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Technology, or the application of knowledge, tool and crafts, 
has long been a crucial element of industry and trade, but 
it doesn’t exist in isolation. Technology has significant 
implications for the workforce, requiring appropriate training 
and skills development.

The link between technology and skills development is even 
more pronounced with what’s commonly known as “emerging 
technologies”, those cutting-edge developments in technology.

Emerging technologies represent new and significant 
developments. Some are incremental; others constitute 
quantum leaps in knowledge. However, they all have the 
potential to spawn new products, new services and new 
business opportunities.

Australia has been at the forefront of many technological 
advances – some arising from academic endeavour, others from 
the commercial sphere where new products and applications 
have been developed to augment existing business activities. 
Already, some of Australia’s emerging technology proponents 
are world leaders in their field. Others have the potential to 
shine on the global stage, while some concepts are still on the 
drawing board and need to be further developed.

The common link between all of these is a growing need for 
specialised skills – skills not previously required, not planned 
for and, therefore, not easy to access.

Australian Industry Group recognised several years ago 
that to fully achieve returns from emerging technology, 
Australia requires a skilled workforce supporting businesses 
making investments in technology and exploring new 
market opportunities from which they can make a significant 
contribution to the local and national economies.

The current project represents the most comprehensive and 
thorough attempt to lay the foundations for a sustainable 
approach to skills development for emerging technologies. It 
builds on Ai Group’s 2002 Action Plan which called for the 
identification of cross-industry and technology-specific skills 
needed to work effectively with emerging technologies and 
assessment of the capacity of the training sector to respond to 
the evolving skills needs of emerging technologies. That plan 
sought to identify the skilled occupations utilizing emerging 
technologies. It required improved linkages between education 
and training and industry to foster the necessary skills and 
overcome any impediments to training take-up.

This study has sought input from all the major players: from 
companies already deploying emerging technologies, from 
training providers and from the broader business community. 
This input was obtained in a variety of ways – through surveys, 
one-on-one interviews, roundtable discussions and case studies. 
It includes contributions from large organisations and their 
smaller counterparts; from Australian-owned organisations and 
from the local operations of multinational companies.

The comprehensive data collection and analysis processes helped 
identify a range of common themes. These include the wide 
spectrum of advanced technology adoption – from tentative 
steps to commercialise new innovations to organisations in 
full production and looking to ramp up distribution. However, 
one of the strongest findings is the lack of comprehensive skill 
development pathways for the emerging technology sector. As 
many of the emerging technology organisations have developed 
out of scientific initiatives, their focus has been on research and 
development, rather than organisational development. Today, 
many still have less developed human resources strategies and 
lack comprehensive skills development plans. In addition, the 
unique and high-level skills involved in many of the applications 
fall outside of existing training arrangements, and in-house 
skills development is still prevalent.

The findings of this study are illuminating, and reinforce our 
view that the training needs of this vital sector can no longer be 
overlooked. If Australia is to truly benefit from the outstanding 
technical advances being made, all parties need to work 
together to ensure we have the human resources to support 
these organisations.

As in other industry sectors, Ai Group sees the need for a 
nationally consistent approach to the aligning of business 
skilling needs and the provision of education and training, 
supported by industry and training authorities at all levels.

I am happy to share the insights of our current research with the 
broader business community and hope that readers will find its 
contents stimulating and engaging. 

Heather Ridout 
Chief Executive 
Australian Industry Group

Foreword
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Introduction

Australian Industry Group’s involvement in the area of 
skilling for emerging technologies began with the Emerging 
Technologies Working Group, which produced a Report and 
Action Plan in 2002. 

The Action Plan proposed six objectives centred around 
identifying the cross-industry and technology-specific skills 
needed to work effectively with emerging technologies; looking 
at the training system and its capacity to be sufficiently flexible 
to respond to the evolving skills needs of emerging technologies; 
improving linkages and building alliances between education 
and training and industry; improving identification of skilled 
occupations utilising emerging technologies; looking at 
impediments to training take-up; and reviewing the extent to 
which current structures inhibit take-up. 

In 2004, Ai Group undertook a second emerging technologies 
project aimed at implementing aspects of the Action Plan. 
The work focused on developing an approach to accelerate 
the capacity of the training system to engage with new and 
emerging technologies. 

The current project commenced in late 2007 and consisted of 
five phases:
• Phase One – Industry case studies; 
• Phase Two – Researcher and Education and Training 

Consultations; 
• Phase Three – Survey;
• Phase Four – Solutions Roundtables; 
• Phase Five – Registered Training Organisation Emerging 

Technologies Network. 

Case studies

To investigate the skills implications of emerging technologies, 
Ai Group prepared a series of eight case studies, examining 
companies of different sizes, operating in different sub-sectors 
of the manufacturing industry, that are utilising a range of 
emerging technologies.

Among the companies studied, there was little evidence of 
common technology platforms, apart from a common emphasis 
that further development of existing emerging technologies 
such as nanotechnology and integration with more traditional 
manufacturing processes will be important.

There are some common concerns about meeting future skills 
needs, with many of the companies already experiencing 
difficulties. These challenges are pronounced for those companies 
moving from the research stage into the commercialisation and/
or manufacturing stage, where the need for technician-level 
skills arises.

Companies showed a reasonable awareness of the VET sector, 
but there was also ongoing concern that companies are not 
able to access the training they need. Registered Training 
Organisations (RTOs) were seen as lacking specific industry 
knowledge to provide adequate skills development for many of 
the companies – especially those which are world leaders and 
possess considerable in-house expertise. There was, however, 
apparent strong interest in and support for the concept of 
Technology Cadetships.

Emerging technologies: profile and 
vocational education and training 
sector implications
A profile of emerging technologies and their implications 
for the vocational education and training (VET) sector was 
developed based on interviews with education and training 
representatives and emerging technology researchers in July 
and early August 2008. 

The interviews with researchers provided a snapshot of 
the very vibrant, widespread and highly sophisticated 
research and innovation activities in Australia in relation to 
emerging technologies.

Key findings include:
• Challenge to traditional industry boundaries: The 

high level of convergence and inter-disciplinary nature 
of emerging technologies clearly has implications for the 
VET sector.

• Rapid pace of change: Many researchers spoke of the 
very fast pace of change; what is new today might be 
replaced tomorrow. They stressed the need for adaptable, 
flexible and creative workers who can move as things 
change. While things might change, VET must engage 
with emerging technologies in order to keep pace 
with developments.

The research provided strong indicators of the emerging 
technologies that will be important in the next five to 10 years. 
These include environmentally-driven emerging technologies 
and convergent and multi-disciplinary emerging and 
enabling technologies.

A number of training needs in relation to emerging technologies 
were identified. Nearly all researchers spoke of shortages or 
potential shortages in the supply of vocational skills to support 
emerging technologies. Researchers emphasised that highly 
skilled technical workers are required not only for emerging 
technologies once they move into volume production, but also 
in the pure and discovery research stage for some emerging 
technologies to assist with the testing, application and 
development of the emerging technology. 
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Training gaps were identified, with an indication that new 
training in relation to emerging technologies will need to be 
developed and referenced in most, if not all, Training Packages. 

The analysis examined the competencies and skill sets required 
by emerging technologies—both specific and more generic. The 
researchers also referred to the need for foundational industry-
specific technical knowledge as well as the need for very 
high-level technical skills to work with emerging technologies.

Generic skills such as communication and teamwork, were 
identified as crucial for emerging technologies to encourage 
the adaptability and flexibility required to keep up with the pace 
of change in many technologies. The researchers also identified 
environmental awareness, innovation skills and knowledge and 
creativity as generic skills required for emerging technologies.

The researchers recommend that the VET sector improve 
its engagement with emerging technologies and—given the 
pace of change, diversity of emerging technologies, and their 
cross-industry and convergent nature—this engagement 
must be continuous, multi-disciplinary, cross-industry, and 
potentially across all Training Packages. In addition, the VET 
sector must ensure that in implementation, trainers and the 
equipment and other resources they use are up to speed with 
emerging technologies. 

The interviews with education and training system 
representatives profiled a VET system that was under pressure 
from demand in traditional priority training areas such as 
apprenticeship training and indicated structural difficulties 
with accommodating training in emerging technologies. 
These difficulties included matching emerging technologies to 
funding categories that are based on existing Training Packages 
and qualifications; funding systems that emphasised existing 
technology demand areas over low but growing emerging 
technologies; difficulties funding the provision of equipment 
and professional development in emerging technologies; 

and the lack of nationally recognised training content and 
learning resources.

There was recognition that a different approach was needed 
if the VET sector was to successfully engage with emerging 
technology companies. It was important to resist categorising 
emerging technology demand as just another form of ‘thin 
market’; the need was to recognise that today’s niche market 
was potentially an area of future demand with an opportunity to 
develop flagship delivery that showcased both the VET system 
and the individual RTO. 

Initiatives and directions identified in other phases of the 
project were also supported by the education and training 
representatives including the importance of a network 
of RTOs to share emerging technology experiences and 
resources; the convergence of emerging technologies with 
traditional technologies to create new applications and new skill 
requirements; and the need for action across all levels of the 
VET system including Industry Skill Councils, State Training 
Authorities and RTOs if true emerging technology capability 
was to be generated within the VET system.

Securing the skills to work effectively 
with emerging technologies: findings 
of a survey of australian companies
The project’s survey was designed to identify how Australian 
companies source the skills they need to take advantage of, 
and work effectively with, new and emerging technologies. The 
survey also sought to provide insights into the capacity of the 
VET system to meet the related training needs. 

The survey generated 294 responses. Most respondents 
were companies engaged in manufacturing industries 
(65.9% of respondents), followed by services (23.7%) and 
construction (10.5%).
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It showed that Australian companies appear to be highly 
aware of new energy technologies and new environmental 
technologies, with large companies being the most aware of 
these emerging technologies. 

Companies may not have the skills they need to take advantage 
of emerging technologies—despite their recognition that 
such skills contribute to business success. A low percentage 
of respondents (16.4%) believe they have the necessary 
skills, although more think their employees are ‘somewhat 
prepared’ (59%). 

Most agree that training in emerging technologies is required 
in the next two years. For some organisations, especially large 
companies and for companies in the services industries, there 
is a continuous demand for training. 

Many companies are already training to meet future 
requirements for emerging technologies, with large companies 
and services industry companies more likely to be doing so. 

Uncertainty about the future was identified as one of many 
barriers to upskilling employees, along with the cost of training, 
employee resistance, lack of incentives and the risk of employees 
leaving after training. 

Solutions roundtables

As part of its investigation into the skills requirements for 
emerging technologies, Ai Group conducted four Solutions 
Roundtables in late 2008 and early 2009. 

The Adelaide roundtable focused on major defence projects 
which are likely to involve technologies new to Australia. 
Industry representatives predict that the peak skill and 
labour demand from the projects will be in the period 2011 
to 2015, with much of the demand being at the technician 
and paraprofessional level. A strong need is predicted for 
electronics-related skills with a particular emphasis on radar and 
communication technologies, while mechanical and structural 
technician and paraprofessional skills were also flagged.

The roundtable identified a number of impediments to the 
delivery of the needed skills. Issues covered include the need to 
‘free up’ the VET system and clarify some regulatory concerns; 
develop better partnerships in technician and paraprofessional 
pathways; improve flexibility of funding; and improve the capacity 
of the training system to recognise enterprise-based training. 

The session also considered options for attracting new 
employees, with recognition of the vulnerability of defence-
related employers due to fears by potential applicants about 
work being either short-term or not stimulating.

The Brisbane roundtable recognised the role of process 
industries and mining and mining-related engineering as a 

driver for the introduction of many of the technology and skills 
needs of Queensland. Representatives stressed that skilling for 
emerging technologies is important across all levels, not just at 
the higher skill levels.

Concern was expressed about the state’s readiness to deliver the 
required skills, with a lack of funding identified in the public 
training system to develop the training resources which are 
needed to keep pace with technology. 

On-site workplace delivery was identified as the most 
appropriate method for training in new and innovative areas, 
and such training is best delivered through partnerships 
between training providers and industry.

The Gladstone roundtable discussed technologies such as 
“clean coal” and liquefied natural gas (LNG) processing as 
emerging technologies in the region, with delegates also 
identifying minerals processing, petrochemicals, carbon 
accounting, workplace health and safety, testing and evaluation, 
and welding as skills needs.

The group noted challenges among the small to medium 
companies which recruit skilled staff rather than participating 
in training. 

The important training role of TAFE was acknowledged, but 
there were calls for more flexibility and increased engagement 
between TAFE and industry to improve training delivery at all 
Australian Qualifications Framework levels.
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Sustainability training was the key focus in the Melbourne 
roundtable, with delegates discussing both general and 
specialist sustainability training.

There was recognition of examples of strong relationships 
between training providers and industry, and recommendations 
that these relationships need to be the norm and to be 
supplemented with broader information exchanges between 
industry networks. 

SMEs were identified as targets for specific sustainability 
training, since large organisations are generally better placed 
to implement sustainable practices. 

Emerging technologies registered 
training organisation network

The final phase of the emerging technologies project is the 
establishment of an Emerging Technologies Network, a 
concept supported by nearly all of the education and training 
representatives interviewed over the course of this project.

Discussions with Manufacturing Skills Australia (MSA) 
and manufacturing and engineering Registered Training 
Organisations (RTOs) revealed moves by public manufacturing 
RTOs towards the creation of a National Manufacturing Training 
Network (NMTN). After consultation, it was decided that the 
proposed Emerging Technologies Network be integrated into 
the planned NMTN which would benefit RTOs, MSA and  
Ai Group Emerging Technologies project. 

A series of meetings culminated in an Ai Group briefing of 
NMTN members on 5 May, 2009. This meeting focused 
specifically on technician level and paraprofessional skills, and 
participants called for a whole qualification in sustainability, 
over and above the delivery of sustainability skill sets. 
Participants also called for flexibility in qualification structures 
and in delivery.

In a sign that the aims of a more formal and long-term approach 
to a network was being established, NMTN members agreed to 
appoint a consultant to manage the NMTN secretariat and to 
pursue funding for a range of implementation projects.

Participants identified the slow start of the network as a 
barrier to improved system-wide responsiveness to emerging 
technologies. The key recommendation is for continued close 
involvement of both MSA and Ai Group in the network, 
including a willingness to facilitate future meetings and to 
organise guest speakers. 

Outcomes of the emerging 
technologies project

The overall aim of this project is to increase the capacity of 
the national training system to engage with new and emerging 
technologies. This has been achieved in three ways: 
• by identifying the emerging technologies that will be 

important over the next few years and the skills required, 
particularly sustainability skills; 

• by establishing a network of public Registered Training 
Organisations that have accepted the importance of 
emerging technologies and the need to increase awareness 
and the capacity of TAFE in regards to emerging 
technologies; and 

• by increasing the coverage of emerging technologies in 
national qualifications through co-operative action with 
Manufacturing Skills Australia.

The challenges facing SMEs working with emerging 
technologies have been identified in the recognition that 
smaller organisations need access to independent advice to 
make training decisions. 

RTOs need support to be able to deliver industry-relevant 
training in new technologies and trainers need to be up-to-date 
with new technologies. There are various options available to 
achieve these outcomes, including industry release programmes 
and training delivery in partnership with industry experts. 

While the National Manufacturing Training Network has been 
established and Manufacturing Skills Australia has offered to 
provide secretariat support, additional funding support would 
benefit the Network.

The project also includes a call for public funding support to 
anticipate industry demand and allow time for the skills to be 
developed in an effort to avoid skills shortages in areas which 
will be of high economic importance. 

This project demonstrated that many of the positions which 
will use emerging technologies require the application 
of a cross-section of skills. This can include a number of 
different traditional skills, some involved at the cutting edge 
of technology and other ‘core’ skills such as problem-solving 
and communication. It is important that Training Packages are 
sufficiently flexible to be able to accommodate these demands 
for converging skills, and that RTOs are administered in 
such a way that inter-departmental issues do not become an 
impediment to training delivery. 

A key component of successful skilling in emerging technologies 
is ensuring that the skills of VET graduates are underpinned 
by foundation and industry-relevant technical and scientific 
knowledge. These skills must be complemented by transferable 
generic skills such as adaptability, flexibility, innovation 
and creativity. 
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Chapter 1

Introduction
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1.1 THE IMPORTANCE OF SKILLING FOR 
EMERGING TECHNOLOGIES 

Australian Industry Group’s involvement in the area of 
skilling for emerging technologies began with the Emerging 
Technologies Working Group, chaired by Ai Group’s then 
CEO, Bob Herbert, which produced the Report and Action 
Plan in 2002. 

The initial analysis recognised that Australia requires a 
skilled workforce supporting businesses which are making 
investments in emerging technologies and exploring new 
market opportunities from which they can make a significant 
contribution to the economy. To that end, it detailed objectives 
and strategies aimed at addressing the skills development 
issues associated with the implementation of emerging 
technologies into new and existing enterprises across a range 
of industry sectors. 

The Action Plan was a response to concerns raised by industry 
and education providers in relation to skills required to exploit 
the emerging technologies. Concerns raised include:
• The challenges of training when the emerging jobs 

associated with these new skill sets are not yet defined;
• Equipping existing workers with new skills which may not 

be adequately covered within existing training offerings;
• Defining the foundation skills required for existing 

workers to be able to readily acquire the skills needed to 
work with new technologies;

• The requirement of emerging technologies that workers 
are also able to adapt and respond to constantly changing 
technological environments;

• The inability of existing Training Package rules to provide 
the combination of technical, commercial and business 
skills required for the emerging technologies.

The Action Plan proposed six objectives centred around:
• Identifying the cross-industry and technology-specific 

skills needed to work effectively with emerging 
technologies;

• Looking at the training system and its capacity to be 
sufficiently flexible to respond to the evolving skills needs 
of emerging technologies; 

• Improving linkages and building alliances between 
education and training and industry;

• Improving identification of skilled occupations utilizing 
emerging technologies;

• Looking at impediments to training take-up; and 
• Reviewing the extent to which current structures inhibit 

take-up. 

1.2 BACKGROUND TO THE CURRENT 
PROJECT

1.2.1 Second Emerging Technologies Project

In 2004, Ai Group undertook a second emerging technologies 
project aimed at implementing aspects of the Action Plan. 
The work focused on developing an approach to accelerate 
the capacity of the training system to engage with new and 
emerging technologies. 

Essentially, this effort focused on the development of 
combinations of new generic and technology-specific 
competency standards, using a variation of the guideline 
competency standards process. The intention was that these 
generic components be endorsed as part of an existing Training 
Package until it was possible to describe the specific skills 
required in a manner consistent with normal Training Package 
guidelines. This phase looked specifically at nanotechnology 
and photonics as examples of emerging technologies for the 
development of appropriate Training Package procedures.

Another important finding of this project was the importance 
of the technician level (Diploma and Advanced Diploma) to 
emerging technology companies. It was found that as emerging 
technologies moved from research to commercialisation, the 
need for higher level VET skills increased due to the ability of 
technicians to provide early commercialisation skills such as 
the development of standard operating systems, pilot process 
development and quality assurance procedures. 

1.2.2 Queensland Capability Scoping Project 

In April 2006, Ai Group was contracted by the Queensland 
Department of Employment and Training to undertake a 
project to assess the capacity of TAFE to deliver training in 
emerging technologies, to build an understanding of demand 
for this type of training and to look at the relationship between 
the understood needs of industry and the policies of the 
education and training departments and the Queensland State 
Development Department. 

The project was designed to complement other initiatives being 
piloted by TAFE Queensland such as the Technology Cadetship 
and the implementation of the Competitive Manufacturing 
Training Package.

1.2.2.1 Issues Which Shaped the Current Investigation

Consultations in the Queensland capability project with 
companies utilising emerging technologies highlighted issues 
relevant to both the demand and supply sides of the emerging 
technologies skilling equation. These insights included:
• The companies place a high degree of importance on the 

high-level VET skills required for participation in R&D – 
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much higher than the more standardised skills needed in 
the later processes used in full commercial production;

• These companies consistently cite the need for a skilled 
workforce as a key to their future success; 

• Even in the face of extensive skill shortages across the 
economy, the companies expect to be able to recruit the 
people with the skills they need, when they need them, 
and, in the absence of locally available people, they will 
pay a premium and recruit overseas; 

• There is only a limited understanding of the vocational 
education and training sector, and a tendency to associate 
VET only with apprenticeships. The companies did 
not indicate any interest in employing apprentices, but 
recognise their need for technicians and paraprofessionals 
without linking this to VET; 

• Emerging technology enterprises are often not sufficiently 
developed to have formal human resource management 
policies, despite the importance they place on their highly 
skilled workforces;

• The companies rely on on-the-job upskilling of people 
with the technical skills that most closely match their 
requirements or alternatively use professional staff to 
undertake non-professional duties. It is not uncommon 
for highly qualified people such as university graduates 
and post-graduates – including PhD holders - to 
undertake technician-level tasks;

• The companies tend to be small, centralised around the 
founder(s) and with little functional specialisation or 
alternatively, in established companies, the emerging 
technology related development is in a separate division 
or department that mimics some of the features of the 
small emerging technology companies. This could also be 
related to a desire by large companies not to ‘contaminate’ 
highly standardised full production activities with the less 
organised emerging technology areas. Staff in emerging 
technology companies or departments need to be flexible 

and multi-skilled across many technical and professional 
areas;

• Training is complicated by the rapidly changing 
environment in which emerging technologies are applied. 
Advances in the underlying sciences affect the technology 
and processes, making it necessary for employees working 
in the industry to continuously upgrade their skills to 
maintain productivity. 

1.3 THE CURRENT AI GROUP EMERGING 
TECHNOLOGIES PROJECT

The current project commenced in late 2007, delayed in part by 
the focus on skills shortages in the traditional trades which has 
continued to overshadow the needs associated with new and 
emerging technologies. 

As indicated above, there have also been challenges associated 
with the emerging technology companies’ lack of engagement 
with VET. This is attributed to the very nature of these 
companies – they tend to be small and without the structures 
in place which help to support training; they have very little 
awareness of VET qualifications and training arrangements; 
and they are usually developing rapidly and have special needs.

The initial investigations had indicated that demand is a central 
issue in making decisions about the provision of training. 
However, there are special difficulties in addressing demand-
side planning for emerging technology training. This project 
aims to overcome some of those difficulties by attempting to 
gain a deeper understanding of:
• The skills which will be required to effectively work with 

emerging technologies; 
• A sense of the numbers, timing and skill level required;
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• The companies’ attitudes to vocational education and 
training and the opportunities to address misconceptions.

There is also a need for more information on Registered 
Training Organisation (RTO) capacity. The Queensland study 
identified that RTOs, especially TAFE Institutes, are affected by:
• conflicting priorities between meeting demand for 

traditional trades training and preparing for training 
delivery in new and emerging technologies – especially 
during periods of skills shortages;

• a need for professional development of staff;
• a need for better communication between VET providers, 

industry and Higher Education in regards to trends in 
emerging technologies.

1.4 PROJECT METHODOLOGY

The project consisted of five phases.

1.4.1 Phase One – Industry Case Studies 

To understand how industry is meeting the skilling needs 
experienced as a result of the introduction of emerging 
technologies, the first phase of the project involved the 
development of case studies of a cross-section of companies 
using emerging technologies. The companies were drawn from 
different sub-sectors of the manufacturing industry utilising 
a range of emerging technologies. The companies ranged in 
size across small, medium and large organisations and they 
were geographically dispersed. The case studies covered issues 
such as: 
• The emerging technologies currently being used by 

the companies and those being considered for future 
implementation;

• Issues around the recruitment of people with the 
necessary skills to establish and maintain the emerging 
technology applications; 

• Options pursued in upskilling existing workers;
• The availability and relevance of training; 
• The appropriateness of the skills of trainers and the 

suitability of facilities;
• Industry views on how the skilling of existing and new 

employees in emerging technologies might be improved. 

1.4.2 Phase Two – Researcher and Education and 
Training Consultations 

To identify the trends in emerging technologies and the issues 
facing education and training providers in developing training 
for emerging technologies, including opportunities and 
impediments, a series of consultations with researchers and 
education and training representatives constituted Phase Two 
of the project. 

1.4.3 Phase Three - Survey

The findings of the case studies and consultations were 
supplemented by a national survey of companies. In Phase 
Three, almost 300 companies were surveyed to determine the 
broader skilling implications of emerging technologies, drawing 
on what had been learned in the previous two phases. 

Companies across the country and across industry sectors 
were surveyed. 

The intention was to understand the extent of the issue and, 
for this reason, the survey did not focus just on companies 
that had been identified as working with new technologies; 
the survey was broadly based and took in a cross-section of 
industry sectors.

1.4.4 Phase Four - Solutions Roundtables 

Phase Four comprised a series of solutions roundtables to 
discuss conclusions drawn from the first three phases of the 
project and to evaluate proposed solutions. Four roundtables 
were held in three metropolitan and one regional location to 
include a broad representation of the groups with an interest 
in skilling for emerging technologies, including industry, 
education and training providers and careers advice network 
representatives. 

1.4.5 Phase Five – Registered Training 
Organisation Emerging Technologies Network 

The final phase of the project involved the establishment of 
an Emerging Technologies Network for Registered Training 
Organisations. The model for the Network was based on 
the network model which had been used successfully for 
the implementation of the Competitive Manufacturing 
Training Package. 

The Network will focus on the identification and provision 
of professional development needs; conduct of training and 
assessment; sharing of best practice; sharing of learning 
resources; and resolution of other issues concerning the 
implementation of emerging technologies training. It will 
include formal links to Manufacturing Skills Australia, the 
national manufacturing Industry Skills Council, to ensure that 
Network members have the latest information in relation to 
developments around emerging technologies. The Network will 
also provide input into implementation issues to Manufacturing 
Skills Australia, when appropriate. 
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Chapter 2

Case studies
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2.1 INTRODUCTION

To investigate the skills implications of emerging technologies, 
Australian Industry Group prepared a series of eight case 
studies. The case studies examined companies of different sizes, 
operating in different sub-sectors of the manufacturing industry 
that are utilising a range of emerging technologies.

In-depth interviews were conducted with these companies 
to explore their approaches to ensuring they have the skilled 
workers they need to effectively utilise these technologies. 

Because some of the interviewees have requested anonymity, 
none of the organisations discussed here will be identified.

2.2 COMPANY PROFILES

2.2.1 Company One

This Victorian industrial firm employs 500 people and 
approximately 25% of the company’s output is exported. It has 
moved from traditional manufacturing to very high technology 
processes which required not only new equipment but also the 
recruitment of professional scientific staff. The technology 
deployed in this company’s processes is a combination of 
leading edge new processes and advanced applications of some 
modern techniques which, while not new, are being used in 
highly specialised applications that are unique in Australia.

The company’s management highly values staying at the 
leading edge of technologies, and emerging technologies under 
consideration by the firm include desktop scanning electron 
microscopes which will allow staff to undertake measuring/
checking tasks that previously had to be outsourced. The 
company is also considering the introduction of further 
emerging technologies such as the use of laser erosion as an 
alternative to traditional metal shaping and cutting processes 
in high volume production.

As a company that has embraced technology since its foundation, 
this manufacturer has a Training Officer who co-ordinates 
training and delivers some core training. The company uses 
a mixture of internally developed and delivered training and 
training delivered by Registered Training Organisations. RTO-
delivered training is mostly trade training for apprentices and 
post-trade training. 

For its specialised equipment, initial training of the best-suited 
employee is done by the equipment providers or, in the case of 
one of the new processes, by company scientists. This person is 
then used to train others and Standard Operating Procedures 
are written after the machine/process is established and teething 
troubles worked out.

Skills needs are changing as the company continues to invest in 
new technology and modern manufacturing practices. Going 

forward, the company believes that it will have to diversify in 
both its work organisation by increasing the employment of 
paraprofessionals and by further developing its own training 
because the knowledge of company staff far exceeds that of 
RTOs in the technologies being used. 

2.2.2 Company Two

This Brisbane-based company is a prime example of the 
commercialisation of an emerging technology. It developed out 
of CRC research and specialises in the use of sophisticated radar 
technology for mining and engineering applications. While the 
technology is in use globally, this company’s equipment and 
applications are world leaders.

Almost a third of its 100-plus staff are engineers and the availability 
of skilled staff is likely to become a significant challenge as the 
company grows over the next three to four years. Expansion plans 
will see the company double its product lines and more than 
double staff levels. The company anticipates pronounced needs at 
the technician level as its systems continue to sell internationally, 
requiring expansion of on-site servicing both in terms of numbers 
of staff and independent capability required of technicians. The 
remote operations will require not only technical servicing skills, 
but also an ability to act independently. 

The company will also need instrumentation and information 
technology skills in the next few years.

Company executives believe that the vocational education system 
is producing trade skills that are too “siloed” for the company. 
They would like to see the training system making it easier for 
people to be trained in a mix of skills including information 
technology, mechanical and electrical/electronic skills.

Current recruitment is focused on attracting employees with a 
minimum of electronics, mechanical and ICT skills. However, 
obtaining this mix of skills in any one person has been difficult 
and the company is now shifting its recruitment focus towards 
electronic or mechanical trade qualifications as a minimum 
level and then training these new employees internally for its 
specific needs. 

While the company has so far been able to recruit at a suitable 
level for its current skills needs, it has concerns about its future 
skills needs. Its likely strategy will be to continue to recruit 
people with a basic level of skills and then provide training to 
add on and contextualise skills to the company’s specific needs.

Recognising deficiencies in current training delivery, the 
company has developed its own suite of training and assessment 
materials designed for 24/7 distance learning. Internal training 
is also being developed for various levels of staff.

In addition to a shortage of professional and technical specialists, 
the company is experiencing some shortages in administration 
and support areas including accountants and account assistants. 
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2.2.3 Company Three

This South Australian company is a leader in electro-optical 
products and uses a mixture of emerging technologies and 
traditional but high-precision technologies.

There are around 120 employees on the site and they include 
several specialist teams staffed by professional engineers; design 
teams are also made up of engineers (including professional 
engineers and physics postgraduates) and various production 
units requiring specialist skills such as soldering and circuit 
board repair.

For this organisation, future technology directions are likely 
to consist mainly of further development of current existing 
but very advanced technologies rather than the introduction 
of completely new technologies.

The technologies used and hence the skills required are unique. 
Because of this, staff retention strategies are a key element in 
avoiding skills shortages. These strategies have not, however, 
prevented skills shortages and the company faces challenges in 
meeting its needs, in particular for laser technicians. Because 
of the lack of current VET training, recruitment tends to be 
based on an assessment of interest and potential to gain skills, 
rather than existing qualifications and competencies. Even for 
professional staff difficulties occur as Adelaide University offers 
degrees and postgraduate education in some areas of electro-
optics but not full coverage. This means that the company still 
has to provide on-the-job training for both professional and 
VET staff as well as rely on equipment providers and some 
overseas training.

Due to the lack of other companies that perform similar 
work, sending staff to overseas conferences and seminars is 
also important.

Some training is provided by equipment suppliers. However this 
training was not always delivered efficiently as the manufacturers 
insist on delivering all training for each employee and do not 
release training materials or license the company to on-train 
other employees. 

To meet future needs, the company has tried offering work 
experience to school students to encourage interest in its field 
of work, but this has not been successful because most young 
people fail to understand the type of work being undertaken 
and the opportunity for a career as the technology is seen as 
too specialised.

Any additional skills needs will, at this stage, be met through 
overseas recruitment as even internal training takes two to three 
years to provide an employee with the appropriate competencies 
in any area of operation.

2.2.4 Company Four

This Brisbane biotechnology company is a subsidiary of a 
privately owned family company in the United States and is a 
leading global supplier for some of its products. The company is 
anticipating strong growth and has recently constructed a new 
plant to meet growing demand.

The company’s technologies are a mixture of leading-edge 
biotechnology in terms of solutions, materials and equipment, 
and some traditional manufacturing processes. The equipment 
used in production is very specialised with many machines 
manufactured in-house. The use of robotics and computer 
control of equipment is also common.

The company has little need for tradespersons, instead using 
professional engineers, scientists and medical practitioners 
for equipment design, and engineers for maintenance and 
repair tasks. 

Different divisions have different skills needs. One, for example, 
is staffed by science graduates with aseptic processing and 
clean room skills. Another process is highly automated, using 
robots, while a third requires fine motor skills. However, this 
reliance on professionals is seen as unrealistic and uneconomic, 
particularly as the company grows. The company is currently 
re-examining its recruitment and training practices.

Formally recognised training, usually provided by an RTO, is 
used by the company where possible. However, the company 
is also increasing its ability to deliver in-house training 
and assessment.

There is also increasing emphasis on lean manufacturing, with 
many employees undertaking Competitive Manufacturing 
qualifications through QMI Solutions. 

While the company is working with advanced technology, 
the company does not envisage adopting completely new 
technologies in the next three years but rather the further 
development and refining of the existing biotechnology and 
convergence of these skills with modern advanced manu-
facturing techniques. In regards to training, the challenges centre 
around transition from the dependence on degree-qualified 
employees to the use of technicians as production leaders.

2.2.5 Company Five

This small Melbourne-based nanotechnology and 
microtechnology company is one of the founding members 
of the Small Technologies Cluster at Scoresby. It employs 25 
people, nine with PhDs, three with a Master’s degree and 
five with bachelor’s degrees, and specialises in the design, 
integration and manufacture of polymer micro- and nano-
engineered systems for the biotech, health, agriculture, food, 
and environmental sectors. The company is growing strongly, 
predicting 50% growth per year for the next three years.
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The company operates in several areas of emerging technology 
including nanotechnology and thin packaging using lasers. Its 
strategy is to target higher-end nanotechnology applications 
rather than the more established use of nanotechnology 
intermediate applications such as nanoparticles for liquids and 
powdered products.

The company embodies commercialisation of emerging 
technologies, focusing on translating research outcomes to 
industrial applications. It sees the next round of new technologies 
arising from new ways of linking established technologies with 
nanotechnology. For example, a growth area over the next 
three to five years will be the integration of nanotechnology 
and biotechnology processes into engineered processes.

The company values a range of generic areas such as quality 
systems skills, critical thinking and the ability to manage 
development processes.

Over the next few years, the company will continue to recruit 
professional people, probably at the PhD level, as well as 
technicians. Currently, the company’s recruitment activities are 
supported by some of its VET engagement strategies, including 
supporting Swinburne University science and engineering 
students with work placements. The company has co-operated 
with local TAFEs, providing short placements for teachers in 
production, clean room and laser skills.

Besides technical skills, new recruits must have an enthusiasm 
for new learning and working in new areas, as well as the ability 
to work as part of a multidisciplinary team.

2.2.6 Company Six

This small Brisbane-based company designs and manufactures 
next-generation wireless products for cellular mobile phone 
networks. Its technology is based around super cooling of 
electronic filtering equipment to create superconductors. This 
requires skills in ceramics and cryogenics, as well as traditional 
electrical and electronic engineering. The company was started 
with assistance from both the Queensland State Government 
and the Federal Government.

The company will soon need to decide whether to continue 
manufacturing in Brisbane or whether to expand elsewhere 
to meet growing demand, with the expectation that hundreds 
of its products will be installed around the world in the next 
few years.

The company recognises the growing need for skills below the 
degree level and hence a need for effective engagement with the 
vocational education and training system. Of particular interest 
are laboratory skills, inorganic dry ceramic skills, mechanical 
assembly skills and final product tuning.

The company anticipates the need for another 30 employees 
within six months – five of them engineers, with the rest mostly 

employees at technician level. It is not underestimating the 
challenge of recruiting at the technician level and supports the 
Technology Cadetship mechanism as a means of creating both 
a pool of suitable labour and setting up a sustainable training 
arrangement for this company and others in the same situation. 

2.2.7 Company Seven 

This privately owned Adelaide company specialises in custom 
engineering of hardware and software for defence and large 
commercial customers. It employs around 60 employees across 
three sites. 

The company’s growth is tied to the success of its defence tenders 
where it has a strong record, developing a number of products 
over the years for Australian defence customers. However, the 
length and complexity of the tender process remain a challenge, 
making it difficult to predict future staff needs.

The company focuses on research and development and 
prototyping activities, centred around its core capabilities 
of electrical and electronic design. It has developed its own 
discrete product base and also provides support to larger 
prime contractors.

The level of technology used can vary from standard consumer 
electronics to advanced electronics and no major technology 
developments or changes in direction are anticipated in the 
short to medium term based on current defence requirements, 
although some new technologies, especially in the radio 
frequency (RF) area are being discussed. 

Skilled staff include technicians who are mostly engaged in 
hardware installation, development and prototyping and a 
larger number of professional staff who are responsible for 
software development.

Because of the small number of technicians employed, 
recruitment has not been a major difficulty. Typically, vacancies 
are filled via close networking with other companies and 
Defence Forces. However, the company is aware that it may 
face skills shortages in future, for example if radio frequency 
(RF) technologies expand.

The success of its networking approach to recruitment has 
meant the company has not considered recruiting school-
leavers. It has, however, employed graduate engineers and used 
in-house training to develop the skills it needs.

It is unlikely that this company will embrace Technology 
Cadetships or other training mechanisms until the company 
grows exponentially and only then if recruitment becomes 
difficult. The three- to four-year cadetship is seen as too long a 
commitment compared to the length of a typical defence contract.

The company also sees current TAFE Electronic Diplomas and 
Advanced Diplomas as providing good basic skills, but these 
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are not immediately relevant to its products and technologies 
and in-house training would still be required.

2.2.8 Company Eight

This publicly listed company based at Queanbeyan, NSW 
is in transition from a research and development focus 
to a manufacturing operation. It is a pioneer in solar cell 
technology - one of the few companies worldwide working 
on third-generation technologies. From the perspective of 
this project, both the third-generation solar cell technology 
and the facilitating nanotechnology are examples of 
emerging technology. 

The company currently employs approximately 60 people, 
and around 50% of staff are professional scientists with at 
least a bachelor’s degree. There are six engineers and 10 to 
12 technicians. Some of the technician-level employees were 
employed straight out of school, while the rest have a TAFE 
Diploma or Certificate-level qualification. 

As the company grows, it is becoming harder to access employees 
with sufficient chemistry and nanotechnology knowledge both 
at a professional and a paraprofessional level. In three years’ 
time, growth could see the company employ up to 300 people 
in Australia - at least 80 of them in the Queanbeyan facilities.

Current recruitment practices consist of traditional vacancy 
advertising, with candidates assessed in terms of suitability 
for training rather than ability to immediately work on the 
company’s processes and technologies. Future needs are likely 
to involve more technicians, and skills required are changing 
at both the professional and paraprofessional level. While it 
previously needed research and development skills, this is now 
shifting to skills in production systems. 

Future technician-level skills requirements are likely to be in 
chemical production, equipment design and research and in 
manufacturing test cells and panels. Technicians will require 
chemistry, mathematics and physics literacy; understanding 
of chemical processes and chemical safety; and some grasp of 
nanotechnology.

Some attempts have been made to co-operate with the 
Canberra Institute of Technology for specialised training, but 
CIT requires evidence of sufficient demand before launching 
suitable electives, and to date the level has not been adequate, 
with the company’s needs not sufficient to warrant curriculum 
changes or delivery. 

Because of the specialised nature of its manufacturing 
processes, the company anticipates that it will always need to 
provide additional specific in-house training to newly recruited 
chemical technicians.

In the equipment design and research area, the desired 
technician skills are for both chemical and mechanical skills 

and an ability to comprehend at a theoretical level the processes 
that are being controlled by the equipment. Again, additional 
specific in-house training is anticipated.

The company does not have a dedicated trainer, and 
training is usually delivered by the scientists or engineers in 
each department.

The company supports the Technology Cadetship concept, 
seeing this as a way of establishing interest and a future supply 
of skills, both for itself and other companies that are working 
with emerging technologies. 

2.3 Conclusion

The case studies cover a broad range of technologies with a 
mixture of differing skills required. There was little evidence 
of common technology platforms, nor agreement on which 
technologies will come to the fore in the next five to eight years 
apart from a common emphasis that further development 
of existing emerging technologies, e.g. nanotechnology, and 
integration with more traditional manufacturing processes will 
be important.

There was, however, consensus on some of the challenges. 
There are some concerns about meeting future skills needs, 
with many of the companies already experiencing difficulties. 
These challenges are pronounced for those companies moving 
from the research stage into the commercialisation and/or 
manufacturing stage, where the need for technician-level 
skills arises.

Most of the companies currently have high proportions of 
professional staff, but many envisage a change in employee 
mix, with a focus on technicians. Few anticipate increased need 
for tradespeople.

Companies showed a reasonable awareness of the VET sector, 
but there was also ongoing concern that companies are not able 
to access the training they need. Most training appears to be 
custom in-house skills development delivered either by in-house 
professionals or by equipment suppliers, but the latter was seen 
as less desirable because it does not engender the development 
of in-house capability. RTOs were seen as lacking specific 
industry knowledge to provide adequate skills development 
for many of the companies – especially those which are world 
leaders and possess unrivalled in-house expertise.

While there was recognition of the need to attract school-
leavers into the emerging technologies, there were few 
examples of successful engagement and strong evidence of 
significant challenges in this regard. At the same time, there 
was apparent strong interest in and support for the concept of 
Technology Cadetships.
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Chapter 3

Emerging technologies: profile 
and VET sector implications
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3.1 INTRODUCTION

This chapter provides a profile of emerging technologies 
and considers the implications of those technologies for the 
vocational education and training (VET) sector. 

3.1.1 Methodology

The methodology for this work included conducting interviews 
with emerging technology researchers in July and early 
August 2008, and conducting a small amount of follow-up 
desk research. The interviews provided a snapshot of the 
very vibrant, widespread and highly sophisticated research 
and innovation activities in Australia in relation to emerging 
technologies. Our ‘smart, enterprising population, robust 
R&D infrastructure, supportive government and stringent IP 
protection make Australia an attractive location to establish and 
conduct research activities’.1

While the interviewed researchers represent a limited sample of 
Australian researchers involved with emerging technologies, the 
findings provide information that could validly inform future 
work on emerging technologies and VET provision (based on 
the standing of the interviewed researchers, commonalities in 
some of the views expressed, and the insights they provided into 
a wide range of emerging technologies). 

3.2 PROFILE OF EMERGING 
TECHNOLOGIES

This section provides a profile of emerging technologies, 
commencing with some definitional issues and then profiling 
the range of emerging technologies with which the researchers 
were involved and providing insights into emerging technology 
skill sets and training demand.

3.2.1 Defining ‘Emerging Technologies’

Essentially, technology is about how people change, adapt and 
use the world to meet its challenges. Emerging technologies are 
those tools and techniques which, while they often involve fully 
considered theories, are new or novel in their essence or in their 
application and context, and usually have not moved to the full 
volume production or commercial stage. 

Given the time lag between the commercialisation of any 
technology and the availability of nationally recognised training, 
it is important that the VET sector considers not only those 
technologies that are in the applied research stage, but also those 
emerging technologies that are in early commercialisation. 

Some of the interviewed researchers referred to ‘emerging 
technologies’ that are currently being deployed commercially 
(but for which there are training gaps). Therefore, this report 

uses some examples of emerging technologies that are in early 
commercialisation—this appears to be consistent with the 
researchers’ differing definitions of emerging technologies. 

3.2.2 Emerging Technology Sub-Sets

Some emerging technologies, such as nanotechnologies, 
photonics and ‘smart’ materials, are essentially ‘enabling 
technologies’—these emerging technologies facilitate and 
converge with other emerging technologies across very diverse 
industries and applications, potentially in all industries. 

1 Australian Government 2007, Nanotechnology Australian Capability Report, Third Edition, 
page 2.
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‘Converging technologies’ include those that combine with other 
technologies and cross traditional boundaries, thus requiring 
broader notions, and having implications for potential ‘silos’ in 
VET that align with traditional industries or industry sectors. 

Emerging technologies can also include those defined as 
‘disruptive technologies’—technologies that challenge the status 
quo and displace accepted technologies, causing a complete 
paradigm shift in practices, and having wide commercial and 
social impact. For example, the Internet can be thought of as a 
disruptive technology. 

‘There are various levels of emerging technologies defined mainly 
by the level of risk they encompass. Disruptive technology is 
generally at the bleeding edge and has no currently defined 
market or product platform that it has been commercialised in. 
This is often difficult (high risk) to get into an application because 
by its very nature it is making the existing product system/
platform obsolete.’ 21

At the other end of the spectrum are the applied technologies—
those that have been prototyped, trialled, tested, and accepted 
into the mainstream.

3.2.3 Complexities in Profiling Emerging 
Technologies

This project was required to develop a profile of emerging 
technologies and a picture of those technologies that might be 
‘over the horizon’, say five or 10 years into the future. However, 
the research revealed that classifying emerging technologies 
is somewhat difficult given their scope and scale—the term 
embraces widely diverse discoveries, collaborations, products 
and processes that can be complex in themselves and in their 
sub-sets, in their industry, enterprise and sectoral applications, 
and in their relationships and contexts. 

Old technologies are being reinvigorated and new technologies 
are old in some contexts and new in others; technologies are 
converging and blending—and an emerging technology such 
as nanotechnology can have widely diverse applications across 
a range of industries, enterprises and sectors, requiring diverse 
skill sets and knowledge (which is also likely to be very fluid 
across time). 

Take energy sources for example. Wind power generation is 
‘old technology’ but modern wind farms are not—the wind 
blades are made from highly sophisticated materials and they 
are driven using complex computerised systems. Solar energy 
sources, too, are not ‘new’, having been around for decades 
using silicon wafers—but wearable polymer materials providing 
chemically enhanced solar energy capture are. Materials are 
also emerging technologies in some industries, but not in 
others. Composites have been used for decades in aerospace 
applications and in more recent years the Formula One end of 

2  Researcher’s comments are added to this report in this format to provide additional 
insights (but not referenced to source).

the racing industry—but now they are finding applications in a 
diverse range of other industries, demanding appropriate skill 
sets in those settings. 

While all these technologies might not be ‘emerging’ in that 
some have moved into full production, they are illustrative of 
the complexity of classifying technologies across industries, 
complicated further by the blurring of industry boundaries 
with the convergence of emerging technologies.

This ‘classification’ difficulty suggests it might also be complex 
for those bodies developing nationally recognised training 
to engage with emerging technologies. Current research in 
Australia is hugely diverse—for example, the CSIRO has 40 
divisions working on numerous research areas. In terms of 
nanotechnology alone, the research effort is huge. ‘Australia 
has a reputation for scientific and technological creativity, and 
its powerful network of more than 75 nanotechnology research 
organisations and around 80 nanotechnology companies is 
ensuring a rich flow of commercial products.’ 3

3.2.4 Drivers of Emerging Technologies

Most of the emerging technologies that researchers described 
provide new and novel approaches to solving today’s problems 
such as climate change, global warming, declining fossil fuels, 
the need for sustainable energy sources, and population 
growth—with these key issues driving the need to find new ways 
of operating and more efficient and alternative technologies. 

The strong imperatives to meet environmental challenges mean 
smarter, more energy-efficient and sustainable technologies 
are replacing or enhancing the old technologies. This is a key 
driver for technological change—emerging technologies related 
to the environmental challenges we face are, according to one 
researcher, ‘going to be huge’. Emerging technologies related to 
environmental considerations will include all industries, not 
just be confined to any one industry or industry sector. 

3.2.5 Emerging Technologies Details

The tables on the following pages provide summaries of the 
emerging technologies for which the researchers provided 
specific details; it also lists a wide range of emerging technologies 
that were either briefly referred to by researchers or noted on 
their websites or in other provided sources. In reading this data, 
it is important to note how the emerging technologies converge 
and inter-relate. 

3 Australian Government 2007, Nanotechnology Australian Capability Report, Third Edition, 
page 3.
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CARBON	DIOXIDE	CAPTURE	AND	GEOLOGICAL	STORAGE	(CCS)

DEFINITION	AND	INDUSTRY	COVERAGE DEVELOPMENT	STAGE	&		
POTENTIAL	NUMBERS

TRAINING	NEEDS	AND	POSSIBLE		
VET	PRIORITIES

Carbon dioxide capture and geological 
storage (CCS) is an emerging technology 
aimed at reducing greenhouse gas 
emissions released into the atmosphere. 
It involves the capture, transportation 
and long-term storage of CO2 and other 
greenhouse gases in deep geological 
formations underground. 

‘CO2 sequestration is made up of two 
technologies– CO2 capture and storage. 
In CO2 capture, carbon dioxide is collected 
from gaseous emissions – (anthropogenic 
or human-made) – arising from fossil-
fuelled power plants. Emissions are 
captured, the CO2 is stripped out by 
chemical methods, and the CO2 can be 
reused. In CO2 storage, the captured gases 
are injected into geologic formations like 
sandstone or limestone saline aquifers and 
old oil and gas fields and they have the 
ability to remain for centuries or longer. 
CO2 sequestration efforts are those that 
combine carbon capture and storage 
by injecting anthropogenic CO2 streams 
underground.’4

Industries potentially affected include 
power generation, coal mining, and oil and 
gas. Other industries with CO2 and other 
greenhouse gas emissions are potentially 
affected including steel making, smelters 
and refineries. Construction industries also 
involved in developments. Community 
services and health also involved re social 
and health impacts. Business skills such as 
project management, economic modelling 
also involved.

Further	resources	and	contacts:

CRC for Greenhouse Gas Technologies 
http://www.co2crc.com.au/

The Process Group http://www.
apexprocess.com.au

Schlumberger (pronounced ‘slumberjay’) 
http://www.slb.com/

This emerging technology involves 
techniques used in some countries on an 
industry scale, but not yet in Australia—
here it is at the early demonstration stage 
with the first demonstration plant on line, 
and is moving at a fast pace. The Process 
Group has recently announced it will be 
retrofitting the Hazelwood Power Station 
with carbon capture and sequestration 
technology (the first carbon capture plant 
to be installed in an Australian power 
station and the first to use carbon to treat 
waste water).

In volume production, the CCS networks 
that will be required to store millions 
of tonnes of emitted CO2 underground 
will involve a large scale effort (in one 
researcher’s words, ‘magnified a thousand 
fold to today… what we are seeing now 
in terms of employment is peanuts’). The 
next 10 to 15 will see a huge expansion in 
CCS involving associated power plants and 
infrastructure. 

Currently there is a shortage of 
professionals, para-professionals and 
technicians with training in engineering 
(chemical, civil and mechanical) and 
geoscience disciplines, and particularly 
of those with CCS experience (the 
same people are in great demand in the 
petroleum industry). Para-professionals will 
be in demand once the industry moves 
to commercialisation (a similar ratio of 
professionals to para-professionals as 
currently in the petroleum industry). Roles 
might include: laboratory technicians; field 
assistants / technicians; drill rig operators 
and all associated roles; manufacture 
and construction such as pipelines and 
new power plants; and roles in training. 
Given climate change imperatives and the 
Government’s 2010 emissions targets, 
there is likely to be significant labour 
demand at the research stage and even 
more once the technology moves to 
commercialisation. There could also be 
expansion if new oil and gas reserves are 
discovered.

This is a highly multi-disciplinary 
emerging technology—involving diverse 
other technologies (including enabling 
technologies) and a wide range of 
industry roles and disciplines including 
professionals and paraprofessionals in 
geosciences, atmospheric, environmental 
and other sciences; chemical, reservoir 
and mechanical engineering; drilling 
and surveying; construction and 
manufacturing; OHS; and public relations. 

Very adaptable people are required to 
meet needs. Values education is also 
important with advanced energies, (and 
is important across all industries). The 
skill sets are there on the storage side in 
the oil and gas industry (that industry is 
about getting substances out of the earth, 
this is about keeping them in) but need 
‘tweaking’ for CCS. Capture and related 
activities are what is new. The industry 
will require people with skills in reservoir 
engineering, chemical engineering, fluid 
movement, geology and economics, and in 
power plant and refinery technologies. 

• In the capture side, people need chemical 
engineering and science backgrounds, 
and knowledge of the properties of CO2. 
In the past, industries have captured CO2 
for production purposes, but with CCS it 
will be on a far greater scale and people 
will be required to do a whole range 
of monitoring and related activities in 
relation to a stationary source of CO2 (as 
opposed to emissions related work say 
with vehicles). Work will be in big coal 
producing areas (Queensland, Hunter 
Valley and Latrobe Valley, and in WA re 
natural gas).

• In the storage side, the skills and 
knowledge are not new but need 
adjustment. In storage, people need 
backgrounds in geology and physics, 
knowledge of CO2 properties, and skills 
in monitoring and verification processes 
(for checking the gas stays where it is 
supposed to). In addition, knowledge 
in relation to project management and 
modelling of the economics of plant 
location are required. Roles include soil 
and water sampling and checking seismic 
activity and reactivation of fault lines.

4 From Process Group website at www.apexprocess.com.au/Home/tabid/56/mid/446/newsid445/18/PG-Signs-Carbon-Capture-Contract/Default.aspx 
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ENGINEERED	GEOTHERMAL	SYSTEMS	(EGS)	AND	GEOTHERMAL	POWER	GENERATION

DEFINITION	AND	INDUSTRY	COVERAGE DEVELOPMENT	STAGE	&		
POTENTIAL	NUMBERS

TRAINING	NEEDS	AND	POSSIBLE		
VET	PRIORITIES

The EGS emerging technology involves 
tapping the heat stored in rock strata at 
least 5 km below the surface.

Underground water heated by volcanoes 
is already used for heating and electricity 
generation in countries like Iceland and 
New Zealand. The new push is to mimic 
nature by creating artificial water-heating 
systems using hot subterranean granites. 
The resource is potentially endless: while 
each patch of rock will cool as its energy 
is drawn off, it will heat up again if left 
alone.

Further	resources	and	contacts:

Australian Geothermal Energy Group 
(AGEG)

www.pir.sa.gov.au/geothermal/ageg

Research includes investigating 
technologies for enhancing geothermal 
reservoirs for commercial heat extraction. 
In Australia this emerging technology is 
at the applied research stage. An example 
is a Cooper Basin trial at Innamincka SA 
(which has very hot rocks underground). 
This trial aims to be the first to prove 
that deep-earth geothermal power is 
commercially viable. 

‘In theory… there’s enough heat in the 
rocks of the strata, on which Innamincka 
sits, to replace all the coal-fired power 
stations in Australia for more than 250 
years… one cubic kilometre of hot granite 
has about the same stored energy as 
40 million barrels of oil. With several 
thousand cubic kilometres of these 
granites, Australia has enough heat to last 
millennia.’5

Workers in this area require backgrounds in 
geology and physics knowledge.

A watching brief on the trialling of this 
emerging technology for VET implications 
and the adequacy of existing training 
is advisable.

HYDROGEN-RELATED	ENERGY	SOURCES

DEFINITION	AND	INDUSTRY	COVERAGE DEVELOPMENT	STAGE	&		
POTENTIAL	NUMBERS

TRAINING	NEEDS	AND	POSSIBLE		
VET	PRIORITIES

Hydrogen-related energy storage is being 
researched in the search for sustainable 
affordable alternatives to fossil fuels and to 
reduce greenhouse gas emissions. 

Potentially this involves a wide range of 
industries that require energy sources. 

Applied research is being conducted on 
materials for hydrogen storage. 

While hydrogen related technologies are 
reasonably well advanced there are also 
huge problems to be overcome in storage 
and production. 

Nano-structured materials could be used 
to assist with hydrogen storage (hydrogen 
gas is highly flammable and presents 
challenges in storage and use).

People will need to be able to work with 
new processes and meet high degrees of 
quality in manufacturing and in sectors such 
as utilities and transport. There will also be 
a need for workers able to service the new 
materials and technologies—to deal with 
new modes of energy storage. 

This is a big shift for people used to working 
with fossil fuels—the new materials will 
not be as forgiving as the old. There are 
different types of risk. People have adapted 
to the risks with materials we use today 
and will need to adapt to risks in the future 
with new materials with different properties 
and functions. Everyone will have to be very 
conscious that the risks are different. (This 
also applies to nanotechnology.)

A watching brief on the trialling of this 
emerging technology for VET implications 
and the adequacy of existing training 
is advisable.

5  Time Magazine, Thursday, Jun. 26, 2008 Deep Heat by Roy Eccleston, article can be accessed at http://www.time.com/
time/magazine/article/0,9171,1818068,00.html (file provided by an interviewed researcher)
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SOLAR	COOLING

DEFINITION	AND	INDUSTRY	COVERAGE DEVELOPMENT	STAGE	&		
POTENTIAL	NUMBERS

TRAINING	NEEDS	AND	POSSIBLE		
VET	PRIORITIES

This emerging technology uses solar 
thermal energy for air-conditioning 
systems. In very simple terms—water or oil 
is heated by solar and then the heat drives 
the machine that cools the air. There are 
two machines involved—one for collecting 
the heat and one for the absorption 
chilling. 

The system is complex and consists 
of components that need to be built, 
operated and serviced through their life 
cycle. There are no standards yet for solar 
cooling but there will be in the future. It 
could save huge energy costs in a wide 
diversity of applications.

Further	resources	and	contacts

A ‘Solar cooling interest group’ has just 
been formed to promote the solar cooling 
technologies in Australia to relevant 
people, and develop a roadmap for 
the commercialisation of this emerging 
technology in Australia (contact Dr 
Paul Kohlenbach, CSIRO email Paul.
Kohlenbach@csiro.au or phone  
02 4960-6107). 

This is at the applied research and early 
commercialisation stage in Australia.

In Europe, where this technology is more 
advanced into commercialisation, the 
technology started to be rolled out with no 
qualified people, and the poor quality of 
the builds put people off the technology. 

This is an important emerging technology 
that will increase as demands for ‘greener’ 
cooling systems increase.

Depending on the uptake of this emerging 
technology, there could be a huge need for 
technicians and mechanics with the right 
skill sets. 

Technicians will need good plumbing and 
refrigeration skills, but also whole new skills 
and knowledge, especially for custom-
built commercial applications (in domestic 
settings they will be ‘plug and play’).

This emerging technology requires very high 
skills and new skills. Skills need to be more 
in the areas of hydraulics, including ways 
to lay out the piping; observing different 
OHS risks—the technology involves high 
temperature water or oil; and observing 
tight tolerances (workers need much more 
precise skills). 

The solar cooling interest group is 
considering guided industry tours of plants 
where the technology has been put into 
operation—teachers and technicians could 
see how to install the technology and 
engage with the issues involved first-hand. 
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POTENTIAL	NUMBERS

TRAINING	NEEDS	AND	POSSIBLE		
VET	PRIORITIES

Advanced composites are enabling 
technologies with wide applications across 
diverse industries. Composites are products 
made up of two or more dissimilar 
constituent materials (for example, glass, 
carbon or aramid fibres combined with 
a thermosetting resin) that are stronger 
together than individually. Composites 
as such are not new (perhaps the first 
composite was the mud brick). However, 
the application of Advanced Composite 
Materials is an emerging technology at the 
industry level in non-aerospace industries 
and in diverse industry applications, with 
developments and innovations largely 
driven by ‘green’ considerations. 

The technology enables structures to be 
efficiently moulded into a range of shapes 
and increasingly these are becoming more 
flexible with new developments (moulding 
in one piece).

New applications for advanced composites 
are largely being driven by the need for 
fuel efficiencies (‘lighter, stronger, safer’ 
transportation) and other ‘green’ responses 
such as the use of alternative energies. 
An example in an automotive application 
is composite production based on 
commercially available 3D knitting machine 
technology, developed for the textiles/
clothing industry, to produce one piece 
preforms made from materials like Kevlar 
and natural fibres (a process not applied to 
composites before).

‘Composites are an enabling technology, 
used across an extensive range of 
industries for a wide range of applications 
and contributing to growth in a diverse 
range of industry value chains from utilities 
through to boat building, manufacturing 
and industrial applications, aerospace, 
consumer products and construction 
products. As this sector develops and 
capabilities increase, applications for 
composites increase exponentially.’6

Diverse new applications, processes and 
materials for advanced composites are 
being developed and trialled. 

These include engineering applications 
and metal and hardwood replacement 
applications across a wide range of 
industries such as building, recreation, 
mass transportation, resources and mining, 
oil and gas, and utilities; and in novel 
applications such as bridges (being trialled 
in the US). 

While composites have been used in 
the aerospace industry for decades, 
fabrication processes have undergone 
substantial evolution in recent years 
with new developments in pultrusion, 
vacuum infusion, low pressure moulding 
compounds, and UV curing prepregs—and 
the composites industry is changing with 
these more sophisticated developments. 
The traditional way to lay up composites 
was layer by layer. Processes are now 
moving into robotics and using technology 
from the textiles industry to speed up 
processes with fewer steps (trying to 
emulate metals technology). 

The next steps will involve nanotechnology 
and photonics in advanced composites. 
For example, carbon nanotubes have 
great strength, are light and could 
replace traditional carbon reinforcement 
in structures, and nano additives for 
UV-resistance are being investigated. 
Photonics are also being investigated—for 
example sensors to identify impact built 
into the materials would allow faults to be 
automatically detected. 

While training exists in plastics and rubber 
technology it is also needed in emerging 
technologies in relation to advanced 
composite materials in many industries. 
This is not about the training for one-off 
applications such as making spas and 
bathtubs, but emerging technologies 
and applications. Advanced composites 
involve product design and manufacturing 
challenges that cross industries—the lines 
between sectors are increasingly merging 
and solutions need to be cross-sectoral. 

With emerging developments, more 
advanced skills and knowledge will be 
required across industries. These could 
include competencies for more advanced 
automated engineering processes using 
composites; advanced CAD/CAE skills; 
materials science, dealing with the materials 
and materials handling issues; mechatronics; 
chemistry knowledge and applied 
chemistry-related skills; OHS; materials and 
process engineering; nanotechnology and 
photonics; and physics. 

Where composites replace traditional 
materials (such as metals) skills will need 
adjustment; advanced composite materials 
behave differently to metals and have 
advantages and disadvantages that must be 
overcome. For example, they are corrosion 
resistant but have impact problems; there 
are OHS issues in handling chemicals; and 
machining with composites is very different 
to metals.

In addition, training in automated processes 
will be required. To date manufacturing of 
composites has been very labour intensive. 
Larger scale bulk manufacturing requires 
automation of processes and repeatability, 
and for the technical aspects to be covered. 
The big challenge in non-aerospace 
industries is to automate and speed up 
manufacturing processes.

People will have to have wide and high level 
skills—not just traditional ‘trades’—they 
have to understand chemistry and materials 
science. While basic skills are needed, 
fewer people are going to be applying 
these themselves; for example, they might 
need to manage robotics and computer 
processing applications. People need to be 
adaptable and understand that technology 
is constantly evolving—the training

6 Composites Australia 2006, The Australians Composites Industry Profile, page 3
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ADVANCED	COMPOSITE	MATERIALS	(CONTINUED)
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POTENTIAL	NUMBERS

TRAINING	NEEDS	AND	POSSIBLE		
VET	PRIORITIES

Resources	and	information

The website of Composites Australia  
www.compositesaustralia.com.au 

(Industry survey of training needs at  
www.compositesaustralia.com.au/pdfs/
survey.pdf)

These developments, and applications in 
a wider range of industries, are likely to 
continue as replacements for traditional 
materials are sought. For example, 
the automobile industry will use more 
advanced composites in gas or electric 
powered vehicles in the future to reduce 
vehicle weight. 

technicians and others have done will 
not be static—it will need to be regularly 
updated to keep pace with rapid 
technological change.

There are labour shortages in composites 
and the demand will increase rapidly once 
the technologies are adopted in a range of 
industries; for example the building industry. 
It could be that uptake is being delayed 
by the lack of engineers being trained in 
advanced composites. Engineers, technicians 
and others need to be aware of the 
application of new materials and processes. 

ADVANCED	POLYMERS

DEFINITION	AND	INDUSTRY	COVERAGE DEVELOPMENT	STAGE	&		
POTENTIAL	NUMBERS

TRAINING	NEEDS	AND	POSSIBLE		
VET	PRIORITIES

Emerging technologies in polymers 
are diverse and apply across many 
sectors of the economy such as food, 
bio-sciences (medicine), horticulture, 
energy, mining, agriculture, building and 
construction, coatings and surfaces, and 
manufacturing—as enabling technologies. 

Further	resources	and	contacts

Polymer CRC www.crcp.com.au 

Current research is involved with 
developing polymers to solve emerging 
problems—global challenges being 
posed by issues such as climate change, 
declining fossil fuels and population 
growth are driving the need to find new 
ways of operating, and more efficient and 
alternative technologies (and polymers 
could provide some of the solutions).

Examples of possible new applications are 
extremely diverse; one example being the 
potential for polymers injected with drugs 
to target the delivery of the drugs into the 
body (say in prostheses).

In part because of the likely application 
of emerging technology polymers across 
virtually all industries, the competencies 
required by workers are perhaps best 
expressed generically. 

Required competencies are likely at the 
higher end as more and more process-
related work goes off-shore. The generic 
skills described in Chapter 3 of this report 
apply (including being highly technologically 
savvy, adaptable, innovative) along with 
materials science skills and knowledge. 
Workers will be required to move what 
is now happening on laboratories into 
production processes in enterprises. 

The scale and scope of workers directly 
involved with polymer emerging technology 
is difficult to quantify; it is dependent on 
too many factors in the diverse applications 
of this emerging technology. However, it 
is clear a paradigm shift will occur as new 
polymer technologies are commercialised—
more sophisticated workers will be required 
than in the past across what might have 
been traditional boundaries.

Because of the wide-scale implications of 
advanced and ‘intelligent’ polymers and 
applications across all industries, every 
industry sector in VET coverage should 
keep a watching brief on this emerging 
technology.
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Nanotechnology is engineering at the 
molecular (groups of atoms) level. It is the 
collective term for a range of technologies, 
techniques and processes that involve 
the manipulation of matter at the 
smallest scale (from 1 nanometre to 100 
nanometres).7

Nanotechnology is about scale—it is a 
multi-disciplinary diverse field, and the 
issues and industries it encompasses are 
too broad to cover in this report (in the 
words of one researcher—it can be ‘low’ 
or ‘high level’ technology. For example 
‘nanotechnology’ versus ‘nanoparticulate 
biomembrane reactor’ technology). 

Resources	and	information

Niche Manufacturing National 
Research Flagship (one of the CSIRO’s 
national flagships8 aims to support the 
development of niche manufacturing 
businesses based on nanotechnology).

Australian Office of Nanotechnology 
http://www.innovation.gov.
au/Section/Innovation/Pages/
AustralianOfficeofNanotechnology.aspx

Australian Government 2007, 
Nanotechnology Australian Capability 
Report, Third Edition www.anbf.com.au/
PDF/NANOREPORT07%20Final.pdf

Australian Nano Business Forum  
www.anbf.com.au/

Nanotechnology is no longer over the 
horizon; it is fast becoming a facet of daily 
life. The nanoproducts now available came 
onto the market with limited public debate 
and with limited additional regulatory 
oversight that is specifically aimed at 
their novel features. Current research and 
development seek to rapidly exploit the 
novel applications of nanomaterials.9

Nanotechnology research involves the 
interaction of a range of disciplines 
including chemistry, physics, mathematics, 
materials science, molecular biology 
and engineering. Researchers are using 
advances in nanotechnology to create 
new nanomaterials and develop theories 
for their behaviour, and are seeking 
opportunities to exploit these novel 
properties in useful applications.

The science has potential application in 
and across a large number of industries 
with applications including biotechnology, 
nano-assemblies, nanocomputers, 
nanochips, and molecular electronics. 
Diverse nanotechnology applications are 
being discovered and researched across 
all industries. Everyday examples include 
in sunscreens, paints and coatings, 
medical and pharmaceutical applications. 
The capacities of nanotechnology being 
researched are diverse, e.g. the capacity 
for carbon nanotubes to act as the sensing 
and actuating elements within Intelligent 
material systems.

Every industry sector in VET coverage should 
be assessing the impact of nanotechnology 
on its training needs, including those where 
nanotechnology might not have been 
considered up to this point in terms of 
training.

The wide diversity of roles for which 
training will be required includes not 
only training for people working with 
nanoscale materials in many applications 
and industries, but also, as the technology 
becomes more pervasive, will include 
training to meet the needs of new industries 
fabricating, manipulating and characterising 
the structures the nanoscale requires (for 
example, fabrication of nanotubes and 
extremely fine tips with motors capable of 
positioning with atomic scale precision). 

Specific training could include training on 
the application of the technology in the 
particular application or industry setting; 
how to exploit the nanotechnology 
commercially; managing risks and hazards 
associated with nanomaterials; and high-
level computing skills. Fine motor skills 
are required for manufacturing in new 
technologies. There could also be public 
relations and health and social implications 
to be explored in relation to VET provision.

7  Prime Minister’s Science, Engineering and Innovation Council, Nanotechnology – Enabling technologies for Australian innovative industries, 2005

8  National Research Flagships are large-scale multidisciplinary research partnerships that harness world-class expertise to tackle identified national priorities. Initiated by CSIRO in 2003, 

  the National Research Flagships program is one of the largest scientific research endeavours ever undertaken in Australia, with the total investment to 2010-11 expected to be close to A$1.5 billion.

9  United Nations Geo Yearbook 2007 Page 68, provided in the University of Technology Sydney Institute for Nanoscale Technology submission to the Inquiry into Nanotechnology in NSW 2008,

  (whole Geo Yearbook available at http://www.unep.org/geo/yearbook/yb2007).
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POTENTIAL	NUMBERS

TRAINING	NEEDS	AND	POSSIBLE		
VET	PRIORITIES

Research is attempting to find technical 
and innovative manufacturing solutions 
across industry boundaries in relation to 
emerging technologies —in the light of 
current challenges manufacturing must 
be faster as cycle times, and times to get 
products to market become increasingly 
become shorter. One researcher 
suggested that because more high 
volume manufacturing might be more in 
countries such as Russia, India and China, 
Australia needs to advance more in design 
engineering and development. 

Resources	and	information

Niche Manufacturing National Research 
Flagship (one of the CSIRO’s national 
flagships10 aims to support the 
development of niche manufacturing 
businesses based on nanotechnology).

The Future of Chemistry at www.raci.org.
au/future/futureofchemistry.html

Australian Office of Nanotechnology 
http://www.innovation.gov.
au/Section/Innovation/Pages/
AustralianOfficeofNanotechnology.aspx

Emerging technology research in 
manufacturing is diverse and in pure, 
applied and early commercialisation stages. 
Science, physics and chemistry research is 
more about high throughput technology 
with people now doing less ‘wet bench’ 
work and more modelling visualisation 
techniques. Diverse nanotechnology 
applications such as synthesis of new 
polymeric materials such as those that 
are used in long wear contact lenses and 
sunscreens are being researched.

People working with nanotechnology 
research need a solid grounding in 
chemistry, physics and engineering. They 
also need flexibility and adaptability to 
move as things change very quickly—
instrumentation used today is not going 
to be the same in even 5 years. They also 
need to be able to make judgements, have 
strong communication skills and project 
management skills. OHS is also important 
(and training needs to be at a high level in 
line with industry expectations), and reading 
and writing SOPs (might need to be written 
from scratch). People need to be trained 
using the latest instrumentation and trainers 
need current industry expertise.

The ratio of technicians in research 
has decreased because the number of 
experiments has decreased. There is 
greater emphasis on instrumentation 
now, not the ‘wet bench’ chemistry of 
before. Instrumentation has become 
more automated and now people need 
skills more in data interpretation rather 
than ‘measuring’ roles they used to have. 
Machines can do it faster and more 
accurately, so some people with excellent 
skills have been left behind. The research 
workforce (in terms of VET graduates) 
could be diminishing in the face of better 
automation and changing roles. 

BIOTECHNOLOGY

DEFINITION	AND	INDUSTRY	COVERAGE DEVELOPMENT	STAGE	&		
POTENTIAL	NUMBERS

TRAINING	NEEDS	AND	POSSIBLE		
VET	PRIORITIES

Bio-technology refers to the use of biology 
in industrial or manufacturing applications 
and processes across diverse industries 
including agriculture, pharmaceuticals, 
food and medicine. It also includes 
the production of genetically modified 
organisms and the manufacture of 
products from them. 

Research includes processes such as 
high throughput processes (to diagnose 
illnesses), content screening, bio-call 
(structure activity relationship analysis 
machine to see if drugs are working), 
targeted chemical libraries for screening. 
Includes use of the synchrotron. Much 
of the newer activity in biotechnology 
involves directly modifying the genetic 
material of living things.

Minimal feedback on this sector was gained 
in this piece of research on this emerging 
technology, with the suggestion made by 
one researcher that training might be more 
applicable to the Higher Education sector. 

However, VET pharmaceutical and chemical 
industry coverage, and other industry 
sectors such as agriculture, horticulture and 
food processing, will need to keep a watch 
on this emerging technologies.

10  National Research Flagships are large-scale multidisciplinary research partnerships that harness world-class expertise to tackle these national priorities. Initiated by CSIRO in 2003, the National Research  
  Flagships program is one of the largest scientific research endeavours ever undertaken in Australia, with the total investment to 2010-11 expected to be close to A$1.5 billion (from CSIRO website).
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DIVERSE	EMERGING	TECHNOLOGIES	MENTIONED	BY	RESEARCHERS	BUT	NOT	COVERED	IN	DETAIL	IN	THIS	RESEARCH

‘SMART’	MATERIALS 
Diverse emerging technologies including enabling technologies added to structures and materials to change and improve 
the qualities of materials. Examples include added nanomaterials and nanoparticles to enable textiles to change with light, 
paints to resist fading, clear sunscreens; photo-sensors built into composite materials to allow the engineer to automatically 
detect faults; textiles that can conduct heat and electricity; materials that have electron or charge transfer functionality; 
wearable solar cells and fibre batteries on clothing. Using clever materials technologies such as shape memory alloys and 
non-Newtonian (viscoelastic/dilatant) materials to rationalise the content of products without compromising their features 
(automotive application). 

SUPERCONDUCTORS 
Superconductors work in very cold environments, and research is underway on ways to make them work at real temperatures. 
For example, in power supply superconductivity may be able to reduce power loss to a large degree or altogether in power 
lines. 

OTHER	MORE	EFFICIENT	ENERGY	SOURCES 
Battery technology and new and more efficient energy sources, some using polymers and other materials. 

SENSORS 
Sensors will be very important in diverse applications—includes sensors for disease control, in the human body, therapeutic 
materials, and agricultural applications. Some involve cross-fertilisation of materials engineering and therapeutic devices. 
Some new sensors will have environmental implications. Sensors in advanced composites, in glass, in fabrics for wide variety 
of applications. The field also includes electronics and magnetic field sensors and nanosensors. 

HEALTH	AND	MEDICAL	EMERGING	TECHNOLOGIES 
Health and medical research including artificial body parts (vision). Bioengineering, prosthetics, cardiovascular components, 
tissue engineering, rapid prototyping (chemical sensing and surfaces such as artificial skin and blood vessels).
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DIVERSE	EMERGING	TECHNOLOGIES	MENTIONED	BY	RESEARCHERS	BUT	NOT	COVERED	IN	DETAIL	IN	THIS	RESEARCH

PHOTONICS 
Diverse applications across a wide range of industry applications, such as wearable solar cells and fibre batteries on clothing; 
wearable computing devices with radio and optical links; intelligent vehicle safety using laser-based systems; sensors in a wide 
range of applications such as building glass with sensors to capture energy. Merging of electronics and optical technologies. 

MICROTECHNOLOGY 
The Laser LIGA is many technologies and many different combinations of technology providing unique functionality. LIGA 
is a German Acronym for Lithography (Patterning) Galvanoformung (Electroplating) Abformung (Injection Moulding) —a 
process in which the laser is used to cut a plastic mould which is filled with metal by electroplating. In this way small parts 
for micromotors can be made. A state-of-the-art excimer laser micromachining system, one of only 6 of its kind in the world, 
has recently been installed at the Industrial Research Institute of Swinburne University of Technology (IRIS). Diverse products 
potentially derive from this technology.

TRANSPORT	RELATED	FUEL	TECHNOLOGIES 
Technological innovation in the transportation sector is related to imperatives to reduce fossil fuel consumption and 
greenhouse-gas emissions and improve safety. Australians will be using a much more diverse fuel mix in all transport forms 
in the future with electricity, liquefied petroleum gas (LPG) and natural gas (particularly in freight) replacing conventional 
fuels. However even these fuels may take some time to be fully commercialised. Beyond 2020, advanced biofuels that limit 
competition with food production and synthetic fuels derived from gas and coal (using CCS) are also expected to come into 
use once production infrastructure has had sufficient time to scale up. The extent of their use will depend on primary fuel 
prices and government greenhouse gas emission targets.11

SOLAR	APPLICATION 
There are skill shortages and training needs in fitting Solar Photovoltaic Cells on roofs and in connecting them to the grid. 
Currently there is little training in this area although only trained people can install and certify the devices. This is a huge 
demand and will increase with the increase in solar energy use in domestic applications (not an emerging technology but 
illustrative of how supply must keep pace).

BUILDING	INFORMATION	MODELS	AND	SOFTWARE	TOOLS	(DIGITAL	MODELLING) 
These digital modelling emerging technologies check designs against standards, automatically generate bills of quantity 
and cost estimates, and analyse the life cycle of design to identify the environmental impact of commercial buildings. This 
produces a reliable digital representation of a building or infrastructure element for the design, fabrication and production 
of high quality construction documents; performance predictions; cost estimates; construction planning; and managing and 
operating the facility on completion.

RADIO-TELESCOPE 
Australia is bidding for a $2b project to develop a radio-telescope. If successful, many jobs will emerge involving high 
performance computing and many jobs at technician level. (Not necessarily an emerging technology but referred to by 
one researcher.)

OTHERS	 
Diverse other emerging technologies were mentioned by researchers or on their websites but not discussed in any depth 
(illustrating the complexity and diversity of emerging technologies). These included emerging technologies in relation to: 
underground coal gasification, quantum computing, quantum technology, automation and robotics, communications, cyber 
security, bioengineering, tissue engineering, rapid prototyping (chemical sensing and surfaces such as artificial skin and blood 
vessels), smart metering, remote control of manufacturing plants, electric vehicles, forensic accounting, and loss prevention.

 11 CSIRO Energy Transformed Flagship 2008, Fuel for Thought page 10
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3.3 FEATURES OF EMERGING 
TECHNOLOGIES

3.3.1 Challenge to Traditional Industry 
Boundaries

It is important to recognise the cross-industry and convergent 
nature of emerging technologies and how these challenge what 
might be traditional industry notions and potential ‘silos’ in VET. 
One (ex-NASA) researcher provided the example of mechatronics 
that blended mechanical and electrical engineering and software 
development to answer the question of how to get a robot onto 
Mars. The high level of convergence and inter-disciplinary nature 
of emerging technology clearly has implications for researchers, 
but also for the VET sector (for example, in the coverage of 
Training Packages, and in the implementation of nationally 
recognised training that traditionally lines up along industry lines). 

This is a critical issue for VET. As traditional notions and 
boundaries do not apply to emerging convergent and enabling 
technologies (such as nanotechnology, advanced materials, 
biotechnology, photonics), solutions will need to be found to 
new challenges through an inter-disciplinary approach. 

‘The skills that are needed cross all industries. For example, the 
technologies of the textile industry are now used in the polymer 
industry, and polymers can contain photovoltaic sensors... there 
is a paradigm shift. Existing technologies will change and they 
will be diverse. We need more skilled people and they need to be 
creative problem-solvers, people who can derive new workplace 
solutions—more sophisticated workers than in the past, 
adaptable, mature workers.’

One researcher suggested that emerging technologies have the 
potential to change whole industries and compared this with 
the Industrial Revolution, citing an example of the impact of 
emerging technologies on the building industry. There, new 
‘smart’ materials and prefabricated, mass-produced modular 
buildings mean workers might need to not only deal with the 
new materials (requiring new skills and production techniques) 
but also to work within what could be a complete paradigm shift 
in relation to what ‘builders’ do. This could apply to a range of 
other industries.

3.3.2 Rapid Pace of Change

Many researchers spoke of the very fast pace of change; what is 
new today might be replaced tomorrow. 

Several researchers cautioned against too tightly describing 
the emerging technologies, given the pace of change. They 
stressed the need for adaptable, flexible and creative workers 
who can move as things change. However, this view must be 
balanced against the need to ensure training provides relevant 
and specific identified competencies; new discoveries will not 
be on the market tomorrow, and VET must keep pace with 

developments and provide workers with the competencies 
enterprises need. The message is clearly that, while things might 
change, VET must engage with emerging technologies in order 
to keep pace with developments.

‘The message for VET is to ensure people are more flexible, can 
use modern tools and technologies, and have broad technical 
training that can cross traditional boundaries. We need people 
who are not afraid to learn. Reduce the fear of science and 
technology. There will be a lot more technological changes in the 
future and the pace of change will be greater.’

‘Don’t do a disservice to the future trainees by targeting 
training too finely. Develop high-level skills and attitudes to 
accommodate change.’

3.4 EMERGING TECHNOLOGIES ‘OVER 
THE HORIZON’

This assessment of the emerging technologies that will be ‘over 
the horizon’ is informed in part by the researchers’ predictions 
for the future, and in part by the range of emerging technologies 
they identified. 

The research provided strong indicators that those emerging 
technologies that will be important in the next five to 10 
years and beyond will be those driven by environmental 
considerations, involving highly convergent and enabling 
emerging technologies that are highly likely to challenge 
traditional industry boundaries and notions.

3.4.1 Environmentally-Driven Emerging 
Technologies

The emerging technologies identified by researchers and the 
views they expressed provide very strong and clear indicators 
that a diverse range of emerging technologies that relate to 
environmental considerations will be among those ‘over the 
horizon’ - including in the next five years and beyond. These 
include, for example, emerging technologies in relation to 
emission trading, carbon capture and storage, alternative 
and new energy sources, and the associated need for more 
efficient manufacturing technologies to support environmental 
and sustainability imperatives. Significantly for VET, such 
emerging technologies will impact all industries, not only those 
traditionally associated with the energy sector. 

Several researchers stressed the vast scope of technologies 
associated with new and advanced energy sources, in part 
given their use in a wide range of industries. Even where 
researchers did not specifically predict this as the future, many 
of the emerging technology examples they provided are also 
driven by such imperatives, and these go across many industries 
and many technologies. It is clear that environmental and 
sustainability-related emerging technologies, including those 
that combine new technologies and new applications of existing 
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technologies, will have major implications for VET because 
they will affect nearly all industries and occupations and apply 
across all skill levels. 

‘The whole range of challenges being posed by issues such as 
climate change, declining fossil fuels and population growth are 
driving the need to find new ways of operating and more efficient 
and alternative technologies.’

3.4.2 Convergent and Multi-Disciplinary 
Emerging and Enabling Technologies

In addition, the impact of converging and enabling emerging 
technologies in diverse industry applications will be critical 
and wide ranging, impacting virtually every industry sector. 
Enabling technologies identified in this study include 
nanotechnology, photonics, and advanced and intelligent 
materials. Significantly, they cross industry boundaries and 
have highly diverse applications and implications for VET. 

Many emerging technologies being researched are new and 
creative combinations and convergent applications of existing 
technologies. The impacts of these emerging technologies 
will be felt across all industries to a greater or lesser extent. 
For example, many researchers spoke of ‘smart materials’—
numerous applications where traditional materials have new 
capabilities (thus challenging traditional industry boundaries in 
their application, and potentially in their manufacture).

‘The next branch of the tree will be the convergence of 
technologies—including where the once-traditional technologies 
are re-focused in the face of environmental imperatives. For 
example, in power supply—superconductivity may be able to 
reduce power loss to a large degree or altogether— traditional 
power lines lose 15 to 20% of power. “Green futures” will be 
very big.’

‘Carbon capture and storage is… very multi-disciplinary 
(some involve enabling technologies looking for utilisation 
such as nanotechnologies and photonics, others are looking for 
appropriate technologies). Emerging technologies are moving at 
an incredible pace and the systems need to keep up with them.’

‘The issue with composites is that they involve design and 
manufacturing challenges and that these cross industries. 
Solutions need to be cross-sectoral—the lines between sectors 
are increasingly merging. People have to have wide skills—not 
just be fitters and turners—they have to understand chemistry 
and have high-level skills. This goes against the way people are 
traditionally trained—while basic skills are needed, less and less 
are people going to be applying these [directly] themselves—
they might need to manage robotics and computer processing 
applications. People need to be adaptable and understand that 
technology is constantly evolving—the training that technicians 
and others have done will not be static—it needs to be updated 
to keep pace with technological change.’

3.5 TRAINING NEEDS IN RELATION TO 
EMERGING TECHNOLOGIES 

Nearly all researchers spoke of shortages or potential shortages 
in the supply of skills (for example, in advanced composite 
materials, in solar cooling and service-related applications, and 
in advanced energy-related applications), with some saying the 
situation needs innovative approaches. 

‘Currently, there is a shortage of the ‘diamonds’ (the ‘super 
apprentices’). Training for apprentices should be at the level of 
computer games—these are analogous with advanced computer 
programs emerging technology workers need to use. Australia 
needs good domestic students—where are they? Their intellect 
and skills will be a boon to Australia in the next five years or so. 
We need collaborative arrangements that mean Victoria (a great 
place to be for these developments) advances. Human factors 
are also important, and relationships between academics and 
industries.’

One researcher identified skills shortages in relation to the 
roll-out of solar photovoltaic cells (in fitting, connection to 
the grid and certification), citing this as an example of the lack 
of preparation for an emerging technology (which could now 
impede the uptake of the applied technology). 

3.5.1 Emerging Technology Workers Required in 
both Research and Commercialisation 

It appears that highly skilled technical workers are required not 
only for emerging technologies once they move into volume 
production, but also in the pure and discovery research stage 
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for some emerging technologies to assist with the testing, 
application and development of the emerging technology. 

‘There is a big role [in CCS] for technical VET-trained people - 
the ‘soldiers’ carrying out the experiments, developing the maps, 
interpreting the well logs.’

Another spoke of shortages in carbon capture and storage skills 
now and into the future.

‘Currently, there is a shortage of professionals with training in 
the geoscience disciplines in general, and particularly of those 
with knowledge of and experience in CCS or in the petroleum 
industry. It is even more difficult to find people to work in the pre-
commercial CCS area, as these same people are in great demand 
in the petroleum industry. Professionals, in particular, are in great 
demand at this stage of the industry’s development. I would expect 
paraprofessionals to be in more demand once the industry moves 
to commercialisation. There would probably be a similar ratio of 
professionals (e.g. geologists, engineers) to paraprofessionals and 
technicians as is currently required in the petroleum industry.’

Two researchers disagreed about the need for workers at 
technician level in research, saying the skills needed by emerging 
technologies are higher order (graduate) in some sectors as the 
instrumentation improvements and other developments have 
removed the need for technician level work. They believe that 
more diagnostic skills are required. Indeed, overall, the high 
level of skills referred to by many researchers would seem to be 
at the higher AQF qualification levels.

3.5.2 Available Training and Emerging 
Technologies 

There are training gaps. Given the wide-spread nature of 
emerging technologies and their high relevance to Australia’s 
future, the specific training needs mentioned in this report in 
relation to emerging technologies should be considered. These 
are detailed against some of the specific emerging technologies 
described in the tables in sub-section 3.2.5. 

It is clear that new training in relation to emerging technologies 
will need to be developed and, given the dispersion of emerging 
technologies, it seems logical that emerging technologies should 
be referenced in most, if not all, Training Packages, to a greater 
or lesser extent, depending on the industry coverage. 

Training in relation to some emerging technologies is already 
available, but it needs ‘tweaking’. For example, the skills used 
in the petroleum industry apply in carbon capture and storage 
(on the storage side), but there are still gaps for the capture 
side. The roles for which training could be required include 
laboratory technicians; field assistants and technicians; drill 
rig operators and all associated roles such as manufacture and 
construction of pipelines and new power plants; and roles in 
the education sector. 

3.6 COMPETENCIES REQUIRED BY 
EMERGING TECHNOLOGIES

This chapter provides insights into the competencies and skill 
sets required by emerging technologies—both specific and 
more generic.

3.6.1 Specific Emerging Technologies 
Competencies

Emerging technologies are likely to require specific attitudes, 
knowledge and skills in relation to the particular emerging 
technology, foundational technical knowledge and high-level 
technical skills. 

Some researchers provided information about quite specific 
skill sets required by the emerging technology with which they 
worked. In some cases, these involve new competencies that 
workers will need, requiring new training to be developed; 
others involve competencies for which training currently 
exists but needs ‘tweaking’. Specific skill sets and competencies 
described by researchers are listed in this report in sub-section 
3.2.5 under the specific emerging technology. 

The researchers also referred to the need for foundational 
industry-specific technical knowledge. Depending on the 
specific technology, this included chemistry, physics, geology, 
environmental science and materials science backgrounds; 
and knowledge of the properties and behaviours of metals, 
chemicals, thermals and gases. In addition, some workers 
trained with traditional materials, such as metals, may need 
to accommodate new knowledge and transfer their traditional 
skill sets when crossing over to emerging technologies, such 
as advanced composites. Technical knowledge is also listed in 
sub-section 3.2.2 in relation to specific emerging technologies.

The researchers spoke almost universally of the need for very 
high level technical skills to work with emerging technologies—
often saying workers must be ‘technically savvy’ and ‘smart’ (in 
the technical area dependent on the particular technology). It 
is clear that people working with emerging technologies require 
strong technical skills (and these may cross traditional industry 
boundaries) and high-level computing and information 
technology skills, data-analysis and diagnostic skills. 

‘Required skills are two-fold. The high-level computing skills 
and the fine motor skills required for manufacturing in new 
technologies (nanotechnology and photonics as well as bio-
technology, radio-astronomy and resources industries). Attitudes 
are as important as anything else. People need to be computer 
and technically savvy with good motor skills and adaptable to 
new things as they come on line. Training must provide the 
underpinning skills such as ITC skills and generic skills.’ 

‘[Casting industry] production workers require “textbook 
knowledge” of metals and their properties. Operators need 
greater detail on things they would have covered in their original 
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training (such as metals behaviour, heat transfer, friction effects, 
knowledge of titanium, magnesium and aluminium). Workers 
also need to have the skills to have input into continuous 
improvement processes.’

This also includes the need to be able to cope with multi-
tasking and a rapid pace of change in increasingly sophisticated, 
technically complex manufacturing industries. New materials 
may also demand a higher level of skill to meet Australia’s future 
manufacturing needs.

‘One of the key issues will be precision. There will be changes in 
processes with new materials and these will pose new challenges. 
For example, when we achieve thinner, lighter and stronger 
materials for cars and planes, there are manufacturing challenges 
in dealing with these (as they can be damaged in production more 
easily or will be harder to work with).’

The technically savvy workers demanded by emerging 
technologies also need to apply strong practical and traditional 
technical skills and knowledge, even when working with 
emerging technologies, and to be clear on how the emerging 
technology relates to that traditional knowledge. 

‘Technician and operator level workers are needed in foundries 
(that range from very large companies to very small family 
businesses). There are not many ‘hands-on’ and teaching–
by-demonstration courses left. Big companies get adult apprentices 
and train them up, and small companies just get anyone they can 
get and train them up with on -the- job training (forklifts, OHS, 
first aid, heights and the specific alloy training).’

Another requirement is the capacity to engage with highly 
sophisticated automated processes. Several researchers spoke 
of the need for more advanced skills. For example, a worker 
welding using a robot needs to clearly understand welding 
properties (horizontally and vertically) and be able to respond 
appropriately when welding in different directions. While this 
example provided by one researcher clearly involves current 
technology (with robots being used across diverse industry 
applications), it is illustrative of the need to hold traditional 
underpinning knowledge. 

‘Hands-on practical skills are required. These underpin the range 
of scientific and creative aspects of new technologies. It’s important 
people know why something is happening in manufacturing even 
if they are monitoring the process rather than doing it.’

3.6.2 Generic Emerging Technology 
Competencies

Most researchers were very clear on the sorts of generic skills, 
knowledge and attitudes emerging technologies require. Almost 
all mentioned the criticality of ‘adaptability’ and many spoke of 
needing ‘smart’ workers now and into the future. These more 
generic requirements that cross all industry sectors in relation 
to emerging technologies are explored in more detail below.

3.6.2.1 Adaptability and flexibility

‘Adaptability’ was mentioned by almost all the researchers 
as being an essential characteristic to meet the demands of 
emerging technologies. Change has been rapid, and it will 
continue to be so. 

Workers need to adapt to change, and to be flexible enough to be 
able to transfer their skill sets to new applications and to take on 
new knowledge. One researcher described the need to provide 
‘new tricks for old dogs’. The generic skills of adaptability 
and flexibility are needed to respond to the pace of change in 
connection with emerging technologies. 

‘Things are moving very fast. We need people who can transfer 
skills and knowledge to new areas and keep up with the pace 
of change. For example, if you have (traditional) palaeontology 
skills, you need to be able to understand the geology of rocks 
and reservoirs in the context of the carbon capture industry if 
you want to work in it. If you are a mechanical engineer and 
that area is slowing down, you need to be able to turn that into 
chemical engineering skills this industry requires—flexibility, 
adaptability. If bananas are not available, sell apples—same 
applies in technical industry.’

‘The message for VET is to ensure people are more flexible, can use 
modern tools and technologies and have broad technical training 
that can cross traditional boundaries. We need people who are 
not afraid to learn; reduce the fear of science and technology. 
There will be a lot more technological changes in the future and 
the pace of change will be greater.’

3.6.2.2 High level communication and translation skills

Many researchers referred to the need for high-level 
communication skills—so workers can interpret and 
contribute to ideas and concepts practically as equals in the 
emerging technologies partnerships - both in the research 
stage (where technical workers are required) and in the 
commercial production stage. In both research settings and 
commercial enterprises, emerging technology workers such 
as paraprofessionals and technicians need to translate what 
the design engineer (for example) has designed ‘on paper’ into 
something that will work in production (to ensure the design 
works in the ‘real world’) and to do this without preconceptions. 
They need to be able to relate on the same level, and might need 
enhanced capacities and confidence for this. 

‘Process workers need to understand they are part of the scientific 
team and can aid in improving processes.’ 

‘The Professors and the technicians need to be able to have 
two-way meaningful dialogue—the left and right brain must 
work together. This is the only way we will go forward. We need 
the intellectual to meet the manual in a meaningful way. Hand 
in glove with the blurring between industries; we also need to 
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have better collaboration and interaction between the VET and 
Higher Education sectors.’ 

3.6.2.3 Environmental and social awareness

Researchers spoke of the need for values education. Increasingly, 
more efficient and sustainable technologies are being driven by 
environmental considerations—emerging technology workers 
need to be on board with these values to provide motivation, 
context and rationale for their work. 

‘It is very important that people are trained with ‘values’; that 
is, the capacity to care about the environmental impact of their 
decisions and to reduce emissions.’

One researcher also saw this as a way of promoting training in 
the future. 

‘One of the selling points for the future could be with the ‘green’ 
badging. For example, people might not think of training for 
engineers under this theme - this offers a way to frame the 
training to appeal to the sorts of students who will work to make 
a difference environmentally (and the training needs to live up 
to that promise). This could be a way to present the training to 
the market. Energy audits are going to be huge too. There will be 
a range of compliance requirements in terms of emissions and 
new work in assisting organisations to measure their emissions. 
Perhaps VET should do a ‘road-show’ of their offerings to get 
more people involved (even hook up with organisations such as 
the CSIRO).’

3.6.2.4 Innovation skills and knowledge and creativity

The spirit of innovation and entrepreneurship driving 
discoveries is also required at the technical level in research. 
Emerging technology workers in research need to be able to 
provide creative input into their work, not just to follow orders, 
as they are a key part of the team in the processes of discovery 
and commercialisation. 

‘Innovation needs space, values and commitment from others and 
a place to re-engage thinking.’ 

One researcher stressed that real involvement at all stages of 
the manufacturing process is important if we are to tap the 
creativity of the workplace.

‘It’s important to capture people’s creativity… the philosophies 
underpinning manufacturing processes need to be taken on by 
technicians and process workers (remove the mundane elements 
and move people into ‘thinking’ roles)… the optimum use of people 
is important—their creative input into processes is needed… lean 
manufacturing thinking should also embrace how to get employees 
thinking smarter (to know when something is wrong and take steps 
to fix problems… not just doing what they are told).’

Awareness of patents and intellectual property (and how 
these can be potentially destroyed) are also required to 
protect Australian inventions and discoveries in relation to 
emerging technologies. 

3.7 EDUCATION AND TRAINING 
CONSULTATIONS

In order to consider the issues around skilling for emerging 
technologies from a system perspective, a series of consultations 
were conducted with education and training representatives from 
Queensland, New South Wales, Victoria and South Australia. 

The comments of the education and training representatives 
can be grouped under the following themes: 

3.7.1 Funding

Funding of VET delivery in all States canvassed was through 
delivery agreements between Institutes and central State funding 
agencies. Different names apply to these agreements but they are all 
essentially similar, being based on centrally set priorities or linked 
to contract of training delivery. Priorities are heavily influenced by 
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formal labour market research and State Government priorities 
with some capacity for Institutes to influence funding through 
negotiation with their central authority. 

Government funding of training for emerging technologies was 
generally seen as problematic because funding requirements 
usually include a specification of an identified AQF outcome 
and the outcome needed to be in an area that could be defined 
as belonging to a particular Training Package or qualification. 
It was commented that emerging technologies at present are 
rarely able to be categorised in this way and that it was often 
easier to meet emerging technology training needs through ‘fee 
for service’ arrangements with companies. 

All State funding systems give highest priority to students 
employed under a contract of training, such as an apprenticeship 
or traineeship, which is nearly exclusively based on Training 
Package qualifications. Most of the education and training 
representatives interviewed stated that the most secure way 
of generating funding for emerging technologies was to 
ensure that there was suitable content in Training Package 
qualifications that were linked to either Technology Cadetships, 
apprenticeships or traineeships. 

There are some significant State differences in funding 
arrangements: 
• NSW Institutes are required to return any surplus to 

consolidated revenue at the end of each financial year. 
This seems to be a disincentive to NSW Institutes to 
encourage low growth activities or activities such as 
emerging technologies that might take several years to 
build up to substantial numbers. 

• Victorian TAFE Institutes can divert 1% of total funding 
to ‘Initiatives’ projects designed to help develop capability 
in new areas. However, it is not available for training 
delivery. While the amount able to be diverted has been 
reduced over time, this initiative was seen by interviewees 
in other States as an important mechanism that acted to 
increase the ability of Victorian Institutes to respond to 
new demands such as emerging technologies. 

One representative suggested that KPIs set in funding 
agreements should also be changed to reflect innovation in 
delivery and in meeting industry needs. Most KPIs are currently 
focused on hours/productivity/expenditure – with no priority 
being given to innovation.

A representative of a large public provider summarised current 
funding arrangements and how they may affect emerging 
technology delivery as follows:
• the interdisciplinary nature of most emerging 

technologies does not fit easily with current funding 
arrangements which are built around classifying delivery 
into industries and then into qualifications;

• low numbers create difficulties and disincentives for 
Institutes; and 

• the strong VET emphasis on being demand-driven creates 
an essentially backwards looking funding regime.

3.7.2 Emerging Technology Training Delivery

Emerging technologies usually have low numbers and are often 
seen as a ‘thin market’ issue. Some representatives felt that 
under thin market policies there was unlikely to be a response 
from Institutes unless there was a directive from their Head 
Office that delivery of training in an emerging technology was 
a policy priority.

However, some of the education and training representatives 
interviewed stated that it was necessary to look at emerging 
technologies differently. Emerging technologies are often spread 
across a number of content areas in both Training Packages 
and faculties within Institutes. They are ‘thin’ when considered 
individually within each Training Package or faculty but they 
have the potential to be aggregated to make larger groups. 

Nearly all education and training representatives interviewed 
were highly supportive of the proposed Emerging 
Technologies network as a mechanism to explore innovative 
aggregating solutions.

A positive view of emerging technology delivery was provided by 
one interviewee who stated that they were interested in emerging 
technology areas as they represented a prestigious niche delivery 
and acted as an indicator of future training demand.

Emerging technology companies were sometimes seen as 
difficult clients for RTOs, partly because they often have less 
understanding of VET than companies in technology areas 
that have traditionally had VET training. Another problem 
mentioned for emerging technology training delivery was 
that competition between firms can mean they are not willing 
to share equipment and this can be a barrier to formal VET 
training, especially where RTOs are unlikely to have the 
equipment associated with an emerging technology.

One Institute Director stated that dealing with emerging 
technology companies requires a different mindset from TAFE 
managers and lecturers. TAFE staff in the Director’s opinion 
must lose their traditional campus-centric bias when dealing 
with emerging technology companies. Companies must be 
approached with offers of assistance that are not training-
only based but are within a broader workforce development 
assistance model. In addition, partnership models must 
become the norm and TAFE must not assume that it will be 
the dominant partner. 

3.7.3 Training Packages

Many comments were received about the relationship of 
emerging technologies to Training Packages. There was 
strong support for the development of emerging technology 
qualifications and units of competence as it was felt that having 
a specific ‘place’ in an already endorsed Training Package would 
facilitate a quicker training response from RTOs. 
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There was a mix of opinions as to whether it was preferable 
to develop separate emerging technology qualifications or to 
add emerging technology electives to existing qualifications. 
One Director of a large Institute was in favour of separate 
qualifications as they are able to be marketed more strongly 
by RTOs to sell the attractiveness of emerging technology 
training. However, an alternative view was that in the key 
technician levels, most Diplomas and Advanced Diplomas 
attract public funding so adding emerging technology electives 
to existing Training Package Diploma and Advanced Diploma 
qualifications was a better way to ensure funding of delivery. 

It was generally acknowledged by the education and training 
representatives that most demand is at the Diploma and 
Advanced Diploma levels. However, some representatives 
commented that these levels in existing Training Packages are 
not sufficiently flexible for emerging technology skills. 

3.7.4 Emerging Technology Network

As mentioned previously, nearly all education and training 
representatives interviewed were highly supportive of the 
proposed Emerging Technologies network as a mechanism to 
explore innovative solutions to delivery and the development of 
resources. One stated that “networks work” and can help create 
the critical mass to generate an effective delivery. 

Similarities were seen between the current stage of the Emerging 
Technologies project and the early stages of the Competitive 
Manufacturing Initiative, with several representatives who were 
familiar with the Competitive Manufacturing Initiative stating 
that the CMI network had made the difference in getting the 
CMI off to a good start and that this could be repeated with a 
network approach to emerging technologies. 

3.7.5 Definition of Emerging Technologies

Many education and training representatives were able to 
suggest technologies that should be defined as emerging 
technologies based on experiences within their organisations. 
There was also support for taking a broad view of what should 
be regarded as an emerging technology. One of the strongest 
and most frequently suggested areas was environment and 
sustainability skills as an increased demand was becoming 
evident and a need for increased content was becoming an issue 
in most areas of training delivery. 

The NSW Department of Education and Training under 
its Strategic Skills Program maintains one of the more 
comprehensive lists of technologies that can be labelled as 
emerging technologies. This list is an illustration of the broad 
approach suggested above to defining emerging technologies.

 The list includes:
• Competitive manufacturing;
• Design/ engineering simulation modelling;
• Electronic warfare component and engine manufacture;

• Simulation and sonar systems;
• Networking (E-security and vendor);
• Knowledge management/E-security;
• Advanced interface with computer technology;
• Environmental understanding;
• Games development;
• Water-use efficiencies;
• Sustainable agriculture; and
• Precision farming (GPS).

Additional areas suggested as emerging technologies by 
education and training representatives were:
• Biometrics and related security technologies;
• Systems Control and Data Acquisition Software (SCADA) 

involving “embedded systems”, especially for large scale 
manufacturing and intelligent building design and 
operation;

• Medical health and biotechnology;
• Water conservation strategies in manufacturing;
• Carbon management; and
• Composite materials especially in defence related areas.

Finally, and in common with the researchers, several of the 
education and training representatives raised the convergence 
of technologies as a trend to watch. 

3.8 CONCLUSION

3.8.1 Complexities of Profiling Emerging 
Technologies 

Emerging technologies are inter-related, highly multi-
disciplinary, highly diverse and somewhat difficult to classify. 
They cross the traditional industry boundaries and sectoral 
notions which have tended to characterise the VET sector. 
They include converging technologies, enabling technologies 
and those that disrupt other technologies. The researchers 
provided differing definitions of emerging technologies, 
and mainly included technologies in the applied research or 
early commercialisation stage. However, some referred to 
technologies that have been commercialised for some time.

Specific emerging technologies include those identified in earlier 
Ai Group-led research (such as nanotechnology and photonics) 
and numerous other emerging technologies and applications 
across very diverse industries. The picture is very complex and 
context is important: what might be ‘old’ technology in one 
setting may be ‘new’ and emerging in another, bringing fresh 
challenges and new or, as one researcher called it, ‘tweaked’ 
skill requirements. Key emerging technologies identified in 
this work include advanced energy technologies, and enabling 
and converging technologies. Environmental challenges such 
as climate change, global warming, expensive and dwindling 
fossil fuels, and population growth demand new and novel 
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approaches and are driving new ways of operating and more 
energy- efficient and sustainable technologies.

3.8.2 Skills Needs of Emerging Technologies

Many of the researchers interviewed were engaged in applied 
research involving multi-disciplinary, cross-organisational, 
collaborative teams and arrangements—including with 
enterprises, higher education, and other groups and associations. 
While many had only limited exposure to or knowledge of 
the VET sector, three had been quite heavily involved with 
VET, including one who was formerly a TAFE Director. 
The researchers provided views on the skill sets required by 
emerging technologies, now and into the future. Some provided 
specifics in relation to the emerging technologies with which 
they were involved, and others referred to more generic 
emerging technology skill sets. 

The specific skills identified in this work include industry-
specific foundational knowledge (such as geology and physics 
knowledge for the geothermal energy sector; knowledge of the 
properties of CO2 in the carbon capture and storage industries; 
and materials science knowledge for advanced composite 
materials) as well as high level information technology and 
technical skills in the field. Higher technical skills than in the 
past appear to be required—emerging technology workers will 
need to be very ‘technically savvy’ and perhaps more precise, 
as some processes will be more tightly controlled and some 
materials and processes will be less forgiving. The findings 
suggest skills are required at the higher Australian Qualifications 
Framework (AQF) qualification levels.

The more generic, but nonetheless critical, skill sets required 
by emerging technologies include the attitudes and associated 
skills to enable staff to be highly adaptable, innovative and 
creative, with the capacity to transfer skills to new contexts as 
things change. The pace of change is likely to be very fast and 
people need to be adaptable and flexible to assist organisations 
to capture emerging technology opportunities.

3.8.3 Implications for the Vocational Education 
and Training Sector

Predicting precisely what might be ‘over the horizon’ in terms 
of emerging technologies for particular industries or sectors is 
somewhat difficult given the pace of change and the diversity 
of emerging technologies. However, from the examples of 
emerging technologies provided, it is clear that ‘green’ energy-
related technologies—those related to the environmental 
challenges we face—will be highly important. A significant 
feature of this is that environmentally driven emerging 
technologies will impact all industries, not only those we might 
traditionally associate with the energy and resources sectors. 
Indicators of what the future could hold were also provided 
by the enabling and convergent technologies referred to by the 

researchers. Technologies such as nanotechnology, photonics 
and advanced and intelligent materials will be highly important, 
and again they will be significant in diverse areas and are 
multi-disciplinary—they cross industry boundaries, involve 
the convergence of technologies, and have highly diverse 
applications and implications for VET. 

This report provides key messages for VET. Its graduates must 
have specific emerging technology skills, and the high-level 
technical skills and adaptability and flexibility demanded by 
emerging technologies. Key emerging technologies applicable 
to industry now, or that could be so in the coming five to 10 
years (such as advanced energy-related technologies, photonics, 
nanotechnology and advanced materials) must be investigated 
and, where applicable, referenced in national Training 
Packages. The VET sector must improve its engagement 
with emerging technologies and—given the pace of change, 
diversity of emerging technologies, and their cross-industry 
and convergent nature—this engagement must be continuous, 
multi-disciplinary, cross-industry, and potentially across all 
Training Packages. In addition, the VET sector must ensure 
that in implementation, trainers and the equipment and other 
resources they use are up to speed with emerging technologies. 

Given the demand-driven and industry-led nature of the VET 
sector, some emerging technologies may be missed because 
they are still ‘over the horizon’, and not even at the early 
commercialisation stage. In this time of rapid technological 
change, it is apparent that planning and preparation for VET 
implementation of emerging technologies should commence in 
advance of the full commercial application of the technology. 
To an extent, some of this could be achieved by taking positive 
steps to improve communication between emerging technology 
researchers, VET and those industries involved with the early 
commercialisation of emerging technologies. This includes 
the need for greater two-way dialogue between emerging 
technology researchers and the Industry Skills Councils (ISCs) 
that develop Training Packages, and with VET personnel at the 
coalface of delivery and assessment. The apparently minimal 
contact between researchers and the VET sector suggests that 
vital opportunities could be being missed. 

The implications for VET are serious and must be addressed if 
Australia is to take up the promise of the widespread research 
into which so much intellectual energy and so much public 
and private investment is being channelled. Australia will only 
be able to realise the potential business value of emerging 
technologies if industry has a pool of workers who are competent 
in the particular emerging technologies skill sets, highly skilled 
more broadly in their technical area, and highly adaptable. The 
training system must be forward-looking enough to ensure that 
enterprises and organisations have the emerging technology 
workforce skills they require. 
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Chapter 4

Securing the skills to work effectively 
with emerging technologies: findings 
of a survey of Australian companies
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4.1 INTRODUCTION

This chapter provides the findings of an Australian Industry 
Group survey designed to identify how Australian companies 
source the skills they need to take advantage of, and work 
effectively with, new and emerging technologies. The survey 
also sought to provide insights into the capacity of the vocational 
education and training (VET) system to meet training needs in 
relation to emerging technologies. 

This chapter provides survey response data analysed across six 
broad themes:
• Company awareness and likely use of emerging 

technologies;
• Status within companies of the skills they require to take 

advantage of emerging technologies;
• Demand for training to work with emerging technologies;
• Emerging technology training priorities and methods;
• Skills for working with emerging technologies;
• Barriers to upskilling employees in emerging 

technologies.

4.1.1 Methodology and companies in the study 

Based on previous research, Ai Group developed a survey and 
administered it to members in August 2008, resulting in 294 
responses from large, medium and small companies across the 
manufacturing, services and construction industries. For the 
purposes of the survey, Ai Group defined new and emerging 
technologies very widely to include not only newly developed 
technologies but also more established technologies that 
Australian companies are now adopting and applying. 

4.2 STUDY DETAILS

4.2.1 Profile of respondents

Of the 294 responses, most were companies engaged in 
manufacturing industries (65.9% of respondents), followed by 
services (23.7%) and construction (10.5%).

Figure 4.1: Companies in the study by industry

Most respondents were medium size companies (50.3% of 
respondents), followed by large (27.2%) and small (15.3%).

Most companies were Victorian (49.3% of respondents), 
followed by NSW (23.9%), Queensland (11.9%), SA (9%), WA 
(4.6%) and Tasmania (1.6%).

Figure 4.2: Companies in the study by State

The companies were generally long-standing, with an average 
of 40 years in operation. 
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4.2.2 Human resource planning

Less than half (45%) of respondents had a formal human 
resource management plan. 

Figure 4.3: Companies with a human resource 
management plan

By company size, large firms were most likely to have human 
resource management plans (70.9% of large firms), followed 
by small (36.6%) and medium-sized firms (34.8%). Services 
industry firms were most likely to have such plans (66.7% 
of services industry respondents) followed by construction 
industry (50%) and manufacturing industries (36.3%).

4.2.3 Awareness and likely use of emerging 
technologies

Many companies are aware of new energy technologies and 
new environmental technologies and a high proportion of 
companies are likely to use these emerging technologies in the 
next two years.

4.2.3.1 Awareness

The survey questions included 10 categories of emerging 
technology as shown in Figure 4.4.

Of these technologies, all respondents were most aware of 
new energy technologies and new environmental technologies 
(with 63.5% of respondents aware of these). Respondents 
were less aware of advanced ICT applications (26.1%) and 
photonics (22.7%). 

Figure 4.4: Emerging technology awareness by 
all companies

As shown in Figure 4.5, across all categories, respondents from 
large companies were more aware of emerging technologies 
than were those from medium and small companies.

Large companies were most aware of new environmental 
technologies (79.7%), new energy technologies and carbon 
capture and storage (70.3%). Small and medium businesses 
were most aware of new energy technologies (50% and 61.2%), 
advanced materials (55.3% and 55.2%) and new environmental 
technologies (55% and 55.1%).

Figure 4.5: Emerging technology awareness by 
company size

Construction industry respondents had the highest awareness 
of emerging technologies across seven of the 10 categories. 
Manufacturing industries were the least aware of emerging 
technologies across most categories.
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Figure 4.6: Emerging technology awareness  
by industry

4.2.3.2 Likely use of emerging technologies

Companies will most likely use the following technologies in 
the next two years:
• new environmental technologies (50.6%);
• new energy technologies (43.9%);
• advanced materials (39%);
• advanced digital modelling (30%);
• smart materials (24.1%);
• advanced ICT applications (19.3%);
• carbon capture and storage 15.5%);
• biotechnologies (15.3%);
• nanotechnology (11.4%);
• photonics (5%).

Figure 4.7: Likely emerging technology use in 
the next two years

Small business respondents were the least likely to anticipate 
using emerging technologies in the next two years across 
all categories - except carbon capture and storage and 
biotechnologies. 

Large company respondents anticipated using new 
environmental technologies (69.4% of large companies), new 
energy technologies (67.2%), advanced materials (51.6%), 
advanced digital modelling (45.8%) and advanced ICT 
applications (31.4%) in the next two years.

Figure 4.8: Likely emerging technology use in 
next two years by company size

The likely use of emerging technologies in the next two years 
did not vary greatly by industry sector. 

Construction industry respondents are likely to use new 
environmental technologies (58.3% of construction industry 
respondents), energy technologies (56.5%), advanced materials 
(55%), smart materials (35%), advanced digital modelling 
(25%) and advanced ICT applications (23.5%). 

Services industry respondents are most likely to use new 
environmental technologies (50.9% of services industry 
respondents), new energy technologies (41.8%) and advanced 
materials (36.5%).

Manufacturing industry respondents anticipate using new 
environmental technologies (50% of manufacturing industry 
respondents), new energy technologies (43.8%) and advanced 
materials (37.9%).
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Figure 4.9: Likely emerging technology use in 
next two years by industry

4.2.4 Status of skills to take advantage of 
emerging technologies

Many companies might not have the necessary skills or be 
fully prepared to take advantage of emerging technologies, yet 
a high proportion of the surveyed companies consider that 
employee skills in emerging technologies are important to their 
business success.

4.2.4.1 Employee skills capacities for emerging 

technologies

Only 16.4% of the companies considered that their 
employees have the necessary skills to take advantage of 
emerging  technologies. 

Fifty-nine percent believed their employees are somewhat 
prepared, 19.8% said their employees do not have the necessary 
skills, and 4.4% did not know.

Figure 4.10: Whether employees have the skills 
for emerging technologies

As shown in Figure 4.11, 29% of the small company 
respondents, 16.3% of large companies and 14.2% of medium-
sized companies believed their employees have the necessary 
skills to take advantage of emerging technologies. 

Figure 4.11: Whether employees have skills for 
emerging technologies by company size

Companies from the services industry had the most confidence 
in their employees’ skills, with 25% of respondents from this 
sector believing their employees have the necessary skills. In 
comparison, only 16.7% of construction industry companies 
and 13.8% of manufacturing industry companies thought their 
employees have the skills.
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Figure 4.12: Whether employees have the skills 
for emerging technologies by industry

4.2.4.2 Importance to business success of employee skills 

in emerging technologies 

Despite a low percentage of respondents being confident they 
had the necessary skills, 73.7% of respondents considered 
it important that their employees are skilled in emerging 
technologies—21.6% considered these skills very important 
and 52.1% saw them as somewhat important. 

Twenty percent of respondents considered employee skills in 
emerging technologies “not very important at all” and 5.8% 
did not know if emerging technologies are important to their 
business success.

Figure 4.13: Importance of employee skills in 
emerging technologies to business success 

Large companies were most likely to consider that employee 
skills in emerging technologies are important to their business 
success (82.5% of large company respondents), followed by 
medium (73.5%) and small (64.4%) companies. 

Figure 4.14: Importance of employee skills in 
emerging technologies by company size

Services industry respondents were most likely to consider 
employee skills in emerging technologies important to their 
business success (86.8% of services industry respondents), 
followed by construction (69%) and manufacturing (68.8%). 

4.2.5 Demand for emerging technologies-related 
training

Training is required for emerging technologies in the next 
two years. This could include continuous training for some 
companies and annual or less frequent training for others, 
depending on the industry and size of the company. 

4.2.5.1 Frequency of training

Twenty-one percent of respondents saw their employees 
requiring continuous training to cope with emerging 
technologies, 27.1% require training annually and 35.2% did 
not know how often training is required.

Figure 4.15: Frequency of training to cope with 
emerging technologies

Large firms were more likely to recognise the need for 
continuous training (36.4% of the large firms), while a high 
proportion of small companies (42.2% of the respondents from 
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small firms) were not sure how frequently their employees need 
training to cope with emerging technologies.

Figure 4.16: Frequency of training to cope with 
emerging technologies by company size

As shown in Figure 18, training frequency is likely to vary across 
industries. 

Services industries were the most likely to require continuous 
training (35.3% of the services industry respondents), 
construction industries could be likely to require training 
annually (35.7% of construction industry respondents) and 
many manufacturing industry respondents did not know how 
frequently training is required (44% of manufacturing industry 
respondents).

Figure 4.17: Frequency of training to cope with 
emerging technologies by industry

4.2.5.2 Percentage of workforce requiring training 

Respondents indicated that, on average, 18.6% of the workforce 
will need training in one or more emerging technologies in 
the next two years. For small companies, this percentage was 
higher (28.2% of employees). Large companies indicated that 
only 13% of their employees will require training in emerging 
technologies. 

Figure 4.18: Average percentage of workforce 
requiring training in emerging technologies by 
company size

By industry, the average percentage of employees requiring 
training in one or more emerging technologies was fairly 
constant at around 20%.

4.2.6 Emerging technology training priorities 
and methods

Engineers and managers could be prioritised for upskilling 
in emerging technologies. Most companies prefer to upskill 
existing employees rather than recruit to meet emerging 
technology needs, and many companies are currently training 
for emerging technology skills needs.

4.2.6.1 Upskilling employees

Respondents ranked engineers as the highest priority for upskilling 
employees in emerging technologies (26.5% of all respondents), 
followed by managers (23.1%), technicians (9.2%), tradespeople 
(6.8%) and process workers and other professionals (4.1%). 
 

Figure 4.19: Company priorities for upskilling 
employees
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As shown in Figure 4.20, the priorities for upskilling varied by 
company size.

Respondents from small firms expressed a priority for upskilling 
managers (33.3% of small company respondents) followed by 
engineers (11.1%). For medium companies, the priority was for 
engineers (31.1%) followed by managers (23%).

Thirty percent of large firms put engineers as their priority for 
upskilling, again followed by managers (17.5%).

Figure 4.20: Company priorities for upskilling by 
company size

In addition, priorities for upskilling are likely to vary across 
industries. 

Respondents from the construction industry expressed the 
highest preference for training managers (36.7% of construction 
industry respondents), respondents from the services industry 
prioritised engineers (35.2%) and respondents from the 
manufacturing industry prioritised both engineers and 
managers (22.8% for each).

Figure 4.21: Company priorities for upskilling  
by industry

4.2.6.2 Training methods used to meet emerging 

technology needs

When asked about methods used effectively to meet emerging 
technology skills needs, most respondents nominated the 
retraining of existing staff on the job (71.4% of respondents). 
The next most frequently used methods were recruiting people 
with the skills (46.3%) and recruiting people with basic skills 
and retraining them (29.9%).

Figure 4.22: Methods used effectively to meet 
emerging technology skills needs

4.2.6.3 Current status in relation to training

Forty-two percent of companies are currently training 
employees to meet future requirements, 27.8% are planning to 
do so, 6.8% are aware of training but not interested, 16% are not 
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aware of training that is available, and for 7.8% of respondents, 
training by their business is not applicable.

Figure 4.23: Current training status

Large companies were more likely to be currently training for 
emerging technologies (53.3% of large company respondents) 
or planning to train (30.7%) than medium and small companies.

Figure 4.24: Current training status by size  
of company

Services industry companies are more likely to be training for 
emerging technologies (50% of services industry respondents) 
than companies in manufacturing or construction industries. 
However, 46.7% of construction industry respondents are 
planning training.

Figure 4.25: Current training status by industry

4.2.6.4 Introducing new emerging technology skills to 

existing employees

To introduce emerging technologies to existing employees, 
respondents use:
• informal in-house training (69.9% of respondents);
• external formal training (53.7%);
• formal in-house training (50.3%);
• vendor training (45.6%);
• mentoring (42.5%).
 

Figure 4.26: Methods of introducing new 
emerging technologies

The services industry is more likely to use formal in-house 
training than other industries.
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Figure 4.27: Methods of introducing new 
technologies by industry

 4.2.6.5 Success of training methods for existing 

employees

Respondents considered various training methods to be 
successful for introducing emerging technology skills to 
existing employees. 

Most agreed that informal in-house training was successful 
(82.7% of respondents), followed by external training (75.8%), 
formal in-house training (75%), mentoring (73%) and vendor 
training (71.5%).

Figure 4.28: Success of training methods for 
introducing emerging technologies

This selection of training methods did not differ significantly 
by company size or industry.

4.2.7 Skills for Working with Emerging 
Technologies

Of four technical skills, respondents ranked ‘basic engineering’ 
and ‘setting standards and procedures’ as the most important. 
However, the latter was identified by nearly half of the 
respondents as lacking in their employees. Of four provided 
generic skills, respondents ranked ‘adapting to change’ as the 
most important skill for working with emerging technologies, 
but more than half of the respondents said their employees lack 
this skill. 

4.2.7.1 Technical skills for working with emerging 

technologies

When asked to rank four provided technical skills in their 
order of importance in working with emerging technologies, 
respondents ranked basic engineering as the most important 
(38.8% of respondents), followed by setting standards and 
procedures (37.2%), basic science and maths (18%), and basic 
technician skills (6%).

Figure 4.29: Importance of technical skills in 
working with emerging technologies

As shown in Figure 4.30, the technical skills companies require 
in working with emerging technologies varied by company 
size. Of the four provided technical skills, small company 
respondents ranked setting standards and procedures as most 
important (44.4% of small company respondents), while 
medium-sized companies ranked basic engineering as most 
important (43.3%) as did large companies (41.2%).
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Figure 4.30: Importance of technical skills by 
company size

 

4.2.7.2 Shortage of technical skills required for working 

with emerging technologies

When asked if their employees currently lack any of the 
four provided technical skills, respondents identified setting 
standards and procedures as lacking.

Of the four provided technical skill options, respondents 
ranked setting standards and procedures the technical skill 
most lacking (46.5% of all respondents), followed by basic 
engineering (40.9%), basic science and maths (39.1%) and basic 
technician skills (35.4%).

Figure 4.31: Shortage of technical skills required 
by emerging technologies

This pattern of identified technical skill shortage is similar 
across company size.

As shown in Figure 4.32, of the provided technical skills options, 
the areas of technical skill lacking among employees are:
• basic engineering in the construction industry (ranked 

highest by 60% of construction industry respondents);
• setting standards and procedures in the services 

industry (ranked highest by 38.8% of services industry 
respondents);

• setting standards and procedures in the manufacturing 
industry (ranked highest by 48.5% of manufacturing 
industry respondents).

Figure 4.32: Shortage of technical skills by 
industry

4.2.7.3 Importance of generic skills for working 
with emerging technologies

Of four generic skills identified in previous research as being 
important to emerging technologies, respondents ranked 
adapting to change as the most important (38.6% of respondents), 
followed by problem-solving (24.8%), communications (20.5%) 
and teamwork (16.1%).
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Figure 4.33: Importance of generic skills to 
emerging technologies

However, by business size, the value of generic skills could vary. 
Small companies appeared to be less concerned about their 
employees’ capacity to adapt to change than their capacity to 
solve problems—35.1% of small business respondents ranked 
this as the most important generic skill, with 18.9% ranking 
adapting to change as the least important. 

Figure 4.34: Importance of generic skills by size 
of company

While not significant for the most highly ranked response of 
adapting to change, there were some variations in responses 
to the other three generic skills when considered by industry.

Figure 4.35: Importance of generic skills  
by industry

4.2.7.4 Shortage of generic skills

When asked about generic skills required by emerging 
technologies, respondents indicated there are skills shortages—
55.5% of respondents said their employees lack the generic skill 
of adapting to change, followed by communications (48.3%), 
problem solving (46.9%) and teamwork (31.9%). 

Figure 4.36: Shortage of generic skills required 
by emerging technologies

4.2.8 Barriers to upskilling employees in 
emerging technologies

Uncertainty about future needs could be a disincentive to 
upskilling employees. In addition, factors such as the cost of 
training, employee resistance and the possibility of employees 
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leaving after training could be barriers to upskilling employees 
in emerging technologies. 

4.2.8.1 Identified barriers

From a list of options, respondents ranked the barriers to 
upskilling employees in emerging technologies in their 
business as:
• uncertainty of future needs (52% of respondents);
• cost of training (43.9%);
• employee resistance (36.7%);
• lack of government incentives (31.3%);
• that staff might leave after training (31%);
• unsure of staff skill deficiencies (25%);
• lack of relevant training (23.1%);
• training not sufficiently flexible (16%);
• poor quality of available training (16%).
 

Figure 4.37: Barriers to upskilling employees in 
emerging technologies

These concerns do not appear to vary significantly by company 
size or industry.

4.3 CONCLUSION

These survey results provide a valuable picture of Australian 
companies in relation to emerging technologies and 
organisational skill needs. The findings of this work largely 
support findings of earlier research, and provide new insights 
into the skills that companies require to take advantage of 
emerging technologies. 

4.3.1 Company Awareness and Likely Use of New 
and Emerging Technologies 

Based on the survey data, and consistent with previous research, 
Australian companies appear to be highly aware of new energy 
technologies and new environmental technologies, with large 
companies being the most aware of these emerging technologies. 

Large companies appear to be more likely to use new 
environmental technologies (69.4%) and new energy 
technologies (67.2%) in the next two years, and many of 
these companies have the formal human resource plans that 
could assist them in planning for the required skills (although 
some 30% do not—only 45% of all respondents had a formal 
human resource management plan). Respondents from 
smaller companies and manufacturing companies are the 
least likely to have such plans in place (and appear to be the 
least aware of emerging technologies across most categories of 
emerging technology).

Just over half of the respondent companies indicated that in 
the next two years, they are likely to use new environmental 
technologies and a high proportion of companies indicated 
they will use new energy technologies, advanced materials and 
advanced digital modelling. However, they may not have the 
skills these new and emerging technologies require. 
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4.3.2 Status of Skills to Take Advantage of 
Emerging Technologies 

Companies may not have the skills they need to take advantage 
of emerging technologies—despite their recognition that such 
skills contribute to business success. 

A low percentage of respondents (16.4%) believe they have 
the necessary skills, although more think their employees are 
‘somewhat prepared’ (59%). Companies from the construction 
and manufacturing industries could be the least prepared, in 
terms of existing skills, to deal with emerging technologies. 
Nevertheless, a high percentage of respondents agree these skills 
are important to business success.

Large companies and services industry companies are most 
likely to recognise the importance to their business success of 
having employees skilled in emerging technologies.

4.3.3 Training Demand to Cope with Emerging 
Technologies 

Most agree that training in emerging technologies is required 
in the next two years. For some organisations, especially 
large companies and companies in the services industries, 
there is a continuous demand for training. A high percentage 
of respondents, however, are not aware of their training 
challenges ahead. 

It could be that over a quarter of the employees of small 
businesses will require training in the next two years, with 
a lower percentage of employees from large and medium 
businesses requiring training for emerging technologies. While 
there appears to be a high demand, these indicators of training 
demand need to be balanced against the specific training 
methods favoured by respondents. 

Most respondents do not yet know how often training will be 
required (35.2%), while many envisage annual training (27.1%) 
and 21.1% anticipate the need for continuous training to cope 
with emerging technologies.

4.3.4 Emerging Technology Training Priorities 
and Methods  

The employees prioritised for training by respondent companies 
are engineers and managers. However, this could vary across 

factors such as industry and company size. For small companies 
and those in the construction industry, training for managers 
could be the priority, while for the services industries, training 
for engineers could be a higher priority.

To effectively meet emerging technology needs, a high 
percentage of respondents said that they have retrained existing 
staff on the job (71.4%), while 46.3% recruited people who are 
already trained, and 29.9% recruited untrained people and 
retrained them.

Many companies are already training to meet future 
requirements for emerging technologies, with large companies 
and services industry companies more likely to be doing so. 

Respondents’ preferred training methods could pose challenges 
for the VET sector in terms of training supply. Training 
methods used to introduce emerging technologies to existing 
employees vary—and informal in-house methods predominate, 
with almost 70% of respondents using this method. However, 
companies also frequently use external formal and formal 
in-house training, vendor training and mentoring. Across all 
company types and sizes, they see these varied training methods 
as successful in meeting training needs.

4.3.5 Skills for Working with  
Emerging Technologies 

Previous research has identified the importance of both technical 
and generic skills for working with emerging technologies, and 
this research confirms those needs. Respondents identified 
‘basic engineering’ and ‘setting standards and procedures’ as 
the technical skills of highest importance (from four provided 
technical skills,) but they recognise that employees are most 
likely to lack these skills in dealing with emerging technologies. 
The most highly ranked generic skills were ‘adapting to 
change’ and ‘problem solving’ – skills also seen as lacking in 
many employees.

4.3.6 Barriers to Upskilling Employees 

The identified barriers to upskilling employees are many and, 
perhaps not surprisingly, uncertainty about the future is of the 
most concern. However, respondents also identified issues such 
as the cost of training, employee resistance, lack of incentives 
and the risk of employees leaving after training. 



Australian Industry Group February 2010       53

Emerging Technologies Project Report

Chapter 5

Solutions Roundtables



Emerging Technologies Project Report

54      Australian Industry Group February 2010  

5.1 INTRODUCTION

As part of its investigation into the skills requirements for 
emerging technologies, Australian Industry Group conducted 
four Solutions Roundtables in late 2008 and early 2009. A 
separate theme for each roundtable was developed and, with 
the exception of the Melbourne roundtable, Ai Group partnered 
with another organisation or organisations to conduct the 
roundtables.

The focus of the Adelaide roundtable was the key skills needed 
at technical levels in Defence manufacturing over the next five 
to eight years and the session investigated the need for special 
initiatives to ensure an adequate supply of these skills, especially 
those related to emerging technologies.

In Brisbane, the session was held with the assistance of 
Manufacturing Skills Queensland and concentrated on skills 
in advanced manufacturing. 

Gladstone was chosen as the site for the regional roundtable 
because of the concentration of heavy industry in the area 
including two aluminium smelters, the largest alumina refinery 
in the southern hemisphere, a large power station, cement works 
and major port facilities as well as major new developments 
being proposed for coal seam gas processing. This area also has 
a large number of engineering sub-contracting firms supporting 
the coal sector.

The Melbourne roundtable had a theme of “Emerging 
Technology and Sustainability Skills”. This roundtable was 
timed to coincide with a meeting of the National Manufacturing 
Training Network (NMTN) which is a network of large 
public vocational training providers, most of which are TAFE 
Institutes. (Detailed information on this network is included 
in the next chapter.)

5.2 THE ROUNDTABLES

5.2.1 The South Australian Roundtable

The Adelaide roundtable’s theme centred on the contribution 
of training in emerging technologies to the future of South 
Australian defence manufacturing. This theme arose out of early 
consultations with the SA State Training Authority and with 
SA industry which had emphasised the importance of defence 
projects, especially the Air Warfare Destroyer project, to the 
state’s economy.

The major defence projects, the Air Warfare Destroyer project, 
the P3 Orion upgrade project and ongoing support for the 
Collins Class submarines, are all likely to involve technologies 
new to Australia. However, the full nature and extent of these 
will not be known until all contracts have been let.

Industry representatives predict that the peak skill and labour 
demand from the projects will be in the period 2011 to 
2015, with much of the demand being at the technician and 
paraprofessional level. 

Participants identified a range of skills which will be required 
in the next five to eight years, including: 
• Prototyping skills, underpinned by cross-skilling in the 

trades;
• Systems engineering and integration;
• Design engineering;
• Diagnostic capability;
• Digital/diagnostic skills for technicians;
• Logistics/supply chain management.

While the above skill areas are well established, they will 
need to be applied to technologies that are currently not used 
in Australia. This will be especially true for the Air Warfare 
Destroyer project. 

DETAILS	OF	ROUNDTABLE	SESSIONS

LOCATION	&	DATE THEME/S PARTNER	ORGANISATION/S No.	OF	ATTENDEES

Adelaide  
2 December 2008

Emerging Technologies and the 
SA Defence Industry Projects

Defence Teaming Centre 27

Brisbane 
5 December 2008

Emerging Technologies and 
Advanced Manufacturing

Manufacturing Skills Queensland 45

Gladstone 
17 March 2009

Emerging Technologies in Process 
Manufacturing 

Environmental skills as an 
Emerging Technology

Central Queensland Institute of TAFE

Gladstone Engineering Alliance
27

Melbourne 
5 May 2009

Emerging Technologies and 
Sustainability Skills

44
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A strong need is predicted for electronics-related skills with a 
particular emphasis on radar and communication technologies. 
The full extent of photonics requirements will also not be known 
until more information is available from prime contractors and 
lower-tier contracts have been awarded.

There will also be mechanical and structural technician 
and paraprofessional skill requirements. However, while 
these will be high-level, they are unlikely to be related to 
emerging technologies.

Project planning and logistics skills will be important even for 
technical specialists working with new technologies. One of the 
reasons is the need to ensure compliance with specifications, 
especially under the specific defence-related authorisations 
required by the United States which will apply to all the major 
SA defence projects.

Delegates noted the importance of software skills as well as 
hardware-related skills.

5.2.1.1 Developing the necessary skills

The group identified a number of impediments to the delivery 
of the needed skills. Issues covered include the need to ‘free up’ 
the VET system and clarify some regulatory concerns; develop 
better partnerships in trades pathways; improve flexibility of 
funding; and improve the capacity of the training system to 
recognise enterprise-based training. 

While there were some good examples of current and past 
training support from VET, especially local TAFE Institutes, 
there will be a need for greater responsiveness and greater 
communication between defence industries and TAFE in the 
future. Registered Training Organisations (RTOs) have the 
capacity to act as ‘translators’ between enterprise skills needs 
and accredited content and to take on a case management 
approach with companies to help them address their skills 
needs through a one-on-one approach. 

The group recognised the need to pursue all avenues to accessing 
the skills needed – working hard to retain people, tapping into 
‘expat’ streams, working with people transitioning in and out 
of the ADF, and establishing training delivery opportunities for 
people coming out of the ADF. 

Delivery modes and delivery timeframes will need to be 
varied to accommodate the project stages and timelines of the 
defence projects.

Industry representatives stated that much of the technology that 
would be new to the South Australian VET system is already 
being taught overseas by large companies such as Boeing and 
Raytheon. Local training needs would be influenced by the 
degree of technology transfer that occurred, and flexibility 
will be essential because of the short lead time for particular 
training needs.

TAFE representatives were confident that they could meet the 
emerging technology training needs of the South Australian 
defence projects, provided adequate notice was given. TAFE 
representatives stated that they already had qualifications and 
units that are both state and nationally accredited that cover 
radar and microwave technologies which could be customised to 
meet emerging needs. However, the suitability of this content for 
the new systems and equipment on the Air Warfare Destroyers 
was not immediately accepted by industry representatives. The 
industry representatives also stressed that training delivery 
modes were as important as content when dealing with new 
defence technologies. Much of the equipment to be installed on 
the destroyers would only have a short window when it would 
be available for training purposes and there needed to be a 
tight integration of training delivery in the workplace with the 
construction schedule. 

The TAFE representatives stated that training delivery in the 
workplace for Diploma and Advanced Diploma qualifications 
is possible, although it has not been used extensively in 
South Australia. 

The session also considered options for attracting new 
employees, with recognition of the vulnerability of defence-
related employers due to fears by potential applicants about 
work being either short-term or not stimulating.

Understanding the aspirations of young people will be the 
key to successful recruiting and employers were advised to 
highlight lifestyle choices and skill mobility. It was agreed that 
the opportunity to work with new or emerging technologies 
was not enough on its own to sell a career as a technician to 
young people.

Participants recommended the development of close liaisons 
with schools, a process that is already under way. However, 
it was noted that choices should not be forced too early, with 
young people given the opportunity to defer choices where 
possible. But, since most emerging technologies require science 
and mathematics at Year 12 level, these subjects do need to be 
promoted early.

5.2.2 The Brisbane Roundtable

The Brisbane roundtable recognised the role of process 
industries and mining and mining-related engineering as 
a driver for the introduction of many of the technology and 
skills needs of Queensland. Delegates cited the increasing 
demand for robotics skills associated with the introduction of 
unmanned mining equipment, and noted that other industries 
are embracing remote-controlled equipment.

The roundtable heard that technician level skills are being 
pushed aside in a small number of industries, especially in 
parts of the electro-technology industry where the skills are 
clustered at the trades and professional levels. As a consequence, 
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representatives stressed that skilling for emerging technologies 
is important across all levels, not just at the higher skill levels.

Looking towards skills requirements for the next five to eight 
years, industry delegates noted that the emphasis for business 
is on skill sets, rather than whole qualifications. There is an 
emphasis on high performance workplaces and the improved 
utilisation of skills.

There was also recognition that as technologies are rapidly 
evolving, it is important that industry Training Packages are 
flexible and reviews are regularly undertaken and quickly 
turned around.

5.2.2.1 Developing the necessary skills

Concern was expressed about the state’s readiness to deliver the 
required skills, with a lack of funding identified in the public 
training system to develop the training resources which are 
needed to keep pace with technology. Funding shortfalls were 
particularly prevalent in thin markets (markets where there 
is limited demand), and delegates called for a more strategic 
position to be adopted in recognition of the broader public 
benefit of the development of these skills.

On-site workplace delivery was identified as the most 
appropriate method for training in new and innovative areas, 
and such training is best delivered through partnerships 
between training providers, training consultants and industry. 
These partnerships are vital because TAFE and the state’s 
schools lag behind industry in access to the latest technology.

TAFE needs to engage consultants to deliver cutting-edge 
training programmes where it does not have the skills in-house, 
according to delegates who cited the Competitive Manufacturing 
Initiative as an example where a major TAFE relies solely on 
external consultants to deliver these qualifications on its behalf. 

Delegates noted that companies are increasingly using their 
own staff to upskill their workforce, with Boeing cited for 
in-house training in CAD drafting. However, many companies 
still prefer to send their people off-site for training and smaller 
organisations lack the resources to develop their staff skills. 

Industry associations were identified as another source of skill 
development, with delegates saying they can play a significant 
role in providing independent technical expertise.

Delegates called for more educational pathways – more entry 
and exit points for young people. They would also like to 
see more industry knowledge in schools where teachers lack 
understanding about manufacturing and the skills involved. 
They also pointed to changing approaches to work and 
learning in Generation Y, calling for better understanding 
of these differences in a bid to attract young people into 
emerging technologies. 

5.2.3 The Gladstone Roundtable

Gladstone was selected as a roundtable venue because 
of the anticipated emerging technology needs in process 
manufacturing, mining support and other industries well 
represented in Queensland’s North. Delegates contend that 
their industries, especially coal mining, mineral processing and 
power generation, will continue to play an important role in the 
future. Technologies such as “clean coal” and liquefied natural 
gas (LNG) processing are anticipated to gain momentum, as are 
technologies associated with agricultural innovations.

Delegates identified several skills areas which will gain 
importance in the next five to eight years, including minerals 
processing, petrochemicals, carbon accounting, workplace 
health and safety, testing and evaluation and welding and 
boilermaking.

The group noted challenges among the small to medium 
companies which recruit skilled staff rather than participating 
in training. Given the importance of these smaller enterprises 
in the region, it is important to promote training among SMEs 
and offer more flexible training that meets their needs.

5.2.3.1 Developing the necessary skills

The training role of TAFE was acknowledged, but there were 
calls for more flexibility. Recognition of Prior Learning was 
singled out as an opportunity, with Central Queensland Institute 
of TAFE’s initiatives in this area to date welcomed.

The group regarded the relationship of RTOs and industry with 
schools as one of the strengths of the Gladstone region. The 
local structures and initiatives were often cited as best practice 
examples. However, further funding is required to continue 
the linkages.

There were also calls for increased engagement between TAFE 
and industry to improve training delivery at all Australian 
Qualifications Framework levels especially higher AQF levels 
where a TAFE Institute is often the sole provider. TAFE’s 
Advanced Diplomas were acknowledged as a means of 
developing technician skills, but the group suggested these need 
to be better marketed.

A number of suggestions were offered to improve training 
delivery, including closer industry partnerships between 
RTOs, businesses and schools, more on-the-job skills training, 
upskilling of TAFE staff in industry practices and latest 
technologies, and a greater focus on online delivery.

Training also needs to be promoted to industry with easier 
access (for example, through “blended” delivery jointly via 
industry and a TAFE/RTO), increased on-the-job training and 
increased funding.
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Training above and beyond mandatory requirements was seen 
as sound business practice since training assists in maximising 
the value of your workforce.

The roundtable addressed the need to attract young people to 
technology-related careers, especially in the light of the unique 
local co-operative arrangements between schools, RTOs and 
industry. However, in the higher and advanced technology 
areas, much more needs to be done to make young people aware 
of the career opportunities. Pathways from school to industry 
and school to VET are especially important in Gladstone as only 
20% or fewer of local young people go from school to university. 
Careers after commencing work are also critical for meeting 
advanced technology-related skills needs. 

5.2.4 The Melbourne Roundtable

In addition to the general emerging technology skills discussions 
held in the other roundtables, the Melbourne session also 
looked at sustainability training.

Delegates agreed on the importance of defining sustainability 
as a term as it is starting to mean different things. There was 
also a clear view that sustainability skills are needed across all 
AQF levels.

The session heard about the need to embed a culture of 
sustainability from the beginning of learning, even while 
at school.

Vocational training needs to target all levels in organisations, 
with cultural changes needing to be reflected in qualifications.

Sustainability was described as a “grass roots” need which 
should be embedded in trade courses. It was suggested that the 
Competitive Manufacturing implementation model could also 
work for sustainability.

The gathering considered general and specialist sustainability 
training and agreed that skills related to carbon accounting will 
be very important. This has implications for a range of skills, 
including IT competencies such as data collection, analysis 
and reporting.

5.2.4.1 Developing the necessary skills

Like the other roundtables, there was recognition of strong 
relationships between training providers and industry. There 
were suggestions for the establishment of industry advisory 
committees and for industry association links with RTOs as 
well as for broader information exchanges in industry networks. 

SMEs were identified as targets for specific sustainability 
training, since large organisations will generally implement 
sustainable practices anyway. Other industries in the supply 
chain were also identified for training.

Delegates suggested free seminars as an initial form of 
engagement between the VET system and industry. There were 
cautions against “greenwashing” as well as recommendations 
that all training should in future include sustainability units.

Future challenges include differentiating between functional 
and specialist roles and determining who takes responsibility 
for sustainability policy creation and the delivery of 
sustainability training.

5.3 CONCLUSION

The four roundtables identified a range of skills which will 
be needed to support emerging technologies. These included 
industry-specific skills such as electronics-related skills in 
Adelaide; electro-technology skills in Brisbane; minerals 
processing, petrochemicals and carbon accounting-related 
skills in Gladstone; and general and specialist sustainability 
skills in Melbourne. The sessions also discussed some of the 
generic skills required to deal with the new technologies.

There was a recognition that much of the current skills 
development occurs in-house, with some delegates in favour 
of more on-site training while others favoured external 
training options. In both cases, however, delegates stressed the 
importance of strong partnerships between training providers 
and industry. Industry continues to be critical of the lack of 
flexibility in the training system, which was identified as an 
impediment to emerging technology skills development.

A number of suggestions were offered to improve training 
delivery, including closer industry partnerships between 
RTOs, businesses and schools; more on-the-job skills training; 
upskilling of TAFE staff in industry practices and latest 
technologies; and a greater focus on online delivery.

There were also calls for increased funding in the public training 
system to develop the training resources which are needed to 
keep pace with technology. Funding shortfalls were particularly 
prevalent in thin markets (markets where there is limited 
demand), and delegates called for a more strategic position to 
be adopted in recognition of the broader public benefit of the 
development of emerging technology skills.
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6.1 INTRODUCTION

The final phase of the emerging technologies project is the 
establishment of an Emerging Technologies Network. 

Nearly all of the education and training representatives 
interviewed over the course of this project were highly 
supportive of an Emerging Technologies Network as a 
mechanism to explore innovative solutions to the development 
of training resources and appropriate delivery channels and to 
support emerging technology training. 

Discussions with Manufacturing Skills Australia (MSA) 
and manufacturing and engineering Registered Training 
Organisations (RTOs) revealed moves by public manufacturing 
RTOs towards the creation of a National Manufacturing 
Training Network (NMTN). MSA suggested that the proposed 
Emerging Technologies Network could be integrated into the 
planned NMTN which would benefit RTOs, MSA and Ai Group 
Emerging Technology project. 

This suggestion appeared to have some advantages over the 
intended formation of a separate RTO Emerging Technologies 
Network. These include:
• The model for the Network will be based on the model 

successfully used to support the implementation of the 
Competitive Manufacturing Training Package;

• The Network will focus on the identification and 
provision of professional development needs, conduct 
of training and assessment, sharing of best practice, 
sharing of learning resources, and resolution of other 
issues concerning the implementation of the Emerging 
Technologies Framework;

• The Network will include formal links to MSA to 
ensure that it has the latest information in relation to 
developments around endorsed and non-endorsed 
materials for the Emerging Technologies Framework. The 
Network will provide input about implementation issues, 
when appropriate, to MSA. 

Most of the NMTN members TAFE Institutes were either 
member institutes of the Competitive Manufacturing Initiative 
pilot implementation network funded by the Australian 
National Training Authority or were currently delivering 
Competitive Manufacturing qualifications. As such, the NMTN 
members have experience of - and significant commitment to 
- the advantages of a network for the introduction of training 
delivery in a new content area. 

A further advantage of using the NMTN as the Emerging 
Technologies Network is the level of commitment to the 
NMTN from MSA. This body indicated to Ai Group that it 
was willing to assist in the formal establishment of the NMTN, 
and is willing to provide secretariat assistance, if necessary. 
This commitment has encouraged Ai Group to work within 
the NMTN framework since it is consistent with the direction 

in the project contract that all network activities have also been 
undertaken in close co-operation with MSA.

The NMTN met on October 14, 2008 and Ai Group gave a 
detailed briefing on the Emerging Technologies project and the 
need for a RTO Network. The NMTN members unanimously 
agreed that the NMTN would take on the emerging technologies 
RTO network role. 

Ai Group’s activities in regards to the Network objectives since 
this meeting have concentrated on strengthening the network’s 
understanding of emerging technologies and commitment 
to delivery. 

A second meeting between Ai Group and MSA was held in 
Sydney on March 31, 2009 with 19 RTO representatives in 
attendance. As both the consultations with researchers and 
the survey of enterprises had shown that sustainability and 
environmental skills were key emerging technologies, this was 
adopted as a key feature of presentations to the meeting. 

NMTN members were briefed by Ai Group on the findings 
of the researcher consultations and especially the views of 
researchers about the importance of sustainability skills in 
general and the growing convergence of emerging technologies 
with each other and with traditional technologies. MSA gave a 
presentation on its preferred approach to sustainability as both 
important for sustainable manufacturing and also as a new 
area of opportunity for enterprises which MSA was branding 
as “manufacturing for sustainability”.

Following the presentations, an interactive workshop session 
was conducted for NMTN members on:
• the extent to which it was felt that existing units and 

qualifications covered sustainability skills;
• possible topic areas for new units; 
• the skill implications for enterprises of the new emphasis 

on sustainability skills, in particular, the implications of 
an emissions trading scheme;

• the capability of RTOs to deliver sustainability training, 
especially professional development implications.

NMTN members agreed that the sustainability skill area was 
one of the main emerging technology focuses for RTOs and 
that demand for training in this area is increasing. They also 
agreed with the MSA proposition that at the enterprise level, 
the increased focus on sustainability has similarities with the 
implementation of competitive manufacturing practices. This 
was seen as an advantage and a selling point for RTOs as the skills 
taught in Competitive Manufacturing qualifications could, in 
many cases, be customised for delivering sustainability-related 
training. Professional development was also seen as a need, 
with a request by the NMTN for a further network meeting 
facilitated by Ai Group on industry response to sustainability.



Emerging Technologies Project Report

60      Australian Industry Group February 2010  

As a result of the request and feedback from the March NMTN 
meeting, Ai Group convened another network meeting with 
NMTN members after the Melbourne roundtable on May 
5, 2009. All NMTN members were invited to attend the 
roundtable so they could listen to and directly interact with 
industry representatives on sustainability skills. Afterwards, 
they were able to discuss delivery issues associated with new 
sustainability skills through the NMTN. Invitations were also 
sent to member RTOs of a Victorian network, the Advanced 
Technologies Training Capability Alliance (ATTCA), as there 
is significant overlap in Victoria between ATTCA members and 
NMTN membership. 

This meeting focused specifically on technician level and 
paraprofessional skills although participants were free to raise 
issues regarding all vocational AQF levels. 

NMTN participants called for a whole qualification in 
sustainability, over and above the delivery of sustainability 
skill sets.

It was noted that industry has been in the sustainability space 
for some time, and VET, at both a State or national level, is 
lagging and needs to catch up. There are some good examples 
in individual RTOs, but overall the system need is great.

Participants also called for flexibility in qualification structures 
and in delivery.

In a sign that the aims of a more formal and long-term approach 
to a network was being established, NMTN members agreed to 
appoint a consultant to manage the NMTN secretariat and to 
pursue funding for a range of implementation projects including:
• professional development workshops;
• establishing a pilot implementation network for the MSA 

Sustainability qualifications that are currently under 
development;

• development of learning resources; and
• sharing of best practice.

NMTN member organisations are being asked to pay a small 
levy to fund the secretariat function.

6.2 EVALUATION OF THE NETWORK 
ACTIVITIES

At the commencement of this project the intention was to 
establish a new network of training providers through which 
the implementation of emerging technologies training would 
be supported. However, as mentioned, it became clear that 
integrating the Emerging Technologies Network into the 
NMTN was a far more pragmatic approach than building a 
new network.

This development has, however, meant that the timing of 
network activities and the development of the network has 
become more complex; it now has to meet the objectives and 
growth timetable of the NMTN as well as the needs of MSA. 

The main effect of this integration strategy with NMTN has 
been a slower pace of development of a network than originally 
anticipated. This, however, has to be seen against the benefits 
of this solution, including substantial membership already 
attracted and the strong support from MSA. Ai Group is 
also satisfied that preparing for and facilitating emerging 
technologies training has been accepted by all NMTN members 
as a legitimate purpose of the NMTN. 

Ai Group was particularly pleased with the outcomes of 
the May meeting as the decisions to put the NMTN on 
a more solid footing and to undertake early piloting and 
sharing of resources in emerging technology-related areas, 
particularly in sustainability, were originated by the network 
members themselves. 

In terms of recommendations to enhance the functioning of 
the network, the main area of future concern is the slow start 
of the network. The key recommendation is for continued 
close involvement of both MSA and Ai Group in the network, 
including a willingness to facilitate future meetings if necessary 
and to organise guest speakers. 
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7.1 INTRODUCTION

This project has the overall aim of increasing the capacity of 
the national training system to engage with new and emerging 
technologies. This section addresses the extent to which this 
outcome has been achieved through the activities conducted 
under the five phases of the project. 

The capacity of the national training system has been increased 
by this project in three ways. The project has:
• Identified the emerging technologies that will be 

important over the next few years and the skills required, 
particularly sustainability skills;

• Established a network of public Registered Training 
Organisations that have accepted the importance of 
emerging technologies and the need to increase awareness 
and the capacity of TAFE in regards to emerging 
technologies;

• Increased the coverage of emerging technologies in 
national qualifications through co-operative action with 
Manufacturing Skills Australia.

In addition, this project has confirmed the general propositions 
and issues identified in earlier Emerging Technologies projects, 
particularly the extent of industry interest in these technologies 
and concerns around the capacity of the public training 
providers to deliver relevant training in these technologies. 
These notions were confirmed through the case studies, survey 
and solution roundtables phases of this project. 

7.2 EMERGING TECHNOLOGIES THAT 
WILL BE IMPORTANT TO INDUSTRY IN 
THE MEDIUM TERM 
Two strong trends in emerging technologies were identified in 
this project that had not been recognised in Ai Group’s earlier 
projects. The first was the importance of new sustainability 
and environment skills and the other was the increasing 
importance of new combinations of existing and new skills. This 
convergence of new and emerging technologies to support new 
products or processes was particularly identified through the 
consultations with researchers.

7.2.1 Sustainability Skills

Unlike the earlier Emerging Technologies Project where the 
focus was on specific new technologies such as nanotechnology 
and photonics, the current project has identified a much stronger 
interest in new technologies associated with sustainability and 
environmental issues. This was identified in the survey and 
in the consultations with researchers and supported at all the 
roundtables and network meetings. No single sustainability 
technology stood out as the dominant emerging technology. 
However, technologies associated with more efficient energy 
production, such as new-generation solar cells and waste 

minimisation in energy production through processes like 
carbon sequestration, were identified as areas of need for the 
VET sector. 

While not necessarily a technology skill, the skills required for 
compliance with emissions trading, such as carbon accounting, 
and the identification and management of carbon and carbon 
equivalence along the value chain were also identified as areas 
of training need by industry in the survey and roundtables. 

7.2.2 Convergence of Technologies

Researchers interviewed for this project indicated that much of 
the current research into emerging technologies centred on new 
and novel combinations of existing technologies or an existing 
technology to which a new technology such as nanotechnology 
is added. This was also confirmed in the case studies and the 
roundtables. The convergence of technologies has implications 
for the delivery of training as it presents challenges across 
Training Packages and across faculties and departments 
in RTOs if training in new and emerging technologies is to 
be advanced. 

7.2.3 Other Emerging Technologies

The previously studied technologies of nanotechnology and 
photonics were still regarded as important during consultations 
with industry and researchers. Nanotechnology was seen as 
having more application generally for Australian industry - 
both in its own right and as a converging technology. Photonics 
was regarded as an important skill, especially in the Adelaide 
roundtable which focused on defence-related industries.

7.3 ESTABLISHMENT OF A REGISTERED 
TRAINING ORGANISATION NETWORK

Through this project, Ai Group has actively supported the 
establishment of a National Manufacturing Training Network 
(NMTN), a network of public RTOs providing manufacturing-
related training. Initially, the project had planned to establish a 
dedicated Emerging Technologies RTO network, but once the 
plans to create a National Manufacturing Training Network 
(NMTN) were identified, it was decided that this would be an 
appropriate body to advance the emerging technologies training 
delivery issues. This was unanimously accepted by the NMTN 
at its first meeting.

The key difference that Ai Group has been able to make through 
the establishment of the Network has been injecting a focus 
on emerging technologies and on higher-level Australian 
Qualification Framework skills. At the conclusion of the 
last NMTN network meeting, which was facilitated with the 
assistance of Ai Group, members agreed on the need for the 
network to co-operate in professional development and share 
learning resources. Members also supported the establishment 
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of a secretariat to work towards these objectives and the further 
development of the NMTN. 

The support and facilitative role that Ai Group played over three 
NMTN meetings between late November and May 2009 has 
been an important driver behind the establishment and initial 
consolidation of the network. Over this period, Manufacturing 
Skills Australia (MSA) has also given extensive support and 
encouragement to the Network, attending meetings and 
offering administrative support. 

7.4 CO-OPERATIVE ACTION WITH 
MANUFACTURING SKILLS AUSTRALIA 

Ai Group has informed and co-operated with MSA throughout 
the Emerging Technologies project. Examples and outcomes of 
this co-operation include:
• Early sharing of information flowing from the case 

studies, consultations with education and training 
representatives and consultations with researchers. The 
consultations with researchers which identified the 
prominence of environmental and sustainability research 
and the importance of convergence of technologies 
assisted MSA in framing its brief for the development of 
national qualifications in sustainability skills. 

• Joint actions by MSA and Ai Group to promote and 
strengthen the National Manufacturing Training Network 
(NMTN). Ai Group was able to provide a content focus 
for the network over three meetings by sharing and 
workshopping with NMTN members the preliminary 
findings of the Emerging Technologies project. MSA 
was also able to provide similar assistance at the same 
meetings by illuminating current Training Package 
development projects. This assistance has added stability 
to the network as well as boosting its commitment to 
emerging technologies, especially sustainability. 

7.5 POLICY IMPLICATIONS:

7.5.1 Skilling in emerging technologies – 
particularly those technologies related to 
environmental sustainability - is an issue for all 
industry not just for ‘technology’ companies. 
 
This project demonstrated that Australian companies across 
all industry sectors are grappling with how they can skill their 
workforces in emerging technologies now. There is a general 
awareness of the need to increase skill levels but limited detailed 
understanding of exactly what skills will be needed. In large 
part, this is because the technologies and their applications are 
evolving rapidly. 

There are many organisations and agencies working in this 
space. It is vital that the needs of industry be at the forefront 

and that industry engagement is ongoing; industry-relevant 
products are required, not products which seek to second guess 
industry needs. Nowhere is this more important than in the 
development of skills related to sustainability and energy use.

7.5.2 SMEs require assistance to match their 
training needs with training availability

Many of the companies using emerging technologies are 
SMEs and typically companies of this size do not have HR 
and training departments to help them negotiate the national 
training system. This is an issue for SMEs seeking training in 
traditional areas – and these difficulties are compounded for 
companies working at the cutting edge which need RTOs to 
extend Training Package flexibilities and to customise and 
tailor offerings both in terms of content and delivery. SMEs 
need access to independent advice to make training decisions. 

7.5.3 Training workforce development needs to 
be addressed

RTOs need support to be able to deliver industry-relevant 
training in new technologies and trainers need to be up-to-date 
with new technologies. There are various options available to 
achieve these outcomes, including industry release programmes 
and training delivery in partnership with industry experts. 
Often public training providers report that they are unable to 
take up opportunities to build workforce capability because 
of capacity constraints and system bureaucratic restrictions 
such as funding rules giving priority to contract of training–
related delivery. These restrictions need to either be removed 
or local discretion increased and priority given to extending 
opportunities to interested and engaged teachers and trainers.

7.5.4 Manufacturing training provider network 
would benefit from support

The National Manufacturing Training Network is now 
established and the members have the support of their 
organisations to cover the costs of attendance at network 
meetings. In addition, Manufacturing Skills Australia 
has offered to provide secretariat support. These gestures 
demonstrate the value placed on the sharing of experiences 
and the opportunities to hear from industry. However, some 
additional funding support would benefit the Network by, for 
example, allowing it to bring in industry experts for briefings 
and possibly to engage technical experts to conduct professional 
development seminars. Given that the training sector will not be 
able to acquire much of the technology and equipment in this 
area, the Network could have a role facilitating industry access 
to these resources.
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7.5.5 Public funds need to be allocated to the 
delivery of training in emerging technologies, in 
anticipation of industry demand

Australia’s training system relies on industry demand to trigger 
training. In large part, this needs-driven approach serves 
industry, the broader economy and individuals well. But a 
special case needs to be made for public funding support to be 
extended to those less popular skill areas which are sure to be in 
demand in the medium term. The funding needs to anticipate 
industry demand to allow time for the skills to be developed 
in an effort to avoid skills shortages in areas which will be 
of high economic importance. The whole area of skilling in 
sustainability is clearly an area where skills will be needed but, 
as yet, there is not strong demand because companies are unsure 
of exactly what their skills needs will be. Not knowing the full 
dimensions of the demand should not prevent the development 
of training programmes, the specific details of which can be 
refined as the needs become more apparent. 

7.5.6 Skilling in sustainability needs to be in 
industry-identified areas

We know that there is a great deal of interest from young people 
in undertaking training in sustainability skills. It is important 
that this enthusiasm is directed towards qualifications 
developed on the basis of industry advice which have clear 
vocational outcomes. 

7.5.7 Flexibility across Training Packages  
is required

This project demonstrated that many of the positions which 
will use emerging technologies require the application 
of a cross-section of skills. This can include a number of 
different traditional skills, some involved at the cutting edge 

of technology and other ‘core’ skills such as problem-solving 
and communication. It is important that Training Packages are 
sufficiently flexible to be able to accommodate these demands 
for converging skills, as recommended in the findings of the 
recent review of Training Packages. Also, it is important that 
RTOs are administered in such a way that inter-departmental 
issues do not become an impediment to training delivery. 

7.5.8 Engage with emerging technologies 
research

The VET sector must devise and implement strategies to 
improve connections with emerging technologies research and 
developments and the researchers and organisations involved. 
Strategies for VET sector consideration could include:
• initiating information-sharing mechanisms such as 

seminars, visiting speakers and networking opportunities 
in relation to the key messages of this (and related) 
emerging technologies research (a two-way process 
including strategies to improve researchers’ knowledge of 
VET); and

• seeking out opportunities to engage with researchers and 
leading-edge emerging technologies industries through 
events and documentation.

7.5.9 Emerging technologies skills should not be 
considered in isolation 

A key component of successful skilling in emerging technologies 
is ensuring that the skills of VET graduates are underpinned 
by foundation and industry-relevant technical and scientific 
knowledge. These skills must be complemented by transferable 
generic skills such as adaptability, flexibility, innovation 
and creativity. 
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ORGANISATION		 TYPE	 FORMAT	

CRC for Polymers CRC Interview

CRC for Advanced Composite Structures CRC Interview

CRC for Advanced Automotive Technology CRC Interview

CRC for Greenhouse Gas Technologies

University of South Australia Uni, CRC Interview

CO2CRC CRC Interview

Rail CRC CRC Phone discussion

CAST CRC CRC Interview

Queensland University of Technology CRC for Construction Innovation Uni, CRC Emailed response

DSTO Defence Science and Technology Organisation Aust Govt Emailed response

ANSTO Australian Nuclear Science and Technology Organisation Aust Govt Emailed response

Australian Office of Nanotechnology Department of Innovation,  
Industry, Science and Research Aust Govt Phone discussion

Industrial Research Institute Swinburne (IRIS)  
Swinburne University of Technology  Uni Interview

Innovation Campus University of Wollongong Uni Interview

Futuris Automotive Interiors (Australia) Pty Ltd (RMIT Uni ref) Ind Emailed response

CSIRO Aust Govt Interview

CSIRO Aust Govt Interview

Niche Manufacturing Flagship CSIRO Aust Govt Interview

Curtin University of Technology Uni Interview

AGEG Govt Emailed response

Geoscience Australia (within the Australian Government portfolio  
of Resource, Energy and Tourism) Aust Govt Emailed response

CRC for Cancer Therapeutics Cancer Therapeutics CRC  CRC Interview

APPENDIX 1: INTERVIEWED RESEARCHERS AND ORGANISATIONS
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Q.1 In which industry sector does your company mainly belong? (Please circle one) 

 

 Food & beverages .…………………….......1 

Textiles, clothing & footwear.......………….2 

Wood products & furniture……….. ......…..3 

Paper, printing & publishing.………. .........4 

Chemicals, petroleum, coal products …....5  

Commercial construction ….. …. … ..…....6  

Construction materials ………….....…...….7 

Basic metals …….…………..……...……....8 

Fabricated metals …………………...……...9 

Transport equipment ……….....……..…...10 

Machinery & equipment ….….........……..11 

Miscellaneous manufacturing.........……...12 

Personal & other services…….................13 

Business services…………... ………...….14 

Finance, insurance & property.................15 

Retail & wholesale services……….…..….16 

Transport & utilities.................................
.17 

Other services……. ….. ….. ….. .……….18 

 

 
Other (please specify):                               

                                 
                   [       ]    

   

 

Q.2 What was the value of your turnover and total number of employees in 2007 and what do you estimate these will be in 2008? 
 

 
2007:       Turnover  $                          millions          Employment  _________     __ _ 

2008:       Turnover  $                          millions          Employment  _________     __ _ 

 

Q.3 How many years has your business been in operation? 

 

 
                                 

         _______________ years 

 

Q.4 Do you have a formal human resource management plan for your business? 

 

 
  Yes………………1            No ……..….…. 2         Don’t know ................................

.... 3  

Q.5 Which of the following technologies are you aware of and are likely to use in your business in the next two years? 
 

 
 

Aware 
Likely to use 

 

  

Nanotechnology ...............................
. 

Photonics ...............................
........... 

Carbon capture and storage .............. 

New energy technologies .................. 

New environmental technologies ....... 

Biotechnologies ................................
. 

Advanced materials .......................... 

Smart materials ................................
. 

Advanced digital modelling ................ 

Advanced ICT applications ................ 

 

Yes 
 
1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

 

No 
 
2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

 

Very likely 

 
1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

 

Likely 
 
2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

 

Unlikely 
 
3 

3 

3 

3 

3 

3 

3 

3 

3 

3 
 

Don’t know 

 
4 

4 

4 

4 

4 

4 

4 

4 

4 

4 
 

 

 
Other (please specify):                               

                                 
                   [       ]    

    

 

Q.6 Do you consider that your employees have the necessary skills to take advantage of emerging technologies?  

Yes………………1       Somewhat ……..….…. 2…………..………… Not at all………………3     …………. Don’t know………………4          

 

Q.7 How important to your business’ success is it to have employees skilled in emerging technologies?  

 

 
Very important………1      Somewhat important ……..….…. 2      Not at all important………………3      Don’t know ……………4           

Q.8 How frequently do your employees need training to cope with emerging technologies? (Circle one) 

 

  Continuously….….1.   Every six months ...... 2    Annually……..3     Every two years……3     Don’t know …………….5 

Q.9 How many of your employees will require training in one or more emerging technologies in the next two years?  
 

 

                                 
                            _____________employees 

 

Q.10 Where do you see the greatest priority for upskilling your employees in emerging technologies? Please rank the following from 1(highest) to 8 (lowest 

priority) as applicable to your business 

 

 
Labourers.……………………...………….................................

.___ 

Process workers……………………………………...……………___ 

Apprentices and trainees………… ……….. ………..........…….___ 

Tradespeople………………….………………….. ……….. ...... ___ 

Technicians………………………………………………………  ____ 

Engineers……… ………. ……… ………. …………...…………____ 

Other professionals………… …….……….. ………..........…….____ 

Managers……… ………. ……… ………. …………...………….____ 

 

Q.11 Which methods has your business used effectively to meet emerging technology skill needs (Circle only those used). 
 

 Retrained existing staff on the job …………..1 

Recruited experienced employees………......2 

Reduced staff turnover………………………..3 

Employed more apprentices & trainees….....4 

Employed people with basic technical skills, 

then retrained to requirement...….5 

Redesigned jobs……………..….............6 

Employed skilled migrants……….....…..7 

Shifted production off-shore…..……..…....8 

Taken-on and trained unskilled staff…......9 

Taken no action.………..………………….10 

 

Q.12 In regards to emerging technologies, is your business: (Circle one only) 

 

 Training employees in order to meet future requirements….………1  

Planning to train employees to meet future requirements……...….2 

Aware of training available, but not interested in utilising this...……3 

Unaware of training available…………………………………………..4 

Not applicable……………………………………………………………5 

 

SKILLS FOR WORKING WITH EMERGING TECHNOLOGIES 

Q.13 Please rank the following four skills (from 1 to 4) in their order of importance in working with emerging technologies. 
 

 Problem solving…………..       Team work………………...      Communications………...       Adapting to change...…..        

Q.14 Do you consider that your employees currently lack skills necessary for emerging technologies in the following areas? (Circle) 
 

 Problem solving       Yes………...1     No…….…..2 

Team work           Yes…….…..1     No………...2 

Communications       Yes………...1     No…….…..2 

Adapting to change     Yes………...1     No…….…..2 

 

Q.15 Please rank the following four technical skills (from 1 to 4) in their order of importance in working with emerging technologies. 
 

 Basic science/maths………………….                     Basic engineering…………………………………..…      

Basic technician………………………                     Setting standards and procedures………….………      

 

Q.16 Do you believe that your employees currently lack skills necessary for emerging technologies in the following areas (Circle)  
 

 

 Basic science/maths     Yes………...1     No…….…..2 

Basic technician skills    Yes…….…..1     No………...2 

 Basic engineering                  Yes………...1     No……..…..2 

 Setting standards and procedures….   Yes………...1   No…….…..2  

UPSKILLING FOR EMERGING TECHNOLOGIES 

Q.17  Which of the following has your business used to introduce new emerging technology skills to existing employees? (Circle for each) 
 

 External formal training…………………………………………………1 

Vendor training (with equipment purchase)…………………………..2 

Formal in-house training………………………………………………..3 

Informal in-house training………………………………………………4 

Mentoring………………………………………………………………...5 

 

 

 Other (please specify):                               
                                 

                    [       ]   
    

Q.18 Please indicate how successful each training method used was in updating the skills of your employees 

 

  
Very  

successful 

Moderately 

successful 

Not at all  

successful 

Don’t know Not applicable  

 
External formal training 

Vendor training 

Formal in-house training 

Informal in-house training 

Mentoring 

1 

1 

1 

1 

1 

2 

2 

2 

2 

2 

3 

3 

3 

3 

3 

4 

4 

4 

4 

4 

5 

5 

5 

5 

5 

 

 Other (please specify):                               
                                 

                    [       ]   
    

Q.19 Which of the following do you consider to be barriers to upskilling employees in emerging technologies in your business? (Circle for each)  

 Employee resistance……………………………………………………1 

Uncertainty as to what is required to meet future needs……………2 

Lack of understanding of skill deficiencies among employees…….3 

Lack of relevant training available……………..………………………4 

Poor quality of training provided.………………………………………5 

Cost of training                        ………………………6 

Lack of sufficient financial incentives from government.……………7 

Training is not sufficiently flexible……………………………….…….8 

Staff leaving the organisation following training……..………………9 

 

 Other (please specify):                               
                                 

                    [       ]       
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Q.1 In which industry sector does your company mainly belong? (Please circle one) 

 

 Food & beverages .…………………….......1 

Textiles, clothing & footwear.......………….2 

Wood products & furniture……….. ......…..3 

Paper, printing & publishing.………. .........4 

Chemicals, petroleum, coal products …....5  

Commercial construction ….. …. … ..…....6  

Construction materials ………….....…...….7 

Basic metals …….…………..……...……....8 

Fabricated metals …………………...……...9 

Transport equipment ……….....……..…...10 

Machinery & equipment ….….........……..11 

Miscellaneous manufacturing.........……...12 

Personal & other services…….................13 

Business services…………... ………...….14 

Finance, insurance & property.................15 

Retail & wholesale services……….…..….16 

Transport & utilities.................................
.17 

Other services……. ….. ….. ….. .……….18 

 

 
Other (please specify):                               

                                 
                   [       ]    

   

 

Q.2 What was the value of your turnover and total number of employees in 2007 and what do you estimate these will be in 2008? 
 

 
2007:       Turnover  $                          millions          Employment  _________     __ _ 

2008:       Turnover  $                          millions          Employment  _________     __ _ 

 

Q.3 How many years has your business been in operation? 

 

 
                                 

         _______________ years 

 

Q.4 Do you have a formal human resource management plan for your business? 

 

 
  Yes………………1            No ……..….…. 2         Don’t know ................................

.... 3  

Q.5 Which of the following technologies are you aware of and are likely to use in your business in the next two years? 
 

 
 

Aware 
Likely to use 

 

  

Nanotechnology ...............................
. 

Photonics ...............................
........... 

Carbon capture and storage .............. 

New energy technologies .................. 

New environmental technologies ....... 

Biotechnologies ................................
. 

Advanced materials .......................... 

Smart materials ................................
. 

Advanced digital modelling ................ 

Advanced ICT applications ................ 

 

Yes 
 
1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

 

No 
 
2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

 

Very likely 

 
1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

 

Likely 
 
2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

 

Unlikely 
 
3 

3 

3 

3 

3 

3 

3 

3 

3 

3 
 

Don’t know 

 
4 

4 

4 

4 

4 

4 

4 

4 

4 

4 
 

 

 
Other (please specify):                               

                                 
                   [       ]    

    

 

Q.6 Do you consider that your employees have the necessary skills to take advantage of emerging technologies?  

Yes………………1       Somewhat ……..….…. 2…………..………… Not at all………………3     …………. Don’t know………………4          

 

Q.7 How important to your business’ success is it to have employees skilled in emerging technologies?  

 

 
Very important………1      Somewhat important ……..….…. 2      Not at all important………………3      Don’t know ……………4           

Q.8 How frequently do your employees need training to cope with emerging technologies? (Circle one) 

 

  Continuously….….1.   Every six months ...... 2    Annually……..3     Every two years……3     Don’t know …………….5 

Q.9 How many of your employees will require training in one or more emerging technologies in the next two years?  
 

 

                                 
                            _____________employees 

 

Q.10 Where do you see the greatest priority for upskilling your employees in emerging technologies? Please rank the following from 1(highest) to 8 (lowest 

priority) as applicable to your business 

 

 
Labourers.……………………...………….................................

.___ 

Process workers……………………………………...……………___ 

Apprentices and trainees………… ……….. ………..........…….___ 

Tradespeople………………….………………….. ……….. ...... ___ 

Technicians………………………………………………………  ____ 

Engineers……… ………. ……… ………. …………...…………____ 

Other professionals………… …….……….. ………..........…….____ 

Managers……… ………. ……… ………. …………...………….____ 

 

Q.11 Which methods has your business used effectively to meet emerging technology skill needs (Circle only those used). 
 

 Retrained existing staff on the job …………..1 

Recruited experienced employees………......2 

Reduced staff turnover………………………..3 

Employed more apprentices & trainees….....4 

Employed people with basic technical skills, 

then retrained to requirement...….5 

Redesigned jobs……………..….............6 

Employed skilled migrants……….....…..7 

Shifted production off-shore…..……..…....8 

Taken-on and trained unskilled staff…......9 

Taken no action.………..………………….10 

 

Q.12 In regards to emerging technologies, is your business: (Circle one only) 

 

 Training employees in order to meet future requirements….………1  

Planning to train employees to meet future requirements……...….2 

Aware of training available, but not interested in utilising this...……3 

Unaware of training available…………………………………………..4 

Not applicable……………………………………………………………5 

 

SKILLS FOR WORKING WITH EMERGING TECHNOLOGIES 

Q.13 Please rank the following four skills (from 1 to 4) in their order of importance in working with emerging technologies. 
 

 Problem solving…………..       Team work………………...      Communications………...       Adapting to change...…..        

Q.14 Do you consider that your employees currently lack skills necessary for emerging technologies in the following areas? (Circle) 
 

 Problem solving       Yes………...1     No…….…..2 

Team work           Yes…….…..1     No………...2 

Communications       Yes………...1     No…….…..2 

Adapting to change     Yes………...1     No…….…..2 

 

Q.15 Please rank the following four technical skills (from 1 to 4) in their order of importance in working with emerging technologies. 
 

 Basic science/maths………………….                     Basic engineering…………………………………..…      

Basic technician………………………                     Setting standards and procedures………….………      

 

Q.16 Do you believe that your employees currently lack skills necessary for emerging technologies in the following areas (Circle)  
 

 

 Basic science/maths     Yes………...1     No…….…..2 

Basic technician skills    Yes…….…..1     No………...2 

 Basic engineering                  Yes………...1     No……..…..2 

 Setting standards and procedures….   Yes………...1   No…….…..2  

UPSKILLING FOR EMERGING TECHNOLOGIES 

Q.17  Which of the following has your business used to introduce new emerging technology skills to existing employees? (Circle for each) 
 

 External formal training…………………………………………………1 

Vendor training (with equipment purchase)…………………………..2 

Formal in-house training………………………………………………..3 

Informal in-house training………………………………………………4 

Mentoring………………………………………………………………...5 

 

 

 Other (please specify):                               
                                 

                    [       ]   
    

Q.18 Please indicate how successful each training method used was in updating the skills of your employees 

 

  
Very  

successful 

Moderately 

successful 

Not at all  

successful 

Don’t know Not applicable  

 
External formal training 

Vendor training 

Formal in-house training 

Informal in-house training 

Mentoring 

1 

1 

1 

1 

1 

2 

2 

2 

2 

2 

3 

3 

3 

3 

3 

4 

4 

4 

4 

4 

5 

5 

5 

5 

5 

 

 Other (please specify):                               
                                 

                    [       ]   
    

Q.19 Which of the following do you consider to be barriers to upskilling employees in emerging technologies in your business? (Circle for each)  

 Employee resistance……………………………………………………1 

Uncertainty as to what is required to meet future needs……………2 

Lack of understanding of skill deficiencies among employees…….3 

Lack of relevant training available……………..………………………4 

Poor quality of training provided.………………………………………5 

Cost of training                        ………………………6 

Lack of sufficient financial incentives from government.……………7 

Training is not sufficiently flexible……………………………….…….8 

Staff leaving the organisation following training……..………………9 

 

 Other (please specify):                               
                                 

                    [       ]       
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