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Energy Workshop Report 
 
Could this be our world in 2030? 
 
Imagine a future world where cyber-humans – part organic and part machine – routinely 
interface with a ubiquitous power network in order to adjust their personal energy quotient for 
carrying out activities both virtual and real: from "distance travel" in a holodeck which feels, 
smells and looks startlingly like "the real thing," to actual ground-, water- and air-based travel 
utilising bionic appendages which safely propel individuals and groups across real geographic 
spaces.   
 
In this future, we may no longer speak of "electric vehicles" as an innovation external to bio-
mechanical engineering.  We may instead look to the convergence of "life enhancement" 
research, pervasive computing and distributed energy services to deliver us rechargeable, 
removable cyber-appendages. Imagine high-powered wheels, fins or wings that snap onto 
and off of the human frame that we can recharge anywhere, at any time, to allow single- or 
multiple-passenger transport all over the Earth, and beyond.  
 
We might imagine the emergence of personal energy measurement devices – either external 
to or embedded in the human body – that track individual power generation and consumption 
down to the level of the electron, and allow us, even remotely, to exchange energy with the 
grid, depending on our individual or community's immediate energy situation. In this context, 
thanks to advances in human metabolic sciences, what one ate for lunch could literally play a 
role in how significantly one could contribute to defining the environment of a shared human 
event, virtual or real, a few hours later.    
 
In the future, participants in such hyper-real, "shared human events" will individually 
customise their and others' roles in the event and, based upon consensus and collective 
energy availability, will jointly model their shared event environment to be warm or cool, 
brightly or darkly lit, on a "tropical island" or in a "corporate boardroom" based upon any 
criteria that will be relevant in the future, across temporal and geographic boundaries, and in 
real time. 
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Introduction 
 
The foregoing scenarios are not excerpts from a science fiction novel or imaginings about the 
far-off future. They are admittedly modest at illustrating what actually, eventually will be the 
"reality" of life in a period 21 years from now – when Kurzweil's vision for a single, digital 
technology will be more fully realised, and the technological advances of the past two 
decades will have been effectively dwarfed by the continuing acceleration of Moore's Law. 
These scenarios are, however, the vision of a future of converged Energy, Life Enhancement, 
Natural Resources Management, Food Security and ICT, as formulated by experts from 
science, government and industry, at the COST Foresight 2030 Conference held in Bruges, 
Belgium, from 30 June to 2 July 2009. 
 
This COST Foresight 2030 Conference followed on the heels of a previous COST Foresight 
2030 event, Harnessing the Digital Revolution, which occurred in April 2009. The April 
conference identified ICT megatrends for their potential application to the emergence of 
Computer and Communication Sciences and Technologies. 
 
Participants were asked to explore how the ICT megatrends identified in April could enable 
achievement of the kind of visions illustrated above in the field energy and to identify where 
synergies towards achieving these visions might exist among the four fields.   
 
This report reflects the discussions held by the Energy & ICT working group. Participants in 
the Energy & ICT workshop explored three areas: 

�  Energy efficiency and ICT. 
�  Renewables and ICT. 
�  Energy governance. 
 
 
Where we are today 

 
 

“Images of the future are critical to choice-orient ed behaviour.”  

 
To say that forecasting the future is impossible is no overstatement when simply establishing 
an accurate image of the present is already so difficult. However, in the specific context of 
energy – and energy and ICT, more broadly – there are a few things about the present that 
may be said with some confidence. 
 

We are not efficient in our energy utilisation 
   
An examination of the evolution of the US energy supply since 1970 illustrates that with better 
investments and smart policies applied to energy supply, growth in US energy demand could 
have been addressed with less than two-thirds of the energy supply actually delivered over 
the past 40 years. This would imply that the energy network that has evolved in the US – and 
elsewhere, presumably – is highly inefficient in addressing energy demand. It also implied 
that intensified effort resulting in less energy use under the existing power generation scheme 
would yield great increases in efficiency.  
 
Indeed, several options exist for redefining future energy usage patterns, on both the demand 
and supply sides of the equation, and the transition path to this future energy mix involves 
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progress along two axes:  increasing or decreasing overall energy use; and choosing 
between macro and micro power generation, where the latter represents more reliance on 
renewable energy sources or RES. In contrast with increasing energy efficiency, which relies 
on continued macro power generation, a true “energy descent” would represent both a 
decrease in overall energy use and a greater reliance on renewable energy, such as like 
solar-, wind- or hydro-power. 
 

We discriminate against renewables in the energy ma rket 
 
Technical challenges to integrate renewable energy sources into the existing fossil fuel 
dominated power network, and the perceived cost of RES, are what make take-up of 
renewables in the global energy market not as quick as it could be, or arguably should be.   
 
Because RES rely on variable sources like wind and sun for power generation, and therefore 
also require an ability to store the energy they generate, renewables are not generally seen 
as a stable source of energy. This variable nature of renewables also creates technical 
complexities in integrating them with traditional power sources. Renewables are seen as too 
volatile to integrate into a power grid where peak capacity problems are often managed by 
decoupling these more risky energy sources from the network. De facto examples of power 
shortages where RES were automatically cut from the power grid demonstrate that this 
preventative action only exacerbates the original power supply problem, however. 
 
In addition, the short-term, total "social" cost for renewables – and photovoltaic (PV) energy, 
in particular – is much higher than that for other fuels, mainly because RES involve high 
retrofitting costs to implement. Since these costs are what investors examine when 
considering adding to or improving the power infrastructure (for example when constructing 
new buildings), it is argued that this situation negatively impacts increased inclusion of RES in 
the energy grid.   
 
In this context, it may be reasonable to ask why energy supply investment cases are being 
decided on the basis of the relatively high, short-term "retail" price of RES. In addition, it has 
been documented that PV, specifically, built-in from the start, results in a dramatic drop in 
total energy costs over the long-term.  This further demonstrates that, seen in the bigger 
picture, renewables are in fact a more attractive long-term investment than dominant power 
sources today. 
 

"Business as usual" is not an option 

Energy consumption is increasing 

By all accounts, energy consumption is increasing the world over.  Not only are developed 
countries continuing apace with energy demand growth, but developing countries – where 
80% of humans live – are also expanding energy consumption. Notably, China has already 
surpassed the US in energy use, and through 2030, energy demand for OECD countries will 
continue to expand at an average of 0.5% (0.2% for the EU), and at 2.4% for non-OECD 
countries. Naturally, the implications this has for corresponding growth of CO2 emissions 
from fossil fuels is very serious. 

The "energy mix" is concentrated in fossil fuels 

Following current trends, fossil fuels – as represented by oil, coal and gas – will continue to 
lead the pack in addressing primary energy demand, through 2030. Coal, specifically, will 
increase its relative share of the energy supply mix. And, even allowing for greater 
penetration of clean energy sources, coal and oil will respectively supply 5000 MTEs 
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(metabolic equivalent of task), or two-and-a-half times the amount of future demand predicted 
to be met by renewable energy. 

Fossil fuels are bad 

A comprehensive analysis across different forms of energy ranks fossil fuels as having the 
highest total cost – when compared to renewable and nuclear fuel – in terms of the 
greenhouse gases and pollution they create, their land-use, and cost to generate. The impact 
of greenhouse gases (GHG) alone on the future state of the planet, and the irreparable 
damage which will ensue from continuing to produce them – even assuming mitigation 
measures to keep the global mean temperature from increasing more than 2-degrees Celsius 
– include the following: 
  
�  A 1-2 metre increase in sea levels. 
�  A 30% decrease in coasts. 
�  Hundreds of thousands of people experiencing malnutrition, diarrhoeal, cardio-respiratory 

and infectious disease. 
�  Bleached coral reefs. 
�  Increasing wildfires. 
�  A decrease in water and food. 
 
Furthermore, setting targets which are less ambitious than 2% ceiling, failure to set any 
targets, or failure to achieve the targets set will result in far worse scenarios playing out on a 
global scale in the coming decades.   
 
 
Energy & ICT Vision 2030 
 
This grim reality is at the heart of the "Climate Imperative" – the environmental imbalance that 
has brought humanity today to the point of requiring urgent, specific, collaborative and 
comprehensive effort towards curbing fossil fuel use, becoming more efficient in energy 
consumption, and reducing greenhouse gas emissions. This section illustrates the Energy & 
ICT Vision 2030 that workshop participants developed as an alternative to the foregoing. 
 

 
Figure 1. Denmark in 2000: 16 Central Power Plants,  1000 Combined Heat & Power, 6000 Wind 
Turbines. 
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Given the gravity of the situation, it is essential that an alternative to fossil fuel – in the form of 
Renewable Energy Sources (RES) – gain quick and comprehensive penetration in the global 
energy market, and that consumers become increasingly empowered to address their energy 
consumption needs based upon utilising, and even producing, these clean and passive forms 
of energy. In this direction – and in a concerted effort to increase energy autonomy – over the 
course of just a few years, the Danish have succeeded in dramatically transforming their 
energy network into one that relies heavily upon renewable and clean energy. 
 

This made the Danish example a model for future energy networks, or the so-called "smart" 
grid, within the workshop.  It was realised, thus, that the options for 2030 come down to a 
choice between the Danish model, as represented in Figure 1, and a scenario, represented in 
Figure 2, which would result from continued reliance upon fossil fuel for our energy needs. 

 

   
 
Figure 2.  Memories of the Netherlands in 2050?  
 
Participants agreed that in order to avoid a situation within the coming decades where the 
low-lying lands of the world, like the Netherland, would end up effectively under water, efforts 
should be undertaken towards adopting the Danish approach, uniformly and in a coordinated 
manner across European member states. What this means is that the "business as usual" 
approach of today must be replaced with Specific, Measurable, Attainable, Realistic and 
Timely – or SMART – objectives to better manage energy use going forward. These 
objectives should in turn take advantage of advances in energy-related and other 
technologies, ICT, and a positive shift in peoples' consciousness about the Climate 
Imperative. 
 
To accomplish this, workshop participants adopted the benchmarks for good global 
environmental citizenship as roundly agreed by experts and policymakers, albeit with some 
small reservations. Consistent with that, the value of such objectives as Europe's 20-20-20 by 
2020, which is seen as an especially important milestone at the halfway point toward 
achieving the "Energy & ICT" Vision for 2030, was acknowledged. 
 
The Energy & ICT Vision 2030 in Europe adopted by the workshop participants was shaped 
around the following:  
 
1.  We are on track towards achieving the goal of restricting mean global temperature 
increase to a maximum of 2-degrees Celcius; or, CO2 production is 1 tonne per capita or 
energy consumption is 2,000 watts per capita. 
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2. The above is being achieved through a 40% decrease in energy demand, compared to 
business as usual, and 30% of energy demand is met by renewable energy sources. 
 
 
The specifics 

Renewable energy sources 

A 30% renewable energy source (RES) factor may be viewed as rather conservative in light 
of the tendency of "renewable uptake to foster more renewable uptake." This argument is 
made from the perspective that greater penetration of the market by renewable energy 
resources permits "smoothing" of the variability of renewable energy supply, and thus 
promotes ever-increasing penetration of RES in the energy grid.  
 
Viewed in this light, it would not be unrealistic to envision RES meeting even 90% or more of 
energy demand by 2030. For this reason, an approach that generally grants "equal access for 
RES" to the energy grid was adopted. Thus, along side of the specific RES penetration 
targets, participants elaborated upon a definition for a genuinely "smart" grid: 
 
"In 2030, energy will be exchanged via an open, robust, secure, pervasive, distributed, multi-
user, multilevel, multidirectional power network to which any and all types of energy 
producers and consumers will have access." 
 
This idea envisions authority for energy management being distributed to the level of 
individual energy consumers or "prosumers" who decide when, where, how and in what 
quantities they will add energy to, or take energy from the grid. It also assumes 100% 
integration of RES, that the network is a structure of integrated micro- and macro-power 
generation sources, including a robust network to link all the actors, and that necessary 
technological advances in energy storage and distribution, as well as uptake of ICT in the 
power grid itself, have occurred. 

Energy efficiency vs. energy intensity 

The Energy & ICT Vision 2030 for energy specifically looks to decreasing energy use as 
opposed to stating any specific objectives on energy efficiency. This entire issue of whether 
or not people should forsake perceived quality of life in order to attain vision generated a 
large amount of discussion. In the end, the vision includes a combination of decreasing 
energy use and simultaneously switching to RES, which ultimately allows consumers to 
increase real "energy intensity" on the path towards a true "energy descent", as defined. 
 
It bears mentioning that current energy usage levels could be maintained, or even increased, 
with a significantly lower long-term impact on the planet, if energy demand was met by 100% 
renewable energy sources.   

Energy" vs. "exergy" 

By first making a distinction between energy and "exergy," or "energy which is available to be 
used," the concept of improving energy usage based upon optimised use of different energy 
qualities may be easier to understand.  The availability of energy from a source like fossil 
fuels is immediate, which makes fossil fuels a "high quality" or "high exergy" energy source.  
Renewable energy relies on the presence of a variable input, like the sun or wind, to generate 
energy which is then stored for future use, and, therefore, may or may not be available "on 
demand".  Renewable energy sources are therefore considered "low exergy," or "low quality" 
energy. 
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In this context, matching delivery of the appropriate energy quality-type with the kind of 
energy demanded would generate a quick-win in improving energy efficiency. An approach, 
for example, which allocates "high quality" fossil fuel energy sources to market sectors (like 
big Industry) demanding them, and which uses "low quality," renewable energy sources in 
sectors (like buildings and residences) that can be effectively powered this way, would 
already make energy usage more efficient – and relatively less reliant on fossil fuels – overall. 
 
The building market contributes to as much as 40% of energy usage in Europe, and 
residences – which use the energy mainly for heating and cooling activity – account for fully 
70% of that demand. As such, a policy that encourages proliferation of "low exergy," locally-
sourced energy power for residence communities, like in the Danish example above, would 
make great strides towards achieving the Vision 2030 for Energy.  But timing is critical as, 
given the slow renewal of building stock, only the present moment will serve for building in 
flexible, low exergy construction solutions, since these systems will be the ones in use for the 
next 30 to 40 years.  

"Europe 20-20-20" by 2020   

As noted, though not specifically included in the vision as articulated, participants explicitly 
supported the formal "20-20-20" energy goals set in Europe for 20201.  Those involve 
attainment of the following: 

�  A reduction of at least 20% in greenhouse gases (GHG) by 2020. 
�  A 20% share of renewable energies in EU energy consumption by 2020.  
�  Saving 20% of energy consumption by 2020 through energy efficiency. 
 
Although the Energy & ICT Vision 2030 does not include specific goals for energy efficiency, 
it was agreed that a target for a 40% increase in energy efficiency in Europe by 2030 would 
not be inconsistent with the stated broader Energy & ICT Vision 2030 energy usage goals, 
nor with the European Energy Efficiency objective for 2020.  As mentioned, achieving this 
latter, and indeed all of the "20-20-20 by 2020" goals in Europe, is viewed as a significant 
milestone on the path toward realising the Energy & ICT Vision 2030. 
 
The technology 
 
“Creativity is not an escape from disciplined think ing. It is an escape with disciplined 
thinking.”  

Information and Communication Technologies 

With some important caveats, it is widely accepted that ICT has an immense and vital role to 
play in the changing of peoples' mindset, in the greening of our energy supply, and in 
encouraging behaviour that is good for our species and our planet.  In achieving the Energy & 
ICT Vision 2030, ICT is charged with the mission to keep itself "green," to enable new energy-
efficient – or even passive – processes, and to drive new green values and behaviours as 
described in Figure 3. In the latter case, ICT is seen as playing more than an enabling role in 
addressing the Climate Imperative, and in fact is an actual catalyst for positive, 
transformational change.  
 

                                                      
 

1 COM (2008) 30 final Communication from the Commission to the European Parliament, the Council, the European 
Economic and Social Committee and the Committee of Regions. 20-20 by 2020 - Europe's climate change 
opportunity, presented on 23 January 2008. 
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Figure 3: The role of ICT in energy management. 

Prevalence of ICT and declining ICT costs 

The increasing prevalence of communications infrastructures and the decreasing cost of 
computational power over time have a significant impact on the viability of ICT for improving 
energy infrastructures. Relative to its benefits, the added value of ICT, even now, justify 
investment in these infrastructures for more energy demand-side benefits, as well as better 
energy generation and delivery.  It is argued that we are currently at a crossroads where the 
increasing cost of the energy infrastructure as it exists, compared to the decreasing cost of 
ICTs as a rule, will lead us more and more towards and ICT-intensive, or smart energy grids. 

Innovation and "standardisation" culture 

Dynamic models for software and systems development that drive competition and contribute 
to invaluable innovation are a well-known characteristic of ICT. Examples of this are so-called 
agile and open source development, but other aspects of the ICT culture that have great 
potential in achieving the Energy & ICT 2030 Vision are "freeware" and "shareware," user-
generated content, and flexible intellectual property approaches, like Creative Commons, 
among other things.   
 
These ICT practices can contribute to delivering the smart grid by driving the protocols and 
standards needed to realise the technology behind the grid, by generating new products and 
technologies required for the grid, and by providing models for management of the grid itself. 

The Internet 

The increasing realisation of Kurzweil's "digitalisation" vision – the growing reality of the 
semantic web, and "webification" of heretofore proprietary ICT infrastructures – makes it 
almost redundant to speak of the Internet as an entity distinct from ICT, or vice-versa. It is 
specifically in the Internet arena, however, where technological advances are occurring that 
create massive opportunity for achieving the Energy & ICT Vision 2030.  In its full 
manifestation – where there, indeed, no longer exists a distinction between ICT and the 
Internet – is in fact where the Energy & ICT Vision 2030 will likely be realised. 
 
�  The convergence of real and virtual. One characteristic of the Internet which makes it 

particularly suited for enabling the Energy & ICT Vision 2030 is that it is a platform for 
massive, multi-player online (MMO) environments where users engage directly with other 
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users in a virtual community: for gaming, or more generally, like in Second Life where 
they live, play and work in a world parallel to the physical one.  Such virtual environments 
on the internet have massive implications for the Energy & ICT Vision 2030, as the more 
our world become virtualised in this way, the less, theoretically we will demand of our 
physical environment.  As an example of this, it is estimated that using the Internet today 
saves us 6 to 7 million tonnes of paper per day. 

 
�  Better than being there . Building on an existing trend towards "travel avoidance" – for 

example, through tele-commuting and teleconferencing – MMO environments present the 
additional opportunity of building virtual experiences which not only discourage physical 
travel, but are potentially "better than being there." In the absence of fully developed 
teleportation technology, the Internet could eventually provide a full-sensory, online event 
experience which – like comparing MP3 and analogue – although not actually "the real 
thing" would still be sufficiently, or maybe even extremely convincing. Since transport of 
human beings by car and aircraft accounts for approximately one-third of total energy 
consumption per capita in Western Europe alone – and almost all of this derived from 
non-renewable sources – the potential savings offered by massive, online virtual reality 
presents a tremendous opportunity. 

 
�  Virtual environments . The proliferation of virtual environments, like Second Life, on the 

Internet also brings us one step closer to inhabiting online, simulated communities that 
represent actual, real-world ones.  This has great implications for:  modeling and 
managing energy supply and usage in simulated environments to the benefit of real-life 
cities and communities; distributing control over energy usage to the level of the 
individual; and better visualising and managing of the risks and costs involved in planning 
and deploying different aspects of the smart grid.   

New energy technology 

Workshop participants focused less on the burgeoning growth in clean and renewable energy 
technologies and more on the need for research and demonstration funding to be prioritised 
for those technologies which are genuinely clean and will deliver the promised results for the 
smart grid – like second generation biofuels and solar power. Here it was emphasised that, 
with some exceptions, less funding should go to "questionable" energy investments like land-
based wind-farms, first-generation biofuels, carbon capture and storage, and nuclear power. 
 
Continued investment in durable, clean energy technologies – to improve energy storage, 
capture and transmission – is a key to making the Energy & ICT Vision a reality by 2030.  In 
this sense, basic research into managing electrons – for example, to analyse their origin and 
utilise them on that basis, as well as finding ways to transmit energy cheaper and over a 
longer distance – would also generate technological innovations having currently 
unimaginable implications for future energy generation and usage. 

The caveats 

To avoid falling prey to the thinking that technology is the panacea for "all that ails" the 
existing, fossil fuel based energy infrastructure, it is important to keep the following in mind: 
 
Current system + ICT �  "smart" system. It would be wrong to assume that e nhancing existing 
energy delivery with ICT is an adequate end in itse lf. Here the risk exists of falling into a trap 
where it is assumed that Current System + ICT = Sma rt System. In fact, more in line with the 
Energy & ICT Vision 2030, a future "smart power sys tem" must be an integrated and 
comprehensive whole, underpinned by appropriate reg ulation, designed intelligently, and 
buttressed with ICT and other technologies, where p ossible. 
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Old system + "smart" Label �  "smart" system. Even worse, a lapse in the direction of 
simply re-labeling "old" technology as "smart" must also be avoided.  Spending money to 
repair the existing energy structures without an eye to improving their efficiency or making 
them more open to renewable energy sources, does not qualify as making those structures 
"smart." 
 
For these reasons, the Energy & ICT Vision 2030 goes beyond foreseeing just technological 
changes to the existing energy infrastructure, but also inevitably envisages political and 
economic changes, as well. 
 
 
Technology Roadmap 2030 
 
To achieve the Energy & ICT Vision 2030, specific roadmaps addressing the activities that 
need to occur, and a timeframe for when they should occur, were generated. They are 
summarised here: Energy Governance, Energy Efficiency and Renewables and the Smart 
Grid. 

Energy Governance Roadmap 

The drivers for achieving the Energy & ICT Vision 2030 are great, but the challenges 
perpetuating the status quo are formidable. Thus, in order to ensure progress towards 
achieving the Energy & ICT Vision 2030, a global roadmap needs to begin, first and foremost, 
from the basis of sound governance. "Governance" can mean many things, but following 
definition, taken from a European Commission white paper on the subject, is where 
participants chose to start: 
 
“Governance” denotes “rules, processes and behaviour that affect the way in which powers 
are exercised ... particularly as regards openness, participation, accountability, effectiveness 
and coherence.”2 

The right direction 

To accomplish the tasks set out in the specific roadmaps for Energy Efficiency and 
Renewables, Energy Governance would address the Climate Imperative by creating rules 
and processes (or "persistent messaging" and "tools") to encourage behaviour in the direction 
required. It would thus establish credible, quantitative and measurable (SMART) targets, 
opportunities, milestones and monitoring for securing the Energy & ICT Vision 2030. For 
example, it would require "a 30% minimum RES penetration, and an increase in Energy 
Efficiency of 40%, by 2030," and would include milestones and monitoring to achieve those 
goals.  It would ensure equal power to energy consumers and producers, since the current 
market is seen as supplier-dominated.  It would establish/restore trust in the system. People, 
especially users, would be taken onboard.  The system would be demonstrated to be open, 
transparent and participatory.  And ICT would be enabled as a means to "dematerialise" the 
economy, consistent with the technological opportunities in that direction which exist. 

A process, not a "roadmap" 

While steering behaviour to achieve the Energy & ICT Vision 2030 is necessary, it is also 
important to accept that governance is a "long and thorny" process that takes time and cannot 
usually adapt quickly to changes in the macro environment. This is a source of great 

                                                      
 

2 CEC (2001): European Governance. A White Paper. COM (2001) 428 final. 2001-7-25. 
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frustration, but is also an inevitability of carrying out dramatic change in democratic societies, 
especially when "rules," "processes" and even "behaviour," which are deeply woven into the 
modern socio-economic fabric, are impacted.  Appreciating that governance is a process, 
then, it is necessary to engage in it by respecting the steps this process entails, and 
executing them in the order required to achieve the desired outcome: 
 
�  Step one – discuss. Engage in a comprehensive societal discourse. 
�  Step two – decide. Create a common ground based in shared goals, and propose a step-

by-step strategy. 
�  Step three – implement. Execute the strategy and prepare a long-term knowledge base, 

including "rules of the game" for how the strategy should be carried out -- via 
transparency, correct pricing, etc. 

 
Even though the vision is great and the Climate Imperative is urgent, none of the planned 
courses of action can occur at the cost of existing government models and democratic 
governance processes. Only by systematically putting the mechanisms in place today – 
which reflect the persistent messages and the tools needed to address the Climate 
Imperative – will it be possible to take up the necessary course of action tomorrow, when the 
need for change will be greater and more urgent, the societal mandate for carrying it out 
overwhelming, and the technical and social opportunities to achieve it more mature. 

Energy Efficiency Roadmap 

Consistent with the above, good governance aimed specifically at improving energy efficiency 
would have to address the following issues connected to either or both sides of the energy 
efficiency equation: 

  
�  Demand side: improved measurement and visibility. 
�  Supply side: external influences, transformation/new processes. 
�  Demand and supply side: process/ICT efficiency, new technologies, and behavioural 

change. 
 
In this vein, notable milestones on the path towards achieving a 40% in energy efficiency in 
Europe by 2030 include the following:  
 
�  Cheap, robust, disposable energy measurement techniques in hardware and software, 

by 2015.  
�  Standardization of smart grid devices, real-time usage measurement/demand side 

management in the grid, and sensory-rich communication media (e.g. telepresence and 
teleportation), by 2020.  

�  Large-scale 3D printing by 2025. Correct total cost pricing of energy services by 2030. 
�  100% smart buildings with environment control by 2030. 

Renewables and the Smart Grid Roadmap  

In turn, good governance – from a policy and technological perspective – to provide equal 
access of renewable technologies to the power grid and to develop a genuinely smart grid, 
would encompass the following milestones:   
 
�  Standardisation (of energy data structures) by 2011. 
�  Modelling, particularly with standardised models and simulation to understand RES, by 

2015.  
�  Energy storage (as low-capacity in car batteries; high-capacity car batteries have a later 

time frame), or as heat or cold, depending on the desired final form, by 2020 
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�  A full smart grid, including meters, interface, bi-directional communications, grid 
integration/demand-side-management, forecasting (using modular, cheap, pervasive 
ICT), by 2030.   

 
These milestones would generate a Renewables and Smart Grid Roadmap to 2030 illustrated 
in Figure 4. 
 
 

 
 
Figure 4:  Roadmap for achieving a genuine European smart grid  by 2030. 
 
 
The challenges ahead 
 
Figure 5 represents an energy-friendly alternative to a US economy growing exclusively at 
the expense of increasing energy demand. The author contends that "imagination, political 
will and economic models" are the greatest constraints to achieving this alternative and more 
hopeful energy future. The following section further describes the challenges that impede 
progress towards achieving the Energy & ICT Vision 2030. 
 

 
 
Figure 5: Economic growth without Increased energy usage. 



13 
 
 
 
 

Technological challenges 

It is acknowledged that some yet unseen technological innovations lie in the path bridging the 
present and the stated future Energy & ICT Vision 2030. Those are namely energy storage, 
sensors, improved energy distribution systems, data management (the semantic web, etc.), 
and technologies that generally help ICT to remain a "solution to" and not a "cause of" the 
climate change problem.  With specific regard to the latter, while continuing to enable 
changes in the energy mix which are less fossil fuel intensive and allowing greater efficiency 
in energy usage, any negative contribution of ICT to the Climate Imperative over its lifecycle 
also needs to be effectively managed – from controlling CO2 emissions in the ICT production 
process, to "green" energy use in ICT exploitation, to recycling of "eWaste" in the ICT end-of-
life phase.   
 
Finally, in a broader sense, it may be argued that beyond the technologies themselves, 
governance and policy challenges related to technologies, in the form of standards and global 
coordination for building the foundations of the future smart grid, are issues that need to be 
addressed with urgency.  
 
It was unanimously and resoundingly agreed that a vast number of technology and ICT 
solutions already exists which, given an environment conducive to their uptake, would make 
the path towards attaining the Energy & ICT Vision 2030 very short indeed. In fact, the 
consensus among participants is that there exists no shortage of technology today to move 
the current power grid into the 21st century, but instead a serious lack of will on the part of 
industry, energy market players and policymakers to do just that. 

Economic challenges  

Economic and financial reasons are the most often cited justification for not making 
investments in the power grid of the future. Where renewables are concerned, the argument 
explaining lax renewable uptake on the basis of short-term economic unattractiveness and 
their inherent unreliable nature was echoed here. As mentioned, however, renewable energy 
sources are much cheaper in their total cost over the long-term than any other kind. And 
besides being able to offset their own variability, it is also true that, by building in existing ICT 
solutions to improve performance in the energy grid, dramatic growth in reliable RES 
integration within the grid could already happen today. 
 
- Monopoly power . The reality is that the power grid today is controlled by a handful of 

interests the world over, whose interest in perpetuating reliance on fossil-based fuels is 
well known.  Furthermore, in light of the enormous capital investment needed to build 
power infrastructures, and their corresponding long capital amortization cycle, it takes 
many years – in the form of decades – to realize the value of these structures and offset 
their investment costs. In simple terms, power infrastructures are financially and 
politically embedded in the status quo to such an extent that, looking towards the future, 
there is little reason to doubt that the energy powers-that-be today are also the energy 
"powers-that-will-continue-to-be" tomorrow. 

 
- Limited resources . Nonetheless, the fact is that the proverbial "writing is on the wall" as 

far as the availability and total cost of fossil fuel energy sources go:  Fossil fuels are 
becoming harder to find and/or increasingly expensive to access – which makes justifying 
investment in them a growing challenge in the short term.  The negative impact of fossil 
fuels on the environment also has its cost, both direct and indirect, which contributes to a 
greater, social cost of continuing to consume fossil fuels. All this means that the energy 
establishment will only feel the financial pinch of doing business as usual more and more 
acutely, over time. 
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- Ageing infrastructure . Good news for agents of change is that the power infrastructure 

is indeed ageing, and it therefore constantly requires upgrading, maintenance and even 
replacement. It is here, in fact, where one of the greatest opportunities for achieving the 
Energy & ICT Vision 2030  exists, and where it may then just be a question of creating a 
positive, short-term investment environment which makes RES financially attractive, in 
the traditional sense, for replacing or upgrading ageing power infrastructures. 

 
- Pricing . Today there exists a general lack of information about national, regional and 

local energy consumption patterns, energy costs across markets, and what exactly is 
reflected in energy pricing.  Greater clarity around these subjects is urgently needed, and 
in particular, pricing models which better reflect the true cost of energy, as linked with the 
below "beyond GDP" discussion, are urgently needed.   

 
Although there are economic arguments against the future envisioned by the participants, all 
of the foregoing underscores this: even utilising traditional economic models, it is becoming 
harder and harder to justify investment in old energy technology when clean and cheaper 
long-term alternatives exist. In fact, many people argue that renewable energy already has a 
profitable business case and that RES, in combination with enhanced energy delivery utilising 
ICT, is a vision which can already be accomplished today.   

Political challenges  

It is difficult to distil purely political challenges from other factors inhibiting uptake of the 
Energy & ICT Vision 2030 since most political will reflects the articulated "will of the people" at 
best, and the "will of industry" quite often. In this sense, political "behavior" is largely 
governed by the economic challenges outlined above and consistent or not with that, national 
sovereignty. 

Energy security  

On this basis, it is understandable for a nation-state or group of nations, like Europe, to 
pursue energy security policies in line with their strategic, geopolitical objectives.  As 
observed in the working group, however, little on the level of a coherent energy policy for 
Europe exists today, and policies in the Member States, where they exist, are not 
coordinated, or even necessarily up-to-date. The rollout of smart meters in Europe – 
occurring at varied intensities, utilizing different technologies and with entirely separate 
timeframes – is one example of the total lack of coordination among Member States in the 
direction of building the smart grid. 
 
Naturally, moving towards the Energy & ICT Vision 2030 will require a coherent Europe-wide 
– or even worldwide – energy strategy which balances the individual energy security needs of 
each nation state and/or region against SMART goals related to making energy usage more 
"smart" and saving the planet. These objectives are not necessarily mutually exclusive.  In 
fact, as again in the Danish example, greater energy autonomy is certainly one of the desired 
outcomes of a more distributed and better diversified energy grid. 
 
A groundswell of public opinion favoring more concerted efforts towards long-term, 
sustainable development should, in theory, ultimately reflect in increasing SMART public 
policy around this topic. Europe's 20-20-20 by 2020 targets, and the recent passing of the so-
called "Waxman-Markey" Climate Change Bill in the US, indicate positive movement in that 
regard, as long as in execution, these initiatives do not fall prey to industry interests and the 
technological caveats mentioned above. 
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Beyond GDP  

To counterbalance the foregoing economic challenges, and better reflect overriding social 
drivers for success impacting the Energy & ICT Vision 2030, the public looks to political 
leadership to promote study, formulation and adoption of social indicators which go "beyond 
GDP" and: 
 
�  Allow better representation of the "true" cost of existing and planned human activities on 

human well being and the ecosystem. 
�  Provide greater accountability to citizens and consumers about the performance of the 

state and global industrial actors towards improving human well-being and care for the 
ecosystem. 

 
Naturally, these issues are intrinsically inter-rel ated.  
 
Myriad initiatives exist to expand traditional economic indicators of "success" to better reflect 
societal well-being, "happiness," and our ability to live in harmony with our surroundings. In 
the mid-term, at least, an approach like the European Environment Agency’s "Total 
Ecological Potential" – which employs "a wide range of indicators referring to economic, 
social and environmental dimensions" – seems like one of the most effective. In general, it is 
clear that to transition from a society largely driven by economic interests, "new" success 
criteria, which better capture the impact of human development on our planet, is necessary, 
even if that still includes economic indicators in the short-run. 
 
Fortunately, the social and even technological drivers which would allow such a shift in 
mindset to address the Climate Imperative in all its facets – including energy – are in place, 
effectively, today.  Fortunately again, the context now exists for politicians to jump on the 
coat-tails of this social movement and start taking action to address climate change in real, 
SMART terms. 

The drivers of success  

Increased awareness  

Participants repeatedly cited increasing awareness of the Climate Imperative as a factor 
positively impacting progress towards attainment of the Energy & ICT Vision 2030. The need 
for increased awareness building, education, multilateral/multidisciplinary/interdisciplinary 
cooperation, and cultural and social mindset change was also echoed often. In the main, 
however, it was agreed that the foundations for social advancement towards the Energy & 
ICT Vision 2030 are, largely, already in place. 
 
In light of this, the discussion of awareness building in general concerns more of a need for 
policymakers (global, regional, national and local), scientists and industry experts to "become 
aware of" the increasing necessity to collaborate, develop and implement integrated energy 
and ICT policy, and to support smart and SMART actions which contribute to bringing about 
the stated Energy & ICT Vision 2030. There is apparently less need to raise individual 
awareness about the climate change problem, but more awareness raising needed regarding 
how individuals can act to solve the problem. 
 

Education 

When speaking of the need for education, participants refer largely to the notion of energy 
users becoming more aware of the impact of their energy consumption on the planet, and 
becoming more involved in managing that impact. Given that a general will in this direction 
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appears to exist on the part of individual consumers, the question becomes one regarding the 
barriers which consumers face in having greater control over their energy consumption 
information. 

Multidisciplinary cooperation  

On the level of multidisciplinary collaboration, participants addressed a need for more experts 
in one field to reach out and engage experts in the other.  he necessity for this kind of activity 
to be increasingly embedded into higher learning institutions in Europe, and among the 
participants of the "triple-helix" (academia/research, industry and policymakers) was also 
underscored. Although this subject mainly addressed the perceived rift between the energy 
and ICT disciplines, the call for increased cooperation was made across all research 
disciplines, geographies and socio-political landscapes including: mathematics, basic 
science, social-science, marketing, engineering, systems modeling; and among academia, 
industry, policy, and consumers. 

Engagement 

The real consolidation of Kurzweil's digital revolution in our time – in a physical, psychological 
and social sense – has helped us to move beyond traditional forms of social engagement, 
and towards a new medium for creating awareness, educating, and getting people involved to 
engender real forward looking, grassroots change. The existence of the Internet, with its 
platforms for online social networking and virtual environments that simulate real and 
imagined worlds, allows users to go a step beyond passive education. It frees them to learn, 
in a hands-on and interactive way, about the world – real and virtual – around them.  More 
than that, it frees them to take action and decision making about that world into their own 
hands.   
 
In this sense, the Internet is the original "open, robust, secure, pervasive, distributed, multi-
user [...] power network to which any and all types of [...] producers and consumers [...] have 
access." It thus makes incredible sense that this very technology would be a model for, and 
an actual key to, opening and democratising the energy grid.  Fully comprehending this idea, 
coupled with the fact that there are an estimated 1.6 billion Internet users the world over,3 
one can begin to understand the literal implications of and incredible opportunity captured in 
the adage "information is power." 

                                                      
 

3 http://www.50x15.com/en-us/internet_usage.aspx 
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The recommendations  
 
“In 2030, energy will be exchanged via an open, robust, secure, pervasive, distributed, multi-
user, multi-level, multi-directional power network to which any and all types of energy 
producers and consumers will have access.” – The Foresight 2030 Energy & ICT working 
group 
 
The foregoing roadmaps capture many of the actions which the working group participants 
outlined as necessary for achieving the Energy & ICT Vision for 2030. Overarching 
recommendations are addressed in this section. 
 
Governance 
 
More than anything, there is a need for sound, and even strong governance – on the part of 
EU, national and regional/city policymakers – to open up "black box" fossil fuel dominated 
energy markets in order to:   
- Create transparency in pricing, energy usage and "total" costs of different kinds of energy 
sources.  
- Give renewable energy sources one hundred percent equal access to the power grid, on the 
same footing as fossil-fuel based energy. 
- "Level the playing field" by providing individual consumers more options and freedom where 
their choices for energy consumption, and even energy production, are concerned.  
 
All of these would contribute to gaining critical ground in improving energy efficiency and in 
creating the building blocks for achieving the Energy & ICT Vision 2030 of a genuinely smart 
grid, as described above. 
 
Multilevel collaboration on energy policy  
 
On the level of policymaking, there is a critical need to adopt a European energy policy, which 
includes a global strategy on European energy, reflected in Member State and even regional 
policies. This would be the mechanism for addressing energy security issues, for establishing 
the strategy, including standards, on RES and smart grid implementation, to coordinate pan-
European energy networks, such as the Union for the Coordination of Transmission of 
Electricity, etc.  
 
Market intervention  
 
Coordinated EU, national and local market actions. Coordination of actions is required to 
support RES take-up in the transportation and building and construction sectors, where 
significant technological and financial barriers to entry exist.  Action in this direction is urgent 
considering that contribution of the transport and building sectors to CO2 emissions is high, 
and in the case of the latter, because buildings constructed today will still be in use 30 to 40 
years from now.   
 
- Charging. Penalising current energy carriers for non-compliance with smart device and 
renewable take-up is seen as an effective means to encourage movement to a genuinely 
smart grid. Charging has been a key factor in the success of smart meter implementation in 
England, and replicating this approach in other markets is seen as beneficial. 
 
- End financial support for fossil fuel-base energy. Subsidies to fossil fuel energy providers 
and funding for research in technologies that perpetuate fossil fuel use should cease.  
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Education 
 
The need to educate end-users about energy consumption and how they can manage their 
impact on the environment was underscored. Policy to allow the general public greater 
access to information about individual and community energy consumption patterns was 
viewed as a necessary step to guarantee improved behavioural changes in this direction. The 
need exists to "cross-fertilise" and educate ICT experts and energy engineers about each 
others' disciplines, while also bringing in members of industry, basic scientists and social 
scientists, to overcome the impression that energy and industry experts are not aware of, or 
perhaps do not even have access to information about the ways in which ICT can contribute 
to their work, and vice-versa.  
 
Collaboration and research 
 

- Standards. To proceed with smart grid deployment, standards on technology for use 
in the grid need to be agreed on by Energy and ICT experts, with support from 
industry and policy-makers. 

 
- Energy-related research. Funding and support for coordinated research in new, clean, 

renewable technologies, and in energy capture, storage and distribution/transmission 
needs to continued and given a strategic priority. 

 
- "Beyond energy" research. Funding for projects in basic science and ICT which 

generally support the "dematerialisation" of our society – like teleporting, virtual 
simulation, and 3D printing – also needs to be maintained. 

 
- Energy & ICT integration research. Funding for development of demand side (e.g. 

sensor technology), and supply side (e.g. prediction and dispatch of RES) areas for 
ICT integration in the energy grid, needs to be broad-based, coupled with other ICT 
research initiatives, and linked with discussions on standards. 

 
- Multidisciplinary collaboration. Increased funding is necessary for multidisciplinary, 

smart grid simulation and demonstration projects, linked with the foregoing, which 
include urban- and housing-planners/architects and policy-makers, energy engineers, 
scientists (e.g. modelling experts, mathematicians), industry experts (especially 
transport and construction), social scientists, new media/social networking specialists, 
ICT experts in various domains (including simulation, "gaming," virtual environments), 
consumers, end-users, etc. 
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Figure 8:  "Find the Solution" 

 
Based upon the foregoing, the science fiction-like opening of this report may still seem pretty 
farfetched to realise within a timeframe only 21 years hence.  On the other hand, the 
possibility of a Europe-wide smart grid – which could power your car with solar energy from 
Spain during the day and hydro-power from Sweden during the night, or with wind-power 
from Denmark any time it is windy in Denmark – does not seem extremely unreasonable to 
expect by 2030. The fact that your car would have a large battery and, by being connected to 
the bi-directional smart grid, could actually add energy back to the grid in addition to taking it 
away, does not seem entirely outside the realm of possibility either.  
 
What is clear from working group discussions is that, if we are to achieve even this more 
realistic vision for Energy & ICT in Europe by 2030, there is still much which needs to be 
done in the way of developing good energy governance, increasing energy Efficiency and 
supporting deployment of Renewables and the Smart Grid, by then.  There is certainly also 
an important role for COST to play towards realising these very meaningful and entirely 
attainable goals.   
 
In particular, multi-disciplinary collaboration and "cross-fertilisation" activities, around 
research in and demonstration of successful smart grid implementations, are an activity which 
COST is extremely well-positioned to support.  In addition, participants found that COST-
sponsored networking events, like Foresight 2030 itself, create an invaluable opportunity for 
researching and forming recommendations on matters of practical importance – like energy 
governance models and smart grid deployment best practices, for example – which could 
significantly impact the future direction of Energy in Europe.   
 
In that sense, the COST Foresight 2030 Energy & ICT discussions are seen as a hopeful 
"point of departure" for future, follow-up events which would take up the practical "action 
points" resulting from the Summer 2009 Conference.  Needless to say, all of these activities 
taken together would create a tremendous opportunity for accomplishing urgently needed, 
invaluable and seminal progress towards achieving the Energy & ICT Vision 2030. 
 


