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Abbreviations and acronyms
AQA:

Aggregate and Quarry Association of New Zealand

GTR:

Ground tyre rubber, crumb rubber

GFA:

Granulated fly ash

IPWEA: Institute of Public Works Engineering Australia
MBIE: Ministry of Business Innovation and Enterprise
MfE:

Ministry for the Environment

MoT:

Ministry of Transport

MSE:

Mechanically stabilised earth

NOC:

Network Outcomes Contract

NZTA: New Zealand Transport Agency
RAP:

Recycled asphalt pavement, reclaimed asphalt pavement

RCA:

Recycled concrete aggregate

RCC:

Recycled crushed concrete

RCG:

Recycled crushed glass

TDC:

Tasman District Council

WRAP: Waste and Resources Action Programme
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Abstract
Understanding the barriers to more efficient use of pavement aggregates is critical to better
managing New Zealand’s finite virgin pavement aggregate supply. The first stage of the
research reviewed existing knowledge and experiences to describe barriers and opportunities
to more efficient use of virgin aggregates, including the uptake of alternatives including nonvirgin and marginal (lower grade) materials. The research undertook a desktop review of the
international and New Zealand literature, previously collected expert interviews and real-world
cases of aggregate decision-making.
The review identified four primary drivers for the use of alternative materials—policy, perception,
economic and technical. These were lensed through a theorised pavement lifecycle model,
encompassing design and planning, through tendering and contracting, then to
implementation and recycling. Four cases were then illustrated in terms of the pavement
lifecycle, drivers and associated barriers and opportunities (for example, technical barriers, and
the ways in which the multiple parties interacted to contribute to outcomes).
Several knowledge needs were identified, informing the second stage of the research where an
expert survey was distributed to industry stakeholders and technical experts from around New
Zealand. A range of variables were investigated, including a survey of stakeholders’ knowledge
and experience in using recycled and marginal materials, their attitudes and willingness to use
these materials, and the overarching policy, perception, economic and technical factors acting
as barriers to greater uptake.
Ultimately, a high level of support for the use of recycled and marginal materials was indicated,
at the same time a core of detractors who are unwilling to use them and would not
recommend them. Notwithstanding openness to using these materials in a variety of
applications including State Highway and high-volume roads, virgin aggregates remain the ‘go
to’ material, and the tendency was to prefer recycled and marginal aggregates in lower volume
applications. As barriers, the major factors were reported to be policy and perception based,
with material performance knowledge gaps following. As the first stage of the research
concluded, recycled and marginal aggregates can perform at least as well as virgin aggregates
when adequately treated and suitably applied, and are overseas often considered superior to
their ‘virgin’ counterparts. While current use of recycled materials tends to be the exception,
there is ample scope in terms of performance for it to become the norm. Reported in the initial
review of international research, substantial cost savings through using recycling and marginal
materials is also possible, not only material and transport costs, but also reduced negative
environmental externalities.
Finally, through the pavement lifecycle lens, a series of recommendations are given toward
better optimising alternative material use in New Zealand transport corridors. These include
potentials related to national planning and national strategy, enhanced information and new
low volume road specifications.
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1

Background
Challenge and research goals

Aggregates form critical ingredients for New Zealand’s roading and construction infrastructure.
The challenge is that the supply of virgin, high quality pavement aggregates is finite and there is
growing demand for the resource. Meanwhile, there is a reluctance to use available lower-grade
and recycled materials, with uptake remaining low.
The following research seeks to better understand the barriers to more efficient use of
aggregates in general, and the barriers to increasing use of non-virgin and lower-grade
materials (or ‘marginal’ materials). The study first presents findings from a desktop review of the
literature, expert interviews and selected cases—the second part presents the findings from an
expert survey, including industry stakeholders. Overall, existing practices and decision-making
are assessed, the perceived risks and barriers, and the opportunities and drivers for change (see
Table 1). Finally, a set of recommendations, including recommendations for further research are
made.
Table 1. Research topics (current practices, risks, barriers and opportunities).
1.

Reviewing existing practices and decision-making around the use of recycled materials,
and to a lesser extent lower grade (marginal) aggregates across New Zealand

2.

Identifying the perceived risks and barriers associated with the use of alternative
materials (particularly recycled materials, but also lower grade, marginal aggregates), and

3.

Identifying the opportunities and drivers for change in material use, to identify potential
actions for change.

Supply and demand pressures
A body of research on the use of aggregates has already been developed by the New Zealand
Transport Agency, summarised in Lane’s (2017) discussion paper on aggregate resource
efficiency. Key points from Lane’s report are described below, followed by review findings from
relevant New Zealand and international literature and expert interviews undertaken by the
Agency.
Aggregate supply and demand has fluctuated over the preceding decades, closely linked with
economic prosperity. According to Lane (2017), production figures from 2015 were
approximately 39 million tonnes, 18 million tonnes of which were used in road construction
(New Zealand Petroleum and Minerals, as cited by Lane, 2017). These include the five main
categories of aggregate as identified by the Ministry of Business, Innovation and Employment
(MBIE) —predominantly rock, sand and gravel for roading (56% of consumption in 2012), then
for building and fill (24% and 12%, respectively), finally lesser quantities of industrial sand, and
rock for reclamation and protection (together 7%, as of 2012). Indeed, aggregates represent a
substantial portion of total freight on New Zealand roads (third by weight behind
manufactured goods, milk and dairy, MoT, 2014).
Both supply and demand side pressures are evident in the market for aggregates, the main
issues as identified by Lane (2017) being:


Reducing supply close to main centres of demand
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Unnecessary demand for high grade aggregates

In theory, the supply of aggregate in New Zealand is very large due to underlying geological
features, but other considerations limit supply (Lane, 2017). These include both depletion of
existing quarry sources and the resulting impact of urban encroachment on existing quarry
operations. ‘Not in my back yard’, or NIMBY effects place pressure on existing quarries. Public
preference for quarries to be located farther from residences impact on transport distances,
therefore transport costs to markets. Long lead times, consenting and Resource Management
Act requirements limit or slow opening of new sources. Further, available quarries and local,
underlying geological structures may not supply the desired type or quality of aggregates,
necessitating sourcing from farther afield—a mismatch between supply location and demand
location. Historically, the low price of virgin aggregates has also meant that planning and
capital investment into alternatives has been limited. The issue is further complicated where
extraction processes result in a greater volume of lower grade material relative to the highest
grades which meet, for example, M/4 and M/6 standards (as described in the expert interviews
addressed in the later literature review). Lane (2017) estimated that premium grade aggregate
accounts for just 10% of quarry production, with the highest grades sourced from a minority of
quarries.
Demand side pressures are also evident, particularly ‘unnecessary’ demand for high grade
aggregates in applications which could conceivably be satisfied by lower grade, marginal or
alternative materials (Lane, 2017). For example, the design and performance needs for low traffic
volume roads might adequately and safely be met with marginal materials, either ‘as is’ or with
modification through modern treatments. However, because of preferences and risk aversion
(reported by Lane, 2017, and reflected in the expert interviews captured in the literature review
below) both local and national authorities, and designers and engineers can over-specify the
use of the highest-grade aggregates unnecessarily. Ongoing asset improvement programmes,
for example the Transport Agency programme 2016-2022, also impose demands on supply. In
this case, $9.1b in spending is composed of approximately 7%-15% aggregate costs, excluding
transport costs (Lane, 2017). Extending Lane’s discussion of demand pressures further, as
fundamental inputs for roading construction, rising aggregate demand is in line with the needs
of both business-as-usual asset renewal and the needs of a growing population (in 2016
Statistics New Zealand projected the population would rise to between 5-5.5million people by
2025). These patterns of rising demand, restricted supplies of virgin aggregate and longer
transport journeys to quarries is mirrored in Australian (Evans and Martin, 2018).

Impacts, efficiency and recycling opportunities
The supply and demand pressures discussed above have implications with downstream
impacts, efficiency of aggregate resource use, and the opportunity to improve uptake of
recycled materials. Lane (2017) identified increased heavy traffic volumes as the primary impact
of these trends, with transport costs a significant portion of overall aggregate costs, and higher
demand leading to a greater number of heavy vehicles transporting aggregate across the
transport network. Out of a total of approximately 230 million tonnes of total road freight in
2006-2007 about 40 million tonnes of this was aggregates (Lane, 2017).
The impacts of increased heavy traffic volume identified by Lane include:




Negative impacts on local communities due to noise, dust and amenity
Higher environmental impacts including carbon emissions
Higher road maintenance costs, and
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Increased network congestion and higher fuel costs.

Greater transport distances from supply to market, therefore higher transport costs have
implications for National Land Transport Programme affordability (Lane, 2017). Due to raised
transport costs general economic theory also predicts downstream effects, for example the
potential for higher costs in construction for commercial and residential sectors (due to cost
‘pass-through’ to consumers, RBB Economics, 2014) and higher labour costs (e.g. due to
heightened demand for transport labour and road maintenance labour, Hamermesh, 1996;
Nickell, 1986). The efficient use of increasingly limited aggregate resources then is of growing
importance both nationally and to individual operators. Maximising resource efficiency
immediately also benefits the Agency. To paraphrase Hannaby, Browne and Marquardt (2015),
greater resource efficiency means achieving the best possible output at the same time
minimising cost and material use, energy use, thus maximising value from limited resources.
With non-metallic minerals (e.g. aggregate and concrete) consuming approximately 20% of its
annual expenditure up to 2015, the Agency could benefit from potential annual savings of $3
million per year for every 1% reduction in costs (Hannaby, Browne and Marquardt, 2015).
In this context, recycled aggregates and other marginal materials offer well documented
benefits, such as a reduction in waste to landfill, reduced CO2 emissions, reduced resource
consumption, and other environmental and social benefits (Lane, 2017).
However, a variety of barriers to the uptake of recycled materials have been highlighted by Lane
(2017). These were:





Historical abundance of aggregates has resulted in low investment in recycling
technology
There has been limited mandate for recycled material use by clients, including the
Agency
Operators and clients perceive risks in terms of product quality, especially variable
quality, and
There is a perception that marginal aggregate grades do not meet all or acceptable
specifications.

As a result, despite the financial benefits, environmental and social benefits, and provision for
the use of recycled materials in M/3, M/4, M/6 and M/10 standards, recycled aggregate material
use in New Zealand has been limited. They account for only up to 1% of materials used in
Transport Agency maintenance projects and road construction, which is low by international
standards (Lane, 2017).

Knowledge gaps
Summing up the review of aggregate resource efficiency in New Zealand, Lane (2017) identified
several opportunities for further research. These were to (1) further investigate supply and
demand, and associated economic drivers, and to (2) explore and define national level strategy
and local level specifications.
The first recommendation included detailed investigation of the supply of aggregates in New
Zealand, including a more complete mapping of sources and production around the country,
capturing both Transport Agency and private consumption from quarries (having noted some
inconsistent production figures quoted by various sources). Measuring the future demand of
non-transport users for aggregate material was also recommended, as was a comparative
analysis of the transport costs of premium and non-premium aggregates. Considering the
www.wsp-opus.co.nz

©WSP Opus | 2018

Page 4

Recycled aggregates on New Zealand roads: Barriers to uptake and drivers for change

potential role of economic levers to adjust the relative cost of new and premium versus the
recycled or marginal, there is also the opportunity to develop a fuller picture of the relative
lifecycle costs and impacts of new versus recycled or marginal aggregates.
Secondly, Lane proposed developing a national level strategy and further work developing
standards and guidelines designed to ensure recycled, substitute and marginal materials meet
specifications. This included the potential to develop more fit-for-local-purpose specifications
(e.g. M/4 and M/6 equivalents, or an additional specification suitable for low volume roads). In
addition, reviewing the role of legislation and planning, and what barriers these may present to
the uptake of recycled materials. By extension, Lane recommended a purposeful investigation
into how the use of recycled and alternative aggregates can be encouraged.
Lane’s report established the need for better use of a finite resource but also identified
significant barriers. The following review examines the broader literature and expert interviews
to provide more detail on the barriers and opportunities for gaining greater efficiency in the use
of pavement aggregates in New Zealand. This is followed by a series of cases, illustrating the
barriers and opportunities and the results of an expert survey including stakeholders both
within the Agency and the wider New Zealand pavements community.
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2 Literature and expert interview review
Scope and method
Lane (2017) identified a number of trends, barriers and opportunities, and also observed that the
uptake, or practice of recycling aggregates in New Zealand remains limited. As discussed above,
supplies are finite, demand is growing, and costs are rising through a variety of economic
drivers. What is less clear though is why, when existing standards permit the use of recycled
materials, uptake continues to be low. Lane observed that perceived risks in relation to product
quality and the perception that marginal grades of aggregate do not meet acceptable
specifications are barriers. Thus, while on the surface economic factors can appear the most
salient, there are indications that other factors besides cost are at play. The following desktop
review explores the evidence-base on current practice, barriers and then opportunities for
increasing uptake of recycled aggregate use in New Zealand roads. Resource efficiency is also
explored from the perspective that optimal efficiency maximises benefits for least possible cost,
material and energy consumption, and the supposition that a key avenue to greater efficiency is
through the use of recycled or marginal aggregates (Hannaby, Browne and Marquardt, 2015).
To carry out the review a body of material was sourced directly from the Agency, including
Lane’s (2017) discussion paper. This body of material covered reports of case studies where
recycled materials have been used in both low and high-volume roads (for example the West
Autobahn A1 in Austria), laboratory testing of recycled material performance, briefing
documents and transport studies from both New Zealand and international examples (e.g.
Europe, United Kingdom and United States). A primary resource within the supplied material
was a series of expert interviews previously undertaken by the Agency, discussing the barriers
and opportunities presented by the use of alternative materials. These interviews were
conducted from 2014 – 2018 with experts from private construction firms, the Aggregate and
Quarry Association of New Zealand (AQA), Ministry of Transport (MoT), Ministry of Business
Innovation and Enterprise (MBIE), Ministry for the Environment (MfE), Auckland University, and
from within the Agency itself.
The Agency source material was supplemented with a targeted review of academic and grey
literature using search terms designed to capture contemporary examples, including updates
on technology and practice where appropriate. For example, some earlier literature cited
concern at the inclusion of crumb rubber in asphalt surfacing due to technical constraints
around the use of high temperatures (e.g. Crockford, et al., 1995, on the need to modify
techniques, mixture design and material processing). More recent examples of both real-world
application and laboratory testing using de-vulcanised rubber mean that these earlier concerns
no longer represent the current state-of-play in recycled aggregate technology or practice (e.g.
Wu, Herrington and Neaylon, 2015). The sources overall were primarily located through industry
organisations, academic journals, and published laboratory reports. Further, a professional
network of WSP Opus engineers and specialists was canvased for their expert
recommendations on additional, contemporary material.
The review covers the use of alternatives to high-grade virgin aggregates, that is, both non-virgin
materials and lower grade aggregates. ‘Recycled materials’, or ‘recycled aggregate materials’
covers a wide range of recycled construction, aggregate, alternative or filler materials. For the
purposes of this discussion, recycled crushed concrete (RCC), recycled asphalt pavement (RAP),
and the inclusion of fillers and modifying materials such as crushed glass and crumb rubber
were used as proxies for non-virgin materials in general. Aggregate resource efficiency was also
www.wsp-opus.co.nz
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reviewed with reference to high-grade aggregate versus lower grade (or marginal) aggregate.
High quality aggregates in line with M/4 and M/6 specifications correspond to approximately
10% of quarry output referred to by Lane (2017), leaving a substantial potential resource of
marginal, virgin materials.

International experience, efficiency and cost saving
A range of well-established recycled aggregate materials, particularly RAP and RCC, are in use
internationally—including Australia, Europe, the United Kingdom and United States. There has
been substantial development in terms of knowledge, technology and practice over the last
fifteen years and these materials contribute to improved roading construction in a number of
ways. In many cases the recycled material option is superior in performance to the virgin
material option or offers other financial and environmental cost savings and benefits (Ardalan,
2017; Arnold, Werkmeister and Alabaster, 2008; Ellis, Agdas and Frost, 2014; Evans, et al., 2014;
Hassan, Elghali and Sowerby, 2004; Limbachiya, Koulouris, Roberts and Fried, 2000; Limbachiya,
Leelawat and Dhir, 2000; Patrick, Reilly and Cook, 2006; Toole, Rice, Latter and Sharp, 2018; Van
der Haegen, 2018; WRAP, 2001, 2004, 2006a, 2006b). Performance increments also offer the
potential for longer lasting materials and roads, with positive implications for cost saving in
terms of both reduced maintenance and enhanced health and safety (McGee, 2015; WRAP,
2005). Recycling aggregates is an effective way to reduce consumption of scarce resources
(Hannaby, Browne and Marquardt, 2015). These alternative ‘materials’, then, perform a variety of
roles, as substitutes (e.g. RCC in place of new aggregate), fillers (e.g. crushed glass) or modifiers.
Some materials perform multiple functions within a composite material, for example RCC is
both a substitute and filler, and modifies the performance of the material it is mixed with.
Likewise, crumb rubber performs as a modifier and to a lesser extent minor ‘filler’.
Recycled brick and concrete, in particular RCC, has been used extensively in Europe as far back
as the post-World War 2 recovery and reconstruction. Supplies were plentiful and demand for
materials was very high then, and they are now considered ‘premium’ products offering
superior performance over virgin aggregates (Alabaster, 2005; Pidwerbesky, 2015). The exact
performance, strength and weight of RCC inclusive composite materials depends on the
proportion of RCC included. However, RCC offers weight saving benefits (e.g. 10-20%) while
retaining equivalent strength as virgin aggregate based concrete, and potential carbon savings
in the region of 65% versus virgin material (McGee, 2015). They also have a higher bearing
capacity than original crushed granite and superior rutting resistance compared to virgin
aggregate (Pidwerbesky, 2015). RCC has been tested and judged as equal or better than virgin
aggregates, although it does require ‘quality processing’ (Pidwerbesky, 2015). Recognised as a
premium product, in the United States demand for recycled concrete tends to exceed supply
(Ellis, Agdas and Frost, 2014).
The inclusion of other recycled materials in composite aggregates has also been widely tested
and routinely used to improve performance. For example, RCC can be modified with melter
slag to a standard comparable to M/4 (Alabaster, 2005). The combination of crumb rubber with
Portland cement concrete demonstrated superior thermal cycling resistance, lower weight,
lower cost and better “sound resistance”, or attenuation (Ellis, Agdas and Frost, 2014). Overseas,
hot mix asphalt has incorporated ground tire rubber (GTR) or crumb rubber routinely for over
30 years (Patrick, Reilly and Cook, 2006), at least as a filler. Its use has been linked to improved
fatigue performance and greater resistance to moisture damage in asphalt surfacing (Palit,
Reddy and Pandey, 2004). Patrick, Reilly and Cook (2006) described the recycling of asphalt as
commonplace, RAP demonstrating longer service life compared to contemporary, virgin
asphalt. Crushed glass incorporated into ‘glasphalt’ has been successfully mixed and placed in
www.wsp-opus.co.nz
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the United States and Canada from 1968 in installations including city streets. Andres and
Rebbechi (2009) observed improved abrasion resistance of concrete containing RCG. The
inclusion of ground glass is already incorporated into some Transport Agency standards, and
recent, New Zealand based investigation has recommended increasing the allowed proportion
of glass fill up to 15% by mass without loss of performance (Arnold, Werkmeister and Alabaster,
2008).
Other locations in Africa, Asia, North and South America have also constructed low traffic
volume roads, both sealed and unsealed, using marginal aggregates from local sources with
good effect (e.g. Bullen, 2003; Cook, Petts and Tam, 2005; Gautam, Yuan and Nazarian, 2013;
Johnston, Nunez and Ceratti, 2015). Over three quarters of the applications studied were
considered structurally sound, in one example after 19 years the marginal aggregate performed
at least as well as traditional virgin material (Paige-Green, 1996; Woodbridge, 1999). That said,
the upper performance limits of the marginal materials could be lower than that of the highest
specification materials, and as Toole, et al. (2018) observed, special consideration was needed in
construction of the pavement itself and in the surrounding environment. In some cases the
marginal aggregates could be vulnerable if not well drained or exposed to excessive water.
In Europe both small and large-scale use of recycled aggregates occurs, and both on- and
offsite recycling methods are used, resulting in cost savings. The West Autobahn A1
refurbishment in Austria is a large-scale example with extensive reuse of aggregates across
230km of its 292km length. Substantial savings were reported in reduced transport journeys,
transport costs and associated environmental benefits (Pidwerbesky, 2015). Road material
recycling in Austria was described as commonplace already in 1999, with contractors being
required since 1991 to demonstrate that recycling is not viable before excluding that approach
(AAS, 1999). Smaller scale reconstruction of existing carriageways has also been carried out in
the United Kingdom. In one case of road refurbishment where approximately 2500 tonnes of
material were recycled onsite (most usable immediately) the use of RAP saved over 50% in
material costs, equivalent to 30% in project costs, with particular savings in transport costs
(WRAP, 1999). This is representative of cost savings reported by the Waste and Resources Action
Programme (WRAP, UK) across a range of projects (e.g. WRAP, 2005, 2006a, 2006b). The
Australian experience mirrors the European one, with, Evans, et al. in a 2014 Australian survey of
road construction stakeholders reporting lower construction costs resulting from fewer
transport journeys, further that Vicroads had estimated cost savings between 15-20% over virgin
materials. The Institute of Public Works Engineering Australia (IPWEA, 2010) also established a
variety of cost savings through reduced materials costs and reduced transport costs (e.g. lower
density materials mean less weight, fewer transport journeys). With lower fleet operating costs
through fewer trips, there are further positive environmental benefits through reduced carbon
emissions (Baas, 2012). While both onsite and offsite recycling of pavement materials is used,
onsite (or in situ) recycling is attractive from a transport cost-saving perspective, however it is
not without negative aspects such as noise and dust generated by local operations (e.g. Wrap,
1999).
In Australia, considerable research by government and private organisations has demonstrated
other cost savings linked to recycling aggregates. For example, substantial volumes of water
(e.g. in Victoria state, per 2 M tonnes of recycled concrete, savings of approximately 2.9 M kL
water; Evans, et al., 2014). Disposal costs are also a factor, costing as much as AUD140 per tonne
(up to 2014). Including the cost of new, virgin material, consequently the cost of not reusing
materials could be as high as AUD168 per tonne, even excluding transport costs and
externalities. Evans, et al. further cited landfill externalities—including greenhouse gas emissions,
air pollutants causing negative health effects, surface and ground water contamination, and
www.wsp-opus.co.nz

©WSP Opus | 2018

Page 8

Recycled aggregates on New Zealand roads: Barriers to uptake and drivers for change

amenity impacts such as noise, odour, litter and visual impacts—as a factor in driving the
argument for greater resource efficiency. Evans and Martin (2018) cite compounded cost
savings when landfill costs and externalities (e.g. atmospheric pollution) are accounted for.
The international success of recycled materials, particularly aggregates RCC and RAP, can be
seen in a wide use and acceptance by regulators, authorities, and clients worldwide. In the
United States specifically, as of 2011 the majority of states approved the use of RCC as
aggregate, base aggregate and in hot mix asphalt (Ellis, Agdas and Frost, 2014). Further,
approximately half of all states have increased their use of RAP since 2007 and the majority
permit more than 25% RAP in hot mix asphalt in either all layers or in base and intermediate
layers. Usage can be high, as in the state of Nebraska, where mixes averaged 37% RAP and up
to 50% is approved. Most US states recycle concrete for reuse in roads and construction at least
to some degree. Similarly, since 2005 around half of local authorities in the United Kingdom
allowed and used recycled materials highway projects (although only approximately 10% set
requirements that actively encouraged their use) (WRAP, 2005).
Demonstrated cost savings and good performance, combined with rising demand and
shrinking supply led the State of New South Wales to develop a strategy for increasing the
recovery and reuse of materials. The stated aims were to increase recycling rates by 2020-22 for
construction and demolition waste from 75% (in 2010-11) to 80% (EPA, 2014). The national
average recycling rate is 66% (ranging from just 1% to 75% depending on state; Evans, et al.,
2014). Similar targets are set in Europe—the 2011 Waste Framework Directive seeks to increase
the recycling of non-hazardous construction and demolition waste to a minimum of 70% by
weight (‘closing the loop of product lifecycles through greater recycling and reuse, and bringing
benefits for both the environment and economy’)(European Commission, 2016, p1). And in the
United States the Florida Department of Transportation became subject to a Bill targeting 75%
of construction waste to be diverted from landfills and reused instead (Ellis, Agdas and Frost,
2014). Cost savings as a result of recycling aggregates are widely recognised.
In some locales recycling rates are high, but while recycled aggregates have been used
extensively in Europe and are widely used internationally, the depth of use may be
characterised as more limited. They are widely used, even commonly used, but their use still
only comprises of a small proportion relative to the quantity of virgin materials used. According
to Chalkiopoulou and Hatzilazaridou (2011), in 2010 recycled construction and demolition
materials, and recovered manufactured aggregates (e.g. crushed slag, fly-ash) accounted for 8%
of total aggregate production in Europe. By comparison, in New Zealand, Ardalan (2017)
reported that in 2015 were all waste concrete and glass in the Waikato region incorporated into
the supply, they would provide for approximately 11% of total road aggregate demand in the
region. There is both capacity and scope for more to be done.

Drivers, barriers and opportunities
It is clear in both the international and local literature described above that there are multiple
drivers influencing the use of recycled materials and marginal aggregates. Four interconnected
themes have emerged: policy, perception, economic and technical (see Table 2).
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Table 2. Key drivers behind acceptance, uptake and use of recycled aggregates.
Policy

Degree to which design, tender, contract and national level strategies promote reuse

Perception

Perceptions of quality, reliability, and the performance of materials

Economic

Supply and demand pressures, investment, disposal and material cost, and scarcity

Technical

Technology, technical standards, and technical experience or knowledge

Note a degree of cross-over between the drivers, for example, technical standards being both a
technical and policy related factor.

These drivers form the lens through which a range of barriers and opportunities were observed
in the Agency sourced expert interviews, Lane’s report (2017) and the review of New Zealand
and international literature (the ‘three sources’).
From an economic perspective Bailey, Dravitzki and Patrick (2001) described significant
incentives as being the (1) cost of disposal, (2) cost of new materials, and (3) material scarcity. All
three sources commented on a lack of financial incentives as a common barrier to using
recycled or marginal materials. For example, Wu, Herrington and Neaylon (2015) reported that
tire-derived crumb rubber has been viewed as a more expensive option, requiring high cost,
specialist equipment.
Technical concerns were commonly raised, such that testing by New Zealand based recyclers
may not be consistent (Ardalan, 2017), with implications for how recycled aggregates are
perceived in terms of quality and performance reliability. How materials are perceived was also
referred to in many papers, by both pavement practitioners and the wider community (Bailey,
Dravitzki and Patrick, 2001). For example, Pidwerbesky (2015) cited the perception that recycled
materials are inferior, with concerns around quality control, and environmental concerns
relating to runoff or leaching into the water table. This later point is despite current Transport
Agency aggregate specifications including limits on the proximity of recycled concrete to
ground and surface water (Alabaster, 2005), indicating a knowledge gap among current users.
The same pattern was observed in Queensland state, Australia, where insufficient promotion of
road specifications was observed by Evans, et al. (2014), consequently an opportunity to better
educate the design industry on specifications, showing the benefits of incorporating recycled
products into projects.
Bailey, Dravitzki and Patrick (2001) identified government policy as a significant factor (e.g.
tenders often treat recycled and marginal materials as optional). Likewise, Hannaby, Browne
and Marquardt (2015) and Lane (2017) commented on a lack of national strategy. A range of
corresponding policy, perception, economic and technical opportunities are also identified, for
example the potential to raise the proportion of marginal materials allowed by Transport
Agency specifications (Alabaster, 2005). Additionally, the opportunity to develop material
specifications suitable for low traffic volume or non-highway projects (Lane, 2017), taking
advantage of the large volume of marginal aggregates which are available.
The following tables summarise the range of barriers (Table 3 to Table 5) and opportunities
(Table 6 to Table 8) as identified through the three sources. As a primary resource the expert
interviews were obtained from private construction firms, the AQA, MoT, MBIE, MfE, Auckland
University, and the Agency itself. As such they represent a broad spectrum of expert interest
and New Zealand organisations with interests at various points of the pavements lifecycle.
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Table 3. Policy and perception barriers.
Expert interviews



Policy






Perception





Lane (2017) report

Resource efficiency is not generally a
consideration in design criteria
The current, modern specifications
may still be too limiting
Over-specification on low volume
roads



Perceived cost increase to using
recycled materials
Attitudes associated with risk aversion,
particularly among engineers, project
managers and contract managers
Perception that recycled materials are
inferior, that past examples have not
performed well, quality control is
unreliable and RCC and RAP have
widely ranging performance as a result



www.wsp-opus.co.nz



NZ and International literature

There has been limited mandate for
recycled material use by clients,
including the Agency
Local authorities, designers and
engineers tend to specify to Transport
Agency standards, which results in
premium aggregate materials being
used when not necessarily needed



Operators and clients perceive risks in
terms of product quality, especially
variable quality
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Tenders often treat alternative materials,
recycled materials as optional (Bailey,
Dravitzki and Patrick, 2001)
Absence of coordinated, strategic action
plan across highway functions designed to
reduce resource consumption (Hannaby,
Browne and Marquardt, 2015)
Perception that recycled materials are
inferior, less resilient, vary in quality, more
expensive, leading to technical
performance problems (Andrews, 2005;
Pidwerbesky, 2015; Slaughter, 2005; Van
der Haegen, 2018; Wu, Herrington and
Neaylon, 2015)
Concerns that laboratory testing does not
adequately reflect real world performance
of recycled materials (Alabaster, 2005)
Lack of national uniformity in planning,
standards and approaches hinders
development of infrastructure,
organisations and expertise (Evans, et al.,
2014)
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Table 4. Economic barriers.
Expert interviews








Economic







Lack of financial and economic
incentive given the historically low
cost of virgin aggregate
Contracts do not tend to factor in
resource efficiency
Insufficient preplanning and
commitment limits capital investment
in the recycling supply chain (i.e. longlead times)
Lack of incentive to test, QC and
stockpile recycled aggregate due to
low demand
A range of externalities (e.g.
environmental impacts) remain
outside of contracting, therefore
uncosted
Supply problems (volume, reliability,
quality) limit specifying recycled
material into work
Processing of recycled materials (e.g.
RCC and RAP) lack adequate
economies of scale, meaning they are
less cost-competitive than new
materials

Lane (2017) report





Historical abundance of virgin
aggregates has resulted in low
investment in recycling technology
Apparent market failures result in
environmental and social costs and
benefits not being fully incorporated
into the current aggregates market
(including accounting of the full waste
stream)

NZ and International literature
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General lack of economic incentive, for
example, supply and demand
inconsistency is a disincentive to both
specifying recycled materials into projects
and capital investment into recycling
supply chains (Alabaster, 2005, Bailey,
Dravitzki and Patrick, 2001; Hassan, Elghali
and Sowerby, 2004)
Without accounting for environmental
and social costs, virgin materials can
appear cheaper than recycled materials
(Slaughter, 2005)
Recycled material supply shortages can
require sourcing alternate material
sources midway through projects (WRAP,
2001; Wu, Herrington and Neaylon, 2015)
Economies of equipment, process and
people mean that recycling of small
amounts of material, smaller sites can be
uneconomical (WRAP, 1999)
Within-organisation limits mean that
transport costs, or fuel economy costs are
not fully measured (e.g. per vehicle fuel
use can go unmeasured, and limits to
transferring knowledge between
organisations) (Baas, 2012)
Limited enforcement of existing
regulations (e.g. disposal of road vehicle
tyres) depresses the costs of disposal,
therefore the benefits of recycling (Wu,
Herrington and Neaylon, 2015)
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Table 5. Technical barriers
Expert interviews





For private firms, internal work is
required to incorporate resource
efficiency and environmental impacts
into the normal course of business
Knowledge limitations, both technical
knowledge and application experience

Lane (2017) report



The perception that marginal
aggregate grades do not meet all or
acceptable specifications

NZ and International literature





Technical
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Evidence that current New Zealand
recycling practice provides uneven testing,
therefore standardisation of recycled
materials (Ardalan, 2017; Slaughter, 2005)
Use of recycled and marginal materials
requires different plant, experience and
process, resulting in uncertainty through
production, and potential cost overruns
(WRAP, 2001)
Onsite recycling can result in negative
environmental and social outcomes (e.g.
dust and noise) (WRAP, 1999)
Technical requirements of some recycling
technologies can run counter to industry
trends and investment preferences (Wu,
Herrington and Neaylon, 2015)
Contractor experience is a factor and
limits the effective use of recycled
materials, marginal materials (WRAP,
2004)
Recycled materials can behave differently
in some circumstances (e.g. as a result of
moisture content, density, impacting on
workability) (IPWEA, 2010)
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Table 6. Perception and policy opportunities.
Expert interviews





Policy



Designers decide what materials to
use and to what volume, referencing
design criteria
Suggest public-private-partnerships
as a way to drive innovation and
efficiency
Incorporate a wider range of ‘noncost’ attributes into tender evaluation
(e.g. recycled material use)

Lane (2017) report







Perception





Build a case for the use of ‘lower’
quality aggregates where the highest
specifications aren’t necessary—scope
for lower specification material in low
volume applications
Develop understanding of the longerterm gains and benefits associated
with a shift toward recycling and the
whole of life-cycle approach

www.wsp-opus.co.nz



NZ and International literature

Develop national level strategy and
policy and guidance for local
authorities which considers the
protection of premium aggregate
resources and guidance on how e.g.
environmental, health and supply
considerations should be balanced
Require in-Agency contracts use
marginal, recycled and alternative
materials, accounting for the
propensity for sub-contracting to
aggregate suppliers
Use Agency sustainability rating tools
(e.g. Greenroads) to benchmark
performance not only across the state
highway network but also to define
certification levels to be achieved by
contractors



Address risks perceived by industry,
designers, project managers by
closing knowledge gaps on the
performance of recycled materials
and marginal materials
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The tendering stage is key, through driving
targets, material specifications and
expectations (Van der Haegen, 2018)
Greater cooperation within the Agency
(across multiple projects) and among other
organisations (i.e. the complete supply
chain, including the recycling supply chain)
offers greater efficiencies, cost savings (Baas,
2012)
Provide a simplified regulatory framework
across multiple agencies, geographies, and
the Agency to provide clear lines of
authority and legislation (CCAA, 2013)
Early involvement of clients, particularly
local authorities, in the process of working
with recycled and marginal is critical in
driving uptake materials (e.g. design, tender,
contract) (Reid, et al., 2006)
Can achieve positive change through
influencing the client end, in addition to
designers, engineers and project managers
(Van der Haegen, 2018)
Develop strategies per key material
(recycled, or marginal), including
demonstration trial (Bailey, Dravitzki and
Patrick, 2001)
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Table 7. Economic opportunities.
Expert interviews






Incorporate wider environmental and
social costs into project decisionmaking, resulting in new aggregate
being fully costed, particularly in light
of market identified market failures in
the waste stream)

Economic



Procurement drives design, innovation
often depends on contracting
Provide contractual incentives to
incorporate recycled material
Reduce landfill waste (fees, transport,
landfill operations), reducing costs in
the face of rising landfill costs through
recycling

Lane (2017) report

NZ and International literature
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Incorporate indirect costs and indirect
benefits to better highlight the economic
case for using recycled and marginal
materials (WRAP, 2001)
Performance improvements gained
through using recycled materials and
marginal materials as modifiers can make
an economic case for their use (e.g.
maintenance and replacement cost
savings) (Patrick, Reilly and Cook, 2006;
WRAP, 2006a, 2006b; Wu, Herrington and
Neaylon, 2015)
Certified stockpiles of recycled materials
can offer supply certainty to users (in
addition to performance certainty, thereby
reducing risk) (IPWEA, 2010)
National specification for low volume road
applications could make better use of
both existing marginal aggregate and
premium aggregate supplies (Donbavand,
2018)
Raising recycling rates offers economic
benefits in terms of CO2 emission
reductions, reduced energy use, fewer
materials used (Patrick and
Arampamoorthy, 2010)
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Table 8. Technical opportunities.
Expert interviews



Technical







Standardise designs to gain better
economies of scale and greater
lifecycle efficiency through simplifying
the recycling process
Build knowledge and support with
local trials or paper reviews of overseas
work comparing them to New
Zealand conditions (i.e. how relevant
are overseas examples?)
Mapping both low and high quality
aggregate sources around the country
to help decision-makers better
consider freight distance versus
material choice
Develop best-practice guidelines and
documentation

Lane (2017) report





Develop ‘local’ specifications suitable
for non-highway projects, providing for
greater use of marginal materials on
suitable applications (e.g. low volume
traffic roads)
Review RAMM data and methodology
for accurate measurement of
premium aggregate use by Agency
and non-Agency users, in addition
accurately capturing records made by
external parties (e.g. Worksafe
database on quarry locations,
ownership and production volumes)

NZ and International literature
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Current (e.g. TNZ M/4 and M/6) New
Zealand standards are good, and
incorporate overseas lessons, but there is
an opportunity to raise the proportions of
allowed recycled materials (Alabaster,
2005)
Potential for high quality (affordable,
available, repeatable, accurate, and
standardised) tests to facilitate uptake of
recycled materials through alleviating
uncertainty (Arampamoorthy and Patrick,
2005; Slaughter, 2005)
Recycled materials can be included in
construction without impairing
performance, potentially increasing
performance (Arnold, Werkmeister and
Alabaster, 2008)
Establish accurate database of quarries,
locations, production, alongside five-year
plans for aggregate consumption
(Environment Waikato, 1995)
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Success and the pavement lifecycle perspective
Despite the advantages and considerable experience discussed above, the recycling of aggregates
and reuse in road infrastructure is not without challenge. Success also depends on cooperation
and intervention at multiple points of the pavement lifecycle (explored further below). Not all
projects result in cost savings, and processes may demand adaptation to local conditions and
additional equipment (e.g. ground penetrating radar to locate existing buried services), and a
flexible procurement process (some projects had to substitute materials part way to completion)
(e.g. WRAP, 1999, 2001). Past projects have reported needing to reject several sources due to
contamination in the aggregate (Slaughter, 2005) and for quality standards to be upheld, test
methods need to be effective (affordable, available, repeatable, accurate and based on agreed
standards, per Arampamoorthy and Patrick, 2005). At the building stage of the lifecycle, new
sensor equipment can be required to work effectively with relatively novel materials to avoid the
need for rework (Pidwerbesky, 2015). Concerns around the quality, consistency and health and
safety of marginal, recycled materials are not unfounded. Recycled materials sourced from
construction demolition can contain wide range of harmful, leachable contaminants (Andres and
Rebbechi, 2009), recycling needs robust testing and quality control systems.
A range of high level factors have also been identified as contributing to the successful use of
recycled materials. In Europe, cooperation between transportation and environmental Ministries
was critical (Alabaster, 2005). National level cooperation is important, conversely in both Australia
and New Zealand a lack of national level strategy has been observed as a barrier (Hannaby,
Browne, Marquardt, 2015; Evans, et al., 2014). Standards and specifications can vary within regions,
imposing barriers and costs on businesses which operate nationally (Evans and Martin, 2018).
Further, in the United Kingdom according to Reid, et al. (2006), education and market
development were important, as were:




Clear leadership from client, and coordination with other recycling activities and
projects
Early involvement of contractors, and early planning of logistical arrangements for
storage and recycling facilities, and
The existence of modern specifications, design guides and quality protocols.

From organisational, individual perspectives, Van der Haegen (2018) identified a number of key
influencers who were critical to success as:





Owners and clients, who focus on function and cost
Architects, who focus on form and function
Engineers, who are concerned about risk and work minimisation, and
Construction companies, who focus on customer satisfaction, or what customers want.

A fundamental issue raised in the international literature is the need for a life-cycle perspective
particularly with regard to supply consistency. The Waste and Resources Action Programme
(WRAP, 2004) recommended that early consideration of recycling was necessary as it requires a
fundamentally different approach to planning, sourcing and operations. Including aspects of
infrastructure design, material choice and manufacturing in a ‘design for recycling’ focus (Hassan,
Elghali and Sowerby, 2004) offers a range of benefits, not least that recycling reduces waste, and
therefore use of landfills (CCAA, 2013).
Disposal of tires, for example, typically result in a range of waste including atmospheric pollution in
addition to use of valuable landfill space (Evans and Martin, 2018). When reusing crumb rubber in
pavements, from a system perspective work at a single site can have wide benefits (e.g. reduced
transport journeys, associated noise and amenity effects; reduced landfill space, associated
pollution and amenity effects). There is a growing body of research being carried out by Australian
government authorities and private firms that provide better understanding of the system costs
www.wsp-opus.co.nz

©WSP Opus | 2018

Page 17

Recycled aggregates on New Zealand roads: Barriers to uptake and drivers for change

and benefits of recycling aggregates (e.g. Evans and Martin, 2018; Andres and Rebbechi, 2009).
From a system perspective the benefits of recycling materials are widespread and increasingly well
known, but less well quantified. There are additional benefits to the lifecycle approach in the form
of greater efficiencies through reduced complexity and material diversity, in turn making
disassembly and recovery and recycling more cost-effective. That is, it prompts a simplified supply
chain with fewer material components, requiring more common plant, equipment and methods.
‘Simplifying’ will also aid quality consistency in the supply chain, with fewer discrete stockpiles
needed.
Further, from pavement lifecycle perspective, failure to plan for the use of recycled and alternative
materials limits opportunities. Uneven supply, lack of long-term capital investment in the recycling
supply chain and long-standing perceptions on the quality of recycled materials mean that
consistent supplies are limited across a number of geographies. For instance, although recycling of
aggregates and reuse in road infrastructure is widespread in the United States, Ellis, Agdas and
Frost (2014) still found that because of inconsistent demand, recyclers were reluctant to produce,
stockpile and perform quality testing of RCC. In New Zealand the Transport Agency observed that
ineffective recycling networks limited economies of scale, and lack of awareness limits the benefits
of recycling and results in cost increases—even if there are indirect, or externalised benefits (e.g.
reduced CO2 emissions) (Hannaby, Browne and Marquardt, 2015).
Finally, transportation costs, and the transportation distances and their associated environmental
costs have been identified as critical factors. Paling et al.’s (2010) study of aggregate distribution
costs in the Waikato found that although there was the option of transporting aggregates by rail, it
was more cost-effective to move them by road, primarily due to a mismatch between supply
source and demand location, and the cost of transferring and managing aggregates between
modes. This is despite greater environmental cost arising from a purely road transport model,
many of which remain externalities still uncaptured by market pricing. The Waikato example
illustrates the complexity of costing the transportation of aggregates.
The expert interviews, and New Zealand and international literature identified a range of key
decision or inflection points (such as design criteria and contracting conditions) for encouraging or
discouraging the uptake of recycled or marginal materials. The interaction between the drivers
(policy, perception, economic and technical) and the pavement lifecycle is modelled in Figure 1
below, describing the five phases of the lifecycle as design, tendering, contracting,
implementation, and recycling.

Figure 1. Pavement lifecycle, key drivers and levels of interaction.
www.wsp-opus.co.nz
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The broad range of barriers and opportunities identified through the expert interviews, by Lane
(2017) and through the literature review illustrate how interventions are myriad and applicable
across a whole of pavement lifecycle and occur at multiple levels, be they national level, regional,
organisational, or individual levels. The key drivers highlight the interconnectedness of the barriers
and opportunities, as do the range of key influencers as identified by Van der Haegen (2018). At
each stage of this lifecycle, barriers and opportunities to recycling arise, and heavily influence the
following phases of infrastructure or roading construction. To a lesser degree, implicit is the degree
to which actors at different levels interact with the lifecycle in different ways and either face or
contribute to different barriers.
To illustrate, several examples of barriers and opportunities are drawn from the previous tables and
linked to the lifecycle (see Figure 2)
Perception Opportunity

Policy Barrier

Address risks perceived by
industry, designers, project
managers by closing knowledge
gaps on the performance of
recycled and marginal materials

Resource efficiency is not generally
a consideration in design criteria,
local authorities tend to specify to
Transport Agency standards, there
is a low- volume road specification
gap

Design &
Plan

Technical Opportunity

Recycled materials can be included
in construction without impairing
performance, potentially increasing
performance

Policy Barrier

Recycle

Policy
Perception
Economic
Technical

Perception Barrier
Operators and clients perceive
greater risks in terms of product
quality, variable quality and
increased costs

Technical Barrier

Tender

Tenders often treat alternative and
recycled materials as optional, with
the result that more common,
better known materials tend to be
used over alternatives

Policy Opportunity
Drive targets, material
specifications and expectations
through the tendering process,
prioritising sustainability

Build

Contract

Use of recycled and marginal
materials often requires different
plant, experience and process,
resulting in uncertainty through
production and potential cost
overruns

Economic Barrier
A range of externalities (e.g.
Environmental impacts) remain
outside of contracts, uncosted and
not part of decision- making

Figure 2. Key drivers and associated barriers and opportunities.
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3 Case review
Introduction
Four cases draw from the literature review, comparing and establishing connections between New
Zealand-based examples and the pavement lifecycle model described above. Potential cases were
identified through existing knowledge within the study team, examples discovered in the
literature and by enquiries made to six internal WSP Opus interest groups (asset management,
geotechnical, laboratories, materials, pavement and surfacing design, road network management).
They were reviewed and a select number explored in greater depth. Below, a brief description of
each case is provided and the key decision points, points of risk or uncertainty, or applicable
barriers and opportunities are illustrated on an associated figure.
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Case 1: Caversham Highway, Dunedin
The Caversham Highway Improvements Transport Agency project involved widening an existing 4lane section of SH1 in Dunedin. With a construction cost for stage one of $19 million between
December 2010 and October 2012, the purpose of the improvements was to ease congestion,
reduce travel times and increase safety on part of the southern arterial route into Dunedin.
Recycled aggregates were used in embankments and mechanically stabilised earth (MSE) walls.
Existing Agency specifications allowed for the use of a variety of materials and an Early Contractor
Involvement (ECI) process in the tendering stage saw an early decision shift construction from
using solely virgin aggregates instead to incorporate RCC and reclaimed, blended glass.
Knowledge within the project team and among contractors was essential, particularly knowledge
of existing recycled material stockpiles and how to use the materials effectively. A technical and
economic opportunity existed in the Dunedin area to utilise recycled materials as there was a
ready supply, and in this case the contractor had a stockpile of recycled material readily available.
Thus, a joint decision by the contractors, the Agency and the designers (WSP Opus) which reduced
overall cost while meeting technical specifications. Subsequently, this was incorporated into the
project contract.
Several policy, economic and technical opportunities are illustrated in Figure 3, however risks and
uncertainty also arose, notably during the implementation (‘build’) phase. Due to the increased
alkalinity of RCC there was the potential for adverse reactions with steel infrastructure, a risk that
needed to be managed. Some recycled material was also contaminated with asbestos—as
investigation later found, inadequate separation at earlier demolition contaminated a single
stockpile, nonetheless a delay resulted while each of the stockpiles was tested. Technical delays
and associated uncertainty can lead to increased perceptions of risk around the use of recycled
materials in terms of ‘cleanliness’, grade, quality, and performance.

Technical Opportunity

Policy Opportunity

Knowledge of pre- existing recycled
material stockpiles and material
use informed the design, plan and
contracting phases

Incorporating sustainability and
material requirements into early
planning and design encourages
more sustainability focused project
tenders

Design &
Plan

Economic Opportunity

Recycle

Tender

Policy
Perception
Economic
Technical

Technical Barrier

Potential for adverse reactions
between relatively novel and
standard materials if not managed

Build

Contract

Use of recycled resources can
reduce waste disposal and
transport costs, and new material
costs, increasing competitive
advantage

Technical Barrier

Policy Opportunity

Risk of contaminated recycled
materials being used in
construction if adequate testing is
not in place

Material specification and type
incorporated into contracts from
the outset ensures sustainability
continues through subcontracting

Figure 3. Caversham Highway project lifecycle map.
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Case 2: Christchurch Southern Motorway
The Christchurch Southern Motorway Transport Agency project involved construction of a 4-lane,
median separated motorway at a cost of $140 million, between January 2010 and December 2012.
The purpose of the project was to provide a safer, more efficient and reliable route between
Christchurch city centre, Lyttleton Port and South West Christchurch. Over 120,000 tonnes of RCC
and over 5500 tonnes of RAP were incorporated into pavements, and an additional 66,000
tonnes of low quality RAP were used in the core fill of embankments.
In this case, early policy decisions specified a sustainable approach from the outset—tenderers
were encouraged to adopt a sustainable approach to their methodology and to incorporate
appropriate materials, associated contracting incorporated the sustainable approach into a list of
requirements, including the use of RCC, in a ‘design, build’ style contract. Early planning provided a
2-year lead time to the supply contractor for an initial supply of RCC.
Due to the scale of the project, sustainability focus and anticipated, emergent issues, the Agency
took the step of locating an expert representative located on site—supporting knowledge sharing,
problem-solving and group decision-making. During implementation several technical
opportunities were realised in relation to the materials being used, where having an Agency
representative on site proved critical. These decisions had both technical and economic
implications for the project (see Figure 4 below). For example, a decision to use existing pavement
material combined with foamed bitumen technology significantly reduced the amount of cartage
of raw materials from quarries, making savings in transport costs for the new, as well as disposal
costs of the old materials. Further, the decision to utilise a structural asphalt mix that was
specifically designed to use 30% RAP gave a saving of 275,000L of bitumen.
The use of the earlier resourced RCC was not without its challenges however, and uncertainty was
introduced due to considerable variability in the quality and grading of the supplied material, in
addition to RAP. On-site problem solving enabled a technical methodology to be adopted, where
materials were graded and then assigned appropriate use according to the performance
requirements of the differing pavement applications. Finally, aggregate milled from the existing
pavement that could not be re-used on site, was stock-piled for use on a forthcoming cycleway.

Economic Opportunity
Policy Opportunity

Reuse of existing pavement
material can reduce transport
journeys, waste disposal costs and
new material costs

Sustainability targets included early
on and filtered into subsequent
tendering and contracting

Design &
Plan

Technical Barrier
Variable quality of recovered
materials requires regrading and
testing, increasing risk and work
time

Economic Opportunity

Recycle

Policy
Perception
Economic
Technical

Technical Opportunity
Potential to allocate different
grades of recycled material onsite
according to the performance
requirements of multiple
applications across larger projects
Technical Opportunity

Tender

Early material planning provided a
2- year lead time to suppliers,
increasing supply and price
certainty

Policy Opportunity
Encourage tenderers to adopt a
sustainability approach in their
methodology, incorporating
benefits and addressing challenges
while least critical

Build

Contract

Material experts and project
decision- makers onsite quickly
solve challenges and take
advantage of revealed options
related to novel material use

Policy Opportunity
Potential to use design / build
contracts to encourage a whole of
lifecycle approach

Figure 4. Christchurch Southern Motorway project lifecycle map.
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Case 3: Takaka Hill Pass, Tasman District
This Tasman District Council (TDC) project resurfaced a section of Canaan Road with recycled
asphalt from the nearby SH60 Takaka Hill Road resurfacing project—reusing ‘waste’ materials
locally, avoiding transport and reprocessing costs at a more distant bitumen plant.
The metalled, low-traffic volume Canaan Road has a solid base with bedrock protruding, giving
gravel a tendency to migrate and there were considerable corrugations on a steep up-hill section.
The TDC engineer, in a close working relationship with the Agency was able to prototype a novel
method, suitable to local conditions—theorising that RAP would be a more durable surface than
virgin gravel. The millings were spread and compacted in their current state with no additional
processing and over the course of the warmer months the bitumen warmed, then compacted
with the passage of traffic so that the wheel tracks became well-constructed. Several depths of
millings were trialled on different sections of the road, some lasting longer than others and the
deepest depth of millings (80mm) lasted 18 months, at which point in the absence of any more
available resource the road was returned to a gravel road.
The timing of the project is significant, occurring prior to the introduction of NOC contracts when
the TDC engineer responsible for the maintenance of local roads was also under the Joint
Principles Agreement, therefore the Transport Agency contact for maintaining District highways.
Consequently, the design agreement was informal, and with Agency permission the original plan
to transport asphalt millings from the SH60 project to a bitumen plant for reprocessing was
altered. Use of RAP at a local site was cost efficient, avoiding transport journeys of an hour each
way, instead just 10 kilometres each way. With the NOC contracts in place, a barrier has been
created whereby recycled materials are no longer as readily available for local use—the NOC
contractor transports them to the nearest bitumen plant for reprocessing and sale back to the
Agency. As a result, fewer opportunities exist for spontaneous applications of this type (see Figure 5
below).

Economic Opportunity

Technical Opportunity

Availability of asphalt millings from
a separate project provided
benefits to a nearby maintenance
project, reducing disposal costs
and material costs

Unconventional use of asphalt
millings solved an existing
maintenance challenge

Design &
Plan

Technical Opportunity

Recycled material provided superior
in- use performance, including
improved lifespan

Policy Opportunity

Recycle

Tender

Policy
Perception
Economic
Technical

Technical Barrier

Build

Flexible, cross project management
under a Joint Principles Agreement
enabled resource sharing,
synergies, leading to cost
reductions and novel solutions

Contract

Novel method and application
raises risk in terms of material
performance and outcome
uncertainty

Figure 5. Takaka Hill Pass project lifecycle map.
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Case 4: Lake Road Intersection, Hamilton
The Waikato District Alliance (partnering District Council mainly with Downer New Zealand)
carried out development of the Horsham Downs Road and Lake Road intersection near Hamilton
in 2017, incorporating RCG sand as a substitute for regular sand in the asphalt mix.
DB Breweries instigated recycling of used glass beer bottles into sand and led a high-profile
marketing campaign to demonstrate its utility as a straight forward substitute in a variety of
applications (e.g. landscaping, golf courses and drainage applications). Partnering with Downer,
they tested its application in pavement construction—resulting in a joint venture agreement under
an alliance contract between the Waikato District Council and Downer. The Alliance applied both
existing Agency specifications and trialled higher ratios of RCG. The positive pavement
performance increments reported in overseas cases were reflected in the New Zealand case, with
greater durability and high temperature performance even with substantially higher ratios of RCG
than are currently allowed by the Transport Agency.
The use of RCG sand presents both economic and technical opportunities, offering the potential
to reduce glass waste into landfills, and the potential to improve pavement performance, reducing
roading maintenance requirements in turn. However, economic and policy barriers to greater use
exist. Without clear and consistent demand, the capital investment case is risky (a barrier cited by
Downer New Zealand), further, while there are few plants capable of processing glass bottles to
produce RCG sand nationwide, the opportunity to specify in projects is limited, as is the
opportunity to gain experience in its use. Finally, specifications may not fully encapsulate
reasonable, effective material quantities, therefore limit the potential to incorporate RCG (see
Figure 6 below).

Figure 6. Lake Road intersection project lifecycle map.
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Case lessons
Despite differences across the cases explored, several common lessons and barriers emerged:
1

2

3

4

Adopting a whole of life approach to the use of recycled materials has a substantial
impact on early decision-making to utilise alternative materials, as well as the
continued propagation of recycled materials used in future projects. This includes
knowledge of existing resources and forthcoming opportunities for cooperation
among the main parties (Transport Agency, local council, contractor, supplier and
designer).
Transport Agency policy strongly influences the initial design specification,
expectations and criteria for tendering and contractual obligations. This firmly sets the
scene for using alternative materials at the outset. It promotes a culture of acceptance,
willingness and commitment to working together toward a successful outcome, while
encouraging wider thinking, problem solving and collaboration.
The importance of collaboration cannot be overemphasized. The case studies
demonstrated that where there is a willingness among the parties involved, there is a
way of achieving successful outcomes. Wider opportunities can be realised more
readily, and challenges over-come. Existing relationships create opportunities and can
successfully overcome many of the barriers and challenges that arise during the
implementation stage.
Barriers to success arose, for example where specification and contractual
requirements are broad and non-specific, case interviews reported a habitual tendency
to use virgin materials. This preference is driven primarily by risk aversion, where virgin
materials are perceived as less risky on a number of levels including cost, cleanliness
and quality, and performance.

Uncertainty over the quality of the recycled materials presents a risk and therefore a barrier to
success. Lessons can be taken from the cases about the different ways this type of risk can be
managed. For example, recycled materials can be graded and then utilised according to the
specifications required for different elements of a roading job. Indeed, advance testing and
grading of stock piles of recycled materials could be adopted as a standard approach that
provides clarity at the outset—clarity around the quantities of different grades of material available
to assist with planning supply and resourcing, and to remove uncertainties around quality.

www.wsp-opus.co.nz

©WSP Opus | 2018

Page 25

Recycled aggregates on New Zealand roads: Barriers to uptake and drivers for change

4 Emerging knowledge needs
Initiatives to increase the use of alternatives to virgin high-grade pavement aggregates in
pavement construction in New Zealand face several obstacles. This report has identified four
primary drivers to better uptake in the literature, expert interviews and real-world cases; policy,
perception, economic and technical. These four drivers are at play throughout the pavement
lifecycle as observed in the literature, from design, tendering, and contracting through to
implementation and recycling.
However, while some aspects such as transport costs were widely discussed in the review and realworld cases other aspects had little coverage. Much of the discussion concentrates on the use of
recycled materials as an alternative or to supplement virgin aggregates. In contrast, there is
relatively little discussion of how to increase the use of the virgin low-grade, marginal aggregates
that make up approximately 90% of the material coming out of quarries (per Lane, 2017). It is
therefore unclear where virgin marginal aggregates ‘fit’ alongside other pavement materials in user
perspectives and experiences.
It is also unclear from the literature the degree to which onsite and offsite recycling can impact on
transport distances in the New Zealand setting. While onsite recycling offered the least possible
transport journeys through recovery by recycling and reusing materials in the same location, offsite
recycling could result in more variable transport distances. Theoretically, a virgin aggregate may be
transported from quarry and processing facility, to stockpile, then to the site of construction.
Materials recycled offsite will likely be transported from the place of recovery, to the place of
recycling, then to either stockpile, and/ or back to a construction site. The recycling operation
potentially adds to costs through adding another stage, but how costs are accounted for
(including environmental costs) are likely to be determined on a case by case basis. The cases
illustrated the importance of knowing existing local sources of alternative materials. It may be that
knowledge sharing of possible sources is an important facilitator to uptake.
The field is characterised by multiple parties, consequently distributing decision-making. Decisions
about pavement aggregates are made by many different parties. While it may take one party to
lead a change, it is also clear that multiple parties need to be involved throughout the lifecycle.
Parties identified include:






Roading engineers in District and Regional councils, and at National level
Construction companies and construction suppliers
Policy makers and project initiators
Project designers and implementors
Organisations who create a supply (e.g. glass bottle producers for crushed glass bottle
sand, steel industry for melted slag and quarries).

The cases suggest a collaborative approach that crosses organisational boundaries has a beneficial
impact. A collaborative approach was needed for investment in technology, for sharing knowledge
and access to materials (for example, stockpiled aggregates), and for facilitating action across
national, regional, and local boundaries.
With multiple actors and stakeholders, and a variety of challenges, uptake in New Zealand is
slower than would be expected despite the use of alternative materials becoming more common
internationally. Given this slower uptake a number of overarching questions arise from the
literature and case reviews (see Table 9). These questions formed the basis for the development of
the expert survey.
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Table 9. Pilot survey questions.
1.

Do the policy, perception, economic and technical drivers capture the key drivers in New Zealand?
What drivers are most important to different parties? In different locations?

2.

Who leads the decision-making process around pavement aggregates in New Zealand?

3.

What is the underlying knowledge, perception, and experience of alternative materials in New
Zealand, and how does that differ across parties and regions?

4.

How do virgin marginal aggregates compare to recycled materials (and relative to virgin highgrade aggregates) in terms of practical and perceived barriers and opportunities?

5.

What awareness is there of the local barriers and opportunities for using alternative materials?
Including the wider costs of transporting materials and possible existing local sources of alternative
materials (such as glass)
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5 Expert survey
Method and survey design
Following piloting with a select panel of industry experts, an online survey was delivered in 2018. A
combination of convenience sampling (i.e. professional contacts and identified industry
connectors) and contact through key organisations around the country provided the sample. A
selection matrix identified key connectors and organisations through which to contact the wider
interest community. This matrix defined several categories—(i) government, (ii) consultancy, (iii)
construction and (iv) supply—and select organisations and professional contacts were populated at
a regional level to ensure both nation-wide and cross-industry coverage. As such, coverage
included management and policy level decision-makers, technical experts, and both public and
private actors around New Zealand.
Key Transport Agency groups included:





National pavements technical group
Project delivery project managers
Network Outcomes Contract maintenance contract managers
Zero-harm environmental industry group.

Additional key industry contact groups included:







Road Controlling Authorities Forum (RCAF or RCA Forum)
District Councils directly, and Local Government New Zealand (LGNZ)
Quarries, including the Aggregate and Quarry Association of New Zealand (AQA)
Private recycling firms and pavement product manufacturers
National engineering firms and consultancies
Technical specialists (e.g. Road asset management technical principals, engineering
geologists, road asset management engineers, senior civil and transportation
engineers).

The survey captured descriptive information about survey respondents (e.g. industry group,
regional location, experience). In addition, the critical decision-making points, factors most likely to
influence change, knowledge gaps, intention to use recycled and lower grade materials in
different road contexts, and influential barriers to use. Because the survey sample included people
from a wide range of disciplines and organisations, the survey language was intentionally chosen
to be less specific than would be ideal for a single discipline. Similarly, the scenarios and questions
presented were designed to be broadly applicable to a range of technical disciplines and job roles.
To reduce participant-survey fatigue at the same time maximising data capture, the survey design
included skip-logic, directing respondents down particular question pathways depending on their
earlier answers. For example, those respondents who indicated a particular driver was a sizable
factor were asked additional questions about that, whereas those who did not deem it a factor
were not. This minimised the number of questions put to respondents, tending to raise the quality
of their remaining responses. The survey design and questions are listed in full in Appendix A.

Participants
5.2.1

Regional and organisational coverage

From November to December 2018, 119 participants from both public and private organisations
responded to the national survey. The greater number derived from the North Island (67.5%),
predominantly from the Auckland, Bay of Plenty and Wellington regions, whereas participants
from the South Island (32.5%) worked most regularly in the Canterbury and Otago regions (see
Table 10). Overall, the majority work most regularly in Auckland (19.2%), Canterbury (16.7%), Bay of
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Plenty (13.3%), Wellington (10.0%) and Otago (9.2%). Not all areas had adequate coverage. Gisborne
and Southland delivered only four responses combined and there were no respondents from
Tasman or Marlborough Districts (leaving a gap in the national coverage).
Table 10. National, regional coverage.

The majority came from Local or regional government (36.1%), engineering consultancies (24.4%)
and construction companies (24.4%) (84.9% overall) (see Table 11). ‘Other’ organisations included
recycling and demolitions firms, but both these and construction materials suppliers represented
only 5.1% of responses.
Table 11. Organisational coverage.

5.2.2

Experience and expertise

Overall industry experience tended to be high, the majority (91.6%) having at least 6 years industry
experience while 75.6% had 11 or more years of relevant experience (from material selection to
policy and contracting).
In terms of background or field of expertise, most participants named engineering (52.2%), then
asset management (27.0%). Management, including quarry management, general management
and contract management, made up 3.5%, equal to those from community, environment or
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©WSP Opus | 2018

Page 29

Recycled aggregates on New Zealand roads: Barriers to uptake and drivers for change

sustainability backgrounds. Finally, 3.5% of participants (‘other’) did not name their background or
field of expertise (see Table 12).
Table 12. Background or field of expertise.

5.2.3

Roles and influence

Participants named their typical role on pavement projects (see Table 13). They were
predominantly involved in project management (28.6%), design (20.2%) and procurement (11.8%)
(60.5% overall). A minority were involved in environmental management (3.4%) and ‘others’ (1.7%)
indicated their role was multidisciplinary, encompassing project management, procurement,
design and construction.
Table 13. Typical role on pavement projects.

Referring back to Figure 1, participants were asked to consider the pavement construction lifecycle
and decision-points, then to advise both which phases they had worked within, and in which part
of the pavement construction process they have the most influence. More participants had
www.wsp-opus.co.nz

©WSP Opus | 2018

Page 30

Recycled aggregates on New Zealand roads: Barriers to uptake and drivers for change

experience within the tendering phase (77.7%), but relatively more felt they had the most
influence in the design and plan phase than at tendering (54.3% versus 23.4%). In contrast,
although nearly half (46.8%) had experience in recycling, just 5.3% felt they had the most influence
at this phase of the lifecycle (see Figure 7). Finally, 55.3% of participants stated that they had also
worked in sourcing pavement materials. Overall experience among respondents was high, not only
in years but also breadth, however they reported having less influence at the contracting, building
and recycling phases of the pavement lifecycle.

77.7%

72.3%

59.6%

58.5%

54.3%

46.8%
23.4%
10.6%

Design & Plan

Tendering

Contracting

Worked within

6.4%

5.3%

Building

Recycling

Most influence within

Figure 7. Pavement construction lifecycle experience and areas of greatest influence.

Findings
5.3.1

Knowledge and experience

When asked what materials they had experience with, most participants named both high and
marginal quality virgin aggregates (87.1% and 81.0%, respectively). However, experience using other
marginal materials such as recycled asphalt and concrete was substantially lower, as was that of
recycled glass and rubber—ranging from 51.7% of participants to just 2.6% (see Figure 8).
Experience using recycled materials, and non-standard marginal materials is relatively rare. ‘Other’
materials (2.6%) were foundry slag, fly ash and synthetic aggregates, and chemically treated lime,
cement and bitumen.

87.1%

81.0%

51.7%
44.0%
22.4%
11.2%
2.6%
High quality Marginal quality Recycled asphalt
virgin aggregates virgin aggregates

Recycled
concrete

Recycled glass Recycled rubber

Other

Figure 8. Material experience among participants.
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Further questions gauged knowledge, including how much of our currently quarried material is
high grade (as opposed to marginal grade). The mean quantity stated was 61.3%1. Both the wide
variation and mean score represent a substantial mismatch when Lane (2017) estimated that
premium grade aggregate accounts for just 10% of quarry production, with the highest grades
sourced from a minority of quarries. If experts perceive resources to be more plentiful than they
are, less optimal resource decisions are likely. Further, when asked about what proportion of our
current pavement aggregate demand can be supplied by existing recycled materials, the mean
stated quantity was 30.3%2. Again, a wide variation and perhaps a slight overestimation (as some
estimates indicate it to be around 10-20%).
A second subset of knowledge-based questions queried whether ground glass is already
incorporated into existing Standards, and whether they require that recycled material be proven
non-viable before excluding from works. In both cases, the patterns of agreement and
disagreement were substantially correct (i.e. ground glass is already incorporated and recycled
materials do not have to be proved non-viable before excluding them). However, that so many
responses were either neutral or ‘not sure’ indicates a substantial knowledge gap regarding
Agency or New Zealand based standards (see Table 14).
Table 14. Knowledge of current Transport Agency standards.
Strongly
disagree

Disagree

Agree

Strongly
agree

Neutral/
not sure

Ground glass is already
incorporated into existing
Transport Agency standards

0.0%

5.7%

31.8%

6.8%

55.7%

Current New Zealand standards
require that recycled materials be
proved non-viable before
excluding

11.4%

30.7%

9.1%

1.1%

47.7%

Statement

5.3.2

Attitudes and willingness

Respondents attitudes to marginal and recycled aggregates, and their willingness to use them
were also measured. The survey presented several matrix questions focused on the (i) sub-base
and subgrade improvement layers (Table 15), the (ii) basecourse (Table 16) and (iii) surface layers
(Table 17), asking respondents to mark at which layer they would be willing to see a range of
materials used across different road types and by different heavy vehicle traffic volumes per day.
Overall, the tendency was for greater willingness to use high quality virgin aggregate on higher
volume roads and marginal and recycled aggregates on lower volume roads. The data also point
to a significant portion of experts who prefer high quality aggregates on regional and local roads
(10.7% would not use marginal aggregates in any layer, even in low volume, local roads), with
implications for resource efficiency and ‘overuse’ of scarce resources. This data provides a good
baseline to see how this may alter as supply and industry perceptions change over time
There was also consistent support for the use of marginal and recycled aggregates in New Zealand
roads, including the national strategic routes. The sub-base and subgrade improvement layers
were favoured, but around a third approved their use in the surface layers on national strategic
routes too. However, support for using marginal quality virgin aggregates was higher than for
recycled aggregates (e.g. up to 90.8% willing to use this in the base course layer on local roads).
And increasingly more respondents were unsure as they moved down the matrix from recycled
1
2

SD = 22.26%, range = 10-95%
SD = 19.76%, range = 0-90%
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concrete and asphalt to recycled glass and rubber—giving more ‘don’t know’ responses, indicating
knowledge gaps regarding the performance and suitability of these materials. For example, Table
17 shows that willingness to use recycled concrete in the pavement surface layer was substantially
lower than other recycled materials, at the same time respondents who were unsure about its
application rose to 49.1%—indicating a potential knowledge gap around its performance and use.
Table 15. Willingness to use material in sub-base and subgrade improvement layers by road
type.
National
Strategic
Route
(>1200)

National
Route
(>800)

Regional
Route
(>400)

Local Road
(<400)

Don't
know

High quality virgin aggregate

89.7%

80.5%

60.9%

46.0%

4.6%

Marginal quality virgin aggregate

35.0%

55.3%

74.8%

89.3%

5.8%

Recycled concrete

46.7%

58.1%

72.4%

79.1%

14.3%

Recycled asphalt

43.9%

55.1%

70.4%

78.6%

14.3%

Recycled glass

33.7%

50.0%

59.8%

67.4%

26.1%

Recycled rubber

20.2%

30.3%

50.6%

51.7%

39.3%

Other

10.7%

25.0%

28.6%

35.7%

57.1%

Material

Table 16. Willingness to use material in the basecourse layer by road type.
National
Strategic
Route
(>1200)

National
Route
(>800)

Regional
Route
(>400)

Local Road
(<400)

Don't
know

89.4%

85.1%

67.0%

56.4%

4.3%

Marginal quality virgin aggregate

9.2%

24.1%

63.2%

90.8%

6.9%

Recycled concrete

24.4%

37.8%

67.1%

79.3%

15.9%

Recycled asphalt

23.7%

27.6%

59.2%

73.7%

22.4%

Recycled glass

23.3%

31.5%

49.3%

63.0%

32.9%

Recycled rubber

13.2%

20.6%

32.4%

48.5%

47.1%

Other

5.0%

10.0%

5.0%

30.0%

65.0%

Material
High quality virgin aggregate
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Table 17. Willingness to use material in the surface layer by road type.
National
Strategic
Route
(>1200)

National
Route
(>800)

Regional
Route
(>400)

Local Road
(<400)

Don't
know

High quality virgin aggregate

87.5%

84.1%

75.0%

68.2%

6.8%

Marginal quality virgin aggregate

9.8%

18.0%

44.3%

75.4%

23.0%

Recycled concrete

15.8%

15.8%

31.6%

49.1%

49.1%

Recycled asphalt

35.4%

35.4%

60.8%

79.8%

17.7%

Recycled glass

32.4%

33.8%

48.5%

60.3%

36.8%

Recycled rubber

35.8%

41.8%

49.3%

56.7%

38.8%

Other

18.8%

18.8%

12.5%

25.0%

62.5%

Material

Building on respondents’ willingness to use marginal and recycled aggregates, they were asked to
indicate their level of agreement with a series of statements (see Table 18 & Table 19). On the
performance of recycled materials, nearly a quarter of respondents agreed they never perform so
well as high quality virgin aggregate, meanwhile a third were neutral / not sure. When asked
whether the use of recycled materials always result in cost savings when the wider benefits, such
as environmental and transport costs are factored in, just over a quarter answered in the
affirmative, however 42.0% were neutral / not sure—as such, over two thirds were either ambivalent
or negative. This contrasts with the United Kingdom experience where although the results could
be mixed, savings were commonplace when environmental impacts were factored in. In terms of
willingness to use, these results point to a sizable group who are negative on the use of recycled
aggregates, in addition a sizable group who are unsure.
Table 18. Perceived performance of recycled materials and potential cost savings.
Strongly
disagree

Disagree

Agree

Strongly
agree

Neutral/
not sure

Recycled materials never perform
as well as high quality virgin
aggregate

14.8%

31.8%

17.0%

5.7%

30.7%

Use of recycled materials always
result in cost savings when wider
benefits (like environmental and
transport costs) are considered

6.8%

22.7%

19.3%

9.1%

42.0%

Statement

Remaining questions assessed respondent’s perceptions of alternative materials, their knowledge,
and views on risk—indicating their level of agreement with the statements listed in Table 19 below.
Typically, the majority (94.3%) approved of using alternative materials in the right circumstances
and 83.0% believed it was ‘our responsibility’ to maximise their use. However, only 53.4% predicted
greater use of such materials in the future, conversely, 13.6% believed they wouldn’t become
common use, and the remainder were unconvinced. A large number (53.4%) felt constrained in
how they can use alternatives and 27.2% felt they didn’t know enough to make good decisions
about material use. Reported knowledge of peers’ use of alternative materials and New Zealand’s
general use of alternative materials relative to other countries were both low. There are substantial
knowledge gaps, presenting a barrier to increasing uptake of marginal and recycled materials.
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Finally, when asked whether they recommend the use of alternative materials to others, 58.0%
answered in the affirmative. As a gauge of willingness to use, in the parlance of the Net Promoter
Score, most respondents were ‘promoters’, followed by ‘passives’ (33.0%, neutral / not sure) then
‘detractors’ (9.0% do not recommend).
Table 19. Attitudes and willingness to use alternative materials.
Strongly
disagree

Disagree

Agree

Strongly
agree

Neutral/
not sure

1.1%

0.0%

46.6%

47.7%

4.5%

Use in New Zealand is lower than in
other countries

0.0%

3.4%

31.8%

14.8%

50.0%

I feel constrained in how I can use
alternative materials

3.4%

6.8%

35.2%

27.3%

27.3%

Alternative materials will use never
be common practice in NZ

14.8%

38.6%

12.5%

1.1%

33.0%

My peers are using alternative
materials more regularly

4.5%

29.5%

17.0%

2.3%

46.6%

It is our responsibility to maximise
our use of alternative materials

0.0%

3.4%

39.8%

43.2%

13.6%

I know enough to make a good
decision on material use

4.5%

22.7%

30.7%

12.5%

29.5%

The risks of using alternative
materials outweigh the benefits

8.0%

34.1%

18.2%

5.7%

34.1%

I recommend the use of alternative
materials to others

4.5%

4.5%

33.0%

25.0%

33.0%

Statement
Alternative material use is good in
the right circumstances

5.3.3

Willingness to use, comparisons

Respondents earlier marked their willingness to use a range of materials on the four road
categories (national strategic route, national route, regional route and local roads, see section 5.3.2).
A ‘willingness to use’ score was generated, combining affirmative responses on the use of marginal
quality virgin aggregate and the four recycled materials (therefore excluding ‘don’t know’
responses, high quality aggregate and ‘other’ materials). An aggregate tally across the three
pavement layers resulted in a maximum possible score of sixty. A mean score of 19.67 resulted 3,
reflecting a left, low score skew toward ‘unwilling’. One-way ANOVA were run, revealing no
significant differences in responses at the organisation or regional levels. An independent samples
t-test was also run, comparing the scores of those who stated their influence was mainly in design
and planning, versus those whose influence was in tendering and contracting—there was no
statistically significant difference between the two groups.
Compared to the questions in Table 18 & Table 19, positive and negative judgments were
compared using Pearson’s r, revealing statistically significant relationships between high
willingness to use, and agreement with several statements (see Table 20

3

SD = 14.66, range = 0-60
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Table 20. Statements associated with higher willingness to use recycled materials.
Statement

Correlation

Relationship

Recycled materials never perform as well as
high quality virgin aggregate**

r = -.376, n = 61, p = 0.003

Medium, positive

It is our responsibility to maximise our use
of alternative materials**

r = .353, n = 76, p = 0.002

Medium, positive

Use in New Zealand is lower than in other
countries*

r = .348, n = 44, p = 0.020

Medium, positive

I recommend the use of alternative
materials to others*

r = .328, n = 59, p = 0.011

Medium, positive

I know enough to make a good decision on
material use*

r = .276, n = 62, p = 0.030

Weak, positive

Which economic factors were barriers when
considering the use of alternative materials:
Cost relative to virgin aggregate*

r = .270, n = 64, p = .031

Weak, positive

Note: **p<.01, *p<.05

Several of the results are intuitive, for example, high willingness to use recycled materials is
associated with a propensity to recommend their use to others. A point of interest is that having
enough knowledge to make good decisions on material use is also associated with higher scores,
albeit, in this case, a weak positive association. Similarly, the belief that recycled materials never
perform as well as high quality virgin aggregates. Where recycled aggregates perform well, and
this information is known, a higher willingness to use the material is likely to follow. People who
showed a high willingness to use alternative materials were also more likely to see their cost
relative to virgin aggregate as a barrier to use. Once an expert’s technical concerns are satisfied,
cost remains a factor in their decision-making.
5.3.4

Overarching barriers

Referring to the key drivers identified in section 92.3 (drivers, barriers and opportunities) the survey
asked respondents to think about projects they had been involved in, then to rank the degree to
which various drivers were barriers (from 1 (not a barrier), to 5 (an extreme barrier), on a 5-point
Likert scale). Policy (i.e. standards/guidance, contractual incentives/requirements, enforcement,
contractual model) was judged as presenting the greatest barrier, followed by perception (i.e.
perceived material consistency, environmental concern, complexity, lack of champions). The
economic driver (i.e. transport costs, supply, wider environmental costs) was judged only a
moderate barrier, whereas the technical driver (i.e. equipment, skills, quality control) was judged as
presenting the lowest barrier when considering use of alternative materials. In Table 21 below, the
key drivers are listed in order of highest to lowest mean score.
Referring back to the ‘willingness to use’ score, a Pearson’s r test for correlation revealed that high
willingness to use recycled and marginal materials was associated with judgements that policy
and perception were greater barriers4. For those who were less supportive of the use of recycled
materials, current policy and perception would be seen as appropriate.

4

Policy: r = .294, n = 87, p = 0.006, and Perception: r = .301, n = 88, p = 0.004
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Table 21. Overarching barriers to using alternative materials.
Not a
barrier

Slight
barrier

Somewhat
a barrier

Moderate
barrier

Extreme
barrier

Not sure

Policy

4.3%

10.6%

9.6%

28.7%

40.4%

6.4%

Perception

4.3%

6.4%

21.3%

30.9%

29.8%

7.5%

Economic

10.6%

10.6%

23.4%

28.7%

19.2%

7.5%

Technical

13.8%

19.2%

19.2%

34.0%

6.4%

7.5%

Key drivers

Written responses were also collected, gathering feedback on what the greatest barriers to the use
of recycled materials were, and why. One hundred and fifty-nine comments were recorded.
Respondents were also asked to identify one thing that would improve our future use of
alternative materials. The full list of written responses is recorded in Appendix B (greatest barrier)
and Appendix C (one improvement). A representative selection are incorporated into the following
sections, policy factors, perception, economic and technical factors. Where appropriate,
comparisons are made to the responses made in Appendix C, while a representative selection of
comments are incorporated into the final summary, key findings and recommendations.
5.3.5

Policy factors

Those respondents who identified policy factors as a barrier to uptake of recycled materials were
asked to indicate their level of agreement with a series of related statements (Table 22 below,
ranked by mean score). Primarily, experts who saw policy as a barrier reported that specifications
were both a strong driver for uptake and that a lack of specifications was a hindrance. For
example, “guidance is not sufficiently robust”, “lack of allowance for these in the standards which
we use”, “materials not meeting a NZTA specification and thus consultant cannot sign off design”.
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Table 22. Policy factors.
Not a
barrier

Slight
barrier

Somewhat
a barrier

Moderate
barrier

Extreme
barrier

Not sure

Limited incentives to
incorporate alternative
materials

2.7%

5.3%

12.0%

30.7%

45.3%

4.0%

Limited specifications
around pavement
materials/design criteria

2.7%

8.0%

10.7%

41.3%

33.3%

4.0%

No coordinated strategy
and action plan

1.3%

13.3%

13.3%

32.0%

30.7%

9.3%

Contract format and
responsibility (e.g. multiparty risk-sharing model)

6.7%

5.3%

16.0%

34.7%

28.0%

9.3%

No requirement to prove
alternative materials are
not feasible

5.3%

14.7%

20.0%

25.3%

18.7%

16.0%

Material decision made
too late in process

10.7%

14.7%

18.7%

22.7%

26.7%

6.7%

Limited early
engagement with all
parties

8.0%

9.3%

21.3%

33.3%

20.0%

8.0%

No central database of
resources

8.0%

14.7%

21.3%

21.3%

22.7%

12.0%

Limited enforcement of
standards

13.3%

12.0%

20.0%

26.7%

16.0%

12.0%

Policy factors

The quantitative results derived from the survey point to limited incentives to incorporate
alternative materials (76% citing this as a moderate to extreme barrier). This was reflected in the
written comments, for example, “no contract requirements to use recycled or marginal materials”,
and “inflexibility of tender documents”.
At an organisational level, limited incentives, leaving material decisions too late in the process, and
limited early engagement are greater barriers for construction organisations than all others (see
Table 23).
Table 23. Greater barriers for construction organisations.
Issues

Average

Construction organsiations

Moderate barrier

Moderate to extreme barrier

Leaving material decisions
late6

Somewhat a barrier

Moderate barrier

Limited early engagement7

Somewhat a barrier

Moderate barrier

Limited incentives5

5

Overall: M = 4.15, SD = 1.030, Construction organisations: M = 4.67, SD = 0.617, r = 0.342, n = 68, p = 0.004

6

Overall: M = 3.43, SD = 1.357, Construction organisations: M = 4.21, SD = 0.975, r = 0.357, n = 66, p = 0.003

7

Overall: M = 3.52, SD = 1.196, Construction organisations: M = 4.13, SD = 1.060, r = 0.279, n = 68, p = 0.025)
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Limited specifications around pavement materials and design criteria were also seen as a barrier
generally (74.6% citing this as a moderate to extreme barrier). However, standards may be lacking
or simply the knowledge of existing standards—previously 56.7% of respondents either stated they
don’t know enough to make good decisions about material use or were unsure. In section 5.3.1
(knowledge and experience), around half of respondents indicated knowledge gaps regarding
existing agency standards.
“Enforcing use of recycled materials in all construction to match other countries, incentives
to construction companies to develop the plant and equipment to be able to compete
with other countries… in Japan the average recycling of RAP is currently around 45% in all
mixes, USA only 25%, NZ it only happens in Auckland so nationally it would only be
around 5%” – written response

“Increased use will be best driven by standards being created which will drive the industry
to look at recycling which will increase requirement for recycled material use which will
mean research and development will be carried out which should then show through in
reduced production costs” – written response
Coordination was noted to be critical in overseas cases. In our survey, 76.0% of respondents cited
lack of coordinated strategy and action plans as a barrier, similarly 44.0% observed a lack of central
database of resources to be a moderate to extreme barrier (echoing Lane’s, 2017, observation).
While ‘policy’ garnered the overall highest mean score, it was also the subject of nearly half (45.2%)
of the written suggestions for how uptake could be improved—these are incorporated into section
7 – recommendations.
5.3.6

Perception factors

Perception factors attracted the next highest mean score and 31.3% of the written responses (see
Table 24 below). Risk avoidance, or risk aversion was judged by most (73.5%) to be a moderate to
extreme barrier, for example, “the perception of risk and the extreme culture of risk avoidance by
specifiers, clients and consultant engineers”. Some respondents felt there was a risk of early
pavement failure, and uncertainty around cost and supply reliability when using marginal or
recycled materials. When process complexity (e.g. additional sign-off steps) was judged by 49.4% of
respondents as a moderate to extreme barrier, this compounds with risk aversion, favouring
design, contract and build decisions that specify known, traditional materials. At an organisational
level, those representing construction companies were more likely to see risk avoidance as a
barrier (a moderate to extreme barrier) compared to respondents overall (only a moderate
barrier)8.
“There are many barriers. Perception is a very real one. The perception that recycled
materials are markedly worse than virgin materials, which is reflected in The
Agencies specifications, which only allow a certain percentage or recycled materials
etc.” – written response
Linked to the issue of risk, the presence, or lack of reliable supplies was also seen as a barrier, though
to a lesser extent (64.6% judging this ‘somewhat a barrier’ to a moderate barrier). Respondents “lack
confidence in a consistent supply”. Referring back to ‘attitudes and willingness’, there may be a
“negative perception of many NZTA and consultants towards using recycled materials”, and a
“perception that recycled products are inferior to virgin aggregates”—unsurprising given that
concern around pavement failure was so high among respondents (75.9% rated as a moderate to
extreme barrier).
8

Overall: M = 4.15, SD 1.030, Construction organisations: M = 4.56, SD = 0.727, r = 0.313, n = 73, p = 0.007
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“[Need] buy-in from those approving the specifications to be laid and either proving
life length or accepting the risk of more frequent resurfacing” – written response
Finally, there was moderate concern regarding potential environmental contamination (e.g. from
runoff or leaching into waterways) (46.8% rated environmental concerns as either ‘somewhat of a
barrier’ or a moderate barrier). While existing Agency standards incorporate environmental
protection and specifications regarding contaminants, concern remains and is likely exacerbated
where knowledge of the standards is incomplete or a high level of uncertainty exists (for example,
39.3% gave a ‘don’t know’ response on where they would be willing to see recycled rubber used).
Table 24. Perception factors.
Not a
barrier

Slight
barrier

Somewhat
a barrier

Moderate
barrier

Extreme
barrier

Not sure

Concern about pavement
failure

0.0%

6.3%

15.2%

35.4%

40.5%

2.5%

The culture of risk
avoidance in our industry

2.5%

5.1%

16.5%

31.7%

41.8%

2.5%

Lack of a champions (i.e.
pushing for use)

1.3%

3.8%

15.2%

40.5%

34.2%

5.1%

Concern
about consistency (i.e.
meeting acceptable
specifications)

1.3%

10.1%

12.7%

43.0%

29.1%

3.8%

Process complexity (e.g.
additional sign-off steps)

3.8%

15.2%

22.8%

31.7%

17.7%

8.9%

Concern about supply (i.e.
need to alter the material
part way through)

6.3%

16.5%

31.7%

32.9%

5.1%

7.6%

Environmental concern
(i.e. contamination from
runoff or leaching
into waterways)

17.7%

17.7%

25.3%

21.5%

11.4%

6.3%

Perception factors

5.3.7 Economic factors
Inconsistent demand, low investment in supply chains and limited stockpiles are linked barriers, a
reinforcing cycle where for example, demand may depend on reliable supplies, but sufficient
investment to generate that reliable supply depends first on demand. Naturally, high negative
scores were reflected in all these economic factors (see
Table 25). The cost of marginal or recycled materials relative to virgin aggregate though, still a
barrier (48.7%, moderate to extreme barrier), was not seen as severe as that of inconsistent
demand (68.1%), low investment (63.9%) and limited stockpiles (48.6%). Indeed, while cost was an
issue cited in the written comments (e.g. “virgin materials are readily available and cheap”, and
“river gravels are so cheap that alternatives are not cost effective in some parts of [the South
Island]”), the majority commented on inconsistent or limited supplies of recycled materials.
“Obtaining suitable sources of material. There does not appear to be any incentive for
contractors to store or use these materials” – written response
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“Capacity to use materials in rural areas, for example Queenstown is now burying
glass as we don’t have the facility to recycle it and use it in aggregate” – written
response
Checking correlation with the ‘willingness to use’ score, a Pearson’s r test revealed a significant
relationship between respondent’s willingness to use the materials and their rating ‘cost relative to
virgin aggregate’ as a barrier9. Lower costs have a small, positive impact on willingness to use. At an
organisational level, people representing local and regional council were more likely to rate lack of
market competition as a moderate barrier compared to other organisations 10, with competition
being a factor in both supply and price.
“River gravels are so cheap that alternatives are not cost effective in some parts of SI.
Lack of a coordinated sustainability vision to preserve virgin resources” – written
response
The wider costs of resource use relating to transport distances and environmental factors in many
cases remain externalities which are not costed into contracts. However, only 15.3% of respondents
saw this as a moderate to extreme barrier to increasing uptake of recycled aggregates. This is of
interest when comparing section 5.3.2 (attitudes and willingness) in which 29.5% of respondents
did not agree that the use of recycled materials always resulted in cost savings when the wider
benefits, such as environmental and transport costs are considered. At an organisational level, this
was perceived a greater barrier by those coming from construction organisations 11. Respondents
may not believe the associated savings (even accounting for environmental costs) are sufficiently
large as to impact uptake—the wider costs may not be well known, therefore discounted in
decision-making.
Table 25. Economic factors.

Economic factors

Not a
barrier

Slight
barrier

Somewhat
a barrier

Moderate
barrier

Extreme
barrier

Not sure

Inconsistent demand

1.4%

5.6%

13.9%

40.3%

27.8%

11.1%

Low investment in
recycling supply chains

1.4%

6.9%

18.1%

37.5%

26.4%

9.7%

Limited stockpile of
alternative materials

4.2%

13.9%

19.4%

29.2%

19.4%

13.9%

Cost relative to virgin
aggregate

6.9%

9.7%

23.6%

30.6%

18.1%

11.1%

Distance from the source

8.3%

11.1%

20.8%

27.8%

18.1%

13.9%

Lack of market
competition

18.1%

15.3%

18.1%

20.8%

15.3%

12.5%

Wider costs being outside
the contract (e.g. impact
of noise, dust, materials
disposal)

15.3%

26.4%

27.8%

12.5%

2.8%

15.3%

5.3.8

Technical factors

Approximately one-third of expert comments identified a lack of knowledge, both on the
performance of recycled aggregates and the technical knowledge and experience necessary to
9
10
11

r = .270, n = 64, p = 0.031
Overall: M = 3.00, SD = 1.403, Local and regional councils: M = 3.41, SD = 1.403, r = 0.306, n = 60, p = 0.017
Overall: M = 2.54, SD = 1.058, Construction organisations: M = 3.13, SD = 0.990, r = 0.263, n = 59, p = 0.044
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use them—for example, a need for “information on performance and supply hubs”, and to “improve
industry knowledge and in-service performance of alternative materials”. Consequently,
‘understanding performance over time’, ‘availability of experts’ and ‘understanding pavement life’
all attracted the highest mean scores (respectively, 70.5%, 67.2% and 60.7%, judged from
moderate to extreme barrier) (see Table 26). In some respects, this is out of step with the state-ofplay overseas, where recycled aggregates have been called ‘premium’ products (recycled concrete
for example, too good to use on walking pavements), and have the potential to improve service
life. As such this represents a knowledge gap on the part of current decision-makers.
“More hands-on industry training in the use of materials in general in road
construction Better understanding of materials and when or when not to use them
practitioners, practitioners, people using hands on knowledge and turning that in
valuable data and information” – written response
“More knowledge, guides and specifications that control use and describe
application and controls” – written response
“Understanding the long-term impact of the materials on the function of the
pavement and ensuring that set standards are in place to govern use” – written
response
Quality control, although reflected in both the written commentary and quantitative response,
garnered fewer negative judgements, seen as less a barrier than other factors. However, in both the
overseas experience and the New Zealand cases quality control was vital—where it was missing,
leading to surface failures or necessitating replacement of contaminated aggregate supplies.
Table 26. Technical factors.
Not a
barrier

Slight
barrier

Somewhat
a barrier

Moderate
barrier

Extreme
barrier

Not sure

Understanding of
performance over time
(e.g. limited data)

1.6%

3.3%

21.3%

39.3%

31.2%

3.3%

Availability of experts with
technical skills and
experience

0.0%

6.6%

19.7%

45.9%

21.3%

6.6%

Pavement life (i.e. inability
to produce a genuine
long-life material)

4.9%

11.5%

16.4%

41.0%

19.7%

6.6%

Availability of specialist
equipment and plant

11.5%

13.1%

18.0%

26.2%

19.7%

11.5%

Understanding of
appropriate use
conditions (e.g. weather,
temperature, traffic)

4.9%

16.4%

31.2%

32.8%

8.2%

6.6%

Quality control during
production

4.9%

23.0%

18.0%

34.4%

8.2%

11.5%

Quality control during
laying

4.9%

21.3%

24.6%

27.9%

8.2%

13.1%

Technical factors
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5.3.9

Selecting materials and future preferences

The survey also asked at what phase of the pavement lifecycle materials should be selected.
Respondents preferred early decisions, with 80.9% favouring the design and plan phase of the
pavement lifecycle, followed by the tendering phase (14.9%) (see Table 27). The contracting phase
was the least preferred time to allow for the selection of materials. In context, 13.4% of
respondents’ roles are in construction and materials supply, and 11.8% in procurement (per section
5.2.3, roles and influence). Some bias is to be expected, but even those working outside of design
and planning roles indicated that phase was more appropriate for selection. Following the most
preferred phase for decision-making, the survey queried what phases are currently most influential
when choosing pavement materials (see Table 27). The majority of respondents felt that material
selection decisions should be made earlier in the pavement lifecycle.
Table 27. Current most influential, and preferred phases for choosing pavement material.
Phase

Current

Preferred

Rank 1

Rank 2

Rank 3

Rank 4

Rank 5

Design & Plan

76.3%

11.8%

7.5%

1.1%

3.2%

80.9%

Tendering

15.1%

49.5%

17.2%

15.1%

3.2%

14.9%

Contracting

1.1%

12.9%

43.0%

30.1%

12.9%

0.0%

Building

4.3%

19.2%

20.2%

38.3%

18.1%

2.1%

Recycling

4.3%

7.5%

10.8%

15.1%

62.4%

2.1%

Note: Current most influential ranked from 1 (most) to 5 (least).

Respondents were then asked to predict the future use of marginal quality virgin aggregates and
recycled aggregates as a proxy for their willingness to use. They highlight areas of uncertainty—
unsurprisingly, the ‘other’ category attracted a high number of ‘don’t know’ responses, but recycled
glass and rubber were again highlighted as presenting a greater degree of uncertainty (Table 28).
Table 28. Predicted future use of recycled materials per road type.
National
Strategic
Route
(>1200)

National
Route
(>800)

Regional
Route
(>400)

Local Road
(<400)

Don't know

Marginal quality virgin aggregate

24.1%

47.1%

66.7%

74.7%

12.6%

Recycled concrete

28.7%

51.7%

60.9%

69.0%

12.6%

Recycled asphalt

41.4%

59.8%

66.7%

69.0%

16.1%

Recycled glass

31.0%

39.1%

58.6%

62.1%

27.6%

Recycled rubber

23.0%

34.5%

46.0%

48.3%

40.2%

1.2%

1.2%

2.3%

3.5%

96.6%

Material

Other

‘Other’ materials included foundry sand, slag, fly ash, synthetic aggregates and run of pit
aggregates, predominantly for local and regional roads—also chemical treatment of lime, cement
and bitumen. However, 96.6% of respondents indicated they were not aware of any other
materials beside the five core materials (marginal virgin aggregate, recycled concrete, asphalt and
rubber) or did not know how they could impact on future use.
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6 Discussion
Existing practice around virgin aggregate use in transport corridors is not sustainable, with both
transport distances to new quarries and demand for aggregate growing. Best international
practice and existing knowledge from New Zealand (research, cases and expert understanding)
shows that high quality virgin aggregate supplies are becoming more limited. Simultaneously,
potential sources such as marginal and recycled aggregates remain underutilised. The current rate
of change in alternative material use is also slow and lags behind international practice. However,
in general experts support greater use of alternative materials (i.e. recycled materials and lower
quality aggregate). Further, internationally and within New Zealand early decision-making has
yielded the best outcomes in terms of both increasing uptake and determining positive technical
outcomes.
This study identifies multiple opportunities for interventions to support faster uptake within New
Zealand, including policy, perceptions, and greater cooperation. First, looking at leveraging policy
that would lead change with a coordinated national strategy. For example, setting actions and
targets, more explicit standards, better monitoring and forecasted material use data, and
incentives to encourage early decisions around material type that optimise use of alternative
materials.
Second, around perceptions, there is still a small group that will likely resist change. Whether
improved certainty around the quality of the material or improved processes (e.g. early decisions
around material type) would change this perception is relatively unknown. The outcome is that for
this group there is likely to be a continuation of the status quo, where selecting the familiar
material becomes the easier option. So, a deeper understanding of this group, including their
decision-making drivers and investigating their alternative solutions is important. Similarly, to
ensure that the majority group is also supported, initiatives that increase visibility and confidence
in appropriate use of alternative materials in New Zealand conditions should be supported.
Finally, identifying forward demand, planning opportunities, and risk mitigation strategies for
alternative material use with a more collaborative approach to foster cooperation among the main
parties (Transport Agency, local council, contractor, supplier and designer). The importance of
collaboration, strong relationships, and creating an environment where all partners are willing
cannot be overemphasised. Cooperation can overcome challenges and barriers (foreseen and
unforeseen) that may arise with alternative materials, and lead to wider opportunities to make
smarter use of our resources, so New Zealand can deliver high quality roads. Cross-organisation
cooperation and early decision-making have consistently provided benefits and are credited with
substantial changes in material use overseas (for example, uptake of RCC in Austria since the
1990s).
Further discussion focused on attitudes and willingness, knowledge gaps, barriers and
recommendations for further investigation are listed below.
6.1.1

Attitudes and willingness

Based on our online survey results, the majority of New Zealand industry experts have a strong
desire to use alternative materials and also a strong perception that these materials are our future
(in terms of future preferences for use). These are very positive indicators for a desire to change
existing practice. However, it is important to acknowledge there is still a group of industry experts
(about 1 in 7) that believe alternative materials will never be common practice in New Zealand.
Similarly, some experts (about 1 in 10) were not willing to use marginal aggregates in any layer on
any road condition (even low volume, local roads).
Those who held stronger beliefs that it was our responsibility to maximise use of alternative
materials and those that believed alternative material use was more commonplace overseas were
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more likely to be open to using these materials. This relationship indicates that reinforcing the
norm of alternative material use as commonplace and raising the profile of projects that have
successfully used these materials could be beneficial. Certainly, there is evidence that processes
around alternative materials (especially asphalt and concrete) are not only commonplace overseas
(Patrick, Reilly & Cook, 2006), but often viewed as ‘premium’ products (e.g. Alabaster, 2005;
Pidwerbesky, 2015; see also Section 2.2 for more details).
Overall, there appears to be a habitual tendency to use virgin materials with alternative materials
viewed as optional. In part, this can be influenced by strategy and policy changes, but this also
relates to promoting autonomy and enabling and supporting our industry experts to make good
materials decisions. Currently, the majority of experts currently state they feel constrained in how
they can use alternative materials. Enabling an improved perception of control and reducing effort
around a desired behaviour (e.g. opting out rather than opting in) are both keys driver to behaviour
change (e.g. following the Theory of Planned Behaviour; Ajzen and Fishbein, 1980).
6.1.2

Barriers to alternative material use

Policy

Policy and perception were identified by experts as the greatest barriers to use, with economic
and technical factors being lower barriers. Arguably, the top two ranked policy findings
incorporated economic (including appropriate incentives) and technical factors (appropriate
specifications around pavement materials/design criteria)—highlighting the interconnectedness of
the issues. The sections below discuss the barriers across the topic areas.
Better incentivisation, more detailed specifications around materials and design criteria, a
coordinated strategic approach (with alternative materials use targets), and improved
contract format (especially around risk and responsibility), were the key elements identified by
experts. The cases further highlighted the importance of Agency policy, with the potential to
promote a culture of acceptance and willingness. A review around incentivisation
opportunities and other mechanisms to make it both easier to use alternative materials and
harder to use virgin aggregate would be beneficial. Within this review, contract formats, such
as multi-party risk-sharing, could be evaluated, as well as identifying where changes could be
incorporated into our current systems in the design and tendering stages. Some international
options have been identified in this project, for example, where there is a due diligence step
to prove alternative materials are not a viable option (i.e. an opt-out requirement). Steps like
these would need to be weighed seriously (i.e. specifically valued) when identifying the
preferred design solution and provider, to ensure we shift our thinking, which is historically to
treat alternative materials as a nice-to-have (e.g. Bailey, Dravitzki & Patrick, 2001).
More detailed specifications could include providing more guidance around alternative
materials selection, appropriate use conditions, and descriptions around the application and
controls used. This would require a more nuanced specification and decision process, to
optimise material use by highway function, with a focus on lower volume roads where there is
arguably over-specification (e.g. Hannaby, Browne & Marquardt, 2015). Finally, ensuring there is
knowledge transfer, access and usability improvements around any new or existing
specifications (as awareness of existing specifications appears to be low).
There is also expert industry support for a coordinated national strategy and action plan. This
could include a mandate for use (with explicit use targets), changes to policy and standards,
research and development gaps, the identification and monitoring of key data (including
current use, willingness to use, and forecasted demand and supply), capacity building,
training, communications, and leadership initiatives (e.g. working groups or champions to
drive change). Late decision-making and limited early engagement was a barrier to planning
and capital investment on the part of private firms. Early action will pay dividends over time.
Based on the resource shortfall, and underlying industry desire for change, the timing for this
is now.
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Experts still have concern around failure, there is a culture of risk aversion within the industry,
and an identified need to improve how risk is managed, which has also been identified by
previous studies (Andrews, 2005; Pidwerbesky, 2015; Slaughter, 2005; Van der Haegen, 2018;
Wu, Herrington and Neaylon, 2015). Where innovation exists (in this case the introduction of
different material options to a market), early examples of failure can linger in perceptions and
consequently reduce willingness to use. It is possible that known cognitive biases around
salience (any negative examples of failure will be talked about more than positive examples),
anchoring (early product failures may anchor perception), and confirmation (people focus on
examples that support their existing belief) slow uptake. Concern around alternative material
supply was perceived to be less of an issue than material performance.

Economic

To complement a coordinated national strategy and any changes in policy, a
communications plan would be recommended. This plan could utilise trusted sources and
mediums of information transfer (including champions pushing for use of alternative
materials), and an increase in proactive communications to regularly reinforce successful use
cases and innovation nationally and internationally. Similarly, transparently identifying known
challenges with product failure and showing how these can be either removed, mitigated or
managed (including equitable management around risk) would also support change.

The economic points of interest related primarily to consistency of use (consistent demand,
investment in supply chain, available stockpiles). Cost relative to virgin aggregate comes in
fourth as an economic barrier, perhaps because the perception is that if consistency is
improved cost is no longer a barrier. Intuitively, as alternative materials become more
commonplace economic barriers will naturally reduce, but it appears as though interventions
that improved consistency of use now will support faster change. For example, a coordinated
strategy for use, contractual changes (e.g. incentivising use and managing risk around supply),
and early forward planning to identify resource requirements, would likely support change.

Technical

Wider costs (e.g. materials disposal, carbon emissions, noise, etc.) being outside the contract
was not seen to be a large barrier (although those in construction organisations did view this
as a stronger barrier than other groups). This differs from overseas strategic direction (e.g.
United Kingdom or Australia), where initiatives have been run to incorporate wider costs,
including landfill savings, emissions costs, and transport expenses (e.g. EPA, 2014). Recycling
offers proven economic benefits in the case of pavement construction (see Table 7, economic
opportunities). However, if the wider costs are not well known or not well quantified, they will
be discounted in current decision-making.

6.1.3

Overall, technical barriers were least important. However, better data to understand
pavement performance and life in New Zealand (or comparable) conditions, and better
access to experts with specific technical expertise were both highly ranked. There was still a
perception that there was an inability to produce a genuine long-life material, which goes
against overseas experience. Finally, quality control elements were of lowest concern to
experts, which goes against both the overseas experience and lessons from New Zealand case
studies, where this was vital to ensuring surface performance and the avoidance of costly
replacement of contaminated aggregate.

Knowledge gaps

There are significant knowledge gaps amongst the survey experts around the current supply of
high quality aggregate. Lane (2017) recommended the use of a national database for aggregate
supply and predictions of future demand, which would likely close this knowledge gap. It would
also more clearly identify shortfalls, which could reduce unnecessary use of high quality aggregate,
provide confidence around the future supply chain for suppliers of alternate materials, and
increase desire to improve understanding of alternative material use.
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There is also uncertainty around the appropriate use of alternative materials. Approaches such as
capturing and sharing positive case studies would support knowledge transfer around appropriate
use (experts indicate there is a lack of reported case studies). Lessons from the New Zealand case
studies in this report indicate that valuing and enabling better access to technical experts early in
the decision-making phase could alleviate some of the knowledge gaps, improve confidence in
the product, and support industry upskilling. Those with enough knowledge to make an informed
decision on when to use alternative materials were not only more willing to use these materials,
but also more likely to recommend alternative material use to others.
Knowledge transfer initiatives could be enhanced by capturing successful lessons from countries
that have already gone through this process (for example the Waste and Resources Action
Programme, UK) and through knowledge sharing with agencies who are experiencing similar
issues—particularly other Australasian road transport and traffic agencies through Austroads.
6.1.4

Limitations

There are several limitations to current research, primarily around regional and organisational
coverage during the expert survey, and respondents’ field of expertise. The main centres, Auckland,
Wellington and Canterbury, in addition to the Bay of Plenty and Otago were well represented, but
the regions, particularly Taranaki, Nelson, West Coast, Gisborne and Southland had low turnout in
the survey. Similarly, while local or regional government, construction and engineering
consultancies were well represented, construction material suppliers were a minority, as were
people from a policy and environmental sustainability background. Further, due to smaller sample
sizes, specific regional and organisational comparisons were only run around willingness to use
alternative materials (where no significant differences were detected).
6.1.5

Recommendations for further investigation

This report has identified key barriers and opportunities for gaining greater efficiency in the use of
aggregates in New Zealand. However, while the literature and survey provided useful insights into
barriers for better uptake of recycled and lower grade aggregates, there was generally less indepth information about the opportunities for interventions that could be successfully
implemented in the New Zealand context. This gap exists in part because the relevant information
has not been published (for example, because it is a rapidly evolving field, or such information is
held by practitioners rather than in searchable documents). The gap also exists because there is
limited existing documentation of the detail required to translate recommendations into New
Zealand practice.
The literature review and survey findings highlighted two areas for potential interventions; (1)
incentives via policy and (2) information. Firstly, incentives (including guidance, contractual
arrangements, and strategy) have been identified as a means to motivate uptake, but the
threshold for effecting behaviour change, the most effective types of incentives, and where they
can be cost-effectively targeted is unclear. The survey findings clearly pointed to the need for
policy interventions such as specifications and procurement models as important opportunities.
However, the specific details about what could now be developed cannot be fully explored using
survey methodology, and there is limited detail available in published reports.
As a second area for intervention, information is critical to effective pathways towards better
practice. It can be used strategically to address both perceptions and technical knowledge deficits
that hinder uptake. The critical role played by good quality information has been identified by
multiple sources, but questions remain about what how information can be most effectively
delivered; what type of information can change viewpoints? How can it best be delivered? Who is
best to deliver information – that is, what is the role of trust in gaining uptake? Further investigation
is required to generate new knowledge on how to address key knowledge gaps amongst
practitioners in ways that lead to change. Understanding how critical the supply limits are will
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firstly require information on future demand for alternative materials and monitoring of the use of
alternative materials across New Zealand. By addressing these gaps, optimal targets for the use of
alternative materials could be developed, perhaps supported by targeted limits on the use of high
quality virgin materials.
Key knowledge gaps evidently exist and need to be addressed within the sector. These include
practitioner perceptions, assumptions and knowledge about the true status of New Zealand’s
supply of high quality virgin materials. Continued over-estimation will inevitably lead to a
reluctance to change practice. Study findings indicated that experts and decision-makers can be
motivated to change their practice if they are provided with good quality, trusted information on
factors such as the performance of alternative materials, sufficient information about how and
when to use them, and that good supply quality control processes are in place.
Finally, the delivery of information also needs to be determined. While there is information
available on alternative materials, it seems it is not necessarily widely accessible to practitioners at
the time they are making decisions. Identifying how and where they access information, and what
would be helpful to them, is critical to ensuring efforts at better information provision are useful.
Attitudes and practices within the sector are varied, meaning interventions may need to be
targeted for a better overall outcome. For those willing to change, greater understanding of how
specific interventions can support their decision-making is needed. Where practitioners appear
resistant to change, research can explore mechanisms that could effectively disrupt current
practices that allow them to avoid using alternative materials. And finally, those who are uncertain
or ambivalent about using alternative materials may be the ‘low-hanging fruit’ for interventions, for
example, where targeted incentives and information might nudge sufficient numbers of
practitioners to have an overall effect on the use of alternative materials. However, they may also
be the most susceptible to poorly planned interventions; a bad experience may put practitioners
off using alternatives. Further research can explore the different responses of these groups to
potential interventions in order to identify where best to target efforts to gain the best overall
benefit.
Potential research questions and identified knowledge and data gaps are summarised below in
Table 29 and Table 30. Following these are specific recommendations for short and long term
research.

Questions

Table 29. Questions for further investigation.







What underpins the view that alternative material use will never be commonplace?
Why do our experts feel constrained in how they can use alternative materials?
Why do some experts feel they will never use recycled materials?
What is required to change the perception of the ‘unwilling’ group of experts?
How do we better enable knowledge transfer?
How might the sector respond to the changes suggested in the review and survey?
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Table 30. Summary of knowledge and data gaps.

Knowledge gaps










Experts overestimate current supply of high quality aggregate
Understanding of future demand (and supply gaps) for alternative materials (including
material type and across regions)
Optimal use targets for New Zealand
Conditions of appropriate use, quality control, and application methods (especially for
materials such as recycled rubber and glass), including knowledge of existing
specifications
Understanding the long-term performance of alternative materials
Industry use of recycled and marginal materials within New Zealand, and how we are
tracking relative to the rest of the world
Value and understanding of quality control processes for alternative materials.

Short term research: To bring about meaningful change in the current New Zealand context,
interventions such as incentives and information need to be grounded in an understanding of how
industry and policy practitioners might (or might not) respond to changes.
An immediate research need is to better understand why there are variations in attitudes (and
therefore practices) within the sector to alternative materials. For example, are there commercial
drivers to continue using high quality virgin materials, experiences of increased risk to using
alternatives, or historical knowledge bases that no longer hold true. Greater insights can then be
used to determine target groups that may be acting as roadblocks, as well as identifying how
much the overall sector needs to change in order to meet targets.
In-depth enquiry methods can explore and test how specific planned interventions might be
perceived by experts and practitioners as well as how they might affect behaviour. For example,
the United Kingdom’s Waste Resources Action Programme focused on raising general knowledge
and awareness, especially to highlight economic benefits. Yet it is not clear what would be needed
to translate this to the New Zealand setting and what materials and processes would be needed
to support it. A pilot could be used to develop and test specific methodology, materials and
communications with different practitioners trialling a range of alternatives to determine what
forms will deliver the best outcomes.
Longer term research: It is important to understand how interventions operate in the real world.
Following exploration of specific interventions, a more comprehensive and holistic approach could
be developed with case-based scenarios and longitudinal studies. The use of cases in this report
showed the value of talking directly with experts and practitioners to gain rich insights into the
aggregate-use decisions and knowledge in New Zealand. Case-based scenarios allow for a holistic
approach that recognises the complexity of decision-making, and the multiplicity of drivers at play.
A series of case-based scenarios could be used to work with experts to tease out the various
linkages and downstream consequences of interventions. While more complex than survey-based
methodologies, they allow for more realistic evidence to be gathered, ultimately providing better
guidance for planning interventions. Longitudinal case studies could also be used to follow
examples where alternative materials are being used to gather in-depth information on the
realistic conditions under which decisions get made, and therefore the extent to which
interventions are more or less helpful in effecting change.
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7

Recommendations

Despite existing evidence and examples of good practice, New Zealand has been too slow in
making the changes required to make better use of our limited supply of high quality virgin
aggregates, What is now needed are effective pathways to change. Given the system-wide nature
of the barriers to change identified in this report, it is highly unlikely that a single intervention or
approach will be sufficient for long-term, meaningful change. We have identified a number of
areas where interventions can be targeted; (1) a nationally coordinated strategy and action plan, (2)
incentives, (3) specifications, (4) knowledge transfer, and (5) monitoring (described below in Table
31). In order for these to be developed into pathways for change, further in-depth investigation is
now needed to determine the key parameters for practical and effective interventions.
Table 31. High level recommendations
1.

Develop a national coordinated strategy and action plan to optimise alternative material use for
New Zealand transport corridors, which could include:






Setting targets to optimise the use of recycled and marginal materials
Identification and funding for data capture, and research and development
Training, capability building, and knowledge transfer
Setting up a temporary advisory group (involving wide range of representatives) to refine
and enable industry buy-in to a coordinated strategy.

2.

Review and operationalisation of incentives, contract formats (to distribute risk), and mechanisms
to optimise alternative material use and reduce overuse of virgin aggregate.

3.

Detailed specifications of alternative material use: For example, considering easy to use guidance
and a decision-making process around use conditions across different road conditions,
application description and quality controls.

4.

Knowledge transfer initiatives to reduce knowledge gaps, looking to leverage overseas
experiences around successful knowledge transfer (e.g. the UK Waste and Resources Action
Programme). For example, environmental and social costs, material performance, handling and
methodology.

5.

Evaluate the effectiveness of actions and interventions by annually monitoring actual materials
use, and also industry willingness to use alternative materials (now that this has been
benchmarked).
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Appendix A – Expert survey
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Appendix B – Greatest barrier
Policy
Attitude of the client, inflexibility of tender
documents and risk-aversion

Lack of allowance for these in the standards which
we use.

Agency requirements

NZ Specifications

Acceptance in project design, and (3) adequate
supply of materials

Existing PQM procurement methods

Lack of a defined alternative material specification

Standards

NZTA does not apply specifications to recycled
materials, and guidance is not sufficiently robust

No contract requirements to use recycled or
marginal materials

Materials not meeting a NZTA specification and
thus consultant cannot sign off design (PS1 and PS2
etc)

A lack of encouragement to recycle, especially on
the part of designers not involved with the build,
with consequent limited supplies

Recycling aggregates on site requires careful quality
control. There is less on-site management of
construction quality with current contract models
(i.e. outcome based and less prescriptive). Quality
control and assurance is critical to achieving design
assumptions and standards.
Perception
Risk adversity

Perception of early failure

Risk aversion. Not many case studies on recycled
materials in NZ context or specifications for use.

Uncertainty and cost

(2) Willingness to use alternative materials, (4) data
to back these up and (1) specifications to support
the use.

The perception of risk and the extreme culture of
risk avoidance by specifiers, clients and consultant
engineers.

Lack of track record

Acceptance and willingness to test and share risk

Lack of willingness to try

Risk of pavement premature failure

Client understanding and appetite for risk

Lack of confidence in a consistent supply

Having certainty that the materials provide a robust
long-term solution

Limited desire/risk taking to use recycled materials.

Knowledge of how they perform over life of the
pavement

Engineers too scared of their shadow to hard [risk
aversion] [ease of use]

Risk averseness by client and ability of many
suppliers to understand risk for end user

Negative perception of many NZTA and consultants
towards using recycled materials

Perceived risks of something different

Risk aversion from consultants and NZTA

The perception that recycled products are inferior
to virgin aggregates.

Lack of understanding of dependable properties
and risk avoidance by designers

The risk of failure and who takes that risk.

long term performance characteristics

Apathy by clients, consultants and clients. (3) No
incentives and (2) adds a degree of additional
complexity from the conventional.

Quality of materials and understanding the impact
on design - we have had multiple failures of
pavements with marginal materials being used.

There are many barriers. Perception is a very real
one. The perception that recycled materials are
markedly worse than virgin materials, which is
reflected in The Agencies specifications, which only
allow a certain percentage or recycled materials etc.
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Economic
Cost, limited budget

Too expensive

Enough supply of resource

Availability of materials and desire to use them

Cost to produce vs virgin aggregates

Availability of consistent recycled materials

Supply uncertainty

Logistics: Availability close to site or cost to process

cost and how far away stockpile is not enough
education around recycled material

availability and cost to recycle versus virgin
aggregates

Cost and risk

Availability of materials

Availability and consistency risks

Low volume

Uncertainty that recycled materials are best value
for money

Getting hold of recycled AC as in my area there is
only so much that gets removed each year

Availability of product and willingness of contractors
to invest in limited market

(3) local availability of resources, (4) skills and
experience

Obtaining suitable sources of material. There does
not appear to be any incentive for contractors to
store or use these materials.

River gravels are so cheap that alternatives are not
cost effective in some parts of SI. Lack of a
coordinated sustainability vision to preserve virgin
resources

Cost. Virgin materials are readily available and
cheap.

Recycled materials tend to impose a higher whole
of life cost and premium aggregates win out

Availability of consistent materials. This is mainly
dependant on the source product containing
variable source materials. Recycling asphalt can
have different penetration rates of bitumen which
makes designing a mix recipe specific for each
stockpile. Similar for virgin materials with varying
silt, sand or soil content in the source aggregate
which can have long lasting structural issues.
Technical
Lack of knowledge and know how about these
products and experienced people who know how
to use these materials effectively

Supply of consistent material and (1) specification
barriers not allowing for alternative designs,
cheapest price always wins the contracts!

Quality Assurance - Consistency of supply, Quality
and understanding performance

No significant understanding or data on long term
performance, costs can be greater than traditional
materials.

Ensuring quality and properties are consistent and
reliable to use for pavement construction

Knowledge of the materials, because there is
minimal current use and case studies

Lack of performance knowledge

Need consistent product

Lack of Knowledge of recycled material to be used

Demonstrating material will perform

Performance of the material. Not enough data

Issues around supply, standards and consistency.
who carries the risks around the use and quality

Lack of information on long term durability and
strength

Lack of understanding of the performance

Knowledge and source for material

Lack of knowledge, cost/time effective alternatives

Material variability and uncertainty around lifecycle
performance

Proof that they are able to perform to current
standards on motorways

Lack of supporting technical knowledge
Note, all entries are unsorted.
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One improvement
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Appendix C – One improvement
Policy
Risk transfer away from the contractor and
insurance companies accepting the risk profile

Better Specification and advertising of alternative
materials.

Stop paying for expensive metal when local
material can be used or modified to produce a
quality pavement and reduce costs

Better guidance around the use of materials and
the ability to specify a product rather than an
outcome.

Incorporate into district plans

Specific provision for them in specifications

Good guidelines for use

Development of a robust specification.

NZTA formally adopting a circular economy
approach (including carbon footprint accounting)
and actively promoting the inclusion of alternative
materials in the design& planning, tendering and
contracting phases.

Trials and testing allowing it to become part of NZ
specifications. A client-based design where
contractors price the same design with recycled
materials as part of the design will guarantee
inclusion into future jobs.

Design for lower quality alternative materials to be
included rather than exclusively for premium virgin
materials

More dialogue between policy makers (specification
writers and the person who pays the bills) and
contractors (who dictate the quality)

Having NZTA standards for alternatives

Standardizing

Changes to specifications

Clear outcome-based specifications

Sustainability requirements in tenders that promote
the use thereof.

Waste management/minimisation objectives at a
national level defined and implemented.

NZTA need to take the lead and provide clear
guidance in the technical notes and specifications
for designers and constructors

Incentivisation, through policy & regulation, for
waste disposal of civil & building materials, as well
as & the use of recycled materials.

Mandated product stewardship for waste/recyclable
materials to drive creation of a materials supply
market

More flexibility in design specifications and greater
willingness by engineers to consider alternative
(including recycled) materials.

Risk sharing (including with Transport Agency)

Minimum levels of recycled materials

Just stating that it is ok to use recycled products. If
produced to the correct properties and grades, they
are can compete with virgin on their own merits
and the simple increase in use will cause an overall
uplift in specifying them.

Better guidance around the use, grading and
performance of materials. Improved quality control
standards as contractors regularly request to use
different types of material i.e. concrete.

Enforcing use of recycled materials in all
construction to match other countries, incentives to
construction companies to develop the plant and
equipment to be able to compete with other
countries, in Japan the average recycling of RAP is
currently around 45% in all mixes, USA only 25%, NZ
it only happens in Auckland so nationally it would
only be around 5%. Problem is the plant to allow
these processes and the cost to develop consistent
materials in the recycling process.

Increased use will be best driven by standards being
created which will drive the industry to look at
recycling which will increase requirement for
recycled material use which will mean research and
development will be carried out which should then
show through in reduced production costs.

Move away from the use of over compacted base
layers that generate micro-cracking

Investment in R&D focused on recovering/reusing
bitumen from chip seal at end of life

Easy to use specifications e.g. Auckland Transport
Technical Design Manual
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Perception
Proven performance of a straightforward alternative
specification, easily replicated at a regional level (i.e.
recycled glass supply, crushing and use)

Buy-in from those approving the specifications to
be laid and either proving life length or accepting
the risk of more frequent resurfacing

Raising understanding in the transport sector

A champion

Confidence and information on the performance

Time for alternatives to prove themselves

Proven better performance

Confidence in the product

Acceptance of accepting risk to use them
Economic
Alternative materials sources need to get a more
steady supply chain. The transport costs of all
materials need to be seen as wastage.

Capacity to use materials in rural areas, for example
Queenstown is now burying glass as we don’t have
the facility to recycle it and use it in aggregate

Economies of scale

Needs to be economically viable

Availability of material

Create a recycling incentive e.g. tax break or
mandate a percentage use

Cost less than current best practice

Subsidies to councils for using recycled materials

Availability at a reasonable cost

Lower cost
Technical

Information on performance and supply hubs. Push
with contracting firms

More Research and Testing on actual roads with
actual conditions

Education

Design information and track record

Support developing recycled materials markets
with R&D

Testing and quality control of materials used to
ensure they have been incorporated as specified.

More information about the materials and the
benefits/risks they can provide

More knowledge, guides and specifications that
control use and describe application and controls.

Knowledge of the recycled material

availability of supply, skills and experience

Research

Proven quality of performance

Materials purity ensuring high quality product

More information and quality control

Improve industry knowledge in in-service
performance of alternative materials

Understanding of their limitations and the need for
QC, derived from lab AND from trial sites
More research

Improve knowledge, supply and availability

Understanding binder technology and achievable
dependable design parameters better to be able to
modify / stabilise recycled materials where
appropriate to achieve optimum outcome.

More hands-on industry training in the use of
materials in general in road construction Better
understanding of materials and when or when not
to use them practitioners, practitioners, people
using hands on knowledge and turning that in
valuable data and information

Information

More researches and study

Better understanding of characteristics and lifecycle
performance.

Greater information of the materials and their
practical uses and performance

Understanding the long-term impact of the
materials on the function of the pavement and
ensuring that set standards are in place to govern
use.

Educating engineers and decision makers about
how to apply engineering concepts to optimise
utilisation of recycled materials.

Material Quality Control
Note, all entries are unsorted.
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