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Abstract: Environmentally conscious architects and designers are faced with difficult choices when it comes to material specification. Difficult choices because of the lack of environmental information about materials. Recycling is regarded as an effective approach to environmentally benign specification, but very little information is available to guide the specifier. The study summarised in this paper considers the potential for recycling in the building industry and the indexing system developed by this study has the aim of providing guidance for architects and designers wanting to design for recycling, recycle elements of buildings or use recycled materials.

INTRODUCTION

As part of the pursuit to achieve ‘sustainable development’ the specification of materials used for building is being increasingly evaluated against environmental criteria. 

Materials are linked to a broad multitude of environmental problems. The resourcing of materials, their production processes, transport requirements and final disposal can involve wide reaching environmental damage, including global warming, pollution, depletion of natural resources, destruction of natural habitats, extinction of plant and animal species and waste production.

To achieve an environmentally benign material specification a number of aspects have to be considered and a combination of approaches adopted. The use of recycled materials and the design of materials to allow for recycling at a later date is one of the essential approaches to achieving sustainable material specification.

RECYCLING

Recycling alleviates some of the environmental problems associated with materials, in that it conserves natural resources, helps conserve natural ecologies, reduces pollution, saves energy and reduces the need for landfill and incineration and the pollution produced by these technologies.
Recycling in the building industry includes the following forms of recycling:

· Reusing whole buildings - Buildings are refurbished, thus reusing the whole building or at least the building structure.

· Reusing components of buildings - Components are removed from buildings and reused elsewhere, especially elements from period buildings such as doors or fireplaces.

· Reprocessing materials of buildings to produce new building materials - Components are removed and reprocessed to form new materials, such as concrete reprocessed to form hard-core.

· Reprocessing materials from other sources to produce new building materials - Increasing numbers of new products made from recycled material are appearing on the market ranging from flooring made from recycled tyres to recycled cellulose insulation.

Yet despite the environmental benefits of recycling the practice is limited. Very few buildings in Britain have building elements made of recycled materials. The new Building Research Establishment offices is one of the few and has a reclaimed timber floor, reclaimed bricks and is the first building in Britain to use recycled aggregate in structural concrete. 

Even where recycling is considered easy as with bricks, it is far from being common practice. Each year in Britain 3.5 billion new bricks are manufactured, 2.5 billion reclaimable bricks are landfilled and only 40 million bricks are reclaimed. Generally recycled materials are few and the recycling potential even of these materials is not fully exploited.

Is the reluctance to recycle justified? Is recycling in the building industry technically feasible? How environmentally desirable is recycling? What can and should be recycled? Which materials lend themselves to recycling? Which could be installed and designed for recycling? Which should be recycled because the high level of associated environmental impact?

The study summarised in this presentation was undertaken to address typical building designers queries, such as those above on the subject of recycling. Its aim was to provide guidance for designers while establishing that building with recycled materials and designing for recycling is technically feasible, economically viable and environmentally desirable and consequently the appropriate approach to material specification and design for the future.

METHODOLOGY

The study compared 45 elements generally used in buildings and their installation methods and recycling options. The elements were studied to determine the production and installation methods and the associated environmental problems. The resulting information was used to appraise each element against two sets of criteria. One set of criteria was used to evaluate the suitability for recycling (how practical it is to recycle the materials), the other to establish the benefits from recycling (what environmental benefits are achieved by recycling). 

1 to 4 points were allocated to the each element in respect of each criterion. Each criterion was given a weighting between 1 and 5 to reflect its importance in relation to other criteria. The points achieved by each element were multiplied the weighting factor resulting in a score for each criterion. A total score was calculated for each element by adding up all individual scores. Finally, the total score was converted to an index value to allow for comparisons between elements.

INDEX FOR SUITABILITY FOR RECYCLING

To assess the suitability for recycling of materials, a number of aspects were considered that reflect the ability, and the time requirements to dismantle and reprocess materials as well as any problems associated with these processes. Table 1 shows a typical table used to compare different elements used for the same purpose. The table shows the criteria used to evaluate the elements’ suitability for recycling, the weighting of each criterion and the score achieved by each element.

The criteria include the following.

1. Accessibility of elements to be dismantled / removed - How easily are elements accessed. E.g. is a ladder, scaffold or crane required?

2. Tools required to dismantle or remove element - What tools are required to remove the elements for its installation? E.g. is a screw driver sufficient or a crane necessary?

3. Time requirements for dismantling operation - How long does the removal of the elements normally take?

4. Preparation of materials and elements for recycling - Is excessive preparation necessary to allow recycling or can the elements be reused immediately or reintroduced in the standard manufacturing process?

5. Content of toxic materials - Does the material contain toxic components that preclude or complicate recycling?

6. Sturdiness of elements affecting recycling - Does damaging an element affect its recycling potential and are elements easily damaged? E.g. glass.

7. Integration of recycling facilities in the design - Does the design of the elements facilitate or impede recycling? This also evaluates the design of the installation of the element.

8. Market demand for recycled elements - Is there an existing or potential market for the recycled material?

The criteria regarding the preparation, toxic content and design of the elements were given the highest weighting as they affect the ability to recycle the elements. The criteria regarding the accessibility, tool requirements, time involvement and sturdiness are given a medium weighting, as they affect cost, but not the ability to recycle. The criterion regarding the market availability was given the lowest weighting due to its changing nature.

TABLE 1

TYPICAL TABLE FOR COMPARING IndexES for suitability for recycling

	
	Criteria for establishing index of suitability for recycling
	
	
	Elements and their score
(score = points allocated x weighting factor)

	
	minimum points possible - 1

maximum points possible - 4
	weighting factor of criterion
	max. points possible
	Welded steel structure reprocessed
	Bolted steel structure reused
	Timber structure reused

	1
	Accessibility of elements to be dismantled / removed
	3
	12
	3
	3
	6

	2
	Tools required to dismantle or remove element
	4
	16
	8
	12
	12

	3
	Time requirements for dismantling operation.
	2
	8
	6
	8
	8

	4
	Preparation of materials and elements for recycling
	5
	20
	20
	20
	20

	5
	Content of toxic materials
	5
	20
	10
	5
	15

	6
	Sturdiness of elements affecting recycling
	3
	12
	9
	9
	9

	7
	Integration of recycling facilities in the design
	5
	20
	15
	15
	15

	8
	Market demand for recycled elements
	1
	4
	4
	2
	3

	
	Total points for suitability for recycling
	
	112
	75
	74
	88

	
	Index of suitability
	
	1
	0.67
	0.66
	0.76


The study reflected the importance of speed in the construction industry. Elements that are easily and quickly removed and dismantled attained a high suitability index. Elements that are difficult to recycled or have toxic components attained a low index for suitability for recycling.

INDEX FOR environmental benefit
To assess the environmental benefits of recycling building elements the environmental impact of the manufacturing process of the elements when using virgin material was compared to the environmental impact when using recycled material. 

Assessing the environmental benefits indicates the importance of recycling particular materials. If the designer wants to specify timber, the study indicates that using recycled timber is of some, but not excessive environmental benefit. If the designer wants to use aluminium, the study indicates that using recycled aluminium would be of prime importance.

The index for environmental benefit also highlights which recycling form (reusing or reprocessing) will reduce the environmental impacts more.

Table 2 lists the criteria used to evaluate the benefits. If the additional environmental impact to produce a building element from virgin material is substantially higher than to produce it from recycled material, the building element will achieve a high index, indicating a high level of benefit attained by recycling. If the additional impact is low then a low index is achieved, indicating that the recycling of that particular material may not be a priority.

Elements that achieve a high index should be designed to allow for recycling and manufactured from recycled materials. A high index will often reflect an activity causing irreversible damage to resource reserves, ecologies and through pollution.

The criteria used to evaluate the environmental benefit include the following.

1. Sustainability of resources - Is the virgin material resourced from finite or renewable resources?

2. Ecological impact of resourcing - Does the resourcing process destroy natural ecologies?

3. Environmental pollution of resourcing - Does the resourcing process pollute the environment?

4. Manufacturing pollution, new product versus recycled - How does the manufacturing process of the recycled material compare with that of the virgin material?

5. Energy saved by recycling - How much energy is saved by using recycled materials?

6. Typical life / replacement  cycle of elements - How often are elements to be replaced? E.g. 2, 5 or 20 years.

7. Environmental problems of disposal - What problems are associated with the disposal of the elements? E.g. toxins leaching out, landfill site expanding.

8. Potential for use as fuel - Can the waste material be put to good use by producing fuel?

Criteria regarding the resourcing of the elements were given the highest weighting as recycling would completely abolish these environmental impacts. All other criteria were given medium weightings, with the exception of the criteria regarding the element’s potential for producing fuel, which was given a low weighting, as the production of fuel from materials is inevitably associated with some pollution.

TABLE 2

TYPICAL TABLE FOR COMPARING IndexES of environmental benefit

	
	Criteria for establishing index of environmental benefit
	
	
	Elements and their score
(score = points allocated x weighting factor)

	
	minimum points possible - 1

maximum points possible - 4
	weighting factor of criterion
	max. points possible
	Welded steel structure reprocessed
	Bolted steel structure reused
	Timber structure reused

	1
	Sustainability of resources
	5
	20
	15
	15
	5

	2
	Ecological impact of resourcing
	5
	20
	15
	15
	20

	3
	Environmental pollution of resourcing
	4
	16
	12
	12
	4

	4
	Manufacturing pollution, new product versus recycled
	4
	16
	8
	16
	16

	5
	Energy saved by recycling
	4
	16
	12
	16
	16

	6
	Typical life cycle / replacement  cycle of elements
	3
	12
	3
	3
	3

	7
	Environmental problems of disposal
	4
	16
	8
	8
	12

	8
	Potential for use as fuel
	1
	4
	4
	4
	3

	
	Total points for benefits attained by recycling
	
	120
	77
	89
	79

	
	Index of environmental benefits
	
	1
	0.63
	0.76
	0.66


THE RESULTS OF THE STUDY
The study of the 45 elements shows a correlation between elements with high suitability indexes and elements being currently recycled. (Refer to Table 3) However, while most elements currently being recycled also achieved a high suitability index, not all elements achieving a high suitability index are being recycled, indicating that the potential for recycling is not being fully exploited. The study further shows no correlation between elements with high indexes for the benefits from recycling and elements currently recycled, reflecting the lack of environmental concern in the building industry.

The study shows the importance of facilitating recycling to encourage the recycling practice. The easier the recycling process is, the lower the costs of recycling. If a market for recycled materials exists, recycling proves economically attractive. Materials recycled at present are generally easy to recycle and provide income. 

Table 3 list the 45 elements studied, their indexes for suitability and benefits and their ranking when all elements are compared.
TABLE 3

SUMMARY OF INDEXES FOR MATERIALS STUDIED

	
	no
	SUMMARY OF MATERIALS STUDIED

description of materials to be reused/ reclaimed/ reprocessed
	current recycling practice
	index for suitability for recycling
	ranking 
	index of  benefits from recycling
	ranking

	External
	1
	clay brick wall with lime mortar, to be reclaimed and reused
	minimal
	0.86
	6
	0.60
	14

	walls
	2
	clay brick wall with cement mortar, reprocessed for hard-core
	minor
	0.76
	13
	0.51
	18

	
	3
	calcium silicate bricks cement mortar, reprocessed to hard-core
	major
	0.76
	12
	0.51
	18

	
	4
	dense blocks with plaster internally, reprocessed in aggregate
	minimal
	0.71
	16
	0.50
	19

	
	5
	aerated blocks with external render, reprocessed in aggregate
	minimal
	0.79
	11
	0.50
	19

	
	6
	aerated blocks with plasterboard, reprocessed in aggregate
	minimal
	0.84
	7
	0.50
	19

	
	7
	stone ashlar walling, stones to be reclaimed and reused
	minimal
	0.71
	16
	0.56
	16

	
	8
	stone cladding to external wall, to be reclaimed and reused
	minimal
	0.88
	4
	0.56
	16

	
	9
	stone ashlar walling, stones to be reprocessed as hard-core
	minor
	0.77
	12
	0.51
	18

	Structure
	10
	steel welded structure, sections to be reprocessed
	major
	0.67
	19
	0.63
	11

	
	11
	steel bolted structure, sections to be reused
	major
	0.66
	20
	0.76
	4

	
	12
	timber structure, timber sections reused
	minor
	0.76
	13
	0.66
	9

	
	13
	timber structure, reprocessed to manufacture timber boards
	minimal
	0.69
	18
	0.49
	20

	
	14
	pre-cast concrete elements, to be reused
	minimal
	0.80
	10
	0.60
	14

	
	15
	concrete structure, to be reprocessed to form aggregate
	major
	0.72
	15
	0.47
	22

	
	16
	timber windows reused as a whole element
	minor
	0.77
	12
	0.68
	8

	
	17
	timber windows disassembled and reprocessed
	minimal
	0.65
	21
	0.58
	15

	
	18
	aluminium windows disassembled and reprocessed 
	minimal
	0.71
	17
	0.70
	7

	
	19
	profiled metal cladding coated with plastisol reprocessed
	major
	0.86
	6
	0.70
	7

	
	20
	untreated timber boarding reprocessed to form board material
	minor
	0.88
	4
	0.43
	25

	
	21
	profiled PVC cladding to be reprocessed 
	minimal
	0.69
	18
	0.74
	5

	Roof
	22
	clay roof tiles reused
	major
	0.90
	3
	0.53
	17

	
	23
	fibre cement slating to be reprocessed to hard-core
	minor
	0.88
	4
	0.45
	24

	
	24
	natural slating to be reused
	major
	0.90
	3
	0.53
	17

	
	25
	lead sheet roofing removed and reprocessed 
	major
	0.82
	9
	0.61
	13

	
	26
	aluminium sheet roofing removed and reprocessed
	major
	0.92
	1
	0.65
	10

	
	27
	copper sheet roofing removed and reprocessed
	major
	0.91
	2
	0.58
	15

	
	28
	zinc sheet roofing removed and reprocessed
	major
	0.82
	9
	0.53
	17

	
	29
	stainless steel sheet flashings removed and reprocessed
	major
	0.91
	2
	0.66
	9

	
	30
	tern coated steel sheet roofing removed and reprocessed
	major
	0.82
	9
	0.65
	10

	
	31
	epdm membrane roofing reused
	minimal
	0.82
	9
	0.83
	3

	
	32
	pvc membrane roofing reused
	minimal
	0.69
	18
	0.73
	6

	
	33
	asphalt roofing removed and reprocessed
	minimal
	0.60
	23
	0.70
	7

	Internal
	34
	blockwork partitions, blocks reprocessed to form hard-core
	minor
	0.76
	13
	0.47
	22

	elements
	35
	plasterboard partitions dismantled and reused
	minimal
	0.83
	8
	0.62
	12

	
	36
	plasterboard partitions dismantled and reprocessed 
	minimal
	0.74
	14
	0.48
	21

	
	37
	timber doors removed and reused
	minor
	0.83
	8
	0.62
	12

	
	38
	timber doors removed and reprocessed 
	minimal
	0.76
	13
	0.48
	21

	
	39
	steel doors disassembled and reprocessed 
	minor
	0.87
	5
	0.70
	7

	
	40
	ceramic floor finish reprocessed 
	minimal
	0.80
	10
	0.46
	23

	
	41
	timber floor finish reused
	major
	0.87
	5
	0.62
	12

	
	42
	vinyl floor finishes reused
	minimal
	0.88
	4
	0.93
	1

	Insulation
	43
	foam glass reused
	minimal
	0.91
	2
	0.53
	17

	
	44
	expanded polystyrene reused 
	minor
	0.87
	5
	0.86
	2

	
	45
	cellulose fibre reprocessed 
	minimal
	0.63
	22
	0.33
	26


Recycling Suitability
To extend the practice of recycling, the ease of recycling is a prerequisites. To easily recycle materials and components, they have to be integrated in the building in a manner that facilitates their intact removal. The study highlighted characteristics that facilitate and those that impede recycling.

1/ Minimise fixings - The most important factor for facilitating recycling is the ease with which the materials and components are separated. The top scoring 30% of the materials and components studied had very few fixings. Speed is the key to being able to persuade contractors to dismantle rather than demolish.

2/ Minimise the reprocessing required to reuse an element - Materials with a high suitability index included elements that were to be directly reused, and required no reprocessing at all, such as roof tiling, and those that could be reprocessed by inserting them in the standard production process for the virgin material, such as metals.

3/ Avoid compound materials and non-mechanical fixings - The materials with the lowest ratings were compound materials, welded materials and those fixed with adhesives. Being able to separate elements is a prerequisite for recycling. The process of separating compound, welded or glued materials is time-consuming, if at all possible and the recycling options are limited.

4/ Avoid toxic materials - Materials that can dissipate toxins achieved a low suitability index, reflecting the dangers associated with toxins and pollutants.

Creating A Market
Even the easiest material to recycle is not going to be salvaged if there is no resale market. A reliable market is dependant on a reliable supply of materials, information of materials’ availability and storage space for materials.

Unless there is a reliable supply of a recycled material, it is unlikely for the industry to develop products made from it and for designers to specify their use. Statutory incentives such as the Landfill tax are designed to encourage a structured approach to the recycling of materials and may help in making reliable sources of recycled materials available.

Another major problem with marketing recycled materials is the time gap between when the materials become available and when they are required. Both storage facilities local to the source of recycled materials and information on when these materials will be available are necessary to enable a programmed integration of recycled materials in new constructions. An Internet based information exchange system is now being developed by BRE to provide this vital exchange of information.

The Environmental Benefit
Knowing how to recycle must be supported by the knowledge of what to recycle and to what degree. Many elements can be both reused or reprocessed. The index of environmental benefit allows the comparison of the benefits attained by different levels of recycling of the same material and between different materials. The study highlighted the following points:

1/ Reuse is the most beneficial option - The highest scores were attained by materials being removed from site and reused elsewhere, without the need of any reprocessing and with minimal reworking of the materials.

2/ Materials causing substantial environmental damage through the resourcing process should always be recycled - Recycling completely abolishes the environmental impacts of resourcing. Those materials that are associated with irreversible damage to the environment at the resourcing stage should always be recycled.

3/ The lower the resource reserves the more important the recycling - The high indexes achieved by virtually all oil based products reflected the importance of recycling materials whose resources could be irreversibility depleted in the near future.

4/ Toxic materials in landfill - The safest way to ‘dispose’ of materials with a toxic content is to reuse them, preventing the toxins from leaching out in landfill sites or through incineration. E.g. treated timber.

CONCLUSION

Is recycling technically feasible and environmentally desirable?
For most materials the answer is yes. Current recycling has proved in its limited extent technically successful and economically interesting. The environmental benefits are in some cases minimal and in some cases substantial, but generally undeniable. If all materials could fulfil the technical and economic requirements for recycling, they too would be recycled.

To extend the recycling practice it is paramount that in addition to the structuring of a recycled materials market, recycling itself is facilitated through new design approaches and building methods.

The new design approaches may include the use of natural, durable, non-composite, non-toxic materials and components, possibly prefabricated, in any case mechanically fixed. This would allow for reusing elements over again, until they are eventually reprocessed to produce new materials.
While the practice of recycling and designing for recycling is not widely spread, there are examples to build upon. In ten years time recycling in the building industry may become a standard procedure and designing for recycling the common approach to design. 
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