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EXECUTIVE SUMMARY

This report builds on the outcomes of Horizon Scan 2. Among the objectives set out 

for this reporting period, two priorities were to expand the information sources used 

to discover emerging technologies, and to strengthen evaluation and analysis of 

findings. The result of this has been the identification and communication of emerging 

technologies spanning domains as diverse as genomics, nanotechnology, robotics, 

artificial intelligence, and material science. Analysis of the technologies has assisted with 

identifying innovation trends, as well as the extrapolation of findings to communicate the 

potential impact of these technologies for Australian rural industries. 

AMBIENT INTELLIGENCE
Ambient intelligence is facilitated by ubiquitous computing devices that gather information 

about human behaviour and external events. This information is used by smart devices 

to build context-awareness, and facilitate seamless integration and collaboration with 

users. Context-aware computing devices are aware of the user, the environment or 

surrounding objects. This awareness is used to deliver situationally adaptive information 

and actions relevant to the task of the device or the task of the user. Collaborative robots 

are autonomous robots that work alongside and collaboratively with humans. They use 

awareness of humans and the environment to work safely and effectively.

AUGMENTED REALITY
Augmented reality technology enhances a user’s surrounding environment by integrating 

digital images and information with their view of the real world. This is achieved by using 
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head mounted displays or smart phones which capture a view of the real world and then 

overlay information onto this view. Users of augmented reality technology will be able 

to move through the physical world while receiving contextual information that they can 

interact with and manipulate in various ways. 

GRID EDGE TECHNOLOGIES
Grid edge technologies are situated at the edge of the power grid and include solar 

panels, smart meters, smart thermostats, and smart appliances. They are accessible 

to consumers and are an integral part of new models of energy generation and 

consumption. Perovskite solar cells are an emerging solar technology with the potential 

to be less expensive, more efficient and offer more innovative use cases compared to 

silicon solar cells. Consequently, they could make solar energy generation accessible 

to more people. Sodium-ion batteries offer energy storage for large- and small-scale 

renewable energy generation. While identical in function to existing battery technology, 

sodium-ion technology is advantageous as sodium is safe, abundant and inexpensive. 

PLANT GENOME SEQUENCING AND EDITING
The study of genomes facilitates understanding of genetic variation of organisms, and 

combined with the ability to edit genomes, is poised to have significant impact in a 

number of domains. Plant genome sequencing has improved our understanding of plant 

gene function and biological processes. This information helps to better understand and 

improve important crop traits, including disease resistance, yield, and flavour. CRISPR is 

an emerging gene editing tool that is capable of precisely targeting undesired sequences 

of DNA and replacing them with desired sequences. CRISPR is less expensive, more 

precise, and simpler than other gene editing tools. 

SMART DUST
Smart dust is a network of nanotechnology that permeates all types of environments to 

collect and communicate information, and then act on it in useful ways. Key components 

driving smart dust are nanoscale sensors and robots, nanoscale power generation and 

storage devices, and molecular machines. Applications could include environmental 

monitoring to optimise the use of inputs. For example, nanopesticide and fertiliser 

delivery systems that can control the release of pesticides and fertilisers based on the 

conditions under which they are needed. 

GRAPHENE
Graphene is a one atom thick material composed of carbon atoms. It exhibits mechanical 

strength that far exceeds steel, and thermal and electrical conductivity several orders of 

magnitude higher than copper. Graphene is projected to impact many domains. Its use 

could extend to energy storage, display technology, filtration and 3D printing. Graphene 

has also received considerable interest for its use in sensors. It has an incredibly high 

surface-to-volume ratio where all atoms interact with the stimuli being measured. This 

results in extreme sensitivity to environmental changes. 
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INTRODUCTION

This report is the third in a series of reports targeting the early detection, analysis and 

forecasting of issues and opportunities that might impact Australian rural industries. Each 

successive report produced during this project is iterative in nature and aims to build on 

the work previously completed. In the previous report, Horizon Scan 2, this iteration 

was evident in the refinement of scope and methodology that targeted emerging and 

transformative technologies. This resulted in the identification, analysis and evaluation of 

several key technologies with potential impact for Australian rural industries. 

In concluding Horizon Scan 2, several objectives were identified to ensure that the 

outcomes of this project continued to develop and deliver value to Australian rural 

industries. These were: 

• Broaden our scanning scope to ensure coverage of technologies from a broad range 

of domains.

• Expand upon the already identified technologies, and evaluate their impact for 

Australian rural industries.

• Broaden data mining sources to strengthen the analysis of technology trends.

• Continue to monitor and develop knowledge of the technologies that have already 

been identified to have potential impact for Australian rural industries.

• Continue engagement with QUT and RIRDC experts to gain insights into the specific 

value and use cases of the identified technologies, and clearly communicate these 

evaluations in infographic and scenario visualisations.
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Horizon Scan 3 builds on the outcomes of Horizon Scan 2, and adheres to the 

aforementioned objectives. Through continued incorporation of interdisciplinary 

expertise, data mining, synthesis and visualisation, a broad range of technologies have 

been identified that span numerous domains and industries. Subsequent evaluation, 

analysis and visualisation provide insights into the potential impact of these technologies 

for Australian rural industries, as well as illustrates broader innovation trends based on 

patent data.

Using the approach established in Horizon Scan 2, this report begins by establishing the 

context of results, relative to the broader approach employed in this project (an outline 

of the approach is provided in the Appendix). Following this, each of the technologies 

identified during this reporting period are presented. 
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RESULTS

In this Horizon Scan 3 reporting period, two successive iterations of the discovery, 

evaluation and consolidation project streams were conducted (Figure 1). The first 

iteration has facilitated the discovery of a broad range of technologies, followed by 

their evaluation and analysis to extract the technologies with greatest potential impact 

for Australian rural industries. In the second iteration, the extracted technologies were 

subject to further evaluation and analysis. The purpose of this was to gain a more detailed 

understanding of the technology trends, and to elicit perspectives on exactly how the 

technologies might have impact for Australian rural industries. 

Through this process, a range of technologies spanning domains such as robotics, 

information and communication technology, biological sciences, energy, and material 

science have been identified. As with the previous report, the presentation of these 

technologies comprises of single page overviews of each technology covering current 

applications and forecast. This is accompanied by infographics which detail the perceived 

impact of the technology for Australian rural industries, and innovation trends based on 

patent data analysis. Basic scenarios are also presented for two technology categories; 

ambient intelligence and grid edge technologies. These technology categories were 

chosen because they demonstrate current implementation, as well as clear pathways 

for future implementation in Australian rural industries. The scenarios represent 

perspectives from surveyed members of Australian rural industries, as well as from the 

broader literature.
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AMBIENT INTELLIGENCE

Ambient intelligence relies on the concept of ubiquitous computing, where computing 

devices are omnipresent and accessible in our environment. The realisation of ubiquitous 

computing is being facilitated by our increasingly common interactions with a range of 

devices, including mobile phones, laptops, wearables, televisions and even vehicles [1]. 

Ambient intelligence utilises this ubiquitous computing network to gather extensive and 

various data points about our activities, preferences, behavioural patterns, as well as 

external data about our environment. This data is leveraged to allow computers or other 

‘smart’ technology to react in attentive and adaptive ways. One of the key goals of ambient 

intelligence is to provide unobtrusive interaction paradigms in which the computing is 

largely hidden from the user. Ambient intelligence simply integrates resulting actions 

seamlessly in accordance with the activities or state of the user and the environment [2].    

In the following sub-sections, two different ambient intelligence technologies are 

presented: context-aware computing and collaborative robots. These represent key 

technologies that are facilitating the path forward to ambient intelligence computing 

environments. 
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CONTEXT-AWARE COMPUTING
Context-aware computing describes a computing device that is aware of its own context, 

or the context of the computing infrastructure or user [1]. Awareness is achieved by 

receiving information from various sources, including the user, sensors, and historical 

data [3]. Contextual information can be about the user, surrounding objects, and the 

environment [4]. It is used to deliver situationally adaptive information and actions, 

including unstructured interactions between technology, people and things [5]. 

APPLICATION
In the current context of digital transformation, an area of impact for context-aware 

computing is personalisation of services to customers, employees and other business 

stakeholders [4]. By collecting data on user preferences, prior activity, demographics and 

psychographics, a system can anticipate needs and provide targeted content [6]. Online 

retailers, for example, access and use data about consumer activity and preferences 

to improve online shopping experiences. In professional organisations, context-aware 

systems can provide workflow recommendations to increase employee productivity and 

collaboration [6]. A recent patent titled object outlining to initiate a visual search [7] 

specifies technology whereby a user can make gestures (e.g., outline an area in the 

environment with their hand) to direct an intelligent device to analyse an environment 

using video and sensor input. Based on this input, the intelligent device then relays 

information about the physical world that is appropriate to the user’s needs. In doing so, 

the technology provides a collaborative and context-aware experience for the user that 

bridges digital and physical worlds. Context-aware computing is essential for self-driving 

vehicles. It provides vehicle2vehicle and vehicle2infrastructure communication, where 

vehicles collect and share information about position, direction, speed, and acceleration 

of the vehicle, as well as other information, such as hazards, traffic and weather [8]. 

FORECAST
Context-aware applications will become increasingly powerful as domains undergo 

digital transformation and more user data becomes available [5]. This is being facilitated 

by the realisation of ubiquitous computing where user interactions are captured by a 

hardware infrastructure made up of smartphones, laptops and connected smart devices 

[1]. Advanced context-aware devices incorporating computer vision and artificial 

intelligence are only in their adolescence. However, this is an active area of development 

and adoption is expected to ramp up quickly as the technology reaches maturity [5].
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COLLABORATIVE ROBOTS
Collaborative robots (co-bots) are autonomous robots that work alongside humans [9]. 

Co-bots typically have an electromechanical form that varies from highly specialised and 

task-specific, to humanoid and task-general. Irrespective of form, co-bots can capture 

and extract contextual information about the state of their surrounding environment, and 

then use this information to carry out relevant tasks [5].  

APPLICATION
Recently, the National Robotics Initiative 2.0: Ubiquitous Collaborative Robots has 

aimed to accelerate the development and deployment of co-bots. Domains of particular 

interest for this initiative include science and engineering, agriculture, aerospace, energy, 

and defence [9]. The initiative also emphasises the identification of new and innovative 

application areas for co-bots [10]. Specific applications in agriculture include drones 

that work collaboratively with human scouts for precision agriculture, and mechanised 

harvesting systems [11]. SwarmFarm’s (swarmfarm.com) robots provide a specific yet 

simple implementation or robots that work collaboratively with one another, where 

several small robots efficiently perform tasks such pesticide application. 

The collaboration between humans and robots is a pivotal aspect of smart manufacturing. 

In this context, co-bots implement collision avoidance and dynamic task planning to 

work seamlessly with humans, while humans are able to direct the actions of robots 

using speech or gestures [12]. A recent patent, collaborative robot on motorised carriage 

providing support for the operator [13], specifies technology for this type of application. 

The invention comprises a robotic arm mounted on a motorised carriage that can control 

its movements based on the movements of the operator, as well as specific instructions 

given by the operator.

FORECAST
Collaborative robots currently have limited adoption, but their application is expected to 

expand as more industry-specific technologies are developed. In large part, this will be 

driven by the maturity of artificial intelligence [5]. Current development in this area is 

evident in the number of humanoid robots that are available with simple ‘home helper’ 

functionality [11]. Truly seamless human–robot collaboration, however, will require high 

level integration of many sub-domains of artificial intelligence, including human cognition 

modelling, event detection and complex reasoning and decision-making [14]. 

http://www.swarmfarm.com
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EXPERT OPINION

Experts were surveyed and asked to rate the impact of ambient intelligence 
technologies on a 5-point scale. On average, context-aware computing was 
perceived to have high potential impact. Technology able to process data and then 
act automatically was rated highest. Robots that demonstrate this type of 
context-awareness were rated similarly high, while robots capable of working 
collaboratively with humans were perceived to have less potential impact.

CONTEXT-AWARE COMPUTING   COLLABORATIVE ROBOTS
AMBIENT INTELLIGENCE 

4.5

Innovation of context-aware computing 
technology has been more extensive 
than collaborative robot technology. 
Analysis of number of patents published 
by country identifies the USA as the 
primary location of context-aware 
computing and collaborative robot 
technology innovation.

Analysis of number of patents published 
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context-aware computing over several 
years. Innovation of collaborative robot 
technology has been less extensive, 
however, has experienced an upward 
trend since 2015. 
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Equipment that senses the state of the environment 
and automatically coordinates tasks, such as applying 
pesticides or watering plants only when needed 

When users are nearby, equipment automatically adapts to the 
required task. This might be assisting the human worker, providing 
information, or relocating to perform tasks in other areas of the farm

Operations efficiency is improved by the 
integration of autonomous equipment, farm 
processes, and external services. For 
example, coordinating various aspects of 
the supply chain, including harvest, 
packaging, and transportation

AMBIENT INTELLIGENCE ON THE FARM
Devices or systems categorised under the concept of ambient intelligence offer two 

levels of context-awareness. Passive contextual-awareness can collect and process 

contextual input, but requires user instruction to act on this input. Active contextual-

awareness, on the other hand, is where a device collects, processes and then acts on 

contextual information, and is thus capable of operating independently of user input 

[1]. As enabling technologies develop toward maturity, active contextual awareness will 

become increasingly widespread. This will occur first in consumer applications, such as 

home automation, but it has the potential to be significant in many domains. 

In the context of agriculture, intelligence and sensing capabilities will be omnipresent. 

Input will be gathered from a range of sources, including the soil, water sources, built 

infrastructure, weather stations, and machinery. The expansive data sets made possible 

by this, while extremely valuable, are also expensive to collect, store and analyse. They 

are also often found to be underutilised. Inability to process the data and draw insights 
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Equipment that senses the state of the environment 
and automatically coordinates tasks, such as applying 
pesticides or watering plants only when needed 

When users are nearby, equipment automatically adapts to the 
required task. This might be assisting the human worker, providing 
information, or relocating to perform tasks in other areas of the farm

Operations efficiency is improved by the 
integration of autonomous equipment, farm 
processes, and external services. For 
example, coordinating various aspects of 
the supply chain, including harvest, 
packaging, and transportation

from it renders the information largely useless [15]. However, with increasingly smart 

devices which are connected to data sources, it will become possible for autonomous 

equipment to parse this data as it is collected and act on it in real-time, as well as 

develop new intelligence from stored historical data. With such processes occurring in 

a digital layer that is largely invisible to human operators, much of the task complexity 

will be handled automatically, thus allowing human workers to prioritise other tasks and 

facilitating more efficient operations. 

The impact and reach of ambient intelligence will expand as more industries commit to 

digital transformation and as smart devices become an increasingly prominent in the 

environment. In this section, two technologies have been discussed in relation to ambient 

intelligence. In practice, however, ambient intelligence is built around the convergence 

of many technologies; some exiting purely as software in the digital world, others as 

physical devices capable of interacting with the physical world.
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AUGMENTED REALITY

Augmented reality (AR) technology enhances users’ interactions with their surroundings 

by integrating virtual images and information (e.g., text, data, graphics, and 3D objects) 

with their view of the real world [16], [17]. Smartphones and tablets are the most 

common technologies used for AR [18]. The camera on these devices captures the view 

of the real world and then information is overlaid onto this view. Head mounted displays 

(HMDs), which are small displays integrated into head worn devices, are also used for 

AR. HMDs produce AR experiences in a similar way as smartphones. However, as they 

envelop a user’s view of the world they provide a more immersive experience [18].      

APPLICATION
The current capabilities of AR belong to three categories: (i) overlaying information onto 

the real world; (ii) inserting objects into the real world; and (iii) augmenting or enhancing 

objects that already exist in the real world [19]. The first of these capabilities has already 

been used in agriculture in a smartphone app that allows a farmer to use their device’s 

viewfinder to look out over their farm, and be presented with various data. For example, 

to show how much irrigation has been applied and how much rainfall there has been. 

Many of the popular uses of AR have been for entertainment and social media [16]. 

Snapchat and Facebook enable a user to augment images of themselves and others to 

share on their respective social networks. While these applications have gained mass 

appeal, the most significant applications of AR are yet to be realised. It is expected 

that the uptake of HMDs [20] and the expansion of the Internet of Things will drive 

meaningful AR applications. It will be possible for users to move through environments 

while receiving ambient contextual information from surrounding smart things, and 

interacting with this information in various ways [18]. This application of a digital layer to 

the real world has widespread application. It can provide information at critical times, as 

well as enable users to interact with extensive networks of devices. 

FORECAST
Tech giants Facebook, Microsoft, Apple and Google are invested in immersive technologies 

[18], [21]. While mobile technology is likely to drive growth in AR, its potential is tied to 

the development of HMD technology [20], and its integration with novel human-machine 

interfaces (see Horizon Scan 2) that enable ambient experiences and multi-modal (voice, 

gesture, etc) communication with layers of digital information [18]. Furthermore, the 

development of AR technology will be dependent on its development as a technology 

platform. If successful, it has the potential to create new markets and disrupt existing 

markets [20].
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EXPERT OPINION

Experts were surveyed and asked to rate the impact of augmented reality 
technology on a 5-point scale. On average, responses show that augmented reality 
is perceived to have high potential impact for Australian rural industries. The use 
of phones and tablet computers were perceived to be of greater impact than 
immersive head mounted displays. Participants perceived augmented reality to be 
potentially useful for communicating with and operating smart equipment.  

AUGMENTED REALITY

4.3

Analysis of number of patents published   
by country shows the USA as the 
primary focus of augmented reality 
innovation. The substantial number of 
patents filed with the World IP 
Organisation suggests that the number 
multi-country patents for augmented 
reality is likely to increase.

Analysis of number of patents published 
per year shows that innovation of 
augmented reality has increased steadily 
since 2011. Over 10,000 patents related 
to augmented reality technology were 
published in 2016.
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GRID EDGE TECHNOLOGIES

Grid edge technologies are technologies at or near the edge of the electric power grid. 

These include hardware such as solar panels, smart meters, smart inverters, energy 

storage, smart thermostats and smart appliances [22]. The proliferation of these 

technologies is an integral part of currently developing smart electricity infrastructure. 

Also referred to as the ‘smart grid’, this new infrastructure is a robust, efficient and 

flexible electricity network that is targeted toward new models of energy generation 

and consumption. Where the existing grid is built on a model of centralised energy 

generation and one way delivery to consumers, the new grid must cater for unpredictable 

bi-directional energy flows between producers and consumers [23]. This is driven by an 

increasing utilisation of renewable energy sources, and decentralised energy generation 

by large and small producers, as well as consumers who generate and use their own 

energy [24]. 

In the following sub-sections, two different grid edge technologies are presented: 

perovskite solar cells and sodium-ion batteries. These represent emerging technologies 

that have the potential to provide inexpensive energy generation and energy storage at 

the grid edge. 



19 HORIZON SCAN 3 TRANSFORMATIVE TECHNOLOGY

PEROVSKITE SOLAR CELLS
Perovskites are materials that can be turned into a crystalline structure and used to make 

solution-processed solar cells [25]. This is an inexpensive method of solar cell production 

that involves dissolving perovskites into a liquid which is then applied to a surface [26] 

such as glass or plastic [27]. Perovskite material is produced using abundant elements, 

and thus has the potential to offer a more cost effective and sustainable alternative to 

current solar cell technology manufactured from silicon [27].  

APPLICATION
If perovskite solar cells prove to be effective, they could supplant current technology 

by providing a cheaper and more efficient option. Consequently, they would make solar 

cells available to a greater range of people [25]. Based on current research, this potential 

disruption looks possible. Following the first efficient solid-state perovskite cells reported 

in 2012, rapid progress has been made in terms of energy conversion efficiency. In 2013, 

energy conversion efficiencies exceeded 16%, and a confirmed efficiency of 17.9% was 

reached in 2014 [28]. Since then, efficiency ratings exceeding 20% have been reported 

by stacking two perovskite cells to capture both low-energy and high-energy light waves 

[25], [29]. At present, the highest reported efficiency of perovskite cells is 25.2% [30]. In 

comparison, the highest recorded efficiency of multicrystalline silicon solar cells, the cell 

type presently manufactured at highest volumes [31], is 21.9% [32].

It is possible for semi-transparent perovskite solar cells to be manufactured from solution 

at low temperature and onto flexible substrates [26]. Consequently, perovskites can be 

deposited on a range of surfaces, with less stringent manufacturing requirements. It 

might be possible for solar cells to be sprayed or 3d-printed onto a variety of products, 

such as the windows of skyscrapers, and the roof and windows of cars [25].

FORECAST
There is optimism surrounding the future viability of perovskite solar cells. Researchers 

expect to develop a better understanding of the material resulting in further efficiency 

gains. However, there is also apprehension due to past difficulties commercialising new 

solar technologies [28]. The main concern with perovskite solar cells is their longevity. 

This is due to the instability and subsequent deterioration of perovskite materials [27]. 

Despite this, there are several start-ups (e.g., sauletech.com; oxfordpv.com) aiming to 

have the first commercial perovskite solar panels available as early as 2018 [33].

http://www.sauletech.com
http://www.oxfordpv.com
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SODIUM-ION BATTERIES
Sodium-ion (Na-ion) batteries are an energy storage technology suitable for large-

scale energy applications [34]. Na-ion batteries can be manufactured in the same way 

as the widely-used lithium-ion (Li-ion) batteries. However, as sodium is a much more 

abundant material, the cost of manufacture could be significantly lower [35]. Moreover, 

Na-ion batteries are considered to be safer and more environmentally friendly than Li-

ion batteries [34].

APPLICATION
Increasing implementation of renewable energy, such as solar and wind, will require 

efficient systems for storing energy and releasing it when needed [22]. The characteristics 

of Na-ion batteries make it a promising technology for large-scale energy storage, both 

for consumers and producers of electricity. The abundance and low cost of sodium 

positions Na-ion batteries as a competitor to currently used lithium-ion, which are 

expensive to manufacture and rely on rare and expensive material inputs. Lower cost 

Na-ion batteries have the potential to drive existing and new markets that require energy 

storage [36]. One such market is electric vehicles, and more broadly, the electrification 

of consumer goods [22]. Na-ion batteries are considered a safe and environmentally 

friendly technology [34], and recent innovations have shown they can operate at low 

temperatures [37]. These are essential qualities for vehicles and other consumer 

products where safety is a critical factor.

FORECAST
With increasing adoption of personal energy producing technologies, grid-edge 

technologies are expected to undergo ‘hockey-stick’ like growth. While it is uncertain 

when this will happen, it is predicted to occur in the period leading up to 2025 [22]. Of 

the various grid-edge energy storage solutions, Na-ion batteries are receiving strong 

interest due to their low cost, safety, and material abundance [34]. Moreover, their 

production requires limited new manufacturing infrastructure, and has the potential to 

immediately meet consumer demand due to using the same manufacturing process 

as Li-ion batteries [35]. The main concern with Na-ion batteries is the development of 

suitable electrode materials [34], [36], which can deteriorate quickly due to the large 

size of sodium ions [38]. However, this is an active area of innovation with a number 

of patents reporting Na-ion electrode material with excellent cycle characteristics, and 

high charge and discharge capacity [39]–[41].
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EXPERT OPINION

Experts were surveyed and asked to rate the impact of grid edge technologies on 
a 5-point scale. On average, responses show that efficient, inexpensive and simple 
to manufacture solar cells and energy storage technologies were perceived to have 
very high impact for Australian rural industries. Emerging perovskite solar cell and 
sodium-ion battery technology was perceived to have high potential impact by all 
survey respondents.

SODIUM-ION BATTERIES PEROVSKITE SOLAR CELLS
GRID EDGE TECHNOLOGIES 

4.9

Analysis of number of patents published   
by country shows the USA and China 
have demonstrated similar focus toward 
sodium-ion battery innovation. 
Perovskite solar cell innovation, in 
contrast, has predominantly been in 
China, although has still been 
considerable in the USA.

Analysis of number of patents published 
per year shows an upward trend for 
sodium-ion battery and perovskite solar 
cell innovation. This upward trend is 
particularly evident for perovskite solar 
cell technology, which is only a new 
technology.
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Perovskite solar cells incorporated 
into greenhouse roofs
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energy generation and storage
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be redistributed to the grid

Electric vehicles powered by 
on-site renewable energy 
generation and storage

Autonomous farm equipment 
powered by on-site renewable 
energy generation and storage

GRID EDGE FARMING
Grid edge technologies are expected to have significant impact in remote area applications 

such as agriculture, military bases and small communities [42]. Such application areas 

will be facilitated by microgrids, which are small-scale, low-voltage, distributed energy 

systems that can be connected to the main power network or can operate independently. 

They rely on grid edge technologies, and in particular, microsources of energy production 

such as solar, and energy storage solutions [24]. Emerging and inexpensive grid edge 

technologies, such as perovskite solar cells and sodium-ion batteries, have the potential 

to facilitate the development of microgrid infrastructure. Microgrids are advantageous in 

certain contexts as that they generate energy close to the consumers, and thus reduce 

transmission and distribution loads [24], [42], [43]. They are also considered to have 

lower environmental impact, improved reliability, and the potential to be less expensive 

than the main grid [42]. 

An example of microgrid infrastructure in Australian agriculture is Sundrop Farms’ 

(sundropfarms.com) facility in South Australia; a self-sustainable, soil-less farm located 

300km north of Adelaide. The farm grows produce hydroponically in greenhouses and is 

reliant only on sunlight, seawater and the solar energy it produces.  Seawater is pumped 

http://www.sundropfarms.com


23 HORIZON SCAN 3 TRANSFORMATIVE TECHNOLOGY

Perovskite solar cells incorporated 
into greenhouse roofs

Treatment of water from the sea or brackish 
sources powered by on-site renewable 
energy generation and storage

Local storage of renewable energy 
used for on-site equipment or to 
be redistributed to the grid

Electric vehicles powered by 
on-site renewable energy 
generation and storage

Autonomous farm equipment 
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from the Spencer Gulf to Sundrop’s facility where it is converted into freshwater using 

the solar power produced by the farms 23,000 mirrors and solar tower [44]. This solar 

power system produces 85-90% of the total energy required by the farm [45].  Moreover, 

the farm can operate pesticide free, as the seawater it uses is a natural disinfectant [44]. 

Since establishing the farm in South Australia, Sundrop’s innovative method of farming 

has expanded to Portugal and the USA.

Grid edge technology innovation has the potential to facilitate increased innovation and 

deployment of farming practices similar to those employed by Sundrop Farms. Cheap 

and sustainable methods of electricity generation and storage has the potential to 

increase intensification of farming in areas too remote for on-grid electricity solutions. 

Transparent perovskite solar cells have the potential to be incorporated into greenhouse 

roofs to reduce costs and provide solutions in urban contexts where space is at a 

premium. As demonstrated by the case of Sundrop Farms, this technology might also be 

used to drive innovative practices that facilitate land utilisation in previously untenable 

locations.

The demand for energy, and our reliance on it, will only intensify in the rural industries. 

The electrification of equipment and increasing usage of autonomous technology will 

necessitate reliable and inexpensive access to electricity.
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PLANT GENOME SEQUENCING AND EDITING

Plant genome sequencing and editing are concepts that belong to the field of genomics, 

a branch of molecular biology which is dedicated to the study of defining genomes [46]. 

The study of genomes, which are the sum total of an organisms nucleic acid sequences 

[47], allows us to understand genetic variation across a broad range of organisms [46]. 

It is also an important prerequisite for editing genes. Combined, genome sequencing 

and editing has the potential to have significant impacts, ranging from improving 

medical diagnosis and pharmacology response [48], to improving crop yield and disease 

resistance through enhanced breeding [49]. While there is significant debate around the 

ethics of some areas within the field of genomics, the potential positive impact of these 

areas is significant.  

In the following two sub-sections, two different genomics technologies are presented: 

genome sequencing and CRISPR. These represent technologies that are becoming 

increasingly accessible, and are forecast to have significant impact in a broad range of 

domains.
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GENOME SEQUENCING
Genome sequencing involves analysing a DNA sample to identify the order of nucleotides 

that make up the DNA. The genome of many different organisms, including humans, 

animals and plants, has been sequenced. The sequencing of plant genomes has made 

precise genetic information available, resulting in an improved understanding of plant 

gene functions and biological processes [50].  

APPLICATION
Plant genome sequencing has various applications depending on the desired traits of 

the plants to be bred. Recurring interests include disease resistance, nutritional profile 

[50], shelf-life [51], crop yield, and to control flowering and plant maturity  [52]. Recently, 

scientists have performed whole-genome sequencing of heirloom tomatoes to identify 

the chemicals that correlate to flavour intensity and consumer liking. 28 chemicals were 

identified that contributed to both flavour intensity and consumer liking; of which, 13 

were missing from modern consumer tomato varieties. By identifying these chemicals 

they provide a roadmap to enhance the flavour of commercially grown tomatoes, while 

maintaining the essential qualities of yield, disease resistance, and firmness currently 

focused on by breeders [53].

The genome sequence of commercial grape varieties has been used to understand genetic 

factors contributing to wine quality and to produce varieties that can better withstand 

fungicide treatment [52]. More recently, whole-genome sequencing of the carrot has 

resulted in the characterisation of the mechanism controlling carotenoid accumulation, 

as well identification of relationships between gene sub-groups which influence 

circadian clock, plant morphology and architecture, and flowering time. Sequencing of 

the carrot genome is expected to contribute to identifying genes underlying flavonoid 

accumulation, biotic and abiotic stress resistance, and seed production [54].

FORECAST
Since the first plant genome was sequenced in 2000, an increasing number of new plant 

genomes have been sequenced each year [52]. Moreover, genome sequencing is an 

important prerequisite for gene editing as it enables the mapping of a plant’s desirable 

traits, and leads to the identification of candidate genes to target and be bred into new 

varieties [51], [52].
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CRISPR
CRISPR stands for clustered regularly interspaced short palindromic repeats, and is 

an emerging gene editing tool that was first discovered in 2012. CRISPR relies on 

an enzyme called Cas9 that is able to target specific sequences of DNA (e.g. those 

responsible for mutations). CRISPR then works to remove these and replace them with 

desired sequences [55]. Although existing gene editing tools (e.g. ZFNs or TALENs) 

provide similar capabilities, CRISPR has emerged as a breakthrough gene editing 

tool due to important benefits over those existing methods. In particular, CRISPR is as 

considered superior due to its simplicity, accessibility, cost and versatility [49], [55]. 

APPLICATION
For plant biology, the primary uses of CRISPR are to edit the genes of food crops 

to reduce a plants susceptibility to pathogens, and eliminate genes that negatively 

affect food flavour, longevity and quality [49]. This is demonstrated in some of the 

recent CRISPR edited crops. Thousands of years of tomato breeding has led to some 

unintended and undesirable traits of the plant, including excessive flowing which can 

impact on fruit growth. CRISPR is being used to edit the responsible genes to produce 

flowering traits optimised for fruit size and yield [56]. CRISPR has been used to create 

more drought tolerant maize crops by targeting a gene that decreases sensitivity to 

ethylene, a plant hormone important for stress response. This process resulted in maize 

that demonstrated improved yield under drought stress conditions [57]. There has also 

been progress toward using CRISPR to modify livestock, including dehorned cattle and 

disease-resistant goats [55]. 

FORECAST
CRISPR is an active topic of research with related publications projected to reach an 

all-time high in 2017 [58]. It has received strong commercial interest for its innovative 

potential in medical domains [59]. In agriculture, CRISPR is already having an impact 

with CRISPR edited mushrooms being recently passed for sale by the US government 

[60]. Although CRISPR is positioned as a transformative technology, it also faces some 

hurdles. Exactly who owns the IP of the technology is currently under debate, with 

teams at both UC Berkley and the Broad Institute having claims [61]. Whether it will be 

accepted by consumers has been raised [62], and there remains questions as to how 

to regulate it; specifically, whether it be subject to the same regulations as GMOs [63].
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58

Experts were surveyed and asked to rate the impact of genomics technologies on 
a 5-point scale. On average, responses show that the availability of precise 
information about plant genes, and the ability edit those genes to produce 
improved plant varieties is perceived to have very high potential impact. The 
precision of CRISPR, and limited risk of breeding in undesirable genes during the 
editing process was also perceived to be of high potential impact.

PLANT GENOME SEQUENCING   CRISPR
PLANT GENOME SEQUENCING AND EDITING 

4.1

Analysis of number of patents published   
by country shows a substantial number 
of patents filed with the World IP 
Organisation. This suggests that a vast 
number of CRISPR patents will be 
granted for member countries in the 
near future. At present, the USA is the 
primary focus of CRISPR and genome 
sequencing innovation.

Analysis of number of patents published 
per year shows a flat trend of genome 
sequencing innovation. CRISPR 
innovation, in comparison, has 
experienced a sharp upward trend since 
2014.
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SMART DUST

Smart dust is an extensive network of nanotechnology that permeates all types of 

environments to collect and communicate information, and then act on it in useful ways 

[17]. Nanotechnology innovations that make smart dust a conceivable idea include 

micro-electromechanical systems (MEMS) [17], which include nanoscale robots and 

sensor devices [64], power generation [65], and molecular machines [66]. 

APPLICATION
Smart dust applications have been imagined in domains such as military surveillance, 

pollution monitoring in cities, and condition monitoring for agriculture [17]. Over the 

years there have been some advances toward this vision. In 2012, Researchers at the 

University of Michigan developed the M3, a MEMS device measuring 2.21 mm x 1.1 mm 

[65]. Recently, the same team of researchers, documented a millimetre-scale sensor 

device for collecting health data. The device can be implanted into the human body 

using a syringe where it will collect and transmit the user’s health data [67]. One of the 

key requirements for smart dust is micro power systems. The M3 computer incorporated 

two 0.54 mm2 solar cells that powered the device in the presence of light. While this 

demonstrates viability, use was limited in environments with no light [65].  

Another potential component of smart dust are molecular machines, which are functional 

nanoscale mechanisms comprised of several molecular components. Basic functionality 

of molecular machines include switches, ratchets, motors, rings and propellers [66]. 

Although no commercial applications of molecular machines have been realised, many 

believe them to be revolutionary, and a core part of future materials design [68]. Some 

projected applications include switches that can turn on or off when they sense certain 

stimuli, such as light or chemicals. These could provide drug delivery systems that 

release drugs into the body at the right time and place [66], [69], and for clean-up of 

environmental pollutants [66]. 

PREDICTION
Smart dust is a speculative technology with unproven viability. The closest that has 

been achieved commercially is small-scale sensors for building control, monitoring and 

security. Organisations such as DARPA, however, have provided funding to improve the 

functionality of MEMS and make them as small as possible [17]. The broader category of 

nanotechnology is poised to have substantial impact on agriculture. Nanopesticides, for 

example, are expected to minimise inputs and maximise outputs. Smart dust might have 

similar impact in this area by better informing farmers, optimising the inputs required to 

fight against crop pathogens, and increasing crop yields [70].
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Experts were surveyed and asked to rate the impact of smart dust technologies on 
a 5-point scale. On average, responses show that the potential impact of 
ubiquitous sensor devices embedded in the environment and on equipment was 
perceived to be very high. Rated particularly highly was nanoscale devices and 
nanopesticides capable of detecting environmental conditions and responding 
with controlled release of pesticides and other chemicals.

NANOSENSORS NANOMACHINES
SMART DUST 
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Innovation of nonosensor technology has 
been more extensive than nanomachine 
technology. Analysis of number of 
patents published by country identifies 
the USA as the primary location of both 
nanosensor and nanomachine 
technology innovation.

Analysis of number of patents published 
per year shows relatively flat innovation 
of both nanosensor and nanomachine 
technology over several years. This is 
particularly true of nanomachine 
technology, and could reflect the current 
inability to achieve its perceived 
potential. 
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GRAPHENE

Graphene is a one atom thick material composed of carbon atoms, and is the basic 

structural element of graphite, carbon nanotubes, and fullerenes. It has received 

considerable interest due to its material properties which include excellent mechanical 

strength, elasticity, thermal conductivity and electrical conductivity. The mechanical 

strength of graphene is 200 time greater than steal, and its electrical conductivity is six 

orders of magnitude higher than copper [71]. At only atom thick, graphene it is almost 

transparent [72], allowing 97% of light to pass through it [73].

APPLICATION
Graphene is projected to have many uses ranging from 3D printing [74], sensors 

[75], functional material treatments [76], energy storage, displays, and filtration [72]. 

An area of extensive study is the application of graphene in highly responsive and 

accurate electrochemical sensors and biosensors. Due to being only one atom thick, 

graphene has an incredibly high surface-to-volume ratio where all atoms interact 

directly with the stimuli being measured [71]. Consequently, sensors that incorporate 

graphene are highly sensitive to changes in environmental conditions. For example, in 

the measurement of gas, the entire volume of graphene can absorb and detect gas 

molecules [77]. Graphene based sensors and biosensors have been used in clinical 

applications to detect cholesterol, glucose and dopamine. Environmental applications 

include the detection of pesticides and fertilisers including ammonia and formaldehyde. 

Food applications include the detection of staphylococcus aureus, and have potential for 

use in smart packaging, and food transportation and storage [71].

Graphene and graphene-composite materials have also received interest for their use in 

functional nanocoatings. For example, graphene nanocoatings that reduce permeation 

to oxygen and water have been used on metal surfaces to protect against corrosion [76], 

[78]. Other applications include flame-retardant coatings, which have been applied to 

highly flammable materials such as polyurethane foam [79].

FORECAST
Graphene is projected to have significant impact in the future, and have a transformative 

effect in many domains. Despite these promises it also faces a number of challenges. 

Perhaps the biggest of these is manufacturing graphene in large and usable quantities 

that retain its sought after properties, and at an affordable price  [75]. It is expected that 

graphene will remain in a research and development phase for at least the next decade, 

with the first graphene products using the material in a limited capacity [71].
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Experts were surveyed and asked to rate the impact of graphene technologies on 
a 5-point scale. On average, graphene facilitated technologies were perceived to 
have high potential impact for Australian rural industries. Functional graphene 
coatings that protect equipment from environmental effects were rated highest. 
The impact of graphene sensors capable of detecting slight environmental 
changes, down to a molecular level, was also determined to be substantial. 

Analysis of number of patents published   
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technology innovation. Graphene related 
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CONCLUSION

In this report we have continued to refine our novel methodology for the discovery of 

new and ‘over the horizon’ technologies that will impact on agriculture in Australia and 

worldwide. With this, we have identified several exciting new technologies that have 

potential impact for Australian rural industries. 

The success of previous iterations of the scanning methodology has allowed the roles 

of data mining, visualisation and synthesis to be expanded within each of the three 

interactive project streams. Principally, the expansion of roles has allowed for two 

successive cycles of the methodology to be implemented in Horizon Scan 3. The first 

cycle incorporated new and more diverse information sources to assist with the discovery 

and initial evaluation of emerging technologies across a broader range of domains. This 

has resulted in the identification and communication of new technologies originating 

from domains as diverse as genomics, robotics, material science and information and 

communication technology. The second cycle focused on deeper evaluation of these 

technologies, and their subsequent analysis in terms of current application, innovation 

trends, and forecast. This secondary stage of analysis was essential to understand the 

significance of each technology, and to extrapolate on findings to communicate the 

technologies’ potential impact and utility for Australian rural industries.  

Extrapolation of findings with the aim to analyse and communicate the value of selected 

technologies for Australian rural industries is a priority of this project as it moves forward. 

The work toward this priority is evident in both infographics and scenarios. Both of these 

mediums communicate perspectives from broad information sources and expert opinion. 
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Infographics provide evaluation and analysis of each technology based on the perspectives 

of expert members of the Australian rural industries, as well as through the scanning of 

patent databases. Scenarios represent current perspectives in the literature, as well as 

those of expert members of Australian rural industries. In this report, scenarios were used 

to expand on two technology categories which demonstrate current implementation, as 

well as clear pathways for future implementation in Australian rural contexts. In addition 

to representing the possible implementation of the respective technology categories, the 

scenarios visualise potential relationships between technologies and the ecosystem in 

which they exist. This confluence of technology will continue to be explored in scenarios 

presented in future reports. This will be achieved through the expansion of scenarios 

to provide greater detail and to address more technologies. Not only will this assist in 

communicating the potential impact of each technology, but it will be an important step 

for the future identification of key technology themes.    
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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 elaboration 

streams. 

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

implementation leverages expertise from QUT, and RIRDC 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 elaboration 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.
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