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EXECUTIVE SUMMARY

Horizon Scan 4 is the final horizon scan report for the Agrifutures Australia and 

QUT project, Detecting Opportunities and Challenges for Australian Rural Industries. 

Therefore, the technologies presented in this report finalise a watchlist of emerging 

technologies that have potential impact for Australian rural industries. As with previous 

horizon scan reports, the identified technologies represent innovation in a broad range 

of domains and highlight the diverse areas within the Australian rural industries that can 

be enhanced by technology change. 

COGNITIVE COMPUTING
Cognitive computing technologies are artificial intelligence systems that augment and 

enhance human capabilities. Machine learning can extract knowledge and patterns 

from data to learn, predict, and then develop a certain level of autonomous functionality. 

Human-in-the-loop machine learning has similar capability, but incorporates some human 

input to achieve more complex functionality and improve problem-solving capabilities. 

Computer vision is the use of cameras, sensors and artificial intelligence to provide 

computing devices with the ability to recognise and analyse real-world objects and 

digital images. This can help humans in difficult tasks such as anomaly detection.

MICROBIOME
Microbiome is a term that describes the complex communities of microorganisms that 

colonise living organisms. A plant’s microbiome colonises plant surfaces and inner tissue. 

The exact microbiome composition is influenced by the surrounding soil and air. The 
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plant microbiome is a key driver for plant health, productivity, community composition, 

ecosystem functioning, and nutrition. Greater understanding of plant microbiomes has 

the potential to improve resource availability, growth promotion, disease resistance and 

plant protection.

DISTRIBUTED ECONOMY
The concept of a distributed economy is a transformation of current economic systems. 

Distributed economies emphasise small-scale production to facilitate strong networks 

between producers, customers, distributors and retailers. A key aim is to create adaptable 

and innovative economies that are resilient to change and that create mutual benefit 

for stakeholders. Blockchain is a distributed peer-to-peer database that records digital 

events and transactions. It logs the sequences of all types of transactions in a secure 

and immutable way. Blockchain removes the need for intermediaries, such as banks and 

brokers, allowing for cheap and instant transactions. It has potential to transform supply 

chains by enhancing efficiency, traceability and transparency. Distributed production is 

the production of commodities in a decentralised infrastructure. This is enabled by the 

availability of technologies that allow efficient production on a small scale. In farming, 

this includes technology driven compact farms that demonstrate highly efficient use of 

inputs with maximum outputs. An area of potential innovation is to use technology to 

produce value-added custom food varieties.

MOISTURE HARVESTING
Moisture harvesting is the process of capturing water vapour from the atmosphere, 

and subsequently making it available in a liquid state. Where moisture harvesting had 

previously only been possible in high humidity areas, a new system is capable of efficiently 

capturing moisture from air with relative humidity levels as low as 20%. The system can 

be tuned for specific environmental conditions and requires little human input. It has the 

potential to be used for supplementing drinking water and for agriculture applications.

METAMATERIALS
Metamaterials are nanoengineered materials with properties that are not demonstrated 

by materials found in nature. While many uses are possible, metamaterials are particularly 

well suited for the creation and manipulation of light. Metamaterials with light absorbing 

properties can be used to improve the efficiency of solar cells. They can also be used to 

create thermo-photovoltaics which can create energy from heat.

PROGRAMMABLE MATERIALS
Programmable materials are designed to have specific functionality in response to stimuli. 

One type of programmable material is 4D material. These materials can dynamically 

move, transform and assemble when exposed to certain stimuli. Potential applications 

of 4D material include motorless valves, and adaptable packaging and insulation. 

Programmable materials can also be static. For example, a sponge material that can be 

programmed to absorb specific types of chemicals.
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INTRODUCTION

This is the fourth and final horizon scan report produced for this project. At the project’s 

outset, the intention was to develop an iterative methodology capable of scanning and 

extracting relevant information to assist with the foresight of emerging technologies 

that present potential opportunities and challenges to Australian rural industries. Over 

the course of this project, the methodology has shown to be successful at this. It has 

been adaptable to changing constraints, as well as repeatable and scalable, with each 

iteration building on the outcomes of previous iterations. In Horizon Scans 2 and 3, 

goals were stated to develop the range of sources scanned, improve engagement with 

industry stakeholders, and efficiently communicate key technological innovations using 

infographics and scenarios. During Horizon Scan 4, these goals have been maintained 

and this report demonstrates a refined and productive methodology. 

As this is the final horizon scan, the technologies presented in this report are the final 

additions to the watchlist of technologies that present the greatest potential challenges 

and opportunities to Australian Rural industries. Technologies from a diverse number 

of domains and disciplines are represented, including artificial intelligence, biological 

sciences, material science, manufacturing, and finance. Technologies from these areas 

are detailed, focusing on current applications and forecasts. Infographics are used to 

explore the potential impact for Australian rural industries, and to communicate temporal 

and geographical trends observed in patent data. Illustrative scenarios, which were 

introduced in Horizon Scan 3, are again used to explore and communicate the potential 

impact of the selected technologies in the context of Australian rural industries. The 
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included scenarios cover broad trend areas and therefore infer important relationships 

that exist among emerging technologies presented in this report and in previous reports. 

As this project has progressed, it has become evident that considering technologies 

in isolation is not sufficient to understand the extent of their transformative potential. 

Consideration must be given to interactions among technologies, and how complimentary 

capabilities can drive innovation. These interactions must then also be considered within 

the complex social, economic and environmental contexts in which they are situated. 

This confluence of different factors is a focus as this project moves into the final stages. 
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RESULTS

Over the course of this project, high impact technologies have been identified and have 

contributed to a watchlist of technologies which offer the greatest potential opportunities 

and challenges for Australian rural industries. As the final horizon scan report of this 

project, the technologies presented in this report are the final contributions to this 

watchlist (Figure 1). 

Presented in this report are 8 technologies that span domains and disciplines including 

artificial intelligence, biological sciences, material science, manufacturing, and finance. 

The selection of technologies has been the result of two iterations of the methodology: 

The first iteration focused on discovery and initial evaluation to narrow down the list of 

candidate technologies; the second iteration focused on analysis and further evaluation 

to better understand the capabilities of each technology, and their potential impact for 

Australian rural industries. Each technology is presented on a single page explaining 

current applications and forecast. Supporting infographics communicate the potential 

impact of the technology for rural contexts, as well as innovation trends explained by 

temporal and geographical trends observed in the patent data. Illustrative scenarios 

convey potential impacts of two technology categories: distributed economy and cognitive 

computing. A third illustrative scenario is also used to represent a plausible application 

of moisture harvesting technology in an agricultural context. These technology areas 

were chosen for illustrative scenarios as they have clear pathways for implementation 

in Australian rural industries. In addition, distributed economy and cognitive computing 

offer narratives that demonstrate the relationships among different technologies and 

the significance of technology confluence. 
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FIGURE 1.  FORMATION OF TECHNOLOGY WATCHLIST FOR AUSTRALIAN RURAL INDUSTRIES



10 HORIZON SCAN 4 TRANSFORMATIVE TECHNOLOGY

COGNITIVE COMPUTING

Cognitive computing technologies are artificial intelligence systems that are designed 

to extend the cognitive abilities of humans [1]. Rather than replacing human workers, 

cognitive computing augments and enhances human capabilities, such as helping a 

person do their job faster or better [2]. They are not capable of true cognition, but they 

can adapt to changes in information and in the environments they are used in [1], [3]. 

The form of cognitive computing systems varies. They can be virtual assistants with 

broad knowledge or cognitive expert advisors with narrow but deep knowledge that 

provide interaction and can engage in dialogue to assist with specific situations [3]. 

They can also be incorporated with computer vision and augmented reality systems to 

enhance human perception [1].  

In the following sub-sections, two technologies essential to cognitive computing are 

presented: human-in-the-loop machine learning and computer vision.
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HUMAN-IN-THE-LOOP MACHINE LEARNING
Machine learning is a sister discipline of artificial intelligence [4]. Its purpose is to extract 

certain kinds of knowledge and patterns from data to learn, predict, and then develop 

a certain level of adaptability and autonomy [3]. While these systems are capable of 

understanding complex data and can respond accordingly [3], they do not yet match 

human intelligence [5]. Given this, they can be limited in accuracy, particularly in situations 

that require rare skill and that are difficult to define rules for [3]. Human-in-the-loop 

machine learning provides a solution in these circumstances by using machine learning 

to parse the majority of the data, while a human is ‘kept in-the-loop’ for the remainder; a 

typical ratio is 80:20 [4].

APPLICATION
Human-in-the-loop machine learning leverages human input to improve the problem-

solving capabilities of artificial intelligence [3]. This can be applied to typical machine 

learning tasks. For example, sensor data from equipment and machinery can be used to 

predict failures and initiate solutions, such as redirecting power or resources. Employee 

safety can be improved by using data to predict accidents and the conditions they 

might occur in, such as equipment states and environmental characteristics. With more 

organisations incorporating complex data from their operations, the need for machine 

learning and automation will increase  [5]. As these capabilities are increasing, human-

in-the-loop is advantageous as it seeks to improve accuracy. Human judgement is fed 

back into the system and helps make machine learning algorithms smarter [6]. In this 

way, humans are automation managers. Therefore, it is essential to develop artificial 

intelligence systems to facilitate effective human input to gain the best possible results. 

This is particularly true as automated systems increase in complexity and size, and 

possibly incorporate multiple operators [7].

FORECAST
Artificial intelligence and machine learning is already having significant business impact. 

It is a core strategy of some of the world’s largest companies, including Google, Apple, 

Microsoft and Amazon [5]. Further development will be driven by increases in computing 

power and open source development tools [3]. As artificial intelligence and machine 

learning break into more industries, it is important to consider its integration with current 

human resources [7].
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COMPUTER VISION
Computer vision is the collaborative use of cameras, sensors and artificial intelligence to 

provide computing devices with visual capabilities. This includes the ability to recognise, 

analyse, process and understand real-world objects and digital images [8]. 

APPLICATION
Computer vision systems have many possible applications depending on the systems 

and technologies they are integrated with, and the contexts they are used in. One of the 

most compelling applications of computer vision is assisting humans with the tasks they 

perform. For example, computer vision has widespread application for anomaly detection. 

Systems have been developed that assist radiologists by scanning mammogram images 

and identifying potential abnormalities. Results have shown that radiologists using 

the system are more effective than those who do not [2]. Similar systems have been 

designed to detect skin cancer and provide preliminary diagnosis. Results so far place 

such computer vision systems on par with practicing doctors [9]. Computer vision can 

be applied to improve operator safety in attention dependent tasks [10]. For example, 

General Motors has plans to equip vehicles with the capability to monitor drivers attention 

and detect when they are distracted and not paying enough attention to their surrounds 

[2]

In addition to image and event recognition, more sophisticated systems integrate with 

sensors and other technologies to provide enhanced capabilities and execute tasks [8]. 

For example, unmanned aerial vehicles equipped with camera and sensor arrays can 

capture and process images of crops to autonomously identify unhealthy plants. With 

limited intervention, this data can then be sent to unmanned ground vehicles to direct 

care of crops and assist harvest estimation [11]. 

FORECAST
Computer vision is widely used for image recognition in mobile devices [9]. It is expected 

that the functionality of computer vision will evolve rapidly to serve many purposes. With 

this evolution, computer vision systems will continue to become more economically viable. 

An area driving this will be camera enabled IoT devices [8]. Computer vision integration 

with other emerging technologies, such as virtual and augmented reality, will enhance 

human performance in industries such as mining, maintenance and manufacturing [3].  



13 HORIZON SCAN 4 TRANSFORMATIVE TECHNOLOGY

0
Very low impact

1

2

3

4

Very high impact
5

201720162015201420132012

1000

0

3000

4000

6000

2000

5000

49969

EP
* 

1510

EU
RO

PE
AN

PA
TE

NT
 O

FF
ICE

CH
IN

A

ST
H.

 K
OR

EA

AU
ST

RA
LIA

US
A

200

INNOVATION TRENDS

2337

31967

W
O*

WO
RL

D 
IP

OR
GA

NIS
AT

ION
10925 1849

771

Computing devices that can monitor the tasks performed by humans to improve attention, safety and efficiency

Devices that have contexual knowledge, can learn from humans, and can adapt to environmental changes

Machines and computing devices capable of independent learning to assist with, and perform complex tasks

EXPERT OPINION

Experts were surveyed and asked to rate the impact of cognitive computing 
technologies on a 5-point scale. On average, cognitive computing technologies 
were perceived to have high potential impact for Australian rural industries. 
Devices capable of assisted or independent learning, and that can adapt to and 
perform tasks in changing environments were perceived to have highest impact. 
Improving the safety and performance of humans had a lower perceived impact.

HUMAN-IN-THE-LOOP MACHINE LEARNING COMPUTER VISION
COGNITIVE COMPUTING      

Cognitive computing technologies have 
received extensive innovation. Analysis 
of number of patents published by 
country shows the USA to be the focus 
of innovation. However, a considerable 
number of patents have been published 
throughout Europe and the Asia-Pacific 
region.

Analysis of number of patents published 
per year shows a steady upward trend 
for machine learning innovation over the 
last several years. By comparison, 
computer vision innovation has been 
steady, with a slight upward trend over 
the same period.

5576

2686 2088 102

Computing devices that can visually survey an environment and understand the current state of objects

3.8

4.3

4

4

UK

107

FR
AN

CE

JA
PA

N

493108

GE
RM

AN
Y

93

CA
NA

DA

113
23795 142



14 HORIZON SCAN 4 TRANSFORMATIVE TECHNOLOGY

COGNITIVE COMPUTING 
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AI ASSISTED AGRICULTURE
Cognitive computing technologies provide an interface connecting humans with 

machines. In rural contexts, which are subject to variability, this allows machines to 

act autonomously on routine tasks and leverage human input to deal with uncertain 

situations. Cognitive computing technologies can learn from interactions in these novel 

situations, and then develop a greater level of autonomy. 

Machine learning and computer vision technologies are developing alongside other 

emerging technologies, such as autonomous vehicles and augmented reality. The 

confluence of such technologies has the potential to have significant impact in rural 

contexts.
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MICROBIOME

The term microbiome describes the complex communities of microorganisms that 

colonise living organisms, including humans, animals, insects, and plants [12], [13]. 

Microorganisms that make up the microbiome reside in various locations. For humans, 

this includes the hair, stomach, mouth and skin. For plants, the microbiome colonises 

the plant surfaces and inner tissue [14]. Plants also obtain distinct root and shoot 

microbiomes based on the surrounding soil and air [12].  

APPLICATION
The microbiome can have wide ranging impacts on the host organism. A human’s 

microbiome can affect a range of conditions, including eczema, ulcers and cancer [13]. 

The plant microbiome is considered to be a key driver for plant health, productivity, 

community composition, ecosystem functioning [14], and nutrition [15]. There is 

evidence that the root and other sections of the plant’s microbiome play different roles; 

the root microbiome principally effects nutrient uptake, while other sections of the plant’s 

microbiome play a stronger role in plant protection, resource efficiency, and yield [16]. 

The plant microbiome can also affect human health. Microorganisms in our diet can 

promote health or they can also transfer pathogens [14]. 

There is strong evidence that plants and their microbiome can communicate for the 

purpose of managing resource availability, and defending against pathogens and 

viruses [16]. Future research exploring plant-microbe interactions and microbial 

amendments might provide future advances to maximise resource availability, growth 

promotion, disease resistance and plant protection [12], [16]. If a plant has microbial 

imbalance, it can be more susceptible to pathogen outbreaks. Therefore, it is important 

to maintain microbial diversity in plants and their environment. This can be supported by 

biotechnology solutions, including prebiotics, probiotics and synbiotics [14], as well as 

good land management practices [16].

FORECAST
Research investigating microbes and plant growth has increased exponentially over the 

past 25 years [12]. Advances in this area can help address increasing food demands 

and the effects of climate change [16]. Greater understanding of plant-associated 

microbes might also contribute to plant disease management solutions that are not as 

cost prohibitive or as controversial as genetic modification [17]. Moreover, microbiome 

might play a role in the emerging concept of personalised diets, which consider individual 

genetics, physiology and microbiome composition. Controlling microbiome interactions 

between plants and humans have potential to add value to current food products [16]. 
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DISTRIBUTED ECONOMY

The concept of a distributed economy is a transformation of current economic systems 

which rely on large-scale centralised production emphasising economies of scale and 

growth [18]. Rather, distributed economies emphasise dispersed ownership, influence 

and control [19]. Production is small-scale, flexible and organised to facilitate networks 

between producers, suppliers, customers, retailers, distributors, and competitors [19]. 

The intention of these networks is to create an adaptable and resilient economy that does 

not rely on a single, large, centralised node [20]. By this, however, distributed economies 

aren’t about abolishing large-scale production. Instead, the intention is to balance large- 

and small-scale production to facilitate mutual benefit for all parties involved [18].   

The concept of distributed economies is not entirely new. Recently, however, it has had 

renewed interest due to several new technologies that make its functioning more viable. 

In the following sub-sections, two different technologies that facilitate the distributed 

economy trend are presented: blockchain and distributed production.
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BLOCKCHAIN
Blockchain is a distributed peer-to-peer database that records digital events and 

transactions [21], [22]. It is comprised of two main elements: transactions and blocks. 

The transactions are the actions that participants of the blockchain log, and the blocks 

record the timestamp and sequence of actions [23]. Because the system is decentralised 

and shared amongst many peers, there is no central point of failure and no single party 

has authority to alter or tamper with logged transactions [24]. Therefore, the transactions 

recorded are immutable [25]. Moreover, transactions do not require intermediaries which 

results in lower cost transactions [21] that can settle instantly and transparently [22]. 

APPLICATION
Blockchain technology is commonly associated with finance due to its ties to Bitcoin 

and other cryptocurrencies. It is an efficient and secure way of transferring money [25]. 

Beyond finance, blockchain allows many types of digital assets and transactions to be 

recorded. Blockchain has disruptive potential in retail, gas and oil, manufacturing and 

other industries [25]. An area of interest relevant to many industries is supply chain 

management. Blockchain is particularly suited to addressing supply chain transparency 

and traceability [25]–[27], two issues of concern in currently outdated and siloed supply 

chains [24]. In the food supply chain, blockchain encourages sharing of on-farm data 

and facilitates product traceability through the whole supply chain [26]. Existing manual 

inspections systems could be eliminated, subsequently reducing the risk of inaccuracies. 

With permanent records of each transaction held in the blockchain, the full history of 

product provenance is associated with each individual product [27]. This information can 

be made accessible to customers, who are increasingly concerned about food origin 

and quality [24]. Blockchain technology has a key role in an increasingly automated 

supply chain. Blockchain can be used to track the interactions between devices, forming 

immutable records of the transactions that take place in automated systems [23].

FORECAST
Blockchain is believed to be transformational and is poised to reshape economic 

systems and societal norms [25]. Blockchain is expected to drive new distributed and 

peer-to-peer marketplaces and business models [24]. As has been seen in the past 

with peer-to-peer technologies, such as in the music industry, this has the potential to 

disrupt a range of industries and existing business models [21]. When viable products 

and applications using blockchain emerge, adoption is expected to be rapid [25]. 
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DISTRIBUTED PRODUCTION
Distributed production refers to the production of commodities in a decentralised 

infrastructure. A common example of this is distributed manufacturing, which describes 

the shift away from centralised manufacture of goods toward smaller manufacturing 

facilities [28]. Decentralisation is enabled by advanced manufacturing technologies, 

such as 3D printing. Goods are brought closer to where they are consumed, which 

consequently has the potential to lower logistics costs as well as facilitate an adaptable 

and collaborative industry [29], [30]. 

APPLICATION
Distributed production extends to many major industries. Distributed energy generation 

is possible with the availability of inexpensive grid edge technologies and development 

of microgrids (See Horizon Scan 3). Distributed agriculture has been present in the 

form of urban and vertical farms. Some prominent examples include Bowery urban 

farm (boweryfarming.com), Spread urban farm (spread.co.jp) and Green Sense Farms 

(greensensefarms.com). These farms are reliant on technology and focus on creating 

controlled and efficient systems. They use up to 95% less water than traditional 

farming, do not require pesticides, and are increasingly looking to cut labour costs with 

the addition of robotics and artificial intelligence [31]. More experimental in application 

is ‘the food computer’ from the MIT Open Agriculture Initiative. This is an aeroponic 

based technology incorporated with sensors to monitor and control plants’ requirements 

including nutrients, water and light. Conditions can be customised to enhance growth 

and even adjust flavour based on specific growing profiles. Growing conditions can be 

programmed to replicate the conditions found in different parts of the world. As an open 

source platform, different configurations can be shared among users. While at this time 

the project is not scaled to supply large volumes of food, it aims to encourage greater 

interest in producing food and promote innovation in agriculture [32].

FORECAST
The world’s population is expected to grow by one third between 2009 and 2050 

[33]. With this, the demand for food quantity and quality will rise [34]. Technology 

driven economic models will help meet this demand. They facilitate end-to-end value 

from producer to customer and provide new growth opportunities [35]. In the case of 

distributed agriculture, premium and diversified products can be offered to consumers, 

establishing new relationships between producers and buyers [32]. 

http://www.boweryfarming.com
http://www.spread.co.jp
http://www.greensensefarms.com
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EXPERT OPINION

Experts were surveyed and asked to rate the impact of distributed economy 
technologies on a 5-point scale. On average, distributed economy technologies 
were perceived to have high potential impact for Australian rural industries. 
Technology enabled efficient transactions and supply chain management were 
highest rated. Facilitation of local networks of people and services for the 
production of goods was perceived to have less potential impact.

BLOCKCHAIN DISTRIBUTED PRODUCTION
DISTRIBUTED ECONOMY

Overall innovation of distributed 
production technology has been more 
extensive than blockchain technology. 
Analysis of number of patents published 
by country identifies the USA as the 
primary location of innovation for both 
distributed production and blockchain 
technology.

Analysis of number of patents published 
per year shows that innovation of 
blockchain technology has spiked 
notably since the second quater of 2015. 
In comparison, innovation of distributed 
production technology has remained 
steady over several years. 
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Vertical Farm and Food Manufacturing
Efficient technology driven urban farms grow
premium, local produce shipped directly to consumers
in metropolitan areas 

Automated technologies improve 
efficiency and lower costs

Food Manufacturing
Regional farms partner with local manufacturers 
to create local value-added products

Regional Farm
Ground transportation 
ships to urban and 
regional centres

Automated technologies allow for transportation 
of produce to consumers and businesses with  
unprecedented efficiency

Vertical Farm and Food Manufacturing
Efficient technology driven urban farms grow
premium, bespoke food varieties for specialty 
restaurants and supermarkets

Automated technologies improve inventory 
management resulting in higher quality and 
fresher produce

A shorter supply chain has potential 
for a lower carbon footprint

DISTRIBUTED AGRICULTURE
Distributed production, and technologies like blockchain, have the potential to transform 

the supply chain. 

A network of small-scale urban producers in a distributed agriculture system can 

stimulate local and niche markets. Premium and value-added products with traceable 

local provenance can be offered to consumers and businesses in metropolitan areas. 

Such a system offers producers an alternative to cheap bulk commodities farming.

Applying the blockchain to this scenario, removal of intermediaries has the potential 

to grow the number of businesses that are buying and selling commodities. This can 

facilitate new entrants to the market, and provide greater price control and transparency.
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Efficient technology driven urban farms grow
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in metropolitan areas 
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efficiency and lower costs
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Ground transportation 
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for a lower carbon footprint
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MOISTURE HARVESTING

Moisture harvesting is the process of capturing water vapour from the atmosphere, and 

subsequently making it available in a liquid water state. This principle was first proposed 

in 1994 in the form of a Standard Fog Collector for Use in High-Elevation Regions [36]. 

This device comprises of a mesh sail that collects water droplets as fog is blown through 

it. The captured droplets flow down the sail, into a tube, and then are held in a container. 

Recent versions rely on this same principle, however, the design has been improved by 

altering the material and structure of the sail [37]. The biggest limitation of this method 

is that it is only effective in environments with very high humidity, such as where fog is 

present [38]. 

A moisture collection system has recently been developed that overcomes environmental 

limitations and is capable of efficiently capturing moisture from air with relative humidity 

levels as low as 20%. The system uses a hydrophilic metal organic framework (MOF) 

[38], which is a sponge-like compound with large internal surface area [39]. The MOF 

is placed inside a chamber, between two surfaces. The top surface is a black material 

that heats up when exposed to sunlight, while the bottom surface remains the same 

temperature as the air.  At night, the chamber is open and the MOF absorbs water 

vapour from the cool air. During the day, the chamber is closed and the MOF releases 

the water vapour, which is then collected on a condenser on the lower surface [39], [40]. 

Approximately 2.8 litres of water can be collected using 1kg of the MOF compound 

exposed to atmosphere with 20% relative humidity [39], [41].    

APPLICATION
The new MOF system can be applied to both humid and arid environments. MOF 

compounds can be made from a vast array of materials that allow them to be ‘tuned’ 

to enhance water vapour collection efficiency under very specific environmental 

conditions. It is possible to design specialised MOFs to cover the entire spectrum of 

water concentrations [39]. These systems can be used in the driest parts of the world 

to supply much needed drinking water. With improvements to cost and efficiency, it is 

possible to scale the devices for use in agriculture [40].

FORECAST
The main limiting factors of the MOF system are cost and efficiency. Zirconium, the 

material used for the MOF compound, is currently cost prohibitive for broad use. However, 

there has been early success using aluminium-based MOF compounds, which are 

100 times cheaper to manufacture. Moreover, researchers are confident that material 

optimisations will allow for yields much greater than what is currently possible [40]. 
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EXPERT OPINION

Experts were surveyed and asked to rate the impact of moisture harvesting 
technology on a 5-point scale. On average, responses show that the capability to 
collect water from the air is considered to have high potential impact. Using 
collected water to support agriculture was perceived to have very high impact in 
low humidity environments. Although still considered valuable, this capability was 
perceived to have less impact in humid environments. 

MOISTURE HARVESTING

Although moisture harvesting will not 
supplant existing agricultural water 
sources, it has the potential to 
supplement them. It could be used in   
conjunction with desalinated water, and 
other water saving technologies and 
practices, to facilitate efficient farming 
systems in previously unusable spaces. 

Examples of this are controlled 
greenhouse farming in arid regions with 
poor soil quality. Compact and vertical 
farms in urban environments might be 
another option due to their efficient use 
of water and other inputs.
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METAMATERIALS

Metamaterials are nanoengineered materials with properties that are not demonstrated 

by materials found in nature [42], [43]. Metamaterials are generated using many different 

methods. For example, researchers have produced novel material characteristics by 

growing crystal semiconductor material on a substrate and then etching trenches on the 

material surface [43]. Other metamaterials are comprised of multiple layers of different 

materials that result in novel material interactions with specifically designed functions 

[44].  

APPLICATION
Metamaterials have applications in all aspects of materials science, but have received 

particular attention as optical devices [42] and photonic devices for the detection, 

creation and manipulation of light [45]. A particularly high profile example of this type of 

application is a cloaking material that manipulates the reflectance of light to render an 

object invisible [46]. While reflecting light in various ways can result in impressive results, 

metamaterials that control the absorption of light can also be useful for energy storage 

and generation applications. For example, researchers have identified that metamaterials 

can improve miniaturisation and efficiency of photovoltaics. Improvement to the efficiency 

of photovoltaics has been achieved with a three layer metamaterial that demonstrates 

perfect absorption of multiple light frequency ranges [44]. Because of this, this material 

has potential commercial application as a photovoltaic absorber material that can create 

more efficient solar cells. In addition to photovoltaics, metamaterials have proposed uses 

in thermo-photovoltaics. One such implementation is a metamaterial that is able to light 

up when exposed to heat [47]. The re-emitted radiation is then used by photovoltaic 

cells to convert solar or heat energy into electricity [44], and could be effective even in 

dark surroundings or places with limited light [47]. 

FORECAST
Current development of metamaterials is being driven by their use in wireless 

communications, particularly RFID. However, solar applications are expected to grow 

substantially in the near future [48]. This growth will partly be due to the need to improve 

the efficiency of solar technologies [49]. However, as has been warned previously, novel 

solar technologies have experienced difficulties due to not living up to expectations [50].
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EXPERT OPINION

Experts were surveyed and asked to rate the impact of metamaterials on a 5-point 
scale. On average, responses show that the perceived impact of metamaterials for 
Australian rural industries was greatest for their use in enhancing the efficiency of 
solar cells. This adds to an already strong interest in solar and other renewable 
energy technologies for rural and agriculture applications. It demonstrates the 
value of self-sufficiency in Australian rural industries. 

METAMATERIALS

Analysis of number of patents published   
by country shows the USA and China as 
the primary focus of metamaterial 
innovation. Patents filed with the World 
IP Organisation and European Patent 
Office suggests that the number of 
multi-country patents might increase.

Analysis of number of patents published 
per year shows that innovation of 
metamaterials increased through 2012 
and then decreased through 2013. There 
has been an increasing number of 
metamaterial patents published since 
2014, with an upward trend continuing 
into 2017.
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PROGRAMMABLE MATERIALS

Programmable materials are a class of materials designed to have specific functionality 

in response to particular stimuli [51]. The range of possible materials that can be 

classified as programmable materials is vast. They can be static type materials that 

can be customised with certain functionality in response certain stimuli, or they can be 

dynamic with the ability to change form and appearance. 

APPLICATION
An emerging classification of programmable materials is referred to as 4D material. 

This is material that can dynamically assemble, move or transform in various ways 

based on exposure to stimuli. 4D material is used with 3D printing processes, which 

allows for the design and manufacture of objects with novel material structures. When 

these structures are exposed to a stimuli, they transform by bending and flexing in pre-

determined and controlled ways [52]. At present, a common exploration of 4D material is 

objects that fold or flex in response to stimuli; often moisture or heat [53], [54]. However, 

increasingly novel applications are being considered. Ford has filed a recent patent that 

describes an in-car active material used in a vehicle’s dash, roof or walls. While exact 

functionality is not specified, it is explained that the material might respond to different 

states experienced by the driver and passengers, such as stress or discomfort [55]. 

Beyond this, researchers innovating with 4D materials have imagined many other uses. 

For example, packaging material that can respond to variations in temperature, building 

materials that can alter properties affecting insulation and breathability, and dynamic 

valves that do not require any motorised parts or batteries [52].

While 4D materials require further development, there exists less dynamic programmable 

materials ready for commercial application. A recent example is Oleosponge, a cellulose 

sponge material that has been treated with hard metal oxide atoms [56]. This results 

in an oleophilic sponge that can capture oil molecules from contaminated water. The 

Oleosponge can be wrung out and used again. It is even possible to reuse the dispelled 

oil. Moreover, the composition of the sponge is highly flexible. It can be programmed 

using various molecules to attract specific chemicals and contaminants [57]. 

FORECAST
4D printed materials are currently in the stage of lab research [1], [51]. The challenges 

that 4D printed materials need to overcome include resolution, material limitations, 

durability, and mechanical properties [58]. While these limitations will take several years 

to address, 4D printing and programmable materials have strong potential for use in 

tissue engineering and novel robotics applications [59]. 
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EXPERT OPINION

Experts were surveyed and asked to rate the impact of programmable materials on 
a 5-point scale. On average, responses show that the perceived impact of 
programmable materials for Australian rural industries was mixed. The ability to 
selectively target and filter out specific chemicals was highly rated. Absorption of 
oil, and the capability of materials to transform their shape in response to selected 
stimuli was perceived to have less impact.

4D printing has limited presence in the 
patent data. Analysis of number of 
patents published  by country shows the 
USA as the focus of 4D printing 
innovation.

Analysis of number of patents published 
per year shows that innovation of 4D 
printing technology has increased since 
2014. Strongest interest has occurred in 
2016 and 2017. The limited number of 
4D printing patents is likely due to the 
experimental nature of the technology. 
Innovation is likely to increase as the 
technology matures and commercial 
applications become more evident.
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CONCLUSION

This is the final horizon scan report for the Agrifutures Australia and Queensland University 

of Technology project, Detecting Opportunities and Challenges for Australian Rural 

Industries. In this report, 8 emerging technologies have been presented from domains 

that include artificial intelligence, biological sciences, material science, manufacturing, 

and finance. Given that this is the final horizon scan, this collection of technologies 

comprises the final contributions to a watchlist of emerging technologies for Australian 

rural industries. Now including 24 technologies, the watchlist is the outcome of a mature 

methodology designed to detect and analyse emerging technologies having impact in a 

diversity of domains. Throughout the course of this project, the methodology has shown 

to be both repeatable and adaptable. Several iterations of the methodology have been 

conducted to detect high impact emerging technologies. Each identified technology has 

subsequently been evaluated by experts working in the Australian rural industries, and 

then analysed using data mining, information synthesis and visualisation techniques. 

With each successive iteration of the methodology, new elements have been integrated 

to enhance the level of analysis, and to extrapolate on findings to show the potential 

impact of technologies for Australian rural industries. Essential to this has been the 

continued expansion of sources analysed for the discovery of technologies, continued 

engagement with industry stakeholders, and the development of illustrative scenarios to 

communicate plausible implementations of emerging technologies.

Now leading up to the final project deliverable, this project is poised to consolidate upon 

the work presented in each of the previous horizon scan reports. The final stage of the 
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project will focus on distilling the present outcomes of this project to bring together 

the various threads of exploration undertaken in this and previous horizon scan reports. 

This process will draw on the knowledge of industry and technology experts, and will 

integrate findings from key data sources and secondary research, to articulate key 

technology trends and their relationship to the Australian rural industries. 
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APPENDIX: APPROACH AND PROJECT STREAMS

This project employs a concurrent phase, iterative methodology to: 

1. scan and extract data from a variety of sources; 

2. synthesise this information to identify potential trends and innovations for further  

investigation; 

3. and, communicate these issues through visualisations. 

Implementation of each respective project phase, led by data mining, synthesis, and 

visualisation, occurs across three interactive streams: Discovery; Evaluation; and, 

Consolidation. These streams are continuous over the course of the project requiring 

different inputs from each project phase. These inputs from each phase, and their 

interactivity is represented in Figure 2.

FIGURE 2. PROJECT INPUTS AND STREAM INTERACTION
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DISCOVERY
Discovery focuses on scanning selected sources to extract relevant data and detect 

signals of emerging and transformative technologies. Data sources are strategically 

selected to ensure input from a diversity of domains within an international context. In the 

current implementation of the discovery stream, sources included select twitter users, 

patent databases, industry and market reports, and technology news media. Scanning of 

these sources employs data mining and synthesis concurrently:

• Data mining focuses on scanning the twitter feeds of thought leaders and technology 

experts in a range of technology and industry domains. These are selected based 

on the recommendations of QUT experts working in relevant technology domains. 

• Synthesis focuses on scanning a broad range of technology news publishers, 

industry and market reports, and patent databases. 

The confluence of data mining and synthesis outputs in the discovery stream results 

in a list of technologies for further investigation in the subsequent evaluation and 

consolidation streams. 

EVALUATION
Evaluation focuses on filtering the signals identified in the discovery stream. Its 

implementation leverages expertise from QUT, and Agrifutures Australia through the 

provided list of innovative farmers, to assess the potential impact of a broad range of 

emerging technologies. This process uses Delphi style surveys which are deployed in 

successive rounds. 

The initial round of surveys focuses on evaluating a large volume of technologies 

identified in the discovery stream. This is achieved through presenting a series of simple 

statements that describe the functionality of a technology, and asking for a rating based 

on its perceived impact. From these ratings, a shortlist of technologies is compiled for 

further investigation and ongoing monitoring. Successive survey rounds present a lower 

volume of questions but require increasingly qualitative responses. It is through this 

process that we narrow the scope of technologies that are included on the watchlist 

and that will be monitored throughout future reporting periods. As the evaluation stream 

progresses, we continue to develop an objective list of criteria to establish the possible 

scale of impact of each transformative technology. These criteria are re-introduced in 

successive discovery stages of the project to assist with filtering the large volume of 

data.
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CONSOLIDATION
Consolidation focuses on monitoring technologies on the initial watchlist, and providing 

a detailed analysis of their potential impact for Australian rural industries. This involves 

a detailed analysis of the technologies’ potential impact for Australian rural industries 

and developing a rationale for why they should be monitored. This consolidation stream 

utilises both data mining and synthesis to receive input from a broad range of data, and 

gain the requisite detail. 

Data mining focuses on eliciting deeper analysis of the technologies identified and 

short-listed during the discovery and evaluation phase. Directed by specific technologies 

and related keywords, data mining targets social media feeds and patent databases. The 

outcome of this stage provides assessment of candidate technologies based on metrics 

such as trends over time, associated keywords and industries to identify the contexts in 

which the technology is active and where it is receiving innovation, and location. 

The data gained from this stage of data mining, and from the evaluation stream, feeds into 

and directs synthesis. With this direction, synthesis can focus on specific applications and 

implementations of the technology to better understand and communicate its potential 

impact for Australian rural industries. Visualisation is then used to bring together the 

inputs of synthesis and data mining, as well as inputs from the evaluation stream. This 

includes the development of infographics and scenarios to communicate the watchlist 

issues and themes.


