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State of Humanity 

Our generation has experienced an unprecedented three-fold increase in 
population during our lifetime. It was only at the turn of the 19th century when the 
human population exceeded 1 billion people for the first time on the planet. Then, 
it took more than a century for the population to double. However, since the end 
of the second industrial revolution, global economy and human population have 
been growing at a very fast pace. Approximately one century later, the human 
population exceeded 7 billion people. The projections into the rest of the 21st 
century are uncertain. Average family sizes are decreasing. However, by 2050, 
the global economy could triple in size and the global population could grow to 10 
billion. 

 

The grand challenge of the 21st century is to re-balance the humanity-
environment (or civilization-nature) equation during these times of rapid change 
in both human population and the needs of civilization. This essay aims to inspire 
a dialogue with communities at large that have great stakes in the outcome. This 
debate can shape the future of energy technologies needed to continue to fuel 
the civilization and to re-establish the balance between humanity and 
environment. In this context, we do not advocate a single technology solution but 
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provide examples to inspire a fresh look at the role of nuclear energy within an 
integrated and inclusive energy strategy for the future.  

Civilization and Energy 

The first industrial revolution was powered by 
coal and brought us technological inventions like 
the steam engine. The second industrial 
revolution was powered by large-scale use of oil 
and gas and by the delivery of electricity for 
residential and industrial consumption. Internal combustion engines, cars and 
airplanes shrunk the distances on the planet. Light bulbs in our homes were 
followed by washing machines, refrigerators and, eventually, the television. 
Especially when continuous energy delivery to homes and factories was made 
possible by electricity networks, life was getting better and easier for humans.   

In fact, the evolution of civilization proved that access to affordable, abundant 
energy is a key enabler of improved quality of life and sustained economic 
prosperity.  

The “Haves” and “Have Nots” 

Today, on average, humans live safer, more comfortable, longer, and healthier 
lives than ever before. Between 1990 and today, the number of people living in 
poverty has been cut in half. Six million fewer children die every year. Literacy 
rates have risen, and the global well-being of women and children continues to 
rise. Those who have access to technology and abundant energy to fuel it (“the 
haves”) continue to improve the quality of their lives at an unprecedented rate.   

Yet not everyone has kept pace with this rapid progress. Lack of access to 
energy has left many behind (“the have nots”). Today, only 5 percent of the 
world population consumes 20 percent of total energy. Roughly 90 percent of 
total energy produced in the world is consumed by just half the population. Half 
of the global population still lacks access to essential health services and one in 
10 people are chronically undernourished. More than 1 billion people in the world 
still lack access to electricity. The “have nots” depend on smoky fuels for cooking 
and light in their homes, causing millions of deaths every year, especially among 

 

“The only thing that is 
constant is change.”  

Heraclitus, ~500 BC 
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women and children. They live in towns and cities that lack electricity-powered 
infrastructure that provides power for food, health and large-scale water 
sanitation that the “haves” rely on to live long, safe, secure, healthy and 
productive lives. With the growing number of humans competing for limited 
resources, addressing the gap between the “haves” and the “have nots” is 
important to avoid serious conflicts that can unsettle the whole civilization.   

State of Our Environment 

On the other side of the humanity-environment equation, the environment, which 
has sustained life on the planet and supported human progress for many 
millennia, is showing signs of difficulty in dealing with such rapid intrusion by the 
growing human population. Many of the restoring forces in nature that buffered 
the growth of civilization are now being rendered powerless. We are losing more 
than 18 million acres of forest every year (equivalent to 27 football fields’ worth of 
forestry every minute). In the last century, environmental impacts of rapidly 
increasing energy consumption are deteriorating living conditions on Earth and 
challenging the rapid progress in our quality of life. Our air and waters are being 
polluted, and our food is getting contaminated. Devastating storms are becoming 
stronger and more frequent. Droughts and famine are causing mass migrations.  

The climate change debate has rightfully heightened our sensitivities and sense 
of urgency on this topic. The predicted impact of climate change could be at a 
scale that civilization has never experienced. The focus on reducing greenhouse 
gas (GHG) emissions has provided scientists of different fields and nonscientists 
with a common goal to rally around alternative energy strategies. The situation 
requires an urgent and innovative response. However, when we are re-
evaluating our energy policies and implementing novel strategies through a 
modernized energy infrastructure, an important opportunity will be missed if we 
focus solely on GHG emission reductions. We must use this occasion to re-
establish the balance between civilization and nature in a way that can be 
sustainable for centuries to come. 
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Vision for Our Future 

Technology, which has arguably tipped 
the scale against the environment until 
now, must be used to re-establish the 
balance. With all the technology available 
to us, we have many choices and an 
opportunity to shape the future of our 
civilization.  

We can offer a great future for 10 billion 
people who will share the world with our 
children and grandchildren, co-existing with a healthy environment. With a brave 
imagination and the technology to realize it, the humanity-environment equation 
can be re-balanced without giving up our pursuit of better lives. 

  

 

“Imagination is more important 
than knowledge. For knowledge 
is limited, whereas imagination 
embraces the entire world, 
stimulating progress, giving birth 
to evolution.”  

Albert Einstein, 1929 
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Gaia versus Prometheus 

This dialectic between humanity and environment (civilization and nature) is 
certainly not new. The conflict existed since the beginning of human history, 
going as far back as mythological times.    

In Greek mythology, Gaia is the goddess, often referred to Mother Earth, who is 
creator of the earth and the universe. She personifies the Earth and the 
environment. She and her children ruled the earth, the oceans and the sky. Gaia 
had a different vision for Earth and did not include humans in her universe. Just 
like other Greek gods and goddesses, Gaia could be temperamental, angry or 
compassionate. Her rage exhibited itself as violent storms and natural disasters. 
Her kindness was shown in the quiet dew of the spring while maintaining life on 
Earth.   

Her second generation descendent, Prometheus, created the first men out of 
clay. He angered the gods by giving fire and technological know-how to the 
humans, that, until then, belonged only to gods. As a result, the gods subjected 
him to eternal punishment for his betrayal. Humans used the technology to 
protect themselves against the tempers of the gods and to flourish on Earth, 
which, at the time, was very hostile to the human race.  

For many millennia, the human population grew slowly and living standards 
continued to improve. While technology favored human development, it was not 
a threat to nature or the environment. At that time, technology helped establish a 
balance in the humanity-environment equation while helping humans survive and 
flourish. 

However, after the first and second industrial revolutions, the balance shifted; 
humans relied on technology to alter and control nature to their benefit and, at 
times, to the detriment of the environment. The fast pace of technology 
overpowered nature. When the balance shifted in favor of humans, the 
environment started deteriorating quickly without any means to adjust. Instead, 
technology almost became a detrimental weapon against nature and, at the 
same time, against civilization itself.   
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This story leads scholars to contrast the wisdom of Prometheus versus the early 
gods. Did the early gods fear that humans would be so shortsighted and fallible, 
leading to the destruction of themselves and their environment? 

Exonerating Prometheus 

The ever-increasing number of fictional movies and books, not to mention 
serious alarm from the scientific community, surrounding the demise of 
civilization and life on Earth may be intriguing and even entertaining. However, 
time is running out to take the environmental crisis seriously. We must, through 
our ingenuity, start building an optimistic yet realistic vision for the future. It may 
not be intuitive but the path to this future requires even more technological 
advances and more energy than we consume today to: 

• Support the growth of our population equitably;  

• Sustain and advance the civilization that we painstakingly developed over 
millennia; and  

• Re-establish the balance between humanity and environment.   

More energy is needed not for just faster trains, planes, 
automobiles, kitchen equipment, cell phones, computers 
and the Internet. Energy is also needed to profoundly and 
to collectively advance our quality of life by vastly 
improving access to basic needs for clean air, clean 
water and fresh food.  

Access to clean water is already becoming a major 
issue. Technologies that do not pollute the water — and better yet energy 
sources that can clean dirty water or desalinate the water — must rapidly grow in 
the coming decades. The link between access to clean fresh water, energy and 
public health will become more and more pressing. A world where clean water is 
available in every faucet in every household in the world must no longer be just a 
wish. We have the technologies to make it happen. 

Access to energy is — and will continue to be — critical for us to provide the 
food needed for humanity while protecting nature. We can grow more food per 
acre, extend growing seasons, store, refrigerate and transport food to where it is 
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needed. With the technology that we have available today, a world where people 
are lacking adequate nutrition should be sacrilege.  

Every day, new scientific discoveries and 
advances in health care bring us 
improved quality of life and longevity. 
Sustaining and expanding access to 
diagnostics, treatments, cures and 
vaccination requires energy-intensive 
technologies. As the disparity between 
“haves” and “have nots” closes, energy 
demand for the health care sector will also 
multiply quickly. The technology exists 
today to deliver and store vaccines in every corner of the world (just picture those 
massive mobile refrigerators). Having magnetic resonance imaging (MRI) 
scanners and medical isotopes technology in every hospital in the world must be 
our goal for the near future.   

To achieve this end, as a global community we must answer energy production 
challenges collaboratively and reformulate how we meet essential demand for 
energy worldwide. Smart, dynamic and integrated energy solutions using the 
best of what our technologies have to offer will help us achieve a sustainable 
balance between humans and the environment while adapting to increased 
industrialization and population growth. 

Defining and Achieving the Optimistic Energy Future 

Achieving the energy future as we envision it, where plenty of energy is available 
to sustain a shared civilization while respecting nature and preserving the 
environment, requires a comprehensive social pact that considers all aspects of 
technology, politics, philosophy and morality. Numerous energy technologies are 
available today and are being developed to be available soon. When deployed in 
the right combination, they can provide the technical underpinning for a solution 
to this dilemma. However, to be sustainable, such a solution must be developed 
and agreed upon jointly by all of us: the technologists AND the social scientists 
AND the environmentalists AND the politicians AND the philosophers AND, most 
importantly, the concerned mothers and anxious fathers.   

 

To sustain and grow our 
civilization, by 2050, the world 
needs three times today’s 
energy supply to fuel an 
economy that grows 
proportionally using carefully 
integrated and environmentally 
friendly energy technologies. 
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To tackle the 21st century’s most challenging problem, all of us must agree to 
some ground rules: 

1. We must abide by the laws of nature (thermodynamics, in the case of 
energy technologies). All energy sources are dispersed in nature and 
were part of the creation by Gaia. Prometheus’ gift to humans was access 
to those sources with the ability to harvest, often concentrate, convert from 
one form to another (e.g., heat to electricity) and transport to where it is 
needed. The rules of thermodynamics state that these activities will 
increase the universal entropy (disorder). Therefore, any human activity to 
produce and deliver energy for humans’ use impacts the environment (NO 
exceptions!). Mining materials, concentrating and preparing new materials, 
extracting the energy out of materials, converting that energy and 
transporting it and disposing of the resulting waste all pose a risk to the 
nature and the environment and have potential undesirable 
consequences, if not managed properly. The impacts of different 
technologies may vary in magnitude of the consequences and in time 
scales. 

2. We must accept that humans also possess the conscience and the 
technologies to avoid, minimize or mitigate these risks when we are 
aware of them. We must assume that humans can be wise rather than 
fallible and that we are capable of working for the common good, beyond 
our own self-interests, or the interests of our tribes. 

3. We must abandon the traditional thinking that the increased use of 
technology (powered by energy) is always bad for the environment. 
A progressive environmentalism must focus on evaluating technologies in 
a balanced way, recognizing that balancing the humanity-environment 
equation will be possible only through further use of technologies. 
Abandoning technological evolution and avoiding all risks at any cost is 
not an option for sustaining civilization. 

4. We must abandon the tribal thinking that our own technology is 
better than others and is the only path to salvation for humanity and 
the environment. Each technology has an Achilles heel; a single 
technology will not balance the equation globally. We must make use of all 
of the technologies that are available. Technologists must stop ignoring 
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the concerns of those who either are afraid of their technology or do not 
understand it. A progressive technologist must be humble and must 
evaluate and improve his/her favorite technology in coordination with 
others within the whole system, not in competition with others. A 
progressive technologist must adopt his/her technologies to the people’s 
needs while addressing the concerns of anxious mothers and fathers. 

5. We must recognize that environmental damage cannot be contained 
by geographical boundaries. Nature is continuous and transcends 
borders — we all share the same atmosphere and oceans. Mass 
migrations can cause serious social instabilities. The conflicts between 
“haves” and “have nots” may be damaging to all. Regardless of different 
approaches by different nations to meet energy demand and improve 
quality of life, the planet’s health influences the global population without 
regard to national boundaries. 

6. We must recognize that what is at stake is not who was right and 
who was wrong. What is at stake is failure to sustain our civilization. If we 
do not get this right fairly quickly, bragging about the intellectual virtues of 
our past arguments might be irrelevant.   

7. The debate must focus on enduring values that are not based on our 
tribal pre-determined technology (or anti-technology) choices. 
Business as usual is not going to work but demonizing or glorifying certain 
technologies is not the solution either. The ideal solution must emerge 
from a collage of our values and must accommodate the choices different 
societies will make. 

Our Collective and Enduring Values 

Our experience shows that humans of different walks of life with different 
experiences often agree on an enduring set of values, even though they may 
interpret or rank the values differently. It is only through a combination of values 
reflective of all the stakeholders’ fundamental beliefs that a sustainable and 
practical strategy to realize a hopeful future will emerge. The values that we 
focus on in this essay are performance, equity/fairness and abundance. 
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How is performance valued? 

Often performance is valued by the cost of the technology converted to customer 
price per unit energy delivered. We pursue and prefer energy sources with 
minimum cost. However, when it comes to energy technologies that have very 
intricate interactions with the environment and all aspects of our civilization, 
calculating the cost becomes complicated. It is difficult (if not impossible) to 
estimate the cost of environmental impact, especially for long-lasting or slowly 
evolving situations such as climate change that emerged as an issue more than 
a century after the industrial revolution and large-scale use of fossil fuels. 
Likewise, it is complicated to evaluate the real cost of all the pollutants we 
release to our atmosphere, water and land, including the associated health care 
costs. The social cost of not having power when you need it, especially for basic 
needs, must enter the cost equation, along with the moral cost of not dealing with 
preventable diseases and the political cost of wars and conflicts over limited 
energy resources. Lowering the cost of a technology, while considering the entire 
life cycle and interaction with the environment, must remain as an important goal 
for technologists. Affordability and efficiency is important, especially for the “have 
nots.” However, cost should not be the only value on which to base our choices 
and, within a certain range, may not be a discriminator among choices. 

Another way of valuing performance is reliability; meaning having the energy 
available when and where it is needed. Renewables, like solar and wind, must be 
coupled with large-scale storage to meet the expectations of those who value 
reliability. Having power available during or soon after stressful situations such as 
long-lasting extreme weather events is also valuable for humanity. Because it 
does not require continuous supply of fuel, nuclear power plants rank high in 
reliability. Today’s nuclear reactors operate continuously for 18 months without 
refuelling. There are power plant designs that can operate for up to 30 years 
without interruption. This feature also makes nuclear power attractive for remote 
locations where continuous fuel supply is either difficult or impossible. The 
experience during Hurricane Sandy in 2012 showed that nuclear power plants 
can operate during a severe storm, supplying critically needed power to areas 
where the electricity delivery system (electrical grid) is still available. 
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Environmental impact is another metric important when discussing 
performance of any given technology. The environmentalists strongly value 
performance based on a technology’s ability to produce abundant, versatile 
energy at scale (meaning, to power civilization), with as small an environmental 
footprint as possible. If we focus on just the climate change debate, this value 
translates to emitting the minimum amount of GHG per unit energy produced. 
The proponents of this performance metric favor renewables and nuclear power 
with virtually no GHG emissions.  

Fossil fuels must be coupled with carbon capture and sequestration (CCS), or 
preferably with carbon capture and re-use (CCRU) technologies. However, we 
must consider other environmental impacts as well. For instance, land use may 
be an important metric in certain parts of the world. The land use for hydroelectric 
dam is roughly 100 times the land use of a nuclear power plant. The land use of 
a solar farm (photovoltaic) is roughly 150 times that of a nuclear power plant. The 
land use for wind energy could be as high as 400 times the land use for a nuclear 
power plant if we include the spacing between the wind turbines in a large wind 
farm. Biofuels would require more than 2,000 times the land needed for a nuclear 
power plant to produce the same energy. 

A final point on environmental impact is the issue of waste. Because of its high 
radiotoxicity, nuclear waste rightfully receives a lot of attention. Clearly, nuclear 
waste must be handled carefully, and concerned citizens must be convinced that 
effective technological solutions exist to reliably deal with this relatively small 
volume of waste by isolating it from the environment. The comparison among the 
energy sources based on waste production must include also the chemical 
toxicity of waste materials from ALL energy technologies. This is clearly an area 
that requires an honest and fair public debate without hiding behind difficult 
statistics or dismissive or condescending postures by technology advocates. 

How are equity and fairness valued? 

Equity and fairness require us to consider both intergenerational and inner-
generational equity.   

Intergenerational equity means we do not want our children and grandchildren 
to pay the price of our bad choices. This value requires that we treat civilization 
as a progressive continuum. It also assumes we want the same or better quality 
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of life for the next generation as we do for ourselves. Energy technologies with 
minimum environmental impact are certainly part of this consideration. But this 
metric also requires considerations of resource preservation, long-term planning 
for the energy infrastructure beyond just a few decades, and properly paying for 
the cost of waste generated during our lifetime. For instance, as we are paying 
today for the GHG emitted to the atmosphere by our parents, our children will 
likely pay even a higher price for the GHG that we are emitting today. Thus, 
inner-generational equity also overlaps with the cost metric and exemplifies why 
it is so difficult to quantify cost.   

Inner-generational equity may be the most politically controversial value in this 
debate. We certainly need a combination of different technologies – working 
actively together to build a new system, at scale, for the 21st century. Depending 
upon where we live today, we may each value inner-generational equity 
differently. In the energy-poor places today, equity means the same access to 
energy as the energy-rich nations have had since the beginning of the industrial 
revolution. Often that means access to older technologies that we are trying to 
replace with cleaner and more reliable advanced technologies. It also means that 
the most advanced nations must help the less advanced nations to go through 
the energy technologies evolution faster than we did during and after the 
industrial revolution. For instance, the use of fossil fuel will likely remain 
prominent among the developing nations. Helping them with the timely 
implementation of pollution control, CCS and CCRU technologies is in humanity’s 
best interest. This value is politically sensitive and strongly challenged by our 
selfish instincts until we remember that:  

• We all live on the same planet and share the same atmosphere and 
oceans;  

• Viruses, bacteria and epidemics can travel far and affect us all; and  

• Conflicts between the haves and have nots (whose numbers are rapidly 
growing) can be disruptive to the civilization.  

How is abundance valued? 

Abundance in energy resources leads to abundance in people’s daily lives. This 
is a value that overlaps with performance and fairness. Abundance may mean 
access to energy sources in the form of raw materials and access to 
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technologies to convert them to usable energy. When we consider the scale and 
urgency of our 21st century challenges to replace and then triple our old energy 
infrastructure, then we quickly realize that abundance of energy sources and 
technologies is vital.  

Fossil fuel is still abundant in the world and its consumption is increasing rapidly 
in developing nations. Many nations have large indigenous coal reserves. We are 
finding new ways of recovering oil and gas in different parts of the world. 
Realistically, we are not going to transition away from fossil fuels in the near 
future, at least not everywhere in the world and not in every energy-intensive 
industrial or transportation sector. The technology required to use fossil fuels in 
large-scale energy production is readily available to developing nations. So 
accelerating and deploying CCS and CCRU technologies, at least in some of the 
energy sectors, is of vital importance for the next few decades.  

Another way to achieve abundance is by using materials and technologies that 
rely on high energy density, such as uranium and nuclear fission. Uranium is 
fairly abundant on Earth, not as abundant as coal, but with more than 1 million 
times more energy per unit mass. For instance, with nuclear power plants that we 
use today, the fission of an apple-sized uranium chunk can power 65 homes for a 
year. That much fuel could power more than 400 homes for a year using new 
nuclear reactor designs. Theoretically, with perfect efficiency and recycling, 4,000 
homes could be powered by the same amount. In comparison, a piece of coal 
the size of an apple can power a 100-watt light bulb for only two to three hours. 
To power an average household for a year, we need 4 metric tons of coal. 
However, nuclear energy technologies, especially advanced systems, are not yet 
readily available everywhere in the world.   

The Solution 

The overall objective of this discussion is to define a framework for making 
decisions about future energy technology choices, without an exhaustive 
overview of the different energy options.  

The practical solution for the next few decades is clearly “all of the above,” but 
that does not mean deploying these technologies randomly with a shortsighted 
view and without detailed consideration of our enduring values. As we tackle the 
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urgent challenge of balancing the humanity-environment equation, and as we 
negotiate our enduring values among the various stakeholders, “all of the above” 
must refer to an integrated energy strategy that makes use of various energy 
sources in different proportions as they make sense regionally. It is a strategy 
where the combinatory use makes each technology more efficient than what they 
can deliver by themselves, and the whole is bigger than the sum of its 
components. 

The energy mix in the integrated solution will heavily depend on the social, 
political, economic and moral values of the regional stakeholders. When 
integrated globally though, the cumulative effect must rebalance and sustain the 
humanity-environment equation. In this effort, relying heavily on a single type of 
technology is not advisable. Every technology has its Achilles heel, and it is 
vulnerable to predictable or unpredictable disruptions. Diversity is vital for the 
stability of our energy-intensive civilization. 

Considering climate change concerns, it is clear that the fraction of renewables 
and nuclear in the energy mix will grow. The growth of renewables will depend on 
how reliability is valued and how quickly environmentally friendly storage 
technologies are widely available. For nuclear energy contributions to grow, 
advanced reactors must be introduced into the market rapidly. Advanced 
reactors benefit from: 

• Increased efficiency with plant capacity tailored to regional needs;  

• Long-lived cores (up to 30 years of continuous operations without 
refueling); 

• Enhanced inherent safety; 

• Reduced waste generation and environmental impact (e.g., water use); 
and 

• Flexible operations for electricity generation coupled with process heat 
applications. 

Within the context of clean energy strategy, renewables such as wind and solar 
and nuclear are complementary especially when nuclear reactors can operate 
flexibly to switch to process heat applications when the grid is receiving sufficient 
electricity from solar and wind. 
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As noted, it is not practical to assume fossil fuels will disappear from the mix 
even with increasing concerns about the GHG emissions. This is especially true 
for developing nations that are rapidly climbing the industrialization ladder. Thus, 
it is imperative that CCS and CCRU technologies are introduced into the energy 
sector as quickly as possible.   

The solution resembles the arguably most controversial and revolutionary 
painting from the early 20th century by Henri Matisse, created during the second 
industrial revolution’s rapid technological and cultural changes. It is called the 
Dance. Many famous painters at the time were painting individual dancers, but 
Matisse made his impact in the art world by focusing instead on the dance. The 
painting is about the choreography of colors, forms and movement and not about 
the individual dancers. 

The integration of energy solutions embodies the same concept: the 
synchronization of various technologies and without exclusive focus on any given 
technology that contributes to it. In this analogy, one might think of each dancer 
in Matisse’s painting as representing a form of energy technology: wind, solar, 
hydroelectric, chemical and nuclear. For those who think in a more abstract way, 
each dancer may represent one of the enduring values and their metrics 
discussed above. 
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be off the table to tackle climate within urgent timescales. EFH was subsequently 
shortlisted for the Business Green Leaders “Green NGO of the Year" Award in 
2016. At COP23, we published a new report on European Climate Leadership 
2017 and presented a new study on Deep Decarbonization of Cities with 
Advanced Nuclear. I am also managing director of LucidCatalyst Ltd, a 
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consulting firm focused on speeding up development and deployment of climate 
and energy solutions. 

I studied politics and social sciences – so I’m not a technologist. Technologists 
invent, design and build things, but society must accept their inventions and find 
them useful. So I’m interested in that intersection between technological progress 
and society’s values, especially from the perspective of human well-being and 
protecting the environment that we depend on. 

Human development has so far benefited enormously from technology. I saw this 
firsthand when I lived in Romania as a young environmental activist. Romania is 
in Eastern Europe and, at the time, was recovering from decades of harsh 
totalitarian rule. Many aspects of life were undeveloped compared to Western 
Europe at the time. People still traveled by horse and cart; there were no 
supermarkets in most places. (I would carry eggs home carefully in my pockets. 
After a trip home to the UK, I would return with a suitcase full of empty egg boxes 
for my friends’ families!) Most of all, I was astonished to realise that my friends’ 
parents had raised their families without the benefit of a washing machine. I know 
this sounds like a small detail, but just imagine all the laundry – bed sheets and 
clothes – was done by hand. Often even the water was heated on a stove. And, 
of course, most of this backbreaking work was done by women. When I returned 
to the UK and got a job, I bought my friend’s mother a washing machine with my 
first pay cheque. It was an emotional moment when we switched it on. 


