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This report examines the opportunities and challenges of adopting bio-materials in Aotearoa New
Zealand construction, supported by a literature review and 35 interviews with relevant stakeholders.
Bio-materials promise significant carbon reductions, health benefits, and innovation potential, yet face
barriers including limited awareness, regulatory gaps and industry conservatism. Findings highlight
drivers and enables such as hands-on experience, professional guidelines, and supportive policies. The
report presents 17 targeted recommendations to build knowledge, foster social support, improve
regulations and scale niche innovations. The report calls for a coordinated, multi-level approach to
accelerate the transition to bioeconomy in construction.
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building materials



BRANZ — Building Research Association New Zealand
EPDs — Environmental Product Declarations

EU — European Union

GDP — Gross Domestic Product

IPCC- Intergovernmental Panel on Climate Change

LCA — Life-cycle assessment

MBIE — Ministry of Business, Innovation and Employment
MfE — New Zealand Ministry for the Environment

MoE — New Zealand Ministry of Education

MPI — New Zealand Ministry for Primary Industries
NZGBC — New Zealand Green Building Council

OECD - Organisation for Economic Cooperation and Development
R&D — Research and development

SIPs — Structural Insulated Panels

UK — United Kingdom

UN — United Nations

UNEP — United Nations Environment Programme

US — United States of America

Cover page: Photo by Viktoriia Kondratiuk on Unsplash

Figure 1: Straw structural insulated panels (SIPs) exhibited at the Passive House Conference, Wellington, New
Zealand, 2024. Photo: Emina Kristina Petrovic, 2024.

Figure 2: Green Product Award stand at the Sustainable Industry Week in Cologne, Germany, 2024. Photo: Emina
Kristina Petrovi¢, 2024.

Figure 3: Hempcrete samples of different binder-to-aggregate ratios. Photo Michael Murray, 2023.
Figure 4: Mycelium biocomposite blocks. Photo: Emina Kristina Petrovi¢, 2024.
Figure 5: Samples of some of the emerging bio-materials. Photo: Emina Kristina Petrovi¢, 2024.

Figure 6: Building materials biocircle shows available bio-materials and their suitability for a range of
architectural applications. Diagram by Maria Walker prepared for this report.

Figure 7: Sustainability Transition Framework (STF). From: Petrovi¢, E.K. (2023). Sustainability Transition
Framework: An Integrated Conceptualisation of Sustainability Change. Sustainability, 16, 217. Copyright Creative
Commons Attribution (CC BY): https://creativecommons.org/licenses/by/4.0/

Figure 8: Summary of the identified drivers, barriers and enablers for uptake of bio-materials. Diagram by Emina
Kristina Petrovi¢ prepared for this report.

Figure 9: Infographic summarising findings of the analysis of suggested changes and showing a range of ambition
levels and possible actions for each level to drive systemic change in Aotearoa New Zealand. Diagram by Maria
Walker prepared for this report.
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A literature review has demonstrated that transitioning to bio-materials in construction offers
substantial opportunities.

This literature review has established that there is a wide range of benefits associated with
transition to a bioeconomy in construction. Bio-materials have the potential to drive radical
decarbonisation, with estimated emission reductions of up to 40% by 2060 in many regions. In
addition to environmental benefits, natural, bio-based, bio-materials are also associated with a
number of psychophysiological benefits. Direct personal experience of these materials is
essential for both understanding their nature and experiencing their full psychophysiological
benefits.

Globally, innovation in bio-materials is on the raise, including the development of novel and the
reformulation of the traditional natural materials. In Aotearoa New Zealand, novel bio-materials
have already received strong professional and public interest through experiential, hands-on,
research exhibitions. However, while regulations supporting a transition to greater adoption of
bio-materials are starting to emerge worldwide, significant regulatory challenges remain.

Today, bio-materials are available for all types of architectural applications — from structural
components and building envelope to services, interior fitouts, furnishings and landscaping
elements.
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See Figure 6: Building materials biocircle.



Increased use of bio-materials in construction could raise demand for agricultural land and
products, potentially creating supply bottlenecks. To prevent such issues, the transition to bio-
based building materials should align with agroecological principles — supporting biodiversity,
avoiding competition with food production and climate mitigation, and ensuring true
sustainability. This intersection with agricultural activates appears to be currently contributing to
inaccuracies in lifecycle assessment (LCA) calculations for bio-materials, highlighting one critical
area for further refinement and improvement.

In addition, recognition of Maori as kaitiaki under Wai262 is foundational to ethical engagement
with bio-materials and the establishment of reciprocal relationships. Bio-material investment
should consider partnerships with Maori-owned opportunities that are grounded in Te Ao Maori,
contemporary social and legal frameworks, and driven by iwi and hapl whanaungatanga.

This report presents findings from 35 semi-structured interviews conducted with a diverse range
of stakeholders to better understand current perspectives on bio-materials in built environment.
Participants were selected through a combination of representative and convenience sampling,
with a focus on leaders in bio-material innovation and development, as well as architects,
designers, builders, researchers, and policymakers. Participants were predominantly from
Aotearoa New Zealand, but also included international leaders in the field.

Interviews identified a reasonably small number of very powerful key Drivers for the adoption of
bio-materials in construction. These are:

Driver 1: Bio-materials, natural and bio-based materials, are preferred by people.
Driver 2: There is a growing interest in bio-materials.
Driver 3: Clients are asking for bio-materials.

Interviews identified a greater number of key Barriers than Drivers for the adoption of bio-
materials in construction. These are:

Barrier 1: General population has limited knowledge about bio-based and bio-materials available
for construction.

Barrier 2: Some of bio-materials are still experience stigmatisation and other challenging
perceptions.

Barrier 3: Risk of the unknown: it is unclear who in the industry should take the risk of the early
applications of bio-materials.

Barrier 4: There is a perceived or real higher cost of bio-materials.

Barriers 5: Externalised costs of many conventional materials lead to greenwashing, making bio-
materials appear less favourable than they are.

Barrier 6: There are issues with scaling supply and production in Aotearoa New Zealand.

Barrier 7: Incumbent construction industry in Aotearoa New Zealand is conservative and
entrenched, resisting change.

Interviews identified three sets of three interrelated Enablers, resulting in an impressive range of
possible interventions to enable greater adoption of bio-materials in construction. These are:

Capability Enabler 1: Direct hands-on experience of bio-materials is important for aiding their
uptake.



Capability Enabler 2: Case study projects showcasing bio-materials aid their uptake.
Capability Enabler 3: Semiformal education in specialised interest groups aids within-niche
uptake of bio-materials.

Industry Enabler 1: “Drop-in solutions” can aid introduction of bio-materials into the business-as-
usual.

Industry Enabler 2: Professional guidelines and recommended practice cases can help increase
confidence of professionals when working with bio-materials.

Industry Enabler 3: Upskilling professionals for working with bio-materials can help broader
uptake.

System Enabler 1: Planning for long-term intergenerational approaches is needed, and it
highlights bio-materials as part of the solution.

System Enabler 2: Regulations, support from government and banks could aid faster transition to
bioeconomy.

System Enabler 3: Linking bio-materials uptake with other industry trends could aid faster
transition to bioeconomy.

The results of the interviews were visually summarised in Figures 8 and 9.
Figure 8 provides a visual overview of the identified drivers, barriers and enablers.

Figure 9 outlines suggested actions to support the adoption of bio-materials in construction,
organised into three ambition levels: Seed, Grow and Thrive. It also illustrates how early actions
can drive progress in later stages and helps changemakers select suitable strategies based on
their goals and areas of focus.

Recommendations:

When examining the transition to a bioeconomy in construction through the lens of socio-
technical transitions, four key areas for broad intervention emerge:

=  Recommendation 1: Establish a clear, consensus-based definition of natural, bio-based,
bio-materials for use in construction.

= Recommendation 2: Commit to a sustained effort to build broad public and industry
support for a shift toward bio-based construction economy.

= Recommendation 3: Develop and implement a multi-level strategy to accelerate and
strengthen the transition to bioeconomy in construction.

= Recommendation 4: Support emerging products in moving from niche innovations to
mainstream adoption, while simultaneously developing the necessary infrastructure to
enable wider uptake.

The transition to a bioeconomy in construction should be supported through the development of
necessary new knowledge using following strategies:

= Recommendation 5: Develop professional guides and practical guidelines for using a
wide range of bio-materials in construction.



Recommendation 6: Establish hands-on training programmes with bio-materials for
professionals in the construction industry.

Recommendation 7: Promote bio-materials to the general public and the practitioners
through activities such as tradeshows, showcases, hands-on workshops.

Building strong social support can also help accelerate the adoption of bio-materials in

construction:

Recommendation 8: Foster strong networks and connectivity through awareness-rising
activities that promote use of bio-materials in construction. Support these efforts
through research funding for bio-materials development or by stimulating their uptake in
construction.

The transition to a bioeconomy in construction should be supported through the development of
the following regulatory and government frameworks:

Recommendation 9: Ensure that regulatory frameworks provide equal opportunities for
the conventional and bio-based materials. Ensure LCA and EPD data for bio-materials is
robust.

Recommendation 10: De-risk uptake of bio-materials in construction by creating
procurement pathways which support innovation; introducing manufacturer warranties
to address unfamiliarity; and by assisting start-ups with material testing.
Recommendation 11: Mandate bio-materials in government funded building projects.

The following recommendations outline key approaches for scaling niche bio-materials
innovations for broader market adoption:

Recommendation 12: Simultaneously develop drop-in solutions which work within
existing rules (fit-and-conform) and radically innovative approaches how to work with
bio-materials (stretch-and-conform).

Recommendation 13: Use common niche market strategies, such as starting with
imports (import-based seeding) and targeting simpler applications first (beachhead
strategies), but complement them with actions that support boarder systemic
transformation.

Recommendation 14: Where feasible, incorporate agricultural waste into bio-materials
for construction and actively promote its benefits.

Recommendation 15: In the early stages of the transition, target early adopters, such as
younger generations who tend to be more environmentally engaged and ready to
innovate.

Recommendation 16: Initially, target residential projects, retail fit-outs, and similar
interior applications to showcase early use of bio-materials.

Complementing all of the above, enriching the meaning associated with bio-materials has been
identified as a key approach to further support behaviour change toward broader adoption:

Recommendation 17: Develop and enrich the perceived value of bio-materials by linking
them with other positive concepts such as the bioeconomy, circular food systems, and
related sustainability themes.
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Bio-materials are increasingly seen as an important part of the solutions needed for a lower-carbon built
environment. Using bio-materials within the built environment could contribute to resolving three
major global issues: (1) combating climate change, (2) improving global material flows by increasing
circularity and decreasing use of extractive, high-energy materials, and (3) improving a range of human
health and wellbeing parameters.

Materials and material flows are starting to be recognised for their significant contribution to the triple
planetary crisis: climate change, air pollution and biodiversity loss (UNEP, 2024). Globally, materials
generate as much as 55-60% of greenhouse gas emissions through their extraction and processing
(UNEP, 2024). Global material flows are responsible for 40% of the adverse effects associated with
particulate matter exposure, and for over 90% of biodiversity loss and water stress resulting from land
use (UNEP, 2024). Yet, if continuing current trends, by 2060, total material extraction is projected to
increase by 60% (UNEP, 2024). Many of the conventional building materials are energy intensive, or
have other issues with the extraction or toxicity, or limited circularity, which is why in 2023, United
Nations Environment Programme (UNEP) has made a science-informed recommendation that an urgent
shift to regenerative, low-carbon, bio-based building materials and material practices is needed (UNEP,
2023a). Truly regenerative materials can help incentivise biodiversity, help manage carbon cycle and
offer potential for “radical decarbonisation” with estimated savings of up to 40% of emissions by 2060
in many regions (UNEP, 2023a). This is especially important as the 2023 IPCC Assessment Report warned
of the need to reduce emissions by up to 50% by 2030 (IPCC, 2023). Ripple et al. (2024) report that
emissions associated with fossil fuels are at an all-time high, and that we could be on track for 2.7
degrees of global warming from pre-industrial levels by 2100, well above the 1.5 degree target pathway
set out in the 2015 Paris Agreement (Ripple et al., 2024; UNEP, 2023b). A shift to low-carbon materials
is urgently needed for the built environment.

Recent decades have also witnessed an increase in research which has shown a strong positive influence
of exposure to nature on psychophysiological wellbeing (Hartig et al., 2014; Frumkin et al., 2017), and a
growing body of literature has emerged asserting that bio-materials can have similar beneficial influence
on inhabitants (Burnard & Kutnar, 2015; Mfon, 2023; Crippa et al., 2012; Barrett & Barrett, 2010; Han,
2010; Vincent et al., 2010; Raanaas et al., 2011; Li et al., 2012; Gladwell et al., 2012; Karana & Nijkamp,
2014; Barrett et al., 2015; Overvliet et al., 2016). Bio-materials have been shown to be capable of
bringing benefits of the connection to nature into the built environment, and studies have shown their
beneficial effects on stress response, blood pressure, pulse, brain activity, etc. (Burnard & Kutnar, 2015;
Shah, 2024; Tsunetsugu et al., 2007). More recent research suggests that indoor materials might be
positively influencing the indoor microbiome, which is in turn directly related to human health (Gilbert
& Hartmann, 2024). Therefore, an increase in use of bio-materials in the built environment could
contribute to a number of much needed improvements.

1.1. Defining bio-materials

Currently there are no fully confirmed definitions what bio-materials are. Even in bio-medical
technology, where bio-materials are used as implants, these are defined by their function (that they are
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replacing biological material within a body) and thus include materials of both organic and inorganic in
origin (Hudecki et al., 2019). Similarly, in fashion, bio-materials are defined by some as an overarching
term that includes bio-based materials which might be bio-synthetic, bio-fabricated or bio-assembled
(Borst et al., 2020). Even the UNEP report from 2023 omits the definition of bio-materials when
encouraging a shift to regenerative, ethically produced, low-carbon earth- and bio-based materials
(UNEP, 2023a). Rather, they signal potential for positive inclusion of a greater use of timber and wood,
bamboo, and other lingocellulosic materials from forestry, agriculture and other residues.

Based on a comprehensive review of bio-materials globally, it was established that for the purpose of
this report, bio-materials are grown by biological organisms like plants, animals, bacteria, fungi and
other life forms, either in full, or in combination with other materials as biocomposites. These are
regenerative materials which can be grown over and over again. Because bio-materials are typically
derived from biological sources, they are generally also low in carbon emissions. In some cases, they
may even be carbon-negative, sequestering more carbon during their growth than what is released
during their entire lifecycle. Bio-materials may also support an increase in biodiversity through the
cultivation of native and locally grown bio-organisms. Some are made from agricultural waste and
similar by-products, while many are likely to biodegrade or compost at the end of use, offering waste-
free end of life and supporting circular economy. As regenerative materials, bio-materials are also
capable of stimulating social, cultural and psychological benefits.

This definition of bio-materials also shows that there is a significant overlap between bio-materials and
bio-based materials, and to an extent with natural materials. Therefore, throughout this report bio-
materials and bio-based materials should be considered as interchangeable, and generally as natural
materials.

1.2. Existing regulatory and other settings

In some parts of the world, the shift to the bio-materials is already led from the top-down either directly
or indirectly. Directly tackling the uptake, in 2022, France introduced RE2020 law which required all
state-funded buildings to be composed of at least 50% timber or other bio-based materials (MTEH,
2024; Graffi-Smith, 2021). Also, there are over 23 national roadmaps worldwide for bioeconomies,
including 12 operational strategies such as the EU Bioeconomy Strategy (2018), Finnish Bioeconomy
Strategy (2014) or the US Department of Agriculture’s BioPreferred programme which support and
enforce mandatory purchasing of products with a set minimum bio-based content (EU, 2024; USDA,
2024).

Bio-materials also have significant potential for achieving circularity, lower embodied carbon in
buildings, and other sustainability benefits, and there is a range of shifts currently undertaken to achieve
improvements in those areas. Worldwide, there are over 40 national circular economy strategies,
notable are Australia’s new National Circular Economy framework (Taylor, 2024), Europe’s over 33
national roadmaps, and the EU Green Deal’s Circular Economy Action Plan (Chatham House, 2020). The
European Union’s recently revised Energy Performance of Buildings Directive (EPBD) includes
requirements for new builds to disclose embodied carbon from 2030 (European Commission, 2024).
Jointly these shifts signal a clearly emerging direction of moving building materials towards renewable
materials and practices which are most achievable through the use of bio-materials.
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In Aotearoa New Zealand, the economy is in early stages of shifting to be more circular and bio-based,
with Free Trade Agreements with the EU, UK, and the Closer Economic Relations Sustainable and
Inclusive Trade Declaration with Australia which include circular economy provisions, and the Ministry
of Business, Innovation and Employment (MBIE) commissioning research into the Circular Economy and
Bioeconomy (MBIE, 2024), including construction sector investigations. The Aotearoa New Zealand
Waste Minimization Act (2008) also provides research and development grants and incentivizes circular
material use through waste disposal levies (MfE, 2024b).

Unfortunately, uptake of bio-materials might be challenging because of existing preconceptions against
them. For example, some bio-materials are associated with controversial issues such as genetic
engineering or might be experiencing lingering stigma (e.g. against industrial hemp due to association
with cannabis) (Jo et al., 2023; Madusanka et al., 2024; EU, 2023; AHC, 2022). In Aotearoa New Zealand,
the Hazardous Substances and New Organisms Act (HSNO) (1996) was prohibitive of genetic
engineering, although 2024 marked government plans to end the thirty-year moratorium (Collins,
2024). Aotearoa New Zealand’s new genetic engineering regulations are likely to modelled after
Australia’s Gene Technology Act’s (2000) strict regulations on non-food GMOs, especially regarding
environmental impact and biosafety. Currently in Aotearoa New Zealand, hemp is classified under the
Misuse of Drugs Act (1975), Medicines Act (1981) and the Hemp Regulations (2006) which jointly allow
production under strict licensing and compliance with limits for the psychoactive component of plants:
tetrahydrocannabinol (THC) (NZHIA, 2024). The Biosecurity Act (2003) and the HSNO regulates bio-
materials border-crossing and introduction of exotic species (MPI, 2020). The Conservation Act (1987)
protects the collection and use of native flora, such as fungi. Therefore, overall, Aotearoa New Zealand
has some of the strictest biosecurity regulations in the world, which could present limitations for
development of bio-materials.

In Aotearoa New Zealand’s built environment, pressure to meet net-zero 2050 goals creates regime
tension and opportunities for sustainable niche-innovation uptake. The 2025 update of the Building
Code will require inclusion of embodied emissions data (Jamieson, 2023) to support development of
2026 carbon caps. Government programmes, like the 2020 Carbon Neutral Government Programme
and Building for Climate Change programme, mandate low-carbon ministry procurement and for
government buildings with a capital value over NZ$9 million, from 2023, to achieve NZGBC’s five
GreenStar rating, which credits low-carbon, circular materials and innovation. Additionally, the Ministry
of Education’s Innovative Learning Environments programme (2018) mandates quality, non-toxic
infrastructure for schools (MoE, 2018) which indirectly supports non-toxic, natural material uptake.

Over the last decade, mass timber construction has become more common in a number of countries,
including the Australasian region (Evison et al., 2018). Certifications like LEED, BREEAM, and the Living
Building Challenge add to pressure to increase uptake bio-materials in construction (MTEH, 2024). A
number of professional organisations are holding conversations about bio-materials: in the last year or
two, panel discussions, webinars, and similar about bio-materials have been facilitated by organisations
such as the Living Building Institute, Passive House Accelerator, and locally by the New Zealand Green
Building Council (NZGBC). At the same time, some of the more developed innovative bio-materials are
starting to receive greater recognition, hemp through the Global Hemp Summit which has become a
regular conference series (https://www.globalhempsummit.co/ ), and mycelium is included as topic into

conferences about structures and architecture (https://www.icsa2025.com/ ). Awards about innovation

in green space, such as the Green Product Award (https://www.gp-award.com/en ) and large industry
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exhibitions such as Sustainable Industry Week (https://www.sustainableindustryweek.com/ ) are also

increasingly dominated by applications of bio-materials (Figures 1-2). Jointly, these show a really vibrant
interest in solutions bio-materials can offer.

Figure 1: Straw structural Figure 2: Green Product Award stand at the Sustainable Industry Week in

insulated panels (SIPs) Cologne, Germany, 2024. The most visible elements are partitions and blocks
exhibited at the Passive made out of compressed hemp or flax. A range of smaller products containing
House, Wellington, New bio-materials are also visible.

Zealand, 2024.

Support for action is also strong among practitioners in Aotearoa New Zealand, with research showing
that 92% of Aotearoa New Zealand built environment respondents believe action to reduce emissions
is essential, and 87% support initiatives to reduce whole-of-life embodied carbon (MBIE, 2021a).
Unfortunately, the same study also reported that 79% of local practitioners report barriers to taking
action to reduce emissions (MBIE, 2021a). One existing barrier to improving sustainability of building
materials in Aotearoa New Zealand is the high reliance on imports: 90% of construction materials sold
are either fully imported or contain key imported components (EBOSS, 2021). Other analyses have
shown that, apart from timber, no other bio-based materials take a noticeable share of currently used
building materials in Aotearoa New Zealand (Clarke & Lockyer, 2022) and that even for engineered wood
products more information and upskilling is needed (Carradine, 2020). Therefore, currently bio-
materials are in the very early stages of uptake in Aotearoa New Zealand and it is reasonable to assume
that many in the industry are not even fully aware of such options.

1.3. Project aim and outline of the report

This situation of the increased levels of interest in bio-materials, scientific recognitions that bio-
materials might play a critical role in solving current triple planetary crisis, and limited current uptake of
bio-materials other than timber, makes it important to investigate what is needed in Aotearoa New
Zealand to enable a transition to greater uptake of bio-based building materials.

This project was set out to investigate what are the barriers and drivers for accelerating uptake of bio-
materials in Aotearoa New Zealand’s building industry. However, because uptake of bio-materials is
currently still in very early stages, the focus of investigation is not on progressing uptake of bio-materials
into mainstream, but rather on the increase of momentum and scaling of innovation to a higher rate of
early adoption. The core assumption was that once there is an understanding of what helps or hinders
the uptake, it will be possible to identify intervention points suitable to stimulate acceleration.
Therefore, the project has two interrelated goals: to provide up-to-date information on bio-materials
and their readiness for use in the building industry, and to examine how their adoption can be
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stimulated by intervening at the level of common perceptions and through behaviour change strategies.
For both parts a “brand agnostic” approach was adopted, reflecting BRANZ practices, which means that
some aspects of the discussion remain more general than specific.

The report opens with a review of the existing context on bio-materials (Section 2). This includes a high-
level introduction to what is currently available, culminating in the introduction of the building materials
biocircle which visually summarises the main findings of this review (Section 2.1). Two important aspects
to be considered in relation to bio-materials follow: the potential adverse impacts on food production
(Section 2.2), and a review through the matauranga Maori lenses (Section 2.3). This is followed by an
introduction to a set of theories of change (Section 2.4) and existing studies on perception of bio-
materials (Section 2.5). Jointly, these reviews set the scene for the rest of the report.

Section 3 discusses methodology of the study, which used interviews as the main data collection
technique. Section 4 reports on the results of the thematic analysis by grouping those into drivers,
barriers and enablers, visually summarises those in Figure 8, and discusses the results. Complementing
the thematic analysis, an analysis of the specific actions suggested by the participants was also
undertaken. Those results are reported in Section 5, discussed and eventually visually summarised in
Figure 9. Section 6 brings together the insights from all completed analyses, discusses those and
provides recommendations.
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This section outlines the context and background upon which the rest of the work was developed.

2.1. Available bio-materials

A review of existing bio-material products showed that while a range of traditional bio-materials are still
in use, a range of novel bio-materials are also currently emerging. Jointly, these tap into effective use of
a very broad range of materials produced by bio-organisms.

2.1.1. Traditional bio-materials

Over the centuries, vernacular architecture developed a range of solutions for how to build with grown
materials, and that included solutions to extend durability of the elements (for example, by
impregnating wooden roof shingles with sap released from shingles themselves), but also how to
embrace to perishability of material offering easy replacement (Radivojevi¢ et al., 2017). Some of the
traditional materials, are still seen as sustainable, ecological bio-materials such as timber, earth and
straw building.

Timber is one of the well-established building materials, both historically and currently, receiving much
interest. Because of the extent of work focused on timber, the focus of this investigation is skewed to
give more attention to other, generally less established bio-materials.

Generally using locally available materials, earth building is practiced in Aotearoa New Zealand and
around the world. Several methods, such as loadbearing rammed earth, cob, and pressed mud bricks
among the more common (Walker & Morris, 2021). These methods range in material density and
provide ranging performance benefits in terms of both thermal and structural performance. Aotearoa
New Zealand’s earth building standards accommodate this spectrum of earth building materials and
techniques (Standards New Zealand, 2024). The first editions of Aotearoa New Zealand’s earth building
standards, NZS 4297:2024, NZS 4298:2024 and NZS 4299:2024, were published in 1998 and were the
first of their kind in the world (Walker & Morris, 2021; EBANZ, 2024). These standards were recently
revised in late 2024 (Standards New Zealand, 2024) and to date, there has never been a reported failure
of an earth building built accordingly with the standards (Walker & Morris, 2021). In terms of
production, the standards also set out testing requirements for producing earthen materials from soils
on-site (Standards New Zealand, 2024), and there are some prefabricated products entering the market,
such as adobe veneers and pressed mud bricks.

Straw is a common agricultural waste product, the bales come in a standardized size and can be laid flat
or on edge depending on the performance requirements of the project (Quinn, 2022). Strawbale has
also been successfully used for centuries, but also more recently in certified passive house projects in
Aotearoa New Zealand, highlighting its potential for high-performance housing (Sustainable
Engineering, 2024). Strawbale construction in Aotearoa New Zealand can be load bearing and non-load
bearing, although the latter is more common (BRANZ, 2010). In the most recent revision to the New
Zealand earth building standards, NZS 4297:2024, NZS 4298:2024 and NZS 4299:2024, the scopes were
widened to include strawbale, among other lower-density light earth methods (Standards New Zealand,
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2024). As well as raised in-situ strawbale, there are a number of locally produced panelised systems
coming onto the Aotearoa New Zealand market, mainly as structural insulated panels (SIPs), although
currently such systems are not covered by the standards (Standards New Zealand, 2024). Compressed
straw panels also exist on the market, and currently there is much innovation on how else agricultural
waste, such as straw could be used in building materials.

Therefore, in Aotearoa New Zealand there are standards and guidelines needed to support the use of
traditional bio-materials, like timber, straw and earth. Already more innovative applications of the same
materials such as straw SIPs or compressed straw panels might experience greater regulatory barriers.

Other more traditional bio-materials include wool, bamboo, cork, and a number of various grasses and
reeds. Complementing those, linoleum as an early example of successful biocomposite. Developed in
19" century, linoleum is made by combining oxidised linseed oil with resins from pine threes, wood
flour, cork, and limestone fillers, with added pigments, which are then pressed onto a cloth to make
linoleum sheets (Petrovi¢, 2017). Some of these are also easy to use in current construction in Aotearoa
New Zealand, like wool, cork and linoleum, while others might experience regulatory challenges,
depending on the application, like bamboo, grasses and reeds.

2.1.2. Novel bio-materials

In contrast to traditional materials, a range of newer bio-materials have also emerged. Of those,
hempcrete is the most established (Figure 3). Hempcrete was developed in France in the 1990s
(Florentin et al., 2017) and has been growing in popularity and production volumes since. It can be used
as a bio-aggregate non-structural material composed of hemp hurd, the woody inner fibres of the
industrial hemp plant, and a mineral binder (typically lime or magnesium-based) (Magwood, 2016). This
is similar to how existing wood-wool and cement boards are made. Hempcrete may be cast in-situ, or
precast into block or panel systems. Hempcrete is an effective thermal insulation material, with
additional unique hydrothermal and occupant health benefits such as passive moisture buffering (Tran
Le et al., 2010). Hempcrete can be carbon-neutral or carbon-negative, assuming domestic production
and supply chains (Boskovi¢ & Radivojevi¢, 2023). There is active and ongoing work in Aotearoa New
Zealand to increase the growth and processing facilities available for industrial hemp (Venture Taranaki,
2022), as well as ongoing development of locally produced binders. In Aotearoa New Zealand,
hempcrete construction uses existing earth building standards NZS 4297:2024, NZS 4298:2024 and NZS
4299:2024 (Standards New Zealand, 2024).

Mycelium biocomposites is one of the bio-materials with increased recognition of possible usefulness
for the built environment (Figure 4). Reportedly, mycelium biocomposites were first developed in 2007,
by two undergraduate students at the time: Eben Bayer and Gavin MclIntyre (Ecovative n.d.). Mycelium
is the vegetative part of a fungus, consisting of a network of fine white filaments which can easily grow
around a range of biological materials, such as wood shavings, hemp hurd, shredded cardboard, used
up coffee grounds etc., binding those into mycelium biocomposites. The production process requires
no energy, is reasonably fast, and mycelium can be grown in the dark (Holcim Foundation 2014, 61-64).
After use, the material is generally compostable (Mayol 2012, 87). There is some natural shrinking and
dimensional unpredictability of the material while it is grown, and depending on the finishing steps
(Walker, 2022). In architectural applications, mycelium biocomposite has been used as bricks, as thermal
or acoustic insulation, in a range of interior wall applications, but has also been successfully used for
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outdoor pavilion structures. In Aotearoa New Zealand, currently use of mycelium biocomposites is not
regulated.

Figure 3: Hempcrete samples of different Figure 4: Mycelium biocomposite blocks.
binder-to-aggregate ratios.

The review of existing bio-materials products globally established that a number of more recent
products use compression or other ways of combining natural fibres or agricultural waste into building
materials. Figures 2 and 5 show some samples of the emerging bio-materials of this nature. There are
already products on the market which use flax, jute, hemp, kenaf, reeds, pine needles, husks from rice,
corn and coconut, straw from wheat, barely or even grass clippings. Although some of the products in
this broad group might use natural or synthetic resins or glues to achieve the composite, an increasing
number of these is assembled using lignin in the used bio-material and pressure. Consequently, the
proportion of natural material can vary from 10% to 100%. Some imported products of this type are
already available on Aotearoa New Zealand market, after addressing biosecurity concerns. Because
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biosecurity can present a barrier for easy import of grown products from other parts of the world, and
because of adverse impacts of shipping, it is important to develop local markets with locally grown
agriculture.

Figure 5: Samples of some of the emerging bio-materials.

In recent years a number of bio-based insulation materials have also been developed. In Aotearoa New
Zealand, wool is already an established insulation product. Just as already discussed straw, hempcrete,
and mycelium biocomposites have excellent insulation properties. New bio-based insulation materials
include hemp-wool, wood-fibre batts, blown sheep’s wool, and other new insulation materials are being
developed.

Other exciting areas of novel development are materials which use fish scales, algae, seaweed or
seashells. Others use kombucha scoby, bio-char or are working through improving existing practices
with plastics by developing bioplastic replacements. Innovation includes efforts to develop natural
pigments and dyes eliminating current reliance on synthetics for those.

2.1.3. Biocircle and bio-materials for this study

Based on the product review of the existing bio-materials, it was possible to develop Figure 6, which
summarises the types of materials suitable as building materials into the Building materials biocircle.
Biocircle shows in colour possible applications in buildings, using the framework of shearing layers of
change (Brand, 1997) with structural applications in the inner side of the coloured ring, and less
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permanent applications towards the outer layers of the ring. Bio-materials are grouped based on their
origin into materials sourced from agriculture, aquaculture, forestry, microbial, mineral and synthetic.
Figure 6 visually demonstrates a high level of availability of materials for all types of architectural
applications. It is especially exciting to see the increases in possible use of bio-materials for structure,
skin and services layers of the buildings which have been conventionally seen as challenging for bio-
materials because of their perceived or real lesser durability and weathertightness.
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Figure 6: Building materials biocircle shows available bio-materials and their suitability for a range of
architectural applications.

However, the building materials biocircle also makes it clear that many bio-material products are
particularly suited for uses for the fitouts, in furnishings and landscaping layers of buildings. Such
applications tend to be characterised by much more frequent adjustments during building’s lifetime,
often several to ten years (Brand, 1997). This is where bio-materials can be seen as ideal: durable for
the needed realistic period of use, but also often compostable after the use, making the disposal a
simple return into the nutrient cycle. A shift to a greater inclusion of bio-materials in such applications
would allow decreased demand for materials which can last hundreds of years for temporary uses,
which are currently associated with significant issues in disposal stage.

Inspired by the range of bio-materials evident in the Building materials biocircle, this report investigates
the full range of materials as evident in the Figure 6. Therefore, the discussion that follows includes the
more established and historical materials together with the emerging new innovative materials;
materials which have received a varying level of scientific research about their properties; and many
other differentiating characteristics, and discusses bio-materials as a heterogeneous group that brings
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these together. But as noted earlier, only limited attention is given to timber as the bio-material that is
already the most established as a building material. Rather, a particular attention is given to the
emerging and novel bio-materials, which are in very early stages of adoption, moving from innovation
to early uptake.

2.2. Impacts from increasing use of bio-materials

Some unique challenges face large scale increase in use of bio-based building materials because their
impacts are tricky to separate from other agricultural activities, both in terms of land use and
calculations. A 2023 EU report signalled that an increase in consumption of bio-based materials could
be competing with land use for providing goods for human use, either as food or materials, but also
with the important role natural systems have for mitigating climate change and supporting biodiversity
(Avitabile et al., 2023). Therefore, a transition to bio-based building materials should not compete with
food production, climate mitigation and should support biodiversity. Therefore, bio-based building
materials should be part of efforts to move to agroecology.

Unfortunately, examples of competition with food already exist. In late 2006, price of tortilla flour in
Mexico more than quadrupled presenting real challenges for the large population of poor in Mexico and
resulting in ‘tortilla riots’ (Runge and Senauer, 2007; Garcia-Salazar et al., 2012). This price increase was
the result of the rise in biofuel manufacture from corn in the US, leading to corn prices rising in the US,
and an increase in purchasing corn from Mexico (Runge and Senauer, 2007; Garcia-Salazar et al., 2012).
Although often there are other societal complexities influencing events of this nature, and that was the
case here, shifts to more sustainable practices should proactively work to avoid potential to contribute
to similar issues. This is especially relevant given the strong association between agricultural land use
and biodiversity loss and water stress (UNEP, 2024). This proactive prevention means that it is important
to carefully evaluate potential impact of increase of uptake of bio-materials on food availability,
especially if the bio-materials are using food sources for their manufacture, like corn, or the land
otherwise used for growing food.

In 2023, Murray and Petrovi¢ completed an analysis of this nature on the example of hempcrete in
Aotearoa New Zealand (Murray and Petrovi¢, 2023). Basing the work on the information from the plans
submitted at the resource consent phase of the Kainga Ora Arlington housing development in Mount
Cook, Wellington, that analysis showed that it would take 0.9 and 3.41 hectares of land to grow
industrial hemp needed for five types of medium density units, or between 0.075 and 0.12 hectares per
inhabitant. Comparing those figures to average agricultural land needs for yearly food which range from
0.13/0.14 hectares for vegan/vegetarian diets to 0.93 hectares for omnivorous (Peters et al., 2016), the
results show that per occupant hemp agricultural land requirements were lower to build housing than
for one year of food for all types of diet. On the other hand, industrial hemp is a fast-growing plant with
bio-remediation properties for the soil, and it is typically harvested after 3-4 months which means that
normally about three harvests would be possible from the same land (Murray and Petrovi¢, 2023). This
comparison also shows that even a small proportion of people moving from omnivorous diets to lower
meat or no meat diets could lead to very significant reduction of global requirements for agricultural
land for growing food, creating capacity to grow more building materials.

20



Other sources arrive to similar indication that transitioning to more plant-based meals or diets could
have great benefits in supporting other aspects of transition to bio-economy. In 2023, out of 924 million
tonnes of dry matter produced in EU from the agricultural sector, nearly half, 43% was used for animal
feed and bedding, while 10% supported plant-based food for humans and 0.3% seafood (Avitabile et al.,
2023). Although EU supplements its own production with imports of bio-based products, this 4:1 ratio
in the biomatter needed to support land animal vs other food production is striking. However, there are
other areas of possible significant increases of efficiency, given that almost one quarter of EU biomatter
was consumed for energy as fuel (Avitabile et al., 2023).

An additional issue is how to calculate environmental impacts of materials which are waste from food
production, such as straw from wheat and wool from sheep grown for lamb. Currently, in some LCA
calculators, these appear less favourably than their conventional counterparts, especially when
compared with materials which use recycled content of energy intensive materials (Blewden, 2024;
Subasinghe, 2024). For example, in some data sets recycled polyester insulation and fibreglass (which
often contains recycled glass) appear to have lower LCA than wool insulation (Blewden, 2024), while
strawbale construction can appear to have very comparable or even higher LCA impacts than
conventional construction (Subasinghe, 2024). Such data can discourage transition to bio-based building
materials despite many other indicators of how valuable this would be. Therefore, a sustained effort is
needed to resolve issues of this nature as the LCA data continues improving.

To summarise, as part of embarking to using food or agricultural land for growing bio-based building
materials, evaluations should be undertaken that such transitions do not compete with food production,
climate mitigation and support of biodiversity. One great advantage of the shift to bio-based materials
is that many agricultural waste materials can be effectively used in building materials (see Section 2.1),
which can avoid complexities of competing land use but also provides circular solutions for this waste.
It is also important to note that waste from some agricultural processes might be already integrated
into other production —for example much of straw is already used for animal feeding and bedding — but
many opportunities to improve use of agricultural waste still remain. Another encouraging group of bio-
materials are those grown in laboratory conditions, like mycelium biocomposites, which are unlikely to
require similar evaluations (see Section 2.1). Nevertheless, any possible issues should be carefully
evaluated, and a much greater care appears to be needed with how bio-based building materials appear
in the emerging LCA calculators.

2.3. Embedding te ao Maori and mauri-enhancing

bio-material lifecycles

In Aotearoa New Zealand an exploration of how matauranga Maori and te ao Maori influence bio-
material uptake is essential for understanding the alignment of cultural knowledge systems concerning
traditional, indigenous, material use and the historical adoption of non-traditional materials. Within the
context of Te Tiriti o Waitangi this analysis has significant implications for resource management,
equitable sharing, and outcomes within the built environment (Waitangi Tribunal, 2011). Approaching
these aspects from a partnership standpoint advances the ideal of the Wai262 report (2011) for a
“twenty-first century relationship of mutual advantage in which, through joint and agreed action, both
sides end up better off than they were before they started” (Waitangi Tribunal, 2011). This exploration

21



highlights current and potential opportunities for te ao Maori to lead philosophical understanding and
the practical uptake and application of bio-materials grounded in tikanga taiao and its associated
frameworks.

2.3.1. Whanaungatanga and kaitiakitanga

Te ao Maori is grounded in concepts of whanaungatanga, or interrelatedness between people and
nature, with accompanying obligations to nature, termed kaitiakitanga (Waitangi Tribunal, 2011;
Roberts et al., 1995). Kaitiaki have relationships with land and non-human whanaunga that are locally
specific, derived from a shared whakapapa with nature and inherited tribal histories connecting Maori
to place across time (Roberts et al., 1995). As such, kaitiakitanga is understood through an
intergenerational lens (Winter, 2020). These relationships between kaitiaki and place are defined
through an acknowledgement of mauri, which is broadly understood as vitality, or essential energy/life-
force in all living and non animate things (Barlow, 1991; Keelan, 2014). As well as having a spiritual
dimension mauri (vital lifeforce) is can be legible in the environment as the holistic combination of
observable factors: purity of freshwater; abundance, biodiversity, and behaviour of fauna and flora;
energy consumption; and resource availability among many others (Warbrick et al., 2023).

This is seen in Yates (2021) contextualisation of planetary boundaries in the context of mauri ora,
emphasising that humanity is not an external party to issues of ecology and biology, but rather
contained within the bounds of the earth with all living things. Warbrick et al. (2023) offer the following
whakatauki as evidence of the omnipresence of the earth: Whatu ngarongaro te tangata, Toiti te
whenua / As people disappear, the land endures (p.1). Bio-materials which are grown by the natural
world and used by humans sit within this reciprocal relationship between the natural and human worlds,
and have the potential to contribute to the enhancement of mauri through practices which have
powerful positive intentions in their core (Yates, 2021).

The pirakau or story of Rata is a seminal legend in Maori mythology with roots in Polynesia (Waitangi
Tribunal, 2011). Rata, who cut down a great tree in the forest, is admonished by the Tane’s kaitiaki who
reassemble it with the following karakia:

Rata ware, Rata ware,

Noho noa koe ka tuatua noa i a Tane,
Koia i whekii, koia i whekaa,

Rere mai te maramara,

Koia i piri, koia i mau,

Rere mai te kongakonga.

Koia i piri, koia i mau,

E tu Tane, kia torotika to tu,

Tihe mauriora!

Ignorant Rata, ignorant Rata,

You took liberty and felled Tane,

Hear the thud, hear the sound (of the adze),
The chips fly hither,

Stick together, hold together,
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The fine chips fly hither,

Stick together, hold together,

Arise Tane, and stand straight,

Behold, he lives anew! (Waitangi Tribunal, 2011)

Ratad’s narrative teaches that respect for the forest transcends mere resource extraction, recognising it
as atua (a spiritual entity) (Waitangi Tribunal, 2011). Beyond seeking permission, Rata must cultivate
empathy and grasp the ripple effects of his narrowly focused actions on the interconnected natural
world. Forests are portrayed not as inert landscapes but as living systems bound by whanaungatanga
(kinship ties)—where every being, from the smallest unseen organism to the towering tree (children of
Tane-mahuta), sustains the mauri of the whole. The felling of a tree is never an isolated act: its loss
destabilizes the entire web of relationships, just as the vitality of the system ensures the tree’s survival.
This reciprocity reflects a worldview where humans are muka or threads within the kakahu or cloak of
life and the material world- not overlords.

Many whakatauki (Maori proverbs) affirm the vital interdependence between animals, materials, and
the natural world. As the widely cited example states: Unuhia te korito o te korari kei hea te korimako e
ko, whakatairangi-tia, rere ki uta, rere ki tai... Ui mai ki au, he aha te mea nui o te ao? Maku e ki atu —
he tangata, he tangata, he tangata.” / “Remove the inner shoot of the flax, and where will the bellbird
sing? Let it ascend, fly inland, fly seaward... Ask me, what is the greatest thing in the world? | will say —
itis people, people, people. This whakataukiillustrates how removing the korito (inner shoot, or tamaiti)
of the harakeke (flax plant) not only kills the plant but destabilises its entire web of relationships. The
loss reverberates through ecosystems, weakening interdependencies—from the korimako (bellbird)
deprived of nectar to the broader ecological and cultural networks sustained by harakeke. Such
teachings reject fragmented Western resource paradigms, instead positioning humanity (he tangata) as
stewards embedded within, not separate from, these lifegiving systems.

2.3.2. Parahanga/ Waste products

Rata’s story is significant in conveying a tikanga (principle) of care for all aspects of the material world—
including what we might deem unimportant or insignificant—as a way to maintain balance. When Rata
felled the tree, it created an excess or introduced the concept of “waste,” something that demands
deliberate attention and cannot be disregarded. The story implies that the offcuts and excess are
respected and valued within the wider process of procuring the tree and its use. The world as an
indivisible continuum of effects that are held in balance through our actions (Marsden & Royal, 2003)
The use of materials is not confined to a process of extraction only, all aspects are managed, including
responsibility for waste or excess.

Maori ontologies resonate deeply with contemporary concepts of upcycling and waste management.
Materials like woodchips, often dismissed as waste in Western frameworks, are imbued with tapu
(sacredness) across many whakatauki (proverbs) and ancestral narratives. For instance, Ngati Wai
tohunga (iwi expert) Te Warahi Kokowai Hetaraka interprets the whakatauki: ...ko te kuha rere mai te
maramara tupu whai ake... / The wood chips that scatter during carving will follow to fulfil another
purpose (Hetaraka, 2018). Here, maramara (woodchips) are reframed not as waste but as entities with
agency, destined for renewal within interconnected systems. This mirrors the tapu/noa
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(sacred/ordinary) framework, where even by-products demand intentional care to avoid ecological or
spiritual imbalance—a stark contrast to linear, extractive models of resource use.

Therefore, bio-materials design and thinking align with how cast-offs or waste products are respected
in ways that unlock their potential for reuse or cyclic integration into a circular economy. The “danger”
of maramara and kongakonga rakau (woodchips) emphasised in Rata’s korero underscores the need to
carefully consider their impact—to avoid negative disruption of other territories (material or ecological)
and relationships within interconnected systems. In a contemporary context, this disruption parallels
the environmental harm caused by slash waste (and silting) in the pine forest industry, where
unmanaged by-products of production (e.g., unprocessed slash) create lasting damage to local
ecosystems (waterways/beaches) during weather events (Smale, 2024). This exemplifies a Western
approach to resource management, which often isolates discrete parts of a process rather than
addressing systemic, long-term consequences for the broader environment and sustainable resource
cycles.

The separation of by-products (or "waste") from their original use opens pathways for transformation.
While woodchips might be returned to an existing system—such as compost or wairdkau (fertiliser)—
their integration into bio-material composites embodies a new potential, as suggested by the excerpt:
he tupu whai ake / a new growth follows. This duality reflects a Maori ontological perspective: even
discarded materials are never inert but instead repositioned as agents of renewal within cyclical
systems.

Here an alignment is clear with products such as hempcrete which makes a useful building material by
using hemp hurd, which commonly is a waste material from industrial hemp cultivated to use other
parts of the hemp plant (Murray, 2024). Mycelium products are likewise able to utilise traditional
biological waste in growing, such as wood shavings, hemp hurd, used up coffee grounds and much more
(Walker, 2022). Reframing binaries such as waste/useful material, nature/culture, human/non-human,
and space/time (Yates, 2021) through te ao Maori offers important philosophical insight into how bio-
material uptake can be inflected by Aotearoa New Zealand’s cultural context.

Bio-materials hold transformative potential in rebalancing human-nature relationships by embodying
tikanga kaitiaki (guardianship practices) to enhance the mauri of ecosystems. They provide tangible
pathways to reimagine waste management and reuse through frameworks rooted in reciprocity. Unlike
linear "take-make-dispose" models, bio-materials can reintegrate by-products into circular systems,
reflecting matauranga Maori principles where nothing exists in isolation and all materials retain purpose
across cycles. This shift not only reduces ecological harm but revitalises connections between people
and Papatianuku, positioning sustainability in alignment to cultural and ecological restoration.

2.3.3. Whanau, hapu, and iwi value chains for economic and
ecological benefit

These principles stand in stark contrast to the land and resource management of external, often
international parties, that take raw materials without genuine investment in communities. Disconnected
approaches can be validated by international credentials lacking the holistic and local awareness of
ecology and culture, as discussed by Smale (2024) in regard to Tairawhiti’s pine forestry industry. In
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Aotearoa New Zealand, pine, as an exotic tree, is less connected to place and invades natural systems,
disrupting whanaunga relationships; this is a process that is driven by economic investment that is
inattentive to place (Bellingham et al., 2023). However, external overseas investment although not
always indifferent to the aims of Maori. Orongo Station in Te Tairawhiti is an internationally recognised
example of when an investor sees the value of aligning to tikanga kaitiaki in a regenerative way with
hugely positive ecological investment. (Barrett, 2013). This shows how partnerships as discussed by
Wai262 (Waitangi Tribunal, 2011) can be of mutual benefit.

Maori ontologies present significant advantages for Maori whanau, hapd, and iwi and the taiao in the
ownership of the wider chain of material supply, from planting to cultivation to use and the
attentiveness to mauri that comes with local involvement over the entire resource growth and
production. This is exemplified by the Ngati Hine Forestry Trust’s work to transition forestry land to
native species through “patchwork” plantations, which is intergenerational in scope and grounded in
the partnership of local matauranga-a-hapl (hapu knowledge) with matauranga Pakeha from Scion
(Ngati Hine Leads Development of World First Indigenous Forestry Strategy, 2022). Indigenous design of
new planting strategy has been driven primarily by the motivation to mitigate against the wider
environmental effects within their land holdings over the last 50 — 70 years. A collaboration that creates
patchwork kuira forests dual native and pine (Ngati Hine Leads Development of World First Indigenous
Forestry Strategy, 2022).

The Totara Industry Pilot, with Te Taitokerau Maori Forestry, further highlights the importance of local
value chains in their final report which speaks to retaining wealth in the community (Dunningham et al.,
2020). This includes monetary wealth and local employment opportunities, but also local control over
forest management and educational opportunities for local kura to teach about the natural world
through bio-material production. Beyond a profit agenda, the Totara Industry Pilot has a major focus on
social license to operate, based on long-term relationships and trust between stakeholders and
producers (Dunningham et al., 2020). It is place-specific and mauri-attentive values that provide great
opportunity for the production of bio-materials for a needed transition in the construction industry
(Yates, 2021). These values are locally engaged with te ao M3ori at the small to medium commercial
scales (Dunningham et al., 2020). Dell et al. (2022) discuss various examples of these attitudes being
particularly pertinent in Maori business. While these examples are in timber forestry, which as discussed
has existing frameworks to lean on, there are opportunities for greater uptake of bio-material
production within whanau/hapa/iwi collectives. These opportunities, for example in the hemp industry,
must learn from established best practice for partnership and management.

2.3.4. Partnership and Te Tiriti

There are governance issues to be addressed regarding Te Tiriti o Waitangi and the commercial
exploitation of some bio-materials, particularly regarding native species that may be taonga to particular
kaitiaki groups or matauranga a hapu. These are discussed in depth in the Wai262 report (2011). The
concerns of commercial exploitation include genetic modification as a disruptor of whakapapa
relationships of taonga species to kaitiaki. Nguyen et al. (2021) extend this discussion into the
agglomeration of kdwhai species through hybridisation. Furthermore, intellectual property rights over
traditional matauranga or plant varieties that are granted to outside parties have been seen as a threat
to indigenous knowledge (Waitangi Tribunal, 2011). The Wai262 report underpins the right of kaitiaki
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to acknowledgement, benefit sharing, and reasonable control over the use of culturally significant
matauranga and taonga species (Waitangi Tribunal, 2011). This extends beyond solely commercial
ventures to the realm of knowledge creation, which Morgan et al. (2019) discuss in relation to public
good-focussed research on manuka that led to commercial opportunity without Maori consideration.

Although there are obligations that come with acknowledgement of matauranga Maori or use of taonga
species, the Waitangi Tribunal’'s Wai262 report (2011) asserts that these are not obstacles to
entrepreneurial success; in fact, taonga status is an opportunity recognised by Nguyen et al. (2021) in
their assessment of kdwhai as a timber resource. Other community businesses are able to engage with
Wai262 recommendations by engaging with Maori collectives and can use this engagement as a positive
element to promote their business; this is the case with Maharakeke Mushrooms, who supply the native
Pleurotus parsonsiae species that was examined in Walker’s (2022) thesis.

Te Ao Maoriis, through understandings of whanaungatanga guiding whanau, hap(, and iwi value chains,
understood to comprise an opportunity with bio-material uptake as a vehicle for partnership. This
opportunity exists in mauri-focussed attention to nature, circularity and waste contextualised by tapu,
and culturally uplifting engagement with community.

2.4. Theories of change

A higher rate of inclusion of bio-materials in Aotearoa New Zealand would require a change to a range
of existing practices. Therefore, it is important to understand scholarship on change. With the increase
of global agreements on the importance of climate action, a number of theories has emerged explaining
climate behaviour and behaviour change in order to accelerate action. Those provide a useful context
for the type of possible interventions to support raise of bio-materials in construction. This review
included behaviour change approaches from psychology, social practice theory, but sustainability
transitions, sustainability transition framework and tipping point challenges provided the most useful
approaches for the nature of the considered change. Summary of the review follows.

2.4.1. Theories from behavioural sciences

When examining the motivation for taking a particular action, in psychology self-determination theory
differentiates between the intrinsic (e.g. doing something because it is inherently interesting or
enjoyable) and extrinsic motivation (e.g. doing something because it leads to a particular outcome)
(Ryan & Deci, 2000). It is recognised that there are many external factors that can influence extrinsic
motivating, including rewards (positive reinforcement), deadlines, directives and competition pressures
which all shift people away from their intrinsic motivation (Ryan & Deci, 2000). This means that although
it would be desirable for a shift to bio-economy if many people intrinsically desired to contribute to this
effort, there would still be a great number of external factors pulling them theoretically either closer or
further from this goal. Therefore, understanding of the external factors is needed.

According to Ajzen’s theory of planned action and perceived behavioural control, perceived barriers for
a certain behaviour, together with the directly observed barriers, can challenge the progression from an
intention to the actual behaviour (Ajzen, 2012). Applied to the context of uptake of bio-materials this
means that even if navigating construction of their own home and strongly committed to using bio-
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materials, people would experience perceived (e.g. lack of familiarity with similar examples) and actual
barriers (e.g. builder declining to use bio-materials or challenges with procuring these). Those would
work against the intention to use the bio-material becoming the actual behaviour. As a result, the client
would either have to push against those these barriers, making their change of behaviour harder, or
adjust their own intentions under these external pressures. This means that a better understanding is
needed of the potential perceived barriers for greater uptake of bio-materials in construction.

These theories show that it is important to better understand the external factors which might be
influencing the motivation or present perceived or actual barriers for action of an individual. Some of
those factors are societal.

Developing upon the Pierre Bourdieu’s Outline of a Theory of Practice (1977), a range of social practice
theories have since been developed with an aim to explain the phenomena at a societal scale. In recent
years, Shove’s social practice theory examined reasons why practices are sustained, transformed or
abolished (Shove, 2012), which can be useful when interpreting behaviour change in society. In this
theory, objects, infrastructure, tools, etc. (all the physical items needed to complete a practice) are the
“materials;” the emotions and motivations for the practice are the “meaning;” while the activities
needed to understand and do the practice are the “competence.” When those elements are linked
together, they became a practice, and “practices emerge, persist and disappear as links between their
defining elements are made and broken” (Shove, 2012). The theory assumes that for a change of
practice, one of the core elements needs to change, which leads to adjustments to all other elements.

If considering increased use of bio-materials in construction through the social practice theory lenses,
bio-materials are the “materials” although another important aspect of the “materials” are the rules,
regulations and suitable design examples, which are all part of the infrastructure needed for greater use
of bio-materials; the motivations for use are the “meaning,” and that includes both positive and
potentially negative associations with bio-materials; while the skills, knowledge and practices that the
designers, builders but also clients, building inspectors, etc. need to effectively work with bio-materials
are all part of the “competences.” This means that currently some change might be needed for all three
core elements of the Social Practice Theory, but also that there is a need for a careful understanding of
the existing and potentially missing aspects for each of the elements. This study makes a contribution
in more definitively describing each of the elements.

This review of theories from psychology and sociology which could potentially help with the greater
uptake of bio-materials in construction have shown the need for a better understanding of the existing
social dynamics, which this project aims to address.

2.4.2. Sustainability transitions theories

Sustainability transitions and related theories offer some very useful frameworks for this analysis,
because they enable focus on the role of niche innovators and other dynamics common in early stages
of transition. Sustainability transitions is a set of theories which develop upon the idea of socio-
technological regimes, and that a shift in a regime can be stimulated (Markard et al., 2012; Kemp, 1994).
Sustainability transitions are long-term, systemic shifts that are “goal-oriented, in the sense of
addressing environmental problems,” and “multi-dimensional, involving not only technological
innovation but also changes in business models, user practices, public policies, infrastructures, and
cultural meanings” (Geels, 2018, p. 6). They vary from typical historical transitions, which were generally
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driven by the innovation, because sustainable solutions are for the “collective good” and require
innovation and implementation of that innovation. Another unique problem with sustainability
transitions is that emerging technology does not always outperform incumbent technological regimes,
neither in terms of price or performance, which can mean they might require socio-economic incentives
to fully replace incumbents (e.g. taxes, regulatory frameworks) (Geels, 2011). Additionally, the
construction sector can be seen as characterized by large incumbent actors with established assets (e.g.
manufacturing infrastructure, distribution, trials) and consequently with strong influence on sustainable
transition.

The multi-level approach to sustainability transitions assesses socio-technical systems across three
levels: niche (where innovations emerge and develop); regimes (dominant and established systems of
practice); and landscapes (exogenous forces and trends which pressure regimes e.g. climate change,
economic crises, and cultural trends) (Geels et al., 2016; Kemp et al., 1998). Multi-level perspective
theorizes that market adoption of niche-innovations occurs when multi-level levers align, such as:
exogenous shifts exert pressure on regime to change; regime tensions generate window of
opportunities for niche expansion; and “internal momentum” of niche-innovations leads to market-
ready stage of development (Chan et al., 2020; Geels, 2002; Geels et al., 2016). Geels (2004) defines
the socio-technical regime (e.g. construction industry in Aotearoa New Zealand) as “well-entrenched
systems [...] which are stabilized by alignments between existing technologies, regulations, user
patterns, infrastructures, and cultural discourses” and shape the actions and perceptions of incumbent
actors. Regime innovation is often incremental due to various lock-in mechanisms: economic (e.g. sunk
investments, economy of scale, decades of learning); social (e.g. status quo routine and mindset, social
capital, user lifestyles); and political (e.g. opposition of incumbents favoured by policy, existing policy
that favours incumbents).

As opposed to a single strategy, research argues regime-adoption requires a combination of levers
engaging actors horizontally (e.g. niche engagement between researchers and entrepreneurs) and
vertically (e.g. niche-regime engagements between engineers and researchers) is required (Auerswald
& Branscomb, 2003; Chan et al., 2020). Transition management frameworks provide long-term visions,
with both short and long-term objectives, require a broad range of actors, and can inspire mobilization
of other social actors (Kemp & Rotmans, 2005). Collective and organizational action required include
incentivisation, awareness raising, infrastructure and regulations (Chan et al., 2020). Further to that, the
role of government in an innovation’s pre-development phase is to promote participative discussions
and to mobilize actor programs for system innovation to support take-off, whereas its role in
acceleration phases is to push structural change through policy changes (Kemp & Rotmans, 2005).

Based on niche-development and diffusion research, Geels (2007) proposes that viable market-ready
niche-innovations have (a) dominant design stabilized by iterative development; (b) support networks
including powerful actors; (c) economy of scale and performance have improved and expected to
continue; and (d) use in market niches, which amounts to more than 5% of market share. Additionally,
expectations of performance need to become precise and accepted within the mainstream regime
(Geels, 2011).

Criticisms of the multi-level perspective is that it generalises through its three levels, fails to provide
rigorous models of action, and it is a “heuristic device” (Genus & Coles, 2008). This research appreciates
the heuristic perspectives multi-level perspective provides, as it can guide stakeholders to “better think
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through the problem” (Porter, 1991), but also uses multi-level perspective in combination with a set of
other theories.

Applied to Aotearoa New Zealand’s context, sustainability transitions theories suggest that landscape
pressures and regime tensions discussed in the introduction might be close to being aligned well enough
to support uptake of bio-materials in construction. At a landscape level, regions worldwide have directly
and indirectly influenced the uptake of bio-materials and circular materials in construction through
regulation, mandates and incentives. Although regime actor mindsets are increasingly aligning with low-
carbon construction, this alignment does not guarantee meaningful change. While attitudes toward
environmental protection are related to intentions to purchase sustainable products, the perceived risk
of these products often significantly hinders adoption (Sun et al., 2018). Ultimately, the extent to which
niche innovations can mature and capitalize on windows of opportunity created by external pressures
or internal regime tensions will determine whether industry ambitions translate into genuine
environmental impact.

2.4.3. Sustainability Transitions Framework (STF)

Expanding upon sustainability transitions, Sustainability Transition Framework (STF) brings together four
theories of change and proposes that there are core alignments between sustainability transitions
theories, diffusion of innovation theory, change curve and the style cycle (Petrovi¢, 2023). Figure 7
shows the alignment of the four theories into the STF, and each theory can be summarised as follows:

= Transition curve shows the four stages identified by the sustainability transitions theories: the
predevelopment, take-off, acceleration and stabilisation into the new regime, and signals that
predevelopment and stabilisation are periods when the obvious rate of change is slower, while
the rate of visible regime change is faster during take-off and acceleration. However,
sustainability transitions research gives great emphasis on the high level of complexities during
the predevelopment stage (see section 2.5.2.).

= Diffusion curve is based on Rogers’ classic work on diffusion of innovation which has since been
expanded to include the chasm and the tipping point. It shows that in early stages the
innovation is with the niche innovators and the early minority of adopters, who might even be
the innovators, and it is only after the risky period of the chasm, that the greater uptake of
innovation starts to take place, and many innovations do not arrive to that stage.

= The change curve is based on Kibler-Ross’s grief stages, but since developed to show the
emotional processing of organisational change. It indicates that in the early stages, while the
innovation is being developed, many are in denial about the impending change, which is why
they shift into anger and depression once it is clear that the change will be needed.

=  The style cycle curve is based on Wincklemann’s theories about cyclical, wave nature of changes
of styles in art and architecture. It shows that the style moves from an archaic style to classical
to decadent (Petrovi¢, 2023).
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Figure 7: Sustainability Transition Framework (STF).

For this investigation of particular relevance are dynamics during predevelopment stage, and to an
extent as the transition progresses toward take-off. This is because the level of innovation and uptake
currently observed with bio-materials (see Section 2.1) is reflective of the niche innovation and very
early adoption. During the predevelopment stage in addition to the critical niche innovation and
increasing landscape pressures, discussed in Section 2.5.2, most of the population is in general denial
of a change which might be coming their way, and the architectural or stylistic expression is still being
articulated. This also suggests that care should be taken of the likely negative reaction of the many, once
the transition gains momentum, and that proactively solutions how to manage that stage should be part
of the predevelopment stage. It also suggests that clear articulation of the style of the new can aid the
transition.

2.4.4. Risks when scaling uptake of innovation

One important aspect of innovation dissemination is that some innovations experience a take-off, while
others struggle to gain traction. Many innovations remain confined to a niche for extended periods,
gradually increasing in popularity and adoption. In order to understand this, several theoretical
frameworks have examined the characteristics of the moment when the take-off occurs, offering
valuable insights into the risks involved in scaling innovation. This moment has been discussed as the
chasm, tipping point, the “valley of death,” “Darwinian Sea,” etc. Research shows the “valley of death,”
which takes place between invention and viable market diffusion of the innovation, can be as long as
twenty to thirty years (Auerswald & Branscomb, 2003; Glanz, 2005). The term “valley of death” refers
to the perspective that there is a capital gap during transition for niche innovations. Auerswald &
Branscomb (2003) provide an alternative framing, the “Darwinian Sea” which acknowledges the
contention for resources occurring between “big fish” and “little fish”. Challenges for entrepreneurs in
the “Darwinian Sea” include motivations for reduction-to-practice research; mismatch between
technologist and business manager; break in funding for technical bridge between invention and
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innovation; and enabling infrastructure for scaling, suppliers, distribution, and upskilling. “Innovation
gaps” can occur due to breaks or scarcity of funding for higher risk ventures, which typically need to
provide business cases with reliable costing and performance before securing funding from venture
capitalists, angel investors, and banks (Auerswald & Branscomb, 2003).

However, in Aotearoa New Zealand climate technology innovators, when compared to other small
advanced economies, acquire below average funding, in regards to number of companies funded and
investment amount, raising 19 times less than climate technology innovators in the average in this group
of countries (Cleantech Group, 2021). In fact, based on the World Bank data, all research and
development in Aotearoa New Zealand receives a lower level of investment than in other OECD
countries, 1.47% of GDP, compared to the OECD average of 3.02% (World Bank, 2025a), and when
paired with country’s proportionally low GDP (World Bank, 2025a), results in an overall low level of
investment into research and development. In terms of climate technology innovation, generally
transportation and energy innovators receive more investment than agriculture and resource
innovation, which is Aotearoa New Zealand’s specialty. Israel, Finland, and Sweden, however, also share
industry focus on agriculture and resources and still “outpaced NZ’s amount of financing by wide
margins” (Cleantech Group, 2021)

Research acknowledges the need to spur both “horizontal” connections between niche actors (e.g.
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researchers, entrepreneurs) to foster invention, and “vertical” connections between niche actors and
regime actors (e.g. business executives) to achieve sustainable transition. Additionally, there are two
complimenting categories of policies that encourage innovation: “push” policies which encourage
funding for R&D of new solutions even if there is no clear market, and “pull” policies that incentivize
risk-taking and investment in new solutions, such as through tax incentives (Auerswald & Branscomb,
2003). “Push” policies for bio-materials are mandates for procurement, investment, and R&D, such as
France’s RE2020 law that awards public contracts to firms that meet the mandates for 50% of building
materials to be wood or bio-based (MTEH, 2024). “Pull” policies for bio-materials incentivise risk-taking
and investment in new solutions, such as carbon and landfill taxes which financially incentivise use of
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low-carbon circular materials. One example of “pull” policies is New Zealand’s mandatory climate-
related disclosures for large financial market participants, which aims to ensure the effects of climate
change are routinely considered, demonstration of climate responsibility and foresight, and smooth

transition to lower carbon economies (MfE, 2023).

2.5. Existing studies on perception of bio-materials

Two recent research exhibitions in Aotearoa New Zealand examined responses to hands-on experiences
of bio-materials for built environment using examples of mycelium biocomposites and hempcrete
(Walker, 2022; Murray, 2024). Both studies attracted higher response rates than expected, suggesting
that there is a true interest to learn more about these materials.

The mycelium biocomposites research captured a strong association between mycelium and
mushrooms and fungi with 87% of the 69 respondents reporting association with one of the two
(Walker, 2022). The participants were asked to compare mycelium biocomposite samples with samples
of more conventional interior building materials, and half of the respondents (50%) preferred lab-grown
mycelium biocomposites, a waste-based bio-material, to other sustainable finishing, acoustic, and
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insulation materials, and 69% said they would specify or buy this material (Walker, 2022). However, the
participants also reported concerns for aesthetic variability and atypicality, maintenance, durability,
water-absorption, and health and safety (Walker, 2022).

The hempcrete research captured enduing stigma around hemp, with 38% of the 93 participants noting
marijuana as their first association with hemp (Murray, 2024). This study asked for before and after
rating of the same architectural solutions and captured an overwhelming shift for preference for
hempcrete after exposure to more information about it and actual material samples, resulting in a total
of 88% of participants reporting a change in their views on hemp and hempcrete after visiting the
exhibition. More than half (55%) of participants responded that they were surprised when learning
about the carbon emissions throughout the lifecycle of hempcrete (Murray, 2024), suggesting that more
education on hempcrete might be needed in Aotearoa New Zealand.

Both studies were completed by Master of Architecture (Professional) candidates at Wellington School
of Architecture, Te Herenga Waka — Victoria University of Wellington, and spaces within the campus
were used for the research exhibitions. Although in both cases, other students in the School represented
the most pronounced group of respondents, a high number of professionals and interested general
public also appeared in the sample (Walker, 2022; Murray, 2024).

Other existing research has also shown specific dynamics which need navigating when dealing with
increased adoption of bio-materials in the built environment. It has been observed that the perception
of functional risk can affect consumer’s willingness-to-pay for products with reused or recycled content,
disgust perceptions of atypical natural products can also affect consumer’s willingness-to-pay for bio-
based premiums, although this appears to be positively mediated by perceived naturalness, health, and
visual appeal (Hamzaoui Essoussi & Linton, 2010; Powell et al., 2019).

Jointly these studies show importance of hand-on experience with bio-materials which are not part of
common current building practices, and that there is interest in learning of that nature. However,
stigma, negative perceptions of irregularity in materials might discourage uptake.
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This study is based on a set of interviews, and in this section the methods used to collect, analyse and
interpret data are explained.

3.1. Study and sample design

In order to understand the views of those involved with bio-materials, a series of semi-structured
interviews were undertaken. This research has been approved by the Te Herenga Waka—Victoria
University of Wellington Human Ethics Committee, reference number 0000031168. The interview
guestions were broadly grouped into four main groups of questions, asking about motivations,
knowledge, attitudes, and settings. Those were complemented by a set of introductory and concluding
guestions recording information about the participants, and offering space to discuss cultural, social
and similar considerations.

Participants were identified through a combination of representative and convenience sampling
strategies. Because many bio-materials are in very early stages of development, the sample was skewed
to include predominantly those who knew more about these innovative materials. Other research has
demonstrated challenges when examining views of people with limited level of knowledge about the
subject (Petrovic, et al., 2016: Petrovi¢, 2014), and therefore, this study focused on obtaining more input
from those who knew more about bio-materials. The research team collaborated in preparing an initial
list of about 50 potential participants mainly of the professionals who are already recognised for their
work with bio-materials. During the interviews, this list gradually expanded to almost 100 possible
interviewees. The potential participants were identified in an effort to represent as many bio-materials
as possible, because it was conceivable that progress with adoption of different materials might follow
different patterns which would be useful to evaluate. This was complemented by a reasonably full range
of stakeholders which commonly engage with building materials. The range included: material
innovators, manufacturers, architects and other designers, material researchers, policy makers, builders
and others. Some of the potential participants had a long professional career behind them, while others
were postgraduate students or recent graduates. Although, Aotearoa New Zealand based participants
dominated the list, some important international leaders in the world of bio-materials innovation were
also included. In the attempt to capture the most up to date insights in the area, participants included
interviewees who have developed some of the most established innovative bio-based materials in the
world, but also some who succeeded to start a business in this space, only to have to close it due to
challenges with scaling up the innovation.

A total of 35 interviews was completed between September and December of 2023. 34 interviews were
completed as video calls, which were recorded and transcribed, and 1 was submitted as a partial written
response. Three members of the research team were the interviewers using the same set of questions
in a semi-structured interview format.

Of the completed interviews, almost half of the participants were material innovators material/product
designers, several were architectural practitioners, another several were academics in architecture or
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other material innovation related disciplines, and the remainder represented other relevant groups of
stakeholders. Mycelium biocomposites and hempcrete were best represented newer bio-materials,
while wool and straw were best represented more established materials. This was complemented by a
range of other novel materials, such as seaweed and fish scales, and inclusion of some representation
of timber-based products. This ensured that a broad range of bio-materials were included, and retained
the focus of the study on those involved in niche innovation with bio-materials, while also providing a
cross section through the industry as a whole.

3.2. Reflexive thematic analysis

A team of three research team members undertook the task of coding. A series of steps and strategies
were used to ensure consistency of coding across the team. First two researchers coded one interview
each, and independently developed a set of codes. Then those were discussed, reviewed and
consolidated. This process was repeated and smaller and then larger batches, of parallel independent
coding followed by discussion, review and consolidation. A third researcher was introduced through one
of those stages. Through the process, a hierarchy of codes emerged as a strategy to capture more than
one meaning or sentiment of the same statement. To ensure accuracy and consistency between coders,
a glossary of codes was created, and expanded during the initial phases of coding. While some of the
initial coding and the glossary used Excel, the main coding was completed using NVivo, a qualitative
data analysis software suited to the requirements of thematic analysis (Dhakal, 2022).

A reflexive thematic analysis was undertaken, to understand key themes in the data (Braun & Clarke,
2021; Braun & Clarke, 2019). Thematic analysis is a qualitative research method developed by Virginia
Braun and Victoria Clarke (2006), as an approach to analysing patterns of meaning in data sets (such as
interview transcripts). A reflexive approach is taken to thematic analysis in this study, meaning that the
researchers’ interpretation of the data is acknowledged in the development of the themes (Byrne,
2022). In the words of Braun & Clarke (2019, p. 594), reflexive thematic analysis centres around “the
researcher’s reflective and thoughtful engagement with their data and their reflexive and thoughtful
engagement with the analytic process”. The analysis process in thematic analysis begins with coding
data extracts based on the ideas or meanings presented. Key concepts are identified, which become
central organising concepts for themes. Codes are then clustered based on shared patterns of meaning,
acting as candidate themes. The themes are then iteratively and reflexively developed until they are
appropriately refined (Braun & Clarke, 2021).

These codes were then reflexively organised and reorganised into clusters based on shared meanings
(Braun & Clarke, 2021), which subsequently evolved into the refined themes presented in this report.
The process of theme development and refinement was then undertaken by one researcher, to ensure
consistency in the process. Given the size and complexity of the dataset, the selected themes in this
text are the most prominent and high-level themes. Through this process 21 significant subthemes were
identified which captured what was commonly found and shared by many participants in the data set,
establishing the pronounced themes overall.

Those subthemes where then reorganised and to an extent reshaped into groupings of drivers, barriers,
and enablers to more directly respond to the purpose of this report, resulting in the 19 final subthemes.
During this process of reorganisation of subthemes, some subthemes were grouped, while others where
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split. In some cases, individual quotes or small sections of discussion were moved to another theme to
ensure better alignment, but to a large extent the initial groupings still form the basis for the final
themes.

3.3. Analysis of suggested actions

Throughout the development of the reflexive thematic analysis, emphasis has been placed on
identifying actionable opportunities to address uptake barriers and drivers for bio-based construction
materials. However, due to the nature of analysis, which favoured high-level themes, as the themes
started to emerge, it became obvious that the results aligned with the original assumptions of the
research team without providing a more detailed insight. However, that insight was evident in the data.
Therefore, an analysis of suggested action was developed in parallel to the reflexive thematic analysis,
but by a different member of the research team.

The first stage of categorisation involved codes being sorted into emerging inductive themes,
representing areas of influence (leverage points): policy and regulations; knowledge and sharing;
design and fabrication; and scaling innovation. From this point, sorting of codes focused on change
actions solely. Sub-themes emerged representing actionable mediums for change (e.g., framework
development, marketing strategies). A summary table was developed for each theme, and participant
response frequency, ensuring that even outlier perspectives were highlighted. In order to provide
clear goals for change makers to refer to, the table summarises the codes as change actions by
referring to recommendations for developing SMART goals (specific, measurable, assignable, realistic,
and time-related) (Doran, 1981).

The second stage of categorisation aimed to highlight for changemakers the different types of actions
that generate change: change, certify, collaborate, create and customize. Inspired by MBIE’s strategy
report, the categorised actions are alliterated to aid recall, retention, and linking of concepts (Davis et
al., 2015; Egan et al., 2020; Green, 2022). In the previous stage of categorisation, change actions were
sorted by areas of influence in which change makers are often in similar circles sharing skillsets and
influence. This new stage of categorisation transcends areas of influence and focuses instead on the
types of change actions change makers will need to conduct. In addition to this categorisation of
change type, change actions were categorised as either levers — direct interventions e.g. policies — or
enablers —indirect support mechanisms e.g. education).

The third stage of categorisation aimed to conceptualise the ambition levels of change actions for
systemic uptake of bio-materials in construction by visually mapping each change action to the
previous three categories (1) area of influence (leverage point); (2) type of change; (3) type of impact;
and a new category, (4) level of ambition. The resulting diagram enables change makers to select
change actions to invest and instigate based on their available skillsets, resources, networks, and
interests. A framework was developed to consider the complexity and impact of each of the change
actions and assess their ambition level. A five-point evaluation scale was used for four criteria: (1) the
maturity and availability of the change action subject (e.g. durable biobased coating or industrial
hemp regulations); (2) the effort or dependencies of the change action method (e.g. workshops or
updating of standards); (3) the availability and accessibility of the change action’s network of actors
(e.g. action requires a single actor or a multi-disciplinary network).
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The interviews covered a very broad range of topics. Those were grouped into drivers, barriers and
enablers.

Some high-level issues included participants’ recognition that there are no clear definitions for bio-
materials. They expressed a similar range of views as discussed in Section 1.1. that bio-materials are a
really broad group including many things that can be called bio-materials. Some expressed frustration
with the term “bio-materials” and had a clear personal preference to use of other terms. Although the
interviews were not set up to investigate what is the most appropriate terminology here, this data set
indicates that possibly “bio-based materials” was a more preferred terminology. “Natural materials”
were also often brought up during the interviews as an equivalent to “bio-materials” and “bio-based
materials,” and this was especially the case for those involved with traditional, natural materials such
as straw and wool. This lack of definition was noted as contributing to possible confusion and
miscommunication, and some participants reported that they often found themselves in a position of
needing to explain such things. Therefore, the subsequent analysis, continued using terms “bio-
materials,” “bio-based materials,” and “natural materials” interchangeably.

4.1. Drivers

The drivers that emerged align well with the context set out at the start of the report, by signalling three
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straightforward drivers. Participants reported that “there seems to be genuine interest,” “people want

more bio-materials,” and there is a “demand from customers.” This was further examined, and three
key driver subthemes emerged: preference for natural and bio-based; growing interest in bio-materials;
and client demand for bio-materials.

Driver 1: Preference for natural and bio-based

Participants discussed interest in bio-materials as closely related to the general preference for natural
materials and the emotional benefits from those:

“You feel really good in that space, | think there is a sense of well-being that comes from being in spaces
made with bio-materials.”

“IThat building] prioritised natural materials where possible and one of the things that people note is that
it just feels really good.”

“Ensuring that people have healthy homes and textiles that form part of [an] ecosystem of warmth and
security.

“We go inside a building that lets you see the wood and we always feel a bit warmer and nicer.”

Some participants offered potential explanations for this interest in bio-materials:
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“We [people] are biological [... which] is why people react the way they do to timber and things.”
“There is that mental well-being side [of bio-materials] that you can get through mood reporting surveys.”
“We want to bring nature to the people without harming the planet, and it is just a proven fact that we, as

human beings, have nature in our DNA, and we simply need it. [...] We need nature not only to relax, but
also to be concentrated and focused, and to get our batteries charged.”

“The way for people [to learn to] trust physical materials is to let them handle them and see how they work.”

Interviewees recognised the sensory experience of bio-materials as an important aspect of this
preference:

“For us it is important to keep the natural surfaces as natural as they are so you can only benefit from the
natural looks, but also from the feel and the smell.”

“IA bio-material has a] texture to it and that is really important [for] being able to connect to nature.”

“We worked with multiple designers around this material and they are really excited over the new texture
and new feel a and new concept.”

“I would love to see bio-materials start to be like more [of a] feature in spaces. | think that is a good place
to start, [so] people can go and like touch it and be around it.”

“Expose them [bio-materials] or put them in place where you can touch them or smell.”

“I was really surprised when | started doing large scale PLA [3D] printing that the biggest response [...] was
that my workshop smelled like waffles. It truly fundamentally transforms how you work with materials and
how you feel about it. Literally, | almost turned my machine on as a perfume machine, it just is so beautiful
to work with.”

Expanding on the above, some participants provided specific examples of how these sensory
experiences can influence and benefit people.

“We live in environments with hard surfaces, hard painted walls, concrete floors, [and there is] a lot of
acoustic noise all the time. But when you walk into a hempcrete house or a house that has been designed
for acoustics and for even wall temperature, that feels like a passive house design. It completely changes
your demeanour, your stress levels.”

“We pushed for timber, and it came at a slight premium cost, but the end result was really good. [...] We
knew that we had to get that connection to nature, if we do not have that then it becomes a very sterile,
very institutional place.”

“I definitely think it is all about that natural aspect, [...] it is all about bringing nature indoors. We spend too
much of our time indoors.”

“I just | am very conscious that there is risk that we get further and further away from nature.”

Other planetary and social benefits were also noted:

One of the things that interest me in particular is thinking about materials the same way that our thinking
around energy has developed. Bio-materials have a particular opportunity to be regenerative because they
can sequester carbon [...], they are inherently grown [...] and you can consciously manage [to grow them]
more sustainably whereas mining is never going to be sustainable. [...] The conscious management of
material creation enables you to actually do things socially regeneratively as well, because you are
designing the process not just the product.

Driver 1 captures participant shared reports about general preference for and psychophysiological
benefits of the natural and bio-based materials. They linked interest in bio-materials to a boarded
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preference for natural materials, highlighting their emotional and psychological benefits. Sensory
experiences of touch, smell and texture were identified as key influencing factor for positive user
responses. Such characteristics were recognised as an important driver for engaging with bio-
materials and for their uptake. Preference for bio-materials was often brought up together with the
mentioning of direct personal experience with bio-materials, and how that feels. This suggests that a
direct personal experience is critical not only to obtain the psychophysiological benefits from bio-
materials, but also to understand and learn about them. The emphasis on direct personal experience
of bio-materials as the main driver for their uptake suggests that experiential learning might be
important for growing uptake. However, currently, that sits in contrast with the audio-visual focus of
most contemporary educational approaches.

Driver 2: Growing interest in bio-materials

Interviewees reported a general increase in interest in bio-materials from a range of groups throughout
industry and beyond:

“We are seeing a trajectory that is starting to look really exciting for us as a manufacturer and a supplier to
the industry”

“There seems to be a bit of a groundswell [of interest in bio-materials] outside of just those with alternative
lifestyles, a real attractiveness of using more nature-based materials.”

“Ten years ago, people were laughing at us because of our very natural, free spirits [...] Now, there is a big
demand popping up, and nowadays our stand is always the busiest [at material exhibitions].”

“I believe that there is enough motivation and commitment in the industry and the customer to see that
happen.”

“I think we are going to see it [scaling up of uptake of bio-materials] happen more and more in New
Zealand.”

Similarly, to Driver 1, Driver 2 is also well aligned with the context set out at the start of the report,
and the interviewees recognised that there is an intense and reasonably recent growth in interest in
bio-materials, which can be seen as signalling a shift to a greater uptake. The interviewees reported a
growing interest in bio-materials across a broad spectrum of stakeholders within and beyond the
industry. This was presented as a shift from some of the past scepticism, and overall, the responses
reflected a sense of optimism regarding the potential for continued growth and scaling of bio-
materials uptake, and highlighted the increased mainstream appeal and demand.

Driver 3: Client demand for bio-materials

A number of interviewees identified clients as an important group driving interest and uptake of bio-
materials:

“The demand is driven by customers. There is a demand from customers which is driving industry to change
and innovate to keep ahead.”

“It is people's motivations and while | can offer some influence, | tend to think it is the client's motivations
and influence really.”
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“We have clients who come to us because they know that we [...] work with bio-based or lower carbon
materials.”

Clients were also seen as an important enabler to help stimulate future change:

“Consumer demand is a great driver of change.”
“The end buyers to be demanding this, | think that would really help.”

“[One driver is] clients talking to other clients about their applications [...] and the benefits that they have
felt from having the bio-materials in their building.”

Adding more specificity to discussion under Driver 2, the participants identified clients as a key driver
of interest in and uptake of bio-materials. The interviewees emphasised the end users as influential
actors in shaping material choices, sometimes even against the motivations of other industry
stakeholders. Client advocacy and their sharing of positive experiences were seen as important
contributors to accelerating adoption.

Conclusion on drivers

Taken together with the discussion at the start, it is possible to conclude that these results suggest
that experiential learning about bio-materials is likely to be very effective in raising general awareness
about their psychophysiological benefits and to drive uptake. The other important insight is that
current sense of increase in interest in bio-materials creates an opportunity to build momentum to
drive more accelerated uptake. Further to that, clients asking for bio-materials might be a really
important driver, especially within business-as-usual scenarios, which is why a general increase in
experiential learning about bio-materials might be the most effective way to truly drive greater
uptake.

4.2. Barriers

While there are some real motivations and drivers for a greater uptake of bio-materials, some real
barriers and challenges were also identified. The following subthemes emerged: lack of general
knowledge about bio-materials; stigma and challenging perceptions; unfamiliarity is a challenge for the
industry; cost inhibiting uptake; issues with scaling supply and production; resistance of the incumbent
regimes; and issues with navigating greenwashing.

This analysis identified a greater number of barriers than drivers, including some apparent
contradictions with the identified drivers. These tensions highlight the need for their resolution as a
critical step toward the genuine acceleration of uptake.

Barrier 1: Lack of knowledge about bio-materials

Although client demand for bio-materials was recognised as a possible driver of uptake, interviewees
also discussed that clients and other parts of the construction industry might not know enough in this
area to effectively drive the change:
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“In terms of clients specifically, | think it is really quite neutral, and in my experience, they do not know what
that means. They have not had exposure to that word.”

“I think society at large does not know what is happening in this space, and when people get an opportunity
to learn about it, they are incredibly supportive. People want alternatives.”

“Unless we are educating on the value given by the bio-based materials to the consumer, then they are not
going to choose to use them.”

“Bio-materials are probably not on the forefront of people's minds in the industry apart from architects and
designers, | think we all know what those are, but | do not think our clients do.”

The interviewees also noted that arriving to a client-led demand for bio-materials is not easy, because
of the needed learning and unlearning:

“A lot of unlearning of what we are currently doing [is needed] to make space for that new way of doing.”

“There is a very big difference between bio-based and biodegradable, right? [...] When we are doing our
buildings, people sometimes come and [ask if] the buildings are just going to decay and we say: ‘no, actually
we are not doing biodegradable buildings.”

They also reported challenges were evident because we are in such early stages of adoption:

“I think we are still very much in the early stages of making bio-materials readily available for commercial
use by clients, builders and the community at large.”

Despite some clients already driving uptake of bio-materials (Driver 3), Barrier 1 shows that a number
of participants reported that many clients and general population seem to have limited of knowledge
about these. Early stages of adoption and the need to unlearn aspects of the established practices
emerged as the main explanations for this. This shows a real importance of providing a stronger
knowledge infrastructure to support greater uptake of bio-materials in construction.

Barrier 2: Stigma and challenging perceptions

One area of significant agreement between participants was that care should be taken about stigma
and other negative perceptions against bio-materials. These were reported to have a different level and
nature of impact depending on the material in question. Stigma was particularly pronounced when it
comes to hemp-based materials:

“When we were initially setting out, we got advice from a number of people not to mention hemp in any of
our product names, to kind of steer clear of hemp because there is an association of it being related to
cannabis.”

“I think there is a barrier in some sectors because of the associated culture that goes with it
[hemp/cannabis].”

Other bio-materials attracted responses signalling a range of other negative perceptions:

“When it comes to implementing mycelium materials into people's environments, people might be
sceptical.”

“I think everyone in this industry still thinks that bio-materials are a risk.”
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Some participants speculated that it might be possible to explain some of the stigma and negative
perceptions by the inherent challenges of working with certain bio-materials:

“I have seen crumbly [poorly built] rammed earth [walls], [...] crumbling prematurely. [The challenge is that]
rammed earth walls are not all tested. You can test samples, but you might have a whole section of walls
that are done poorly and not know.”

Stigma and other negative perceptions appeared to still be common for some bio-materials and such
participant sentiments were grouped into Barrier 2. Hemp emerged as stigmatised due to its
association with cannabis, mycelium due to being unknown or associated with fungi, but also
traditional bio-materials materials were seen as inferior and unreliable, because of their natural
variability. This is another area important to address as part of support for greater uptake of bio-
materials.

Barrier 3: Risk of the unknown is a challenge for the industry

Interviewees commonly mentioned that limited levels of experience and familiarity of architects,
designers and contractors with bio-materials present challenges. Participants reported varying
experiences with this, ranging from scepticism to outright resistance.

“[There is] a lack of confidence in the [bio-material] products because people are worried about the
experience and the knowledge of the practitioner, and because these are not as commonly used materials.”

“The contractor may be very resistant because generally we are building with a ‘design and build contract,’
so contractor takes full liability for the building and any defects are their responsibility.”

“The quantity surveyor and the project manager are typically the people that will discourage you. [...] The
project manager will try and discourage anything that has a risk on it, that is not fully certified or tested or
proven over the last 15 years. That is the difficulty with any material that has not had a long life, or comes
from international sources.”

“There is a section of the market that say: ‘we have been doing it this way for 40 years and this is how we

o

are going to carry on doing it. It does not matter what you have or how flash it is, this is the way we do it.

Contractors charging more due to unfamiliarity with bio-based products was commonly reported:

“Subcontractors refusing to use or pushing their costs up, saying: ‘If you make us use those blocks, or those
plasterboards, we are going to have to charge more because it takes us more time and we are going to
have to waste [more] material.”

“People do not like stuff they are not used to, but if you get it into schools then by the time they get into
industry they would be used to it. It is not a big change, it is just what they grew up with.”

Interviewees also speculated that the core issue might be limited availability of suppliers and installers:

“Iit would also be helpful] if I can get two prices to have this particular material installed, so | know that it
is pretty reasonable [product]. Or if | have a supplier who is happy to install as well, and they are going to
back it [the product] up and provide a warranty and it has BRANZ appraisal, then | am pretty comfortable
with that. | am still going to have to learn a bit about it, but | am not taking the risk on myself.”

However, participants involved with the development of new bio-materials, described a whole different
type of unfamiliarity challenges:
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“We did not know what this material would be like when something like that happens. [...] For example, our
material is not heavy, so it is always going to float up. Another thing was shrinkage of about 5%. [...] We
are fine-tuning and improving [this bio-material].”

Barrier 2 brought together participant’s reports that unfamiliarity with bio-materials is a challenge in
construction industry. Interviewees mentioned a broad range of issues, from lack of confidence due to
limited experience, to outright resistance to change practices away from what has been established for
a long time. Risk of the unknown emerged as a theme that explains many of the reported examples:
who in the industry should take the risk of the early applications of materials when nobody in the team
has much experience with it? Design and Build Delivery Model was seen as pushing risk on the
contractor, making them resistant to step outside of the reliability of using common and familiar
materials and techniques. As a result, there were reports of some subcontractors refusing to use bio-
materials or pushing their costs up to manage the risk. Even the participants involved with development
of novel bio-materials acknowledged that they were still developing and improving their products,
which signals their awareness of the room for improvement, and that this is a truly rapidly evolving field.
Easier access to testing, third party appraisals, or manufacturer warranties were suggested as possible
ways to decrease such risks due to unfamiliarity.

Barrier 4: Cost inhibiting uptake

The higher cost of bio-materials was reported as one significant uptake barrier, especially for clients.

“Generally, everybody wants more than they can afford. If we are suggesting that they use a bio-material
and it will cost even more again, then that can be a deciding factor [for the build not to proceed].”

“I think the current attitudes around sheep wool is that people love it, they love the idea of it. [...] If there
was no other cheaper option, they would love to use it, and everybody would use it.”

“And it is such a mentality, for this is ‘how I'm going to make my money?’ and that is what is driving the
homeowner. Do it cheap, do it quick and sell it for as much as you can. So, it is not built sustainably to last
for generations. Where the money saving would be.”

Similar discussions about cost as a barrier were reported in relation to designers also:

“What | am finding with designers at the moment is [that] a lot of their projects, especially in the
commercial and education space, are being driven by price. | was out seeing a big architectural firm today
and they said ‘look a lot of projects have been put on hold, a lot of them are going through really strict
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evaluations and products like the bio-materials are being pulled out.

Participants commented on the complex relationship between the preference for the natural
characteristics, cost of such materials vs. cheapness of the synthetic, petrochemical alternatives.

“People do choose materials for their biological characteristics and natural characteristics. But | think that
is heavily influenced by price.”

“At the moment, all of the petrochemical products are going to outcompete by price the bio-based
alternatives. For example, bio-based plastic might be anywhere from twice as expensive to ten times more
expensive.”

Interviewees speculated that perception of cost might also be playing a role here:
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“The perception of cost [also influences decisions] [...]. Think about going to a supermarket, and you go ‘oh,
if I buy organic food, it costs twice as much as nonorganic food.” Which it does. So, people assume ‘oh wool
is going to cost twice as much as the synthetic alternative’, but it does not.”

“Bizarrely, biological materials are often viewed as being the most expensive.”

On the other hand, it was acknowledged that a higher market demand for bio-materials might be
necessary for stable supply and decrease of prices:

“A stable supply of materials and systems to install [are needed] in order to get a reasonable price and to
actually make this [greater uptake of bio-materials] happen.”

“Availability, having these products available for people to use, would just drive the market.”

“The risk with wool is that if the market share, the volumes, the value of the fibre does not grow enough,
the sheep farmers will just move away from growing wool.”

These assumptions of the price drop with the scaling of production were also contested:

“If you can do it at scale, can people afford it? And then there is a whole different argument: if you cannot
do it at the same price [...], is it still worth doing? Should people still pay a premium for it?”

More challenging bulk procurement was also noted as a possible barrier associated with cost:

“The problem [...] in the industry is that actually contractors buy plasterboard at a much lower rate because
they buy it in bulk. Whereas the alternatives they cannot buy in bulk. That really limits them on the bigger
projects. | think that is going to be a key consideration in how to tap into the [bio-materials], and how to
make that financially viable.”

Interviewees also discussed the need of financial incentives to stimulate uptake:

“I think there needs to be more connection with bio-materials and the banking systems, to help encourage
consumers to look at using these sorts of products going forward.”

“I think there needs to be a mandate for adoption and a mandate in terms of investment. [...] almost making
minimum requirements for the adoption of bio-materials or [a requirement that] in specific areas of building
you have to use certain [bio]jmaterials.”

Barrier 4 brough together participant reports that despite desirability of bio-materials, they appear to
be expensive when compared to materials that currently dominate market, which presents a barrier for
uptake. A series of existing industry settings were discussed as the likely factors contributing to this:
current cheapness of petrochemical materials; economies of scale in manufacture of conventional
materials; and practices developed by contractors and subcontractors to make gains and de-risk their
work which assume conventional materials. Tendency of many in the industry to focus on lowering the
upfront cost was also noted as contributing to this issue. However, some participants also speculated
that there is an assumption, or perception, that bio-materials are more expensive, which might not be
fully true. They also offered that with development of economies of scale, bio-materials would
experience a reduction of any truly higher premiums. Underlying Barrier 4 is the question of how does
the value of bio-materials truly compare to conventional materials which currently dominate market.
This is especially important given that there is uncertainty on how such comparisons are to be made
because many current retail prices do not capture all of the benefits and harm of materials.

43



Barrier 5: Issues with navigating greenwashing

Participants discussed issues with greenwashing, partial information and common misconceptions
which can present barriers for more accelerated uptake, but also make conventional materials appear
cheaper because of costs which are not discussed.

“IGetting] better informed about the cost of their competition [synthetic materials]. Being really honest
about what those costs are: toxins, health issues for people working with them, or people living next to the
[synthetic materials].”

“Currently with green walls [what people see are] the plants which are green and bio-material, but all of
these supporting structures usually are not. They can look very regenerative or environmentally friendly,
but actually the products needed to build them are usually very heavy-duty plastics.”

“You can just dodge anything and say everything is environmental [...]. There are so many people that say
their product is environmentally friendly and it is actually not. You can just go and get a certificate or say
something, ‘we recycle our products’ or ‘it is a take back’. But if you look into the take back, the take back
is ridiculous, it is [often] not a take back.”

One example brought by the interviewees was timber which can be seen more favourably because of
partial information on glues or chemical treatments commonly used on timber in construction:

“Thinking of all the cross-lam timber and all the other engineered timbers, [...] we still do not really know
what is the impact of those. That is something | think we need to look at. [...] What is the impact of these
timbers? What is the impact of the glues? We do not really know.”

“When people start telling me about working in timber, that irritates me: ‘What do you mean, [working
with] a toxic sponge?’ They just do not get what you have to do to pine to make it durable.”

Some placed their trust in future standards and testing to resolve this:

“I would say there is a huge amount of greenwashing that goes on, but there are obviously entities and
companies even in New Zealand that are trying to create standards and testing. And certainly, | think that
is one way to ensure that people understand that your products really are sustainable, and [we] will be
aiming to use something like that, but we are not really at that stage yet.”

Others acknowledged that to shift this much of unlearning will be needed:

“It is a bit of a journey, it is a bit of a process, and there is a lot of unlearning of what we are currently doing
to make space for that new way of doing [things].”

Barrier 5 grouped participants discussions of specific examples where partial information made
products appear better than they truly are. In the participants’ discussion on this theme there was a
sense of a general agreement that greenwashing made bio-materials appear less desirable and more
expensive compared with the conventional materials, especially compared to petrochemical industry.
There is a sense of an uneven playing field because of the currently externalised impacts of more
harmful industries.
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Barrier 6: Issues with scaling supply and production

The discussions related to cost inhibiting uptake (Barrier 4) nicely lead into discussion of the barriers for
production and supply of bio-materials. In Aotearoa New Zealand, this was commonly discussed by
participants as a significant barrier:

“There are a few challenges for making that [greater uptake of bio-materials] happen. For me, at the core
of the bioeconomy and generating new and different products is starting with the feedstock, it is getting
the infrastructure in place to make new, and different products.”

“I think supply chains are becoming a bigger problem for us [in New Zealand].”

“There is not enough supply or there is not enough supply of a valid product. And when it is available, it is
obscenely expensive or it has many limitations...”

Similar ideas to what was reported in relation to barriers for scaling uptake were reiterated:
“Unfortunately, if you do not have that large output the cost per unit is always going to be high for the
greener material. This makes it harder for the adoption.”

“Bioeconomy is the big bottleneck for the current economy, because otherwise you are asking someone to
say: ‘okay, we have demonstrated that in the lab [how] | am going to build [...] this pilot plant and spend
several million’. That is a big gamble for someone to do.”

Local manufacturers expressed similar views and their own focus on scaling up their manufacture:

“The petrochemical processes simply have the economies of scale that the new products do not have at the
moment. As we start to scale up these processes the prices would become cheaper, [and] become more
competitive. [...] But [that] will also need regulatory conditions to change.”

“We are focused entirely on mass production. How can you make this material at scale?”
Participants also noted that investment might be needed to support scaling of production:

“New Zealand lacks this capability [for scaling up], and this is where, | think, investment is needed to help
overcome [this challenge].”

Manufacturers’ investment in product certification and testing was also noted as a barrier for emerging
smaller businesses:

“We just spent 515,000 just to get the product tested [in this country] again. And then we might have to do
that again when the new version comes in. [...] It is just repetition.”

Participants from Europe also explained that similar financial incentives helped scale bio-materials
production:

“If you start from the beginning, the collection and access to the raw material. In Europe, it was actually
quite difficult because people were not used to doing that work for that specific resource. So, we had to
create an incentive for them to do it.”

Nevertheless, this is also where general desire to do better was reinforced:

“People want to do the right thing, but if you do not get them infrastructure and resources, you are kind of
wasting their time.”
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Expanding upon the discussion about the importance of economy of scale under Barrier 4 to help
reduce cost, under Barrier 6, participants discussed issues with this scaling supply and production. A
number of interviewees expressed views that economy of scale can lead to a number of desirable
solutions, however the supply of feedstock and other aspects of the needed infrastructure currently do
not exist in New Zealand, which led some to wonder how could this scaling take place. Participants from
Europe reported that in their experience incentivisation was needed to support similar transitions.
Much of the discussion in this theme remained reasonably speculative, indicating that there is no
tangible solutions which many see as the path forward for scaling supply and production of bio-
materials.

Barrier 7: Resistance of the incumbent regimes

Resistance and existing power of the incumbent regimes were also discussed:
“Mainly it is interest groups like the dairy industry or fossil oil that [...] are preventing much more sustainable
approaches.”

“We are finding that the likes of [large-scale building company] are entrenched in so many processes,
including the development of standards that building materials have to pass.”

“Standards [...] force use of industrial products, rather than bio-based products.”

Challenges with shifting out of the status-quo of existing practices were also reported:

“The building industry is quite conservative in some ways. They do like staying with their particular product.”

“If you are a client looking at a residential build, the first person you generally talk to is the builder. And they
are going to say: ‘| do not know anything about that. We get our materials from Carters, or Bunnings, or
Mitre 10,” or whatever.”

It was also recognised that the large incumbent producers were also better placed to develop new
products:

“That is probably why [large-scale building company] have such a hold on the market, because they have
the money to develop new products.”

Barrier 7 emerged as a theme of resistance of incumbent regimes to adopt a greater use of bio-
materials. This was discussed as resistance and entrenchment of the large businesses in the industry,
but also through the entrenchment of the construction industry as a whole.

Conclusion on barriers

This analysis has identified that despite genuine motivations and increasing interest in bio-materials,
there is also a significant number and range of challenges to their wider uptake. These include limited
knowledge, negative perceptions, unfamiliarity, cost, greenwashing, and structural issues and
resistances within existing industry regimes. Overcoming these barriers is essential to support a
meaningful and scalable transition to bio-based low-carbon material solutions.
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4.3. Enablers

A range of possible enablers and levers were also discussed by the participants, and these are grouped
into three groups reflecting the level at which they operate:

=  Capability Enablers operate on the level of individuals, developing their own capabilities;

® Industry Enablers summarise the solution best deployed at the level of construction and
building industry; and

= System Enablers capture system change possibilities.

In the group of Capacity Enabler themes, the key emphasis was on the importance of direct personal
exposure to bio-materials as the key enabler of a broader uptake (Capability Enabler 1); built projects
demonstrating the bio-material applications (Capability Enabler 2); and through workshops and similar
educational intervention (Capability Enabler 3).

On the industry level, key possible support was identified in the use of simple drop-in solutions (Industry
Enabler 1); professional guidelines and frameworks for bio-material applications (Industry Enabler 2);
and through upskilling those involved with actual construction of buildings (Industry Enabler 3).

However, it is the System Enablers that group the discussion about possible more significant system-
level changes: importance of long-term intergenerational approaches (System Enabler 1); regulative
changes and other leadership government and ministries could offer (System Enabler 2); linking of the
bio-materials with other industry trends, especially with EPDs and circular economy (System Enabler 3);
and alternative ways for stimulating regime change (System Enabler 4).

Capability Enabler 1: Direct experience of bio-materials

Direct experience of bio-materials came through as one strong enabler of uptake for both non-experts
and experts. For clients and general population this was primarily discussed as being about any exposure
for the bio-materials:

“You have to experience [bio-materials], and then say: ‘that is great, | want it in my place.”

“I feel like it would be impactful to just have more people interacting with the [bio-materials] on a regular
basis to facilitate [a greater] uptake and trust with the material.”

“Have like a day where the public can come in and [...] see and feel all these variety of things [bio-materials].”

“The more of these types of buildings pop up, and people experience them and use and live in, | think that
will also drive the trend to start moving into that space as well.”

However, for those in building industry the importance of hands-on aspect was especially emphasised.

“With bio-based matter there is a level of hands-on: you need to actually touch and feel, and do workshops,
[in order] to really understand the positive impact [that material] can have.”

“The way [to get] people to trust physical materials is to let them handle them and see how they work and
processes those.”
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“You could read all of the documentation about the benefits and have all of that information available, but
[it does not become real] until you have actually experienced it. And | think that goes for clients and
consultants too. It really becomes real when you have experienced it and actually felt those effects yourself.”
“You have [...] be willing enough to understand the [bio-materials]. If you are not, then it is just something
on a spreadsheet or some theory, you are never going to do it.

Some participants attributed this to be due to sensory and experiential qualities:

“I think that [touch] is a great way to make people more comfortable with things. If they can hold [the
material] in their hands or have messed around with it, or got up to their armpits in mud and lime or straw

or whatever”

Others recognised the potential for profound educational shifts through such direct experience with

bio-materials.

“It is interesting that what we have seen with [for example] builders who are very quick to look at products
like insulation and say, ‘well, you know, it is going into a wall, we are sealing it in, it is not seen, it does not
really matter what you put in there’, to walking through our factory and seeing the processes and just
connecting with the value added to the product. You know, going from a raw fibre that they are holding in
their hands to watching the process through the other end, which is an insulation product. That is pretty
fascinating to a lot of them and motivates [them to use] more of it.”

The excitement generated as such events was also reported as a real motivator to continue working in

this area:

“We have been in the market for a year now and one of the big things that sort of keeps you going through
it is the positivity that we do get from people. Yes, it can be frustrating and annoying sometimes, but | find
generally when | go out to the market that people really like the product and they really want to use it.”
“While we were at that trade show, we came across an amazing natural product. To this day | still get as
excited as | did the day when | first saw it.”

Direct, hands-on experience with bio-materials emerged as a key capability enabler of their uptake,
and it was seen as valued by both non-experts and professionals for fostering familiarity, trust, and
interest. Participants reported that for clients and the general public, simply being exposed to bio-
materials through buildings, events or tactile interactions was a powerful enabler of deeper
engagement. Similarly, experiential learning was seen as important for shifting perceptions and
encouraging adoption among professionals. Capability Enabler 1 emerged as the most important
enabler of uptake overall.

Capability Enabler 2: Case study projects

Continuing with the importance of experience with bio-materials, participants recognised an important
role of show homes, feature applications and other case studies to achieve the needed exposure, and
transfer of knowledge of what can be done.

“Visiting people's homes is another inspiring or stimulating experience that encourages engagement.”

“Iit is good] if there is a way of showcasing the material, with its textures and stuff, [in order] to show the
physical possibilities well. Hempcrete is a wonderful example of that: you can either have the very smooth
finish, or [...] more like straw [where] you can actually get to see the texture of the hurd.”
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“Some builder friends are bringing in some of natural building materials by incorporating them into existing
buildings or in new builds as a feature. | think that could be a start for some people.”

Those involved with promoting bio-materials also note using these strategies:

“We have a show home [...] just to showcase the product.”

“A question popping up regularly is: ‘How can | use it?” And therefore, it is super important to us to inspire
people. We need to get projects, or project images, that we can show to our customers to get them
inspired.”

Although others have questioned how widely is that dissemination reaching:

“There are some good [examples] out there, but | do not know if we are actually getting the experience
widely disseminated.”

Case studies were also signalled as a possible driver of uptake:

“What we need is a few examples that are consented and simple, and ideally that win a couple of awards,
that kind of can pave the way for more of those projects to happen.”

“Sometimes if you have a particular client that feels really strongly about something and the project is big
enough [...] you can kind of afford to push something and be innovative and get it certified and that can
actually open the door for a lot of other projects and a lot of other use.”

“If somebody [popular and famous] that everybody admires in the public world was to build something
using these materials.”

“I know academic papers are important, but honestly for the public and for most of the clients who will be
paying to support these projects that is not where they look for information. Even practitioners, that is
probably not where they look for information. So, I think actually like channelling media. Like there are many
downsides to social media and stuff, but | think if it is used appropriately as a tool, it can be very powerful.”

Case study projects, such as show homes or interior feature applications, were identified as central for
increasing the uptake of bio-materials by providing tangible, real-world examples. Such views were
grouped into a theme of Capability Enabler 2. Participants discussed the role of such examples in
inspiring clients, demonstrating material potential, and facilitating knowledge transfer, but also in
instilling credibility and building momentum for greater uptake. A need for a broader dissemination of
such examples through media, awards, and high-profile project was also emphasised.

Capability Enabler 3: Semiformal education

In addition to experience and case study projects, a range of other educational interventions were also
recognised by participants as useful enablers of greater uptake of bio-materials. For practitioners,
participants discussed conferences, webinars and workshops as suitable for this education.

“Il got inspired when] | did some workshops with adobe, and also with working with light earth methods,
[...] and earth building types.”
“Going to EBANZ conferences has been really inspiring.”

“I think that the NZIA could have a stronger, [...] more intentional way of providing their webinars. Rather
than being a little bit of everything from the industry, [...] every webinar [could be about] lowering the
carbon emissions of the industry.”
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However, for clients, interviewees reported that clients often need to self-educate.

“I'think there is an argument for people understanding what they are getting into, the results they are going
to get. So really, people doing their research and engaging as much as possible with materials is going to
lead to more positive outcomes and attitudes.”

“At the moment, | think it takes much enthusiasm on behalf of the client in order to make it happen, because
there are many barriers and naysayers and uncertainty in the market.”

But also, that some support should be possible in this space:

“Unless we are educating the consumer on the value given by these bio-based materials, they are not going
to choose to use them. We just have not done enough in New Zealand to educate the general public.”

However, for some the exposure to bio-materials was through a “chance encounter”:

“It is a bit of luck too, because the conventional builders [that] | have encountered and who want to use
new materials in their work, have all spoken about a chance encounter that they have had with some
materials or some interesting building project.”

For some participants education about bio-materials was the area of specific focus and interest:

“I believe that if you can start to create an awareness, it creates a demand, and if you can create a demand,
then businesses will try and meet that demand. That is really important.”

“I think [...] we definitely [want to] move forward with educating the wider industry as to what [sustainable
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materials] are, what are their benefits, and where to get them and [how to resolve the] supply chain issues.”

A greater connecting of these efforts was also signalled as needed:

“I think that there is a gap around a sort of more holistic voice. Because it is still quiet separated out by
material type and it can be quite difficult to draw linkages between the different material types and the
applications.”

Expanding upon this, the interviewees spoke about collaboration and partnerships as valuable
approaches for driving positive change:

“Interdisciplinarity or interaction across disciplines has been an important focal point for allowing successful
bio-material research — | feel a more flexible and a more interconnected network of researchers, designers,
entrepreneurs even from different fields can increase the amount of work being done with bio-materials.”

“There should be partnering possibly with lots of people [and] | think it would be great if there was some
sort of a government initiative.”
“What we do is [to] provide skills, not necessarily cash. That is part of the piece of around partnership as

well. The partnership piece is the enabler.”

“[Collaborative] organizations are critical. [They can] enable greater facilitation of knowledge [transfer]
between government, research and industry. [...] Awards and all other [activities can help] dissemination in
industry.”

“What motivates me s this interdisciplinary environment, having different people with similar goals, but
very different approaches [that] come together, and we can build something together. For me, that is always
super motivating.”

In addition to direct experience and case study projects, participants identified a range of educational
interventions as key enablers of bio-material uptake, and such discussions were grouped into a theme
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of Capability Enabler 3. The interviewees discussed hands-on workshops, conferences, and even
webinars as effective to educational approaches for practitioners, and often suitable to enthusiastic
clients. Importance of interdisciplinary and across sectors collaboration and partnerships was also
emphasised as important for knowledge transfer and coordinated progress.

Industry Enabler 1: Ease of drop-in solutions

Within the building industry, participants discussed substitution of the conventional materials with bio-
materials as the ‘low-hanging fruit’:

“Iit would be great] if we can design a system that any qualified licensed building practitioner can integrate
into a building by using the skill set that they already have.”

“I think what is going to happen is that those materials are going to be forced to look more like conventional
products.”

“We recognized that if we took the polystyrene out of that panel and replaced it with a bio-material, we
can have a similar performance ratio, but without all the nasties in it. And then keeping in trend with the
construction industry, using it as a modular system, because people want houses quicker, faster, and

cheaper.”

Some participants also felt that the industry would force emerging bio-materials to conform to current
practices:

“Innovators work hard to make bio-materials behave and conform to existing standards. But there might
be other ways of being able to work with them, and other systems that would offer alternative ways of
doing things. Currently it is hard to introduce an alternative approach and commercialize it when everything
is determined by existing standards and standardized components.”

“There is a lot of pressure on businesses to get the work done, make a profit, stay profitable, stay in business.
If you want to do something [new], and it is all packaged up neatly, and we can fit it into our current work
methodology, then yep, that is great, but if not, we will keep doing what we are doing already.”

Interviewees involved with making bio-materials noted that they should also be working in this
direction:

“[We, as people] who are trying to bring those bio-based materials into the mainstream, need to make sure
that that we do it in a way that [...] offers in an easy package for the industry to take on.”

Standardization and prefabrication were discussed as similarly assisting with the ease of uptake:

“I think standardization is the key. If you cannot have a standardized product, that variation will lead to
variation in your end product and output. And quite simply, it is not acceptable. [...] Standardization [also]
helps drive down costs, [...] and [it is needed] from a regulatory perspective as well, because you need to
meet certain performance criteria.”

“A proven standardized system will always be easier [to use]. Because they have [...] the documentation,
they have a range of case studies, and use typically [they have] someone in the office or a contractor who

has used it already.”

“Iam a great believer that prefabrication is the way to go here.”

There was a broad agreement between participants of the real advantages of drop-in solutions, which
offered substitution of conventional materials with bio-material alternatives within existing
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construction systems. This was seen as pragmatic and accessible entry point for the building industry,
and are grouped into a theme of Industry Enabler 1. Many interviewees also recognised that bio-
materials are more likely to gain industry acceptance if they aligned with current practices, standards
and prefabrication systems, although, some raised concerns that such conformity could limit
innovation and reinforce existing norms.

Industry Enabler 2: Role of guidelines in uptake of bio-materials

Interviewees discussed value of developing design guidelines and frameworks to foster uptake:
“The low hanging fruit for me [...] would be around really great and well adopted design frameworks. So,
the considerations of bio-materials are built into the design process early on.”

“..how to create guidelines that could both be used for the designers, the people who are making the
drawings to get consented, and [later] could be used by the consenting authorities. That would be quite
amazing.”

An important subset of this was discussion of the types of applications suitable for bio-materials:

“We need to better understand and better identify [...] where and what are the best scenarios where we can
efficiently apply bio-materials. [...] Thermal insulation was the first thing that came to my mind, because
the material is confined, protected, not [very] exposed to external weather conditions, which may be an
issue for bio-based materials.”

“I am quite sceptical of weatherproofing [...] and using bio-materials anywhere on the outside, [but there is
value] of using them in living spaces and [where people are] close to the bio-material.”

“Because trying to get straw bales into the ceiling is pretty challenging, they use [other] products for the
ceilings.”
“In terms of hemp and straw, | think [suitable uses could be in] prefabricated wall panels, [...] SIPs panels,

[the] structurally insulated ones, or making boards.”

Better knowledge how to effectively use bio-materials in different regions was also mentioned:

“[It would be beneficial to have] a physical study of what kind of bio-materials should be used in what
specific location or region, [to avoid] overlapping [with] another use.”

Desirability of smaller case study projects to drive uptake in industry also came through:

“Small companies want to start in an area they are confident with: they do not want to start with an entire
building, they want to start with a pavilion or a small kiosk.”

“Builders [might] work with clients who perhaps are not ready to build an earth house, but they want to
incorporate a heat sink, or might have an earth wall behind their fireplace.”

There was also discussion of who would be providing guidance in these areas:

“I do not expect this to come from the scientists/engineers only, instead designers must also write and share
their scientific results and observations.”

Industry Enabler 2 brings together one important theme were participants discussing importance of
developing design guidelines and frameworks to support the early inclusion of bio-materials into
buildings. Such tools were seen as needed by a range of industry stakeholders, including designers,
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builders, but perhaps even more importantly by consenting authorities in order to create smoother
regulatory pathways for bio-material applications.

Industry Enabler 3: Upskilling professionals

To support this grater uptake of bio-materials, education of professionals was mentioned as one
significant enabler:

“The market is ready [for these products] but there is definitely a need for [more] education to be done, and
it is being done.”
“[Currently,] there [seems to be] a lack of confidence in the products which more educated practitioners

could overcome.”

“It is more the scale of change that is needed, and the number of people that are needed to help do a quality
Jjob. That is where the skills piece lies more when it comes to the green transition.”

“There is an opportunity for a bunch of sub-contractors to really train themselves up and be attractive for
sustainable projects.”

Experiences with more established bio-materials also show this:

“What we have seen with wool is that [when] we are able to educate [people] enough, then the [same]
risks are still there, but they are weighed up [and appear to be proportionally smaller].”

Some disconnect was noted in the way new information on bio-materials is disseminated through built
environment professions:

“Sharing the learnings directly with the people who need to absorb those.”

“Perhaps there should be [...] regulatory requirements around that in some way. [Different groups need to]
talk to each other. It cannot be [done] in isolation. We cannot just worry about durability as separate from
the carbon discussion.”

Educating young professionals and students across a range of disciplines was also mentioned as
potentially useful strategy:

“We are going to start incorporating alternative building material piece into the actual process of them
getting their apprenticeships to, just to try and break that cycle.”

“Start early with education, [..] all graduates leaving schools of architecture with a really good
understanding of those bio-based and low carbon materials and that might change things.”

Unfortunately, a contradiction was also noted in the limited hands-on work in current tertiary education:

“We do not necessarily engage students with a whole lot of really hands-on material exploration, and
consequently people go into professions without much exposure to the bio-materials.”

Education of professionals was identified as Industry Enabler 3. It grouped discussions about the
needed activities to build confidence, skills, and a shared understanding how to work with bio-
materials across the built environment sector. Two areas were identified as critical for shifting industry
norms and supporting an enduring positive change: hands-on training of the existing practitioners,
and education of students and apprentices, often also through hands-on experiential educational
approaches.
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System Enabler 1: Planning for long-term intergenerational
approaches

Participants reported importance of using longer-term, intergenerational approaches on all levels:

“I think that there is definitely a need to build into the design process that we are not just building for end
of life, but building for the next three or so iterations of the buildings. [...] Have a long term kind of view [...]
beyond 50 or 100 years, so, that starts to become more of a te ao Maori piece where it is a more
multigenerational [approach].”

“It is hard, because when you are trying to explain to customers that maybe the materials cost [for bio-
materials] might be a bit higher than building [with conventional materials] ... but the long-term costs are
much less because you are saving in your heating, your cooling, and all that kind of performance stuff.”

“We need to be building that green New Zealand image and then we need to encourage the [successive]
governments, [...] to realize the value of that image [ongoingly].”

But also, that relatively temporary changes can have lasting negative impacts:

“In 2012, in the UK, the conservative government got rid of all of the green policies that were driving the
construction industry towards zero carbon. | had been doing a lot of work around zero carbon, and
[witnessed that] that whole industry just evaporated. People like me left and moved on to another sector
and have never gone back. A lot of knowledge and experience gets lost when you lose that requlation.”

Participants discussed the importance of adopting long-term, intergenerational approaches in

development of design and policy, highlighting the importance to consider cultural frameworks such

as te ao Maori. They also warned that short-term policy reversal can cause lasting setbacks, leading to

the loss of momentum and expertise.

System Enabler 2: Regulations and support from government

and banks

Participants discussed the top-down changes in influential policy and regulation settings.

“I think the regulatory requirements are the biggest [thing] that is going to stimulate [the uptake].”

“Most of the people [are] actually pushing the changes in terms of legislation, and | think they are coming
at it from the right angle.”

“I think there is a role for government to play in facilitating these transitions. It would be interesting to
understand what some of the strategies [would be], or what could be the role of government, what policies
[...] could [...] affect adoption and uptake.”

“Maybe having norms and legislation being rethought based on the dynamic environment that we have
right now for construction and depending on the use.”

Shortcomings of the current regulatory efforts were also discussed:

“Most regulations tend to lack a bit of nuance. They tend to put things into buckets of good or bad, while
the world is not like that. For example, at the moment, recycling is [...] pushed in the polymer space. But
there is a role for compostable materials as well. It is not one or the other. It is understanding that actually
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for different use cases, different end of life solutions are applicable. | think one of the biggest challenges
that we have with the regulations is that they tend to lack such nuance.”

“I think [MBIE] is far too focused on stopping bad things happening, as opposed to letting good things
happen.”

“Building code and building act [could] remove barriers, making bio-materials just as easy option to pick
[as a conventional material] off the shelf.”

But also, that such efforts that could be politicised:

“There are many [...] aspects [...] that are connected to politics, | mean, you see the way climate change is
being politicised.”

An alternative approach to regulatory initiatives was mentioned by several participants who specifically
cited the EBANZ earth-building standards as an example of a regulatory change driven by the industry:

“Things like the earth building standards are great and | know that they have been done by a group of
passionate people and that took a long time.”

“I think the work that has been done on the earth building standards in New Zealand is pretty impressive.
And if we had a hemp building standard, or a standard applied to some of the other [bio]materials [...], then
that would be really useful.”

Other potential forms of top-down leadership were also discussed:

“[It] would help us [if there was more of regulatory initiatives] similar to what the [Ministry of Education]
has put out: mandating more of bio-materials [...] used in the building industry.”

“[In such initiatives] if [the building designers] are not choosing the lowest carbon option, they have to
provide the reasoning why they are not doing that. This is a good move, | think.”

“I do not believe that it would take that much to start seeing some real momentum build with bio-based
products, but it needs it needs to come from a higher level.”

“There are ways for the government to [...] say: ‘well, we will do this testing because we know it is going to
develop an industry in New Zealand and in the long-term we are going to get tax returns from that
industry.”

Interviewees also discussed financial incentives which could help in more than one way:

“I think there needs to be more connection with bio-materials and the banking systems, to help encourage
consumers to look at using these sorts of products going forward.”

“I think there needs to be a mandate for adoption and a mandate in terms of investment.”

The participants discussed opportunities of top-down leadership through regulatory and policy
interventions for accelerating uptake of bio-materials, and these and similar discussions were brough
together in the theme of System Enabler 2. These discussions recognised the role of the government
leadership in facilitating transition and setting clear mandates, although the role of banks and
investment systems was also seen as important.
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System Enabler 3: Linking bio-materials uptake with other
industry trends

Interviewees recognised the low-carbon initiatives as one potentially strong driver for a shift to bio-
materials:

“One of the most convincing arguments for stimulating the uptake of bio-based materials [is their low-
carbon aspect]. Since now we have a growing interest from the government towards net-zero carbon
calculation, and the embodied carbon calculation of buildings will become mandatory in the near future.”

“When the building code requires you to measure embodied carbon, that flows through the market so the
manufacturers are increasingly providing EPDs. Most bio-materials will have a very good result and that
would give them a leg up to be used in more projects, especially for projects that are trying to meet
particular lower carbon targets.”

“If we use that carbon budgeting approach, we can see that bio-materials have a positive effect on the

carbon footprint.”

Some also noted that such initiatives could help expand the focus from prioritising the operational
energy:

“I have friends who are really right into Passivhaus or high-performance houses, who know that the next
level that they are not really covering is the embodied carbon in the building materials that they are using.”

Efforts towards circular economy were also recognised as complementing the low-carbon efforts:

“In my view, a way to get there would be to integrate it [bio-materials] into something like Greenstar, and
make sure you have EPDs [for those materials].”

“To actually [...] try to [achieve] circular economy, you need more bio-based materials.”
“It will be great in a circular economy approach to have more bio-based materials [...] in our construction
processes.”

“I think you need the complete a circular analysis to go ‘yeah, if we scale this up, we actually have a big
solution, not a big problem.”

However, high cost of EPDs were also noted as an obstacle for smaller or emerging material developers:

“You got this R&D [research and development] and you are going to have to do an EPD and invariably what
I am hearing is every time you change the material in your product, you have to redo an EPD. So, you really
want to do affirmative R&D first before you even think about the EPD.”

“Most people do not realise the cost involved in bringing a unique material [...] into the building industry
[...]. That is the biggest deterrent. [...] For example, doing EPDs, is a really expensive process. Obviously, that
is nothing [...] for a big company. But for the smaller companies that do not have EPDs yet, [...] it is a big
commitment when they are just trying to get their product out onto the market successfully.”

Besides the cost of EPDs, some participants also reported concerns with variation in methodologies
creating a need to do multiple EPDs:

“On the other hand, there is no standardised [EPD] method even here in Europe. The French are doing
[EPDs] in a different way than the Germans, Austrians, and Norwegians. And now, we just want to have it.
We want to have the lifecycle assessment. We want to have something in our hands. And then we just
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started now, and it is for us a bloody investment. | mean, it costs a fortune. It costs a lot of time and effort.
And eventually we do not know if we have the real deal in 12 months’ time.”

Participants also noted other complexities for both determining and using those measures:

“People need to understand much more about lifecycle analysis (LCA), because determining how sustainable
things are is complicated and difficult.”

“One big problem with some of those amazing analytical systems, like LCAs and EPDs, is that they are
complex and hard for people to understand. Where do designers go to find useful and accessible
information? Currently the information is not very navigable for people.”

Participant discussions of low-carbon initiatives, EPDs and similar current industry trends were
grouped into the theme of System Enabler 3. Embodied carbon was seen as a potential strong driver
for increasing the uptake of bio-materials, given their generally favourable performance. Additionally,
interviewees highlighted the complexity of LCA and the need for more accessible and standardised
data to support designers and practitioners in more effectively adopting sustainable materials.

Conclusion on Enablers

Enablers present the largest number of themes that emerges, which were grouped into three sets of
three themes each, and discussed here in groups.

Capacity Enablers

Through all three Capacity Enablers, importance of direct experience with bio-materials, re-emerged,
reflecting the discussions around Driver 1. This group of themes focused on the level of individual or
grassroots signalling that people as individuals, or in small groups, can enable change through their own
upskilling and upskilling of those around them. This in turn creates capacity for greater use of bio-
materials throughout the industry. Capacity Enablers complement each other by exploring different
facets of the importance of direct personal experience and education about bio-materials, and are
grouped around the focus on giving people direct experiences with bio-materials (Capacity Enabler 1),
showing bio-materials through case study projects, even if that is just a feature wall within an existing
building (Capacity Enabler 2), and asserting relevance of semiformal education about bio-materials
(Capacity Enabler 3). This set of enablers can also be seen as resolving some of the issues raised in
Barriers 1-3: lack of knowledge (Barrier 1), stigma and other challenging perceptions of bio-materials
(Barrier 2), and issues with unfamiliarity (Barrier 3) can be at least partly resolved through direct hands-
on experiences with bio-materials, case study projects, or learning more about them.

Capacity Enabler 3 groups responses which discussed existing semiformal education which can range
from chance encounters to reasonably formal education available through voluntary niche interest
groups. Figures 1 and 2 show exhibitions which operate as Capacity Enablers 3. These are very effective
to support already somewhat interested individuals to develop their capacity to work with bio-materials.
Participants also spoke about the importance of interdisciplinary collaboration not only in order to
achieve the needed bioeconomy development, but also as the motivator, with some interviewees
suggesting that niche organisations should be formed to help facilitate collaboration of this nature.
Unfortunately, a limitation of developments within niches is that all efforts could remain within the niche
for a long time, which is why for a greater uptake throughout industry other enablers are also needed.
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Industry Enablers

Industry Enablers bring together responses discussing solutions or interventions which could support a
greater uptake of bio-materials in construction and building industry. Industry Enabler 1 emerged as
one strong theme in responses discussing introductions of bio-materials as “drop-in” solutions, directly
replacing some of the materials that are already on the market or piggybacking onto already existing
industry trends like the move to prefabrication. This enabler can be seen as closest to business-as-usual
introduction of bio-materials, and some bio-based materials, such as wool insulation bats, already
operate as interchangeable with other insulation bats, ready to be “dropped-in.” Interest in
prefabrication has led to development of Structural Insulated Panels (SIP), and some bio-materials, such
as hempcrete or straw (Figure 1), are already being offered in this way, piggybacking on this industry
trend. While solutions of this nature are welcomed and should continue, they might require mixing of
the natural materials with less natural components (e.g., polyester in the wool insulation bats, and
treated timber in straw SIPs). Rather than leading to a system change, “drop-in” solutions fully put
pressure on the bio-based newcomer to fit within the existing systems, effectively operating within the
business-as-usual. Also, “drop-in” applications are unlikely to be suitable for all available bio-materials.

Industry Enabler 2 grouped responses which discussed role of professional guidelines in uptake of bio-
materials. This enabler can be seen as another part of the solution for the Barriers 1-3 where lack of
knowledge (Barrier 1), stigma (Barrier 2), and unfamiliarity (Barrier 3) were identified as challenges. In
contrast to Capacity Enablers, which talk about what an individual or a small niche can achieve, Industry
Enabler 2 emerged from responses which discussed importance of development of professional
information, industry standards and guidelines how to work with bio-materials. A need for further
professional guidelines was equally mentioned in relation to introduction of emerging bio-materials and
for more effective and confident applications of the traditional bio-materials for contemporary needs.
The responses identified a need for more knowledge for a range of areas: thermal performance of the
bio-materials; required weatherproofing; details how to resolve more challenging applications; but also
more knowledge about local availability of bio-based materials.

Broadly belonging to a group of interrelated themes that talk about the importance of more education
about bio-materials, Industry Enabler 3 moves from the focus on individual experiences to more
structured experiential training for the industry. The responses suggest that there is a need for groups
of professionals, especially younger professionals, to be more educated about bio-materials during their
training in order to bring the needed skills into the industry and help with addressing Barriers 1-3. The
participants suggest that this should be hands-on experiential training on how to work and build with
bio-materials. This is needed for a range of professions within the industry, not only designers and
builders, who are critical, but also local council inspectors who should also know enough to enable
uptake. The responses also signal that there is a strategic opportunity for those who upskill early in this
area to became leaders, obtaining cutting edge benefits.

Industry Enablers 2 and 3 show that there is a potential to use professional guidelines, and upskilling of
the professionals to stimulate greater uptake of bio-materials. While the professional guidelines capture
scientific and potentially more abstract knowledge, the experiential training for the industry would bring
hands-on knowledge how to execute those.
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Once more is done to ensure progress with all three Industry Enablers, there would be much stronger
infrastructure for a transition to bio-based construction. However, unfortunately, these do not achieve
much of system change.

System Enablers

There are limitations of how much can be achieved by using the enablers discussed so far, because these
operate on the levels of individual/small group or industry, and sit under the broader umbrella of
sociotechnical and other systems which can inhibit or stimulate action. Participants also discussed these
broader systems and suggested opportunities to stimulate change from those levels. Insights in these
areas were grouped into System Enablers and present the most ambitious, slower but more profound
system changes.

Discussions on the importance of long-term intergenerational approaches were grouped under System
Enabler 1, and had more than one aspect to consider. The participants referred to long-term
intergenerational approaches in a range of different ways. Some discussed the te ao Maori
multigenerational approaches, which gives importance that buildings remain in use for multiple
generations. Thus, in the context of Aotearoa New Zealand, te ao Maori multigenerational approaches
could give an even stronger grounding for keeping buildings in use for longer. On a much more basic
level, participants discussed importance of educating clients about longer term cost benefits from using
bio-materials with excellent insulating properties, which talks about importance to shift away from
upfront costs driving many decisions in construction, but rather considering the whole-of-life
approaches to cost. An important remark from an international participant was that they are aware of
examples of government policies changing to abandon certain pro-environmental initiatives, which later
led to a significant loss of momentum and expertise, showing an example of short-sightedness which
can be avoided through the more long-term view approaches. Jointly these show the cultural and
practical importance of a sustained long-term view and that it is relevant to position greater adoption
of bio-materials within this long-term intergenerational context. This enabler also provides some
answers when cost inhabiting uptake is discussed (Barrier 4), but also could be significant in addressing
aspects of resistance of incumbent regimes (Barrier 7).

A number of participants discussed the importance of regulations and other areas where government
or banks could play a powerful role in leading top-down change. These were grouped into System
Enabler 2. Regulatory requirements for inclusion of bio-materials were reported as a very important
lever that could stimulate much greater uptake, and support growth of momentum, creating a path for
addressing some of the issues with scaling supply and production (Barrier 6), and possibly lead to a
decrease of cost of bio-materials (Barrier 4). Existing examples of requirements for inclusion of bio-
materials were also discussed, showing, as discussed earlier, that there is a momentum in this space
already, but also that much more could still be done within Aotearoa New Zealand.

However, participants also discussed other enabling the government could support. An example where
regulations were developed by niche professionals was discussed as very challenging to achieve without
government support or involvement. Regulations of that nature are needed for overcoming issues noted
in a range of identified barriers, especially when considering lack of knowledge (Barrier 1), unfamiliarity
(Barrier 3), and issues with navigating greenwashing (Barrier 5). Therefore, government’s support of the
production of the needed standards and regulations could have a very significant positive impact on
enabling greater uptake of bio-materials.
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A related facet of this, was a suggestion that government could simply support of testing of the novel
bio-based products so that emerging bioeconomy manufacturers face fewer obstacles, thus directly
stimulating growth of the local bioeconomy. This in itself would go a long way towards addressing the
issues with stigma and challenging perceptions (Barrier 2) and issues with navigating greenwashing
(Barrier 5) by providing authoritative and reliable information about emerging bio-materials. Similarly,
a need for a connection with banking systems was also discussed as another top-down force that could
have a beneficial impact, which could aid for financial removal of some of the obstacles which currently
face bioeconomy. This discussion shows that there is a range of supportive top-down actions that could
enable transition to bioeconomy.

System Enabler 3 grouped discussions which linked bio-materials with other industry trends, looking for
possible synergies. This broad group included suggestions that the move to reporting embodied carbon
will naturally lead to a greater uptake of bio-materials as the low-carbon options, but also that it would
be possible to integrate stimulation of bioeconomy into other existing systems such as Greenstar or
Passivhaus, just as circular economy concerns could lead to a greater uptake of bio-materials. Any of
the existing industry trends could present very real system enablers for a greater uptake of bio-
materials, and they have potential to help address most of the identified barriers. However, in such
conversations EPDs emerge as the key tool used by many of the existing industry trends, and there was
also much discussion about EPDs themselves. On one hand, many participants did talk about LCA and
EPDs as very useful tools, but others also commented that there is no standardised EPD method which
reduces reliability and comparability of results, which also means that material manufacturers need to
prepare a number of costly EPD assessments, and regularly redo/update those. In addition, some
commented that the both LCA and EPD results were challenging for the designers to easily follow and
understand. From such discussions it is clear that while there are true opportunities to tap into such
existing industry trends to stimulate uptake of bio-materials, there is also a range of obstacles especially
given that the transition towards consolidated LCA and EPD data is still taking place.

Complicating things further, incumbent industry tends to have the funds to prepare EPDs and their
regular reviews, and incumbent representatives are more likely to be included in the conversations
when these tools are developed, than start-ups in bioeconomy. This can lead to EPDs contributing to
greenwashing (Barrier 6) and bio-materials appearing less favourable in such assessments. Therefore,
in order to support an equitable transition to carbon accounting, makers of bio-materials should to be
able to take part in it and that might require government, or other public bodies, to provide some
assistance to balance the playing field.

4.4. Conclusion of thematic analysis

Themes that emerged when examining drivers appear broadly in line with the dynamics introduced at
the start of this report, but also enable some further insights because of the specificity of the individual
stories and views of the interviewees. This thematic analysis identified a set of drivers, barriers and
enablers. A greater number of barriers than drivers was identified and a strong number of enablers
which can help greater uptake of bio-materials. Figure 8 visually summarises the identified drivers,
barriers and enablers for uptake of bio-materials.
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Capability Enablers:
Hands-on experience
Case study projects
Barriers:  Semiformal education
Lack of knowledge

Stigma  Industry Enablers: Drivers:
Unfamiliarity in industry  prop-in solutions Preference for bio-materials
Cost  Guidelines how to use Globally growing interest
Greenwashing  jpskilling professionals Client demand

Scaling challenges

Resistance of incumbents
System Enablers:

Long-term thinking
Top-down support
Synergy with other trends

Figure 8: Summary of the identified drivers, barriers and enablers for the uptake of bio-materials.

The nature of typical thematic analyses is that they focus on the most common themes, capturing
sentiments where there is a higher overlap between participants. Because of this inherent
characteristic, it is to be expected that a thematic analysis would arrive to findings which are more
commonly seen as reliable, but also might arrive to some of the confirmations of the what was already
known. In this case, the identified drivers, barriers and enablers have some overlaps with the
information available in the initial literature review in Section 2, although the results give a greater depth
and clarity to some of that discussion. To compensate for that, within themes, an effort was made to
include a reasonably broad range of views and in Section 5 additional analyses were undertaken.
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Following the thematic analysis, which identified the key high-level drivers, barriers and enablers for the
greater uptake of bio-materials in construction, a further analysis was conducted to explore more
specific suggested actions. Rather than focusing on examining what participants commonly said, the
objective here was to use their responses to map out the widest possible range of views on what form
actions might take and who should take those actions.

Given that both analyses worked with the same data from the interviews, there are some overlaps in
findings, and some of the identified insights are the same or similar which confirms the reliability of
findings. However, this subsequent analysis of suggested actions starts to map out the actual specific
actions that could be taken to drive a broader shift to bioeconomy for the built environment, including
identifying actors, and articulating operationalised findings.

The results of the suggested actions analysis are reported based around three separate layers of
consideration. First, the areas of influence are introduced and the relevant actors/stakeholders; then
categories of changemaking actions are discussed; and finally, the results from those inform the
ambition level of change actions analysis, which can be used by any of the various actors in the industry
to identify some actions suitable for their context to drive actual change.

5.1. Areas of influence and actors

The following sections organise the actions suggested by the interviewees into a set of suggested actions
that can help a broader uptake of bio-materials in Aotearoa New Zealand construction or more broadly.
These have been grouped into the four areas of influence: scaling innovation; design and fabrication;
knowledge sharing; and policy and regulations. In addition, actors, stakeholders and other groups most
suited for the particular area of influence are also discussed.

5.1.1. Scaling innovation

Scaling the innovation areas of influence emerged based on participants discussing the gap between
developing an innovative material and getting it to mainstream markets. These change actions are most
relevant to the actors and stakeholders such as start-ups, innovators, change organisations, and industry
incumbents looking to support innovation. Table 5.1 shows key themes of change actions identified and
recommended by participants for scaling the uptake of bio-materials for mainstream use. These are:
market strategies; circular systems; target typologies; target clients; material experience; and strategic
networks.
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Table 5.1 Summary of actions for scaling innovation with the number of their appearances.

Sub-theme  Actions Mentions (#)
Market Radical differentiation entry strategy e.g. temporal qualities 7
strategies Conforming standardisation entry strategy 5
Target less regulated markets first e.g. packaging or finishes 3
Import-based seeding strategy 3
Circular Positioning bio-materials as coproduct of food system 6
systems Digital management of stewardship and data 1
Target Target residential and interior project 3
Typologies Target applied finishes projects 3
Target circular interior and retail fit-out 1
Target Target enthusiastic, mission-driven early adopters 3
clients Target large portfolio clients 1
Material Employ material experience to shift perception 9
eXperience  1ide shows and showcases 2
Hands-on workshops with architects & contractors 1
Community building workshops 1
Strategic Collaborations with direct competitors 1
networks Material research ventures 1
Equity-for-expertise partnerships 1
Partnerships between start-ups & technical consultants 1
Partnerships between start-ups & larger manufacturers 2
Investment partnerships with contractors & designers 1

This shows that there is a number of actions that could be taken by those involved with the innovation
and scaling of the uptake of bio-materials. The most frequently mentioned recommendations included
employing material experiences to shift perception; adopting both radical differentiation; conforming
standardisation strategies for market entry; positioning bio-materials as a co-product of the Aotearoa
New Zealand’s food and beverage system; employing material experiences to shift perceptions of bio-
materials; initial import seeding strategies (e.g. importing before investing in local production); targeting
mission-driven clients; and targeting interior and applied finish applications.

5.1.2. Design and fabrication

Design and fabrication area of influence emerged based on participants addressing opportunities to
develop bio-materials to support their uptake. These change actions are most relevant to stakeholders
such as material designers, design clients, and architectural design teams. Table 5.2 shows key themes
of change actions identified and recommended by participants for bio-material design and fabrication.
These are: circular design practices and design framework development.

Table 5.2 Summary of levers for design and fabrication with the number of their appearances

Sub-theme  Lever Mentions (#)
Circular Circular fabrication systems 4
design End-of-life decomposition design 4
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Prefabrication to mitigate risk

Bio-material design mindsets

Bio-based coating e.g. PLA
Design Bio-material preferring procurement processes
frameworks

Community-driven fungal design frameworks
Engage young professionals in framework development

Design frameworks adopted for bio-materials

R R NN WD BN

Integrated design processes to de-risk

This shows there is a number of actions that could be taken by those involved with design and
fabrication of bio-materials. The most frequently mentioned recommendations included developing
circular or prefabricated design systems to reduce waste and mitigate risk; adopting bio-material design
mindsets; designing end-of-life decomposition of materials to be project or region specific; and
establishing bio-material preferring procurement processes e.g., government procurement.

5.1.3. Knowledge sharing

Knowledge sharing area of influence emerged based on participants addressing opportunities to
increase awareness and trust, develop skills, adopt holistic practices, and minimise misinformation
through knowledge sharing. These change actions are applicable across many stakeholders:
government, industry, education and start-ups, and across many disciplines: material science,
architecture and design, engineering, and policy. Table 5.3 shows the key themes of change actions
identified and recommended by participants for bio-material knowledge sharing. These are: upskilling;
storytelling; and ecological symbiosis.

Table 5.3 Summary of levers for knowledge sharing with the number of their appearances

Sub-theme  Lever Mentions (#)

Upskilling Organise demos for installers
Develop sub-contractor bio-based material training
Develop core bio-based tertiary programs
Practice active client education strategies

Train early e.g. apprentice level

Storytelling  Host regular webinars (e.g. consenting, lessons learnt)
Prioritize multi-disciplinary holistic voices
Run workshops to create consenting guidelines
Increase awards for dissemination
Create listening environments for indigenous voices

Generate educational content for social media

Ecological Conscious management of material production
symbiosis  consider wider social ecosystems of industries
Understand material agency and mana

Understand designer place in wider ecosystem

Run biophilic design workshops

P PR RN NN N NN W WDN PR RN W

Adopt biophilic frameworks e.g. Living Building Challenge
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This shows that there is a range of actions that could be taken to achieve the sharing of knowledge on
bio-materials. The most frequently mentioned recommendations included organising bio-based
material demos and upskilling for installers and apprentices; hosting lessons learnt and consenting
webinars and workshops; developing listening environments for multi-disciplinary, holistic, and
indigenous voices; and facilitating cross-sector and cross-industry discussion e.g. food and beverage or
textiles.

5.1.4. Policy and regulations

Policy and regulations area of influence emerged based on participants addressing opportunities for to
stimulate the uptake of bio-materials in construction through regulatory approaches, including
standards and building code. These change actions are most relevant to stakeholders such as policy
makers, local government, standard developers, change organisations and lobbyists. Table 5.4 shows
key themes of change actions identified and recommended by participants for bio-material-supporting
policy and regulation. These are: regulations; policy; incentives; standards; and certification.

Table 5.4 Summary of levers for policy and regulation with the number of their appearances

Sub-theme Lever Mentions (#)

Regulation Adopt regulation to support industrial hemp
Develop commercial fungi regulation
Adopt genetic engineering regulations
Indigenous fungi licensing models
Develop bio-based import data guidelines

Regulate the term biodegradable

Policy Invest in industrial composting system

Encourage industrial symbiosis and waste reuse

Incentives Mandate bio-materials for procurement
Tax non-bio-materials
Mandate bio-material investment and R&D
Provide financial kickbacks for bio-material use
Increase carbon taxes
Increase landfill taxes
Promote investing visa schemes
Reflect cradle-to-cradle in costs

Reflect planetary boundaries in costs

Standards Adopt building code to allow bio-based innovation
Develop risk matrices for standard exceptions
Develop reuse standards and systems
Develop cycles of maintenance

Evolve biogenic carbon standards

Certification ~Mandate support for bio-material certification

N DR PN W WL, PR R R R RN NRE WD W Ww w s

Adopt standardized global certification
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This shows that there is a number of actions that could be taken by those involved with policy and
regulations to stimulate a greater uptake of bio-materials in construction. The most frequently
mentioned recommendations included adopting regulations to support industrial hemp; mandates to
support and fund bio-materials’ acquisition of certifications, e.g. environmental product declarations;
adopting the building code to allow and support bio-based innovation; developing risk matrices for
building code or standard exceptions; investing in nationwide industrial composting systems; developing
commercial fungi regulations and indigenous licensing models; and adopting revised genetic
engineering regulations. Other recommendations included developing bio-based biosecurity import
data guidelines; global efforts to regulate the term biodegradable and develop standardised global
environmental certifications; taxing non-bio-materials; and developing national reuse standards and
systems, e.g. regulated product stewardship.

5.2. Categories of changemaking actions

In order to highlight how certain actions vary in their ability to cause change, through direct
interventions or indirect support, the participants’ recommended actions have been categorised as
either levers or enablers. These actions have then been sorted into five conceptual categories of actions:
catalyse; certify; collaborate; create; and customize. Categories of levers of change are summarised in
Table 5.5, while categories of enablers of change are summarised in Table 5.6. Although these are
organised into groups to show potential more clearly, it is important to note that there are some
inevitable overlaps between these.

Table 5.5: Categories of levers for change

Action Sub-theme Lever

Catalyse Incentives Mandate bio-materials for government procurement
Mandate bio-material investment and R&D
Provide financial kickbacks for bio-material use
Increase carbon taxes
Increase landfill taxes
Tax non-bio-materials

Standards Adopt building code to allow bio-based innovation
Certify Design frameworks Contractual bio-material procurement preference
Design frameworks adopted for bio-materials
Regulation Develop commercial fungi regulation

Push indigenous fungi licensing models
Adopt genetic engineering regulations
Adopt regulation to support industrial hemp
Regulate the term biodegradable
Certification Mandate support for bio-material certification acquisition
Collaborate Strategic networks Pursue collaborations with direct competitors
Establish material research ventures
Establish equity-for-expertise partnerships
Partnerships between start-ups & technical consultants
Partnerships between start-ups & larger manufacturers
Investment partnerships with contractors & designers
Create Circular design Develop circular fabrication systems
Design end-of-life decomposition
Develop bio-based coating e.g. PLA
Utilize prefabrication to mitigate risk
Policy Invest in industrial composting system
Invest in intermediate scale infrastructure
Invest in dedicated R&D centers
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Standards Develop risk matrices for standard exceptions
Customise Market Target less regulated markets first e.g. packaging or finishes
strategies Use radical differentiation strategy e.g. temporal qualities

Target typologies
Target clients

Industrial symbiosis

Target residential and interior project

Target circular interior and retail fit-out

Target enthusiastic, mission-driven early adopters
Target large portfolio clients

Position bio-materials as coproduct of food system

Table 5.6: Categories of enablers for change

Action Sub-theme Enablers
Catalyse Storytelling Generate educational content for social media
Host regular webinars (e.g. consenting, lessons learnt)
Increase awards for dissemination
Upskilling Develop core bio-based tertiary programs
Organise demos for installers
Develop sub-contractor bio-based material training
Practice active client education strategies
Train early e.g. apprentice level
Regulation Develop bio-based import data guidelines
Certify Storytelling Run workshops to create consenting guidelines
Certification Adopt standardised global certification
Standards Develop reuse standards and systems
Evolve biogenic carbon standards
Collaborate Design frameworks Community-driven fungal design frameworks
Integrated design processes to de-risk
Engage young professionals in framework development
Ecological symbiosis Consider wider industries’ social ecosystems e.g. workers
Understand material agency and mana
Understand designer place in wider ecosystem
Storytelling Create listening environments for indigenous voices
Prioritize multi-disciplinary holistic conversations
Material experience Trade shows and showcases
Hands-on workshops with architects & contractors
Community building workshops
Incentives Promote investing visa schemes
Policy Encourage industrial symbiosis and waste reuse
Create Circular design Bio-material design mindsets
Ecological symbiosis Practice conscious management of material production
Industrial symbiosis Develop digital management of stewardship and data
Standards Develop cycles of maintenance
Customise Market Use conforming standardisation strategy
strategies Use import-based seeding strategy
Incentives Reflect cradle-to-cradle in costs

Reflect planetary boundaries in costs

Tables 5.5 and 5.6 show a rich set of very specific actions which could operate as levers or enablers
encouraging a greater uptake of bio-materials.

Actions that catalyse acceleration do so by transforming and educating. Direct levers for catalysing for
change include incentives and standards, considered to be “push” or “pull” policies (Auerswald &
Branscomb, 2003). “Push” policies for bio-materials are mandates for procurement, investment, and
R&D. “Pull” policies for bio-materials incentivise risk-taking and investment in new solutions, such as
carbon and landfill taxes which financially incentivise use of low-carbon circular materials. Indirect
enablers for catalysing change include storytelling and upskilling disseminate knowledge which: raises
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awareness and understanding; inspires uptake; and trains current and future change makers (e.g.
installers and architects). Enablers for raising awareness and understanding include educational content
strategies (e.g. regular webinars, social media content, newsletters) targeting clients, specification and
consenting stakeholders, and the general public. However, the most important step to catalyse a high
uptake of bio-materials is to imbed support for it into the building code, which overlaps with certify
category.

The certify category of actions is especially important for bio-materials, because certifications play a
role in two different stages of the transition to bio-materials. For many other sustainable transitions,
regulations are recognised as needed in the later stages of transition, once practices have already gained
support, helping to formalise and normalise them (Brown et al., 2016). For bio-materials in construction,
this corresponds to embedding the shift to a bioeconomy via the building code, which is noted the in
the catalyse category, while other certifications are necessary for bio-materials well before reaching that
stage. Building and construction are regulated through the building code and other rules and
regulations, which specify the properties which building materials should have and what processes of
construction should be used. Many of those regulations are not well-suited for introduction of bio-
materials. Therefore, the certify category brings together the actions that can lead to certifications and
setting of rules, standards, and shared accountability mechanisms to mandate and facilitate a broad
scale adoption. Levers identified for certify largely focused on developing and amending regulations that
are hindering early-stage innovation, and industry development of design frameworks and contractual
procurement processes that require utilisation of bio-materials. There is also a need to develop, evolve
and, where appropriate, reuse standards and systems to lead to greater level of certification of
individual bio-materials. Enablers noted for this category are about change to standards and systems
that can help certification but also included a suggestion of adopting standardised global certification,
and running workshops to create consenting guidelines.

The collaborate category brings together many of the network and community creation aspects with
actual collaboration through partnerships and joint ventures. As noted earlier, in order to achieve
sustainable transitions, there is a need to spur both “horizontal” connections between niche actors (e.g.
researchers, entrepreneurs) to foster invention, and “vertical” connections between niche actors and
regime actors (e.g. business executives). This means that to stimulate a collaborative environment the
system should offer many opportunities for people working in different parts of the industry to come
together and know of each-other. As levers, this includes strategic networks created by pursuing
collaboration with direct competitors, establishing material research ventures, and a range of other
partnerships. As enablers, this includes development of design frameworks made by groups
collaborators for broader groups of collaborators which can help de-risk some of the risks of the
unknown (Barrier 3). It also includes trade shows, showcases and hands-on workshops, and many other
dimensions such as creating listening environments for indigenous voices, understanding material
agency and mana, and considering wider industry social ecosystems.

The create category of actions collated participant suggestions for a range of specific levers and enablers
that need to be created to support greater uptake of bio-materials. Those include a mix of material
development strategies (e.g. develop bio-based coatings), but also creating knowledge systems for
circular fabrication, end-of-life, risk matrices for standard exceptions or cycles of maintenance, and
setting up needed infrastructure by investing into dedicated R&D centres, digital management of
stewardship and data, industrial composting systems and other needed infrastructure.
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The customise category of actions were very effective in identifying a range of existing strategies which
could be customised for greater support of bio-materials uptake. This included specific market
strategies, such as initially targeting packaging and finishes, recommendations of suitable target
typologies to effectively model opportunities, such as using interiors for case studies, but also
recommendations that position bio-materials as products made from food system waste could help
simulate uptake.

This analysis shows a range of categories of action that could be taken to effectively stimulate greater
uptake of bio-materials in Aotearoa New Zealand.

5.3. Ambition level of change actions analysis

Developing upon the discussion on theories of change in Section 2.4, it was possible to identify three
different transition stages from the initial predevelopment or seed stage, through acceleration or
growth, and ultimately to thriving or stabilisation. Figure 9 was prepared by combining that with the
recommended areas of influence, actors and mediums for change (Section 5.1) and categories of
changemaking actions (Section 5.2). This infographic has been designed as a visual map for
changemakers, across all levels and disciplines, eager to drive impactful change in the adoption of bio-
materials within the construction industry.

This diagram categorises the actions identified by participants into three key dimensions:

= Leverage Points are shown on X-axis and are grouped into:
= |evers, and
=  Enablers.
=  Ambition Levels are showing on Y-axis and grouped into three ambition levels:
= Seed —ambitions of predevelopment and foundational actions,
=  Grow —ambitions the development and early adoption phases, and
=  Thrive — ambitions of full integration of practices within industries.
= Areas of Influence are showing by the colour of text, and grouped into:
= Scaling of innovation (orange),
= Design and fabrication (blue),
=  Knowledge sharing (green), and
=  Policy and regulation (purple).

The infographic presents a high-level overview of the complexities involved in promoting the systemic
uptake of bio-based materials in construction. It shows that different actions are most appropriate for
different stages of transition, and that those actions could be levers, directly influencing a shift, or
enablers, generating favourable conditions for change. It also signals the area of influence for listed
actions, through which suggest potential actors, stakeholders or mediums of change. Therefore,
anybody interested in taking action can review the infographic and identify a suitable action for their
level of ambition, and for the particular area of influence they have.
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Bio-materials for a radically low-carbon built environment: fostering the new good

THRIVE
AMBITIOUS
ACTIONS
Transformative
actions requiring
significant
investment, systemic
shifts, or structural
changes over time

GROW
INTERMEDIATE
ACTIONS
Actions that build
momentum and
involve moderate
investment,
collaboration, or
adjustment to
processes

SEED
IMMEDIATE
ACTIONS
Actions that
require minimal
coordination,
resources, or
systemic change

REGULATE "BIODEGRADABLE"

ADOPT GENETIC ENGINEERING POLICY

ADOPT BUILDING CODE
MANDATE BIOBASED PROCUREMENT

INTERMEDIATE SCALE INFRASTRUCTURE

TARGET BULK BUILDERS
MANDATE INVESTMENT AND R&D
FUND CERTIFICATION ACQUISITION
DEVELOP EXCEPTION RISK MATRIX
TAX NON-BIOMATERIALS
FINANCIAL KICKBACKS
ADOPT INDUSTRIAL HEMP POLICY
INDIGENOUS LICENSING MODELS
INCREASE LANDFILL TAXES
INCREASE CARBON TAXES
ENVIRONMENTAL AUDITS
MANUFACTURING INFRASTRUCTURE

END-OF-LIFE DECOMPOSITION DESIGN
RADICAL DIFFERENTIATION STRATEGY

TARGET LARGE PORTFOLIO CLIENTS

IP SHARING
CIRCULAR FABRICATION SYSTEMS
MATERIAL RESEARCH VENTURES
CIRCULAR FITOUT PROJECTS
DEVELOP PREFABRICATION SYSTEMS
STRATEGIC PARTNERSHIPS
DEVELOP BIOBASED COATINGS
BEACHHEAD STRATEGIES
RESIDENTIAL + INTERIOR PROJECTS
MISSION-DRIVEN CLIENTS
PHD INDUSTRY PARTNERSHIPS

LEVERS DIRECT INTERVENTIONS

Actions directly influencing a shift in targeted

behaviours, structures or cutcomes

REGENERATIVE MATERIALS I1SO STANDARD
GLOBAL STANDARDISED CERTIFICATION

CONSCIOUS PRODUCTION MANAGEMENT
EVOLVE BIOGENIC CARBON STANDARDS

REGIONALISED DESIGN SOLUTIONS
DIGITAL STEWARDSHIP SYSTEMS
CONSIDER WIDER SOCIAL SYSTEMS
DEVELOP REUSE STANDARDS
INCENTIVISE INDUSTRIAL SYMBIOSIS
DEVELOP CORE TERTIARY COURSE
LINK WITH FOOD & BEVERAGE INDUSTRY
BIOMATERIAL DESIGN FRAMEWORKS
DEMOS FOR INSTALLERS
COMMUNITY-DRIVEN MATERIAL DESIGN

IMPORT-BASED SEEDING STRATEGY
MULTI-DISCIPLINARY DISCUSSIONS
DEVELOP IMPORTING GUIDELINES
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Figure 9: Infographic summarising findings of the analysis of suggested actions and showing a range of
ambition levels and possible actions for each level to drive systemic change in Aotearoa New Zealand.

Figure 9 enables focus on the needed actions, rather than specifying the exact actors or stakeholders
who would be taking those actions. This is because for many needed actions, a range of actors or
stakeholders could play a central role in taking action. However, if it is interpreted in terms of most
obvious actors, areas of influence can be seen as aligning with particular groups the most. For example,
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policy and regulation actions are mostly in the domain of the government and regulatory bodies, while
design and fabrication actions could be taken by material and product innovators involved with the
development of the materials and their applications. While in those areas of influence the alignment
with specific actors is reasonably clear, in others that might be more complex. For example, knowledge
sharing actions that could be taken by interested practitioners, potential clients, but also education
providers and any of those groups might take a greater lead in that area of influence. The broadest range
of possible actors are needed to support scaling of innovation, because in this case the main likely actors
change depending on the ambition level. This means that for the immediate actions, focused on seeding
uptake, main actors would be material and product developers, but also practitioners working through
applying those. For the intermediate actions, focused on growing uptake, main actors would be a
combination of practitioners, builders/suppliers motivated to make a real difference in this space. While
for the ambitious actions, focused on helping uptake thrive, main actors would be government and
regulatory bodies.

However, Figure 9 also shows that progress in one area might rely on advancements in another. For
example, seed actions (e.g., developing consenting guidelines and initial fit out pilots) can propel
innovations into the development and adoption stages, enabling and justifying more comprehensive
actions to take root (e.g. targeting bulk builder projects and investing in intermediate scale
infrastructure). Ultimately, this visual representation aims to provide changemakers with insights into
the multifaceted nature of progress in bio-based construction, showcasing how interconnected actions
can collectively advance sustainability efforts within the sector. It highlights that a more immediate focus
on knowledge sharing is required to enable change, as well as start-up, industry, and research bodies’
investment in developing strategic partnerships to support R&D, manufacturing, and
commercialisation.
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This section presents insights from the research, situates those into relevant theories, and uses the
discussion to form recommendations specific to Aotearoa New Zealand, although many aspects may
also apply to other parts of the world.

6.1. Predevelopment to take-off transition shift

Based on the reviewed literature (Sections 1 and 2), results of the thematic analysis (Section 4) and the
analysis of suggested actions (Section 5), it is possible to conclude that numerous elements indicate that
in Aotearoa New Zealand, and internationally, uptake of bio-materials in construction is currently in
early phases, corresponding to predevelopment stage of the sustainability transitions theories (Section
2.4.2). As the Sustainability Transition Framework explains, this is also the period when innovators and
early minority are the main consumers of the innovation, according to the diffusion theory, while
majority of others are in denial that the change will be needed, and there is only an emerging sense of
style that reflects this phase of development (Figure 7; Section 2.4.3; Petrovi¢, 2023). However, given
the climate emergency and the triple planetary crisis, there is a real need to progress through this
transition faster than the normal business-as-usual models, and a regime change requires an alignment
between niche, regime and landscape to enable the acceleration. Therefore, stimulation on all levels at
the same time is needed in order for this change to be achieved faster. That is why this discussion does
not only examine the strategies commonly used to scale bio-materials within and immediately beyond
the niche uptake, but also discusses and recommends strategies that can help mature conditions for a
more intense and faster regime change.

Three aspects are critical for the preparation of general readiness for the transition on all levels. Firstly,
it is important to address denial and likely anger or resistance in the broader society early on, ensuring
readiness for change at the landscape level (Section 2.4.3; Petrovi¢, 2023). Landscape pressure for
change can take as diverse forms as strong and sustained top-down leadership which successfully brings
along the majority in society, or a demand from the grass-roots levels. Examples of top-down leadership
do not need much introduction, although these might lack sustained momentum due to political
agendas changing prematurely. On the other hand, climate protests are an example of the grass-roots
demand for change. Both pathways require a broad general groundswell of agreement to be achieved
before the particular type of change takes place. Although the interviewees spoke about a real sense of
demand for bio-materials gaining momentum, there are no indications that currently this is shared by
the majority in society at large. Therefore, more work should be done to recruit and sustain a broader
society support for a shift to bioeconomy in construction. This means that the general population should
start learning that bio-materials are an option as the building industry learns how confidently build with
those.
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Secondly, unfortunately even when there is a groundswell of agreement on something (e.g. for climate
action), this might not be easy to respond to if there is no clearly articulated solution (e.g. a clear way
to reverse the climate change). This is because the predevelopment stage of a transition can be divided
into two important steps of issue emergence and issue definition, and these stages already require a
certain level of shared agreement on what the issue is (Brown et al., 2013). Only then, it is possible to
start recruiting a broader support to address the issue. Therefore, the reported lack of definition of key
terminology in construction around what is meant by natural, bio-based, bio-materials etc. contributes
to fuzziness of the issue and effectively delaying the transition (Section 1.1). This can be resolved by
developing such definitions.

Thirdly, existing research has identified that leapfrogging steps during the transition progression tends
to be impossible (Brown et al., 2013; Brown et al., 2016). This is again because of the need of a broad
consensus, but also because it takes time to stablish social, organisational, and economic infrastructure
that is needed for the final imbedding of the new regime. For example, before cars could became the
dominating transport regime, a whole lot of new systems had to be developed including not only reliable
cars, but also petrol stations, car repair shops, drivers training and licencing, and so on. Such
infrastructure for a greater uptake of bio-materials currently does not exist, apart from for timber. This
is why timber can easily get overemphasised as the solution for a greater uptake of bio-materials,
disregarding the realities, reported by the participants and others, that much timber in construction
nowadays tends to come in combination with toxic chemicals either as glues or for chemical treatment
(Petrovi¢ and Thomas, 2024; Marriage; 2024). Therefore, it is important to start stimulating
development of the whole infrastructure needed for a greater uptake of a more diverse range of bio-
materials in construction. An aspect of that is the development of professional networks, sometimes
even as intermediaries, which help stimulate progression from one step within the transition to the
next. (This is discussed in more detail in Section 6.2.)

The transition from niche innovation in the predevelopment stage to a greater uptake and the take-off
phase can be seen as particularly risky which is why it has been recognised as “the chasm” or “Darwinian
Sea” when many innovations disappear after they appear onto the market without taking-off (Sections
2.4.3 and 2.4.4). In fact, while working on this project, it became apparent that some of the novel bio-
materials which succeeded to arrive on the market ended up financially collapsing not long after. A more
robust process is needed, so that energy is not dissipated through the business-as-usual settings which
favour incumbent actors over innovators. This is where incentives and other support could play a critical
role, but those should be used in synergy with the building of a broad consensus for landscape change,
using clear definitions, and stimulating development of the needed infrastructure at the same time.
(This is discussed in more detail in Section 6.4.)

Based on discussions from our overseas participants, large scale top-down calls for a greater uptake of
bio-materials have played a positive role in stimulating both the innovation and for the development of
the other needed intermediary infrastructure. In Aotearoa New Zealand, a similar initiative was led by
the Ministry of Education mandating a greater use of bio-materials in their projects. However, such
government-led initiatives were reported as fragile to governmental changes, which in turn can create
real setbacks. Therefore, while governmental support would be excellent, that should be combined with
a more sustained support through professional organisations and similar.
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Finally, despite the initial assumptions that different insights might emerge when examining views of
those involved with novel bio-materials compared to more established, traditional ones, no such pattern
was observed in the responses. Some stigma was still associated with even with the most established
traditional materials, and they still operated in a niche — just a bit more developed niche. Therefore,
these two groups are not separated in the discussion.

Recommendation 1: Establish a clear, consensus-based definition of natural, bio-based, bio-
materials for use in construction.

Recommendation 2: Commit to a sustained effort to build broad public and industry support
for a shift toward bio-based construction economy.

Recommendation 3: Develop and implement a multi-level strategy to accelerate and
strengthen the transition to bioeconomy in construction.

Recommendation 4: Support emerging products in moving from niche innovations to
mainstream adoption, while simultaneously developing the necessary infrastructure to
enable wider uptake.

6.2. Knowledge and “middle-out” leadership

Responses from the participants show that there is a need for more knowledge to support the transition
to a greater uptake of bio-materials in construction. More than half of the identified barriers dealt with
different aspects from a lack of knowledge or misinformation (Barriers 1, 2, 3 and 5), and the
development of knowledge infrastructure emerged strongly in the identified enablers (Capability
Enablers 1-3, Industry Enablers 2 and 3), and in specific suggested actions (Section 5).

Other researchers have already recognised leadership of those with relevant technical knowledge as
“middle-out” leadership (Janda & Parag, 2013). For the built environment, architects are typically
“middle-out” leaders, although other groups with the relevant technical expertise could also play
significant roles. Additionally, the Sustainability Transition Framework assumes that for different actors,
the transition is likely to be faster or slower (Petrovi¢, 2023). Appling this to the transition to greater
uptake of bio-materials in construction, it suggests that some groups of actors will need to know more
about bio-materials earlier than others. Therefore, one important strategy for accelerating transition to
a greater uptake of bio-materials in Aotearoa New Zealand is to support development of knowledge
needed for this transition.

The interview results suggest that direct experience with bio-materials is the key for a successful
knowledge transfer (Capability Enablers). Therefore, hands-on experiential learning through personal
experience is key, but it should be complemented and supported with the relevant scientific knowledge
as much as practical. Scaling innovation area of influence (Section 5.1.1) discusses some specific
suggestions from the participants which include trade shows and showcases, hands-on workshops,
which also feed into community building workshops, which all contribute to the building of momentum
for change but also enable peer-to-peer exchange of experiences. Knowledge sharing area of influence
summarises another range of suggestions that emerged from the data set (Section 5.1.3). These
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suggestions include more formalised ideas such as developing tertiary programmes about bio-materials,
to train students and apprentices, and creating pathways for existing industry actors to upskill. It also
contains suggestions of less formal actions such development through storytelling, using a series of
different forums for connecting and idea exchanging, leading to a sense of belonging and coherence
within the group. Because there is a need to continue developing support and momentum for bio-
materials, knowledge transfer and dissemination can also be used as to help build community to support
this and to educate general population, possibly through the same events.

Although in business-as-usual models, knowledge of this nature would gradually and sequentially
develop, for an acceleration of the transition, the most effective approach is to work simultaneously on
all levels. Therefore, in order to accelerate uptake, it is important to develop strong strategies for
development of knowledge, knowledge transfer, and a broader dissemination of knowledge about bio-
materials all at the same time.

Development of knowledge is need on three key levels:

1. Development of materials and technical solutions for their use
This level of knowledge development would be mainly in hands of innovators and new product
developers, but also requires assistance from organisations with capabilities to test the new
materials. The testing typically requires investment (the payment for the test) and that could
be a suitable intervention point for the government and larger funders to support arrival of new
products onto the market by simply developing a scheme that financially supports smaller bio-
materials start-ups by financially supporting the needed testing.

2. Development of guidelines for architects, specifiers and builders on using new bio-materials
and systems
This would include typical construction details and installation guides which were recognised as
needed in the Industry Enablers 2 and 3, and partly Capability Enabler 3. Suitable groups to help
development of such guidelines are the special interest groups of architects and builders (such
as EBANZ), but this could be supported by research and education provider organisations such
as the universities, the apprentice training providers, and organisations with the interest to
develop knowledge in building industry such as BRANZ.

3. Development of a broader professional and client familiarity with bio-materials
This is needed to help normalise greater uptake of bio-materials in construction and responds
to identified Capability Enablers, and the primary focus would be to increase general awareness
about available bio-materials and through that stimulate interest. Trade shows and showcases
could be an important part of this, and a broad range of individuals and groups can contribute
to this development, but for a real acceleration some clarity on which group is leading the
process might be useful. An existing successful example of such organisation is again EBANZ.
Potentially supporting EBANZ to grow might be a solution, or development of a handful of
organisations with some overlaps in focus. Alternatively, showcasing of applications might be a
way of directly talking to the professionals and clients. Although actions of this nature already
happen within business-as-usual, financial support for deployment of initiatives of this nature
could go a long way in accelerating uptake of bio-materials in Aotearoa New Zealand.

Jointly development of knowledge on bio-materials in construction would empower “middle-out”
leadership and help those ahead in the transition to effectively lead the groups that follow.
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Recommendation 5: Develop professional guides and practical guidelines for using a wide
range of bio-materials in construction.

Recommendation 6: Establish hands-on training programmes with bio-materials for
professionals in the construction industry.

Recommendation 7: Promote bio-materials to the general public and the practitioners
through activities such as tradeshows, showcases, hands-on workshops.

6.3. Supportive networks and radical collaboration

Participant suggestions often mentioned connectivity that can be achieved through the knowledge
dissemination activates but also explicitly spoke about importance of supportive, interdisciplinary
networks where ideas and experiences are exchanged for the benefit of all, including suggestions of
collaboration with direct competitors (Section 5.2). Although one possible explanation for this is that
bio-materials might be experienced by some as more a part of the needed solution for the planetary
crisis rather than for short-term financial gains, and other research has also recognised networks as
important for progression through the transition (Brown et al., 2013; Brown et al., 2016). This is part of
the process of developing shared understanding of on the issues and solutions and also includes
sociopsychological benefits of belonging to a group with similar views. Seen in this way, development
of strong professional networks, can help stimulate progression from one step within the transition to
the next.

Unfortunately, existing studies have revealed connectivity challenges for researchers and climate-
innovators in Aotearoa New Zealand. A 2019 study presented strong views that the current Research,
Science, and Innovation system “suffers from weak connectivity” between: researchers; research
organisations with other research organisations; businesses with public sector research; and the local
Research, Science, and Innovation system with international systems (MBIE, 2021b). Relatively low level
of governmental investment in research in Aotearoa New Zealand (Section 2.4.4), and changing funding
rules might be underpinning this. Networking and collaborative activities require time, and
underfunding can lead to a general lack of time to research, innovate and especially to connect with
others to talk about the findings. Therefore, a greater level of funding support for transition to
bioeconomy in construction might be necessary in order to achieve the needed level of collaboration
to support an accelerated transition.

Recommendation 8: Foster strong networks and connectivity through awareness-rising
activities that promote use of bio-materials in construction. Support these efforts through
research funding for bio-materials development or by stimulating their uptake in
construction.
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6.4. Regulative and government settings

Regulations emerged as part of top-down Industry Enabler 2, with discussion on policy and regulations
as one of the important areas of influence (Section 5.1.4), and also as certify category in the discussion
on types of changemaking (Section 5.2). Essentially, there was much agreement among the participants
that it was possible to achieve improvements through the adjustments to the regulative settings.

A broad range of strategic and more ambitious government support initiatives have also been discussed
throughout this report. On the less ambitious side of the range, strategic financial support for
particularly challenging steps could prove to be very useful. As this report shows, existing regulations
currently make entry of bio-materials into construction challenging, and this should be adjusted to
became more supportive of the bio-materials. For example, that might be to simply financially support
bio-materials start-ups with various testing of their products before those could enter the market, or to
develop their LCA so they can be more competitive on the market. LCA and EPD data could play a
positive role in stimulating uptake of bio-materials, but for that to be possible, data inequalities
discussed in Sections 2.2, Barrier 5, and in relation to System Enabler 3, need to be addressed.

Slightly more complex regulatory adjustments are likely to be needed to accommodate participant
suggestions to introduce manufacturer warranties to help de-risk unfamiliarity; creating easier paths for
building permits for early applications of new materials in buildings (as an exception); and development
of procurement pathways to de-risk innovation and experimentation with the new.

Finally, on the more ambitious side of the range, the government could be mandating that bio-materials
have to make a more significant portion of materials used on all government funded building projects
(for example, 50% of materials should be bio-based). This would stimulate development on all levels of
innovation and lead to accelerated scaling of uptake.

Recommendation 9: Ensure that regulatory frameworks provide equal opportunities for the
conventional and bio-based materials. Ensure LCA and EPD data for bio-materials is robust.

Recommendation 10: De-risk uptake of bio-materials in construction by creating procurement
pathways which support innovation; introducing manufacturer warranties to address
unfamiliarity; and by assisting start-ups with material testing.

Recommendation 11: Mandate bio-materials in government funded building projects.

6.5. Scaling niche innovation to market level

Although as noted earlier, business-as-usual pathways are unlikely to radically help accelerate transition
to a greater uptake of bio-materials in construction, however, this body of knowledge does offer useful
insights. The following review identifies what is needed for scaling of innovation with bio-materials in
construction beyond the niche markets. These insights provide a foundation for understanding how bio-
materials can transition from niche products to mainstream adoption in New Zealand’s construction
industry and can be used to complement other approaches discussed in this report.

77



6.5.1. “Fit-and-conform” vs “stretch-and-conform”

Theoretically, when new materials are introduced to market, it happens by using “fit-and-conform” or
“stretch-and-conform” approaches (Smith & Raven, 2012). These two contrasting market entry
strategies appear to be crucial for scaling: a conforming standardisation strategy and a radical
differentiation strategy. Recommendations for the former focused on standardising bio-materials to
appear as normal as possible to reduce perceived risk (in some cases even delaying introduction of more
natural aesthetics until market presence was achieved), whereas recommendations for the latter
focused on the opportunities for more natural and temporal products to shift perspectives on longevity
and lifespans in architecture. Both are niche empowerment strategies (Smith & Raven, 2012).

Fit-and-conform is an incremental strategy aiming to renormalise bio-materials, and introduce their
natural atypicality, through a slower learning curve as opposed risking the socio-cultural uncertainties
of acting on a radical change to the status quo, e.g. live or highly atypical materials (Forés & Camisén,
2016). One challenge of this strategy is the sustainability disempowerment of assimilating to the status
quo, such as balancing durability with ease-of-disposal or accepting introduction of synthetic
components which aid fit-and-conform but increase the environmental impact of material production,
upkeep, end-of-life, carbon, water-use, and land-use. Another challenge is that conforming bio-
materials, by mimicking the status quo, may lose their path-breaking potential and ability to stretch-
and-conform the built environment to be more circular and low-carbon (Smith & Raven, 2012). This
compromised, less natural material might later become yet another incumbent regime for bio-materials
to have to challenge. Finally, fit-and-conform might inhibit health and other benefits associated with
natural aesthetic of bio-materials.

On the other hand, stretch-and-conform is a radical innovation approach that could provide bio-material
products with first-mover advantages when applied in speed-to-market responses to windows of
opportunity in the market. In this strategy, bio-materials naturalness, atypicality, and biodegradability
would be used as political emblems for a built environment paradigm shift to embracing natural systems
(Chenetal., 2024). For bio-materials, a stretch-and-conform approach of embracing atypical and natural
aesthetics aligns with research on proving the ability of perceived naturalness to override disgust and
perceived risk’s influence on end-users’ perception (Overvliet et al., 2016).

However, one challenge of using the stretch-and-conform strategy to stimulate uptake of bio-materials
is that it is typical for more mature and established innovations (e.g. adoption of solar panels) and relies
on process of change across niche, regime, and wider socio-economic landscape levels, such as socio-
economic empowerment through control policies such as regulations or fiscal measures.

In the responses from the interviewees fit-and-conform strategy emerged as clear and sizable theme:
Industry Enabler 1: Ease of drop-in solutions. However, this should be strategically reviewed because of
the risks associated with fit-and-conform strategies and advantages of progressing with stretch-and-
conform strategies. At the very least, both approaches should be developed in parallel in order to
achieve a greater positive transition sooner.

Recommendation 12: Develop simultaneously drop-in solutions which work within existing
rules (fit-and-conform) and radically innovative approaches how to work with bio-materials
(stretch-and-conform).
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6.5.2. Import-based seeding strategy and beachhead strategy

Two strategies that might be suitable for an early stage of a greater introduction of bio-materials are
the import-based seeding strategy and the beachhead strategy. In Aotearoa New Zealand, import-based
seeding strategy is commonly used for the introduction of novel products. This is where the introduction
of new products comes via import to establish market presence and assess demand before committing
to local production (Johanson & Vahlne, 1977). This is already in process, with much of hemp being
imported from overseas until recently, and other exciting overseas bio-materials already on the market.
Unfortunately, this is a reasonably slow process.

The beachhead strategy targets less challenging segments of the market first, in order to establish a
foothold before expanding into more complex areas of the market (Moore, 2002). In order to target the
less challenging segments of the market, the innovation might be initially introduced into a product
category that is less regulated. For example, the introduction of bio-materials into construction
packaging is likely to be less challenging than introduction into the building structure. Applications of
this nature are also already on the market in Aotearoa New Zealand, or in process of arriving to the
market.

Both strategies allow companies to build experience, brand recognition, assess demand and revenue
streams before tackling regulation requirements of the construction industry, or investing in local
production. These strategies are suitable for Aotearoa New Zealand and are already implemented for a
range of bio-materials, because these are part of the business-as-usual scenario. For individual
companies or bio-materials start-ups, these are a very suitable strategies, however reliance on these
strategies is essentially reliance on business-as-usual. Therefore, for a more transformational transition,
more radical strategies would be beneficial.

Recommendation 13: Use common niche market strategies, such as starting with imports
(import-based seeding) and targeting simpler applications first (beachhead strategies), but
complement them with actions that support boarder systemic transformation.

6.5.3. Bio-materials as part of food circular systems

One of the exciting recommendations from the participants was that in order to dominate the
mainstream market, bio-materials should position and establish themselves as by-products and co-
products of the food and beverage system. In 2024, food and beverages accounted for 30.7% of New
Zealand’s GDP (NZ57,464 million), and these systems already have mature and organised waste streams
e.g. hemp, straw, and wool (MBIE, 2024).

Bio-materials could be part of formalised systems which shift agricultural waste into building materials.
This also reflects the market concept of becoming the whole product (Moore, 2002). For bio-materials
that would mean that to deliver on the low-carbon-circular-biodegradable promise, whole product
planning should be the centre of R&D investments and marketing strategies. Examples could include
development of circular system integration such as, establishing local waste resource flows; circular
fabrication systems; and product stewardship schemes. New Zealand has a product stewardship
accreditation scheme, as part of the Waste Minimisation Act (2008), which places “responsibilities for
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managing end-of-life products on producers, importers, and retailers to create incentives for circular
resource use” (MfE, 2024a). Focus is on ensuring proposed stewardship schemes achieve circular
resource use; internalized end-of-life costs; public accountability; and collaboration. Initiatives for
achieving these goals include: co-design between product groups; publicly available reports; and free
and convenient collection (Sage, 2020).

Recommendation 14: Where feasible, incorporate agricultural waste into bio-materials for
construction and actively promote its benefits.

6.5.4. Targeted showcases for experiential learning about bio-
materials

Participant responses clearly signalled the importance of experiential learning about bio-materials, and
the need for case study projects and demonstrations. However, it is important to be selective when
targeting clients and typologies, since research shows that repeated positive exposure and experiences
support learned acceptance of novel products (Haidt, 1997; Bliewicz et al., 2011). Participants
recommended targeting residential and interior applications as they have less stringent standards, cost,
and risk than structural applications and commercial projects. Interviewees explained that the reasons
for this recommendation was that residential clients were personally invested in their own health and
well-being, with self-build clients being even more supportive as they take more responsibility for risk.
Alternatively, one participant suggested targeting clients with large portfolios who can afford innovation
and, more importantly, have a responsibility to explore sustainable innovation.

Additional characteristics of early adopters for ‘green’ products in particular have been identified as a
value for uniqueness; greater concern for the environment; interest in consuming environmentally-
friendly products; less propensity for disgust; politically-liberal; younger with higher levels of education
and income, and willingness to share and collaborate as industry leaders (Dunlap et al., 2000; Forté-
Gardner et al.,, 2004; Carney et al., 2008; Inbar et al., 2009; Lapple & Rensburg, 2011; Moldovan et al.,,
2015; Newman & Fernandes, 2016; Powell et al., 2019; Graffi-Smith, 2021). Early adopters are
considered to pay for the privilege of being a first-mover, and the associated raised social status (Kenton,
2022). It is important to consider that since often early adopters are proactively searching for ways to
elevate their status and privileges — for instance, being a first-mover — and searching for solutions for
challenges they face, an understanding of what pushes, or pulls, corporate demand for bio-materials
will support identification of potential clients (Riverola et al., 2016).

Recommendation 15: In the early stages of the transition, target early adopters, such as
younger generations who tend to be more environmentally engaged and ready to innovate.

Recommendation 16: Initially, target residential projects, retail fit-outs, and similar interior
applications to showcase early use of bio-materials.
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6.6. Meaning and Social Practice Theory

Interview results should also be considered through the lenses of theories from psychology and
sociology introduced in Section 2.4.1. Preference for natural, bio-based materials, which were observed
in Driver 1, can be seen as intrinsic motivation for a greater uptake of bio-materials in construction. Of
course, many of the other factors discussed by the interviewees show that there is a complex web of
influences which might shift people’s actions from that direction, providing extrinsic motivations not to
adopt bio-materials. However, there is a real advantage for bio-materials that they are not only
preferred but also offer a range of psychophysiological benefits. Unfortunately, many other beneficial
changes needed for climate action provide shallower intrinsic motivations. Therefore,
psychophysiological benefits of bio-materials and preferences for those should be actively used to
stimulate growth of uptake bio-materials in construction.

” ou

Similarly, the triad of key components of the Social Practice Theory, the “materials,” “meanings” and
“competencies,” can be used to evaluate the findings from the interviews. Such analysis quickly shows
that there is room for development of each of those, which might to be contributing to slower uptake
at the moment. The key “materials” here are the bio-materials which are still being developed
themselves, but other equally important aspects of “materials,” the tools, regulations and other
infrastructure needed to support uptake, which are also still being developed (with the exception of
timber). Many participant responses highlighted opportunities to develop these. Similarly, the results
show that “competencies” in terms of knowledge and skills needed to work and live with bio-materials
also still need development. According to the Social Practice Theory, a shift in any of the three areas
could lead to a change in practice and therefore continuing the existing trajectory of development the
“materials” and “competencies” could lead to a positive change of practice, and of course this process

could be accelerated by using a range of earlier recommendations from this report.

However, in order to accelerate the transition to a greater uptake of bio-materials in construction,
“meaning” should also be used and that is where the situation is more complex. Responses show a
contradictory pull between natural and bio-based materials being preferred and recognised as
psychophysiological beneficial (Driver 1), while also many bio-materials are experiencing stigma (Barrier
2). This means that resolving this dynamic can present real opportunities to shift the “meaning” and
support a greater uptake of bio-materials. Discussion about bio-materials as part of bioeconomy and
food circular systems (Section 6.5.3) provides additional dimensions capable of shifting the “meaning”
towards a greater uptake of bio-materials. Further similar synergies should be sought to strengthen the
“meanings” and support a greater uptake of bio-materials, also strengthening the intrinsic motivation.

Recommendation 17: Develop and enriching the perceived value of bio-materials by linking
them with other positive concepts such as the bioeconomy, circular food systems, and related
sustainability themes.
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