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Abstract:
							                           
Energy is the blood that moves today’s society and is one of the factors that has decisively contributed to improving humanity’s quality of life. The energy needs of the world’s population are expected to double by 2050 and so, considering that available fossil fuels are becoming exhausted, as well as their negative environmental impact, new strategies are needed for sustainable development. This paper addresses the potential challenges and opportunities in the development of global energy systems, emphasising how deeply interconnected the energy and climate debates are.
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What are you talking about?

If we ask any ordinary citizen the meaning of climate change mitigation scenario 450,
[1]
 the most likely answer would be: what’s that got to do with me? Not too long ago, scientists were seen as part of a closed society living in ivory towers and spending much of their time in exotic laboratories and academic institutions. Today, they are increasingly committed to sharing their knowledge and opinions with society.

Like air, energy is essential to the existence and development of the human species. In order to satisfy one’s biological needs, an average person needs 2,000 kilocalories a day in the form of food. Translated into power units, this amounts to about 100 W; in other words, in terms of biological consumption, we are the equivalent of a permanently lit 100 W bulb.
[2]
 For context, the average European citizen uses approximately 4 kW per day, which is equivalent to having our European standard of living supported by 40 «slaves» in terms of energy units. However, access to energy sources is far from uniform on a planetary scale; while it reaches 10 kW per capita (over 100 energy slaves) in the USA, consumption in countries like Bangladesh is as low as 0.3 kW. Currently, about 1.5 billion people do not have access to electricity and about 3 billion people use biomass for household needs.

Energy is one of the essential factors that has contributed to the progress and improvement of humanity’s quality of life. With energy needs doubling by 2050 and fossil fuels being progressively exhausted, there is an urgent need to develop massive, environmentally sustainable, and socially acceptable sources of energy. This increase in energy demand is a consequence of the combined effect of an increased population and per capita energy consumption in developing countries. We are therefore at an energy impasse where we must promote an energy model that frees us from its environmental impacts.

There are no magic solutions to the intricate energy challenge which humanity faces. All the currently operational options remain necessary, although their availability depends on the environmental and technological circumstances of the different regions of the planet. In the following sections, the reader will find some clues which may help us to answer questions related to the energy impasse in which we now find ourselves.




Energy sources: There is no rose without a thorn

Science commences when someone poses a general question and attempts to answer it through methodical investigation which includes and combines experimentation and logical argumentation. The scientific method generates knowledge about the functioning of the world in its broadest sense and, therefore, it holds the power to predict nature’s behaviour. The practical advantage are corollaries which can be applied from medicine to the development of energy sources.

The search for energy sources dates back to the dawn of humankind. The mastery of fire and agriculture, the use of energy derived from water and wind, and the development of alloys for the construction of tools represented great advances for humanity. The development of steam engines in the second half of the eighteenth century made it possible to transform any type of combustive reaction into mechanical movement and ushered in the industrial revolution. The use of electromagnetism and its applications, among which the first use of electricity stands out, followed during the nineteenth century. Nuclear energy and material physics prompted new energy sources in the twentieth century, and the intensive use of electricity multiplied the applications of energy for new information and communication technologies.

The result is that the energy needs of the average human being have multiplied a hundredfold over the course of history, and advances in the search for energy sources have led to radical changes in our society. But, as the saying goes, there is no rose without a thorn (Table 1). The generation and consumption of energy impact the environment at every stage, from extraction to use, and the effects on climate change are the most concerning threat. Climate change is linked to an increase in the proportion of so-called greenhouse gases in the atmosphere. The most significant among these is carbon dioxide (CO2) and its emission is largely the result of burning fossil fuels (coal, oil, and natural gas) as energy sources. Thus, the energy transition requires moving away from the current system towards the promotion of an energy system that does not depend predominantly on fossil sources, as illustrated in Figure 1 (International Energy Agency [IEA], 2017).




Table 1




Positive and negative aspects of different sources of energy









	
Energy source

	
Positive aspects

	
Negative aspects




	
Fossil fuels
(coal, oil, gas)
	– Easy to obtain
	– Enormous amounts of CO2 impacting climate change



	
Renewables
(solar, wind, hydroelectric, biomass)
	– Low level of CO2 emissions

	– Very diluted energy source – Large fluctuations



	
Nuclear energy


(fission)
	– Very low level of CO2 emissions
	– Public acceptance – Safety and waste management



	
Nuclear energy
 (fusion)

	– Massive sustainable energy
	– Great scientific and technological challenge













Energy is one of the essential factors contributing to the progress and improvement of humanity’s quality of life, but every step of its generation and consumption has an impact on the environment.



US American Public Association








Organic matter absorbs energy from the sun through the process of photosynthesis, which allows carbon to be absorbed from carbon dioxide and oxygen to be returned to the atmosphere; subsequently, through a geological-scale transformation period (millions of years), it gives rise to non-renewable fossil fuels (so-called because the timescale of their consumption is much shorter than that of their formation). The data show that our increase in energy needs has not been accompanied by the necessary reduction in fossil fuel use, which represented more than 80 % of the primary energy consumed globally in 2015.
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Figure 1



Historical evolution of primary energy consumption over the past few decades (in millions of tonnes of oil equivalent)






As shown, the energy system depends predominantly on fossil energy sources: coal, oil, and natural gas.



Source: International Energy Agency








The debate about the connection between energy sources and climate change has profound political and ethical consequences: if we accept that there is no development without energy, then perhaps access to energy should be included in the Universal Declaration of Human Rights. Given that it is not possible to extend the energy consumption model of developed countries to non-developed countries, what responsibility do the former have in the development model of the latter? (IEA, 2015).

We are facing an energy transition phase with new global forces such as climate change and globalisation. In fact, we need a society with critical knowledge that understands the enormous amount of (fossil fuel-based) energy that we need to replace compared to previous transitions. The search for energy is a global project and new energy strategies require technologies for energy production, transformation, distribution, and saving that favour innovation without endangering the reliability of the energy supply.




Fossil fuels: Is a global +1 °C increase in temperature really serious?


Figure 2 shows the chronological evolution of the Upsala and Arapaho glaciers, located respectively in the Patagonian Andes (Argentina) and in Colorado (USA). Both glaciers are in clear recession, which could be evidence of climatic and geological cycles or of global warming. In this sense, reports by the Intergovernmental Panel on Climate Change (IPCC) conclude that, with a high probability, the increase in the planet’s temperature over the twentieth and twenty-first centuries is a consequence of the increase in the concentration of anthropogenic greenhouse gases (IEA, 2015; IPCC, 2014).

The United Nations Climate Change Conference held in Paris in 2015 marked an important milestone towards a binding global agreement on climate and sustainable energy sources. The agreement sought to limit global emissions so that the temperature of the planet does not exceed a two degrees Celsius difference with respect to pre-industrial temperatures. Considering that the increase is now already in the range of 1 °C, how do we know if a one-degree increase is too much or too little for a favourable climate evolution? Readers should draw their own conclusions from the images shown in Figure 2.
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Figure 2



Chronological evolution of the Upsala and Arapaho glaciers






In the two pictures above, the Upsala glacier, located in the Patagonian Andes (Argentina) photographed in 1928 (black and white) and 2004 (colour). Below, the Arapaho glacier in Colorado (USA) photographed in 1898 (left) and 2003 (right). As can be observed, both glaciers are in clear recession.



Upsala glacier (1928): Greenpeace / Salesian Museum Archives; Upsala glacier (2004): Greenpeace / Mariana Días Vaccaro; Arapaho glacier (1898 & 2003): NASA Earth Observatory








At this point, some very important questions arise regarding the cost-benefit balance from both an economic and a social point of view: what is the cost of transforming the current energy system to avoid warming beyond two degrees? What benefits would this strategy provide? The answer to these questions requires a very complex analysis of the dynamic interactions between economy, energy, and climate. Finally, the essential question: where will we end up if we do not change the direction of global energy trends? In democratic societies, citizens will have to decide the level of risk they are willing to accept on behalf of future generations (Alonso Garrido, 2012).

The pending challenges in the transformation of energies based on fossil fuels include several factors. On the one hand, the development of strategies for the reduction of emissions from fossil fuel plants; on the other, the implementation of strategies to capture CO2 emissions and improve energy efficiency.




Renewable energy: Nature's gift

Renewable energy is energy obtained from virtually inexhaustible natural sources, either because of the immense amount of energy they contain or because they can regenerate naturally. Some of the most important renewable energies are solar energy (which takes advantage of the sun’s electromagnetic radiation) and wind energy. Others are more limited in importance, or are potentially important on a local scale, like hydroelectric energy (which uses the potential and kinetic energy of water currents) and biomass (which uses organic matter) (MacKay, 2009).

A simple estimate of orders of magnitude is enough to make us aware of the enormous amount of energy we receive from our star, the Sun. From the temperature of the Sun’s surface (about 6,000 K), its distance from the Earth (1AU [Astronomical Unit] ≈ 150 million km) and our planet’s radius (6,000 km) we can calculate that the energy reaching the Earth’s atmosphere is about 5 × 1024 J per year. This value is 10,000 times higher than the annual global energy consumption (around 5 × 1020 J) (Bret, 2014). Wind energy also originates in the Sun, because wind is produced by the difference in temperature between the different layers of air in the atmosphere; in turn, wind energy can be captured by wind turbines.

What size must a solar farm be to supply enough energy to meet annual global needs? Based on the current efficiency of solar panels (around 30 %) and the solar energy available on the Earth’s surface (around 240 W/m.), the area required for the solar farm would be about a million km.; i.e., twice the surface area of Spain (Cifarelli, Wagner, & Wiersma, 2013).

Because the sun can only produce solar energy (photovoltaic or condensation) during the daytime and because of the erratic nature of wind, solar, and wind energy sources are intrinsically intermittent. The problem of integrating a variable electricity supply into the distribution grid is that it requires energy storage systems and non-renewable energy backup sources.

In this sense, the pending challenges in this field are the development of storage systems for renewable energies (hydrogen, hydrocarbons, chemical storage, hydraulic energy, etc.) and the optimisation of intelligent distribution networks.




Nuclear fission energy: Green energy and social acceptability


Table 2 compares the efficiency of different energies as well as the typical temperatures at which the process takes place. The energy efficiency of nuclear energies (fusion and fission) is very high, which makes them particularly attractive.
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Table 2



Efficiency and reaction temperature of chemical and nuclear energy sources






During nuclear fission reactions, heavy elements produce lighter elements. Conversely, in the process of nuclear fusion, light elements are combined to produce heavy elements. The sum of the masses of the reagents after a nuclear fission or fusion reaction is lower than the sum before the reaction in a Dm quantity which we call a mass defect. According to the theory of relativity, nuclear fusion releases an amount of energy E = Dm c
2, where c is the speed of light. The extremely high value of c
2 (c
2 = 90,000,000,000,000,000 m2/s2) explains the enormous efficiency of nuclear energy compared to energies of chemical origin. While in the case of chemical and nuclear fission energies the reaction temperatures are easily accessible (ranging from 700 to 1,000 K), in the case of nuclear fusion, temperatures of hundreds of millions of degrees are required.











Since the beginning of the nuclear fission era, around 400 nuclear fission reactors have been built and the number of serious accidents has been very small, although their social impact has been very high (e.g., Chernobyl or Fukushima) (Muraoka, Wagner, Yamagata, & Donné, 2016). The international community should encourage greater convergence of nuclear safety approaches, considering technical processes (with an extremely low level of risk) intertwined with a safety culture and human factors.

Faced with the challenges posed by nuclear energy, we can ask ourselves some questions about the technological processes and about the social acceptability of this energy source. Is it technically feasible to process nuclear waste with acceptable disposal and storage criteria? Can environmental emissions and waste disposal be managed to meet society’s expectations?




Nuclear fusion energy: A scientific and technological challenge

The energy fuelling the sun and stars is released via fusion reactions. For fusion to occur, the reacting nuclei must overcome electrostatic repulsion and get close enough to each other to allow the attractive nuclear force to come into play. The international scientific community is working on different options (inertial and magnetic confinement) developed to different degrees, geared towards creating tools for harnessing fusion energy in a practical way. In the case of the strategy based on magnetic confinement, the reacting nuclei must be heated to temperatures 15 times higher than that of the centre of the Sun (estimated at 15 million degrees) and must be thermally isolated from the surrounding environment using an intense magnetic field (around 5–7 T,
[3]
 i.e., 100,000 times the Earth’s magnetic field).

At these extreme temperatures, matter consists of a highly ionized gas called plasma. The development of viable nuclear fusion energy requires solutions to several major scientific and technological problems (Romanelli, 2012).

The main outstanding challenges in nuclear fusion include the integration and optimisation of physics and technology criteria. From the point of view of plasma physics, ignited plasma must be efficiently confined; that is, plasma that is reactive enough to produce substantially more energy than the energy used in its generation process. From a technological point of view, self-sufficiency in the generation of tritium must be proven and materials resistant to the intense and highly energetic neutron fluxes of nuclear fusion must be developed.




Green transport

One of the applications of coal during the industrial revolution was its use as an energy source for transport (in locomotives and steamships), which allowed for the exponential growth of trade, which had been previously based on wind energy and maritime navigation. Thanks to energy-powered trade, humanity had access to products from remote places and this strongly impacted the development potential and communication between remote cultures.

In the twentieth century, a new source of energy transformed the economy and development of transport: oil. The invention of the combustion engine radically transformed industrial and personal transport and, consequently, our social organization system which became structured as large cities that use petroleum to transport the population and the consumer goods necessary to sustain them.

A relevant question is whether we spend more energy on transport or industry. The global consumption of energy in transport is a determining factor; notably, the energy consumption of the Spanish transport sector surpasses industrial consumption, and land transport is the dominant form of transportation. Therefore, the development and implementation of green transport technologies are important.




The future: There is no magic solution

Energy is the blood flow of present-day society, which requires new strategies for its sustainable development. We cannot afford to delay the implementation of actions to tackle climate change if the long-term objective is to limit the increase in the global temperature of the planet to 2 °C at an affordable cost.

But we must be realistic: the need for new energy generation, transformation, and storage strategies is a colossal challenge. A global challenge in which the dynamics of the energy markets are increasingly driven by population growth and energy demand.
[4]
 A global challenge which requires that we have a vision of the future and that we maintain a coherent and sustained energy policy to strengthen the mutually beneficial relationship between education, research, and innovation.
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Notes



[1]

 This scenario refers to the limitation of the carbon dioxide (CO2) concentration in the atmosphere to 450 parts per million (ppm).



[2]

 A watt (W) is the unit of power equivalent to 1 joule per second. A joule (J) is a unit of energy in the metric system approximately equivalent to the energy we spend to lift a small apple one metre in height. All human activity and industries require around 500 exajoules (1018 J) per year.



[3]

 A tesla (T) is the unit of the magnetic field strength. It owes its name to the brilliant scientist Nikola Tesla, who, as an advocate of alternating current, waged an epic war of currents with Edison, who favoured direct current.



[4]

 The EU contribution to global CO2 emissions is currently around 10 %. Therefore, a 20 % reduction in total EU CO2 emissions would correspond to an estimated reduction of only 2 % in global CO2 emissions.
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