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I. Introduction 
 
Every so often in history a technological innovation emerges that has a transformative 
effect on human civilization. As the world ponders how to avoid the catastrophic effects 
of climate change, Nautilus Institute Director Peter Hayes looks at some of the possible 
technological breakthroughs that could pave the way to a sustainable future. 
 
The views expressed in this article are those of the author and do not necessarily reflect 
the official policy or position of the Nautilus Institute.  Readers should note that Nautilus 
seeks a diversity of views and opinions on contentious topics in order to identify common 
ground. 
 
II. Article by Peter Hayes 
 
-“Transformative Technology for a Sustainable Future” 
By Peter Hayes 
 
The prospects for achieving global sustainability dimmed considerably after the debacle 
at the December 2009 Copenhagen climate conference, at least for the next few years.  
 
This is bad news indeed, not only for the ultimate sustainability problem, climate change, 
but for other pressing issues — biodiversity, waste disposal, ventilation, water supply and 
many other essential environmental services. These too are all at risk due to human 
activity.  
 
Without strong political leadership on climate issues, a global framework for market-
based solutions to sustainability is unlikely to emerge. Nor does it look likely that 
governments will invest sufficiently in overcoming poverty to relieve pressure on critical 
environmental resources in the southern hemisphere. This leadership deficit is likely to 
persist, and underscores the need for a response one layer down at the level of cities and 
civil society. Although such a bottom-up response is important, it too will likely fall short 
of what is needed.  
 



What other resources exist that can give rise to hope rather than gloom in the wake of the 
Copenhagen charade?  
 
Technology is one source of optimism. Although technology may either undermine 
sustainability or contribute to it, the problem is that it often changes slowly, with 
incremental innovation. But every now and then, technologies emerge with little or no 
warning that disrupt existing market players (who often try to suppress the newcomer) or 
are so potent and universally applicable that they are transformative and rapidly displace 
old technology.1 Much of the technology needed to respond to climate change is the 
same as that needed to solve other sustainability problems.  
 
Transformative technologies, sometime called platform technologies — the most recent 
example is the Internet — serve as springboards for technological change in many sectors 
at once. The steam engine, machine gun and genetic crop modification led to pervasive 
and massive impacts on the world economy, warfare and agriculture, respectively. 
Transformative technologies occur rarely, perhaps once or twice in a generation, and are 
inherently hard to foresee or recognize as they emerge.  
 
Such transformative technologies are not born in vacuo, however. Usually, they draw on 
multiple strands of pre-existing technology recombined in ways that were previously 
unthinkable. Also, these technologies prove unstoppable because they respond much 
better to multiple needs simultaneously in ways that old, disparate technologies could not, 
either individually or in combination. Thus, there is a demand as well as a supply side to 
the timing of transformative technologies. 
 



 
 
As one might expect, the US military is especially interested in maintaining its 
technological edge against upstart technologies. It spends considerable effort anticipating 
how the convergence of dramatic technological innovation might present game-changing 
challenges. As a RAND Corporation report states (see Graphic 1) : “Beyond individual 
technology effects, the simultaneous progress of multiple technologies and applications 
could result in additive or even synergistic effects … Some advances will introduce 
capabilities that could be used to aid other advances and hence accentuate their effect 
beyond what would be achievable if the effects were independent and merely additive.”2  
 
The convergence of multiple transformative technologies may prove to be one of the 
missing links between our unsustainable past and a green, sustainable future.  
 
Eruptions of transformative technologies resist prediction, not least because they are 
often produced first on a small scale and in tiny organizations without government or 
corporate backing. A good way to track these technologies is to follow venture capital. 
Even in the midst of the global financial crisis, investors have been sinking billions of 
dollars into new information, nano- and bio- technologies, the success of any one of 
which could have momentous implications for sustainability.3 Should these rapidly 



evolving technologies converge, the resulting fusion could have a truly transformative 
global impact.  
 
Sustainability and Information Technology One emerging technology that could 
become transformative is the smart power grid, which uses information technology to 
radically change the way electricity is delivered. Smart grids monitor the flow of 
electricity to and from generators and consumers, use transmission lines to reduce power 
loss and accommodate intermittent and renewable power generators, enhance multi-
layered network resilience and facilitate demand side management.4 
  
In 2009, about $69 billion was spent globally on smart grids, of which about $21 billion 
was for “Unified Smart Grid” implementation in the United States. Europe is developing 
a “SuperSmart” grid, Australia committed to a “Smart City, Smart Grid” in 20095 and 
China has announced plans to create its own hybrid “Strengthened Smart Grid” by 2020.6 
Dozens of technological innovations in hardware and software are needed to achieve this 
shift from a unidirectional, centralized grid system to an omni-directional, decentralized, 
polycentric, and locally controlled grid.  
 
In general, smart grid technology can be grouped into five key areas — integrated 
communications, sensing and measurement, advanced components, advanced control and 
improved interfaces and decision support.7 But most technologies enabling the smart grid 
are off-the-shelf. As envisioned, smart grids will develop incrementally using these 
technologies and will not be discontinuous and transformational. In China, the initial 
emphasis on very high-voltage transmission lines — and the decision to delay the 
integration of renewable energy generation to a later stage — reinforces the traditional 
electric utility culture, dominated by engineering values.  
 
To become transformative, smart grids need to couple with new technologies for urban 
redesign, transportation systems and new modes of power generation, distribution and 
end use — all of which are driven by sustainability imperatives. Of these, the vision of 
electric and hybrid cars serving as generators when not in use or re-charging is a possible 
combination that makes the smart grid and hyper-car, considered together in a fusion, 
truly transformative.8  
 
For this to occur, hyper-cars need to move from concept to sales lot in large numbers, and 
smart grids will need to accommodate millions of new, small auto-generators feeding 
electrons back into the grid.9 The hyper-car entails shifting from fossil fuels or a 
centralized power supply stored in batteries to industrially produced bio-fuels, as well as 
genetically enhanced plants with high efficiency photosynthetic conversion of sunlight to 
biomass. Another concept is to convert underground coal or natural gas in situ into 
hydrogen, storing the carbon dioxide underground, and using the hydrogen in fuel cell-
powered hyper-vehicles. 
 
 Such a shift from centralized generation, whether fossil fuels or renewable sources such 
as wind, to millions of small-scale generators that are also consuming machines, would 
turn the smart grid upside-down and inside-out — and reap huge gains in energy 



efficiency, avoid billions of tons of greenhouse gas emissions, increase network 
resilience in the face of climate impacts on the power system, and yield massive 
economic savings.  
 
To work, such a system would need high bandwidth wireless monitoring and decision-
support systems that could support tens of millions of parked auto-generators, and the 
development of automatic power dispatch algorithms that reflect the interaction of 
driving patterns with power generation capacity. The fusion of the smart grid with 
hydrogen and bio-fueled hyper-cars is a possible transformative technology that could 
become the platform for a sustainable civilization.  
 
Of course, no one can predict exactly how such a transformative technological fusion will 
emerge. But let us assume that something along these lines happens over the coming 
generation. What else is on the sustainability horizon that might complement the IT-
enabled smart grid combined with the hypercar?  
 
Sustainability and Nano-Technology  
Manufacturing at the nano, or molecular, level is already big business. Two sustainability 
applications have immense potential to increase the efficiency of energy use and 
production.  
 
The first is the use of specialized coatings to achieve a cooling effect on buildings and 
pavements. Most of these man-made surfaces are produced with little regard to their 
impact on a technical measurement called albedo, which is the amount of light that is 
reflected rather than absorbed by a surface. Roofs, for example, could use materials that 
provide a high near-infrared radiation reflectance basecoat, and a cool topcoat (tens of 
microns) with weak near-infrared radiation absorption. Doing so, according to a recent 
technical analysis, would increase their albedo by about 10 percent, and result in cooler 
surfaces.10  
 
If implemented globally to cool roofs, this relatively simple measure could avoid huge 
amounts of local cooling requirements and offset as much as 24 billion tons of carbon 
dioxide emissions per year, at low cost. The same principle applies to pavements 
(equivalent to another 20 gigatonnes of emissions), and indeed, to any human object that 
is exposed to the sun and requires cooling. Acrylic, elastic polymers and cement coatings 
and plastic membranes are already available for roofs and to a lesser extent for 
pavements. However, widespread use would likely generate new nano-tech based 
coatings that would interact with intelligent building materials and structures in ways that 
would anticipate and adapt to the operational needs of the smart grid — and a stock of 
decentralized generators based on the hyper-vehicle fleet.  
 
Another nano-tech innovation with transformative potential is the development of nano-
rods that serve as nano-scale photovoltaic cells. In less than a year, the Helios Project 
Team at the US Lawrence Berkeley National Laboratory demonstrated the feasibility of 
creating a forest of vertically aligned nano-rods decorated with catalysts at the top and 
bottom that match the solar flux to generate electricity.  



 
Membranes of nano-photovoltaic cells developed into a commercial product could lead to 
completely unconventional pathways to power production on coatings applied to objects 
and buildings. Just as today’s electric hybrids prefigure hyper-cars, today’s clunky and 
expensive solar cell panels presage this vision of nano-photovoltaic power generation. 
The current approach is constrained by cost and complexity of operation whereas nano-
photovoltaics could be integrated seamlessly into building and object design, materials, 
construction and operation.  
 
Is Convergence Enough?  
Many transformative technologies emerge largely independent of organizational scale, 
location or funding. Does this mean that we can simply do nothing and wait for 
technological panaceas to save us?  
 
Of course not. To do so would not only exhibit technological hubris, it would also ignore 
the history of such breakthroughs. Like any tipping point, the enabling conditions for 
system-level change must be in place for the shift to occur. A petri dish requires a 
suitable medium before bacteria can be cultured after seeding. Many incremental and 
divergent changes in individual, institutional and governmental behaviors are critical to 
create the conditions for transformative technological change to be welcome. Each of 
these changes requires careful, continuous and constructive efforts by governments, 
markets, and civil society to cultivate our receptivity to the radical technical changes 
needed to achieve sustainability.  
 
Being in the right place at the right time is less a matter of luck and more a matter of 
concentrating on the forces that bring about luck. Put another way, we don’t know which 
technological butterfly will result in a hurricane of change. Thus, the convergence of 
transformative technologies described above is one of a myriad of possible combinations 
of technological potential. Nonetheless, we know how to create and maintain butterfly 
habitats that ensure there are millions of butterflies fluttering, a few of which are likely to 
generate super-hurricanes of positive change.  
 
For this reason, despite the failure at Copenhagen, we can be realistically optimistic about 
the prospects for humanity achieving a transition to sustainability.  
 
Read the rest of the article at: http://www.nautilus.org/fora/security/10010Hayes.pdf
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IV. Nautilus invites your responses  
 
The Northeast Asia Peace and Security Network invites your responses to this essay. 
Please send responses to: bscott@nautilus.org. Responses will be considered for 
redistribution to the network only if they include the author's name, affiliation, and 
explicit consent.  
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