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manufacturing and automation technologies such as 

additive manufacturing (3D printing) and robotics 

have the potential to change work patterns in both the 

developing and developed worlds. However, relative 

to existing trends, any transition may be relatively 

slow. In developed countries these technologies have 

the potential to improve productivity, address labor 

constraints, and diminish the need for outsourcing, 

especially if reducing the length of supply chains 

brings clear benefits. Nevertheless, such technologies 

could still have a similar effect to outsourcing in 

making more low- and semi-skilled manufacturing 

workers in developed economies redundant, 

which would exacerbate domestic inequalities. For 

developing economies, particularly Asian ones, the 

new technologies will stimulate new manufacturing 

capabilities and further increase the competitiveness 

of manufacturers and suppliers.

roboTIcs

Robotics is in use in a range of civil and military 

applications today. Robotic systems perform physical 

manipulations similar to humans; such manipulations 

are programmable and can be carried out 

autonomously or by teleoperation. Robots have better 

sensory and mechanical capabilities than humans do, 

making them ideal for routine tasks. Industrial robots 

have transformed many manufacturing environments; 

over 1.2 million industrial robots are already in daily 

operation around the world. Home robots vacuum 

homes and cut lawns; hospital robots patrol corridors 

and distribute supplies; the US military has thousands 

of robots operating on battlefields; and a new 

generation of robots is emerging for service-sector 

applications, including cleaning, public relations, 

and maintenance.

Developers are extending the capabilities of robots, 

crossing the boundary between industrial robots and 

nonindustrial robots. Although much development is 

still required to improve robots’ cognitive abilities, 

many of the building blocks for futuristic and highly 

disruptive systems could be in place by 2030. Such 

robotics could eliminate the need for human labor 

entirely in some manufacturing environments, with 

“Such an approach could allow for the 
most effective possible deployment of 
new urban technologies—or create urban 
nightmares, if new technologies are not 
deployed effectively.”

Governments around the world, especially in 

developing countries, could spend as much as $35 

trillion in public-works projects in the next two 

decades. To do so in a manner that maximizes 

sustainability, quality of life, and economic 

competitiveness they will need a mix of novel 

approaches to security, energy and water conservation, 

resource distribution, waste management, disaster 

management, construction, and transportation. These 

areas represent massive market opportunities for 

information technology, systems-integration, and 

sustainable-technology providers and integrators—to 

ensure that the megacities develop. Some of the world’s 

future megacities will essentially be built from scratch, 

enabling a blank-slate approach to infrastructure 

design and implementation. Such an approach could 

allow for the most effective possible deployment of 

new urban technologies—or create urban nightmares, 

if new technologies are not deployed effectively. Most 

megacities will need to integrate new technologies 

and approaches into existing physical, social, and 

government infrastructures, a process that may not 

always yield good results—or may not happen at 

all. In any event, for both cities built from scratch 

and cities needing to integrate new technologies 

into existing infrastructures, the major challenges 

will be the enormous scale, complexity, and costs 

of new technologies. With this heavy investment in 

smart-city infrastructure in African, Latin American, 

and especially Asian urban centers, the epicenter of 

smart-city innovation will begin by 2030 to move away 

from Europe and North America.

auTomaTIon and manufacTurInG 
TechnoloGIes

As manufacturing has gone global in the last two 

decades, a global ecosystem of manufacturers, 

suppliers, and logistics companies has formed. New 
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assist with daily living. Robotics addresses some of the 

impacts of an aging society, but in the next 20 years 

the effect is likely to be most pronounced in specific 

countries like Japan and South Korea.

Cost is both a driver and barrier to the implementation 

of robotics technologies. Robots are often expensive 

to buy, but their ability to repeat tasks efficiently and 

quickly, reduce waste, or minimize labor costs can 

save companies money. Manufacturers could lease 

expensive robots to users, but the cost per unit must 

decrease significantly before widespread applications 

emerge. Technology development is the biggest 

single constraint for nonindustrial robotics, because 

researchers must overcome major barriers in the 

development of robots’ intelligence, including their 

understanding of the world around them, coping with 

total automation becoming more cost effective than 

outsourcing manufacturing to developing economies. 

Even in developing countries, robots might supplant 

some local manual labor in sectors such as electronics, 

potentially holding down local wages.

The military is expected to increase its use of robots 

to reduce human exposure in high-risk situations 

and environments as well as the number of troops 

necessary for certain operations. The ability to deploy 

such robots rapidly, for particular tasks, could help 

military planners address the wider resource demands 

present in a more fragmented, multipolar world. 

Health-care and elder-care robots will become more 

autonomous and be able to interact with humans. 

However, they will be able to perform only specialized 

functions such as surgical support or certain tasks to 

auTomaTIon and manufacTurInG TechnoloGIes

Technology Focus current status potential for 2030 issues impact

robotics robotics is already 
in wide use in 
defense and 
manufacturing.

robotics will 
eliminate human 
labor in some 
applications. 
Blurring between 
industrial and 
service robots will 
occur.

researchers must 
reduce the cost of 
robots and improve 
their intelligence. 
As robots spread 
they will face much 
greater public 
scrutiny.

total automation 
may become more 
cost effective 
than using large 
levels of labor 
or outsourcing 
to developing 
countries.

remote and 
autonomous 
vehicles

remote and 
autonomous 
vehicles are in 
use in defense 
and mining and 
exploration.

UAvs will routinely 
monitor intrastate 
and interstate 
conflicts, enforce 
no-fly zones and 
survey national 
borders.

ensuring 
autonomous 
vehicles operate 
safely and reliably in 
populated areas will 
be crucial.

increased 
disruption is 
possible from 
terrorists’ use of 
UAvs.

additive 
Manufacturing/3d 
Printing

Additive 
manufacturing is 
in use for creating 
models and for 
rapid prototyping 
in the automotive 
and aerospace 
industries.

Additive 
manufacturing 
begins to replace 
some conventional 
mass-produced 
products, especially 
high value 
products.

Material quality 
and cost are the 
limiting factors for 
the acceptance 
of additive 
manufacturing by 
industry.

Both advanced 
and developing 
economies will 
benefit from the 
flexibility, speed, 
and customization 
of additive 
manufacturing.
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novel security risks that could be difficult to address. 

Unmanned aerial vehicles (UAVs) are already being 

used to spy or launch missiles. By 2030, UAVs could 

be in common use to monitor intrastate and interstate 

conflicts, enforce no-fly zones, or survey national 

borders. Low-cost UAVs with cameras and other types 

of sensors could support wide-area geo-prospecting, 

support precision farming, or inspect remote power 

lines. Autonomous vehicles could spawn a new era of 

industrialization in mining and agriculture, addressing 

heightened demand from developing economies. 

Self-driving cars could begin to address the worsening 

congestion in urban areas, reduce roadway accidents 

and improve individuals’ productivity (by allowing 

drivers the freedom to work through their commutes). 

Mass-transit innovations will likely emerge from the 

fastest-growing urban areas of Asia. Nevertheless, 

more disruption could result from terrorists’ use of 

civilian UAVs as platforms to deliver explosives or 

unconventional weapons.

The key problem for autonomous vehicles—and, 

to some extent, remote vehicles—is the concern 

regarding whether such vehicles can operate safely 

and reliably, especially when operating in—or over—

populated areas. For this reason, most regulatory 

agencies worldwide greatly restrict operation of 

UAVs in civilian airspace. Self-driving cars currently 

being tested on public roads still rely on an attentive 

human driver who can take the wheel at a moment’s 

notice. An additional barrier for UAVs is the question 

of acceptance: Users appears to have had little trouble 

adapting to office-workplace telepresence robots, but 

facilitating a transition between human-piloted and 

autonomous vehicles may be more difficult.

“Autonomous vehicles could transform 
military operations, conflict resolution, 
transportation, and geo-prospecting, while 
simultaneously presenting novel security 
risks that could be difficult to address.”

unanticipated events, and interacting with humans. 

Nevertheless, with many enabling technologies now 

available off the shelf, a new generation of developers 

and enthusiasts may be able to construct new 

robotic products, some with potentially dangerous 

capabilities. Many of these non-industrial applications 

will be conceived and commercialized initially in 

today’s developed countries, but such applications 

will face unprecedented scrutiny by the media. The 

public’s reaction also could affect the development of 

nonindustrial robotics.

“Health-care and elder-care robots will 
become more autonomous and be 
able to interact with humans. However, 
they will be able to perform only 
specialized functions . . . ”

auTonomous vehIcles

Today, remote and autonomous vehicles are mostly 

in use in the military and for specific industrial tasks 

in remote locations. Mining companies are using 

remote and/or autonomous vehicles to improve 

safety, reduce cost, increase efficiency, and address 

skilled labor shortages. A remote vehicle refers either 

to remote-operated versions of traditional land, sea, 

and air vehicles, or to specialized mobile telerobotic 

platforms such as bomb-disposal robots and tethered 

submersibles. Remote vehicles are controlled 

using radiofrequency transmission or via a tether 

and incorporate electric or hydraulic actuators for 

manipulation, as well as cameras and other sensors for 

surveillance. Autonomous vehicles, which are mobile 

platforms that can operate without any direct human 

control, incorporate sensors and control software to 

orient the vehicle and avoid obstacles. Autonomous 

vehicles may also use radar or laser-based rangefinders 

to detect objects and data from global navigation 

satellite systems and geographic information systems 

to facilitate navigation and maneuvering.

Autonomous vehicles could transform military 

operations, conflict resolution, transportation, and 

geo-prospecting, while simultaneously presenting 
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manufacturing could also level the playing field for 

those countries or organizations that missed out in 

earlier periods—because additive manufacturing 

requires less industrial infrastructure than 

conventional manufacturing. At the same time, additive 

manufacturing could reduce the need for some 

conventional manufacturing jobs in many regions of 

the world.

The relatively less sophisticated quality of the materials 

produced by additive manufacturing limits the 

acceptance of additive manufacturing by industry. The 

ability of developers to produce parts with sufficient 

strength in high volume and at low cost is still highly 

uncertain. Inexpensive 3D printing machines are 

now available for $500, but they produce relatively 

low-quality objects, suitable as novelties, but not yet 

viable for many applications. Industrial machines cost 

upwards of $30,000, and laser-based machines that 

make high-quality metal products can cost as much as 

$1 million. Some machines improve the performance 

of metal or ceramic objects, but greater knowledge 

and skill is required than for the objects that come 

out of cheaper 3D printing machines. Additive 

manufacturing is currently limited to structural 

components that have no electronic, optical, or other 

functional capabilities. By 2030, manufacturers may 

be able to combine some electrical components 

(such as electrical circuits, antennae, batteries, and 

memory) with structural components in one build, but 

integration with printed electronics manufacturing 

equipment will be necessary. Though printing of 

arteries or simple organs may be possible by 2030, 

bioprinting of complex organs will require significant 

technological breakthroughs.

resource TechnoloGIes

Technology advances will be required to accommodate 

increasing demand for resources owing to global 

population growth and economic advances in today’s 

underdeveloped countries. Such advances can affect 

the food, water, and energy nexus by improving 

agricultural productivity through a broad range of 

technologies encompassing precision farming and 

genetically modified (GM) crops for food and fuel.

addITIve manufacTurInG

Additive manufacturing is a group of technologies that 

allows a machine to build an object by adding one 

layer of material at a time. Additive manufacturing, 

or 3D printing, is already in use to make models 

from plastics in sectors such as consumer products 

and the automotive and aerospace industries, but by 

2030, additive manufacturing could replace some 

conventional mass-production, particularly for short 

production runs or where mass customization has high 

value. Additive machines use computer-aided design 

(CAD) and a computer-guided laser, extruder, or 

printer head to construct an object one layer at a time. 

They can generate geometrically complex objects, 

with internal cavities or moving parts inside an object, 

which traditional machines cannot manufacture. With 

additive manufacturing, manufacturers can avoid the 

high initial setup costs for specialty tooling and molds 

and can also build geometrically complex objects 

that cannot easily be fabricated by other means. The 

CAD file can be a laser scan of the surface of another 

object or a person or can even be medical data, such 

as computed tomography (CT) or magnetic resonance 

imaging (MRI) scans, which makes it possible to build 

objects in the shape and with the functionality of 

bones or internal organs.

A combination of low-cost machines and online stores 

of 3D object files could democratize manufacturing 

and empower individuals, resembling the early 

days of personal computers and the Internet, when 

small companies were able to make a large impact. 

Additive manufacturing could lead to large numbers of 

micro-factories akin to preindustrial revolution craft 

guilds, but with modern manufacturing capabilities. 

Such local micro-factories could manufacture 

significant amounts of products, especially those for 

which transportation costs are traditionally high or 

delivery times are long, and in the process shorten and 

simplify supply chains.

The developing world could be a major beneficiary 

because additive manufacturing allows products 

to be designed and printed for local consumption, 

reducing the reliance on expensive imports. Additive 
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resource and healTh TechnoloGIes

Technology Focus current status potential for 2030 issues impact

food and Water

GM crops successful but 
limited applications 
are economically 
successful.

GM crop 
technology will 
expand the types 
of crops able to be 
modified and the 
traits able to be 
transferred to these 
crops.

time to market for 
each transferred 
trait into each crop 
is the major hurdle. 
Many governments 
have reservations 
about the safety of 
GM crops.

GM crop 
deployments will 
enable higher 
yields and address 
climate-change 
driven food 
scarcities.

Precision 
agriculture

Automation of 
equipment is 
suitable only for 
large-scale farming.

Feasible reductions 
in scale and price 
will enable greater 
application of 
automated systems 
and higher yields 
per hectare.

the cost of 
equipment and the 
scalability to small 
farms is the major 
barrier.

Major impact will 
be continued 
yield and quality 
improvements 
for large-scale 
agricultural 
operations in 
developed 
countries.

Water 
Management

Microirrigation 
techniques deliver 
water to roots with 
90 efficiency.

Water demand will 
be high. Cheaper 
subsurface drip-
irrigation together 
with precision 
agriculture is 
likely. Commercial 
drought-tolerant 
crops are a 
possibility.

Microirrigation will 
be too expensive 
for widespread 
use in developing 
countries.

insufficient 
water supplies 
for residential, 
industrial and 
agricultural use 
will affect a large 
proportion of the 
world’s population 
living in water-
stressed areas.

energy

bio-based energy technology of 
delivering energy 
from non-food 
biomass is 
proven but non-
competitive.

non-food biomass 
will be a growing 
alternative 
source for energy 
and chemical 
feedstocks.

Widespread 
deployment 
depends on 
government 
policies.

if cost-competitive, 
the technology 
would provide a 
useful alternative to 
fossil fuels.

solar energy Photovoltaics has 
substantial growth 
potential, but has its 
limitations.

Advances in 
photovoltaics, 
storage 
technologies, and 
smart grid solutions 
needed for solar to 
be competitive with 
carbon-sourced 
energy production.

research focuses 
on dealing 
with negative 
environmental 
consequences of 
the technology.

successful 
extension of 
accessible natural 
gas and oil 
reserves will stymie 
arguments for 
aggressive climate-
change mitigation 
strategies.
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GeneTIcally modIfIed crops

Genetically modified crops are key to meeting the 

challenge of providing sufficient and affordable 

food and fuel from plant crops for a world with an 

expanding population and a changing climate. The 

rapidly evolving genetic knowledge of plant cells, 

enabled by the tools of molecular biology, is likely to 

accelerate during the next 15-20 years, providing the 

means to increase the yield of major food crops. The 

promising results of ongoing research to relate key 

plant traits to a plant’s genetic structure indicate that 

the application of modern molecular plant breeding 

and transgenic technologies have the potential to 

significantly enhance global food security in the next 

15-20 years. However, this group of plant technologies 

faces some of the most intense regulatory and 

public pressures of any new technologies, which 

makes widespread adoption of any of these potential 

advances uncertain.

Advances in molecular biology applied to crop 

development have enabled scientists to identify genes 

that express important agronomic traits in crop 

plants. Transgenic technologies—which enable the 

transfer of genes from one plant species to another to 

New resource technologies can also enhance water 

management through desalination and irrigation 

efficiencies. In addition, they can increase the 

availability of energy, not only through highly 

successful enhanced oil and natural gas extractions 

resulting from use of hydraulic fracturing (see box 

on page 37), but also through alternative energy 

sources such as solar and wind power and biofuels. 

Widespread communication technologies will make 

the potential effects of these technologies on the 

environment, climate, and health well known to 

increasingly educated populations.

China, India, and Russia—countries that have critical 

needs for key resources—are expected to realize 

substantial rewards in being the first countries to 

commercialize next-generation resource technologies. 

Being first may allow private and state-owned Chinese, 

Indian, and Russian resource companies to establish 

strong global competitive positions. Aside from being 

cost competitive, any expansion or adoption of both 

existing and next-generation resource technologies 

during the next 15-20 years will largely depend on 

social acceptance and the direction and resolution of 

any ensuing political issues.

resource and healTh TechnoloGIes cOntinUed

Technology Focus current status potential for 2030 issues impact

disease 
Management

Molecular 
diagnostics 
technologies 
identify 
some disease 
predispositions or 
presence.

Genetic sequencing 
enables more 
personalized 
healthcare.

Costs per individual 
diagnostic tests 
must be reduced to 
enable widespread 
adoption.

Will lead to 
increased life 
quality, life 
expectancy, and 
aging societies.

human 
augmentation

Contemporary 
prosthetic limbs 
and exoskeletons 
provide limited 
functionality to 
users.

Fully functional 
limb replacements, 
enhanced eyesight, 
and hearing 
augmentations will 
be widely available.

improved 
understanding 
of human, brain 
function, and 
enhanced portable 
power sources are 
necessary.

very high 
technology 
costs could 
limit availability 
to the well off, 
professional 
athletes, and 
military.
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precIsIon aGrIculTure

Precision agriculture holds promise for increasing 

crop yields by reducing the use of inputs such as 

seed, fertilizer, and water; minimizing the negative 

environmental impacts of farming, and improving the 

quality of crops. The development of cost-effective, 

versatile, and highly automated forms of precision 

agriculture suitable for a wide range of farm types 

and sizes could help provide worldwide food 

security even in the face of resource scarcities and 

environmental restrictions. Trends in precision 

agriculture point to increasing automation of farm 

vehicles and implements. Within the next five to 10 

years, autonomous tractors probably will begin to take 

on a full range of roles in large-scale farming, which 

will begin to resemble automated manufacturing 

facilities. In 10-to-15 years, technological developments 

and the scale of manufacturing could drive down 

the size of today’s autonomous farming vehicles and 

implements. The development of smaller farm vehicles 

would enable farmers to use them on small sections of 

a field and small land holdings, leading to higher-yield, 

higher-intensity cultivation. The key question is 

whether such systems will ever be affordable for use 

on small plots in developing countries where the 

greatest productivity gains are called for.

waTer manaGemenT

Water management will be critical to achieving 

global food security because agriculture today 

requires irrigation for 40 percent of its production 

and consumes approximately 70 percent of global 

freshwater supplies. Currently, agricultural irrigation 

wastes about 60 percent of the water withdrawn from 

freshwater sources.

Efficient water management will be required to sustain 

a necessary increase in agricultural productivity. 

Even though desalination technologies might be 

economically feasible for household and industrial 

water, such technologies are unlikely to produce 

irrigation water from saline waters at a low enough 

cost to be feasible for agricultural use. As water 

scarcity increases, adopting technologies that increase 

produce a plant with new or improved traits—hold the 

most promise for achieving food security in the next 

15-20 years.

Through transgenic technologies, researchers have 

identified hundreds of genes with corresponding 

useful traits in crop plants that could eventually 

be commercialized. However, in spite of the rapid 

growth of transgenic technology, only a few traits 

in three plant species exist on a commercial scale: 

herbicide- and insect-resistant soybeans, cotton, and 

maize. Modified potato crops are new additions to 

this list; in the next five years commercial plantings 

of genetically modified canola and rice are also likely. 

The development of nitrogen fixation by non-legume 

plants and drought-tolerant maize are examples of 

the goals and advances of scientists using today’s GM 

crop technology know-how. Drought-tolerant maize 

received regulatory approval in 2012 and is in the 

beginning stages of commercialization.

“Transgenic technologies—which enable the 
transfer of genes from one plant species 
to another to produce a plant with new or 
improved traits—hold the most promise 
for achieving food security in the next 
15-20 years.”

Having the information about specific genes that 

combine to express desirable traits in crop plants is an 

essential starting point, but such knowledge does not 

necessarily lead to a modified plant that will express 

these genes. The R&D necessary to achieve such 

goals requires significant time and money. Similarly, 

meeting all the necessary regulatory requirements can 

result in many years of effort before a new GM crop 

reaches the market. Despite the regulatory approvals 

and safeguards achieved to date, many consumers 

and political representatives across the world are 

not persuaded that the dangers are minimal and that 

adequate safeguards are in place. Hence, GM crops 

face significant hurdles in the years ahead.
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encourage water efficiency: Farmers typically pay up 

to a tenth the price that industry and households pay 

for water; thus farmers have little incentive to save 

water. In spite of the high costs, increasing use of 

precision farming in irrigated land and, in time, higher 

yields from GM drought-tolerant crops in rain-fed land 

may contribute to increasing the overall efficiency of 

water use in agriculture.

bIo-based enerGy

If bio-based energy becomes cost competitive, it 

could enable advanced biofuels and other products 

that derive from nonfood sources to at least partially 

replace current food-crop-derived biofuels and 

petroleum feedstocks in the next 15-20 years. 

A transition to bio-based energy produced from 

nonfood biomass would radically alter world energy 

markets and be essential to improving food security. 

The nearest-term advanced biofuel is cellulosic 

ethanol derived from various types of biomass from 

agricultural and forest residues, dedicated energy 

crops such as perennial grasses and trees, and 

municipal solid waste. Other biofuels that could 

enter the market include drop-in biofuels, which are 

easily integrated with existing transportation-fuel 

infrastructures. Biobutanol produced by fermentation 

and renewable hydrocarbons produced by algae and 

genetically engineered organisms are examples of such 

drop-in biofuels.

“A transition to bio-based energy produced 
from nonfood biomass would radically alter 
world energy markets and be essential to 
improving food security.”

To avoid conflicting with food crop production, 

researchers are developing technologies that use 

nonfood biomass feedstocks. Although production 

costs are higher than ethanol production from corn, 

some large-scale cellulosic ethanol plants are on track 

to begin operations in the next few years. Biodiesel, 

which is currently derived from food plant oils, 

used cooking oils, and animal fats, has seen a rapid 

growth worldwide, especially in Europe. Research 

water-use efficiency will be the only option farmers 

will have for confronting global water scarcity. 

The array of such technologies includes precision 

agriculture and GM drought-tolerant and salt-tolerant 

crops as well as micro-irrigation systems and 

hydroponic greenhouse technologies.

“Micro-irrigation technology . . . is likely 
to be the key technology for improving 
agricultural water management because it 
delivers a highly water-efficient solution.”

Micro-irrigation technology, which has advanced 

considerably over the last three decades, is likely to 

be the key technology for improving agricultural 

water management because it delivers a highly 

water-efficient solution. Although currently applied 

mainly to high-value vegetable crops, micro-irrigation 

is suitable for all types of crops. Using today’s leading 

micro-irrigation technologies, the percentage of water 

delivered to a field is some 90 percent to 95 percent 

compared to 35-60 percent for furrow irrigation or 

60-80 precent for sprinkler systems. Such efficiency 

comes at a cost, however (some $2,500-$5,000 per 

hectare over a 10-to-15-year lifetime).

Although rain-fed agriculture is responsible for 58 

precent of global cereal grain production, relatively 

little effort has focused on applying technology to 

enhance its productivity. Rain-fed areas of the world 

are largely regions with poverty, malnutrition, water 

scarcity, severe land degradation, and poor physical 

and financial infrastructures. Well-established 

inexpensive practices—such as zero-till and mulching, 

which transfer more water to plants rather than 

losing it to evaporation—are not in widespread use. 

New technologies that contribute to improving 

the yield of rain-fed agriculture while reducing the 

need for withdrawal from surface water sources will 

become increasingly important. Agricultural leaders 

are considering harvesting water through managed 

underground storage.

An increased demand for water is likely to stimulate 

governments to adjust their water-pricing policies to 
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with other electricity-generating fuel sources—coal, 

natural gas, nuclear, or wind—is unclear. Some 

forecasts indicate that the projected costs of electricity 

production from natural gas and coal will remain 

lower than electricity production from solar power 

in the next 15-20 years. Other forecasts indicate that 

photovoltaic electricity production will be competitive 

with conventional electricity production without 

subsidization in the next five to 10 years. Meanwhile, 

during the next several decades, new, highly efficient 

natural gas electricity-generating plants are expected 

to come on line and increased natural gas supplies as a 

result of fracking technology will maintain low natural 

gas prices.

Despite its position as the most abundant renewable 

energy resource and its theoretical potential in many 

regions to exceed current total energy supply as well 

as its benign environmental consequences, solar 

energy faces some formidable hurdles to reach its full 

potential. If government policies to provide financial 

and regulatory incentives for solar energy disappeared 

as a result of strained government budgets, solar 

energy might not reach a cost-competitive position 

in the next two decades to be a serious competitor 

to electricity produced from coal and natural gas. 

Another hurdle facing solar energy is that it is an 

intermittent source, generating power only when the 

sun is shining. Without some efficient energy storage, 

such as large batteries or molten salt, solar energy will 

not be able to fully replace other energy-generating 

systems. Rather, it could only operate as a hybrid 

system relying on other energy sources, such as 

natural gas, to generate electricity when the sun is 

not shining. Additionally, widespread use of solar 

energy for distributed generation of electricity will 

require large grid-infrastructure investments to 

handle the multi-directional flow of electricity in the 

distribution network.

healTh TechnoloGIes

Disease management technologies in development 

promise significant healthy longevity gains throughout 

the world while human augmentation technologies 

into algae-based technologies suggests that such 

technologies offer attractive benefits including high 

productivity; the productive use of nonarable land; 

the use of diverse water sources (fresh, saline, and 

wastewater); and the recycling of carbon dioxide and 

other wastes.

Achieving cost competitiveness for bio-based energy 

technologies is the primary hurdle for commercial 

success. Linked to that hurdle is the highly uncertain 

future pricing of fossil fuel sources of energy and 

wider use of battery transportation technology. In 

addition, consistent government financial support 

will be necessary for the development of bio-based 

energy technologies, which introduces another 

uncertainty for the long-term viability of the 

technologies. For example, the United States and the 

European Union have aggressive biofuel mandates 

that include sustainability mandates for reducing 

greenhouse gas emissions. Although some advanced 

biofuel technologies could meet these standards, costs 

are high and the technologies are not proven on a 

commercial scale.

solar enerGy

Solar energy, which has substantial growth potential, 

could disrupt the global energy environment if it 

achieves a competitive cost with electricity produced 

from other sources of energy. Because of government 

subsidies and rapidly declining costs, photovoltaic 

technology is now widely used for electrical power 

generation. China is already the leading manufacturer 

of photovoltaic panels.

Solar thermal technology can also generate electrical 

power by using mirrors to concentrate sunlight, 

which is converted to heat in a solar collector. The 

heat is transferred to a heat storage medium such as 

molten salt, which can be used for steam generation 

to produce electricity. Because heat can be stored less 

expensively than electricity, solar thermal technology 

can generate electricity when the sun is not shining.

However, whether solar-photovoltaic or solar-thermal 

electricity-generating plants will be cost competitive 
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approach in one treatment, may become an important 

discipline for disease management, reducing hospital 

costs by accelerating patients’ recovery times and 

complications caused by invasive surgery. Advances 

in synthetic biology will likely result in production 

facilities making novel treatments and diagnostics 

agents. Advances in regenerative medicine almost 

certainly will parallel these developments in diagnostic 

and treatment protocols. For example, replacement 

organs, such as kidneys and livers, could be developed 

by 2030.

The new disease management technologies will 

increase the longevity and quality of life for the world’s 

aging population, tipping the demographic profile 

of many countries toward an older (but healthy) 

population. However, improvements in disease 

management technologies could be out of reach of 

poor people in countries that do not have health 

coverage for all.

Cost is the major barrier preventing molecular 

diagnostic technologies from becoming routinely 

available in physician’s surgeries, although costs 

for genetic sequencing are rapidly decreasing. The 

cost per individual diagnostic test is more important 

than the cost of the diagnostic equipment itself. A 

move away from expensive biological reagents to 

silicon-based molecular diagnostics procedures should 

reduce the costs of genetic tests further. The drawback 

of today’s genetic profiling is that the number of 

known disease-related genes is insufficient to provide 

mass screening. Synergistic technologies such as 

computer processing power and big data storage and 

analysis will be important for managing the huge 

amounts of data gathered by genome sequencing. 

However, with computing technology still advancing 

at a high rate computer power should not be a 

rate-limiting factor. Acquiring governments’ approval 

for diagnostic tests will delay their implementation.

human auGmenTaTIon

Spanning a wide gamut of technologies, ranging from 

implants and prosthetics to powered exoskeletons, 

human augmentation enhances innate human abilities, 

will likely transform everyday life, particularly for the 

elderly and mobility-impaired populations.

The greatest gains in healthy longevity are likely 

to occur in those developing countries that will 

experience a huge growth in the size of their middle 

class populations. Although the current health-care 

systems of such countries may be poor, developing 

countries are expected to make substantial progress in 

the longevity potential of their populations by 2030. 

Indeed, many leading centers of innovation in disease 

management are likely to be in the East.

dIsease manaGemenT

Disease management is the effective control and 

treatment of communicable and noncommunicable 

illnesses. Today, physicians struggle to differentiate 

between many illnesses with similar symptoms. 

Obtaining results from detection tests can take 

several days, leading to delays in diagnosis, which 

can be life threatening. Consequently, diagnostic 

and pathogen-detection devices will be key enabling 

technologies for disease management; the future 

accuracy of molecular diagnostics has the power 

to transform medicine. The targets of molecular 

diagnostics include genetic information on disease 

presence or predisposition, and the ability to monitor 

the physical manifestation of a disease. One enabling 

technology, DNA sequencing, is advancing rapidly with 

some techniques currently capable of reading a human 

genome for about $1,000.

Molecular diagnostic devices will revolutionize 

medicine by providing a rapid means of testing for 

both genetic and pathogenic diseases during surgeries. 

Readily available genetic testing will hasten disease 

diagnosis and help physicians decide on the optimal 

treatment for each patient. Such personalized medicine 

will reduce the health-care costs associated with 

physicians’ prescribing ineffective drugs. In addition, 

the declining cost of such testing will facilitate 

the cataloguing of many more individuals’ genetic 

profiles, which will lead to a greater understanding 

of the genetic basis of many diseases. Theranostics, 

the combination of a diagnostic and a therapeutic 
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Owing to the high cost of human augmentation, 

it probably will be available in 15-20 years only to 

those who are able to pay for it. Such a situation 

may lead to a two-tiered society of an enhanced and 

non-enhanced persons and may require regulation. 

In addition, the technology must be sufficiently 

robust to prevent hacking and interference of human 

augmentation. Advances in synergistic and enabling 

technologies are necessary for improved practicality 

of human augmentation technologies. For example, 

improvements in battery life will dramatically improve 

the practicality of exoskeleton use. Progress in 

understanding human memory and brain functions 

will be critical to future brain-machine interfaces, 

while advances in flexible biocompatible electronics 

will enable better integration with the recipient 

of augmentations and recreate or enhance sensory 

experiences. Moral and ethical challenges to human 

augmentation are inevitable.

or replaces missing or defective functions such as 

damaged limbs. Prosthetic limbs have now reached the 

stage where they offer equivalent or slightly improved 

functionality to human limbs. Brain-machine interfaces 

in the form of brain-implants are demonstrating that 

directly bridging the gap between brain and machine 

is possible. Military organizations are experimenting 

with a wide range of augmentation technologies, 

including exoskeletons that allow personnel to carry 

increased loads and psychostimulants that allow 

personnel to operate for longer periods.

Human augmentation could allow civilian and military 

people to work more effectively, and in environments 

that were previously inaccessible. Elderly people 

may benefit from powered exoskeletons that assist 

wearers with simple walking and lifting activities, 

improving the health and quality of life for aging 

populations. Successful prosthetics probably will be 

directly integrated with the user’s body. Brain-machine 

interfaces could provide “superhuman” abilities, 

enhancing strength and speed, as well as providing 

functions not previously available.

“The high cost of human augmentation 
means that it probably will be available in 
15-20 years only to those who are able to 
pay. Such a situation may lead to a two-
tiered society . . . ”

As replacement limb technology advances, people may 

choose to enhance their physical selves as they do with 

cosmetic surgery today. Future retinal eye implants 

could enable night vision, and neuro-enhancements 

could provide superior memory recall or speed of 

thought. Neuro-pharmaceuticals will allow people 

to maintain concentration for longer periods of 

time or enhance their learning abilities. Augmented 

reality systems can provide enhanced experiences 

of real-world situations. Combined with advances in 

robotics, avatars could provide feedback in the form of 

sensors providing touch and smell as well as aural and 

visual information to the operator.


