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INTRODUCTION

There is significant evidence that the combustion of fossil fuels for energy has contributed to an
increase in CO, and other greenhouse gases in the atmosphere since the Industrial Revolution; there
is also evidence of a parallel increase in global temperatures, all of which have contributed to climate
change and detrimental environmental impacts. The built environment has made a notable
contribution to these issues and in 2011 for example it accounted for 62% of global energy
consumption. Up to 85% of this energy was operational (as opposed to embodied)

and in the EU 50% was used to operate heating and cooling systems in buildings®. Consequently,
several strategies have been developed to reduce energy consumption and associated environmental
impact from the built environment including improved insulation. Although this has proved
environmentally beneficial by reducing energy demand for heating, in conjunction with changing
climate and weather patterns however, it has also contributed to a rise in the overheating incidents in
buildings. This in turn has increased the demand for electro-mechanical cooling (e.g. air-conditioning
and fans), the use of which negates some of the benefits of reducing energy for heating.

There are many examples of contemporary buildings that have been designed to minimise thermal
gain in summer and/or warm locations; this can be achieved through appropriate building orientation
and/or technical design features such as those in Jean Nouvel’s Arab World Institute in Paris, France
(which includes an intelligent shading system on the south fagade to manage light and solar gain)®
and Alejandro Aravena’s Siamese Towers in Santiago, Chile (which incorporate a double skin to
remove heat from the building)®. Many buildings do not include this type of feature or good
insulation however as a result of which interior temperatures are high in summer and low in winter,
and although appropriate design and correct orientation of new buildings could mitigate these issues,
there is a considerable quantity of new and old building stock in the UK that does not address one or
both factors successfully.

Blinds, shutters and other shading products can be both retrofitted in existing buildings and
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incorporated into new building designs. In addition to creating privacy and security for building
occupants, they can address some of the above problems in that, if correctly used, they attenuate
daylight and help to reduce energy use and associated impact by limiting thermal gain in the summer
and thermal loss in the winter. In the UK use of motorised and automated shading systems is
increasingly popular in commercial buildings with shading systems. However the emphasis of this
study is domestic buildings, where interior space, user behaviour and levels of energy consumption
often dramatically differ from that in commercial buildings; for example, air conditioning is installed
in very few domestic buildings and manual shading products are the most widely used. This could
change as use of motorised blinds has been shown to encourage user interaction and thus improve
thermal comfort, well-being and energy savings. While component materials and manufacturing
processes for this type of blind system differ from those in manual blinds, they also consume
electrical energy for operation and therefore overall environmental impact is higher than that of
manual blinds.

This paper briefly considers thermal and visual comfort, health and well-being of building occupants;
it then compares the embodied and operational environmental impact of motorised blinds and
associated energy savings to determine their overall environmental impact and concludes by
discussing a major challenge to the construction industry that is also limiting the potential benefits of
blind use.

CONTEXT AND BENEFITS OF BLIND USE

Blinds and shutters have been used around the world for hundreds of years to cover unglazed and
glazed window openings although the precise origin and date of invention is unknown. Early
examples of blinds and shutters made from natural materials such as bamboo and reeds were
developed in the Far and Middle East. Slatted wooden ‘venetian’ type blinds were also developed in
Persia prior to widespread use across Europe and America while patents dating from the middle of
the 18" century illustrate the development of blind mechanisms. Today various types of interior and
exterior blind (such as roller, slatted, pleated, vertical, panel) made from both natural and synthetic
materials (including wood, textiles, aluminium, and polymers) are available.

Both blinds and shutters are used for privacy and contribute to building aesthetics, while shutters
(which are usually made from wood or metal) also enhance security. Furthermore the ‘correct’ use of
blinds helps to keep buildings warm in the winter and cool in the summer although what is ‘correct’
varies according to geographical location® and type of blind (opaque, semi-opaque, roller, slatted, fit-
to-window / cassette etc.). Nevertheless incidences of overheating in buildings are increasing; this is
due in part to changes in weather and climate, rising numbers of heat waves in the UK®, as well as
changes in, performance of and inappropriate specification of building products such as glazing and
insulation. These factors further highlight the importance of correct blind use’ which also contributes
to human wellbeing by controlling glare, natural light levels, access to view and interior temperature.
This is particularly important for the very young and the elderly who are more susceptible to ill
health (and even death) as a result of exposure to high® or low® temperatures, which is not only
unpleasant for them but can lead to additional health service costs; there are also indications that the
previously described environmental factors can enhance productivity in the workplace® and various
related real time research projects are on-going (for example at LSBU).
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As aids to temperature control and thermal comfort blinds and shutters reduce energy consumption,
and a wide range of impacts including associated CO;, and other greenhouse gas emissions. In fact
the ‘correct’ use of blinds can reduce energy consumption by up to 15% for double glazed windows™*
and 25% for single glazed windows™ in both residential and non-residential settings. Consequently
blind use has the potential to reduce heating costs during the winter and cooling costs during the
summer.

THE ENVIRONMENTAL IMPACT OF MANUAL BLINDS

It must be remembered however that, like all products, blinds have embodied impacts and a research
project was undertaken in 2015 in order to ascertain the extent to which this affects their overall
environmental profile™. Life Cycle Assessment was used to quantify the average impact of different
types of manual blind (namely wooden and metal venetian, polyester vertical and roller) in a typical
UK house. This study differs from “carbon footprint’ studies, which, as the name suggests, only
consider the impacts of carbon and its equivalents. Life Cycle Assessments includes hundreds of
material, gas and liquid inputs and outputs including emissions to land, air and water, the impact on
ecosystems, resource supply and human health™. LCAs are therefore more holistic and accurate than
carbon assessments as illustrated in the study of a refrigerated display cabinet that compares the
results of an LCA and a carbon study of the same product. The results highlight the shortcomings of
carbon assessments and show that the ratio of embodied to operational impact is proportionally
higher than in that in the carbon assessment™®.

The LCA results of the manual blinds were positive and showed that, even if energy savings were
very low (5%) and life short (3 years) providing that the blinds were recycled at end-of-life, their use
has a lower environmental impact than not using blinds. Furthermore if energy savings are similarly
low (5%) and the blinds are sent to landfill at end-of-life they are also environmentally beneficial as
long as they are used for at least 5 years.

USER INTERACTION AND MOTORISED BLINDS

Despite their potential contribution to human well-being and energy saving in the UK in non-
residential premises in particular the installation and use of air conditioning (and associated energy
and emissions) is increasing because the various properties and benefits of blind use is not
recognised’®. There are a number of reasons why this is so including inaccurate specification of
blinds and inadequate fitness for purpose, poor understanding of correct use and associated user
behaviour. In their longitudinal study in Switzerland Paule et al*” found that users do not move (i.e.
raise and lower) blinds regularly or frequently and therefore potential reductions in thermal loss
and/or gain are unfulfilled. This same study identified an interesting change in user behaviour when
different control strategies were implemented: building occupants with motorised blinds moved
their blinds far more frequently than occupants with manual blinds and the researchers concluded
that this was because the motorised blinds were easier to use than manual blinds.

Therefore it is fair to conclude that motorised blinds could be a positive means of encouraging more
effective and proactive blind use. This type of blind has higher embodied and operational
environmental impacts than manual equivalents however because they require electrical energy,
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additional mechanical and electronic mechanisms, electrical and operational components to function.
This in turn raises a question as to what overall environmental benefits derive from use of this type of
blind: i.e. whether the environmental impact of energy savings exceeds the combined embodied and
operational environmental impacts of the products.

THE ENVIRONMENTAL IMPACT OF MOTORISED BLINDS

This paper now describes comparative Life Cycle Assessments of the overall environmental impact
of two types of motorised blind, namely mains (hard wired) and battery operated. By considering the
impact of blinds in a domestic context both the earlier study and this study differ from many others,
which have measured performance and impacts in commercial premises®®, *°. This study employs the
same methods and many of the same parameters as the study of manual blinds as follows:
o the blinds were all reverse engineered and quantified in a screening LCA created
with SimaPro software and the Ecoinvent database and hierarchical (average)
weighting set
¢ the functional unit in the model is one average house with seven blinds that cover a total
of 14.5m? double-glazed windows
e annual average annual energy consumption for space heating is 60% of the total of
domestic energy use (although it varies according to external temperature), which is
calculated as 11,160 kWh per household?®, #.
The manual blinds study included a 100% polyester dimout roller, a wooden venetian, an aluminium
venetian and a vertical blind with polyester vanes to reflect the fact that different types of blind are
commonly installed in individual houses. This current study only includes motorised roller blinds
however because they are the most popular choice of interior domestic blind. The models include
different fabrics, namely dimout fabrics (which reduce thermal loss during the winter and night) and
a screen fabric (which reduces thermal gain and improves visual comfort during the day). The list of
parameters in the model are as follows:
e 3typical fabrics:
o 100% polyester multilayer dimout
o 72% PVC / 28% glass fibre composite dimout
o 64% PVC / 36% glass fibre composite screen
e 2 types of motorised system:
e 1 x mains powered / hard wired system
¢ standard electrical and electronic components, metal and polymer housings,
2-core wire to mains, 13 amp plug
e operational energy input is based on raising and lowering blinds for 30
seconds per day
e blinds are controlled by handheld remote with rechargeable Li-ion battery
(details of recharge and product life below)
e 2 X battery operated systems

e controlled by
e a ‘wand’ control attached to the blind mechanism
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e aseparate remote control
e Electrical / electronic components: size and specifications vary according
to whether they are part of the ‘wand’ or the ‘remote control’ based
system. The inputs, outputs and results for these two complete systems are
averaged

e Batteries in blind mechanisms and controllers use Li-ion rechargeable batteries. Battery
charge lasts for 6-12 months depending on level of use and so the model includes electricity
input for 1.5 charges per year.

o Battery life is limited and they are replaced once every 5 years

The following parameters are the same as those in the models for the manual blinds:

e Energy savings of 5%, 10%, 15% and 20% are modelled. However it is expected that
average energy savings will be higher than those for manual blinds because user interaction
with and levels of movement of motorised blinds is higher than that of manual blinds.

e Product life is set as 3, 5, 10, 15, 20 years; this is dependent on customer preference and
quality and durability of the blinds themselves.

The overall environmental benefits of recycling manual blinds at end-of-life have already been
described above; however many blinds are disposed of before components reach the end of their
functional life and so the new study also includes reuse / replacement of some components. The
models are based on the following parameters:

e End-of-life scenarios represent best and worst cases namely all parts recycled and all parts
sent to landfill.

e Reuse and replacement: some components deteriorate as a result of direct exposure to
sunlight and fabrics can fade and/or discolour and as the most visible part of the blind,
customers are most likely to want to replace fabric when they redecorate, typically every
five years®. A fabric ‘refresh’ (replacement) every 5 years is therefore modelled (Good
guality blinds that are not misused or abused can last for more than 20 years; all
components other than fabric and batteries are therefore reused once (at 5 years), twice (at
10 years), 3 times (at 15 years), and 4 times (at 20 years) over product life.

Results for the reuse models are compared with results for complete product replacement.

LCA RESULTS AND DISCUSSION

The dimout and screen blinds fulfil different functions and while the dimout blinds will generally be
used at night they could also be used during the day if the property is unoccupied or with artificial
light. The screen blinds will be used during the day to improve visual and thermal comfort. Once
again in order to reflect a typical mix of blinds in a domestic interior, the impact of the blind fabrics
was averaged. Predictably the environmental impact of the motorised blinds was higher than that of
the manual blinds because of the additional components, the impact of which was determined by
both the mass and type of materials and manufacturing processes associated with the various
electrical and electronic components, product casings, batteries, energy input for charging and
transport. The benefits of reuse and recycling were apparent despite the fact that the batteries had to
be recharged at least once a year and were replaced every five years.
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Figure 1. The environmental benefits of hard wired and battery operated
motorised roller blind use in a typical house in the UK
Key: A = complete product replacement
B = replace fabric and batteries; reuse all other components
v"= impact of blinds + operational energy is lower than not using blinds;
X = impact of blinds+ operational energy is higher than not using blinds
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The results clearly show that use of motorised blinds is environmentally beneficial providing that
they are recycled at end-of-life. This is not the case if they are sent to landfill and the impact of mains
powered blinds is higher than not using blinds (as shown by X in Table 1 and confirmed through
analysis of the complete numerical results). Use of mains-powered blinds also has a higher impact
than that of battery-operated blinds when:

e energy savings are 5% and under
e complete products are replaced after 5 or 10 years rather than being ‘refreshed’ (i.e. only

batteries and fabric are replaced)
o when the product life is only 5 years and energy savings are 10% and below

It is expected that use of motorised blinds will create greater energy saving for heating and cooling as
consumers interact with and move these blinds more frequently than manual blinds. Although mains-
powered blinds have a higher impact than battery-operated blinds in some respects they may be more
attractive to consumers because they are easier to maintain: in the case of mains-powered blinds only
the batteries in the remote control have to be recharged and replaced whereas batteries for both the
roller mechanism and the remote control have to be recharged and replaced in battery-operated
blinds. Mains-powered blinds would probably need an electrician to install them which could limit
their application in the DI'Y market and increase overall cost.

Nevertheless, like manual blinds whichever system is installed use of motorised blinds has the
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potential to reduce environmental impacts and overall direct energy costs, to improve occupants’
well-being and subsequently to produce further indirect economic benefits by reducing medical and
health issues.

LIMITATIONS TO THE POTENTIAL BENEFITS OF BLIND AND SHUTTER USE

At present, even though research shows that blinds could reduce energy use up to 15% for double
glazed windows and 25% for single glazed windows in domestic and non-domestic settings it is
almost impossible to accurately quantify the impact and benefits of particular blinds and shutters on
specific buildings. This is partly due to unpredictable and/or misinformed user behaviour but also due
to the lack of accurate data about the performance of blinds and shutters in industry standard
software.
The models generated as part of this research include variables of 5%, 10%, 15% and 20% to
account for the lack of precise data about energy saving and although appropriate for the
methodology in the LCA studies, such imprecision is not appropriate for building modelling.
Currently the performance of blinds and shutters is under-estimated by many programs as a result of
which their value as passive and/or low energy and sustainable aids to temperature control, energy
saving and well-being are not fully recognised. The reasons for this are various and complex but are
summarised in a National Energy Foundation report to which some of the authors also contributed:

“In general mainstream software appears outdated with regard to assessing the performance

of solar shading as it does not conform to the latest international standards” %.

The various developments in materials composition, lamination technology, blinds design and
structure (e.g. concertina and cassette) are being measured however and results added to an
international database managed by the European Solar Shading Association.* . The intention is to
incorporate this higher calibre data into industry software so that architects, designers and engineers
can properly understand the benefits and use of blinds and shutters. This in turn will help to change
perception of blinds and shutters as décor alone to important parts of building fabric.

CONCLUDING REMARKS

This paper began by briefly describing the history of blinds and the contribution of shading devices
to occupants’ health and wellbeing. Current designs, materials and manufacturing processes,
potential energy savings from heating and cooling and associated environmental impact resulting
from correct blind use in the domestic context were also discussed. Non-domestic buildings will also
benefit from use of shading products although user behaviour, the size and layout of spaces and
levels energy consumption differ from those in domestic buildings. Furthermore, motorised and
automated shading systems are increasingly common in non-domestic buildings that include shading
products as a result of which “correct’ use of blinds is more likely; these combined factors mean that
levels of energy saving, associated environmental and health benefits therefore differ from those in
the domestic environment where the majority of shading products are still manually operated.

Research indicates that motorisation of domestic blinds will positively impact on user interaction and
encourage more correct use. However, the embodied impact of motorised blinds is higher than that of
manual blinds. A study shows that the environmental benefits of manual blind use significantly
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outweigh their embodied impacts; this paper builds on that study and includes comparative Life
Cycle Assessments of motorised blinds. The results also showed that their use is also
environmentally beneficial because the benefits of potential energy savings also outweigh embodied
impact although the point in time when this occurs is later than that of manual blinds and longer
product life should therefore be encouraged.

This paper describes the diverse benefits arising from use of shading products like blinds and
shutters. Their importance in the built environment was also advocated in a CIBSE technical report
and journal article that urges construction professionals to include shading products in building
models and property developers to install them®. As discussed above however there is a need to
update and improve the quality of data available to professionals in the construction industry to
enable them to create accurate models based on current and changing weather and climatic
conditions. Only then will the full potential of blinds and shutters as aids to sustainable construction
be properly realised.
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