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	Objectives

	The documentation summarises the outcomes of five furniture products that have been benchmarked for environmental performance, and subsequently redesigned to reduce their environmental impact.


	Method

	A review of the UK furniture industry was undertaken, from which a range of products were selected to represent a significant element of the range of UK based furniture products. The products included; an office stacking chair, cantilever office desk, public space bench, domestic tub chair.
A Life Cycle Analysis (LCA) was undertaken on each product in accordance with British Standard ISO EN 14040. Each product was then assessed for areas causing high environmental impact and redesigned to reduce the impact. The methodology and results were peer reviewed and approved by an independent testing consultancy.
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EXECUTIVE SUMMARY

This project assesses the processes undertaken by a project team at the University of Brighton working in conjunction with UK furniture companies to reduce the environmental impact of a range of furniture products using environmental benchmarking to aid the redesign process.  The report provides a case by case summary of the outcomes and concludes with the key lessons that have been learned.

· The project suggests that environmental improvement of furniture can be achieved without a detrimental effect on product function or aesthetic. 
· There is no evidence of a standard set of design solutions and re-designs should be approached on a case by case basis. If there is any commonality in solutions this is seen in the need to provide longevity in the design, and for creative approaches to tackling environmental issues. This has been seen in some of the strategic directions taken by some of the leading overseas furniture companies.

· Environmental benchmarking techniques have a key role in each case by identifying a product’s areas of high environmental impact which provides the designers with a clear focus for individual design improvement.
· The preferred benchmarking methodology is Life Cycle Analysis methodology in accordance with ISO 14040.
· Success requires good communication and team working skills, as solutions required the co-operation of many parties, including in this project  environmental and materials scientists, designers, information systems staff  and supply chain experts.  

· Success also requires a positive attitude to change, and acceptance that development requires time.
1
INTRODUCTION
There is a growing body of evidence supporting the principle that changes to the global environment are a direct result of human activity.  The most compelling evidence for this was the release of the third report of the Intergovernmental Panel on Climate Change; Climate Change 2007. 

Acceptance of this principle is being translated into increasing consumer concern, supply chain requirement and government action. Government legislation for example has included the restriction of the use of hazardous substances in electrical and electronic equipment (ROHS) and the Waste Electrical and Electronic Equipment Regulations (WEEE). Whilst these have had effects on the electrical product industry, it is likely that other industries will be challenged by further legislation in order for the UK to meet its target of reducing CO2 emissions by at least 60% by the year 2050. These actions are placing increasing legal, commercial and ethical pressures on companies to provide products and services that are less environmentally harmful. It is therefore incumbent on organisations to consider ways to reduce their own environmental effects. 
Achieving ‘greener’ products is however a new and emerging field and there are few agreed principles or examples as to how this is best achieved.  The University of Brighton undertook a project, as part of a wider exploration of environmental practice, looking specifically at re-designing products to reduce their environmental impact using an environmental benchmarking technique. The project boundary was defined as furniture produced by UK companies, and the project team commenced with a review of the UK furniture market [Readman, 2008]. From this, a range of five key furniture products were selected for further analysis. 
The analysis consisted of an environmental benchmark using a Life Cycle Analysis (LCA) methodology in accordance with ISO standard 14040. An Inventory Record of environmental and production data was obtained for each of the five selected products. SimaPro 7 software [1] and its databases, including Ecoinvent, were used to analyse the Inventory Record for ten Impact Categories. After calculations of the Impact Categories were complete, results were normalised, tabularised and graphed in order to aid discussions within the project team. New concepts were generated and a re-calculation of impact categories were carried out to compare alternatives and to find those that were both effective and practicable. This was undertaken by a partnership of University of Brighton design staff and partner companies. The methodology details and explanation for the terms used and the units in the Impact Category is given in the Appendix 1).  
2
CASE STUDIES
2.1
Stacking Chair – designing for emotional durability
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This stacking chair is an extremely efficient and well engineered piece of product design. The chair has a square section tubular steel frame that provides the highest strength to weight ratio. The tube is bent wherever possible and welds are kept to a minimum. The seat is a flat plywood board and the back is pressed from constructional beech veneers. Both boards are covered with polyurethane foam and fabric and are fixed to the frame with M6 bolts and T-nuts, so providing additional structural stiffness. The tube ends are plugged with moulded polypropylene inserts.
The chair is available with or without arms and in a range of cover fabrics. It is a product that has evolved over a number of years to provide the best possible performance for the least amount of resources. It is highly robust and well suited to the tough educational and institutional markets at which it is aimed. 
Since the chair is so efficient in its use of materials and processes, the redesign process has not addressed these practical production issues, but has instead focused on another, less concrete, aspect of environmental design: its emotional durability. The aim was to improve the product’s aesthetic appeal: its comfort, its visual and tactile qualities, its desirability. If products are more appealing to be with, to use and to own, there is a an improved chance that they will be nurtured and cared for, so extending their useful life and squeezing more value out of the environmental resources that were used when they were made. There is also a greater likelihood that the product will be renovated and reused rather than discarded.

The new design purposely uses similar materials and technology to the existing model. The new section of tubular steel is elliptical. Though not as stiff as the square section, this tube has an elegance and softness that the original does not. The tube is bent across the top edge of the back to reduce wear and tear on the cover fabric. The fabric does not need stitching. The redesigned product uses a curved seat board to enhance comfort. The pressed shape adds to the strength of the seat board, so a thinner section is possible, reducing materials. Enhanced comfort also means that foam depth can be reduced.

Fixings are made in the same way as the original version, but are now covered up with moulded plastic shrouds. These add to the financial and environmental cost, but also enhance user appeal – the outer back shroud has a moulded handle for lifting and the under-seat moulding helps efficient stacking without leaving an imprint in the foam of the chair below. 
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The environmental benefits of this redesign cannot be demonstrated numerically; neither can they be proved with SimaPro software. In fact, the values for the Global Warming Potential of the new chair are slightly higher than the original! This perhaps demonstrates how complex the issue of Environmentally Sustainable Design is. Whilst designers must be mindful of the materials and processes that are used during the manufacture of their products, they cannot be guided solely by such considerations. Design is too emotionally complex to depend entirely on such narrow parameters of success. The current chair is, by most standards, a thoroughly successful product: it’s commercially successful; it’s very strong; it’s relatively cheap and it is fairly comfortable.  It has been refined over the years to be efficiently fabricated, upholstered and assembled. It is equally the friend of the Production Manager, the Sales Manager and the Specifier. But this is clearly not the whole story. What about the user?  Like much public sector, utilitarian design they manifest the creed of ‘value for money’ whilst turning their back on any notion of joy or pride or pleasure.  This approach cannot be verified. We can’t quantify abstract notions of user appeal or desirability, nor can we measure to what extent these qualities effect lifespan. Yet as designers and makers of objects, we must have faith in the humanising values of our work and we must be sure to squeeze every ounce of aesthetic value from the limited natural resources that we consume.

2.2
Office Desk – redesign to reduce the carbon footprint
[image: image5.jpg]


The desk is part of a much larger range of desking, tables, storage and screen based furniture. It is aimed at the contract office market and call centres. The desk itself is available in a wide variety of surface finishes and colours. It can be fitted with optional cable management or storage solutions. The current model has a cantilevered steel end frame with a 25 mm melamine faced chipboard top and 15 mm modesty panel. The panels are edged with an ABS lipping.
[image: image6.jpg]


Although the cantilever end frame is something of an industry standard, it is not structurally efficient, as more material is required to resist the downward loads. The revised product consequently stands on four legs. Since most of the load is now transferred directly downwards, it is possible to reduce the weight and section of the frame. There is not a conventional cable management system, but there are two access holes in the top. The leg frame and rails are made from 36mm square section ERW tubular steel. Each leg frame has one weld and one bend (to reduce energy). The top and front panel are made from Eurolight board by Egger. This is a 38mm thick board with a honeycomb core made of recycled paper and outer skins of 8mm chipboard. The edging is extruded from ABS. The revised product weights 31kg compared to the original design of 48Kg, with a five fold reduction in global warming potential.
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2.3
Tub Chair – reducing the carbon footprint through materials and manufacturing
The tub chair is a low backed, horseshoe shaped product with a fully upholstered seat and back and show wood legs. The client specifies the type and colour of the fabric. The timber legs can be stained in a variety of colours. The design features a solid beech frame, joined with dowels and reinforced with glued and screwed glue blocks. The cut foam back is supported on a webbing and hessian platform. The cut foam seat is supported on 18mm birch plywood. The fabric cover is sewn and then stapled directly to the beech frame. The finish is a solvent-based stain (when colour is specified) and an AC high build lacquer to show wood parts. Packing consists of a clear plastic bag and blanket wrapping.

[image: image8.jpg]


The redesign aimed to improve the environmental profile of the chair without significantly affecting its outward appearance, strength or price as this model is currently selling very well. However, there have been substantial alterations to the internal structure of the product. The traditional timber frame has been replaced with a pressed beech shell. Solid show wood legs are bolted to the shell into T-nuts. The seat board is pressed from timber chips, which are made from harvested forest thinnings.  The seat and back foam are moulded rather than cut from slab foam, so there is no waste in the production of these parts. A wax finish to the legs is intended to avoid the waste due to over-spray and cleaning out spray guns. The fabric is by Design Tex, which has a lower environmental footprint than conventional fabrics. It can be removed by the customer for washing, repair or replacement. Not only does this feature lengthen the product’s life, it also adds to its appeal, so it might contribute to additional sales.

The redesigned chair looks, feels and ‘sits’ just like the existing model. It also offers similar performance levels in terms of strength, stability and durability, so the proposed changes should not have any detrimental effect on sales. However the new construction technique uses significantly less material: the new frame uses 0.0224 m3 as opposed to 0.042 m3 in the original – a saving of 0.0196 m3 per chair. The new model will be supplied with two sets of removable covers, enabling customers to clean and replace at regular intervals. It will also mean that customers can renew covers (say, if the décor of the room is changed) without having to send the product back to the factory. This will hopefully extend the product’s useful life. All of the components are fixed to one another, rather than glued, so making it easier to dismantle and recycle them when the chair is finally discarded. It will also be easier to repair if damaged (e.g. if a leg is broken, it could be unbolted and replaced.)

The new version offers a number of environmental gains over the existing model: it is lighter and uses less material, there is no waste of foam or finishing material and it can be easily repaired and serviced during use. The redesigned chair weighs half of the original, and has a threefold saving in global warming potential.  However, there are some major disadvantages too.  The moulded components (seat board, back board and foam) cannot be made on site and would have to be ordered. This would cause extra paperwork, storage and transport, all of which add to the environmental overhead of the product (though these things are difficult to quantify).  The policy of outsourcing would also pose logistical problems for the company – as their supply chain becomes longer, it becomes more difficult to control: deadlines can not be easily guaranteed, as so much of the product is made elsewhere. 
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2.4
Public Seating  – a complete 
This public seat comprises of individual seat and back units, which are fixed to beams that vary in length to accommodate two, three or four seats. The seats can be interspersed with tables and optional armrests are also available on request. The units can either be freestanding or fixed to the floor. The structural elements of the seat and back are made from round ERW tubular steel. Beams are either round or triangular steel tube. They are available with either a powder coated or polished chrome finish. The seat and back units can be supplied in one of three alternative materials: upholstered with foam and fabric, polished plywood or perforated steel mesh for a more durable application. Tables are 25mm MDF with a laminated surface.  The soft-topped arm is moulded in polyurethane
[image: image10.emf]The new design is a linear bench, rather than individual seat units. The bench can be offered in a variety of lengths. The seat and back are pressed from constructional beech veneers, faced with a choice of face veneers. These panels can also be upholstered with foam and fabric if required. The end frames are fabricated from flat-sided oval tube 25 X 15 mm. The tubes are bent, welded and dressed before being finished with either powder coated polyester or chrome. 

This redesign project shows just how effective intelligent Product Design can be when used as a tool to help reduce emissions. In particular, it clearly demonstrates the benefit of starting with a clean slate as opposed to modifying an existing product. The company have used this opportunity to develop a new product that is not only environmentally sounder (a forty five fold improvement), it is also sleeker, more user friendly and cheaper. It is better for the environment (reduced emissions), better for the company (improved sales) and better for the user (a more comfortable, versatile and attractive product).  This has all been made possible by breaking with the convention of ‘beam seating’ that has been an industry standard for the last thirty years or so.  The ‘beam seating’ principle is simple: individual seat units are mass produced and stocked, then fitted to beams of various lengths to suit individual customer orders. Logistically, it makes good sense – it combines versatility and quick response times. However, environmentally, it is not so clever as the beam has to be specified to withstand the maximum possible number of seats (in some cases, this will be up to five). Typically, however there will only be two or three seats needed. By contrast, the new design is slender and structurally efficient. The shapes that have been pressed into the laminated seat and back maximise stiffness with the minimum material thickness. Using timber for these structural components also helps reduce the product’s carbon footprint as timber is renewable and steel is not. The oval section of the end frame has been specified to achieve the greatest possible strength whilst presenting the slimmest possible profile from the front view. 
2.5
Kitchen unit – an example of environmental redesign through reduced transport emissions

The company is a major supplier of kitchens to the new build housing market and sells directly to the builder. The functional unit is a kitchen cabinet that forms part of a layout of 13 units (exclusive of appliances). An image of the sample kitchen is shown below. The layout consist of a base corner, base, corner sink, base unit, base oven, cornice, flyend, 5 items of wall and boiler. The unit weight varies from 20 – 40 kg. The 13 unit’s kitchen layout weight is ~340 kg.  The unit is comprised of 98% wood, and a typical composition of material is shown below.
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Figure 10. Example Kitchen unit array
Figure 11. Typical unit composition
Units are assembled in the company and then wrapped in PE film and each unit separated for stacking using cardboard. It is transported by road to the customer and in this case, the key to reducing emissions is to redesign the kitchen units for flat pack assembly.  The use of KD fixings (CAM: Minifix 15mm housing, Hafele reference 262.26.073, BOLT: Minifix 24mm connecting bolt, Hafele reference 262.27.010) has been identified as the design change, but the full re-design has been taken up as a 2 year project under the government sponsored Knowledge Transfer Partnership (KTP) scheme.
It is estimated that transport can be reduced by 5 times, a savings in both emission and transport cost which will potentially reduce the emission from 29 to 6 kg_CO2_eq.  

3.
CONCLUSIONS
The study recognises that only data that was immediately available was used, and the LCA boundaries defined accordingly.  A longer term study would have aimed to obtain further data, and to study the long term operational performance of each and its end of life characteristics. Based on the work undertaken however, a review of the processes and outcomes suggest the following areas for consideration:-

1. Products selected were considered well designed, efficient and fit for purpose, having often evolved over many years. Environmental benchmarking is essential in revealing beneath the veneer of performance the areas which are most environmentally damaging and which provides a focus for further improvement by the designer.

2. Good environmental management systems combined with 3D CAD allows data to be collected and manipulated relatively easily. However where data is not immediately available, significant resources may be required to capture further information.
3. There are many environmental benchmarking methods available, and the original project brief was intended to use an environmental rucksack technique which explores the effect on the earth’s resources in terms of materials intensity. The project team however considered that superior results would be obtained by including as full an environmental picture as possible. The design and manufacture of furniture products incorporates a broad spectrum of activity and it is necessary to explore the impact of each category balanced against each stage in the production process. The team therefore adopted the Life Cycle Analysis methodology of ISO 14040.
4. The design solutions are sometimes counter intuitive. For example, reducing metal or polymer content might reduce the environmental impact – but might make it worse if the product becomes weaker and it fails at an earlier stage. Conversely, wood is carbon neutral and removing it from a product can make the products environmental impact worse. A re-working of the LCA or benchmarking technique is essential to qualify and ratify the design changes.

5. At the conclusion, each of the five furniture products required its own, unique re-design :-

i)   a redesign of the assembly method

ii)  a redesign for desirability - emotional attachment and longevity
iii) a redesign of the production techniques

iv) a redesign of the products functional layout

v)  a complete redesign of the product using all of the techniques listed and an additional emphasis on the use of alternative materials

It was not possible in this project therefore to identify a unique set of ‘standard’ design solutions.
6. Whilst there is little commonality in the design solutions, there are general guidelines that might apply. Whilst these may seem like good practice, the LCA analysis ensured a heightened awareness of these:- 
· Product weights should be minimised to reduce material contents and the effects of haulage.

· Improved product longevity through robust design however likely to improve the environmental performance of the product. 
· Identify metals which are sourced from recycled sources rather than primary sources  

· Replacing metal with wood is environmentally sound because of the carbon neutral nature of wood and the benefits of using waste wood in wood factories for substitute fuel reducing the power demand derived from power and gas suppliers.

· Use timber sourced from ecologically and sustainable managed sources such as the FSC or PEFC accreditation. 
· Use fabrics with recycled content to offset the energy needed to produce these. 
· Component parts must be easily disassembled to constituent parts by material for ease of recycling at end-of-life disposal. 

· Waste should be minimised and recycled. Where this cannot be undertaken in products themselves, alternative ideas such as sources of power or charitable donations should be considered. 
7. It is also possible to identify many faces to sustainability where it is possible to find creative and bespoke solutions.
8. Social considerations are harder to quantify than environmental considerations.
9.
This study suggests that success requires good communication and team working skills, as solutions required the co-operation of many parties, including in this project environmental and materials scientists, designers, information systems staff and supply chain experts.  
10.
Success also requires a positive attitude to change, and acceptance that environmental benchmarking and product development requires time. 
11.
As usual, operational challenges requires strategic support. In this case, for example, designing products with longer product lifetimes requires a supporting business model such as product service systems or buy back and repair services. The ability to find an environmental response must be balanced against a companies other commercial and strategic pressures. In the case of the furniture industry, these emerging business models have been seen the strategic directions taken by some of the leading overseas companies (Smith, S. 2007)

APPENDICES

APPENDIX 1.
LCA Methodology

ISO 14041: Goal and Scope definition and inventory analysis

A Functional Unit and the System Boundary are defined for each product. The boundaries are defined as follows: the Cradle and includes starting materials for product and packaging and the allocation to their productions, and power (both electricity and gas) for the manufacturing processes; the Gate includes the factory manufacturing processes, including packaging and their allocations; the Use-phase or consumer includes transportation; and the Grave or the disposal scenarios for the end-of-life (EOL) of the functional unit and waste associated with manufacturing. Unlike appliances or electrical goods, there is no further power demand on most furniture and so the use-phase is simplified. The Goal is to identify which materials, processes and disposal contribute the largest impact so that appropriate optimising conditions/materials can be selected. 

Figure 1. Boundary subsystem schematic
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ISO 14041: Life cycle Inventory Record
The analysis consisted of an environmental benchmark using a Life Cycle Analysis (LCA) methodology in accordance with ISO standard 14040. The methodology details and explanation for the terms used and the units in the Impact Category is given in the Appendix 1.).  An Inventory Record of environmental and production data was obtained for each of the five selected products. SimaPro 7 software [1] and its databases, including Ecoinvent, were used to analyse the Inventory Record for the following ten Impact Categories
· Abiotic depletion is related to extraction of minerals and fossil fuels.

· Global warming (GWP100) is the potential contribution of a substance to the greenhouse effect. GWP in kg CO2 eq over a 100 year period is the most common choice for period span.

· Ozone layer depletion (ODP) causes a larger fraction of UV-B radiation reaching the earth surface. This can have harmful effects upon human health, animal health, terrestrial and aquatic ecosystems, biochemical cycles and on materials.

· Human toxicity concerns effects of toxic substances on the human environment

· Fresh water aquatic ecotox. refers to the impact on fresh water ecosystems, as a result of emissions of toxic substances to air, water and soil.

· Marine aquatic ecotoxicity refers to impacts of toxic substances on marine ecosystems.

· Terrestrial ecotoxicity to impacts of toxic substances on terrestrial ecosystems.

· Photochemical oxidation indicates the potential capacity of a volatile organic substance to produce ozone.

· Acidification is expressed relative to the acidifying effect of SO2 cause a wide range of impacts on soil, groundwater, surface water, organisms, ecosystems and materials.

· Eutrophication (also known as nutrification) includes all impacts due to excessive levels of macro-nutrients in the environment caused by emissions of nutrients to air, water and soil. The Nutriphication Potential (NP) is set at 1 for phosphate (PO4).

CML 2 baseline 2000 v2.1 Characterisation

ISO 14042: Life cycle impact assessment

SimaPro  version 7 software,  a program to conduct life-cycle inventory studies, and Ecoinvent database with method CML 2 baseline 2000 were used to process the data and measure environmental impacts in terms of material use and emissions [1]. The data are allocated on a mass basis based on their contribution to the mass sum of product and co-products produced in manufacturing. The database is principally European and wherever possible data inclusive of UK input have been used. Energy recovery has been corrected to reflect UK electricity mix and emissions compliant with Defra Guidelines [2]. 

For the Cradle calculations and the production of starting materials like particleboard, steel or polyethylene (PE) film, transportation has been removed unless it is transportation relating to connected processing steps such as production of PE granules and extrusion to PE film. The transportation data for these are average European figures. Energy consumption in SimaPro usually apply to mainland European countries under UCPTE electricity mix. This has not been changed as UK electricity mix is not that different. 
For the Gate calculations, UK electricity mix and heating figures have been allocated, as with transportation. The transportation only applies to product leaving the gate to its average customer.

For the Use-phase, transportation is diesel using Defra values for emission.
For the Grave calculations, UK current disposal scenarios for the individual materials are applied. For packaging the new Packaging Directive has been considered. For recycling the avoided products are the primary products, for example for aluminium, it will be virgin aluminium. For incineration, there will be recovery to electricity and heating productions.

ISO 14043: Interpretation

After the calculations are complete, results were normalised, tabularised and graphed in order to aid discussions within the project team. The measure of climate change impact is the global warming potential (GWP) in kg_CO2_eq. In several environmental impact analyses, a streamlined LCA is considered. This is an analysis based on GWP from the material inventory, production, use-phase and end-of-life disposal. The implication to climate change is interpreted in terms of the streamline LCA. 
Reference

SimaPro Database Manual, Methods library

Written by PRé Consultants: Mark Goedkoop, Michiel Oele, Suzanne Effting

Report version: 2.0 Date: June 2004

The method is an update from the method in the Dutch Guide to LCA, published in 1992 by the Centre of Environmental Science (CML). This method is also referred to as “CML 1992”, the NOH method or Heijungs (R. Heijungs et al, Environmental life cycle assessment of products, Guide, October 1992 CML, Leiden, The Netherlands, NOH report 9266.). The new CML 2 baseline method elaborates the problem-oriented (midpoint) approach. The method in SimaPro 5 is based on the spreadsheet (version 2.02) as published on the CML web site. 

Characterisation 

The substances that contribute to an impact category are multiplied with a characterisation factor that expresses the relative contribution of the substance. For example, the characterisation factor for CO2 in the impact category Climate change can be equal to 1, while the characterisation factor of methane can be 21. This means the release of 1 kg methane causes the same amount of climate change as 21 kg CO2. The total result is expressed as impact category indicators.

Depletion of abiotic resources 

This impact category is concerned with protection of human welfare, human health and ecosystem health. This impact category indictor is related to extraction of minerals and fossil fuels due to inputs in the system. The Abiotic Depletion Factor (ADF) is determined for each extraction of minerals and fossil fuels (kg antimony equivalents/kg extraction) based on concentration reserves and rate of de-accumulation. The geographic scope of this indicator is at global scale. 

Climate change 

The Global Warming Potential (GWP) is the potential contribution of a substance to the greenhouse effect. This value has been calculated for a number of substances over periods of 20, 100 and 500 years because it is clear that certain substances gradually decompose and will become inactive in the long run. We have taken the GWP over a 100-year period because this is the most common choice. Climate change can result in adverse affects upon ecosystem health, human health and material welfare. Climate change is related to emissions of greenhouse gases to air. The characterisation model as developed by the Intergovernmental Panel on Climate Change (IPCC) is selected for development of characterisation factors. Factors are expressed as Global Warming Potential for time horizon 100 years (GWP100), in kg carbon dioxide/kg emission. The geographic scope of this indicator is at global scale. 

Stratospheric Ozone depletion 

Because of stratospheric ozone depletion, a larger fraction of UV-B radiation reaches the earth surface. This can have harmful effects upon human health, animal health, terrestrial and aquatic ecosystems, biochemical cycles and on materials. This category is output-related and at global scale. The characterisation model is developed by the World Meteorological Organisation (WMO) and defines ozone depletion potential of different gasses (kg CFC-11 equivalent/ kg emission). The geographic scope of this indicator is at global scale. The time span is infinity. 

Human toxicity 

This category concerns effects of toxic substances on the human environment. Health risks of exposure in the working environment are not included. Characterisation factors, Human Toxicity Potentials (HTP), are calculated with USES-LCA, describing fate, exposure and effects of toxic substances for an infinite time horizon. For each toxic substance HTP’s are expressed as 1,4-dichlorobenzene equivalents/ kg emission. The geographic scope of this indicator determines on the fate of a substance and can vary between local and global scale 

Fresh-water aquatic eco-toxicity 

This category indicator refers to the impact on fresh water ecosystems, as a result of emissions of toxic substances to air, water and soil. Eco-toxicity Potential (FAETP) are calculated with USES-LCA, describing fate, exposure and effects of toxic substances. The time horizon is infinite. Characterisation factors are expressed as 1,4-dichlorobenzene equivalents/kg emission. The indicator applies at global/continental/ regional and local scale. 

Marine eco-toxicity 

Marine eco-toxicity refers to impacts of toxic substances on marine ecosystems (see description fresh water toxicity). 

Terrestrial ecotoxicity 

This category refers to impacts of toxic substances on terrestrial ecosystems (see description fresh water toxicity). 

Photo-oxidant formation 

The photochemical ozone creation potential (POCP) indicates the potential capacity of a volatile organic substance to produce ozone. Values have been published for a wide range of volatile organic substances. The value for ethene has been set at 1. The values for most other substances are less than this. Photo-oxidant formation is the formation of reactive substances (mainly ozone) which are injurious to human health and ecosystems and which also may damage crops. This problem is also indicated with “summer smog”. Winter smog is outside the scope of this category. Photochemical Ozone Creation Potential (POCP) for emission of substances to air is calculated with the UNECE Trajectory model (including fate), and expressed in kg ethylene equivalents/kg emission. The time span is 5 days and the geographical scale varies between local and continental scale. 

Acidification 

The Acidification Potential (AP) is expressed relative to the acidifying effect of SO2. Other known acidifying substances are nitrogen oxides and ammonia. SOx has been added, with the same value as SO2. Acidifying substances cause a wide range of impacts on soil, groundwater, surface water, organisms, ecosystems and materials (buildings). Acidification Potentials (AP) for emissions to air are calculated with the adapted RAINS 10 model, describing the fate and deposition of acidifying substances. AP is expressed as kg SO2 equivalents/ kg emission. The time span is eternity and the geographical scale varies between local scale and continental scale. 

Eutrophication 

Eutrophication (also known as nutrification) includes all impacts due to excessive levels of macro-nutrients in the environment caused by emissions of nutrients to air, water and soil. The Nutriphication Potential (NP) is set at 1 for phosphate (PO4). Other emissions also influence eutrophication, notably nitrogen oxides and ammonium. Nutrification potential (NP) is based on the stoichiometric procedure of Heijungs (1992), and expressed as kg PO4 equivalents/ kg emission. Fate and exposure is not included, time span is eternity, and the geographical scale varies between local and continental scale. 

APPENDIX 2
LCA Case Studies

2.1
Stacking Chair – an example of redesign for desirability
The company is one of the major contributors to the office furniture and leisure furniture markets. It considers itself to be an environmentally friendly company with a sensitive and responsive attitude to the effects that its manufacturing processes, waste materials and packaging may have on the environment. The company is already accredited to BS EN ISO 9001:2000 and to BS EN ISO 14001 Environmental Management System in 2000.
The functional unit is a chair. The two designs are shown below.
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The original chair is a general purpose, four legged stacking side chair sold widely to local and central government typically for use in offices and educational institutions. The chair is available with or without arms and in a range of cover fabrics.

Since the original chair is so efficient in its use of materials and processes, the redesign process has not addressed these practical issues, but has instead focused on another, less concrete, aspect of environmental design: its emotional durability. The aim was to improve the product’s aesthetic appeal: its comfort, its visual and tactile qualities, its desirability.
The new design purposely uses similar materials and technology to the existing model. The new section of tubular steel is elliptical. Though not as stiff as the square section, this tube has an elegance and softness that the original does not. The tube is bent across the top edge of the back to reduce wear and tear on the cover fabric. The fabric does not need stitching.

The redesigned product uses a curved seat board to enhance comfort. The pressed shape adds to the strength of the seat board, so a thinner section is possible, reducing materials. Enhanced comfort also means that foam depth can be reduced.

Fixings are made in the same way as the original version, but are now covered up with moulded plastic shrouds. These add to the financial and environmental cost, but also enhance user appeal – the outer back shroud has a moulded handle for lifting and the under-seat moulding helps efficient stacking without leaving an imprint in the foam of the chair below.
The corresponding material assignments and allocations are:

	Table 1:     Stacking chair

	Material Group
	Subgroup
	Allocation to Cradle
	Allocation to Disposal

	Steel
	Mild steel
	Production of steel
	Disposal of steel:

 75%R, 25% L

	Wood
	Plywood
	Production of plywood
	Disposal of wood: 

72% L, 19%R, 9%I  

	Plastic
	Foam, epoxy, rubber
	Production of PUR, PP etc
	Disposal of plastic: 

72% L, 19%R, 9%I

	Organic chemical
	Glue, degreaser, paint
	Production of glue, degrease, paint
	Disposal of plastic: - as above

	Fabric
	Wool, nylon
	Production of wool. of nylon
	Disposal of fabric:

25%recovery,75% MSW

	Energy
	Electricity
	Production of electricity UK mix
	

	
	Gas
	Production of natural gas UK
	

	Transportation
	Diesel Truck
	
	CO2   emission


The material composition and energy requirements for the chairs are given below.
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The schematic for the boundary subsystems is shown below.
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The data collection for the original chair refers to information gathered from company records and operations for the first half of year 2007 with invoices in the months January to June. The Cradle input to the factory gate comes from material supplies to make the chair and energy for factory processes. 
Transportation of supply to the factory gate is included and estimated at 400 km roundtrip from its UK suppliers. 
Energy to operate the factory processes are procured from both electricity and gas suppliers. Waste at the factory from its operations is managed by the company EMS. The foam, plywood and fabric arrive pre-formed and need no processing. The functional unit is delivered to its customers without packaging. Average estimate of transportation delivery to the consumer of 400 km is included. Finally, the end of life (EOL) disposal of the chair by the consumer completes the life cycle analysis (LCA).

The original chair is comprised of approximately 62% steel, 25% wood, 9% plastic and 4% fabric. Cradle calculations assumed for steel is the global average of 60% recycled content and electric arc furnace production, for plywood is wood board (multiplex) from layers of wood veneer and urea- formaldehyde resin and for plastic principally flexible polyurethane foam (87% of plastic content) production.

The redesign chair is comprised of approximately 58% steel, 23% wood, 15% plastic and 5% fabric. The composition is not very different from the original and comparable in weight. Unlike the original, however, the plastic composition is dominated by polypropylene injection moulded plastic rather than flexible polyurethane foam. 
The fabric is a wool-nylon blend. Allocation for fabric relates to energy to produce the individual fabric component, i,e. energy to produce wool and energy to produce nylon in its proportionate ratio to the blend but not the production of the blend itself as no data was available. The energy to produce the fabric is from its raw materials to yarning.

The comparison of the employed materials in the cradle for the original and redesigned stacking chairs is compared below. The values for the redesign chair have been normalised to the original values. Where the values are different, it is the difference between foam and injection moulded PP.
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The chair framework is made from mild steel frame that is shaped and welded in the factory. Dry plasma cutting is used to cut and drill. Shielded metal arc welding is employed to weld. The framework is glazed with epoxy using an electrostatic spraying booth.  The powder is constantly recycled down to 3 microns or smaller through an internal extraction system and the frames are then cured by passing through a gas fired oven.  There is an estimated waste of 50 g steel from the plasma cutting and welding procedures. There is an estimated waste of less than 10% in the spraying process. The same steel processing is assumed for the redesigned chair.
The chair is delivered stacked together for transport and so there is no allocation to packaging.

From company records, transportation assignments are delivery of goods from UK suppliers to the Gate and calculated to be on the average 200 km total. From the gate to the consumer, an average of 200 km is also assumed.

Disposal calculations at the end-of-life (EOL) of the chair assumes UK data on waste management of metals of 75% recycling and 25% landfill and for both wood and plastic of 72% landfill, 19% recycling and 9% incineration with energy recovery [3-6]. For the fabric, allocation is to general textile of which 25% is recovered and 75% is to municipal solid waste (MSW) where 25% is recycled, 9% incinerated and 66% landfilled. 
Climate Change:

The cradle GWP or employed material input is 7.3 kg CO2_eq in the original chair. The material component of the chair is plotted below.

The factory gate analysis is also shown below. The energy consumption of 22.5 KWh of electricity and gas to process the steel has the greatest contribution.

[image: image18.emf]
The chairs are stacked together on delivery without packaging. On leaving the factory gate, transportation is assumed for 100% laden going out and empty on return for an average distance of 200 km each way. The same distance is used for transportation from the suppliers to the factory based on company records. 

A streamline LCA represents material, production, use-phase and disposal. For the stacking office chair the carbon footprint for a streamline LCA for the original and redesign chairs are not so different and ~17 kg_CO2_eq. It is dominated by production and under production; it is dominated by energy consumption.
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17 kgCO2_eq and is equivalent to an average car travelling ~ 90 km. The carbon footprint for an average UK citizen is 12270 kgCO2_eq[7].  The carbon footprint for the stacking chair is ~ 0.14% of a UK citizen footprint. 

Adjustments can be made towards improvement in the production. For this company the power requirement is much higher than data obtained for a company using almost the same process (see office desk). If this is achieved the carbon footprint of the original chair without EOL disposal will reduce from  19.9 to 11.8 kg_CO2_eq, a 40% reduction. 

The target emission for a 60% reduction is 8.0 kg_CO2_eq. Reducing the power and improving the final EOL by doubling the contribution of recycling will potentially reduce the carbon footprint from 19.9 to 7 kg_CO2_eq., on its way to meeting the 2050 emission target.
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The new design purposely uses similar materials and technology to the existing model.  Any adjustments to power consumption and recycling rates will equally apply to the redesign concept. 

The redesign aim was to improve the product’s aesthetic appeal: its comfort, its visual and tactile qualities, its desirability. If products are more appealing to be with, to use and to own, there is a an improved chance that they will be nurtured and cared for, so extending their useful life and squeezing more value out of the environmental resources that were used when they were made. There is also a greater likelihood that the product will be renovated and reused rather than discarded.

2.2
Office Desk – an example of redesign to reduce the carbon footprint
The company is a manufacturer of desks for the office and contract markets. The company achieved certification to ISO 14001 Environmental Management Systems (EMS) in 1998. Sustainable development is at the forefront of its business ethics and has assisted its compliance with the Furniture Industry Sustainability Programme (FISP) commitments requirements

Production is based around melamine faced chipboard (MFC) on metal frames. The company buys in metal components which are then degreased, drilled, welded and powder-coated. Board material is purchased in a standard 3m x 2m size, which then is routed for curved desks or sawn for straight surfaces.

The functional unit is a desk. The two designs are shown below.  The original desk type represents 65% of the company’s annual output. 
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The original desk is part of a much larger range of desking, tables, storage and screen based furniture. It is aimed at the contract office market and call centres. The desk itself is available in a wide variety of surface finishes and colours. It can be fitted with optional cable management or storage solutions.

The current model has a cantilevered steel end frame with a 25mm melamine faced chipboard top and 15mm modesty panel. The panels are edged with an ABS lipping. Although the cantilever end frame is something of an industry standard, it is not structurally efficient, as more material is required to resist the downward loads.

The revised redesign product consequently stands on four legs. Since most of the load is now transferred directly downwards, it is possible to reduce the weight and section of the frame. There is not a conventional cable management system, but two discrete cable clips fixed to the bottom edge. The leg frame and rails are made from 36mm square section ERW tubular steel. Each leg frame has one weld and one bend (to reduce energy). The top and front panels are made from Eurolight board by Egger. This is a 38mm thick board with a honeycomb core made of recycled paper and outer skins of 8mm chipboard. The edging is extruded from ABS.

The corresponding material assignments and allocations are:
	Table 1:     Office Desk

	Material Group
	Subgroup
	Allocation to Cradle
	Allocation to Disposal

	Wood
	MFC
	Production of MFC particleboard
	Disposal of wood EOL

72% L, 19% R, 9% I

	
	
	
	Disposal of waste wood under company EMS

 4% L, 18% R, 78% I

	Steel
	Mild steel
	Production of steel
	Disposal of steel

75% R, 25% L

	Plastic
	ABS, PVC, PP
	Production of ABS, PVC, PP
	Disposal of plastic

72% L, 19% R, 9% I

	Organic chemical
	Glue, degreaser, paint
	Production of glue, degrease, paint
	Disposal of plastic

As above

	Paper
	Cardboard
	Production of cardboard
	Disposal of waste wood under company EMS

 4% L, 18% R, 78% I 

	Energy
	Electricity
	Production of electricity UK mix
	

	
	Gas
	Production of natural gas UK
	

	Transportation
	Diesel Truck
	
	CO2   emission


The material composition and energy requirements for the desks are given below. The desks are made up of a top and panel wood table and metal leg frame.
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The original desk is comprised of approximately 80% wood, 19% steel, 1% plastic. The redesign desk is comprised of approximately 71% wood, 27% steel, 1% plastic. The redesign desk is 35% lighter than the original.
The schematic for the boundary subsystems is shown below.
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The data collection for the original desk refers to information gathered from company records and operations for the first half of year 2007 with invoices in the months January to June.
The Cradle input to the factory gate comes from material supplies to make the desk, energy for factory processes and material to package the desk. Transportation of supply to the factory gate is NOT included nor is the packaging of the supply goods as received by the company. Energy to operate the factory processes is procured from both electricity and gas suppliers. Waste at the factory from its operations is managed by the company EMS and includes heat recovery by burning waste wood in its boilers. Packaging waste is allocated to the gate. Average estimate of transportation delivery to the consumer is included. Finally, the end of life (EOL) disposal of the desk by the consumer completes the life cycle analysis (LCA).

Cradle calculations assumed for MFC is that of particleboard with melamine faced laminate. The remaining materials are plastic principally ABS (acrylonitrile-butadiene-styrene copolymers) production for the edging and steel assumed as the global average of 60% recycled content and electric arc furnace production. 
The comparison of the employed materials in the cradle is compared below, where the redesign values have been normalised to the original values. The redesign desk has an overall reduction in environmental impacts consistent with the reduction in total weight. The higher values > 0.65 is associated with steel which is almost the same weights in both desks. The GWP is reduced dramatically in the redesigned desk because of the reduction in wood.
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The production process in the company involves wood routing and drilling through the board material and edging; and for the metal components, degreasing, drilling, welding and powder coating. The factory floor is separated between the wood and metal areas with their allocated energy sections. The wood area is operated on electricity input only while the metal area is operated on both electricity and gas. The production process includes impact contribution mostly from the degreaser and powder coating components. The contribution from these processes is greater the than energy consumption from gas and electricity.

The wood processing produces a waste of 26.4% wood waste and 78% of the waste is burned on company boilers, 18% is recycled and 4% goes to landfill. The scrap wood waste burnt in the boiler generates heat for the factory and contributes an avoided energy allocated to natural gas consumption for the company heating. The remainder of the wood waste is allocated to recycling and landfill disposal.

The desk is assembled as a flatpack and packaged using cardboard and plastic strap. The production for cardboard assumes unbleached board from recycled board. The production for plastic includes extrusion to film. The material for packaging and its disposal is allocated to the gate subsystem because the company sells directly to offices and returns the packaging to the company as part of its EMS practice. The EOL for both plastic and cardboard assumes UK MSW disposal scheme. For recycling, the avoided product for plastic is production of polypropylene and core board for cardboard.

Disposal calculations at the end-of-life (EOL) of the desks assumes UK data on waste management of metals of 75% recycling and 25% landfill and for both wood and plastic of 72% landfill, 19% recycling and 9% incineration with energy recovery [3-6]. Total is the sum of Cradle and EOL values. The total is the measure of the overall material environmental impact based on the weight of material comprising the desk. 

Climate Change

The cradle GWP or employed material input is 4.9 kg CO2 _eq in the original desk. The streamline LCA is shown below including manufacturing with contribution from material, production and production waste; packaging material and waste; assumed transportation to the customer, EOL disposal and the  company’s production practice with waste management and avoided energy.  
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The cradle GWP or employed material input is 0.9 kg CO2 _eq in the redesigned desk The factory gate for the redesign desk will include the energy consumed for the processing of steel as well as the emissions associated with powder coating the steel, this is ~3.93 kg_CO2_eq. No waste is assumed for the wood cutting and so no avoided energy is allocated. The packaging (-1.98 kg_CO2_eq)  and transportation (1.88 kg_CO2_eq) will be assumed similar to the original. The two designs are compared below with no allocation to factory waste management. Using current disposal scenarios the redesign desk carbon footprint of 0.93 kg_CO2_eq surpasses the 60% reduction target for emission.
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As seen from the original desk results, a company with waste management in place, such as the company in this case study, can easily offset the contribution from cradle, gate and transport of 8.9 kg_CO2_eq by returning 78% of its waste wood for heat generation and avoiding -11 kg_CO2_eq.

This way, the company already meets the 60% emission reduction target. The net emission is negative due to the caloric value of wood. This gain can further offset emission from its other operations and render the company carbon neutral. 

Adopting the redesign desk where factory waste management is in place can potentially reduce the GWP further and furthermore, also reduce the demand on material for sustainability and reduce all impact categories.
2.3
Tub Chair – an example of redesign to reduce the carbon footprint
The manufacturer design, make and deliver timber based seating and tables for the contract market, 

mostly in leisure areas such as cruise ships, hotels, clubs and restaurants. The company is a member of
British Furniture Manufacturers’ Furniture Industry Sustainability Programme (BFM-FISP).
The functional unit for each case study is one tub chair of known material composition, the original as supplied by the manufacturer and the other a redesign concept. The redesign aimed to improve the environmental profile of the chair without significantly affecting its outward appearance, thus the appearance of the original and redesign are identical. 

	Original Tub Chair
	Weight (kg)
	Redesign Tub Chair
	Weight (kg)

	Beech
	28.700
	Beech plywood
	4.900

	Birch
	6.754
	Pressed timber
	8.400

	Foam
	3.240
	Beech wood
	2.38

	Upholstery
	6.076
	Foam
	3.240

	Jute
	6.214
	Fixings
	0.080

	PE
	0.113
	Upholstery
	6.076

	PP
	0.103
	PE 
	0.105

	Rubber
	0.313
	Nylon
	0.037

	Nylon
	0.037
	PET
	0.020

	PET
	0.020
	PUR acrylic
	0.025

	PUR acrylic
	0.025
	Glue
	0.035

	Glue
	0.035
	
	

	
	
	
	

	ORIGINAL
	51.629
	REDESIGN
	25.298
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The redesign chair uses less material, a 51% reduction in weight. The existing product ~ 52 kg comprised of approximately 69% wood, 24% fabric, 6% foam, and 1% other plastic. The redesigned product is ~ 25 kg comprised of approximately 62% wood, 24% fabric, 13% foam, and 1% other plastic.

The original chair is a low backed tub chair sold widely to clubs and hotels for use in bedrooms and reception areas. It has a solid beech frame, joined with dowels and reinforced with glued and screwed glue blocks. The cut foam back is supported on a webbing and hessian platform. The cut foam seat is supported on 18mm birch plywood. The upholstery cover of 50:50 cotton:PE is sewn and then stapled directly to the beech frame. The finish is a solvent-based stain (when colour is specified) and an AC high build lacquer to show wood parts. The existing product is approximately 69% wood, 24% fabric, 6% foam, and 1% other plastic.

Ten impact categories were calculated based on the material composition. The Cradle represents energy and major emissions from the extraction of raw materials and production of the employed material components of the original chair. 
The reduction in weight in the redesign concept comes from less wood product and natural lining used. The board has been replaced by plywood and particleboard. Plywood is a material consisting of veneers (thin wood layers or plies) bonded with an adhesive. For the chair, beech plywood is used. Calculation assumed for plywood is wood board (multiplex) from layers of wood veneer and urea- formaldehyde resin. Calculation assumed for particleboard uses urea-formaldehyde resin. Fixings are made of steel. 
The Cradle impact categories are compared for both original and redesign chairs. The data is relative to the original with categories normalized to unity. The material weight is reduced by ~50% and abiotic depletion (AD), ozone layer depletion (CFC), human toxicity (TOX) and acidification (SO2 ) are affected accordingly. Photochemical oxidation (C2H4) and Eutrophication (PO4) is least affected as these are associated with the foam and plastics. Global warming potential, CO2, showed the greatest reduction, as the material reduction is mostly due to wood and fabric.
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The Total material (=cradle+disposal) impact categories are compared for both chairs. The data is relative to the original with categories normalized to unity as above. The allocations for disposal at the end-of-life for both chairs are similar. The pattern for the Total is similar to that for the Cradle.
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Climate Change

The Cradle GWP or material input carbon footprint is 70 kg CO2 _eq in the original chair. The target emission for 60% reduction is 28 kg_CO2_eq. The redesign chair has a cradle GWP of 22 kg CO2 _eq and meets the emission target reduction.

The  LCA with disposal consideration is 46 kg CO2 _eq in the original and 8 kg CO2 _eq in the redesign. The negative contribution to global warming is due to the use of neutral carbon wood and its caloric value. The reduction in fabric in the redesign is reflected in the GWP.  The disposal scenario for wood products can be further improved in the future with new ecological directives to recycling. 
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Production, Packaging and Transport

The company did not supply data on production, packaging and transport except that packing consists of a clear plastic bag and blanket wrapping. 

The furniture industry estimates about 18% of waste wood in production [6]. This company use timber offcuts and sawdust to burn to heat the factory and offices. This company introduced this in 2006 and realised an annual saving equivalent to 435,000 KW hours, and rendered the business carbon neutral.

On the average, data from different companies showed that transport from UK mainland suppliers to furniture manufacturers is approximately 200 km and from the furniture manufacturer to its customer is also approximately 200 km each way. Using this approximation, a roundtrip for supplier of goods ~ 400km and delivery to customer is also ~ 400km. 
Applying the Packaging Directive 2004/12/EC target for Business to 2009 of recycling plastic by 25%, the avoided product is polyethene and the contribution to GWP, even with ~66% landfill is a negative value to GWP. Impact of packaging will be assumed negligible.

Production includes material only as above, as production energy is assumed negligible due to in-house heating from waste. Factory waste is allocated to wood and fabric. Wood burning offsets production energy. Off cut fabric is recycled for reuse. Foam is brought in pre-cut.
The streamline LCA is represented below.
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The carbon footprint from these estimates is 48 kgCO2_eq and is equivalent to an average car travelling 250 km. The carbon footprint for an average UK citizen is 12270 kg_CO2_eq. [7]. 
The redesigned chair has been proposed to the company, using the impact assessment calculation results and the assumptions for transport and packaging the same as in the original, the carbon footprint estimate for the redesigned chair is 9 kg_CO2-eq.
The redesign carbon footprint is an 80% reduction from the original and compliant with UK targets of reducing CO2 emissions by 60% by the year 2050. 

2.4
Public Seating  – an example of redesign replacement of steel with wood
The manufacturer is a major supplier to the catering and supermarket chain sectors. The chairs are checkout benches but the manufacturer uses the same materials for their standard catering chairs supplying supermarkets as well as government and educational institution cafeterias. 
The functional unit for each case study is one bench chair of known material composition as supplied by the manufacturer.

[image: image34.emf]Global Warming Potential

Factory Gate

Office desk 4.62

-1.98

-0.52

production waste packaging

kg_CO2_eq


The original comprises of individual seat and back units, which are fixed to beams that vary in length to accommodate two, three or four seats. The units can either be freestanding or fixed to the floor. The structural elements of the seat and back are made from round ERW tubular steel. Beams are either round or triangular steel tube. They are available with either a powder coated or polished chrome finish. The soft-topped arm is moulded in polyurethane.

The new design is a linear bench, rather than individual seat units. The bench can be offered in a variety of lengths. The seat and back are pressed from constructional beech veneers, faced with a choice of face veneers. The end frames are fabricated from flat-sided oval tube 25 X 15 mm. The tubes are bent, welded and dressed before being finished with either powder coated polyester or chrome. 

The principal change between the chairs is choice of materials. The original is an all metal chair comprised of ~90% mild steel and ~10% aluminium while the redesign is comprised of 35% mild steel and 65% plywood. The environmental impact assessment was carried out using the material inputs as shown below. 

	Material
	Subgroup
	Unit
	Original
	Redesign

	Steel
	Mild steel
	kg
	19
	6

	Aluminium
	Mix Al
	kg
	2
	x

	Wood
	Plywood
	kg
	x
	11.1

	TOTAL
	
	kg
	21
	17.1


The chairs are delivered flatpack to the customers to save energy costs on transport through utilisation of haulage space. Metal and timber are easily dis-assembled to constituent parts for ease of replacement and end-of-life disposal. The plywood is from managed renewed resources.

The original chair is an all metal chair made up of ~90% mild steel and ~10% aluminium. Cradle calculations assumed for steel is the global average of 60% recycled content and electric arc furnace production while for aluminium the mix of primary and secondary aluminium according to their share on world-wide production of 68% primary Al and the remaining from secondary new and old scrap. 
The redesign chair is a metal and wood chair made up of 35% mild steel and 65% plywood. The company sources plywood from sustainable forests. Plywood is a material consisting of veneers (thin wood layers or plies) bonded with an adhesive. For the chair, hardwood plywood is used. Calculation assumed for plywood is wood board (multiplex) from layers of wood veneer and urea- formaldehyde resin.
The Cradle impact categories are compared for both original and redesign chairs. The data is relative to the original with categories normalized to unity. The environmental impact of the all metal original chair, principally from steel, is wholly dominant in every aspect. From material inputs alone, the redesign chair has improved all cradle impact categories to better than 50%.
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Disposal calculations assumed UK data on waste management of metals of 75% recycling and 25% landfill; for recycling of Al, the avoided product is virgin Al while for steel, it is iron; and for wood of 72% landfill, 9% municipal waste incinerator (MWI) with energy recovery, 19% recycle. 

Total is the sum of Cradle and Disposal values. The total is the measure of the overall material environmental impact. 
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Wood offers the benefit of carbon sequestration i.e. growing trees extract atmospheric carbon dioxide (CO2) which through the process of photosynthesis is converted into carbohydrate to support structural growth. Primary wood is carbon neutral but processing it to make plywood can incur use of resins and these have a positive GWP however the energy used in manufacturing plywood consumes energy sourced from wood products thus production itself yields a negative GWP in the Cradle. 

The Total material (=cradle+disposal) impact categories are compared for both chairs. The data is relative to the original with categories normalized to unity as above in the Cradle calculation. The relative impacts for the total due to the all metal are better than comparison based on input Cradle data. For the redesign chair about 39% of the employed material is allocated to recycling at the EOL compared to 75% of the material in the original chair. The high recycling allocation of metal is favourable. The disposal scenario for wood products can be improved in the future with new ecological directives to recycling.

The end-of-life (EOL) disposal of the employed materials is critically important. Recycling with its avoided material options is the most favourable disposal route. A best practice benchmark must include design for ease of dis-assembly to constituent parts for replacement and end-of-life disposal.

Climate Change

Comparison of Cradle climate change indicator or GWP is predominantly from direct CO2 emission from energy usage in manufacturing in an electric arc furnace for steel and joiner for wood. The allocation for plywood production is that wood waste from the joiner’s shop dedicated for an industrial utilisation and use for commercial or domestic heating is considered as by-product. They do not bear emissions or resource requirements except the negative CO2 emission.

Replacing steel for wood reduces the GWP. The Cradle GWP or employed material input is 46 kg CO2 _eq in the original and -1 kg CO2 _eq in the redesign. The total GWP with disposal consideration is 13 kg CO2 _eq in the original and -4 kg CO2 _eq in the redesign. The negative contribution to global warming is due to the use of neutral carbon wood and its caloric value. 
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Production, Packaging and Transport

The company did not supply data on production, packaging and transport of the original design except that packing consists of flatpack cardboard packaging. 

From other furniture industry data, the processing of the metals for cutting, welding, degreasing and powder coating will approximately incur 9 kg_CO2_eq.

On the average, data from different companies showed that transport from UK mainland suppliers to furniture manufacturers is approximately 200 km and from the furniture manufacturer to its customer is also approximately 200 km each way. Using this approximation, a roundtrip for supplier of goods ~ 400 km and delivery to customer is also ~ 400km. 
Applying the Packaging Directive 2004/12/EC target for Business to 2009 of recycling cardboard by 68%, the estimate emission from production of cardboard and end-of-life disposal is estimated to be 0.03 kg_CO2_eq.  Impact of packaging will be assumed negligible.
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The streamline LCA carbon footprint of the all metal 21 kg chair from these estimates is 24 kgCO2_eq and is equivalent to an average car travelling 125 km. The carbon footprint for an average UK citizen is 12270 kg_CO2_eq. [7]. The company estimates an annual sale of 1000 chairs a year, as it is a supplier to a major supermarket chain, an equivalent of  twice (2X)  the average UK citizen carbon footprint. 

The company share of the market is large, hence a redesign was necessary. Employing the redesigned chair with reduced GWP due to its wood component is favourable. Including the furniture industry estimate of 18% waste wood in production of wood related furniture and adjusting the process requirement for the reduced amount of steel in the redesign chair while keeping transportation and packaging the same, will give an estimate of the streamline carbon footprint for the steel&wood 17 kg chair of   -2 kg_CO2_eq, and represents an offset which can be credited further towards the reduction in emissions from electricity or gas. 

2.5
Kitchen Unit – an example of an assembled product to the consumer
The company is a major supplier of kitchens to the new build housing market. The company sells directly to the builder.

The functional unit for this LCA study is a kitchen layout comprising of 13 units exclusive of appliances. An image of the sample kitchen is shown below. The layout consist of a base corner, base, corner sink, base unit, base oven, cornice, flyend, 5 items of wall and boiler. The unit weight varies from 20 – 40 kg. The 13 units kitchen layout weight is ~340 kg.  The unit is comprised of 98% wood, a typical composition of material is shown below.
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The Input to the Factory comes from material supply and electricity. Supply includes packaging materials for the functional unit. Transportation of supply to the factory gate is not included. Power to operate the factory processes is procured from the electricity grid. 
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The factory processes are cutting, routing, edging the wood and packaging the units. There is no allocation for equipment manufacture and maintenance. Kitchen fixtures such as bolts and legs are imported goods and require no further processing. The factory processing produces 18% waste wood, consistent with average data on furniture industry waste wood arising.  The 13 units are assembled in the company and then wrapped in PE film and each unit separated for stacking using cardboard. It is transported by road to the customer. The lorry average load is 98% capacity. The lorry returns empty. Transportation data pertains to company records from 12-16 Nov 2007. There was an average distance of 192 km to its customers.


The company assembles the kitchen layout on the customer site and then leaves a protective covering of bubble wrap for the doors and corrugated cardboard for the tops. 
The waste from the customer construction site is collected by a waste management company. This is business managed waste and must comply with new Packaging Directive 2004/12/EC with business recycling targets set for 2009, 25% for plastic and 68% for paper/cardboard.

The end of life of the kitchen itself after usage will be disposed off by the kitchen owner. The allocation for the waste is the UK average using current UK waste statistics and practices [3-6]. The life of the kitchen is estimated for 20 years but no projection to future waste management has been applied.

Table 1 is the corresponding material assignments and allocations.
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The material distribution for the base unit of the kitchen layout is shown below with a plot of the impact categories as % contribution from each employed material. The impact parameters are dominated by wood since it makes up 98% of the composition. 
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The global warming potential (GWP) in kg_CO2_eq is a climate change indicator. A typical distribution of GWP contribution from the materials employed in the kitchen layout and for the employed materials in the base unit of the kitchen layout is shown below.
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The factory processes all pertain to wood preparation and plastic wrap packaging. The 13 units are assembled in the company and then wrapped in PE film. Total energy for the kitchen layout with allocation to wood preparation and packaging is 120 KWh from direct electricity.

The assembled units of the kitchen layout are loaded into a lorry using cardboard as protection in stacking. The company sells directly to new built contractors. The furniture manufacturer assembles the kitchen layout on the customer site and then leaves a protective covering of bubble wrap for the doors and corrugated cardboard for the tops. The total waste on the customer construction site is comprised of PE film, PE bubble wrap, corrugated cardboard. The original cardboard for stacking the units is returned to the furniture company for reuse. There is an estimate loss of 10% cardboard to waste.

The waste from the customer construction site is collected by a waste management company and must comply with new Packaging Directive 2004/12/EC with business recycling targets set for 2009. 
Disposal calculations at the end-of-life (EOL) of the kitchen layout assumes UK data on waste management at MSW (municipal waste sites)  of wood as 72% landfill, 19% recycling and 9% incineration with energy recovery, metals of 75% recycling and 25% landfill [3-6]. The small amount of plastic is assumed 100% landfilled.

The recycling assumes that the wood is recycled for reuse and the avoided product is production of particleboard (both material and energy), that is, it is used as particleboard in another product such as in arts and crafts. Some particleboard is recycled back into the industry by chipping and returned as feedstock to particleboard, in this case only material is conserved and not energy in production. There is also the added energy due to chipping. The reuse for feedstock in the particleboard industry as a waste scenario has not been considered for lack of data. 

Two waste scenarios for the end-of-life (EOL) disposal of the kitchen layout has been calculated. One assumes the MSW scenario for wood as 72% landfill, 19% recycling and 9% incineration with energy recovery, metals as 75% recycling and 25% landfill and plastics as 100% landfill. The other assumes that all materials employed in the factory layout comprising of wood, metal and plastic are all directly landfilled. The MSW scenario is normalised relative to the 100% landfill scenario. The benefit to the environment by recycling is clear.
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Climate Change

A summary of the streamline LCA from the Cradle to Gate to Grave calculation including electricity and transportation is shown below.
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The kitchen material includes both the material comprising the kitchen layout and 18% waste wood from processing. The material for packaging includes, plastic film, bubble wrap, cardboard plain and corrugated cardboard. Electricity is typical UK mix. Transport is diesel using Defra values for emissions. End-of-life disposal and waste as per results above.

The global warming potential or carbon footprint of the kitchen layout based on material comprising the layout is 47 kg_CO2_eq. With disposal accounted for using MSW scenario, the carbon footprint 16 kg_CO2_eq.

The overall streamline LCA carbon footprint is 108 kg_CO2_eq. The average UK citizen has a carbon footprint of 12270 kg_CO2_eq. The kitchen represents 0.9% of the average UK citizen GWP burden.

The carbon footprint without allocation to disposal scenarios is 138 kg_CO2_eq. A 60% reduction will require this figure to drop to ~55 kg_CO2-eq. The company needs to reduce the emission by 53 kg_CO2_eq from its current 108 kg_CO2_eq.

For this company, one of the ways it can reduce the kitchen carbon footprint is to recover heat from burning some of the waste wood which can not be recycled for reuse because the pieces are too small. The BFM has written a position paper on “The classification of melamine faced chipboard for combustion : March 2005” in support of companies operating combustion units in their premises. If 100% of the 18% waste wood is used for heating, the recovery from avoided natural gas is 32 kg_CO2_eq. 
Presently, work is underway in redesigning the kitchen units for flat pack assembly and therefore reduces haulage. It is estimated that transport can be reduced by 5 times, a savings in both emission and transport cost. This will potentially reduce the emission from 29 to 6 kg_CO2_eq.

Furniture quantities in MSW in the UK 2003/2004 survey estimates 36% of the total wood is due to furniture. The kitchen is 98% wood and the EOL disposal via MSW only accounts for 19% recycling. In a kitchen the wood is easily dis-assembled and potentially recycling for this product is very favourable and by 2050 should exceed 19%, further reducing the amount going into landfill. Assuming a recycling target from 19% to 40%, the kitchen EOL CO2 emission will reduce further from -30 to -127 kg_CO2_eq.

The above adjustments will present a carbon footprint without allocation to disposal scenarios of 83 kg_CO2_eq down from 138 kg_CO2_eq., a 40% reduction. The adjustments with disposal is summarised below. The potential future carbon footprint of -38 kg_CO2_eq will exceed the 60% reduction target of 55 kg_CO2_eq and render the company carbon neutral with additional offset gains.
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Figure 2. Before redesign
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Figure 3. After redesign
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Table 3:     Redesign Desk   Weight= 31.20 kg�
�
Material�
Weight  kg�
Material�
Weight kg�
�
Top and panel�
�
Leg frame�
�
�
Lightweight�
21.87�
Steel�
8.32�
�
Steel�
0.02�
Plastic�
0.26�
�
Plastic�
0.73�
�
�
�
Total�
22.62�
�
8.58�
�
Wood Processing�
Steel Processing�
�
Energy�
KWh�
Energy�
KWh�
�
Electricity�
NA�
Electricity�
0.61�
�
�
�
Gas�
1.03�
�






Table 2:     Original Desk    Weight = 47.96 kg�
�
Material�
Weight  kg�
Material�
Weight kg�
�
Top and panel�
�
Leg frame�
�
�
MFC�
38.32�
Steel�
7.74�
�
Steel�
1.31�
Plastic�
0.14�
�
Plastic�
0.44�
�
�
�
Total�
40.07�
�
7.89�
�
Wood Processing�
Steel Processing�
�
Energy�
KWh�
Energy�
KWh�
�
Electricity�
1.61�
Electricity�
0.61�
�
�
�
Gas�
1.03�
�
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Table 2:     Stacking Chair�
�
Original Chair�
Redesign Chair�
�
Material�
Weight  kg�
Material�
Weight kg�
�
Steel�
4.20�
Steel�
3.55�
�
Plywood�
1.68�
Plywood�
1.41�
�
Plastic�
0.63�
Plastic�
0.91�
�
Fabric�
0.30�
Fabric�
0.30�
�
Total�
6.81�
Total�
6.17�
�
Steel Processing�
�
�
Energy�
KWh�
Energy�
KWh�
�
Electricity�
22.5�
Electricity�
22.5�
�
Gas�
2.5�
Gas�
2.5�
�






redesign





original





Table 1:   Kitchen Layout of 13 units      Kitchen unit material assignment and allocation�
�
Material Group�
Subgroup�
Allocation to Cradle�
Allocation to Disposal�
�
Wood�
MFC�
Production of MFC particleboard�
Disposal of wood:  72% L, 19%R, 9%I�
�
�
MDF�
Production of MDF  fibreboard�
Disposal of wood – as above�
�
�
Hardboard�
Production of hardboard�
Disposal of wood – as above�
�
Steel�
Stainless steel�
Production of stainless steel�
Disposal of steel: 75% R, 25% L�
�
�
Mild steel�
Production of low alloy steel�
Disposal of steel – as above�
�
Plastic�
ABS�
Production of ABS�
Disposal of plastic: 100% L�
�
�
Glue�
Production of MF resin�
Disposal of plastic – as above�
�
�
PE film�
Production of PE packaging film�
Disposal of PE by contracted waste management company�
�
�
PE bubble wrap�
Production of PE bubble wrap�
Disposal of PE by contracted waste management company�
�
Paper�
Corrugated cardboard�
Production of corrugated cardboard�
Disposal of cardboard by contracted waste management company�
�
�
Cardboard�
Production of cardboard�
Disposal of cardboard by contracted waste management company�
�
Energy�
Electricity�
Production of electricity UK mix�
�
�
Transportation�
Diesel Truck�
Production of CO2 eq  emission �
�
�
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Figure 4. Original desk
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Material�
Amount�
Unit�
�
Wood�
328.8�
kg�
�
Steel�
5.5�
kg�
�
Plastic�
0.6�
kg�
�
Others�
0.1�
kg�
�
Electricity�
120�
KWh�
�
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Figure 5. Redesigned desk
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Figure 6. Original tub chair construction
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Figure 7. Redesigned tub chair
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Figure 8. Original seat design
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Figure 9. Redesigned seat
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