
 
 

Science for Technological Innovation: 

Kia kotahi mai: Te Ao Pūtaiao me Te Ao Hangarau 

 

1 Our Strategy 

Our vision: Science for Technological Innovation, Kia Kotahi Mai: Te Ao Pūtaiao me Te Ao 
Hangarau (SfTI-TAPTAH) will enhance the capacity of New Zealand to use physical 
sciences and engineering research for economic growth through export-driven innovation in 
areas of strength and competitive advantage. Our focus is on building capacity in five broad 
portfolios of research.  

Challenge management  

The Challenge brings together leading researchers from nine organisations. They have 
expertise in fields as diverse as agri-tech, ICT, electrical engineering, biomechanics, 
materials science, and management studies.  
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We will know we have succeeded when: 

• our technologies are being used profitably by companies;  
• there is a free flow of expertise between industry and the research community, with 

joint industry/academic appointments the norm rather than the exception;  
• we succeed more often in translating research into new and better products and 

processes; and when more start-ups are created, and when 
• small manufacturing firms more often grow into medium-sized and large companies 

on the back of high-value exports. 

Our vision for New Zealand is a vibrant and prosperous technology-driven economy, with 
new businesses offering high-value services and products that may not yet have been 
invented. 

Our mission:  To enhance New Zealand’s capacity to use physical sciences and 
engineering for economic growth. 

Our new approach:  The Science Board asked us to organise our proposal ‘around more 
effective interaction between researchers and the commercial sector to enhance capacity to 
use science for economic growth’. Whilst ambitious, excellent fundamental research 
(‘Marsden-stretch’) is at the heart of the proposal our over-arching strategy is capacity 
development. That is, our research is integrated with capacity development activities that will 
ensure science will not be left stranded in the lab, and we will spread our way of working 
throughout the research sector. 
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In order to understand the implications of enhancing New Zealand’s capacity to use 
physical sciences and engineering, we sought the views of industry. As a result we see 
‘capacity’ operating in three dimensions (Figure 1): 

1. Technical capacity (science and engineering) 

2. Human capacity (ability of researchers to explain their research in easily understood 
terms to industry and end users, and to put their work into a NZ economic context) 

3. Relational capacity (the network between researchers and industry). 

4. Relational capacity (how researchers work, network and engage with industry). 

 

  

Fig 1: The dimensions of capacity 

We recognise the greatest weakness in the New Zealand innovation system lies in the last 
two dimensions; human capacity and relational capacity.  Technical capacity is the focus of 
our research projects (spearheads and seed projects). We will deliver exportable devices to 
enable in-home healthcare – technologies that empower people to manage their chronic 
conditions at home. We will develop new sensor technologies for precise and robust 
monitoring of difficult or inaccessible environments. We will combine emerging analytics 
techniques and new ICT to create value from data through better decision-making. We will 
create a new generation of additive manufacturing technologies to process sensitive 
feedstocks made from novel, NZ-sourced bio-composites, turning them into high-performing 
materials. 



With respect to human capacity, our focus will be on improving the commercial nous of the 
research community; their ability to move seamlessly between industry and academic 
environments; their ability to place their research in the context of NZ and its economic 
growth, and to explain their research in terms that industry or other end users understand. 
Entrepreneurship is also important. Every researcher involved in our projects will be drawn 
into our Challenge-wide capacity building initiatives.   

We are building relational capacity by the ways in which we work with industry in the 
spearhead projects and via our student industry engagements, but also, importantly, via the 
research we undertake in Portfolio 1 (ref Fig 2).  

Developing NZ’s capacity requires a joint effort between the work of Callaghan Innovation to 
develop the human and relational capacity of firms, and our work, which focuses on 
developing the human and relational capacity for researchers.  

We recognise that some dimensions of the problem lie beyond the Challenge. New Zealand 
is acknowledged to have thin capital markets and most NZ investors consider technology as 
an asset class too risky to invest in. Nonetheless, we will find ways of connecting the 
Challenge with investors as well to improve understanding on both sides – with for example 
researchers attending the annual NZ Venture Capital Association conference. 

Consequently we are placing emphasis on the nature of the engagement mechanisms in 
order to improve NZ’s relational capacity. The mechanisms will include co-location of 
industry with academic researchers; joint academic/industry appointments; secondments of 
industry people to research organisations; and internships. We will encourage technical 
experts to serve on boards, and will work with the Institute of Directors on training and 
preparing scientists and engineers for governance roles. In addition, to ensure that young 
researchers have industry experience as well as academic credentials when they graduate, 
all our students will undertake industry placements or projects for companies or complete an 
entrepreneurship course or participate in entrepreneurship competitions such as Spark to fill 
in their commercial knowledge gaps. Using our nation-wide networks, we will promote our 
capacity development activities and learnings to the wider NZ research community.   

 



Fig 2: The Challenge structure  

Our four Themes (ref Fig 2) relate to the technical capabilities that can be brought to bear 
on a wide range of different applications and industry sectors. The themes are:  Materials, 
manufacturing and design; Sensors, robotics, and automation; IT, data analytics, and 
modelling; and Vision Mātauranga. Each theme has a leader, whose role is to have 
oversight of projects, identify aspects that are relevant to themes, and make connections 
between researchers, to ensure that we have the right people, the right partners, and the 
right focus.  Sensing, robotics, and automation, for instance, can be applied in fields as 
diverse as transportation, manufacturing, agriculture, and forestry. Portfolios will define the 
application areas in which we work, as themes do not do this on their own. The Theme 
Leaders keep abreast of research developments in all theme areas across all portfolios, 
ensuring that our work is relevant, current, and appropriate.  

Our five Portfolios (ref Fig 2) indicate the industry sectors to which our research will be 
applied. The Spearhead projects are the specific science projects in each portfolio; 
‘spearheads’ because they open up a new area of research endeavour. The portfolios 
encompass key areas of NZ industry where capacity development has a high potential to 
step up innovation and the export performance of NZ industry. We are conducting 
observational research on the process of research/industry engagement in our spearhead 
projects to understand what works best in the New Zealand context, and to evaluate the 
effectiveness of our work and learn from it as we go via Portfolio 1 – Building New Zealand’s 
innovation capacity. Since the Māori economy has some distinctive features, there will be 
parallel case-studies of co-innovation projects between SfTI-TAPTAH researchers and NZ 
industry partners, as well as case-studies of co-innovation between SfTI-TAPTAH 
researchers and Māori organisations. 

Our approach to Vision Mātauranga and terms of reference for a Kāhui Māori have been 
informed by two Māori sector hui whose attendees were representative of both the Māori 
research community and the Māori business sector, and developed with support from the 
Interim Māori Working Party. Our Vision Mātauranga Implementation Kāhui Framework, 
described later, is appropriately based on Māori principles. The Chair of the Kāhui Māori will 
join the Challenge Management Team to ensure that overarching Challenge decisions are 
informed by Vision Mātauranga. The Kāhui Māori will provide direct, high-level advice to the 
Challenge Board to ensure that the collective Māori world view, in particular in relation to 
matters of mātauranga Māori, are well understood. The Kāhui Māori will also act as a 
conduit into te Ao Māori (the Māori world).  

The science (‘technical capacity’) defines the what; but how our projects are carried out will 
be influenced by our capacity development initiatives, and by the Kāhui Māori. Spearhead 
projects, then, do not stand alone; they are integrated into the business of the Challenge in 
developing and harnessing capacity. Further definition of our application areas will arise 
from the priority-setting and project selection process, in which our industry advisors will be 
fully engaged, as set out in the next section.   



While the initial portfolio of research is clear, addressing the question of how we will refresh 
our science is an ongoing challenge. We take seriously our commitment to be bold, and 
have determined we need to engage some visionary thinkers to help us. This ‘Think Tank’ or 
‘Summit’ will assist us to understand not only what is possible in the long term, but what is 
most appropriate for New Zealand, given our mission. They will help us set the strategic 
technology areas for the Challenge over the next 10 years whilst also providing the 
necessary contextual understanding to ensure that our future research is both stretchy and 
soundly based. These areas (or perhaps only one?) would be defined as a mission (e.g. ‘to 
the Moon by the end of the decade!’), with some level of specificity.   

 

Additionality 

The Challenge is distinctive in explicitly addressing a core of enabling science and the three 
dimensions of capacity (technical, human, and relational) as defined above. Our work does 
not replicate existing funded research, although of course it builds on existing programmes 
and capability. This is the first science programme to address capacity building in physical 
sciences and engineering head-on, as far as we are aware, and to focus on the various 
dimensions of capacity as applied to the research community.  

Further, it is the first in New Zealand to study how to enhance researcher capacity in real 
time through industry interaction, entrepreneurship, and immersion and training in Vision 
Mātauranga, and to feed back the findings to improve the continuing research process. Our 
findings will be communicated beyond the Challenge to the wider science community, 
industry groups, and policy makers, to ensure the national innovation system benefits from 
what we have learned. To that extent, then, Portfolio 1: Building New Zealand’s Innovation 
Capacity and the Challenge-wide capacity development programme will serve to de-risk the 
technical outcomes. By ensuring that we equip all our researchers with the necessary 
commercial skills, we will help to ensure that future projects do not get stranded in the lab. 
We are open to looking at other potential areas of application for the technologies, tools and 
approaches developed in the Challenge. We are committed to building Māori technical 
capacity and to applying our research results to Māori businesses. 

Finally, our approach to outreach is distinctive. We are focusing on connecting with industry, 
investors, and company directors (via the Institute of Directors), rather than on 
communicating with the general public or with schools – a busy area, in which many others 
are active. Our intention is to have a material impact on the factors that will improve New 
Zealand’s capacity to use physical sciences and engineering for economic growth, and it is 
to that end our outreach activities are directed. 

2 The Challenge – our ten-year plan 

Clever science is at the heart of this proposal. We will deliver bold, exciting science to create 
new market opportunities for NZ firms. Our initial spearhead projects are developing 
exportable devices to enable in-home healthcare – technologies that empower people to 



manage their chronic conditions at home. Existing and emerging computing and sensor 
technologies offer the opportunity to devolve care, making it more patient-centric, 
personalised, and productive. We will develop new sensor technologies for precise and 
robust monitoring of difficult or inaccessible environments. We are combining emerging 
analytics techniques and new ICT to create value from data through better decision-making. 
We are creating a new generation of additive manufacturing technologies to process 
sensitive feedstocks made from novel, NZ-sourced bio-composites, turning them into high-
performing materials. Our vision for future New Zealand is of a vibrant and prosperous 
information-driven economy, with new businesses offering high-value services that may not 
yet have been invented. 

Our research plan will be delivered over ten years with annual project reviews. We will 
introduce a second tranche of new science projects starting in Year 3, (in addition to our 
initial five projects) and a third tranche in Year 6, having taken the advice of our ‘Think Tank 
/ Summit’ on strategic research priorities. Capacity development will be part of our 
assessment criteria for new projects, so we can step up the level of interaction between 
scientists and companies, and step up the translation of innovation to business in the 
medium term. We will carry out a programme of capacity development activities, integrated 
with specific key science projects, to exemplify and promote this increased and sustained 
interaction in the long term. 

 

 

Figure 3: The staging of the science 

Research refresh and project selection  

The selection of our science (and the process by which we choose it) is one of the most 
important undertakings of the SfTI-TAPTAH Challenge, made more challenging by the sheer 
breadth of ‘physical and engineering sciences’ to select from.  



Our robust processes: 

• identify important technology areas that have potential to generate economic growth  
for NZ; 

• identify cutting edge science 
• identify projects that are delivering and terminate those that are not;  
• allow us to change direction as needed; 
• bring in new people and new ideas; 
• give the science community confidence in our science selection; and  
• retain as much of the funding as possible for the science 

The spearheads are multi-year programmes. They are subject to annual reviews, to confirm 
that the projects are still on target and the science is still fit for purpose, and any extended 
funding will be dependent on a substantive review at five years. The spearheads are 
expected to make significant progress in advancing their technologies, and linking them to 
capacity development. The spearheads were selected in a combined open-call and 
workshop process.  We used the following selection criteria:  

• ambitious, step-change science; 

• potential to contribute to NZ’s economic growth; 

• national best teams; 

• addressing an opportunity unique to NZ; 

• aligned with the portfolios and themes 

• contribution to capacity development. 

Our initial spearhead projects focus on delivering excellent, stretch science and technology 
to deliver significant economic benefits. Portfolio 1, ‘Building New Zealand’s Innovation 
Capacity’, running alongside the spearheads, will deliver insights into the determinants of 
capacity building. These insights are fed back into the research process, so that we become 
better at executing capacity development as well as understanding the determinants of 
success.  

Selecting future spearhead projects – the ‘Think Tank’  

For future spearheads, we will use a different process to identify the important, emerging 
technology areas for this Challenge. We will convene a ‘Think Tank’ - an independent group 
of big thinkers that will bring in a wide range of expertise, scientific and non-scientific. They 
will help us identify a handful of technology missions, and define areas that we should steer 
clear of. These technology missions will be defined with a level of specificity, such as 
‘Landing on the Moon by the end of the decade’.  

The technology missions should meet all or most of the following criteria:  

• involve new, emerging and potentially disruptive technologies;  
• can be applied in a unique way in NZ to generate economic growth for NZ;  



• take advantage of an opportunity or set of conditions that is unique to NZ;   
• make good scientific sense to carry out original research in NZ;  
• build capability in a globally important technology area that NZ can’t afford not to 

have expertise in;  
• have relevance for Vision Mātauranga. 

Seed projects 

In addition, each year we will run an open call to initiate 8-10 small, seed projects to bring in 
new ideas and new researchers. The seed projects may only involve a single PI, possibly 
with a PhD or Master’s researcher, and will run for up to 3 years. Seed projects must have 
clever science addressing a potentially disruptive technology area that is aligned with one or 
more of the SfTI-TAPTAH themes, and may ultimately develop into future spearheads. 
Some that have a novel capacity development attribute may become the subject of Portfolio 
1 research. 

The Portfolios and their spearhead projects    

The scope of the Challenge is broad, spanning many industry sectors and dozens of 
research disciplines. Portfolio 1 squarely addresses our mission, to build NZ’s innovation 
capacity. To give the Challenge some strategic coherence (having first consulted broadly 
with the research community), the four sector-directed portfolios cover most of the research 
topics listed in the Call for Proposals.  

Portfolio 1: Building New Zealand’s innovation capacity  

Research will tackle two big weaknesses in the New Zealand innovation system – human 
capacity (people and skills) and relational capacity (the network between researchers and 
industry).  

Human capacity 

This is the ability of our researchers to explain their research in terms that industry and other 
end-users can understand, and to place their research in the context of New Zealand and its 
economic growth. 

Relational capacity 

The ways researchers work, network and engage with industry. 

The research is based on the concept of ‘open innovation’ which theorises that to create 
value, enterprises need to acquire, assimilate and exploit knowledge from not only their own 
internal resources but also external sources. And because 'not all the smart people work for 
one particular company', this requires enterprises to connect with others. How enterprises ( 
or in this case research teams) connect is dependent on their capacity to connect. 

We are conducting observational research through multiple, parallel, real-time case studies 
on the process of research and industry engagement in our spearhead projects. We will 



understand what works best in the New Zealand context, evaluate the effectiveness of our 
work and learn from it as we go.  

Since the Māori economy has distinctive features, there will be parallel case-studies of co-
innovation projects between Challenge researchers and Māori organisations. 

Research findings will be disseminated to the wider science community as we go. 

Portfolio 2: Agri- and environmental technologies  

Agricultural and environmental technologies are two key application areas for the Challenge, 
given their importance to the New Zealand economy.  

There is significant potential for economic growth, since there is already a thriving agri-tech 
manufacturing sector with useful market share in some key export markets. And there are 
local businesses of scale in agri-tech, with a deep knowledge of export customers’ 
requirements and market trends, to commercialise the technologies developed in the 
Challenge.   

 

Revolutionising understanding of groundwater 

Research in Portfolio 2 will be initiated by a spearhead project: Inverting Electromagnetics – 
a new way to measure groundwater flow. The research aims to solve the problem of 
determining the spatially-averaged velocity of shallow groundwater, a vector for 
contaminants, culminating in a sensor system marketable to global regulators, farmers and 
consultants. 

In so doing, the research will develop and promote New Zealand’s capacity to use physical 
and engineering resources research, generate export revenue via New Zealand’s high-tech 
manufacturing sector, and benefit New Zealand-based regulators and farmers by enabling 
informed decision-making, land management and environmental footprinting.  

The research outcomes will particularly benefit Māori managing water quality and where 
mahinga kai is under threat from waterway contamination; a significant component of 
surface water is derived from groundwater. 

Sensing technologies developed in the course of the research will provide New Zealand with 
a step up in its ability to use electromagnetic sensing in harsh, inaccessible environments 
and provide New Zealand-based manufacturers with new high-tech export products.  

The research involves science questions at the forefront of several disciplines including: 

• the sensing concept requires precise manipulation of large-scale magnetic fields and the 
research will explore methods to control magnetic flux density over a large spatial extent 

• it will explore methodologies to detect the miniscule Faraday signals received at ground 
electrodes in the presence of substantial interfering signals 



• Due to non-uniform groundwater velocity sensitivity distribution, the magnetic flux will be 
characterised over 3-space; the research will formulate methods for profile sensing of 
potential difference and solving the poorly-posed inverse problem to extract 
groundwater velocity profiles 

• supporting data and methods for visualisation will be explored to determine how best to 
convey the flow and inter-relationships with other data layers to water quality managers 
and other interest groups. 

 

Portfolio 3: Medical Technology – home and community care  

Portfolio 3 will create and implement integrated technology-based solutions for patient-
centric, personalised, home or community treatment of chronic disease.  

The solutions will use advanced technologies to address key issues in measurement, 
management, and monitoring, to enable the devolution of safe, effective care to the patient 
(patient-centric) in their home or community to more optimally use clinical resources and 
improve patient outcomes. This is a systems solution approach in which each element in 
isolation may not necessarily make a significant impact. 

The MedTech sector in New Zealand is strong, although many companies are small and 
there is considerable need for capacity development to link researchers, clinicians, health 
organisations and businesses. 

Healthcare costs are driven by ageing populations multiplied by the exponential growth of 
chronic diseases, such as Type 2 diabetes, Chronic Obstructive Pulmonary Disease (COPD) 
and asthma, and cardiovascular disease that each consume 0.5-1.0% of GDP.  

Type 2 diabetes 

We have chosen Type 2 diabetes and its control via insulin management as our first 
spearhead project within this research portfolio, as well as to create a template to attack 
other chronic diseases. Type 2 diabetes is one of the  leading chronic diseases in terms of 
numbers affected and  large social and economic costs and impact.  

This spearhead project offers an opportunity for New Zealand to create next-generation care 
systems that integrate sophisticated point-of-care medical sensors and delivery systems with 
mobile communications, personalised physiological modelling, and novel medical informatics 
and monitoring.  

Direct benefits include development of novel devices and systems for care. Medical devices 
that provide better care and can reduce total costs will find ready markets in a multi-billion 
dollar global device market. 

The key technology research areas are: 

• Measurement – advanced point-of-care sensing and drug/therapy delivery 
• Management – patient-specific modelling to provide better drug or treatment dosing 

that allows patients to provide expert, patient-centric care. 



 

Monitoring – advanced informatics and ICT, linking measurement and management to 
automated monitoring algorithms, and eventually to clinical oversight, to improve productivity 
and to direct clinical resources to those most in need when they need it. 

Portfolio 4: Smart services  

Portfolio 4 aims to enable organisations too combine analytics techniques and new ICT 
methods to create value from large quantities of data through better processing, 
presentation, collaboration and decision-making tools. 

Smart services involve combinations of data capture and storage, analytics, security, 
communication, and presentation/interaction technologies. The research will be applicable in 
New Zealand, and has export potential into countries with similar ecosystems. 

Smart Services research has the potential to create economic benefits in several areas: 

• increase in export earnings for target industries 
• cost savings (due to increasing value chain efficiencies) 
• technology commercialisation (licensing platform technologies created).  

 

Many of the research projects will involve an industry partner, which presents opportunities 
to commercialise the research outputs, as well as contributing to the partner’s earnings 
through application of the research. These links will enable capacity development in the 
Smart Services area, and will be an exemplar for linking researchers and companies. 

R Five  

The spearhead project for Smart Services is R Five – a collaborative modelling effort looking 
at the effects on New Zealand businesses of randomness, risk, rivals, remoteness and 
resource limitations.  

The R Five project will create value for New Zealand primary and manufacturing industries, 
as well as leading to the development of services (through the provision of new software 
models) for both the public and private sector.   

R Five has three application areas of research: 

• value chain optimisation models led by Professor Tava Olsen 
• robust operations planning under risk led by Dr Golbon Zakeri 
• modelling Vision Mātauranga and Māori capacity development  led by Associate 

Professor Andrew Mason. 
 



Portfolio 5: Materials, manufacturing and applications  

The aim of Portfolio 5 is that by 2025 New Zealand will be selling new customised products, 
equipment and materials based on New Zealand biological resources and distributed 
manufacturing, and new companies have emerged to fuel the growing global ‘green’ sector. 

We see a big opportunity for New Zealand in the application of biopolymers – natural 
products, to create new engineered products such as new plastic-like materials suitable for 
3D printing into engineering components and furniture. 

While New Zealand has significant scientific capability in this area, we recognise that the 
science must be driven by commercial opportunities, with a tight focus on the areas in which 
New Zealand firms already have, or can build, a competitive edge. 

Not only will there be applications for industries where NZ has already demonstrated market 
share such as aerospace and marine products, farming equipment and medical devices, but 
also in established industries with aspirations to diversify into new product lines for export. 

The research will therefore be underpinned by materials and process modelling, materials 
science and design and engineering, to predict the behaviour of the engineered biopolymers 
and biopolymer composites and the design required for the appropriate equipment to 
process new materials.   

Additive manufacturing and 3D and/or 4D printing of bio-composites 

The spearhead project for Portfolio 5 is additive manufacturing and 3D printing of bio-
composites. It has four main areas of focus:  

• engineering lignin and protein biopolymers alone and in combination for processing 
by additive manufacturing 

• engineering molecular interactions to improve properties when made by additive 
manufacturing 

• engineering cellulose, lignin and protein nano/micro fibres for low shear interactions 
and aligning and layering 

• new additive manufacturing equipment for biopolymers to enable larger-scale 
processing and gradient structures. 

 
Potential application areas include furniture, appliances, electronics, sensors, marine 
components, aerospace components, agritech and medical devices. 

In the first year, the project team will consult with industry and the science community to 
confirm the specific application area for bio-based additive manufacturing that the spearhead 
will address in its research programme. 
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