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EXECUTIVE SUMMARY  
 
This report is a part of the government and industry funded project entitled “Built Environment 
Action on Waste Awareness and Resource Efficiency (BEAW ARE)”. The BEAW ARE project has 
addressed issues associated with: supply chain resource efficiency; and cross sector construction 
waste recycling opportunities. The study of cross sector construction waste recycling opportunities 
by Loughborough University builds off findings of nine deliverables (D3.1 to D.3.9).  
 
The deliverables of the BEW ARE Work Package 3 (cross sector recycling opportunities were: 
Waste targeting and prioritising (D3.1: the First BEAW ARE workshop results); Waste mapping 
process (D3.2); Literature review on waste characterisation (D3.3); Performance and economic 
waste assessment (D3.4: the Second BEAW ARE workshop and industry survey results); 
Performance and economic waste assessment methodology (D3.5); Testing programme design and 
development (D3.6); Testing programme results (D3.7); Pan-industry waste exchange process 
(D3.8: the Third BEAW ARE workshop results); Dissemination outputs (D3.9: industry documents). 
 
A Performance and Economic Waste Assessment (PEWA) methodology was developed, from 
deliverable D3.1 to D3.4, for waste mapping and as a decision support tool to explore waste 
recycling opportunities. It addresses several issues such as: gathering lifecycle data on waste types 
and quantities; examining disposal and current recycling costs; identifying and addressing reuse and 
recycling limiting factors (i.e. economic, technical and environmental); ranking waste materials in 
terms of their recycling potential; and assessing the feasibility of reprocessing routes. The PEW A 
methodology comprises ten stages: waste targeting; waste composition; waste prioritising; waste 
causes, quantities and value; waste costs and current recycling status; re-use/recycling limiting 
factors; addressing the limiting factors; re-use/recycling opportunities; and re-use/recycling 
requirements; and re-use/recycling costs and markets. The PEW A methodology was validated 
within the BEW ARE context following a series of workshops and surveys, during which 
information was collected directly from construction product manufacturers. More than 45 waste 
materials were identified during the initial waste targeting data collection. Through a thorough 
filtering and selecting process across the PEW A methodology stages, 10 waste materials with high 
recycling potential were selected for the final two stages: re-use and recycling requirements and re-
use and recycling costs and market value. Within the timeframe of the BEAW ARE project, the 
focus has been directed towards waste materials that: occur in sufficient abundance; are chemically 
stable; are sorted at source; do not incur excessive collection, transportation and processing costs; 
and can be easily be linked with markets for recycled products. As a result, Glass Reinforced Plastic 
(GRP) was selected for waste optimisation leading to new applications. Hence, a laboratory testing 
programme has been directed towards assessing the potential of recycling GRP waste in rubber 
composites and concrete composites. Although the validation of the PEW A methodology led to 
products within the construction sector, this could be customised and used for a wide range of 
construction cross sector applications or in other industries. 
 
Glass Reinforced Plastic (GRP) composites are solid materials made of glass fibre and polymer. 
They are custom built and the scope for their reuse in other applications is very limited once they 
are discarded due to manufacturing defects and at the end of their service life. Currently, most of 
the GRP waste produced within the United Kingdom is sent to landfill. However, this practice 
might not be a viable economic option as the landfill tax has recently been raised, making disposal 
to landfill more expensive. 
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In order to assess the suitability of GRP waste in concrete and cement matrix composites, and 
rubber and polymer matrix composites, laboratory experiments were conducted at Loughborough 
University.  The ground GRP waste received from Hambleside Danelaw Rooflights and Cladding 
Limited, UK, contained predominantly powder and some glass fibre fragments. The physical, 
morphological, chemical and thermal properties of the GRP powder were measured using a wide 
range of advanced measuring and analytical techniques. GRP waste powder had a wide particle size 
distribution, ranging from a few microns to 2000 microns, and its particles were irregular in shape. 
The chemical characterisation of GRP waste powder determined by Fourier transform infrared 
spectrometer (FTIR) showed that it was a thermoset polyester resin. The major chemical 
constituents in the GRP powder were silica (Si), calcium (Ca), aluminium (Al) and oxygen (O). The 
glass transition temperature (Tg) of GRP waste was 135.4oC.  Furthermore, detailed experiments 
have been conducted on the use of GRP waste in concrete composites and rubber composites.   
 
The outcome of present studies on the use of GRP in concrete composites in terms of compressive 
strength, tensile splitting strength, initial surface absorption, water absorption and shrinkage were 
found to be better than that of normal concrete (control). Presence of CaO, Al2O3 and SiO2 and other 
polymeric compound in GRP waste contributed as admixture to improve the binding and adhesion in 
the concrete. The glass fibre content in GRP waste improved the reinforcement in concrete 
composites. GRP waste powder can be used as a partial substitute to fine aggregate and over 
beneficial both for waste producers and users’ perspectives. The use of GRP waste with 
superplasticiser improved the quality of concrete when compared to the control specimen (without 
GRP waste). However, the quality of panel products does depend upon the consistency and quality 
of GRP waste fibre and access to specialised architectural cladding manufacturing facilities. 
Furthermore, full compliance tests including durability studies and industry requirements, which 
may depend upon specific applications, are recommended. The finding of this study showed that 5-
15% of fine aggregate can be replaced with GRP waste powder in precast concrete products for 
applications in construction such as: pre-cast paving slabs; roof tiles; pre-cast concrete wall 
elements; light weight concrete; concrete paving blocks; and architectural cladding panels. 
 
 
GRP waste powder was substituted for raw rubbers with varying concentration (0%, 5%, 25% and 
50% by weight). The findings of this study showed that substitution of 5% GRP waste powder 
decreased the viscosity from 35 to 32 MU. However, with 50% GRP waste powder, the viscosity 
increased to 36 MU. There was an increase of hardness of rubber composites with 50% substitution 
of GRP waste, however the tensile strength, elongation at break and tearing energy were decreased. 
Nevertheless, the modulus of elasticity of rubber improved. This stiffening effect will significantly 
improve the carrying capacity of rubber where it is under load. The finding of this study showed 
that about 50 % of raw rubber can be replaced with GRP waste powder in making rubber 
composites for applications in construction such as: building insulation; bridge and concrete 
expansion joints; pads for under sport flooring; carpet underlay; rubber mats; and rubber water 
stops. The findings of this study showed a viable technological option to help with GRP waste 
management in concrete and rubber composites, leading to cross-sector waste recycling within 
construction industry.  
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1. INTRODUCTION 
 
The government and industry funded project, Built Environment Action on Waste Awareness and 
Resource Efficiency (BEAW ARE), addresses supply chain resource efficiency; and cross-sector 
construction waste recycling opportunities. The findings of the cross-sector waste recycling 
opportunities are summarised and discussed in this report, which builds off nine deliverables: Waste 
targeting and prioritising (D3.1: the First BEAW ARE workshop results); Waste mapping process 
(D3.2); Literature review on waste characterisation (D3.3); Performance and economic waste 
assessment (D3.4: the Second BEAW ARE workshop and industry survey results); Performance and 
economic waste assessment methodology (D3.5); Testing programme design and development 
(D3.6); Testing programme results (D3.7); Pan-industry waste exchange process (D3.8: the Third 
BEAW ARE workshop results); Dissemination outputs (D3.9: industry documents). Figure 1 shows 
the deliverables (D3.1 to D3.10) on “Cross-sector waste recycling opportunities”.  
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2. WP3 (Cross Sector Recycling Opportunities) DELIVERABLES  
 
The work carried out by Loughborough University (Work Package 3) on the ‘Cross Sector Waste 
Recycling Opportunities’ is summarised and discussed below.  
 
D.3.1: The First BEAWARE Workshop: Waste targeting and prioritising  
 
The First BEAW ARE Workshop entitled: ‘Waste Targeting and Prioritising’, held at BRE on 10th 
May 2006, brought together representatives of several construction products’ manufacturers and 
waste management consultants. The aim of the workshop was to: identify construction cross-
sectors’ waste streams/products; and rank them in terms of their recycling attributes. More than 45 
construction waste products were identified and ranked for further waste mapping and 
characterisation.  
 
Based on the delegates’ sector/expertise, six clusters were identified: plastics; timber/wood; bricks 
and blocks; cement and concrete; ‘catch all’  manufacturers; and ‘catch all’  consultants. The 
workshop activities included: ‘waste targeting’, where the delegates identified the main waste 
streams/products in their respective sectors throughout the products’ life cycle; and ‘waste 
prioritisation’, where the participants were asked to discuss and rank the identified wastes from the 
first activity in terms of their recycling attributes.  
 
The workshop provided participants with an opportunity for individual and group discussions in 
order to develop shared understanding of construction cross-sectors waste production, and 
associated recycling incentives and hindrances. Various criteria were used by the individual clusters 
when identifying priorities for recycling. A broad consensus emerged regarding the quantity of 
waste and value of recycled products, which were used as the main criteria for prioritising waste 
products and their potential for recycling. Other factors include recycling simplicity versus 
complexity, current market challenges and opportunities, and the amount of recycling already 
taking place. 
 
Delegates demonstrated their willingness and enthusiasm for waste recycling, but expressed 
frustrations arising from a number of barriers, namely ill thought waste legislation. They identified 
key recycling concerns, which were further discussed in the plenary session. The need to take a 
holistic approach to the life cycle of materials and the recycling process was emphasised. Examples 
such as the potential damage that could be caused by recycling biodegradable plastics, and the 
disposal or reuse of treated timber were discussed.  Table 1 shows the major construction cross-
sector waste products/ materials and ranking on the basis of their recycling attributes. 
 
The main findings of each cluster have been summarised below. 
  

• The ‘plastics’ cluster identified a range of waste materials, with GRP (Glass-reinforced 
plastic) being ranked as the top recycling priority, as it is one of the most cost effective 
polymer material in terms of recycling potential. Conversely, PET (Polyethylene 
Terephthalate) was deemed to have a lower recycling priority due to its relatively low waste 
production volume.  

 
• The ‘wood/timber’ cluster identified sawdust and wood chips as the most important waste 

materials for recycling, as they are available in high volumes; followed by wood panel off 
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cuts. Legal restriction and sorting issues were mentioned as major concerns along with 
definitions as to what constitutes waste or a by-product.  

 
• The ‘bricks and blocks’ cluster concluded that spoilt products, demolition waste and cement 

all had high potential for reuse and recycling.  
 

• The ‘cement and concrete’ cluster identified unsaleable products, packaging waste, factory 
waste, expired cement and cement by-pass dust as the most important waste streams in their 
sector.  

 
• The ‘catch all’  manufacturers cluster identified timber packaging, glass, plasterboard and 

onsite off cuts as the major construction cross sector waste products.  
 

• The ‘catch all’  consultants cluster selected packaging as the top recycling priority due to its 
high volume, but emphasised that onsite waste segregation needs to be fully implemented.  

 
At the end of the First BEAW ARE Workshop, key cross waste streams and recycling drivers and 
barriers have been identified and prioritised. Supporting evidence was obtained from literature and 
industry, including quantities of main wastes occurring at different stages in the product life cycle 
and the main causes of waste.  
 
The full D3.1 report on ‘Waste Targeting and Prioritising’ is available at the BEAW ARE website: 
www.beaware.org.uk 
 

http://www.beaware.org.uk
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Table 1: Major construction cross-sector waste products/ materials and ranking on the basis of their recycling attributes: Outcomes of deliverable D.3.1 
 
 
Ranking  
Recycling 
Potential  

Cluster 1 
PLASTIC 

Cluster 2 
WOOD / 
TIMBER 

Cluster 3 
BRICKS & 
BLOCKS 

Cluster 4  
CEMENT & 
CONCRTE  

Cluster 5 
‘catch all’ 
MANUFACTURING 

Cluster 6 – A 
‘catch all’ 
CONSULTANTS 

Cluster 6 – B 
‘catch all’ CONSULTANTS 

1 GRP 
(Glass-reinforced 
plastic) 

Saw dust chips 
off cuts 

Spoilt 
products on 
site  

Unsaleable product Timber (packaging)  
Packaging  

packaging 
(pallets, shrink wrap, bubble wrap, boxes, polystyrene, 
plastic containers (contaminated), aerosols, 
plastic/metal wrapping bands, skids, cordex sheets. 

2 PVC (Polyvinyl 
Chloride) 

Wood panel off 
cuts 

Demolition 
wastes 

Packaging waste Glass  Subsoil extraction 
Spoil (1) 

Composites (materials mixed together, materials joined 
–laminated, product composed of > 1 material) 
Polymer composites (cladding, door, decking, 
rooflights & roof tiles, strengthening plates) 
Laminated composites (work surfaces, furniture, doors, 
SIPS, mmc) 

3 PE (Polyethylene) Metal 
(packaging, incl 
containers/tins) 

Scrubber / 
exhaust 
wastes 

Factory waste (PPE, 
kitchen waste, oily 
waste, fabric waste etc) 

Stone washing fines Timber (Treated) Plasterboard  
 

4 
 

PU (polyurethane) Plastic waste Packaging  Expired cement Plastic (packaging) Plasterboard  Plastics (plastic pipes. Window frames, doors, soffits 
& fascias, ducting – conduit, rooflights, flooring, 
temporary materials: plastic covering for floors)  

 
5 

PES (Polyether 
sulphone) / XPS 

Treated wood  
Unusable 
products 
(factory) 

Bypass dust  Plasterboard Subsoil extraction 
Spoil (2) 

Glass (windows) 
 

6 EPDM (Ethylene 
Propylene Diene 
Monomer) 

   Insulation   
Timber 
(untreated) 

packaging 
(pallets, shrink wrap, bubble wrap, boxes, polystyrene, 
plastic containers (contaminated), aerosols, 
plastic/metal wrapping bands, skids, cordex sheets. 
 

7 PET (Polyethylene 
Terephthalate) 

   Air filter fines Hard Core Composites (materials mixed together, materials joined 
–laminated, product composed of > 1 material) 
Polymer composites (cladding, door, decking, 
rooflights & roof tiles, strengthening plates) 
Laminated composites (work surfaces, furniture, doors, 
SIPS, mmc) 

8 PP (Polypropylene)    MDF  Plasterboard  
 

9 Rubber     Steel   Plastics (plastic pipes. Window frames, doors, soffits 
& fascias, ducting – conduit, rooflights, flooring, 
temporary materials: plastic covering for floors)  
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D.3.2: Waste mapping process 
 
The aim of the waste mapping process was to capture information with regard to potential recycling 
of the waste products identified during the First BEAW ARE Workshop. It incorporates: quantity of 
waste; value of waste; cost of waste; the current recycling status, and the origins/causes of waste. 
These parameters were mapped into a simple and visual format to allow for more information about 
waste products to be extracted.  
 
The waste mapping process was reviewed by industry through two sets of interviews. The full D.3.2  
report, available at: www.beaware.org.uk, classified waste streams; described the structure of the 
proposed waste mapping process; discussed the development and validation of the process through 
a functional specification; and provided an industry reviewed waste mapping tool, which was used 
to fulfil the next deliverables of the project. The main objective of the industry-reviewed waste 
mapping process was to further rank the key cross waste streams, which have been identified during 
the First BEAW ARE workshop in terms of their recycling potential.  It was, therefore, essential to 
build upon the findings of the First BEW ARE Workshop and proceed with the issues concerned; 
among these were the benefits and the concerns which were raised when ranking the identified 
waste products in terms of their recycling potential. Mapping the waste streams was a key part of 
the project which has enabled further refinement of the identified waste streams for potential 
recycling. 
 
Four construction sectors were identified: plastics; wood/timber; cement and concrete; and bricks 
and blocks. The development of the waste mapping process included designing a framework with 
an agreed set of well defined functions. This was developed by integrating key issues from standard 
waste mapping tools from literature with the results the First BEAW ARE Workshop. The waste 
mapping framework comprises four waste mapping issues: 
 

1. life cycle waste origins and types; 
2. quantity and value of waste;  
3. cost of waste; and 
4. current recovery routes and associated applications. 

 
Following a literature review of waste mapping techniques, a waste mapping flowchart was 
produced (Figure 2), along with functional specifications of the waste mapping process, which was 
validated through pilot interview studies with five construction product manufacturers followed by 
further 17 interviews. The interviews addressed waste materials occurring in a variety of sub-
sectors, including concrete, clay bricks, timber, plastics, insulation and plastering. Information 
regarding 22 waste materials was collected through the waste mapping exercise, and the results are 
tabled in Figure 2a. Several of the surveyed waste materials are currently entirely recycled (namely 
concrete, clay bricks, PVC profile, sawdust and other off-cuts from timber processing). In contrast, 
it was found that there is limited recovery of GRP waste and WESP sludge, cement kiln dust, 
plastics and plaster from demolition activities and polyethylene packaging are largely disposed of to 
landfill. Based on the waste mapping findings, a number of waste materials, listed in Table 2b, with 
promising recycling potential were selected for further investigation and assessment. 
 
The full D3.2 report on ‘Waste Mapping Process’ is available at the BEAW ARE website: 
www.beaware.org.uk 
 
 

http://www.beaware.org.uk
http://www.beaware.org.uk
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Figure 2: Waste mapping process on recycling potential of identified waste materials from the First BEAW ARE Workshop 
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Table  2a:  Waste mapping results 
 

 
Sector 

 

 
Waste material 

 
Waste Source 

 
Waste Value 

 
Waste costs 

 
Applications 

 
% recycled 

Damaged/unsaleable 
bricks 

Manufacture, storage, transport, 
point of use;  
firing and forming processes, 
poor handling and storage 
methods 

(None specified) 60% of disposal or 
recovery costs 
attribute to transport 

Waste crushed and used as bulk fill aggregate 
or reclaimed and used in new-build 

95 Bricks / 
blocks 

Damaged/unsaleable 
clay bricks 

Manufacture None Entirely waste 
handling 

Bricks used as bulk fill at brick-earth quarry 100 

Cement kiln dust Manufacture; air pollution control 
devices trapping dust 

None Entirely disposed to 
landfill; 80% attribute 
to collection/handling 

(None – classed as hazardous) 0 

Reject pre-cast 
concrete flooring unit 

Manufacture, storage, transport, 
point-of-use 

£7/tonne (Not known – 
transport costs high) 

Most crushed and used as bulk fill aggregate; 
occasionally used as aggregate in concrete 

>95 

Leftover concrete mix Processing and manufacture; 
Concrete mix which does not 
meet specifications 

(None specified) 60% reprocessing 
costs 

Used as sand replacement onsite 100 

Unsaleable concrete 
manhole units 

Manufacture and storage; 
Defects, damaged products 

£150/tonne 60% recovery costs 
from reprocessing 

Used as secondary aggregate >95 

Cement 
and 

Concrete 

Rejected pre-cast 
concrete units 

Manufacture; 
Slight over-ordering, damage 

None Reprocessing costs 
ranked as medium 

Mostly crushed to produce bulk fill aggregate; 
occasionally cut into smaller units (<5%) 

100 

Insulation Trimmings from 
manufacture 

Manufacture; excess off-cuts (Not applicable) Transport costs very 
high 

Waste sent abroad for reprocessing 100 

PVC profile Manufacture and transport; 
excess produced in factory, 
damaged during transport 

(Waste material 
entirely re-inserted 
into manufacture) 

(Not known – PVC 
returned into process 
at plant) 

PVC at manufacturing stage entirely recycled 
back into process 

100 at manufacturing 
stage 

Roofing PVC Manufacture, point of use, end of 
life; 
Roll end trimming, cutting, 
demolition 

(None specified) (None indicated) (Most PVC currently disposed of to landfill) 5 
(95% from whole life 
cycle sent to landfill?) 

PVC (window frames) Mainly from manufacture; some 
from point-of-use 

Reprocessed PVC 
sold for ~£600/tonne 

Transport costs may 
be over £300/tonne 

PVC sent back to manufacturing plants 100  
(from manufacture) 

Plastics 

GRP  Manufacture, storage, transport, 
point of use, end of life; 
off-cuts, demolition 

£500/tonne from 
manufacture; 
£100/tonne otherwise 

89% for landfilling 
(65% transport);  
11% recovery  
(72% reprocessing) 
 
 

Acetone re-used, GRP waste used in plastic-
wood composites 

56 

Drywall Plasterboard off-cuts  Point-of-use None Transport is largest 
cost 
 
 
 
 

Off-cuts collected via “take-back” scheme and 
returned into manufacturing process 
 
 
 

All except thermal 
laminated and duplex 
boards 
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Sector 

 

 
Waste material 

 
Waste Source 

 
Waste Value 

 
Waste costs 

 
Applications 

 
% recycled 

Sawdust  Manufacture, storage, transport, 
point-of-use, end-of-life; 
By-product of processes 

£20/tonne for 
sawdust from 
manufacture 

£1/tonne 
reprocessing;  
£1 / tonne 
collection/handling 

Used in chipboard panels 100 

WESP sludge  Manufacture; air pollution control 
devices trapping dust 

None (Not known) (None – classed as hazardous) 0 

Wood / 
timber 

Sawdust, chippings, 
bark, etc. (sawmill) 

Timber sawmill manufacture; off-
cuts 

Ranges from £10 to 
£30/tonne 

Up to half attributable 
to transport 

Sawdust and chippings used in paper mills or 
for animal bedding; bark used for landscaping 

100 

IBC containers Manufacture; for use of raw 
materials 

(None specified) 60% of landfill 
disposal costs from 
transport 

66% of recovered containers recycled 
(aluminium cages); 33% re-used as waste 
bins 

15 Packaging 

Protective film and 
polyethylene sleeve 
packing 

Manufacture, storage, transport, 
point-of-use; 
Bags/bins used for carrying raw 
materials and products 

None Landfill tax costs high (None) 0 

Timber waste End of life Not applicable £40-£50/tonne for 
sending to recycling 
contractor 

Reprocessing plants sell chipped timber for 
use in particleboard 

0 – 100 depending 
on demolition site 

Plastics waste End of life None Half of costs 
attributed to landfill 
tax? 

None – waste arisings too insignificant 0 

Clay bricks; concrete 
bricks and blocks 

End of life Typical £350 p.1000 
reclaimed bricks; 
approx. £5.5/tonne 
crushed bricks; 
approx. £5.5/tonne 
crushed concrete  

60 – 70% attributed 
to transport for 
crushed bricks/blocks 
(clay, concrete) 

Most bricks (~90%) crushed and used as bulk 
fill aggregate; rest reclaimed and sold.  Some 
clay bricks recovered and re-used.  Concrete 
crushed and used as bulk fill aggregate. 

100 

Demolition 

Plastering End of life None Approx. half 
attributed to transport 
(approx. £45/tonne?) 

None known – plastering generally disposed 
to landfill along with rest of “soft-strip” 

Very minor 



 
Table  2b:  Potential waste materials with recycling potential: outcome of Deliverable 3.2 

 

 
 
 
D.3.3 Waste characterisation 
 
The identification and characterisation of waste materials can be a complex task, requiring careful 
attention of varying quantities, flows, and the chemical and physical composition. Available data 
may be limited, and studies into waste streams rely on representative sampling, interviews, and the 
use of resources such as IT databases or models. The potential for recycling waste materials are also 
limited by financial costs such as transportation, and the availability of appropriate reprocessing 
technologies. A number of existing waste characterisation approaches were reviewed, which are 
summarised below. 
 

1 classification: waste materials are generally classified into groups of similar items, such as 
plastics, wood, bricks, etc.;  

 
2 quantification: waste streams and materials are quantified, by onsite observations or 

sampling, by interviews or questionnaires, or by simplifying data (for a few sites) for a 
larger sector or region; 

 
3 composition: waste stream components are studied for their chemical and physical 

composition, in order to identify any hazardous chemicals or contaminants, or to assess their 
suitability for recycling; 

 
4 economic aspects: the viability of waste recycling is determined by a range of financial 

costs, including haulage, capital costs (e.g. purchasing machinery), market value and 
environmental taxes; and 

 
5  performance: the potential for waste recycling is also governed by its performance-related 

properties, including durability, purity, safety and physical stability.  
 
Waste characterisation and recycling depends on the use of technological tools, including computer 
models and databases, and laboratory instruments. Computer databases can be used to assemble and 
organise extensive data, which can be altered and updated. One important use of a database is to list 
companies which are producing recycled products, in order to expand the market. Another use is for 
determining the environmental impact of materials through database-generated results.  Computer 
modelling can be used to study complex processes (such as the transfer of materials and wastes 
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within an industrial sector), and predict future scenarios (e.g. the changes to financial costs affecting 
a company if more materials are recycled). Assessment of waste materials can also be performed in 
the laboratory, e.g. to analyse for hazardous chemicals and correlate results with legislative 
requirements. 
 
Three methodologies used in waste characterisation include sampling techniques, analytical 
techniques, and the marketing of recycled products. Sampling of waste materials or streams can 
involve collecting actual samples, or collecting information through interviews and questionnaires.  
Both methods have disadvantages, e.g. errors can arise from cross-contamination of actual 
materials, or an interviewee’s incomplete knowledge of the materials. The accuracy of data 
collected through sampling is also limited by time, cost, and accessibility to information or the 
materials. The reliability of waste material analysis can be affected by contamination of the 
equipment, and by the precision of the data produced.  
 
In order for a recyclable material to penetrate the market at a profit, the properties of the material need to 
be compared with those produced by competitors (especially raw materials). Marketing a recycled 
material includes surveying customers’ opinions, establishing its market value, assessing the level of 
competition in the market, and examining all the costs involved in producing and selling the material. 
Hence, data collection with regard to the performance and economic aspects of the identified waste 
materials were explored in the next stage (D.3.4). 
 
The full D3.3 report on ‘Waste Characterisation’ is available at the BEAW ARE website: 
www.beaware.org.uk 
 
 
D.3.4 The Second BEAWARE workshop: Performance and Economic Waste 
Assessment 
 
The Second BEAW ARE Workshop entitled ‘Performance and Economic Waste Assessment’ was 
held at BRE, Watford, on 5th February 2007, and was attended by over 40 representatives from 
construction product manufacturers, demolition and refurbishment contractors, and industry 
consultancies. The aim of the workshop was to identify the factors which currently inhibit waste 
recycling or re-use, and propose solutions for addressing such limiting factors.  
 
Delegates were divided into seven clusters based on their sectors or/and expertise.  The delegate 
groups were as follows: 
 

• Cluster 1: cement, concrete, bricks and blocks; 
• Cluster 2: insulation and drywall; 
• Cluster 3: plastics; 
• Cluster 4: wood/timber; 
• Cluster 5: “catch-all” manufacturers; 
• Cluster 6: demolition and refurbishment contractors; and, 
• Cluster 7: consultants. 

 
 
The workshop consisted of two activities: 
 

• Activity A: Limiting Factors (whereby delegates listed the main economic, material 
performance-related (and other) factors which restrict recycling or re-use of waste materials 
in their sector); and 

http://www.beaware.org.uk
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• Activity B: Addressing Limiting Factors (whereby delegates provided suggestions for 

addressing the limiting factors for selected waste materials within their sector). 
 
In Activity A, delegates individually and collectively considered limiting factors within both: an 
economic context (e.g. the costs and profitability of waste reprocessing, and available markets); and 
a material performance-based context (e.g. the physical or chemical safety and durability of the 
material). Delegates also provided examples of other types of limiting factors (e.g. unfavourable 
legislation, or lack of information on recycling techniques). Among the identified economic aspects, 
nearly all delegates identified high waste transportation costs, waste sorting/collection costs, and 
low market values as deterrents which limited the re-use or recycling of various waste materials 
within their respective sectors.  
 
Delegates in the Cement, Concrete, Bricks and Blocks cluster agreed that most waste streams from 
their sector were costly to recycle and transport. Delegates within the Insulation and Drywall cluster 
also noted high waste transportation costs. Delegates in the plastics sector reported that plastics 
waste streams are often too insignificant to justify salvaging.  It was reported that timber waste 
streams could be costly to transport, and that markets (and market values) for recycling timber 
waste may be limited.  Delegates within the Demolition and Refurbishment Contractors cluster 
noted high waste sorting/collection and transportation costs, as well as unattractive markets for end 
of life plasterboard, timber, glass and plastics waste materials. 
 
The reported material performance-based limiting factors tended to vary between different waste 
material streams. However, most delegates noted that waste materials may be intermingled and 
contaminated with unrelated waste materials or other impurities, particularly during demolition.  
Several delegates mentioned that certain waste materials may be difficult to reprocess as a result.  
For example, waste materials such as damaged bricks/blocks, and wood panel off-cuts may be of 
unsuitable size or shape, or used timber may contain nails (which must be removed).  It was also 
reported that certain waste materials (e.g. WESP sludge) were classed as hazardous. 
 
Other limiting factors were identified for some of the waste materials considered during Activity A.  
These included a lack of understanding or negative perception of recycled bricks/blocks, plastics 
and treated timber. Issues such as red tape and unfavourable waste management legislation were 
also mentioned, particularly for waste timber, and damaged/demolished bricks/blocks. Table 3 
shows the potential waste identified from previously screened waste materials. 
 
In Activity B, each cluster provided suggestions for addressing the limiting factors affecting two 
waste materials.  Most clusters expressed the need to develop higher-quality recycled products, 
provide more recycling plants, change contracts to enable more thorough waste sorting on-site, as 
well as educating construction and demolition site workers on better sorting techniques.  For certain 
waste streams such as timber and plastics, delegates suggested providing more technical or market 
information on recycling/re-use opportunities, and expanding existing markets for recycled 
products. Many delegates also argued that the landfill tax should be significantly increased to 
further encourage recycling or re-use. 
 
Delegates also speculated on the time period necessary for achieving waste recycling objectives. 
For most recommendations, the predicted time period usually varied between different waste 
materials, although recommendations such as improving site waste management (including more 
waste sorting and educating site workers) were mostly considered to be short or medium-term 
solutions. 
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Performance and Economic Waste Assessment Survey 
 
Following from the Second BEAW ARE Workshop, further investigation was conducted into other 
economic and material performance-related issues which were identified in the waste 
characterisation literature review, but not addressed during the workshop. As such, 12 waste 
materials were surveyed through the PEWA survey interviews, of which 11 (Table 3) were selected 
for the next stage (D3.5). The following issues were addressed through the PEW A survey: 
 

- Waste material performance: 
o detailed physical and chemical composition of the waste; 
o hazardous properties of the waste (if any) 
o essential physical/mechanical, chemical and/or other properties for recycling or re-

use 
o current or potential re-use or recycling opportunities 

 
- Economic issues: 

o Capital costs (including land, hiring staff, purchasing equipment, construction or 
alterations to company buildings, etc.) 

o Operational costs  (e.g. labour, operation and maintenance) 
o Payback period (of capital and operational costs) 
o Effects of forthcoming environmental legislation on viability of re-use or recycling 
o Market prices and price fluctuations 

§ Virgin products 
§ Products with waste (recycled back into manufacture) 
§ Recycled waste products offsite 

 
 

Table 3: Selected waste materials with recycling potential: outcome of Deliverable 3.4 
 

 
 
 
The data collected during the First and the Second BEW ARE Workshops, waste mapping 
interviews and the Performance and Economic Waste Assessment Survey was used to develop the 
Performance and Economic Waste Assessment (PEW A) methodology. 
 
The full D3.4 report on ‘Performance and Economic Waste Assessment’ (The Third BEAW ARE 
Workshop and  Performance and Economic Waste Assessment Survey results) is available at the 
BEAW ARE website: www.beaware.org.uk 
 
 

http://www.beaware.org.uk
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D.3.5 Performance and Economic Waste Assessment (PEWA) Methodology 
 
The Performance and Economic Waste Assessment (PEWA) methodology is the culmination of the 
activities conducted during the previous deliverables, which can be used to select appropriate waste 
materials and re-use/recycling routes, prior to developing re-use/recycling processes. The PEW A 
methodology is a waste mapping and decision support tool to explore waste recycling potential 
opportunities. It addresses several issues such as: gathering lifecycle data on waste types and 
quantities; examining disposal and current recycling costs; identifying and addressing reuse and 
recycling limiting factors (i.e. economic, technical and environmental); ranking waste materials in 
terms of their recycling potential; and assessing the feasibility of reprocessing routes. The PEW A 
methodology comprises ten stages, which are summarised below. 
 
The PEWA methodology stages 
 
Stage 1: Waste Targeting 
Waste materials produced within a process or 
sector are listed, and their lifecycle occurrence 
(i.e. manufacture, distribution, point of use and 
end of life) is identified.  
 

      

Stage 2: Waste composition 
Information regarding physical and chemical 
composition of the identified wastes from Stage 
1 is then collected.  The aim is to identify which 
materials may be currently classified as 
hazardous. If hazardous waste materials are 
identified and are currently disposed of to 
landfill, it is recommended to focus on the non 
hazardous waste materials in Stage 3. 
 

 

Stage 3: Waste prioritising 
Waste prioritising comprises an initial screening 
process, whereby the main recycling drivers and 
barriers associated with the listed wastes from 
Stage 2 are identified and analysed.  Based on 
the findings of recycling benefits and 
constraints, waste materials are then ranked in 
terms of their recycling potential and the top 
waste materials with high recycling attributes 
are examined and assessed further in Stage 4. 

                    
 

Waste Targeting

Manufacture

Distribution

Point of use

End of life

Sector/process

Waste material Waste composition
Is waste sent 
to landfill?

Yes No

Yes No

Yes No

Yes No

Yes No

Yes No

Waste composition

Waste Prioritising

Drivers Barriers 

RankingRe-use/recycling Re-use/recycling
Waste material
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Stage 4: Waste causes, quantities and value 
Stage 4 requires further examination of the waste material quantities (including percentages of the 
total arisings occurring during each lifecycle stage). For each selected waste from Stage 3, mapping 
information of waste causes and descriptions, quantities and market value, and whether or not waste 
is segregated at source is collected. Waste is also identified as either a “wet” or “dry”. At the end of 
Stage 4, the decision process is based on waste materials which are segregated, occur in medium to 
high quantities, and have a high market value.  The use of the terms “high”, “medium” or “low” are 
subjective and will vary depending on the market value of waste materials. 
 
 
 
 
                                                                                           
 
 
 
 
 
Stage 5: Waste costs and current recycling status 
Quantities of waste currently sent to landfill, re-used or/and recycled are quantified in Stage 5.  For 
wastes which are being disposed of, their landfill locations and potential recovery and recycling 
routes are examined. For waste materials currently re-used or recycled, information gathering 
includes whether the recovery process is conducted on-site or off-site, the current reuse or/and 
recycling locations and applications, and an indication as to whether the application is low-grade or 
high-grade. Additionally, disposal costs and reuse or/and recycling costs are also studied. These are 
further divided into categories, including waste handling, transport, landfill tax and reprocessing. 
From the above information, waste materials which are entirely recovered and used in high-grade 
applications are not considered further in Stage 6. 
 
 
 
 
 
 
 
 
 
 
Stage 6: Re-use/recycling limiting factors 
Factors which may restrict or even prevent re-
use or recycling of the selected waste materials 
are investigated in Stage 6. These are generally 
classified under four categories: economic, 
technical, environmental and others(i.e. 
logistical). The weighting of limiting factors are 
low (easily addressed); medium (restricts re-
use/recycling); and  critical (prevents re-use or 
recycling). Waste which are not affected by 
critical limiting factors are then selected to 
proceed to Stage 7. 

 

Manufacture

Distribution

Storage

Point of use

End of life

Descriptions Causes

Waste material
“Wet waste” “Dry waste”

Rank 
(quantity)

Waste descriptions and causes

Manufacture

Distribution

Storage

Point of use

End of life

Quantity Market value Is waste 
segregated?

Yes

Yes

Yes

Yes

Yes

No

No

No

No

No

Waste material

% £/tonne

£/tonne

£/tonne

£/tonne

£/tonne

* High (over 50%), medium (25% - 50%), low (<25%)

Rating * Rating *

Waste quantities and market value

Waste material

Cost of waste disposal and recovery 

Recovery cost

% total cost

% total cost

Transport Landfill taxCollection/handling

Collection/handling Transport Reprocessing

Rating * Rating * Rating *

£/tonne

£/tonne

£/tonne

£/tonne

£/tonne

£/tonne

% % %

% % %

* High (must be reduced immediately), medium, low (minor costs)

Rating * Rating * Rating *

Disposal cost
Quantity sent to landfil l

Waste material

Quantity being recovered

% total

% total

Recycling 
potential

Reasons

Characteristics

Potential applications

Landfill locations

% re-used

% recycled

% on-site

% off-site

Destinations

Applications

% on-site

% off-site

Destinations

Applications

Current waste status and destinations

Waste material

Limiting factor

Limiting factor

Limiting factor

Limiting factor

Limiting factor

Limiting factor

Rating *Description
Low Medium Critical

Low Medium Critical

Low Medium Critical

Low Medium Critical

Low Medium Critical

Low Medium Critical

* Low = tolerable; Medium = restricts re-use or recycling; Critical = prevents re-use or recycling

Re-use / recycling limiting factors
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Stage 7: Addressing the limiting factors 
In Stage 7, potential recommendations for 
addressing the limiting factors and associated 
timeframes are explored. The limiting factors 
are classified as E (economic), T (technical), 
Env (environmental), or O (other); the 
timeframe may be ST (short-term), MT 
(medium-terms), or LT (long-term).  Waste 
materials, for which limiting factors could be 
addressed over  a suitable timeframe related to 
the company’s priorities and resources, through 
optimisation (i.e. testing programme), are then 
selected for further investigation in Stage 8. 

                                                                            

Stage 8: re-use/recycling opportunities 
The re-use and/or recycling routes are 
investigated in Stage 8, including those currently 
being pursued. Reprocessing methods are 
constantly being developed and there may be 
more profitable, higher-grade applications for 
waste materials currently reprocessed for low-
grade applications. The current and potential re-
use and recycling routes for the selected waste 
material are identified. These may involve onsite 
recycling waste, same sector, cross sector or 
pan-industry recycling.  

  

In addition, reprocessing routes which lead to an overall reduction in CO2 emissions emanating 
from the product lifecycle should be identified. Any re-use or recycling routes known to have a 
negative impact on the environment (i.e. increase of CO2 emissions) should be discarded. 
Stage 9: re-use/recycling requirements 
Information regarding waste material or 
recycled product properties is collected. 
Standards (e.g. impurities content, mechanical 
strength) may be imposed by waste recycling 
contractors, or will be detailed in codes and 
standards such as British Standards and other 
relevant documents (i.e. Highways Agency 
specifications for recycled aggregate).  Waste 
materials which comply with the relevant codes 
and specifications and standards are selected for 
the final PEW A stage. 

 

Stage 10: Re-use/recycling costs and markets 
For reprocessing the waste material, a detailed investigation needs to be conducted in the last 
PEW A Stage on the capital and operational costs, the payback period, as well as current market 
prices and their variations. Capital costs include purchasing machinery and equipment, fees (e.g. 
consultants’ fees during design and development), buildings (e.g. new, or alterations), overheads 
(e.g. administrative, licensing), and possibly land being purchased. Operational costs include 
labour, equipment operations (including fuel consumption), equipment maintenance (e.g. repairs), 
overheads (e.g. inspections), and possibly rent paid for use of the land. The influence of future 
environmental legislation on the viability of reprocessing should also be considered. The market for 
primary and recycled materials should also be investigated, including current market prices, how 
these have altered during the past few years, and what changes may occur in the near future. 

Waste material

Current route

Alternative route 1

Alternative route 2

Details

DetailsRecycling

Re-use

Current route

Alternative route 1

Alternative route 2

Sector

Sector

OS   SS    CS

(OS) = material recovered on-site; (SS) = material recovered w ithin same sector; 
(CS) =  material recovered in different sector (cross-sector)

OP   SS    CS

Increase DecreaseNeutral

Environmental impact

Re-use/recycling opportunities

Increase DecreaseNeutral

Environmental impact

Description of re-use/recycling processes

Physical

Essential material properties

Chemical

Other

Waste material Re-use/ 
recycling route

Attainable
Yes No

Yes No

Yes No

Re-use/recycling requirements

 
Waste material

Recommendation
Category Timeframe

E       T      Env O ST        MT       LTLimiting factor

(E) = economic; (T) = technical; (Env)= environmental; (O) = other

(ST) = short-term; (MT) = medium-term ; (LT) = long-term 

Addressing the limiting factors



 20 

 
 
 
 
 
 
 
 
 
 
 
 

          
 

 
 
 
 
 
 
 
 
 
 
 
 

                                                                         

 
The PEW A methodology was validated within the BEW ARE context following a series of 
workshops and surveys, during which information was collected directly from construction product 
manufacturers. More than 45 waste materials were identified during the initial waste targeting  data 
collection (PEW A Stage 1). Through a filtering and selecting process across the PEW A 
methodology stages, 10 waste materials with high recycling potential were selected for the final two 
stages: re-use and recycling requirements (Stage 9) and re-use and recycling costs and market value 
(Stage 10). Within the timeframe of the BEAW ARE project, focus has been directed towards waste 
materials that: occur in sufficient abundance; are chemically stable; are sorted at source; do not 
incur excessive collection, transportation and processing costs; and can be easily be linked with 
markets for recycled products. As a result, Glass Reinforced Plastic (GRP) was selected for waste 
optimisation leading to new applications. Hence, a laboratory testing programme has been directed 
towards assessing the potential of recycling GRP waste in rubber composites and concrete 
composites. Although the validation of the PEW A methodology led to new products within the 
construction sector, this could be customised and used for a wide range of  construction cross-sector 
applications or in other industries.  
 
The full D3.5 report on ‘Performance and Economic Waste Assessment (PEWA) Methodology’ is 
available at the BEAW ARE website: www.beaware.org.uk 
 
D.3.6 Laboratory testing programme: Design and development 
 
The laboratory testing programme was based on the validation of the PEW A methodology, which 
resulted in the selection of GRP waste. A comprehensive laboratory testing programme was devised 
to investigate new opportunities for GRP waste recycling. The activities involved in the testing 
programme is summarised in a flow diagram as shown in Figure 3.  
 
 

Land purchase

Equipment

Fees

Buildings

Overheads

Other

Details

Waste material Re-use/ recycling route

Value (£)Type Ranking 
N/A Low Medium High

Capital costs of a potential onsite reprocessing route

Land lease

Operation

Maintenance

Labour

Overheads

Other

Details

Waste material Re-use/ recycling 
route

Value (£)Type Ranking 

N/A Low Medium High

Operational costs of a potential onsite reprocessing route

Waste material Re-use/ recycling route

Long-term (over 10 years)

Payback on capital costs

Medium-term (3-10 years)Short-term (<3 years)

Long-term (over 10 years)Medium-term (3-10 years)Short-term (<3 years)

Payback on operating costs

Effects of future legislation on financial viability (provide details)

Payback period and effects of future legislation
Waste material Re-use/ recycling route

Anticipated price 
changes in the 
next 3 years

Primary (virgin) materials

Price changes during 
past 3 years

Current value (£/ tonne)

Recycled waste materials

Anticipated price 
changes in the 
next 3 years

Price changes during 
past 3 years

Current value (£/ tonne)

Market prices for primary and recycled materials 

http://www.beaware.org.uk


 21 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 3: Testing programme flow chart 
 
Laboratory experiments were conducted, both at the concrete laboratory of Department of Civil and 
Building Engineering and at the Institute of Polymer Technology and Materials Engineering 
(IPTME), Loughborough University. Three laboratory activities were proposed: GRP waste 
characterisation tests; GRP waste in concrete tests; and GRP waste in rubber tests.  
 
GRP waste characterisation testing programme 
 
The physical and morphological characterisation of the GRP waste powder was carried out using 
Malvern Mastersizer (Particle size Analyser) as well as Scanning Electron Microscopy (SEM) to 
determine its particle size, particle size distribution and particle shape. The chemical composition of 
the GRP powder was determined using a Fourier transform infrared spectrometer (FTIR – 8400S), 
Energy dispersive X-ray microanalyser (EDX Phoenix), and X-ray photoelectron Spectroscopy 
(XPS). In addition, a Differential Scanning Calorimeter (DSC) was also used to measure the glass 
transition temperature of the GRP waste powder.  Followed on the GRP waste characterisation 
studies, detailed experimental work was performed to assess and explore the use of GRP waste 
powder and fibre in concrete composites and rubber composites.  
 
GRP waste in concrete testing programme  
 
In developing concrete composites, mix designs were adopted in accordance to BRE 1988 mix 
design. Concrete specimens were prepared as per BS EN 12390-2:2000 using different 
proportionate of cement, aggregate and processed GRP waste powder (0%, 5%, 15%, 30% and 
50%). British Standard were followed for testing concrete specimens: Compressive Strength (BS 
EN 12390-3:2002); Split Tensile Strength (BS EN 12390-6:2000); Shrinkage tests (BS EN 1367-
4:1998); Initial Surface Absorption tests (BS 1881-208:1996); Total Water Absorption (EN 
1339:2003 E); and Density (BS EN 12390-7:2000). More than 190 concrete specimens were 
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produced using GRP waste powder content varying from 5% to 50% by weight, as replacement for 
fine aggregates. The overall methodology for making and testing the concrete specimens with GRP 
waste is summarised in Figure 4.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 

 
Figure 4: GRP waste in concrete composites testing process 

 
Two types of curing processes of the concrete specimens were undertaken: water at 20 ± 2ºC and 
oven at 50 ± 2ºC. Cured concrete specimens were tested in accordance to BS EN 12390-1:2000. 
Laboratory experiments were conducted in two different stages:  

(i) without  additives; and  
     (ii)        with additives (2% superplasticiser). 
 
Attempts were also made to explore the potential of using GRP waste fibre within architectural 
cladding panels. Two different panel sizes: 300mm x 300mm x 8mm and 300mm x 300mm x 
12mm were prepared in accordance with the product specification and test method BS EN 
12467:2004. 
 
GRP waste powder in rubber composites testing programme 
 
In developing Rubber composites, GRP waste powder was mixed with the rubber in a Haake 
Polylab mixer to produce compounds. The aim of this activity was to promote and encourage the 
use of GRP powder in rubber articles made for the construction industry.  Figure 5 shows the 
process for making and testing of GRP waste powder in rubber composites.  
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Figure 5: GRP waste powder in rubber composites testing process 
 
 
The rubber was mixed with up to 50wt% waste powder and standard rubber curing chemicals to 
produce rubber compounds. This effectively replaced the virgin rubber with 50wt% GRP waste 
powder.  
 
Tests specimens were made for measuring the processing and mechanical properties of the rubbers. 
All the tests were performed according to British Standards 903, which are often used by the rubber 
industry to evaluate properties of rubber compounds.  
 
The testing results are reported and discussed in the next section (D3.7). 
 
The full D3.6 report on ‘Testing Programme Design and Development’ is available at the BEAW ARE 
website: www.beaware.org.uk 
 
 
D.3.7 Laboratory testing programme results  
 
Laboratory testing programme was conducted to assess the feasibility of GRP waste recycling in 
construction industry. The testing results on GRP waste processing, characterisation, GRP waste in 
concrete and rubber composites are summarised as below. 
 
GRP waste is a rejected product, due to various damages, imperfections, and is often discarded 
during the manufacturing process of GRP industries. During manufacturing GRP products, 
polyester resin is reinforced with glass fibre to obtain required durability in terms of stiffness, 
strength, water absorption. So far, little work has been reported to recycle GRP waste. In the UK, 
most GRP waste is currently sent to landfill due to its intrinsic thermoset composite nature, lack of 
information relating to its characteristics and insufficient knowledge of potential recycling options. 
The findings of the testing programme are summarised below. 
 
The full D3.7 report on ‘Testing Programme Results’ is available at the BEAW ARE website: 
www.beaware.org.uk 
 

 
Assess effects of GRP 
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3.7.1 GRP Waste processing and characterisation 
 
For these studies, two different types of waste samples (GRP waste powder and GRP waste fibre) 
were obtained from Hambleside Danelaw Rooflights and Cladding Limited, Inverness, Scotland. 
The first GRP waste sample was predominant in powdered materials and little quantity of varying 
length of glass fibre and some unwanted materials. The second GRP waste sample was predominant 
in GRP fibre (about 20 mm length) and little quantity of GRP powder. Before using the GRP waste 
for the experiments, the received samples were processed and separated fibre from powder (Figure 
6). There were two different coloured GRP waste fibre: clear and dark (Figure 7). In the present 
study efforts have been made to characterise complete properties of the GRP waste to explore 
recycling routes using powder or/and fibre in cement concrete composite and in Rubber composite. 

 
 

Figure 6: Received GRP waste samples (powder and fibre) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 7: Different coloured GRP waste fibre samples 
 
 

 



 25 

Physical and mmorphological properties of GRP waste powder 

 
Results from the particle size analysis showed that the GRP waste powder had a wide particle size 
distribution profile ranging from 0.02 micro meter to 600 micro meter in size. Particle size 
distribution of GRP waste powder is shown in Figure 8. However, the GRP waste fibres had a 
varying length from 0.02 micro meter to 20 millimeter.   

 
The results from the SEM studies showed that the GRP powder was made of particles and glass 
fibres of different sizes and shapes. They are mostly irregular in shape and structure. Figure 9 shows 
the SEM micrograph of GRP waste powder.  
 
 

 
 
 
 
 
 
 
 
 
 
 

 

 
Chemical and thermal properties of GRP waste 

 
The chemical characterisation of the GRP powder studied by FTIR technique showed that it is a  
thermoset polyester resin. The EDX spectrum showed that the major chemical constituents in the 
GRP waste powder were silica (Si), calcium (Ca), aluminium (Al) followed by oxygen (O). The 
surface composition of the GRP powder as measured by XPS was: C 74.0, O 23.2, Br 1.6 and Cl 
1.2%. The carbon bonding was very approximately 60% C-C or C-H bonds, 30% C-O bonds and 
10% O-C=O or connected by single bonds to three oxygen. Limited information was obtained from 
the Br signal, Cl peak was too low in intensity to determine its chemical state. Figure 10 shows the 
chemical composition of GRP waste powder from the EDX spectrum. In thermal analysis of GRP 
waste, the heat flow vs temperature data was produced, which was subsequently used to determine 
the glass transition temperature of the GRP powder. The thermal analysis done using differential 
scanning calorimeter (DSC) showed that the glass transition temperature (Tg) of GRP waste was 
135.4oC (Figure 11). 
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Figure 9: SEM microstructure of GRP 
waste powder 

Figure 8: Particle size distribution of GRP 
waste powder 
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3.7.2 GRP waste in concrete and cement composites 
 
GRP waste in concrete without additives 
 
The key findings of the GRP waste in concrete testing programme are as follows: 
 

1 The mean compressive strength of concrete using 5% and 15% GRP waste powder without 
additives under water curing attained 37N/mm2 and 34N/mm2 respectively.  

2 Application of 30% and 50% GRP waste powder in concrete attained 29.5N/mm2 and 
19N/mm2 compressive strength respectively.  

3 Increased proportions of GRP waste in concrete decreased the density (12%) and minimum 
density was 2140 kg/m3 with 50% GRP waste powder.  

4 Increase in duration, there is an increase in compressive strength of concrete with GRP 
application and optimum compressive strength (180days) was 45.75N/mm2. 

 
Although the 28 days compressive strength was not higher than the recommended values i.e. 45 
N/mm2, the products could be used for a variety of applications including concrete paving blocks 
and pre-cast concrete wall elements.  
 
GRP waste in concrete with additives 
 
To enhance the compressive strength of concrete specimens developed with GRP waste, further 
studies were conducted using GRP waste with the addition of 2% superplasticiser (2% of cement 
content). Addition of additives along with GRP waste improved the workability; the results are 
summarised as follow: 

1 The mean compressive strength (28days) of control concrete without GRP waste and with 
2% superplasticiser was 61.45N/mm2. 

2 The 28 day mean compressive strength of the concrete specimens using 5% and 15% GRP 
waste with 2% superplasticiser were 65N/mm2 and 70N/mm2 respectively. 

3 The 12 hrs compressive strength of concrete specimens showed an increase of about 9% 
when GRP waste was added with additives over control. 

4 The tensile splitting strength of concrete developed using 15% GRP waste powder with 
additives was 4.2N/mm2, which is higher than the normal concrete tensile splitting strength. 

 

Figure 10: Chemical composition in GRP 
waste powder from EDX spectrum 

Figure 11: Chemical composition in GRP 
waste powder from EDX spectrum 
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5 The initial surface absorption was reduced (by 16%) with GRP waste addition. The mean 
total water absorption of concrete specimen with 15% GRP waste was 0.42%, which is 
considerably lower than the 6% for normal concrete. 

 

GRP waste fibre in cement composites :Architectural cladding panels 
 

Experimental prototypes of panel products were developed and assessed their quality to use as an 
alternative to the conventional architectural cladding panels and the results are as follows: 
§ The bending strength in terms of modules of rupture (MOR) of 12mm thick architectural 

cladding prototypes using 5% GRP waste fibre was 16.55N/mm2 . The quality is comparable 
to that of the bending strength of cladding panels made using virgin glass fibre which varies 
from 17N/mm2 to 24N/mm2.  

§ The water absorption capacity of the panel was 4.9% and the density was about 2420 kg/m3. 
 
The quality of panel products does depend upon the consistency and quality of GRP waste fibre, 
and access to specialised architectural cladding manufacturing facilities. 
 
GRP waste in concrete products: Technical benefits  
 

• 15% GRP waste addition with additives improved compressive strength, tensile splitting 
strength, shrinkage, initial surface absorption and water absorption of concrete.   

• The presence of CaO, Al2O3 and SiO2 and other polymeric compounds in GRP waste has the 
potential as additives to improve the binding and adhesion of concrete. 

• The glass fibre content in GRP waste improved the reinforcement in the concrete 
composites.  

 
GRP waste in concrete products: Economic and environmental benefits 

 

• GRP waste powder can be used as a partial substitute to fine aggregate.  
• The overall cost of GRP waste substitution to fine aggregates in concrete should save 

approximately 15% of production cost.   
• Reduced landfill tax for GRP waste disposal as well as double handling, transport and 

storage costs. 
• The present investigation has opened an avenue for recycling of GRP waste ground 

powder and fibre in concrete and cement composites for safe and sound management of 
GRP waste. 

 
Potential applications of GRP waste in concrete products 
 
The results have been very encouraging and it appears that GRP waste in concrete has considerable 
application scope in construction, subject to further tests. As such, potential applications of GRP 
waste in concrete include the following: 
 

1 Pre-cast paving slabs 
2 Roof tiles 
6 Pre-cast concrete wall elements 
7 Light weight concrete 
3  Concrete paving blocks 
4 Architectural cladding materials 
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3.7.3 GRP waste powder in rubber composites 
 
Detailed experiments were conducted on the use of GRP waste powder as an extending filler to 
replace a portion of virgin rubber in rubber composites. Natural rubber (NR) is used to manufacture 
a wide range of industrial rubber articles. The price of raw rubbers has been increasing over the 
years and there is a need for feedstock substitution through cheaper alternatives to reduce costs. In 
some rubber articles manufactured for the construction industry, such as carpet underlay, bearing 
pads, bridge and concrete expansion joints and insulation pads, there is potential application for 
GRP waste in the form of finely ground powders to replace raw rubber. This could offer major 
environmental, economic and technological benefits to the polymer sector as a whole. 
 
The key findings of the GRP waste powder in rubber testing programme are as follows: 
 

• The viscosity of the rubber was hardly changed when up to 50 phr GRP was added.  
 

• The inclusion of GRP had a detrimental effect of the cure properties of the rubber. The 
scorch and optimum cure times were increased and the rate of cure decreased in the rubber. 
However, these changes are not significant enough to cause concern.  

   
• The hardness increased when 50 phr GRP was added. Below this level, there was little or no 

effect on this property.  
 
• The tensile strength, elongation at break, and tearing energy decreased slightly with 25 phr 

GRP. However, these properties deteriorated more rapidly when the loading of GRP was 
increased to 50 phr. The reason was extensive cavitation which weakened the rubber and 
caused its properties to decrease. This was due to de-bonding of the rubber from the GRP 
particles and glass fibre flaks because of poor rubber/GRP and rubber-fibre adhesion.  

 
• The acoustic properties of the rubber improved quite substantially when up to 50 phr GRP 

was added. This increased the ability of the rubber to dissipate energy and dampen noise and 
vibration.  

 
• The modulus of elasticity of the rubber increased by up to 100% when GRP was added. This 

stiffening effect is desirable in applications where the rubber is under load for example, 
under floors or machinery for long times.  

 
GRP waste in rubber composites: Technological benefits  
 
The inclusion of GRP powder has significant benefits for the rubber properties. These include: an 
increase in the hardness and modulus elasticity of the rubber, which makes it ideal for use in rubber 
articles made for the construction industry; and improvement in the acoustic properties of the 
rubber, which makes it ideal for use in buildings. The fact that GRP powder can be recycled in 
rubber as a filler to replace half of raw rubber by weight using the current processing techniques 
and practices should be of major interest to the manufacturers of rubber articles.    
 
GRP waste in rubber composites: Economic benefits  
 
Currently, natural rubber is traded at £1500/tonne on the global market. Assuming 50% by weight 
of the rubber is replaced with GRP waste powder in applications such as insulation pads, this will 
make a huge saving of £750/tonnes in addition to savings with regard to transport/shipment, 
material handling and storage. Moreover, replacing solid rubber with waste powder will reduce 
energy needs for mixing rubber compounds considerably.  
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GRP waste in rubber composites: Environmental benefits  
 
Natural rubber is imported into the UK from countries such as Malaysia, Thailand and Vietnam by 
sea. This involves significant transportation and storage costs as well as CO2 emission. Reduction in 
the consumption of natural rubber in industrial rubber articles will help to reduce demand and 
minimise import from overseas. Moreover, recycling GRP waste powder as a filler in rubber will 
help to divert the GRP waste from disposal in landfill and incineration to more useful industrial 
processes with major benefits for manufacturers, users and the environment.   
 
 
GRP waste in rubber composites: Potential applications in the construction industry  
 
Many rubber articles which are currently used in the construction industry can be manufactured 
cheaper when a considerable portion of rubber is replaced with GRP waste powder. These articles 
include: 

•  acoustic insulation; 
•  bridge and concrete expansion joints; 
•  pads for under sport flooring; 
•  carpet underlay; 
•  rubber mats; and 
•  rubber water stops.  

 
A prototype GRP waste powder-filled rubber pad was manufactured after the completion of this 
project. This could be ideal for building insulation, rubber mat and bridge and concrete expansion 
joints.    
 
Durability and end of life assessment tests of the recycled products of this study were not included 
in the completed testing programme. These are recommended for future life cycle assessment of 
GRP waste in concrete and rubber composites. 
 
 
 
D.3.8 The Third BEAWARE workshop: Pan Industry Waste Exchange Process  
 
The Third BEAW ARE workshop titled ‘Pan Industry Waste Exchange Process’ was organised on 
7th April 2008 at the Building Research Establishment (BRE), Watford. The aim of this workshop 
was to provide information that would enable waste producers and recyclers to assess the feasibility 
of a Pan-Industry Waste Exchange Process; and explore the associated barriers and incentives for 
effective cross sector waste recycling for optimum environmental benefits. The workshop was 
attended by representatives from four industries: Construction and Demolition; Mining and 
Quarrying; Industrial and Commercial; Waste Recycling and Consultancy organisations. Delegates 
were divided into four cluster based on their sector to discuss common issues relating to Pan 
Industry Waste Exchange Process. Three activities were conducted during the workshop: Activity 
1: Waste destination and characteristics (Waste producers’ perspective); Activity 2: Waste sources 
and characteristics (Waste users’  perspective); and Activity 3: Pan-industry waste exchange process 
viability. The workshop proceedings comprised individual and group  activities. Issues on the 
present status of waste generation, disposal, and prioritisation and associated constraints were 
discussed.  Barriers and incentives were also discussed. The emerging findings gathered from the 
workshop participants are as follows.  
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Activity 1: Waste destination and characteristics (Waste producers’ perspective) 
 
Delegates were given a table and asked to fill in the spreadsheet by: 
 

• listing at least two key wastes (max four wastes) produced in their industry/sector;  
• giving an approximate tonnage figure (out of 100%) of the waste destination (export), within 

the six listed choices in the table: Internal Process (i.e. GRP roof manufacturing);  Own 
Sector (i.e. Plastics); Cross sector (i.e. construction); Pan-industry; Landfill; Others (i.e. sent 
abroad). 

• Indicating the extent of the characterisation knowledge of the listed produced wastes. 
Delegates were asked to tick mark  (√ ) one of the four boxes related to characterisation 
information knowledge: ‘None’, ‘Some’, ‘Most’ or ‘Full’. 

 
The wastes arising from mining and quarry operations are mine tailing, course mine stone, coal 
slurry, mine overburden and hardcore materials and bitumen. Presently, about 5% of coarse mine 
stone is used in internal process and 20% of the waste is sent for pan industry especially to 
construction industries. The remaining 75% of waste is stored as spoil keep. Mine tailing are 
usually in a wet condition and about 1% is being sent for construction industry and almost 90% of 
mine tailing waste has been sent for mine filling. All characteristics of the waste arising from 
energy coal mining (i.e. coarse mine stones) are known; however delegates’ views on the 
characteristics of quarrying and industrial wastes varied from ‘some’ to ‘full’ knowledge. 
 
There was not a clear consensus among delegates from construction products manufacturers on the 
destination of generated wastes in their respective industries and sectors. For example 100% of the 
following wastes are being sent to landfill: MDF board and solid laminate offcuts; GRP waste; and 
general site waste; followed closely by pallets (80%).  On the other hand onsite reinforced 
membrane offcuts; and gypsum, concrete block, bitumen wastes are being recycled within internal 
or own sector (i.e. dry lining) processes.  
 
It was interesting to note that all the delegates from the pan-industry and construction clusters 
reported that none of the identified wastes is being reused or recycled within a pan-industrial 
context. 
 
There was a clear trend of waste destination in the recycling/waste management industry. Indeed, 
most of hardcore and top soil (90%), paper (85%) and Metal (80%) is being recycled within their 
internal processes. However, only 40% of wood waste is recycled internally and the remaining 60% 
is landfilled. 
 
Delegates from both the construction industry and waste recycling organisations acknowledged that 
not all the characteristics of the produced wastes in their respective industry are known. 
 
Activity 2: Waste sources and characteristics (Waste users’ perspective) 
 
Delegates were given a table and asked to fill in the spreadsheet by: 

• listing at least two key wastes (max four wastes) used (imported) in their industry/sector;  
• writing down current applications for the above wastes 
• giving an approximate tonnage figure (out of 100%) of the waste sources, within the five 

listed choices in the table: Internal Process;  Own Sector; Cross sector; Pan-industry; Others. 
• Indicating the extent of the characterisation knowledge of the listed used wastes. Delegates 

were asked to tick mark  (√ ) one of the four boxes related to characterisation information 
knowledge: ‘None’, ‘Some’, ‘Most’ or ‘Full’  
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Results from the pan-industry cluster were twofold:  
• waste sourcing from internal processes (i.e. 75% of clay waste used in clay seals) or pan-

industry (i.e. 50% soil waste used in site rehabilitation); or 
• 100% used wastes from pan-industry sources (i.e. pulverised fuel ash used in the production 

of aggregates and spent fuller earth used as clay replaced in bloated clay aggregates). 
 
Results from the construction and demolition cluster were also twofold:  

• 100% waste sourcing either internal processes (i.e. PVC waste to be grinded and reused in 
the manufacturing process); or 

• Pan-industry waste sourcing (i.e. limestone waste used as a filler/binder); or 
 
Coal mine overburden wastes were sent for site rehabilitation and about 50% of these wastes were 
used in internal processes and the remaining 50% sent to pan-industry. Full characteristics of wastes 
are known. The hardcore materials were used in road and about 85% used in internal processes and 
15% sent for pan industry. Currently some of the mine tailing waste is being used as engineering 
fills, as peat substitute and as clay substitute.  
 
Presently no process/technology is available for MDF board offcuts/waste recycling and there is 
little interested in recycling MDF board waste. Hence, these wastes are being sent to landfills. Paint 
wastes are the major concern for disposal. It is expensive to recycle as it is not segregated at source.  
 
Activity 3:  Pan-industry Waste Exchange Process viability  
 
Barriers, incentives and associated organisational pre-requisites for a pan-industry waste exchange 
process were discussed and the findings and recommendations are summarised below.  
 
Pan-industry waste exchange process barriers  

• Lack of accurate data on waste characterisation and supply and demand. 
• Need a robust and sustained coordination between waste producers & users on waste 

characterisation information. 
• Quality assurance of waste based new products. 
• Cost effectiveness over the commercial products as well as the landfill cost. 

 Pan-industry waste exchange process incentives 
• Sustainable credentials to the waste recyclers.  
• Legislation to use waste based products in new buildings and reduce dependence on virgin 

materials. 
• Involvement of environmental authorities to bridge an understanding between waste 

producers, waste users and recyclers.    
• Tax break on waste based product manufacturing. 
• Create awareness and confidence on waste based products acceptability. 

 
Pan-industry waste exchange process organisational pre-requisites 

• Legislative protocol for waste exchange (sensible legislative framework). 
• Availability and supply of consistent quality of wastes. 
• Cost benefit analysis of waste based products.  
• Simplicity in new processes, product development and life cycle analysis opportunities. 
• Agreement to waste exchange information and transparent assessment through web based 

data with salient physico-chemical properties of wastes, availability and its sources. 
 
The information gathered from this workshop can be used to explore the viability of a pan-industry 
waste recycling opportunities.  
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The full D3.8 report on ‘The Third BEAW ARE Workshop: Pan-industry Waste Exchange Process’  
is available at the BEAW ARE website: www.beaware.org.uk 
 
D3.9 Dissemination outputs  
 
A number of outputs were produced to disseminate the findings of the cross sector recycling 
opportunities work package WP3, which comprised three industry briefing documents and 
publications/submission of five papers in international conference proceedings and journals".  
 
Industry briefing documents 
 
• Document 1- Performance and Economic Waste Assessment (PEW A) Methodology  
 
The aim of this briefing document is to report on the devised  Performance and Economic Waste 
Assessment (PEW A) Methodology, which comprises ten stages,  to be used as a mapping process 
and decision support tool to explore waste recycling potential opportunities.  
 
The full briefing document on Performance and Economic Waste Assessment (PEW A) 
Methodology is available at the BEAW ARE website: www.beaware.org.uk 
 
• Document 2- Applications of Glass Reinforced Plastic (GRP) Waste in Concrete Composites 
 
The aim of this briefing document is to summarise the findings of the experimental work in using 
GRP waste powder and fibre as an admixture and substitute to fine aggregate in concrete 
composites and GRP waste fibre as structural reinforcement materials in architectural cladding 
panels. 
 
The full briefing document on the Applications of Glass Reinforced Plastic (GRP) Waste in 
Concrete Composites is available at the BEAW ARE website: www.beaware.org.uk 
 
• Document 3- Applications of Glass Reinforced Plastic (GRP) Waste Powder in Rubber 

Composites 
 
The aim of this briefing document is to summarise the findings of the experimental work in using 
GRP waste powder in rubber products for applications in the construction sector.  
 
The full briefing document on Applications of Glass Reinforced Plastic (GRP) Waste Powder in 
Rubber Composites is available at the BEAW ARE website: www.beaware.org.uk 
 
 
Publications 
 

1. Glass reinforced plastic waste characterisation and recycling potential. GREEN 5 
International Conference on Construction for a Sustainable Environment, Lithuania,  1-4 
July 2008 (published). 

2. Characterisation of glass fibre reinforced plastic waste powder for use in virgin polymers  
(submitted to the Plastics, Rubber and Composites Journal in June 2008). 

http://www.beaware.org.uk
http://www.beaware.org.uk
http://www.beaware.org.uk
http://www.beaware.org.uk
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3. Assessing effects of thermoset polyester resin waste powder on the processing and 
mechanical properties of natural rubber (submitted to the Rubber Research Journal in June 
2008).  

4. Recycling potential of glass fibre reinforced plastic waste in concrete and cement 
composites (submitted to the Cleaner Production Journal on 28 July 2008). 

5. Effect of superplasticiser on glass fibre reinforced plastic waste concrete composites   (to be 
submitted to the Cement and Concrete Composites Journal on 31 July 2008).  

 
 
3. CONCLUSIONS AND RECOMMENDATIONS 
 
Conclusions 
 
The Work Package 3 (cross sector recycling opportunities) deliverables were: Waste targeting and 
prioritising (D3.1: the First BEAW ARE workshop results); Waste mapping process (D3.2); 
Literature review on waste characterisation (D3.3); Performance and economic waste assessment 
(D3.4: the Second BEAW ARE workshop and industry survey results); Performance and economic 
waste assessment methodology (D3.5); Testing programme design and development (D3.6); Testing 
programme results (D3.7); Pan-industry waste exchange process (D3.8: the Third BEAW ARE 
workshop results); Dissemination outputs (D3.9: industry documents). 
 
The PEW A methodology comprises ten stages and was validated within the BEW ARE context 
following a series of workshops, industry surveys and literature reviews. The PEWA methodology 
has resulted in targeting the waste materials that: occur in sufficient abundance; are chemically 
stable; are sorted at source; do not incur excessive collection, transportation and processing costs; 
and can be easily be linked with markets for recycled products. As a result, Glass Reinforced Plastic 
(GRP) was selected for the present programme and has been directed towards assessing the 
potential of recycling GRP waste in rubber composites and concrete composites. Although the 
validation of the PEW A methodology led to products within the construction sector, this could be 
customised and used for a wide range of construction cross sector applications or in other industries. 
 
The characterisation studies and processing showed that the received GRP waste powder and fibre 
samples were found non uniform in colour, size, shape with varying chemical composition and 
could be improved by appropriate processing to produce consistent quality for its effective use in 
high value added applications. From the laboratory testing programme, it is concluded that the use 
of GRP waste with superplasticiser improved the quality of concrete as compared to the control 
specimen (without GRP waste). However, the quality of panel products does depend upon the 
consistency and quality of GRP waste fibre, and the access to specialised architectural cladding 
manufacturing facilities. Furthermore, further compliance tests including durability studies and 
requirements, which may depend upon specific applications, are recommended. The findings of this 
study showed a viable technological option to help with GRP waste management, leading to new 
cross-sector waste recycling applications within construction industry.  
 
GRP waste powder can be used in rubber articles as an extending filler as a substitution for raw 
rubber leading to cost saving of rubber products and environmental benefits. GRP waste application 
in rubber increased the hardness and modulus of elasticity whereas, decreased the tensile strength, 
elongation at break.  Moreover, the use of GRP waste  in rubber composites increases the damping 
ability of the rubber considerably and can be used in insulation and anti-vibration applications in 
construction and rubber industry.  This will potentially open new recycling routes for GRP waste 
powder rubber composites with major economic, technological and environmental benefits for the 
UK.  
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The validation of the PEW A methodology through the GRP waste laboratory experimental 
optimisation case study demonstrated a satisfactory closed loop of materials’ flow within the 
construction industry. The final deliverable of Work Package 3 (the Third BEAW ARE Workshop) 
explored a cross industry closed loop materials’ flow by assessing current waste destination, sources 
and  characterisation knowledge; and identifying constraints and enablers of a pan-industry waste 
exchange process.   
 
Recommendations 
 

• The PEW A methodology can be used as a waste mapping and decision support tool to 
explore waste recycling potential opportunities. It addresses several issues such as: gathering 
lifecycle data on waste types and quantities; examining disposal and current recycling costs; 
identifying and addressing reuse and recycling limiting factors; ranking waste materials in 
terms of their recycling potential; and assessing the feasibility of reprocessing routes. 

 

• The validation of the PEW A methodology led to the development of new products within 
the construction industry, The PEW A methodology can be customised and used for a wide 
range of recycling applications in construction and other industries. 

 

• Based on the work done and results obtained, it is recommended to use  about 15% GRP 
waste powder along with 2% additives (superplasticiser) in concrete to meet all desirable 
quality for use in construction products for application in architectural cladding panels, pre-
cast paving slabs, concrete paving block, concrete blocks for walling applications and pre-
cast concrete products for flooring and roofing system. 

 

•    GRP waste powder can be used in rubber articles as an extending filler to replace significant 
a portion of the raw rubber to reduce costs and recommended to substitute 50% GRP waste 
powder to raw rubber to improve the quality of composites for applications in acoustic 
insulation, bridge and concrete expansion joints,  pads for under sport flooring, carpet 
underlay, rubber mats  and rubber water stops.  

 
• There is a need to explore resources efficiency optimisation from cross industry (i.e. 

construction) closed loop perspective to a pan-industry closed loop vision. However, and as 
discussed by representatives from several industries in the Third BEAW ARE Workshop 
(D.3.8), an integrated mechanism involving the relevant industry and government 
stakeholders should be put in place to address existing financial, legislative, logistical, and 
technological barriers to a viable pan-industry waste exchange process. 
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