particular
to processes upstream of electricity provision.

Ozone depletion potential is due primarily to the electricity mix, and to the electricity
consumed directly in the plant in the manufacture of TSG and LSG, and electricity
consumed in the processes upstream of flat glass manufacture.

Acidification potential is primarily due to sulphur dioxide emissions and nitrogen ox-
ides generated by the manufacture of the flat glass. This is due in particular to the
consumption of energy resources in the melting process and the associated emis-
sions. Flat glass production is responsible for some 89% of the nitrogen oxides con-
tributing to AP, and around 64% of the sulphur dioxides contributing to AP. For LSG,
the manufacture of the TSG in turn accounts for some 97% of the nitrogen oxides
contributing to the AP of the LSG, and around 91% of the sulphur dioxides contribut-
ing to its AP. Emissions from manufacture are due in particular to processes up-
stream of electricity provision.

Eutrophication potential is primarily due to nitrogen oxides resulting from the manu-
facture of the flat glass. This is due in particular to the consumption of energy re-
sources in the melting process and the associated emissions. The manufacture of
the flat glass is responsible for some 50% of the nitrogen oxides contributing to the
EP of the TSG. For LSG, the production of the TSG in turn accounts for some 97%
of the nitrogen oxides contributing to the EP of the LSG. Emissions from manufac-
ture are due in particular to processes upstream of electricity provision.

It is primarily sulphur dioxide emissions, nitrogen oxides and NMVOC emissions from
the manufacture of the flat glass that are responsible for the photochemical ozone
creation potential.

This is due in particular to the consumption of energy resources in the melting proc-
ess and the associated emissions. The manufacture of the flat glass is responsible
for some 89% of the nitrogen oxides contributing to the POCP of the TSG, and
around 64% of the sulphur dioxides contributing to its POCP. For LSG, the manufac-
ture of the TSG in turn accounts for 97% of the nitrogen oxides contributing to the
POCP of the LSG, and around 91% of the sulphur dioxides contributing to its POCP.
Emissions from manufacture are due in particular to processes upstream of electric-
ity provision.

Generally, the influences of transportation and of the film in LSG have a low signifi-
cance.
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A quantitative evaluation of the environmental impacts of the manufacture and end-
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of-life of 1 m2 of the various glass types is presented in the table below.

el Unit/m? Manu-— | enq oflife | Total
parameter facture
GWP [kg CO; equiv.] 2,67 -1,39 1,28
ODP [kg R11 equiv.] 1,84x10-8 | -365x10-9 | 1,5x10-8
AP [kg SO equiv.] 0,023 -0,014 0,009
3_ .

EP [kg PO4™ equiv.] 2,52 x 10-3 -0,001 1,52 x 10-3
POCP [kg C2Ha equiv.] 1,37 x 10-3 0,000 1,37 x 10-3
ADPg, [kg Sb-Aqv] 1,33x10-5 | -1,23x10-5 | 1x10-6
ADPros [MJ] 38,55 -14,01 24,54
Wasserver-
brauch m3 1,219 -0,36 0,859

The GWP for the manufacture of FG can be reduced by around 52% due to the re-

cycling potential of FG in its end-of-life stage.

el Unit/m? Manu-— | e otiife | Total
parameter facture

GWP [kg COz-Aqv.] 3,65 1,17 2,48
ODP [kg R11-Aqv.] 7,77 x 10-8 -4 x 10-9 7.4 x 10-8
AP [kg SO2-Aqv.] 0,029 -0,015 0,014
EP [kg PO,* -Aqv.] 0,003 -0,001 0,002
POCP [kg C2Ha-Aqv.] 0,002 0,000 0,002
ADPg, [kg Sb-Aqv.] 1,37x10-5 | -7,05x10-7 | 1,29 x 10-5
ADPros MJ] 49,80 -11,79 38,01
Wasserver- 3
brauch m 5,68 -1,08 4,6
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The GWP for the manufacture of TSG can be reduced by around 32% due to the
recycling potential of TSG in its end-of-life stage.

Arele Unit/m? Manu-— | e otlife | Total
parameter facture
GWP [kg COz-Aqv.] 5,42 -1,19 4,23
ODP [kg R11-Aqv.] 1,38x10-7 | 4,89x10-9 | 1,33 x 10-7
AP [kg SO2-Aqv.] 0,036 -0,015 0,021
EP [kg PO,* -Aqv.] 0,003 -0,001 0,002
POCP [kg C2Ha-Aqv.] 0,002 0,000 0,002
ADPg, [kg Sb-Aqv.] 1,4x10-5 | -4,96x10-7 | 1,35x 10-5
ADPsos [MJ] 61,69 -8,56 53,13
Wasserver- 3
brauch m 9,42 -0,6 8,82

The GWP for the manufacture of LSG can be reduced by around 8% due to the re-
cycling potential of LSG in its end-of-life stage.

The waste generated is evaluated separately for each of the three main fractions,
namely stockpiles (including residues from ore dressing), municipal waste (including
domestic and commercial waste), and radioactive waste.

Stockpiles make up the largest share of the waste generated by manufacture. Stock-
piles are generated primarily by the processes upstream of electricity generation,
particularly the extraction of energy resources. For the manufacture of TSG and
LSG, these are primarily energy resources for electricity generation. Stockpiles gen-
erated in the manufacture of flat glass are produced mainly by the processes up-
stream of sodium carbonate production.

Municipal waste is generated particularly by the processes upstream of sodium car-
bonate production. Sodium carbonate is required for the manufacture of flat glass,
which in turn is a significant process step in the manufacture of TSG and LSG.

Special waste and radioactive waste are classified as "hazardous waste". Special
waste is generated mainly in upstream steps. A notable example is slurry from the
processes upstream of sodium carbonate production. Radioactive waste is gener-
ated exclusively by electricity generation at nuclear power stations.

The following tables show the waste generated over the life cycle of 1 m2 and 1 mm
thickness of the various glass types investigated.

Flat glass
Analysis parameter Unit fManu- End-of-life Total
acture
Stockpiles [kg/m?] 3,49 -2,90 0,59
Trade wastes [kg/m?] 0,00 -0,00 0,00
Special waste [kg/m?] 0,00 -0,00 0,00
Radioactive waste [kg/m?] 0,0008 -0,0002 0,0006
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Toughened safety glass
Analysis parameter Unit f'\;l;ﬂtr'(; SOl Ufeiz!
Stockpiles [ka/m?] 7,29 -1,6362 5,6538
Trade wastes [kg/m?] 0,00 0,00 0,00
Special waste [kg/m?] 0,00 -0,00 0,00
Radioactive waste [kg/m?] 0,003 -0,001 0,002
Laminated safety glass
Analysis parameter Unit f'\;l;ﬂtr'é SOl Ufeiz!
Stockpiles [kg/m?] 10,83 -0,9743 14,06
Trade wastes [kag/m?] 0,0002 -0,002 0,00
Special waste [kg/m?] 0,0002 -0,0002 0,00
Radioactive waste [kg/m?] 0,0051 0,0002 0,0052
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7.4 Interpretation, LCA presentation and critical v erification

Interpretation All relevant and necessary items as per EN ISO 14040 and EN ISO 14044
were included in the LCA. It can therefore be assumed that the LCA is suit-
able, without restriction, for use in the Environmental Product Declaration for
flat glass, toughened safety glass and laminated safety glass.

Report The LCA report was prepared in accordance with the requirements of
EN ISO 14040, EN ISO 14044, EN 15804 and I1SO 14025.

The results of the study are not designed to be used for comparative state-
ments intended for publication.

The results and conclusions reported to the target group are complete, cor-
rect, without bias and transparent.

The report is not addressed to third parties due to confidential information
contained in the report.

Critical verification The LCA was critically verified by the independent ift verifier Patrick
Wortner.

8 Validation

Verification of the Environmental Product Declaration is documented in ac-
cordance with the ift "Richtlinie zur Erstellung von Typ Il Umweltpro-
duktdeklarationen" (Guidance on preparing Type Il Environmental Product
Declarations) in accordance with the requirements set out by ISO 14025.

This Declaration is based on the PCR Document "Flachglas im Bauwesen"
(Glass in Building): PCR-FG-1.1: 2011

Review of the PCR document by the ift expert committee in accordance with
the CEN standard EN 15804

Independent verification of the Declaration to ISO 14025:

X Internal O External

Validation of the Declaration: Patrick Wortner
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bsi.
Certificate of Registration

QUALITY MANAGEMENT SYSTEM - ISO 9001:2008

This is to certify that: Guardian Industries UK Ltd

Rawcliffe Road
Goole

DN14 BGA
United Kingdom

Halds Certificate Number: FM 89132

and operates a Quality Management System which complies with the requirements of 150 9001:2008 for the
following scope:

Manufacture and distribution of float, laminated and coated glass. Distribution of
mirrored and patterned glass.

For and on behalf of BSI:

Gary Fenton, Global Assurance Director

Originally registered: 1301/2006 Latest Issue:  31/01/2013 Expiry Date: 20/03/2015

Page: 1 of 1

.making excellence a hahit”

This certificate was Bsued secronically and remains the pe
An dectronic e rificate can be suthenfcated [Gne]
Printed copies can be validated ab wess bagroun.oom Cient Directiony

operty of BST and s bound by e condbions of conlead

Informalion and Contact BSI, Kbemark Court, Dawy Avenoe, Knowihill, Milon Keynes MES 8PP, Tel: + 44 845 080 9000
BET Assurance UK Limifed, regstenad in England under number 7805321 ot 389 Chiswick High Road, London W4 441, UK
A Hamber of tha B51 Gmoup of Compan bes

@ The information contained in this document is offered for assistance in the application of Guardian
Industries UK Ltd products, but IT DOES NOT CONSTITUTE A WARRANTY OF MERCHANTABILITY OR
GUARDIAN FITNESS FOR ANY PARTICULAR PURPOSE. Actual performance may vary in particular applications.

Glass - Automotive - Building Products
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GUARDIANPLUS

PROGRAMME

May 2012

Certificate
“ of Registration

ENVIRONMENTAL MANAGEMENT SYSTEM - ISO 14001:2004

This is to certify that:

Guardian Industries UK Ltd
Rawcliffe Road

Goole

DN14 8GA

United Kingdom

Holds Certificate No: EMS 532983

and operates an Environmental Management System which complies with the requirements of ISO 14001:2004 for the
following scope:

Manufacture of float and laminated glass.

For and on behalf of BSI:

bl
/‘

Chair, Certification Body Management Committee.

Originally registered: 15/12/2008 Latest Issue: 23/12/2011 Expiry Date: 23/12/2014

BSI [~ 7

V Page: 1 of 1

ENVIRDSMENTAL
MANAGEMINT

003

This certificate was issued electronically and remains the property of BS| and is bound by the conditions of contract

An electronic certificate can be authenticated online

Printed copies can be validated at www.bsigroup.com/ClientDirectory D a .
®

The British Standards Institution is i ted by Royal Charter.
BS| (UK) Headquarters: Kitemark Court, Da\n_f Avenue, Knowilhill, Milton Keynes MK5 8PP, Tel: 0845 080 9000

CGix

Ausomati

- Buildisy

o Prunbiata

The information contained in this document is offered for assistance in the application of Guardian
Industries UK Ltd products, but IT DOES NOT CONSTITUTE A WARRANTY OF MERCHANTABILITY OR
FITNESS FOR ANY PARTICULAR PURPOSE. Actual performance may vary in particular applications.
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bsi.
Certificate of Registration

OCCUPATIONAL HEALTH & SAFETY MANAGEMENT SYSTEM

This is to certify that: Guardian Industries UK Ltd
Rawdiffe Road
Goole
DN14 BGA
Linited Kingdom

Holds Certificate No: OHS 598539
and operates an Occupational Health and Safety Management System which complies with the requirements of BS
OHSAS 18001:2007 for the following scope:

Manufacture and distribution of float, laminated and aated glass.
Distribution of mirrored and patterned glass,

For and on behalf of BSI: -
Gary Fenton, Global Assurance Director

Originally registered: 20/12/2013 Latest Issue: 20/12/2013 Expiry Date: 20/12/2016

Page: 10f 1

.making excellence a habit”

This certifcate was issued aelectronically and remains the proparty of 85I and & bound by the conditions of confract

An gectronc Erifiate can b authenBcated online.

Printed copies @n be valldabed at weew. bsi-giobal.com,/ClentDinectory or telephona +97 1 (4) 3364917

Information and Contad: B5I, Ktemark Court, Davy Avenue, Knowihill, Mikon Keynes MKS SPR Tal: + 44 845 030 9000

B3I Assumnce UK Uimited, registanad in England under numiber 7805321 at 389 Chiswide High Road, London W4 4AL, UK

Cix
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The information contained in this document is offered for assistance in the application of Guardian
Industries UK Ltd products, but IT DOES NOT CONSTITUTE A WARRANTY OF MERCHANTABILITY OR
FITNESS FOR ANY PARTICULAR PURPOSE. Actual performance may vary in particular applications.
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