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Abstract
This Thesis rises from the force and the credibility of a number of warning signs linked to
policies aimed at reducing the role of petroleum in the energy industry due to economical,
geopolitical and environmental drives.
As such Thesis, it grew up based on aggregating new but essentials elements into the
petroleum sector. This is the case of “enabling technologies” that have a direct impact on
the petroleum industry (such as fracking), or an indirect but deep impact (such as the full
electrical vehicle).
The Thesis was defined and structured in such a way that could convey useful conclusions
for energy corporations through a series of inquiries and treatises. In addition to this, the
Thesis also aims at understating la evolution of the energy industry and its capabilities both
technical and economical, towards delivering the services required by end users.
Within the analytical task performed in the Thesis, new terms were coined. They depict
concepts that aid at explaining the facts of the energy industry. This is the case for
“Investment burden”, it weights the specific capital investment (€/W) required to build a
facility with the time that takes to build it, as well as other tangible risks as those posed by
regulation.
In addition to this, the Thesis puts forward an application designed for reviewing and
predicting: the so called “Market integrated energy efficiency”, especially well-suited for
dichotomies, very appealing for the case of the thermal car versus the electric car. The aim
is to optimize energy related activity; or even the overall productivity of the system.
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The innovations proposed in this Thesis can be classified in two tiers. Tier one, within the
energy sector; and tier two, related to Energy Corporation in general, but with oil and gas
corporations at heart.
From a corporate level, the adaptation to new energy era will be linked with the
corporation capability to develop or acquire those technologies that will yield to retaining
or enhancing market share. The Thesis highlights three options for corporate evolution:
-

diversification within Energy

-

geographic displacement

-

profiting new technologies relevant to important niches of work for the future, as:
o Upstream: enhanced oil recovery using renewable energy sources (for
upstream companies in the petroleum business)
o Downstream: additives for reducing combustion emissions
o Management of Change: operational energy storage

Some energy policies tend to follow the zero-growth of some OECD countries, but the real
thing could be very different. For instance, and according to estimates the number of
vehicles in use will grow from 1 billion to more than double this figure 2035; but oil
production will only grow from 95 million barrel/day to 145 (a 50% rise of versus an
intensification of over a 100%).
Hydrocarbon Corporation can lose the monopoly they currently hold over the supply of
energy to transportation. This lose can be mitigated through an enhanced used of their
capabilities and a higher degree of integration in the world of energy, exploring for
synergies in those places were gaps were present. Petroleum products can be used to feed
any type of thermal machine, as Brayton turbines, or steam reformers to produce H2 to be
exploited in fuel cells. Storing petroleum products does not present any problem, but very
many problems can be solved with them. Petroleum trading will likely be less volatile
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because of the smoothing effects of distributed storage, and indeed the efficiency in
petroleum consumption will be much higher.
The Thesis kicked off with a menace on the future of petroleum. However, at the end of
the analysis, a bright future can be foreseen in the merging between highly demanding
environmental policies and the relevant technologies of the currently emerging technical
portfolio.
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Resumen

Esta Tesis surgió ante la intensidad y verosimilitud de varias señales o “warnings” asociadas
a políticas dirigidas a reducir el peso del petróleo en el sector energético, tanto por razones
económicas, como geopolíticas, como ambientales.
Como tal Tesis se consolidó al ir incorporando elementos novedosos pero esenciales en el
mundo petrolífero, particularmente las “tecnologías habilitantes”, tanto de incidencia
directa, como el “fracking” como indirecta, del cual es un gran ejemplo el Vehículo Eléctrico
(puro).
La Tesis se definió y estructuró para elaborar una serie de indagaciones y disquisiciones,
que comportaran un conjunto de conclusiones que fueran útiles para las corporaciones
energéticas. También para la comprensión de la propia evolución del sector y de sus
prestaciones técnicas y económicas, de cara a dar el servicio que los usuarios finales piden.
Dentro de las tareas analíticas y reflexivas de la Tesis, se acuñaron ciertos términos
conceptuales para explicar más certeramente la realidad del sector, y tal es el caso del
“Investment burden”, que pondera la inversión específica (€/W) requerida por una
instalación, con la duración del período de construcción y los riesgos tanto tangibles como
regulatorios.
Junto a ello la Tesis propone una herramienta de estudio y prognosis, denominada “Market
integrated energy efficiency”, especialmente aplicable a dicotomías. Tal es el caso del
coche térmico, versus coche eléctrico. El objetivo es optimizar una determinada actividad
energética, o la productividad total del sector.
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Esta Tesis propone varias innovaciones, que se pueden agrupar en dos niveles: el primero
dentro del campo de la Energía, y el segundo dentro del campo de las corporaciones, y de
manera especial de las corporaciones del sector hidrocarburos.
A nivel corporativo, la adaptación a la nueva realidad será función directa de la capacidad
de cada corporación para desarrollar y/o comprar las tecnologías que permitan mantener o
aumentar cuota de mercado. Las conclusiones de la Tesis apuntan a tres opciones
principalmente para un replanteamiento corporativo:
-

Diversificación energética

-

Desplazamiento geográfico

-

Beneficiándose de posibles nuevos nichos tecnológicos, como son:
•
•
•

En upstream: Recuperación estimulada de petróleo mediante uso de
energías renovables
En downstream: Aditivos orientados a reducir emisiones
En gestión del cambio: Almacenamiento energético con fines operativos

Algunas políticas energéticas siguen la tendencia de crecimiento cero de algunos países de
la OCDE. No obstante, la realidad mundial es muy diferente a la de esos países. Por
ejemplo, según diversas estimaciones (basadas en bancos de datos solventes,
referenciados en la Tesis) el número de vehículos aumentará desde aproximadamente mil
millones en la actualidad hasta el doble en 2035; mientras que la producción de petróleo
sólo aumentará de 95 a 145 millones de barriles al día. Un aumento del 50% frente a un
aumento del 100%. Esto generará un curioso desajuste, que se empezará a sentir en unos
pocos años.
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Las empresas y corporaciones del sector hidrocarburos pueden perder el monopolio que
atesoran actualmente en el sector transporte frente a todas las demás fuentes energéticas.
Esa pérdida puede quedar compensada por una mejor gestión de todas sus capacidades y
una participación más integrada en el mundo de la energía, buscando sinergias donde
hasta ahora no había sino distanciamiento. Los productos petrolíferos pueden alimentar
cualquier tipo de maquina térmica, como las turbinas Brayton, o alimentar reformadores
para la producción masiva de H2 para su posterior uso en pilas combustible.
El almacenamiento de productos derivados del petróleo no es ningún reto ni plantea
problema alguno; y sin embargo este almacenamiento es la llave para resolver muchos
problemas. Es posible que el comercio de petróleo se haga menos volátil debido a los
efectos asociados al almacenamiento; pero lo que es seguro es que la eficiencia energética
de los usos de ese petróleo será más elevada.
La Tesis partía de ciertas amenazas sobre el futuro del petróleo, pero tras el análisis
realizado se puede vislumbrar un futuro prometedor en la fusión de políticas
medioambientales coercitivas y las nuevas tecnologías emergentes del actual portafolio de
oportunidades técnicas.
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Executive Summary on Motivation, Methodology, Findings and
Foreground

Motivation
Energy has been in the core of social welfare and economic development for more than
one hundred years, and it could likely be rated as the most important single economic
element contributing to our current way of living.
Within the world of Energy, Petroleum has played the leading role. The importance of
Petroleum is so high, that many political and military conflicts are directly related to
petroleum resources. Furthermore, the Oil Crisis of 1973 and 1979 were unambiguous
indications that such importance had to be diminished for the sake of economic stability.
Even so, petroleum remains at the very top in the ranking of imported goods. This is the
case for Spain, but is as well the case for many other countries of the so-called Western
World (1-4).
Petroleum (and fossil fuels as a whole) is in the very center of the discussions and actions
stemming from the “Sustainable Development” saga, notably in relation to the Global
Warming Threat episode. Energy policies oriented to reduce the emission rate of
Greenhouse Gases (mainly CO2) have already been declared. The European Union is one of
the world leaders in this realm. However, the actual impact of these policies cannot be
entirely assessed because due to the effects of the economic crisis. This economic crisis
has been particularly severe in terms of energy consumption. The next graph is taken from
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a study by the International Energy Agency on Spain (5) and visualizes the former
statement (TPES: total primary energy supply).

Source: International Energy Agency, http://www.iea.org/

In the case of CO2 emissions, Spain is almost reaching now the level of 1990, after peaking
before the crisis with a value twice as high as the percentage allowed by the Kyoto Protocol
of 35%. The agreement was endorsed in 1997, but was not to become effective until 2005.
It should be highlighted that this crisis has not been generated by energy prices, just the
contrary. It is a financial crisis, which reduces dramatically the money available for private
consumption and investments. Hence, the energy sector suffers from a sharp decline of
demand. Although it is worth investigating everything related to this crisis, this thesis is
motivated by other long-lasting factors: Sustainable Development policies and Enabling
Technologies. The former factor of “enabling technologies” includes both those that have
already emerged, as well as others that are still emerging and maturing across the
complete spectrum of Energy. Examples are available from primary domains in the
petroleum upstream industry with the quest to master the art of fracking; down to final
applications such as Electric Vehicles.
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Indeed, the technology portfolio seems a powerful tool to reshape the future of the energy
sector, but it does not mean that all the enabling technologies have the same chance of
success, nor the same ability to make a meaningful impact.
Besides the upcoming changes in Energy and particularly in Petroleum, the main
motivation of the thesis is trying to understand how those deep changes in the macro
level will affect micro decisions at corporation level. Shedding some light on this problem
will likely contribute to a better understanding of the energy sector and will produce better
global results in the use of energy resources. It could also be of interest for corporations,
because they will have to make decisions regarding the upcoming changes in regulations
and technologies. Their likelihood of succeeding in the long term in this new reality will
depend to a high degree on how they manage those changes.
Next figure shows a graph with the most relevant interacting forces putting pressure on Oil.

Source: personal elaboration
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The technology corridor has never been empty, but now is particularly full. Increase
realities (spanning from enhanced oil recovery techniques to Electric Vehicles) which affect
Oil in different, and pretty much opposing, directions. Something similar happens in the
hallway of Public Policies, where regulations try to go at an acceptable tempo towards the
objectives of Sustainable Development. This type of crossroad appears as a consequence of
the evolution of technology and a redefinition in political guidance. From previous times in
which the Northern Star was “Development” as the best quest to generate wealth, to a
new situation where public policies are headed to “Sustainable Development”. In the
meantime, however, new upstream technologies became competitive, and the Oil and Gas
sector enters in a new age with more uncertainties than ever.
An outstanding example of these uncertainties is seen in the Energy Information
Administration “Energy Outlook 2011” (6). The following graph shows the historical data
and forecasting for the US liquid fuel consumptions in millions of barrel.

Source: Energy Information Administration, http://www.eia.gov/
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The graph proves the failure to foresee the awesome increase in domestic oil
consumptions (arguably) thanks to production driven by hydraulic fracturing technology.
They consider a “business as usual” trend both for own production and imports, with a
gradual increase of biofuels. However, the facts now speak for themselves and show that
there has been a tremendous growth of domestic production in the US, and the country
has the lowest level of net oil imports since 1985 (7). It is difficult to consider it a simple
“mistake”. These projections gave almost no chance to the resources untapped by fracking
and maybe doubted that the investments required for this deployment would materialize.
The result was just the opposite, and the “New Wave” of American oil has flooded the US
domestic market, with a tremendous impact on the whole sector, notably in the crude
price.
All these facts and potentialities underline the need to study them in depth.

Methodology
System analysis, cause-effect relations, sensitivity between variables and technology
assessment have been the virtual lancets to penetrate into the information blocks provided
by literature review, data collection and specialized diagnostics.
The latter has been very important in the implementation of “fracking techniques” for gas
and oil production, as early diagnostics of innovative cases were so convincing that new
applications spread rapidly. This viral effect occurred despite regulators’ questioning and
challenges; opposition that was not strong enough for stopping such a triumphal trend.
Technology momentum cannot be measure in exact amounts and units, but a qualitative
assessment can support an analytical exercise to identify the effects of some specific
technology deployments. Those effects can be described in terms of “roads” sprouting
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from a crossroad. Each road is defined in terms of percentage of importance of the driving
forces, ranging from 100% regulation through 100% technology. It must be clarified that
this Thesis has focused on technology, which is the stem of Madrid School of Mines,
although we cannot ignore the importance of policy decisions. However, we expect those
decisions to be wiser in they are taken on the basis of an accurate description of the
upcoming technologies and their effects. This scenario would be positive both at macro
and micro levels.
One could say that this methodology is at the end a sort of “expert judgement” form
several analysts who talk from their specific domains. This is obviously true, and it can
convey biased statements. One of the key points in applying this methodology is to select
right evaluations, which can be qualified by facts. A clear example is the evolution of
Electric Vehicles, which some can be consider as a new story, but it in fact embodies more
than 25 years of continuous improvement, until reaching a present status that can be
qualified as “excellent”. On the contrary, Energy Storage, which is another pending
challenge, is still far away from maturity for industrialization. The same can be said about
Energy-oriented Electrochemistry; but both of them can present almost overnight a set of
enabling technologies representing sound options for new roads. A perfect example of this
can be found in the Oil and Gas upstream technology arena, and that was in deed the case
of the US “fracking revolution”.

Findings and Foreground
The main finding of the Thesis is that a new “energy reality” can appear in the coming
decades as a consequence of the deployment of emerging energy technologies and the
implementation of Sustainable Development policies.
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It must be underlined that there is a strong match between main principles of sustainability
and the effects of some emerging technologies.
It will be impossible to reach a significant reduction of CO2 in two or three decades just by
emission quotas and carbon trading: new technologies will be necessary. For example,
economic expansion of emerging countries will multiply by 2 the number of cars in this
time span. Clearly, this is a scenario in which quotas would have to be revisited
continuously.
The real solution would be a higher Market Integrated Energy Efficiency (MIEE). This is a
new concept of very simple definition, which is to some extent related to the inverse value
of Energy Intensity. The main difference between them is that Energy Intensity is the ratio of
Energy Consumption over Gross National Product and it is just a numerical value, while MIIE is a
tool for broader scope in energy policy, including optimization, which can provide energy intensity
values if applied to the total structure of a country. MIEE compares supplies of different mixes of
primary energies (and energy sector structures) to satisfy some specified needs of the Market.

An increase in MIEE will require new engines, better thermodynamic cycles when heat is
the intermediate source, highly efficient electrochemistry devices, and more flexible
energy generation and conversion systems.
MIEE is a concept that needs a tool to be applied. In a macro description of the Energy
sector, MIEE would need some sort of international agreement to foster routes for more
efficient use of energy, which would be cleaner from the point of view of global
contaminants. So to speak, a MIEE would need something as the “Kyoto Protocol”
international conference to evaluate pros and cons of technologies for different end uses.
The goal would not be a detailed assignment of a given technology to a given use, but a

Page xv

broad description of possibilities for a country, and the world as a whole, to reach very high
energy efficiencies (thanks to the application of new technologies in the many levels of the
energy chain).
In this Thesis, the international dimension of the MIEE concept has not been addressed,
because this subject seems to be for specialists in diplomatic relations. The work was
focused in developing the basis of the tool for better understanding real facts in the
evolution of energy-product prices, and to help shape the future of Energy towards better
goals (something which is of great interest for corporations, of course).
For years, petroleum was specialized in transportation and coal was burned in electricity
generation. As electricity and transportation had a very small common territory, there was
no degree of freedom to improve the total efficiency of the consumed fuels. In the future,
if the share of traveled distance by electrically powered cars rises to relevant values, coal
would be burnt partially to power Electric Vehicles, and petroleum could be saved for
higher value applications, including “localized energy storage”.
Saving petroleum is not considered part of the business, for obvious reasons. It is true that
it is a policy very often adopted by “consumer countries” since the 1st Oil Crisis (1973) but it
does not match with the Business Plan of a corporation or the international trade practices
of “producing countries”. For both of them, selling petroleum today is a must. However,
things could change if some credit is given to the petroleum kept for the future, because
the value of petroleum goods could reach much higher prices if they have to be the
guarantee of energy availability in a given moment. The flexibility of use of petroleum has
no peers, and it will be more appreciated in a market with strong share of energy sources
of low reliability. Petroleum goods could be stored ready to use in very different sites, so
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contributing to increase its value. In other words, petroleum price can increase faster than
financial rates, (particularly the “consumer price index”) as well as the price of the money
(inflation included). Petroleum could be used in a more efficient way, in a more flexible and
more integrated energy scenario with significantly better environmental qualification both
at global and local levels. Dealing with petroleum in a scenario with more competitors, but
also more degrees of freedom, will likely make petroleum trading less volatile and indeed
the efficiency in petroleum consumption will be much higher.
Electricity generation from Renewable Energies will also participate in the fit between
environmental and technological objectives. This is already the case, but it can reach much
higher values if electricity share in final energy consumption grows still faster because of
the “enabling technologies” belonging to the Electrical Industry. The main problem of
Renewables is the lack of certainty in programming production. There are some obvious
limitations (as the impossibility for Photovoltaics to work at night) but the most disturbing
ones are related to daytime stochastic behavior. A back-up solution must be operative at
all times, and the best stored and ready to use source of energy is petroleum. Petroleum
technologies are therefore key elements to the future.
“Fracking” is an example of the power of technology even if it goes against some
environmental principles. In this case, “fracking” was seen by many policy makers as a
technology enabling for changing rapidly the structure and supply dependence of the
domestic market of gas and oil in the US. It could be said that there were three reasons for
the deployment of fracking in the US:
-

to alleviate the geopolitical risk of the strong dependence on Oil from the Middle
East;
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-

to create a large number of jobs and investing points;

-

to exploit a type of hydrocarbon resource that had then a window of opportunity,
beyond which it could be difficult to commercialize.

Matching among technologies and environmental principles have been studied and
featured in this Thesis, and the main finding is that they will also generate such a degree of
flexibility that another objective could also be met: full optimization of the consumed
resources.
From this point of view, the main finding at micro level is also the need for adaptation and
flexibility, which means that corporations fully focused on hydrocarbon, should enter the
world of electricity, and utilities should consider Electric Vehicles as one of their main
customers. Both should adapt their supply and their clients’ demand to the characteristics
of the technology set.
The field ahead is far from clear in relation to Oil, because the long-lasting policies aimed at
reducing oil consumption seem more based on wishful thinking than in a sound and
comprehensive analysis. Note that the number of vehicles will continue to grow, and
emerging economies are already boosting the demand. It is true that a fraction of them will
be Electric Vehicles, but it is uncertain how to match fuel needs for internal combustion
engine cars. The number of conventional cars is likely to double in the next 20 years. Of
course, new ways to produce bio-fuels are also considered in evaluating the reduction in
the demand of Oil, but land use, agriculture conflicts and the current inability from the
global agriculture to provide proper feed to all mankind in the Planet, are important
question marks of that field.
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Some findings are identified in the thesis, at two levels: the general one of the Energy field;
and the specific one of corporations, particularly those working on Oil:

-

in the general domain of Energy, current separation between hydrocarbon
corporations and electricity companies will tend to disappear, and a more
integrated and flexible structures will appear; with some important new elements
as the Electric Vehicle;

-

there will a shift in the geographical energy share towards Asia Pacific, where
growing markets, notably the car market, will produce big changes;

-

and the internal Energy structure in the Western World will also change, with a
bigger grid with advanced interconnection and higher needs of energy storage, not
only for strategic purposes but for operational capabilities.

For the specific case of corporations, adapting to the new situation will particularly depend
on the capability to develop and/or buy the enabling technologies suitable to keep or
increase activity in the market. Findings point out towards:
-

diversification within Energy (provided there are consistent connection within the
own structure)

-

geographic displacement

-

profiting new technologies relevant to important niches of work for the future, as:
o additives for reducing combustion emissions (for those companies closer to
the final use)
o operational energy storage (notably in relation to Distributed Generation
and the need of backups)
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o enhanced oil recovery using renewable energy sources (for upstream
companies in the petroleum business)
Although Sustainable Development policies, and commercial policies as well, are trying to
reduce the importance of Oil in our economy, those policies can be mistaken in two lines:
-

environmental requirements can be very difficult to meet and need new enabling
technologies, which are a true challenge;

-

prospects on the market tend to follow the zero-growth of some OECD countries,
but the real thing could be very different. For instance, and according to estimates
following the trend of last decade, the number of vehicles in use will grow from 1
billion to 2.5 billion by 2035 (109, or one thousand million in Spanish accountancy);
but oil production will only grow from 95 million barrel/day to 145 (an increase of
1.5 instead of 2.5, which is the car multiplication in that time span).

The full picture of Energy shows important challenges. A promising foreground can be
foreseen in the merging between highly demanding environmental policies and the
relevant technologies of the currently emerging (or just emerged) technical portfolio. That
foreground will be the technical and commercial battlefield for those companies ready to
win a place in a truly new energy sector, which convey threats but also opportunities.
Key sources of information included in the Bibliography.
(1) Ministerio de Economía y Competitividad. Secretaria de Estado de Comercio.
http://datacomex.comercio.es/
(2) Ministerio de Industria, Energía y Turismo.
http://www.minetur.gob.es/energia/petroleo/Sector/Paginas/cifras.aspx
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(3) Corporación de Reservas Estratégicas de Productos Petrolíferos. Boletín Estadístico
de Hidrocarburos Nº 205, Diciembre 2014.
http://www.cores.es/sites/default/files/archivos/publicaciones/boletin-esthidrocarburos-205-diciembre-2014.pdf
(4) European Commission. European statistics
http://ec.europa.eu/eurostat/web/main/home

(5) International Energy Agency. Energy Policies of IEA Countries -In-depth Review of
Spain 2015.
https://www.iea.org/Textbase/npsum/spain2015sum.pdf
(6) U.S. Energy Information Administration. Annual Energy Outlook 2011, Report
Number: DOE/EIA-0383(2011)
http://www.eia.gov/forecasts/archive/aeo11/pdf/0383(2011).pdf
(7) BP Statistical Review of World Energy.
http://www.bp.com/en/global/corporate/energy-economics/statistical-review-ofworld-energy.html
Other Sources
As a source of information and ideas the below web pages have been researched.
Information and data from these sources was later verified in official sources. Some of
these sources are password protected and access is granted by means of corporate
subscription or similar.
https://www.jodidata.org/
http://www.datosmacro.com/
http://www.statista.com/
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http://www.woodmac.com/
For exchange rate information, the following web pages have been used:
http://www.eleconomista.es/cruce/EURUSD
http://cambioeurodolar.com/
http://www.x-rates.com/
It goes without saying that one can deal with the subjects of energy in a very detailed way,
and can discuss the market evolution on a daily basis. However, this methodology cannot
allow one to advance towards general principles and structural ideas.
To further highlight the earlier statement on the importance of Petroleum in Spain, official
data show that:
In 2007 Spain reached a maximum in Oil consumption, of 1.6 million barrels a day,
equivalent to 80 million tons a year. The total associated expenditure was close to 50.000
million €, equivalent to a circa 5% of the Gross Domestic Product. In turn, the total money
paid for imported goods was 284.000million euros. Therefore, the petroleum bill was
17.5% of the total.
This is an important figure, but does not reflect the reality of the importance of Oil in
Spain’s foreign trade. If we perform an analysis under the scope that Spain is “just” a
member of the European Union (has been so since 1986) the share of the petroleum bill
increases.
The European Internal Market, and notably within the Euro Zone (i.e. the unified currency
zone), is very dynamic as it works as a true market for goods. This is particularly evident for
products with the CE label.
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International trade is computed as import or export when it goes from on country to
another inside the European Union, and it happens that close to 60% of Spain’s imports
come from European Union countries (first exporting country to Spain is Germany, with
circa 13% of the total and second France, close to 12%).
Therefore, if we only account as imports to Spain goods coming from countries outside
European Union, then this produces a distorting effect in statistics. If we reformulate
international trade data about Spain under this criterion, the result is that Oil represents
more than 40% of our gross payments to foreign (non- European Union) countries. There is
no other good that comes close to this market share.
In the case of this thesis, producing an emphatic qualitative text, it is pertinent to provide a
thorough description supporting the idea about Oil being the most significant imported
good in economic terms.
This assertion is likely to be shared by many as Oil has been at the core of economic
concern for many decades. As a final example of this, the matter was analyzed by Professor
Jose Maria García Alonso, in chapter XII, “Los estrangulamientos energéticos de la
economía española”, in the book “1900-2000: Historia de un esfuerzo colectivo”, edited by
Professor Juan Velarde Fuertes. Editorial Planeta (2000) Barcelona, Spain.
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Adapting micro-economy of energy corporations to macro-economy policies aiming at a sustainable
economy.

Chapter 1. INTRODUCTION, OBJECTIVES AND SCOPE OF THE THESIS

It is worth starting this Thesis stating that Petroleum has been in the core of social welfare
and economic development for more than one hundred years, and it has had an
extraordinary influence in our way of living and in spreading our capability to move persons
and merchandise as no other physical element has had in history. It is true that it has been
a great asset for some countries and a heavy economic burden for others, and the
concentration of money associated to large oil reserves has been in the roots of many wars
since the 2nd World War.
Neither the geopolitical aspects of Petroleum nor the historical ones as a booster of
economic development are the objective of this Thesis, which stems from a double trunk:
emerging technologies and environmental challenges.
Most of the energy consumed since the start of the Industrial Revolution has come from
fossil fuels and has gone through the combustion process. This fact has produced an
increase in the amount of carbon dioxide (CO2) existing in the atmosphere, and therefore it
has produced an increase in the intensity of the thermal radiation trapped in the lower
atmospheric layers by the greenhouse effect (which is produced by gaseous molecules with
3 or more atoms). The main outcome of these interactions is the so called Global Warming,
although it is also referred to as Climate Change.
Such a legacy from the 20th Century is escorted by a heritage of enabling technologies
which can convey important changes in the use of Energy and in the exploitation of new
energy sources. This fact opens an opportunity to improve the global energy efficiency and
can also have relevant effects on the quests for improving the environmental conditions of
our planet.
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The Objective of this Thesis is to analyze backward and forward the world of hydrocarbons
and its reconfiguration obliged to by means of Environmental agreements, which can really
been implemented by the emerging technologies.
More specifically, this Thesis has a well-defined scope in relation to the work and market
activities of hydrocarbon corporations, which can be considered as boundary conditions of
the “problem”. Corporations of this field will have to adapt their structures, practical aims
and types of activities to a new Energy Reality created by the development and
deployment of a portfolio of emerging technologies.
The actual evolution of a given technology cannot be forecasted with high precision
because of inherent difficulties in technology research and the action of conservative
forces opposing to a change of this type and nature. However, the race started many
decades ago, more or less in the aftermath of the “first oil shock” of 1973, when some
countries decided to go along a pathway of decreasing petroleum demand. Such a first
reaction was related to the aims of becoming more independent from Oil and to pay less in
“petro-dollars”. The initial reaction against petroleum was economic above all, and it can
be understood if the economic data of the importing countries is taken into account.
However, the real thing was that after the “second oil shock” (1979) the threat of a new
shock seemed to disappear, and some countries, notably Spain, started a policy of
unrestricted oil consumption for transportation.
Besides economic crisis, another important concern against oil, and fossil fuels in general,
was Sustainable Development, notably Climate Change. This triggered a number of
initiatives under the umbrella of the United Nations such as the Conference of the Parties
(Conference of the parties to the United Nations framework convention on Climate

Page 2 of 281

Adapting micro-economy of energy corporations to macro-economy policies aiming at a sustainable
economy.

Change) and the Intergovernmental Panel on Climate Change. Even in a country such as the
US, highly involved in fracking and with a noteworthy upstream industry, R&D programs to
produce biomass fuels to substitute for petroleum in the medium and long term are in
place.
The Thesis was firstly thought as an exercise to understand how those deep changes in the
macro level of Energy and Environmental Policies will affect micro decisions at corporation
level.
Certainly, the reaction of a corporation can be of different types. I can range from financial
to merely technical, however but we have already stated that the prime interest of this
Thesis is unambiguously centered in Environment and Technology. This is done for the sake
of understanding how to produce better global results in the use of energy resources
without jeopardizing the viability of previously existing corporations.
There will be big changes in regulations and big changes in technologies, and it is possible
to some extent to study both. Moreover, some of the “Big Changes” affecting
transportation, i.e. the Electric Vehicles, will receive special attention because of the
enormous impact they can produce in that sector of individual mobility. Their probability in
succeeding in the long term in the new reality will depend quite a lot on how they manage
those changes.
Our scope will be limited to foresee the deployment of technologies aimed at matching
with Sustainable Development, and to identify and analyze potential areas of work in those
emerging technologies showing actual coherence with main principles, notably CO2
emissions reduction.
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Those technologies are needed to reduce pollutant gas emissions, which are already
soaring in emerging countries. The expectation is that the total number of cars will double
within the next 50 years.
Tougher Environmental regulations would be needed, new technologies would be
available, and some corporations would attempt to make a strong change in a new type of
hydrocarbon industry.
Understanding all these quests and changes of this forced evolution (identifying routes and
means to survive as productive entity in the hydrocarbon sector) is therefore the main
objective of this Thesis.

1.1 Structure of this document
This Thesis is presented in 7 chapters, including this one, “INTRODUCTION, OBJECTIVES
AND SCOPE OF THE THESIS”, aimed at introducing the challenge addressed in the Thesis.
The current energy and Oil scenario is analyzed and commented in Chapter 2 on the basis
of facts and policies, which can have an enormous importance for general economy and
welfare, and could be critical for corporations working in the field of Petroleum. The
chapter is entitled “BACKGROUND AND STATE OF THE ART”, although a better but more
controversial title could have been “A conflictive heritage and the state of the problem”.
Chapter 3 is devoted to “WORK ORGANIZATION, SCIENTIFIC SOURCES AND
METHODOLOGY”, where a systematic description is presented on the large volume of
information dealing with this subject and other collateral topics. Indeed Information
Technology Tools provide a work capability as never before was available, and a little
expertise on managing all this information can help you in finding the most relevant and
reliable documents.
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It is also advisable to know or recognize the priorities or drivers of each organization.
Different driving forces can present the same facts with different optics, and the scholar
should be able to put the information in the right perspectives.
In the case of scientific papers, there are several ways to proceed, and Open Access
publication was preferred in this case because the lapse of time, peer review included, was
very short, and it did not disturb the elaboration of the Thesis. It was centered in the topics
treated in the 3 following chapters that deal with Technology, Environment and Economy
under the viewpoints described in the Background:
AN AD-HOC TECHNOLOGY ANALYSIS. THE CASE FOR ELECTRIC VEHICLES
TECHNOLOGY INTEGRATION TO IMPROVE ENERGY EFFICIENCY AND ENVIRONMENTAL
QUALITY
HYDROCARBON CORPORATION GUIDELINES FOR STRATEGIC DECISIONS IN THE 21ST
CENTURY
And the main chapter should be the last one, titled “FINDINGS AND FOREGROUND. A
PROMISING FIELD FOR ENERGY ENGINEERING.”, which contents will not be advanced
now.
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Chapter 2. BACKGROUND AND STATE OF THE ART

Technology surveillance and assessment are common practices in any kind of industrial
companies. Nevertheless, the importance of their results is not the same along time; and
there seems to be moments in History where a coincidence of circumstances require
special accuracy for not to miss the opportunity of a Big Change.
These words resemble the title of the famous book by Frederick Lewis Allen, “The Big
Change”, intended to be a social history of the United States of America in the first half of
the 20th Century. The book was also a mirror of the effects of deep technological changes in
that period (Spanish edition: “El gran cambio”, G. Kraft, Ed. Buenos Aires, 1954).
The start of the Big Change period is also the start (approximately) of three main industrials
lines:
•
•
•

Electricity, with such important names as Edison, Tesla and Westinghouse.
Cars, epitomized by Otto, Diesel, Daimler, Benz… but reserve a place of Honor for
the name of Henry Ford as that who fostered it all into an incredible industrial scale.
Oil, with two pioneers as the false ”Colonel” Drake and his partner, Bissell, who
started a business column when it was not needed yet, and was really needed when
most of the oil fields were in Rockefeller’s hands.

The history of Oil is fairly well explained in Daniel Yergin’s book, “The Prize”, which mainly
is a gallery of personalities since the time of Bissell, but also includes very important
information about critical moments in these episodes (Spanish Edition: “La historia del
petróleo”, Ed. Vergara, Madrid, 1992). Bissell was a lawyer-merchant who wondered if oil
was good for something, because it was flowing free in Oil Creek, and catch fire easily,
although producing such a heavy smoke that it was impossible to use it in a kitchen. Bissell
had the brilliant idea of asking a reputed professor of Chemistry, Benjamin Silliman Jr.,
from Yale, about the composition and characteristics of Petroleum. It was one of the first
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university research contracts driven by corporation interest, and Prof. Silliman made a
perfect scientific work, using fractional distillation to identify the contents of such a
peculiar fluid. The result: almost any hydrocarbon heavier than methane was present in it,
and they could be isolated to some extent by fractional distillation, precisely.
Bissell and his colleagues focus their attention into “kerogen”, (wax generator, in Greek)
but the name was distorted to “kerosene” and so remained. They were interested in
illumination, and wax was the essence of candles. So, kerosene could be brighter and
cheaper than ordinary candles, and kerosene was the good to be marketed.
Silliman’s indications about the technology of fractional distillation were enough to start
that business for cheaper and more effective illumination, although smoke was an inside
enemy for its success. Even so, the confidence on developing cleaner schemes for distilling
kerosene was a clear incentive for the search of oil fields, which already were a mining
industry when the marriage with Internal Combustion Engines launched the Automobile
industry, one of the key elements of the economy and the way of living ever since.
This second Industrial Revolution, as mentioned earlier, had two branches: Automobiles
and Electricity. Of course, for many decades a petroleum fraction (the heaviest one) was
consumed in electricity generation.
When the 1st Oil Crisis (or first oil shook) took place, petroleum became far too expensive
for electricity generation. The price of crude oil was so high that a new brand technology
was created to increase the share of crude oil devoted to Automobiles, both gasoline and
diesel; until reaching a level of almost full specialization for specific application.
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Today the number of automobiles in the world is very close to one billion. For the year
2050 it is expected that number to be exceed 2 billion; but nobody explains how such
expansion can come true.
It is a true challenge from many points of view: the Peak Oil, CO2 emissions, the industrial
investments, and the financial requirements just to enumerate a few. This is one of the
sides of the framework where this Thesis aims to fit.

2.1 A background of changes
This Thesis does not claim that a similar Big Change will happen in the field of Energy in the
years to come. However, it must be stressed that official papers and declaration have been
very ambitious in shaping the future (in some aspects), and this declarations have been
stated with an unprecedented degree of determination. Overall, there are two important
documents, which proposed deep changes for the future: The United Nations report “Our
common future” and The Lisbon Declaration 2000.
The United Nations report “Our common future”
The United Nations report “Our common future” also known as the Brundtland Report (in
recognition to the Chairwoman of the Commission Dr. Gro Harlem Brundtland) where the
concept of Sustainable Development is originally introduced. The key aspect of this kind of
Development is that it comes without negative effects for generations to come.
It contains a clear message on the threat of Climate Change because of the Global Warming
associated to the rise of emissions and atmospheric inventory of greenhouse gases.
Following the recommendations of this report, the Intergovernmental Panel on the Climate
Change was established and the Kyoto Protocol was agreed.
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Unfortunately, international leaders that had to continue the legacy of Dr. Gro Harlem
Brundtland did not demonstrate enough long term commitment. An example of this is the
Nobel Prize for Peace of 2007, Mr. Al Gore, who was vice-president of the US when that
Protocol was formulated, but does not advocate any longer for greenhouse gases
emissions reduction. Al Gore is now totally in line with President Obama’s Administration
policy on geotechnical “fracking” to stimulate hydrocarbon recovery.
They consider the Energy Problem is more severe than the global warming potential, and
Unconventional Gas and Oil can help cope with the energy supply problem. The decrease in
external supply relieves the strong pressure on the energy sector, which is a requirement
to develop adequate R&D programs to create a new sector in accordance with the spirit of
Sustainable Development.
The new rationale sounds contradictory: it conveys a phase (the current one) of emission
increase, before actually attacking the problem. Of course this is in connection with the
foreign policy of the US Administration, and Al Gore is obviously much closer to this
Administration than to “Global Warming”. This example has been covered by media in
several instances:
“Al Gore invests in fracking company”, Feb. 2013. http://dailycurrant.com/2013/02/25/algore-invests-fracking-company/
“Al

Gore

no

longer

investing

in

Green

Tech”,

October

2012.

http://www.nationalreview.com/planet-gore/329720/al-gore-no-longer-investing-greentech-greg-pollowitz
“Not Even Al Gore Can Resist The Fracking Energy Boom”, October, 2012.
http://sayanythingblog.com/entry/not-even-al-gore-can-resist-the-fracking-energy-boom/
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The Energy problem has been in the political agenda always, notably since the First Oi Crisis
of 1973. Nonetheless, the problem is now under two opposing driving forces:
•
•

The “Clean” solution of a low carbon economy.
The “Cheap and domestic” way to exploit fracking and other unconventional
sources and techniques, which opens a longer time-frame that allows the
politicians and governs to deal with other problems.

In this context it must be cited the 2009 Memorandum For The President, From The Vice
President, on “The Transformation to A Clean Energy Economy”, which starts as follows:
“I’m pleased to report that the administration is laying the foundation for a clean energy
economy that will create a new generation of jobs, reduce dependence on oil and enhance
national security”.
The report was right about reducing dependence, creating jobs and enhancing the US
security, but the road taken was not in the “Cleanest” possible direction, and turned to be
heavily reliant on exploiting fracking at the most.
There seems to be a contradiction between the futuristic declarations and plans depicted
in the Memorandum by the Vice-President with relation to the current (2010-2015) facts in
the US in the field of shale oil, shale gas and hydraulic fracking techniques.
There are two different agendas, or two different horizons, and two different subjects for
each one.
In the short term, emphasis is put in fracking as a way to increase in a fast and furious
manner the domestic production, so that dependence on crude import is reduced to
marginal levels. In the longer term there will only be an objective: to find ways and means
to produce organic fuels (as higher alcohols, as butanol) which can directly be generated
from sun light and nutrients, as CO2 and H2.
In the last sentence of that Memo is said: “Currently, 95% of the fuel that powers our cars,
trucks, trains and planes comes from oil. Over half of this fuel is imported from overseas
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and it is the source of over one-third of America’s carbon emissions. Even as we deploy the
first generation of advanced biofuel facilities to produce fuel here in America, we are also
investing in technologies that, if successful, would make biofuels several times cheaper,
cleaner and more sustainable. We are also investing in cutting edge technologies to
produce gasoline directly from sunlight. If successful, these new technologies could
transform transportation”.
The long term objective is very ambitious, and a new agency has been created in the US
Administration to deal with the programs going in some definite directions. The new
funding agency is the Advanced Research Projects Agency - Energy (ARPA-E) which has
established some specific lines as:
•

Wind and solar

•

Energy storage

•

Biofuels

•

Gasoline directly from sunlight

The former point is obviously of great interest for Oil Corporations and most of its
stakeholders.
More information is available at http://arpa-e.energy.gov/
Arguably, the most ambitious Project in this context is related to Plants Engineered to
Replace Oil which use genetically modified microorganisms to synthetize butanol instead
of cellulose. The driver behind this effort is that this alcohol runs quite effectively in a
standard engine.
Nevertheless, it sounds contradictory to put such emphasis on creating a “new world of
vegetables with a modified DNA” and to foster fracking at the short term with such
strength that the US reached Top 1 in the list of producer countries.
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The “Fracking” strategy was a “republican invention” developed in the Bush Administration
by Vice-president Cheney and CIA’s Director General (Mr. Deutch) but it has been Obama’s
Administration the one responsible of such stimulating programs to foster fracking.
https://www.cov.com/~/media/files/corporate/publications/2014/03/obama_administrati
on_proposes_new_role_in_siting_shale_gas_development_in_combination_with_renewab
les.pdf
“Fracking” on its own merits has become one of the main new industries in the US (with
about 1 million new jobs).
This is certainly not the case of the European Union (EU), where the commitment since the
Kyoto Protocol has always been active despite some of the policies failures, particularly in
the Directive 20/20/20 (actually Directive 2009/28 CE).
This Directive declares some objectives on Renewable Energy Sources participation in the
final mix of primary energy supply. It also sets goals to decrease greenhouse gases
emissions, and an increase in energy efficiency (expressed as reduction in Energy Intensity).
As pointed out in some studies (J. Pereira, 2011, “The European Strategy for Sustainable
Growth”, Friedrich Ebert Stiftung, Germany, https://www.fes.de, http://library.fes.de/pdffiles/iez/08476.pdf) real action of the EU as a single entity (the Commission, the Parliament
and the Council) has been rather inefficient and without priorities. Furthermore, the
current an ongoing situation has been –and still is- fully conditioned by the Crisis (as we will
see in the brief analysis of the Energy Sector in Spain).
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The “Lisbon Declaration 2000”
This declaration stated by the Council of the EU in March 2000, was intended to make the
EU "the most competitive and dynamic knowledge-based economy in the world capable of
sustainable economic growth with more and better jobs and greater social cohesion", by
2010.
Neither back in 2010 nor now, these goals have been achieved.
On the contrary, social cohesion went terrific in the case of Greece, and unemployment
rates were much higher in the EU than in North America and the Asian countries of the
Pacific Basin.
Moreover, the term “dynamic knowledge-based economy” was taken as political wishful
thinking from the very beginning, and was absolutely depreciated 10 years later.
In the Energy domain, the Lisbon Declaration was followed by the Strategic Energy
Technologies Plan (aka the SET Plan). This plan has been totally disconnected from the
main projects carried out at country level.
Besides that, most of the R&D money devoted for Energy projects goes to Fusion (ITER)
which still is a scientific challenge with limited prospectively of participation in energy
generation by mid-Century.
In the following points of this Introduction a review is presented on the relevant features of
the subject and its background. Besides some political considerations marking objectives
and road-maps, there are facts showing a new trend in the structure of the energy sector
and a growing portfolio of enabling technologies.
The system is not evolving in a coordinated way, which is one of the recommendations of
an important study elaborated at the MIT in 2008, “On the road in 2035” (Anup
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Bandivadekar et al., LFEE-2008-05 RP, Massachusetts Institute of Technology,
https://mitei.mit.edu/system/files/On+the+Road+in+2035_MIT_July+2008.pdf).

In

the

report, a set of alternate fuels and engines for powering automobiles is analyzed, and a
rather complex crossroad appears at that moment.
This is the reason for proposing a coordinated action, but this is not easy at all because of
the different interest of the involved parties, and stakeholder management becomes
unmanageable. Even the report itself is not totally fair in the evaluation of economic needs
for the deployment of different types of alternate vehicles. They include Batteries for Full
Electric Cars in the first price of the car, but batteries can be considered a part of the
“gasoline” and should be treated as such, which gives a better qualification for this type of
cars. In other words, properly balancing and allocating capital and operational
expenditures.
In the analysis of these type of cars presented in this Thesis, we have found a very broad
range of possibilities for reducing CO2 emissions and improving the economics of
transportation, both at individual level and as an integrated sector. Of course there are
strong limitations on the range and on the charging time, but even so the contribution of
these cars to a Low Carbon Economy could be outstanding. A section of this Introduction
will be devoted to it, as one of the key technologies that can deeply change the structure of
the sector. Before studying that, the sector itself should be considered; although the sector
is not uniform across the globe, and we will start by the home case: Spain.
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2.2 Spain as an Energy case within an international complex context
Spain is one of the countries with deeper transformation in the energy sector, particularly
in the Electricity industry (see the official website: http://www.minetur.gob.es/energia/esES/Servicios/Paginas/Servicios.aspx)
An example of Spain’s singularity is the fact that almost half the installed Photovoltaic
power in 2008 was installed in Spain. That fact was obviously stimulated by an energy
policy was based on (too) high feed-in tariffs. These tariffs were established a year earlier
by the Royal Decree 661/2007. This Royal Decree had to be discontinued, but it is still a
source of troubles for the Spanish Government. Collateral effects of this type of policies
have already been analyzed (Moreno, F. et al, “Collateral Effects of Renewable Energies
Deployment in Spain: Impact on Thermal Power Plants Performance and Management”,
2011. Energy Policy, 39, 6561-6574. http://dx.doi.org/10.1016/j.enpol.2011.07.061 ) and
the complete case of Renewable Energy Sources was reviewed by the Fundación para
Estudios sobre la Energía (“Energías renovables para la generación de electricidad en
España”, http://www.fundacionenergia.es/index.htm)
A recent case study on Spanish, elaborated by the International Energy Agency (“Energy
policies

in

IEA

countries:

In

depth

review

of

Spain-2015”,

www.iea.org,

https://www.iea.org/newsroomandevents/speeches/150723_Spain_IDR_Slides.pdf) can be
the most eloquent summary to present those facts.
Figure 2.1 shows the relative evolution of the main variables characterizing the system,

from population to Gross National Product, including CO2 emissions and primary energy
consumption. The figure is very relevant because it includes two very different economic
periods: the economic boom since 1996 through 2007; and the crisis since then on.
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Figure 2.1Relative evolution of main magnitudes of Spain
Source: International Energy Agency, http://www.iea.org/, “Energy Policies of IEA Countries -In-depth Review of Spain
2015”

There are a number of significant comments to be said from the information presented on
this graph. To start with, the population evolution; which is mainly driven by immigration
and it therefore disappears as the crisis explodes and unemployment rises. This can be
explained by the level of support these people have, as immigrants usually cannot find the
same level of help from the family and relatives in a foreign country compared to their
own. So, when extrapolating data to calculate the structure of the Energy Sector in the
future, this fact must be taken into account, as well as an elementary corollary of
immigration behavior. This behavior tries to follow the standard of living of the indigenous
population, including car buying and energy consumption.
About the latter, it is worth pointing out the evolution of Energy Intensity in the different
economic phases. In the expansion phase, Energy Intensity decreases, because energy
consumption grows faster than GDP. On the contrary, in times of crisis, Energy Intensity
seems to increase quite a lot, because the energy consumption declines very fast. It is
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obvious that this estimate does not correspond to the actual Energy Intensity of the
production process, which did not experience any substantial change from 2000 to 2010.
It really depends on the “extra expenditure” of individuals in energy goods, notably
petroleum products. This argument is supported by the trends seen in Figure 2.2, where the
biggest reduction in consumption corresponds to petroleum.

Figure 2.2 Primary energy consumption in Spain
Source: International Energy Agency, http://www.iea.org/, “Energy Policies of IEA Countries -In-depth Review of Spain
2015”

Figure 2.3 is complementary to the previous Figure 2.2, although CO2 emissions have not

undergone a parallel evolution in all sectors. In particular, reduction of emissions
associated to Power Generation mainly come from the deployment of Renewables, notably
Wind energy, as shown in Figure 2.4.
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Figure 2.3 Relative evolution of CO 2 emissions in Spain
Source: International Energy Agency, http://www.iea.org/, “Energy Policies of IEA Countries -In-depth Review of Spain
2015”

Figure 2.4. Evolution of electricity generation in Spain
Source: International Energy Agency, http://www.iea.org/, “Energy Policies of IEA Countries -In-depth Review of Spain
2015”

In Figure 2.4, it can also be seen that Nuclear and Hydro maintain a constant level of
generation over time, and that Natural Gas suffers the strongest reduction in recent years.
This decline can be explained because of the operational flexibility of the Combined Cycles
plants and the price of the natural gas in the standard markets.
It should also be added that Spain has a peculiar history in Power Generation, because
investments have happened in “cycles”. Each cycle has been dominated by a given type of
power plant. That fact was described with humor style saying that Spain went “all Hydro”,
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then “all Coal”, then “al Nuclear”, then “all Gas”, then “al Wind”…and the result of such an
overlapping of cycles is (arguably) a well-balanced electricity generation system, but
certainly a diversified portfolio.
It is also worth noting in Figure 2.2 that the rest of primary energies -except petroleumkeeps the same total achieved in 2005 thorough the crisis. Petroleum is the only energy
commodity that really suffers the effects of the crisis. This is a complementary
demonstration that the concept of “Energy Intensity” does not represent quite accurately
the efficiency of a production system, because it is distorted by private consumption not
associated to any economic activity.
Energy sources and technologies require money not only for investments and operation,
but for Research and Development, as well as for fostering the deployment of the new
devices. If all R&D activities succeed, the economic cycle created by the new techniques
will generate much more money than the budget spent in the early phases of the process.
This is applicable to any element involved into the ENERGY sector, but it does not mean
that things can be fostered without restrictions, because the situation can degenerate to a
financial chaos as the one created in Spain on the “tariff debt”.
Figure 2.5 shows the official data on this problem. It started in 2000 as a way for not

charging at present time all the expenses devoted to items (the invention of new machines,
new energy storage systems, or any new energy structure) that will really be profited in the
future, not at that present time. So, from the point of view of cost/benefit analysis we can
justify that part of the cost of a given development had to be left as a debt for the future.
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Figure 2.5 Actual evolution of the tariff debt in Spain
Source: International Energy Agency, http://www.iea.org/, “Energy Policies of IEA Countries -In-depth Review of Spain
2015”

However, the current accumulated debt associated to these big structural changes that
Spain has undergone in the electricity industry has grown beyond control. It peaked in
2014 at 30,000 million EUR. It is of the order of the total annual revenues of the Electricity
industry of Spain.
Apparently, the debt has been cut down to zero in 2014, but that was a decision from the
Spanish government that will not be easily accepted by most of the investors, who have
already sued the Spanish government because it denies the rights associated to operation
of Renewable plants. This problem still remains, but it is not part of our core subject.
On the contrary, we must focus our attention on to Costs, Competition, Market features
and Prices. These are properly speaking not belonging to a scientific domain, but rather to
a political one. Most of the countries have heavy taxation for petroleum products and
spend a lot of money in promoting Renewables. This policy could be justified in a
framework of coherence. However, the Spanish case is a clear example of just the
opposite. The extraordinary support to Renewables produced a “bubble in Photovoltaics”.
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This bubble did not come with very much needed long-term industrial effect needed to
reshape the future.
The case for Wind Energy was better developed. This improvement also accounts for the
inclusion of amendments in the operation of the high voltage grid. That technical
achievement was done by Red Eléctrica de España (REE). REE is the operator of the electric
system and has been very active in using Information Technologies for controlling the
Spanish electric system. REE is also (arguably) one of the most transparent technical bodies
on Earth. REE is committed to information disclosure and gives on-line real time
information of the system Further, REE includes all sorts of relevant information on this
subject. An example of this is shown in Figure 2.6.

Figure 2.6 Average monthly generation costs of electricity in Spain and total
electricity production per month
Source: Red Eléctrica Española, http://www.ree.es/es/

The price of electricity includes the following phases after generation, namely Transport
(by the High Voltage grid), Distribution and final Commercialization, plus the corresponding
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taxes and other surcharges, so arriving at a final price that could be as high as three times
the average generation cost (circa 60 Euro/MWh).
Figure 2.7 shows the price of domestic electricity in several countries of the EU. An average

value is around 160 €/MWh, which will be our reference for other economic
considerations.

Figure 2.7 Electricity prices for private consumers in some European
countries
Source: Ministerio de Industria, Energía y Turismo; http://www.minetur.gob.es/

Although there is a trend to qualify Electricity as an expensive good, actually is not so, in
relative terms, as compared to other forms of energy. It must be taken also into account
that is a final form of energy with multiple applications.
In following graphs some data on the price of hydrocarbons will be introduced and
commented. However, an important feature of electricity must be underlined beforehand,
and it is the fact that Electricity can be generated by many methods from different energy
sources.
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In particular, Spain’s generation system is represented in Figure 2.8 in terms of percentage
contribution of all participant sources. There are 9 ways or methods to produce electricity,
which represents a good level of competition. In fact, some of the generation families have
very little share of the pie, and others (notably petroleum products) are absent from it
because they cannot compete with the cheapest generation ways. The possibility to
generate electricity by so many means is a key feature of this form of energy.

Figure 2.8 Electricity g eneration in Spain, by technologies
Source: Red Eléctrica Española, http://www.ree.es/es/

Another important feature of Electricity is the very broad set of applications it can serve;
from illumination to engines to feeding electronic devices and so on, but the main interest
of our Thesis lays in the actual competition in generation, which is a very good signal for a
market.
The historic evolution of the price of Natural gas in the EU is shown in Figure 2.9, which has
an obvious change of slope around the turn of the Century, mainly produced by the
increase in demand associated to the strong deployment of Gas-Fired Combined Cycles for
electricity generation.
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Spain was one of the countries with more devotion to this type of power plants, although
the current situation of these power stations is far from optimal, because they work a very
little amount of hours per year. The rest of the time they cannot offer a generation cost as
low as the one of Nuclear power plants, or Coal-fired stations, and therefore they do not
win the rights for operating at those times.

Figure 2.9 Evolution of natural gas prices in the EU
Source: personal elaboration with data from Ministerio de Industria, Energía y Turismo; http://www.minetur.gob.es/
Original Source: BP statistical Review

Figure 2.10 The international evolution of Natural Gas price.
Source: BP Statistical Review of World Energy
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A different problem is introduced in Figure 2.10, in relation to the international market of
natural gas, which does not show a unified evolution. The gas sourced from unconventional
reservoirs in the US has completely changed the trade scenario of natural gas, whose price
in the US is not dependent now on the price of crude oil price.

Figure 2.11 Evolution of the crude oil cost (CIF) in Spain.
Source: personal elaboration with data from Ministerio de Industria, Energía y Turismo; http://www.minetur.gob.es/
Original Source: BP statistical Review

Figure 2.11 shows the information on the Cost, Insurance and Freight (CIF) of crude in Spain

before the Oil crisis of 2014, when the international price collapsed, and it is not quite
picking up one year later. Figure 2.11 presents the evolution of Brent price in last years,
which has its main reason in the US decision to become independent from oil imports.
The US can develop a foreign policy without the continuous interference from petroleum
suppliers. Some recovery technologies that could be qualified as “aggressive” from an
environment point of view (which were applied at a rather modest scale until recently)
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were stimulated both natural gas and petroleum, up to a level that has launched a crisis
inside the petroleum industry.

Figure 2.12 Evolution of Brent price in last years
Source: BP Statistical Review of World Energy

Figure 2.13 Evolution of the US oil in 3 decades.
Source: BP Statistical Review of World Energy

In last ten years, the US has changed from biggest importer of oil to biggest producer, and
it is difficult to assess if this new policy will be kept for long, or environmental pressure and
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a different foreign policy can change again the situation. This is Geopolitics to a large
extent, and this Thesis tries to avoid this type of political debate.
However, Geopolitics alone would not have been able to make a change like the one
represented in Figure 2.13, with a steep increase in domestic production of oil. Technology
has been the actual “enabling factor” to do materialize that change. There is a main reason
of political nature (namely job generation and offset of geopolitical weight of crisis in the
Middle East) to explain the strong support to those “aggressive” techniques from the
Democrat Administration, which traditionally had been the major advocate to curb
greenhouse gases emissions. This is not the place to analyze this reason, but there is at
least a question to be considered in relation to the former policy, kept since the end of
World War II.
In that original policy, the US Administrations gave priority to exploit the cheap oil from the
Middle East, where they kept an important military presence; and at the same time the US
kept some of their local reserves, which were more expensive to recover, or could convey
higher environmental risks.
The current policy is just the contrary; to exploit any type of reserves in the US, including
the extensive use of fracking; and to relief the intense relations with their allies in the
Middle East, without depending on them for Oil supply.
It is not the objective of this Thesis trying to find a criterion to determine which policy is
wiser. Nevertheless, in the background of Energy there are a lot of political decisions that
can modify at depth the application of available technology.
Very likely, the best example is the substantial change happened in the US. This change
was not anticipated at all, as seen in the already cited report from the MIT (Bandivadekar
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et al., 2008) using data and forecasts from the US Energy Information Agency. The report
“On the road in 2035” has a graph that is reproduced in Figure 2.14, where it can be seen
that Shale Oil was already programmed in Canada, but no contribution was expected from
the US.

Figure 2.14 Non-conventional oil production from the US, Canada and
Venezu ela (2007F).
Source: Laboratory for Energy and the Environment, Massachusetts Institute of Technology

There is not any doubt that Energy Independence is a top priority for the US
Administration, and its course of action has been to use all available technology capable of
producing hydrocarbons from North-American territory, without any concern about
crossing red lines established by the former Democrat Administration tied back to both the
Kyoto Protocol and the fight against Global Warming.
This action has produced a decrease in the crude price, what is seen by some professionals
as a sign of threat. On the contrary, from the point of view of general economics, the oil
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price plummeting should be seen as a trigger to improve economy and to get out from the
crisis.
Managing this opportunity is not the objective of this Thesis, centered in the potential
merge between the principles of Sustainable Development and the emerging technologies
of the 21st Century portfolio.
The Spanish case, taken as a reference for outlining the problem, must also be considered
inside the framework of the EU. It is obviously as a totally different approach from the one
in the US, starting by the fact that Europe does not have the oil plays and geological
formations of the American continent.
The EU has also declared its objective of reducing the dependence from Oil, but it cannot
think of “fracking” to solve it. The EU has to think in other terms, notably Renewables (for
electricity generation and any other business), Energy Efficiency in applications, and a deep
change in Transportation. This is analyzed in the next section.

2.3 Energy for transportation
Transportation has been one of the most important activities where the advancements of
technology have produced deeper changes. Velocity had always been pretty much limited
to the level of animal force, and the application by Fulton of a thermal engine for propelling
a paddle-wheel boat changed transportation completely. Stephenson and the train, Otto
and the automobile, the Wright brothers and airplanes are names of enormous importance
for our way of living.
A common problem to all of them was to feed the onboard engine with the appropriate
fuel, a challenge easier to solve in a train or a ship than in an airplane, where the size and
the weight of the engine and the fuel tank are critical variables.
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Those systems have been improved quite a lot since the original models, and fuels for
transportation have been refined quite a lot as well, with a common factor among them:
they are petroleum products. Figure 2.15 and Figure 2.16 show the fact we want to
underline: almost all Oil goes to transportation; and almost all the fuel consumed in
transportation comes from Oil. (http://www.iea.org/Sankey/)

Figure 2.15 Global energy balances from primary sources to sectorial
applications, 2011.
Source: International Energy Agency, http://www.iea.org/

Figure 2.16 Global energy balance in transportation in 2011
Source: International Energy Agency, http://www.iea.org/
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It is also worth noting that 77% of the energy consumed in this activity goes to autonomous
vehicles on surface, namely cars, coaches, vans, lorries and the like, which can fit in the
classification of automobiles; and more than 2/3 of that value is consumed in Light Duty
Vehicles, the rest in Heavy Duty units.
The latter clearly belongs to trade, and therefore its activity depends on the strength of the
economy. It could be argued that this type of transportation is proportional to the activity
of the sector served with that transport.

Figure 2.17 History and forecast vehicles fleet, efficiency and demand.
Source: BP Energy Outlook 2035

On the contrary, a large fraction of Light Duty Vehicles belongs to individuals, who can
optimize the use of their money according to personal preferences and taking into account
other factors. These factors might include but are not limited to the existence and
characteristics of the public transportation system. Moreover, in time of crisis, with less
money to spend (in statistical terms), the biggest saving is done by cutting the most
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expensive services, substituted by similar but cheaper services (maybe at the expense of
longer travel times and lower comfortable levels, but delivering the same result).
These facts can explain why the current economic crisis in Spain has conveyed a stronger
reduction in petroleum consumption than the one suffered in the GDP.
A similar problem has happened with Natural Gas. The domestic market is almost
saturated, and one of the main applications is direct heating. We also find here (in the case
of Spain, introduced before) that there is margin for making good economic savings by
setting down a couple of Celsius in the thermostat that controls the house temperature.
The situation in Spain is not as drastic as in the United Kingdom were the phrase “eating or
heating” is a harsh reality for many families.
Moreover, the main cause of decline consumption in the case of Natural Gas is the low
number of annual operation hours of the Gas-Fired Combined Cycles. This can be explained
by the existing competition in electricity generation (plus the high capacity of Spain’s
electric industry) which puts the most expensive generator last in the waiting line.
The outcome of these factors is that CO2 emissions (with a strong correlation to
hydrocarbons consumption in Spain) were reduced by 33% while GDP decreased only 5.8%
over a six years’ time window.
As a quick ratio, we could say that hydrocarbons are 6 times more sensitive to an economic
crisis than the general economy.
The current situation is not the effect of a single crisis, but the overlapping interference of
several upheavals that are producing different effects in each country. Some of the
upheavals, as the so-called Arabic Spring of 2011, hit some important places for gas and oil,
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and added more threats to stability in the Middle East. However, it did not disturb too
much the situation because the demand was already declining and supply from other
countries was possible.
The Ukraine secession problem was also tangled with hydrocarbons, because of the
Russian supply of natural gas to several central European countries. The biggest impact
came from the US policy to deploy fracking as much as needed or as much as possible.
In 2014 the US reached the first position as oil producer and covered 90% of its needs by
means of domestic production. This has situation had not been seen since the mid-sixties.
The Oil crisis of 1973 changed suddenly the situation, and Oil became so expensive and so
scarce that many big consumers had to change the energy policies for creating a new
economic framework with decreasing needs for petroleum. It can be stated that the most
repeated objective of Energy Policies in the Western World has been to reduce the
consumption of Oil. Figure 2.18 is relevant to this purpose, and it marks the substitution for
Oil by any other source of energy able to deliver a particular service, as electricity
generation.

Figure 2.18 Historic Shares of global primary energy.
Source: BP Statistical Review of World Energy
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The latter deserves a couple of additional comments: at the beginning, Oil was replaced by
Coal as main fossil fuel for electricity production, and Coal remained the cheapest option
for the deployment of new capacity with large fuel storage. At the end of the 20th Century,
Gas-Fired Combined Cycles (GfCC) put again hydrocarbons in the list of electricity
generators, and Spain was again a singular case: its capacity of GfCC increased from
practically zero in 2000 to 25 GW in 2014. There were three main reasons for that: the
cheapest specific investment; very short construction time; and flexibility in operation.
However, these plants work in Spain around one thousand hours per year, what is
insufficient for recover the investment.
This problem is related to the increasing participation of Renewables in electricity
generation. As already shown in Figure 2.8, Renewables all together have the highest share
in power generation, 27% (without including Hydro). It was also said that Renewables have
very generous feed-in tariffs that produce a substantial debt, but there is an important fact
that has been very positive for the deployment of these technologies: they work.
Renewables have reached some kind of industrial maturity in 10 years or less. Of course
there is still room for improvements, but it must be recognized that this TECHNOLOGY fits
quite well with the principles of Sustainable Development and Energy Independence which
were fundamental principles of Energy Policy already 30 years ago.
It is a good example of merging between largely accepted Political objectives and
technological development. It was about Electricity Generation. Now we must address the
TRANSPORTATION problem, starting by the EU, which surely is the political body with a
higher and more permanent commitment with Sustainable Development.
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The EU has elaborated a dynamic strategy for modifying at depth the Transportation
sector, including in the strategy a “Clean Power for Transport package” aimed to facilitate
the development of a single market for alternative fuels for transport in Europe, and the
underpinning technologies.
It is considered that alternative fuels are urgently needed to reduce the over-dependence
of European transport on Oil. Transport in Europe is 94% dependent on petroleum, and
84% of it is imported, with a total bill of circa EUR 1 billion (109) per day before the fall of
crude price in 2014. On top of economic considerations, there is the commitment with
Sustainable Development and the concern with increasing costs to the environment, both
at local and global level.
The EU strategy also recognizes that research and technological development have led to
successful demonstrations of alternative fuel solutions for all transport modes, but not all
of them have the same readiness for being marketed. It is precisely those last phases of
Industrialization and Commercialization the main core of the remaining strategy. There is a
special concerned with the Infrastructure required for a new mode to be deployed.
The strategy is basically explained in the European Commission Communication [COM
(2013) 17] (http://cor.europa.eu/en/activities/stakeholders/Documents/com2013-17.pdf),
laying out a comprehensive European action on all modes of transport; and outlining some
alternative fuels road-maps for the long-term substitution of oil as energy source in this
sector.
In this context, year 2020 has been designated as a milestone for checking the outcome of
the first phases of the strategy. This is gathered in the report: ‘Europe 2020: A strategy for
smart, sustainable and inclusive growth’.
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(http://ec.europa.eu/eu2020/pdf/COMPLET%20EN%20BARROSO%20%20%20007%20%20Europe%202020%20-%20EN%20version.pdf). The Report explains how the Commission
aims at enhancing competitiveness and energy security by a more efficient use of resources
and energy.
Before defining the strategy, the Commission appointed some advisors to discuss on
industrial needs. The result of such task-force was a document released in November 2012
entitled ‘CARS 2020: Action Plan for a competitive and sustainable automotive industry in
Europe’. It can be seen that the strategy does not contemplate “isolated” subjects. It tries
to develop all the new tools needed for a new sector, without entering the domain of
competition among trademarks.
A different domain are the customers, which is the most sensitive topic for the
Commission, and are a fundamental pillar for any change involving purchases. This point is
in the strategy through the Societal Challenge ‘Smart, green and integrated transport’.
For

the

moment,

Biofuels,

as

defined

in

Directive 2009/28/EC

(http://eur-

lex.europa.eu/legal-content/EN/TXT/?uri=celex:32009L0028), are the most important type
of alternative fuels. They accounted for 4.7% of the total fuels consumed in transport in the
EU in 2011; and must reach 10% in the year 2020.
And last, but not least, the EU approved in 2014 the Directive 2014/94/EU (http://eurlex.europa.eu/legal-content/EN/TXT/?uri=CELEX:32014L0094) of the European Parliament
and of the Council of 22 October 2014 on the deployment of alternative fuels
infrastructure (which is a fundamental document with binding requirements, in general for
2020).
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This document deserves special attention because it addresses an obvious “big problem”:
the totally new infrastructure needed for marketing a new type of car. This is a subject for
next section.

2.4 News from the Energy Technology portfolio: the case for Electric
Vehicles
Internal Combustion Engine cars are not very good machines from the point of view of
thermodynamic efficiency, but they do have superb features for powering automobiles.
Indeed they also have negative qualifications in an environmental evaluation, but again we
find some room for improvement. The use of better fuels and designing very accurate
explosion patterns inside the cylinders can reduce the most harmful contaminants.
This is one line of R&D in the automotive industry, but the main challenges are not found
there: those challenges are found in alternative technologies for powering vehicles. Figure
2.19 shows a scheme on this topic.

Figure 2.19 Possible propulsion system pathways
Source: Laboratory for Energy and the Environment, Massachusetts Institute of Technology
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Column in the left-hand-side corresponds to Internal Combustion Engine; the one in the
middle is based on BATTERIES; and the column in the right-hand-side corresponds to fuel
cells. Fuel cells generate electricity inside the car by means of an electrochemical red-ox of
O2 from the air and H2 from the storage tank in the car.
This figure does not consider in an explicit way all possible modes to feed the powertrain of
a vehicle, but it presents the three main columns with relevant differences: the left hand
side column deals with Heat, and therefore is under Carnot’s theorem, which sets
limitations in efficiency depending on Temperature. This is not the case of the central and
right hand side columns. These two have another important difference among them:
•

•

Batteries are devices for storing electrical charges in a systematic way, so
that they can be discharged orderly, to give a current and a potential to the
load circuit; and the contrary, they take current at a given voltage to fix the
charge in the battery when the battery is connected to a charging circuit.
Fuel cells are electrochemical reactors that generate electricity in the
electrodes of the reactor. This is not a simple device, which in many models
requires temperatures well above room temperature. The fuel cell needs O2
from the air and H2 from the storage tank, which also presents important
complexity not only in the storage but also in the process to produce H2,
which additionally needs an additional source of energy.

These differences will be taken into account in the main body of this thesis, in order to
explain the selection of Battery Electric Cars as the tool that can modify substantially the
Transport structure and the Energy domain in the first half of this Century.
Figure 2.20 shows that not all professional have the same consideration. For example,

Electric Cars do not appear as a feasible possibility by Carlos Olivares Molina, in
“Sostenibilidad en el transporte: una revisión para la reflexión”. Cuaderno de ENERCLUB, nº
40, Oct 2013 pp 80-85. The paper does not consider Full Electric because they do not need
any type of chemical fuel. However, one of the main points of the Electric Vehicles is the
absence of chemical reactions inside it. Even so, the Electric Vehicles cannot claim “Zero
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emissions” in its full life cycle. In manufacturing, emission accountancy must include the
corresponding emissions to the material used (iron, plastic, fibers, battery components and
so on). In operation, emissions originated in electricity generation must be accounted for in
a proportional way (in statistical terms).

Figure 2.20 Propulsion schemes as proposed by C. Olivares Molina
Source: Club Español de la Energía: ENERCLUB, Carlos Olivares Molina, “Sostenibilidad en el transporte: una revisión para
la reflexión”

Figure 2.21 presents emissions corresponding to different vehicles. It is worth pointing out

that emission calculated for the Electric Vehicles is 120 g/km (for an Average Grid system)
but such a Grid is far from average!

Figure 2.21 Fuel consumption and well-to-wheel Greenhouse Gases emissions
for 2035 cars
Source: Laboratory for Energy and the Environment, Massachusetts Institute of Technology
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Note that a standard full electric car (5 seats, 1.2 tons) has a consumption in the range 0.12
kWh/km for moderate speed and acceleration through 0.15 kWh/km. Note as well that in
operation, all major renewables (Wind, Photovoltaics and Solal Thermal) have zero
emissions, the same as Hydro, and the same as Nuclear; and the main contribution of CO2
comes from Coal (around 1kg/kWh) and GFCC (400 g/kWh).
In an average grid with 20% generation from each block, the specific emission would be
280 g/kWh. We must add now the corresponding part of emissions in fabrication of
components and materials, which is around 50 g/kWh, and we end up with 330 g/kWh.
Therefore, if the Electric Vehicles electricity consumption is 0.14 kWh/km, the
corresponding emission would be 46 g/km. If we add now the lack of full efficiency in
charging the battery from the grid, which has an efficiency above 80%, the total emission
reaches 58 g/km. The full range for this value would is 10 to 150; 10 for renewables; and
150 for an only-coal grid.
In chapter 4, this analysis will be elaborated with more accuracy, trying to assess what is
already right and what is missing in developing new cars for sustainable mobility.
Going back to the Background of this field, it seems mandatory to analyze in depth the
corresponding part of the EU strategy for alternative mobility. In particular, the Directive
2014/94/ EU (http://eur-lex.europa.eu/legal-content/EN/TXT/?uri=CELEX:32014L0094) of
the European Parliament and of the Council of 22 October 2014 on the deployment of
alternative fuels infrastructure.
It was elaborated after broad consultation of stakeholders and national experts, and there
was a first public Communication from the Commission in January 2013 entitled ‘Clean
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Power

for

Transport:

A

European

alternative

fuels

strategy’

(http://ec.europa.eu/transport/themes/urban/cpt/index_en.htm)
In that document, electricity, hydrogen, biofuels, natural gas, and liquefied petroleum gas
(LPG) were identified as currently the principal alternative fuels with a potential for longterm oil substitution.
This was a confirmation of the European Commission's White Paper on European strategies
issued on the 28 March 2011 titled ‘Roadmap to a Single European Transport Area —
Towards

a

Competitive

and

Resource

Efficient

Transport

System’

(http://ec.europa.eu/transport/themes/strategies/2011_white_paper_en.htm), and the
main objective was the same: to get a reduction in the dependence of transport on oil.
There is a probing technical mistake in the Introduction to the Directive (point 5). It is said
the following:
Power sources mean all alternative sources of energy for transport (such as electricity and
hydrogen) that do not have to be released through combustion or non-combustion
oxidation.
The former sentence is right for electricity, but not for Hydrogen, which always becomes
oxidized either in a combustion chamber or in a fuel cell by electrochemistry. This is a good
occasion to point out a tremendous difference between a Fully Electric Car and a Hydrogen
Car. The former only needs the batteries and the electrical engines to work. However,
Hydrogen cars need an energy transformation device inside the car, to transform a
chemical fuel into an electric current.
The H2 car is a completely new concept, which needs to standardize a number of
components which are not part of the automobile industry so far. On the contrary, present
cars do have all the elements of an Electric Car (and much more). Particularly, existing cars
have batteries and electric engines (of lower power, of course, but they work according to
the same Physical mechanisms).
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This Directive considers as ‘alternative fuels’ any fuel or power source which can substitute
for fossil oil sources in the energy supply to transport and which have the potential to
contribute to its de-carbonization and to improve the environmental performance of the
transport sector.
Explicit alternative fuels are, so far:
•

•
•
•
•
•

Electricity, which is materialized as ‘Electric Vehicle’, which means a motor
vehicle equipped with a powertrain containing at least one electric machine as
energy converter with an electric rechargeable energy storage system, which
can be recharged externally.
Hydrogen.
Biofuels, already present in most of the commercial fuels.
Synthetic and paraffinic fuels.
Natural gas, including bio-methane. It could be used in gaseous form
(compressed natural gas (CNG)) or liquefied form (liquefied natural gas (LNG)).
Liquefied petroleum gas (LPG).

Another important comment should be given on the scope of the Directive and the way the
EU deal with technical subjects. The Directive, in point 8 warns that:
Standards and legislation should be drawn up, without giving preference to any particular
type of technology, so as not to hamper further development towards alternative fuels and
energy carriers.
The mandate within this sentence is violated, so to speak, by the Directive itself. This
violation of terms occurs when some devices for electric recharge are selected as
mandatory for the deployment of the Infrastructure, hence favoring a given line of
production. The choice made in this Directive for common connectors for Electric Vehicles
were the so-called Type 2 and Combo 2.
Another criticism to the Directive would be that it is impossible to keep all lines of research
open indefinitely. Consequently, the EU should, sooner rather than later, commit to a
decision to elaborate a priority list of propulsion systems to be fostered. Thus, making
some selection as it has already been done with the plug devices for electric recharge.
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Although the EU has mainly stimulated the use of Biofuels (as a Renewable fuel) it
recognizes that Electricity has the potential to increase the energy efficiency of road
vehicles and to contribute to a CO2 reduction in transport and to improve air quality and
reduce noise in urban/suburban agglomerations and other densely populated areas.
Indeed, based on the current options for Electric Vehicles , that Electric Vehicles are “urban
animals” because they cannot get far, do not produce any type of contaminants, and can
be recharged, at least partially, during work hours, when shopping, or visiting a relative, or
in most of other situations of the day-to-day life.
This “limiting feature” of Electric Vehicles due to its limited range could be partially
compensated with a good recharging infrastructure. This would include recharging points
made accessible to the public with adequate reliability. This will enable Electric Vehicles to
easily circulate at least in urban/suburban agglomerations within networks.
As described in its strategy, Electro-mobility is an important contributor to meeting the
EU's climate and energy targets in the long term, and even for 2020. Reductions in Oil
consumption, in CO2 emissions, and in local contaminants are main points to pursue the
deployment of Electric Vehicles.
Additionally, recharging of Electric Vehicles should make use of intelligent metering
systems in order to contribute to the stability of the electricity system by recharging
batteries from the grid at times of low general electricity demand.
This practice would produce benefits for the electricity system and for consumers. In fact,
in the Spanish case, there are commercial tariffs already available with prices of 5 cents of
€/kWh. Battery consumption in a full electric car equivalent to a 100 HP Internal
Combustion Car, is circa 14 kWh per 100 km. That means that the electricity cost is 0.70
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€/100 km which is less than the price of 1 liter of any petroleum product. Economy is
another dimension in this process where technology and political will can merge for
creating a new future.

2.5 New roles for Oil?
Oil was ubiquitous in the 60s last Century, and it is now almost concentrated in
Transportation. This change can be explained from different perspectives, from technical
ones to geopolitical considerations. Oil products are essential for airplanes, and are very
well fitted to the requirements of transportation, particularly for their very high level of
safety, and the simplicity of its storage. However, Oil is also linked to places of unrest, and
several governments have used it as a political tool for purposes related to different types
of conflicts.
Figure 2.22 shows the fraction of primary which goes through Electricity. The graph on the

left confirms our particular experience, about an increasing role of Electricity for Energy
applications. And the graph in the right-hand-side shows how Oil has undergone since the
First Oil Crisis (1973) a trend to abandon Electricity generation, because Oil was too
expensive for that.
The History of Oil is a history of success, at least as a machine for making money for their
owners. Now, some changes appear with different policies from the regions of very good
clients, namely the US and the EU. The North American policy consists in reducing the
dependence from foreign Oil by increasing domestic production. The European policy tries
to develop competitors to Oil based on emerging technologies with promising
characteristics.
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Figure 2.22 Evolution and forecast of Power generation share of primary
energy consumption and mix for power generation.
Source: BP Energy Outlook 2035

Oil producers did not seem very concerned for more than one generation, but the whole
situation has changed in last years, and it seems that the future of Oil will be shaped by the
confrontation of different interests.
In particular, the Thesis takes into account the rationale of the EU, designed to meet the
principles of Sustainable Development by boosting some enabling technologies, which
present now an almost convincing level of industrial maturity.
As a summary of the background presented in this chapter, it is advisable to underline the
existence of three potential scenarios with different consequences:
•

•
•

The scenario of Petroleum Products Shortage, if Transportation follows the
known trend and Oil production keeps its level, depicted in Figure 2.23 and Figure
2.24.
The “fracking” scenario, with abundant Oil, but very far away from Sustainable
Development principles.
The abundant Oil associated to new Technologies that could put a lot of
pressure and competition on Transportation.
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Figure 2.23 Global evolution of Oil reserves, in a scenario without extra Oil
from fracking.
Source: Laboratory for Energy and the Environment, Massachusetts Institute of Technology

Figure 2.24 Evolution and forecast of Oil demand for all types of Transport.
Source: Carlos Olivares Molina (CEPSA), CLUB ESPAÑOL DE LA ENERGIA (Cuaderno ENERCLUB 40)
Original Source: Exxon Mobil

The first scenario will increase the price of Oil incredibly, because of the stress produced by
a large number of individuals looking for a private car that cannot move because the lack of
Oil. This scenario is still worse than the one presented by BP’s Energy Outlook 2035, which
was the source of Figure 2.17, where the projections from 2015 to 2035 are the following
(at World level):
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•
•

Number of existing cars increases from 1.1 billion to 2.5 billion
Oil consumption rises from 2.25 billion toe to 3, which represents an increase of
33%

If those numbers are aggregated, we find that the consumption per car decreases from 2
toe/car in 2015 to 1.2 toe/car in 2035.
It is true that Internal Combustion Engines efficiency has improved somewhat in last
decade, but it is unthinkable at this moment to duplicate the efficiency of those engines,
particularly in actual driving conditions.
The second scenario, or fracking scenario, with abundant Oil, but very far away from
Sustainable Development principles is not in the core of this Thesis, and will not be treated
in depth.
Of course it is changing the conditions of the international market, which has lost his main
customer, the US. A main effect of the new conditions is the plummeting of crude price,
but it is uncertain the pathway that will be followed by the rest of producers and therefore
the evolution of the price.
In this scenario, there is less incentive for any technological change. Of course it can be
induced from outside the market, as an R&D policy, but corporations will be more reactive
than proactive in such scenario which resembles business as usual, or even creating yet
another reason for increased drilling operations. It is also worth noting that this extra force
has created 1 million jobs in this boom, as marked in the “IEEE-USA Policy Position
Statement:

2014

National

Energy

Policy

Recommendations”

(http://www.ieeeusa.org/policy/positions/IEEE-USA-NEPR-2014.pdf): “Approximately one
million of these jobs were related to shale oil and gas drilling”.
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The third scenario looks for enabling Technologies that could put a lot of pressure and
competition on Transportation, in a similar way as what was done with Renewables for
electricity generation. The scenario is fully oriented to Oil consumption reduction, which
means that Oil corporations should be proactive looking for new roles for Oil, or identifying
new lines of development or new domains of activity.
Indeed, Oil consumption reduction is not a new energy objective. It was declared as such
since the First Oil Crisis of 1973. The history, however, has been very different from country
to country, even in the same continent and within the EU, as can be seen in Figure 2.25,
which shows the evolution of Oil consumption in Denmark and Spain.

Figure 2.25 Evolution of annual consumption of Oil in Denmark and Spain
Source: personal elaboration with data from with data from BP Statistical Review and EUROSTATS
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Figure 2.26 Evolution of Wind power (GW) in Denmark and Spain
Source: personal elaboration with data from with data from BP Statistical Review and EUROSTATS

The case is different for Renewables, were both Denmark (the pioneering country in the EU
in Wind power) and Spain have followed very committed pathways with development and
deployment of Renewables. There is a certainly a difference in absolute values, but this is
because of the size of the countries and their population. Using data of 2011 official census
of EU, Denmark had 5.6 million inhabitants, and Spain 46.8. This means that the installed
wind-power per person is approximately 0.9 kW in Denmark and 0.5 kW in Spain.
Figure 2.27 Wind power capacity (GW) in several geographical domains
Country/Region
Denmark
Germany
Spain
Europe
USA
China
India
Asia Pacific
World

2000
2.3
6.1
2.4
13
2.6
0.3
1.2
1.8
18

2007
3.1
22.2
15.1
57.1
16.9
5.9
7.8
17.2
94

2014
4.8
40.5
23
135
66.1
114.5
22.5
146.5
373

Source: personal elaboration with data from BP Statistical Review, EUROSTATS and US Energy Information Administration
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Figure 2.26 and Figure 2.27 are a small example on how the deployment of Renewables is

working, but it only cites two countries. The global fact of Windpower explosion is much
better expressed in Figure 2.27, where it can be seen that both mature economies, as the
European ones, and emerging economies, as those from Asia-Pacific, are engaged in this
policy. This is saving quite a lot of natural gas, which otherwise would have been the fuel
for supplying the corresponding kWh. It is true that Windpower receives in general a feedin tariff in the range 3 to 5 cents € per kWh, but it must be pointed out that gas savings
represent around 6 cents € per kWh, which means that the economic distortion should be
modest, if any.
As a general final statement, it can be said that energy policies aimed at Sustainable
Development in Electricity Generation have merged well enough with the corresponding
enabling technologies, and are changing the structure of the system.
One must wonder if something similar can happen in Transport and its associated fuel, Oil;
and what can be done by corporations currently working in this field, to remain active and
profitable.

2.6 Sources of information
Description of the Energy world, and particularly the world of Oil, is found in a number of
websites cited below, most of them official, although one of the most useful is the famous
“BP Statistical Review”, which is a classic for this type of thesis and studies.
The “International Energy Agency” and the “European Union” large website have been
indispensable for the making of this Thesis. The US “Energy Information Agency” has also
been of great help. In Spain, the official website of the Ministerio de Industria, Energía y
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Turismo contains large amounts of data and, above all, references to Legislation and
Regulations on Energy.
Spain’s Club Español de la Energía is another important source of information, not only as
a set of data as such, but including valuations of those data by experts, what makes the
information much more meaningful, although discrepancies can appear in those analyses.
Last but not least, in the Spanish context, the website of Red Eléctrica de España deserves
special acknowledgements for its completeness and for its work on real time.
Access to the scientific bibliography through the services of Universidad Politécnica de
Madrid, UPM, has also been very useful.
Websites
www.minetur.gob.es/energia/es-ES/Servicios/Paginas/index.aspx.
http://eur-lex.europa.eu/legal-content/EN/TXT/PDF/?uri=CELEX:32014L0094&from=EN
http://ec.europa.eu/transport/themes/urban/cpt/index_en.htm
http://ec.europa.eu/eurostat/web/energy/data/database
www.ipcc.ch
www.ree.es
https://www.fes.de
www.bp.com
http://arpa-e.energy.gov/
Books & Papers
•
•
•
•
•

Frederick Lewis Allen, “The Big Change”, (Spanish edition: “El gran cambio”, G. Kraft,
Ed. Buenos Aires, 1954).
Daniel Yergin, “The Prize”, (Spanish Edition: “La historia del petróleo”, Ed. Vergara,
Madrid, 1992)
United Nations report “Our common future” also known as the Brundtland Report, Ed.
G. Brundtland; Cambridge University Press, 1989.
2009 MEMORANDUM FOR THE PRESIDENT, FROM THE VICE PRESIDENT, on “The
Transformation to A Clean Energy Economy”
World Economic Outlook -2012, by World Economic and Financial Surveys,
International Monetary Fund.
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•
•
•

IEEE-USA Policy Position Statement: 2014 National Energy Policy Recommendations
Anu Bandivandekar et al., “On the road in 20135” LFEE-2008-05 RP; Massachusetts
Institute of Technology (2008)
BP Energy Outlook 2035 from http://www.bp.com/en/global/corporate/aboutbp/energy-economics/energy-outlook.html
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Chapter 3. WORK

ORGANIZATION,

SCIENTIFIC

SOURCES

AND

METHODOLOGY

The world of Petroleum is so large, deep and thick that a really big number of Ph. D Thesis
could be written on it. Since Professor Silliman’s document on the fractional distillate of oil,
very many scientific, technical, economic and political books and articles have been written
on subjects related to Oil.
Some of them were plain attacks to Petroleum because it was ubiquitous and too
expensive, and was producing a sort of choking effect in several countries economy. In a
reference to the Spanish situation, the book “1900-2000. Historia de un esfuerzo colectivo”
edited by Professor Juan Velarde Fuertes (Editorial Planeta, 2000); chapter 12 deals with
“Los estrangulamientos energéticos de la economía española”. In this chapter, Professor
Jose Maria García Alonso analyzes the increasing importance of the Energy Sector in the
modern economy, but also blames Energy, particularly Oil, as an expensive factor which
has produced negative economic effects (mainly in the period 1974-1985). It is a sound
example of the very many points of view that can be used to analyze Oil and its effects.
In the methodology to address a Thesis, the first step seems to be drawing the outline to
separate what is inside the Thesis from the rest of the topics. So we must declare that this
Thesis does not belong to the classical scientific areas, as Geology, Economy or Chemistry.
This Thesis is focused on understanding the potential effects of anti-petroleum policies on
the viability of hydrocarbon corporations. Of course there will be more ingredients in the
problem, as the reaction of oil producer countries against those policies, which were
declared soon after the first Oil Crisis of 1973-74. Producer countries can cut the prices for
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reacting against a clear threat, but such a simple strategy will not stop the “war against Oil
declared by the EU and the US.
Ten years ago or so, scientific programs aimed at finding alternatives for oil in
transportation were not as credible as they are now. Emerging technologies are not
science-fiction models, but very serious programs, which have already produced such
excellent devices as the Electric Vehicles.
From the point of view of elements to be analyzed to meet our objectives, the answer is
“technology”, and more precisely: “alternate technologies”. This is a label to gather all
elements that can do totally or partially a task that has been satisfied with an Oil Product
so far. Technology is not a natural product, but rather a totally artificial entity. It can be
defined as the systematic and accurate application of scientific knowledge to a definite goal
or performance specification.
The Methodology must therefore follow-up the means and ways to generate technology, in
order to identify what is what (or who is who in terms of featuring the problem as a
scenario where each technology plays its role). This means that we must identify the most
trusted entities working in this field, and we must be able to classify the information in a
coherent way. Otherwise, the result of a blind exploration of the contents of the web can
contain such amount of entropy that no one could derive from it any sensible argument.
In this chapter, we will start by considering the problem of Sources of information. We will
deal afterwards with the Methodology for technology prospect, and these considerations
will be applied to the core of the problem of the Thesis, namely, to define the technological
threats to Petroleum status quo, both from inside the field of fuels for transportation and
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from outside it. A historic study case will be briefly presented to illustrate technology
limitations, even if technology is based on sound scientific work.
Last part of the chapter will be devoted to the organization followed to analyze the
elements found to be relevant for our subject. This Work organization will give the reasons
for the rest of the chapters of the Thesis.

3.1 Sources of information
In the age of Information Society, it is worth recognizing that the best source of
information I have had along the years has been my alma mater, I mean Madrid School of
Mines (officially today Escuela Técnica Superior de Ingenieros de Minas y Energía de la
Universidad Politécnica de Madrid). I do not say that as a gentle and general statement, but
as a remembrance from my years as student, when I was made aware of some stories
about some of our professors, or previous members of the faculty. Some of those
individuals had had important roles in the early history of the Spanish Petroleum Industry.
Further, the study case we will explain about German efforts to produce liquid fuels from
coal and other raw materials.
About the latter, Professor Canseco was involved, as a sort of Spanish Technical
Ambassador, in the German Initiative of producing gasoline from coal and heavier
hydrocarbons and other organic compounds. This is a topic very much related to the main
subject of the Thesis.
Indeed the information I received was neither accurate in details nor complete in the
explanation of the chemical systems and reactors involved with the technical efforts.
However, being in direct and daily contact with such a technical tradition was part a key
part of the life of my School. This has helped me quite a lot to understand and see the

Page 57 of 281

J.M. “Chema” Martinez-Val Piera

problems of technology versus raw materials, which is one of the essential pieces of the
puzzle we have to compose.
Once this statement has been laid down as a sort of on introduction for this section, it is
essential to point out the power and usefulness of the tools of the Information Society. To
start with browsers of general purposes (the omnipresent Google) and ending with very
specialized information websites. Example of the former are the US National Institute of
Standards and Technology (http://www.nist.gov/), and as a particularly sample of its
Chemistry Webbook (http://webbook.nist.gov/chemistry/) and its Information Portal
(http://www.nist.gov/information-technology-portal.cfm) ranging from Biotechnology and
Computer Science to Geology or Water Resources.
Nevertheless, for specific information on Energy, the best place according with the
experience of this Thesis is the Energy Information Administration of the US Department of
Energy

(http://www.eia.gov)

and

particularly

the

Petroleum

page

(http://www.eia.gov/petroleum/).
Technology information is closely related to Industrial Property, and therefore it is essential
to look up the relevant websites in this context, which are the US Patent and Trademark
Office (http://www.uspto.gov/), the European Patent Office (www.epo.org) and Oficina
Española de Patentes y Marcas (www.oepm.es) which likely is the most suited for
technology surveillance. This web page includes Bulletins on some specific topics that are
generating a high number of patents worldwide. For instance, one of the most active
Bulletins is devoted to Electric Cars, and another is devoted to Biomass. In the former,
standard or conventional biomass is the core of the documents. Hence, not the type of
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topics that we will see afterwards during the analysis of Emerging Technologies, at least
according to the big Funding Agencies from R&D.
A fundamental tool for dealing with such broad fields of information is Classification.
However, tags for new activities are very difficult to include in the classic lists of hierarchy
topics. About Petroleum, the conventional classification in Industrial Property is presented
in Figure 3.1.
Figure 3.1 must be completed by Figure 3.2 with the chemical approach in general, because

of the strong interrelation between them.

Figure 3.1 Conventional classification in Industrial Property
Source: European Patent Office website; www.epo.org
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Figure 3.2 Classification on the basis of chemical characterization
Source: European Patent Office website; www.epo.org

Figure 3.3 contains another table necessary for completing the field under investigation,

which is related to Biomass. Although this term seems to be too broad for the classification
trends of Industrial Property, and we find:
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Figure 3.3 Classification on the basis of bio-mass characterization
Source: European Patent Office website; www.epo.org

3.2 Methodology for technology prospect
These tables (and others) plus the searching capabilities of browsers have been very useful
in evaluating the importance of the different fields under the point of view of practical
results.
Taking a criterion from Spain’s Oficina Española de Patentes y Marcas, the thicker the
Bulleting (gathering the inventions in a field) the greater the importance of that field for
future developments. So to speak, Quality is estimated as close proxy to Quantity. In the
approach to define the problem we cannot use a purely numerical assessment and a
qualitative system to identify the big blocks that can stop a road (or uncover a new one)
must be used.
There is another important effect about the amount of information, which can be called
“Information Concentration” particularly when we talk about high quality R&D papers and
patents. Figure 3.4 is aimed at helping define this concept. Scientific information has a high
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concentration towards stimulated or goal-oriented R&D. In order to establish priority lists
of topics to be considered for long-term prospects, quantity of information is very relevant

Figure 3.4 Forms of Scientific information concentration.
Source: personal elaboration

It can be said that relevant papers are rooted in two types of situations:
•

•

Spontaneous research, where professionals follow their scientific interest or
curiosity, and the result is fully spread over the entire field and subfields of
Science.
Goal-oriented research, which is highly stimulated by funds, and produces a
strong concentration on results.

It has not been possible in this Thesis to find an indicator of this fact, but a rough estimate
points out that half of the scientific production is free from special stimulus, and half is
associated to objective-oriented programs. Indeed the concentration of results should be
an indication of its importance (at that time; a second problem appears when technology
has to become industrialized).
According to the thickness of Bulletins in the Oficina Española de Patentes y Marcas,
Electric Vehicles seems to be one of the main topics in the future of technology, and it is
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directly related to Petroleum, because Electric Cars will be competitors of Internal
Combustion Engines cars. This field will need special attention in this Thesis.
The same appear about “man-made fuels”, although to a smaller extent. Two different
problems are found in this subject:
•
•

The raw material for starting the artificial chain of chemical reactions
The reactions themselves. These reactions can be applied to different
materials, requiring different operating conditions and conveying different
consumptions of energy and different wastes and by products.

Next picture is one of the essential graphs of the Thesis, because it contains a compendium
of possibilities covering almost all the field of artificial liquid fuels.

Figure 3.5 Routes for using organic products for energy applications.
Source: personal elaboration

Some of the blocks in this graph are rather new, notably the one about “Genetically
Modified Microorganisms” able to synthetize higher alcohols (i.e. butanol), starting from
elementary compounds, as CO2.
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This is not science fiction, but an active line of R&D open in the US. In the US work with
Genetically Modified Organisms is easier than in Europe. Nevertheless, concerns about that
are voiced in both sides of the Atlantic Ocean, and conflicts on that point cannot be
excluded. Despite this issue and possible dilemmas, this line deserves attention in this
Thesis. If anything, because it would be a way to get rid of CO2 (in fact, it would be
recycled) and therefore it would contribute to moderate the environmental harm of
human activity and ease the threat of Global Warming. Expectation management must be
employed, as it is not clear, and there is no guarantee that this new line of R&D will reach
to mature to the point to trigger commercialization. Genetically Modified Organisms must
be taken into account seriously in the study of potential substitutes for petroleum
products.

3.2.1 A historic case study: The German industry of synthetic fuel between
World War I and World War II
This quest of finding petroleum-like fuels produced from other raw material is not new.
There is a case in History that must be illustrated as an impressive example of the fight
between technology and scarcity. It is the German quest for producing gasoline and diesel
from coal in combination with other agents. It is well known that German Chemistry,
notably Organic Chemistry, had evolved in the 19th Century as in no other part of the world.
Germany´s big coal reserves in the Ruhr were part of the industrial base of that country. On
the contrary, Germany had no Oil.
In the “Fischer-Tropsch” website there is a compendium of papers on this subject, and a
collection of high interest is the one corresponding to the conference AIChE 2003 Spring
National Meeting – New Orleans, LA., 3rd Topical Conference on Natural Gas Utilization.
Specially attention to the papers by Anthony N. Stranges (Texas A&M University),
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“Germany’s Synthetic Fuel Industry 1927-45”, by Burtron H. Davis (CAER, University of
Kentucky), “An Overview of Fischer-Tropsch Synthesis at the U.S. Bureau of Mines”, by
Vladimir I. Anikeev, A. Yermakova, B. L. Moroz (Boreskov Institute of Catalysis,
Novosibirsk), “The State of Studies of the Fischer-Tropsch Process in Russia” and another
paper by Anthony N. Stranges on “Synthetic Fuel Production in Prewar and World War II
Japan: A Case Study in Technological Failure”.
Last one is of particular importance to state that it is not so easy to find ways in the
laboratory and industry to arrive in a short time to the same niche where Nature has taken
several million years to arrive.
Nevertheless, on must recognize above all, that some of the scientific advancements done
by the German researchers before and during that quest are a superb example of human
intelligence and creativity.
This is recognized in a website devoted to the “Fischer-Tropsch process”, which was one of
the main tools in that history. The following picture is a print-out of the website, containing
links to important places, such as the US Bureau of Mines.

Illustration 3.1 Fischer-Tropsch Archive web page
Source: http://www.fischer-tropsch.org/
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As Anthony Stranges points out in the summary of his paper quoted in first place:
Petroleum was clearly the fuel of the future, and to insure that Germany would never lack a
plentiful supply, German scientists and engineers invented and developed two processes
that enabled them to synthesize petroleum from their country’s abundant coal supplies and
to establish the world’s first technologically successful synthetic liquid fuel industry.
Friedrich Bergius (1884-1949) in Rheinau-Mannheim began the German drive for energy
independence with his invention and early development of high pressure coal
hydrogenation or liquefaction in the years 1910-25. At the end of that period, Franz Fischer
(1877-1947) and Hans Tropsch (1889-1935) at the Kaiser-Wilhelm Institute for Coal
Research (KWI) in Mülheim, Ruhr, invented a second process for the synthesis of liquid fuel
from coal.
It can be said that in 1925 Germany had developed two methods, which could be the base
for an extensive industry for fabricating synthetic fuels.
The two processes were complementary rather than competitive. Pressurized
hydrogenation was more advanced and contributed more significantly to Germany’s liquid
fuel supply than the F-T synthesis along 20 years of development and operation, until 1945.
Coal hydrogenation produced high quality aviation and motor gasoline, whereas the F-T
synthesis gave high quality diesel and lubricating oil, waxes, and some lower quality motor
gasoline.
Coal hydrogenation produced high quality gasoline and experienced a great expansion in
the late 1930s and during the years Germany was at war. The total production capacity at
its maximum was about 2 million metric tons of gasoline per year (circa 46000 bpd).
On the contrary, the F-T synthesis hardly grew at all, producing annually 0.2 million metric
tons (circa 5000 bpd) of diesel plus a similar amount of intermediate chemicals for further
processes as upgrading low quality gasoline by cracking.
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Figure 3.6 German hydrogenation plants
Source: http://www.fischer-tropsch.org/
Original Source: The German Chemical Industry in the Twentieth Century, edited by John Lesch, Springer-Science+
Original Source: compiled from information in High-pressure hydrogenation at Ludwigshafen-Heidelberg, FIAT, Final
Report no. 1317, esp. 112

As said in the title of one of the cited papers, it was to some extent a technological failure,
which also had a branch in Spain during War World II. The German industry of fuels also
considered the shale oil from Puertollano (La Mancha, Spain) to produce gasoline. A
laboratory was established in a large building at Calle Embajadores in Madrid, and field
activities were carried out in Puertollano.
After the end of War World II, the remains of these installations were transferred to
Empresa Nacional Española Calvo Sotelo (ENCASO). The process never yielded gasoline, but
it did produce good lubricants. In mid-50’s ENCASO changed completely its technological
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background and joined American technology, not for the shales. Oil was sent there by pipe,
and a standard refinery was built in Puertollano.
The failure was rooted in the catalysts. These components did not behave as theoretical
catalysts, which do not suffer any interaction during the process. Catalyst deactivation was
a major issue challenging the implementation of the F-T conversion process. The early F-T
literature provides useful insight into the nature of deactivation and encompasses many
unique methods for catalyst regeneration.
Soon after the discovery of the process, research efforts focused on identifying methods
for restoring catalyst activity. The earliest methods consisted mainly of ex-situ metals
recovery and reformulation of the catalyst. Later methods employed a combination of
physical and chemical techniques centered on removing hydrocarbon deposits within the
catalyst structure and reducing the catalyst through hydrogen treatment.
Solvent washing and thermal desorption were the two primary methods used for removing
hydrocarbon deposits. Reactors and catalysts were abandoned in the laboratory at Calle
Embajadores in Madrid. Some of the catalysts could still be seen when the site later
belonged to Empresa Nacional de Petroleo (ENPETROL) in the mid-80s.
It was only after the oil embargo in the early 70’s that a revival of synthesis gas conversion
processes for fuels and chemicals took place worldwide. However, the goal was not for
producing synthetic diesel. In fact, a parallel development took place in the Biomass
industry, with classical processes as fermentation of sugar for producing ethanol. So to
speak, F-T process remained as a powerful technique in Organic Chemistry for many
practical purposes, but it was not reformulated as a way for producing diesel. That quest
was addressed in the period between World War I and World War II, without real success.
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It is true that half a dozen medium-size factories worked in Germany at that time, but
neither economy nor chemical efficiency were as positive as pressurized hydrogenation.
The latter is a process that has been followed in general terms in current refineries to
improve the overall performance of the facility. This performance is measured as the ratio
between the value of the produced matter to the cost of all material, energy and other
investments employed for that production.
The synthetic fuel industry did not work in Germany as well as the brilliant scientific
theories supporting it. Actual processes present non-reversibility issues, not only in thermal
cycles, but in the catalyst life. Of course, this is not the end of the story, because those
processes are very well studied and can be applied to different chemical environments and
reactor configurations, in order to overcome some problems such as catalyst degeneration.
In Figure 3.7, data from a recent patent application is given about enhancing the
conventional F-T process in a gas environment, which is connected to one of the lines
proposed to reduce the consumption of oil.
As a summary, it can be said that the German quest to make liquid fuel from coal was a
great demonstration of scientific knowledge and technical strength, but it was a failure
from the points of view of economics and chemical efficiency. Several decades later, when
the Western World was shocked in Fall 1973 by the 1st Oil Crisis, several policies were
proposed to look for fuels for substituting Oil products.
The actual reaction was very low, and did not follow the former German example. It
followed the Biomass approach, which was more connected to Renewables than to Oil
substitution.
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Even so, until the 21st Century the EU did not establish Directives aimed at enforcing some
percentage of mass of bioethanol in the gasoline and the same of Bio-diesel in standard
diesel.

Figure 3.7 An example of current interest in syntheses of hydrocarbons.
Source: European Patent Office website; www.epo.org

Finally, in order to have a suitable methodology to elaborate a Thesis on this subject, it is of
paramount importance to have a real example as the German one. It is a test of the worth
of evaluating technology as a part of our practical applications. Technology is needed, but it
must have roots in true Economy and a sound grounding in the real world.
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3.3 Work organization
A Thesis is presented in a single event and in a single document. This fact can lead to the
wrong conclusion that the Thesis is like a picture of a single scenario. The Thesis is aimed at
condensing a number of overlapping histories into one single holistic event.
When the subject and the title of this Thesis were proposed almost 5 years ago, surely it
sounded too academic. At that time the world of Oil seemed eternal and self-replicating,
and old stories about increasing participation of Renewables in gasoline and diesel were at
most small disturbances.
However, the title of the keynote speech by Spencer Dale the 10th of June 2015 to present
“2015 BP statistical review” was: “After the calm, comes the storm”. In deed it seems to be
the case that calm and pleasant weather with steady markets will never come back. A new
and moving scenario will appear as a result of agreements, commercial and technical
interactions, regulations, directives, and so forth.
Today it is obvious that Oil Industry is at a crossroad, but there are different opinions about
the intensity and duration of this confrontation among giants of Oil reserves, as the US,
Russia and Saudi Arabia. Indeed the situation can produce a deep change in the economic
equilibrium of the planet, and some emerging economies and some producing countries
can find large difficulties in following their paces.
Anyway this thesis was not intended for measuring geopolitical changes but for dealing
with the problem of matching the micro-economy of a corporation with the principles and
policies of Sustainable Development and the fight against Global Warming.
Even so, it is worth underlining that the present upheaval produced by the American
commercialization of unconventional hydrocarbons is only the first phase of a larger

Page 71 of 281

J.M. “Chema” Martinez-Val Piera

launching, with a second phase made of applications of enabling technologies still under
R&D. It is not a minor thing the Advanced Research Projects Agency - Energy (ARPA-E) from
the U.S. Department of Energy agency, celebrates a yearly summit and keeps the publicity
dimension of R&D.
Many people have accepted fracking in the States because they accept this is a minor
harm, or collateral activity that generates the conditions for finding time and dedication to
set up new technologies for changing the Energy Sector forever.
In organizing the work of the Thesis, some conventional steps were followed, although
results from that surveillance have been very different from the a-priori ideas present at
the starting point.
Very likely, the most appealing feature of any R&D activity which tries to uncover the
future as new, is that the final discovery (the goal) is different to from that you had in mind
at the start. In other words, you uncover something which was unexpected for yourself.
The steps followed were:
i.
ii.
iii.

iv.

v.

Gathering raw and processed information to find out the lines of R&D with a heavier
traffic or higher ongoing efforts.
Looking for White papers and the alike, from Think Tanks and Patent Offices to official
agencies and international scientific boost.
Selecting topics for in –depth analysis of a new and relevant technology. This step was a
fundamental one for getting a sound confirmation of the importance of the subject of
the thesis; and the main topic selected for that study was the “Electric Vehicle”
Looking for the effect of integrating overlapping technologies with complementary
activities for improving efficiencies. The word Integration takes us to optimization of
limited resources, and also deserved additional and specific attention.
Adaptation is also a word that cannot be forgotten when someone considers the
survival of something. Corporations are used to it, within the framework of
competitiveness. The new situation is not merely commercial. It mixes technology with
good practices, trying to minimize the effects of aggressive policies as those of fracking.

Page 72 of 281

Adapting micro-economy of energy corporations to macro-economy policies aiming at a sustainable
economy.

3.3.1 Technology relevance: engines for transportation.
A portfolio of new energy technologies has emerged in the first decade of the 21st Century,
and many of them could be used for reshaping the energy sector towards Sustainable
Development.
A key subject in this quest is the future of automobile, with possibilities on powering
ranging from biofuels, to Hydrogen Cars, to Electric Vehicles. In turn, the latter is closely
connected with the need to deploy Renewable Energies for electricity generation.
Within such new situation, countries and governments are aware that there are new tools
for fighting Global Warming, and new policies could be established for winning this battle
against CO2.
All these initiatives will affect the future of energy corporations, notably hydrocarbon
companies. It will be difficult for companies to define long-term strategies if energy policies
convey upheavals, sudden changes in promoting alternatives and disruptions on activities.
Hence, it is very important to adopt energy policies allowing a smooth evolution of the
activities of these corporations to the new energy model.

3.3.2 Technology integration to maximize performance
Oil industry remains to a large extent as an isolated domain within the Energy world. On
the contrary, emerging energy technologies and market evolution of some energy
products, particularly natural gas, can converge to produce a new global scenario closer to
the objectives of Sustainable Development, with a smooth transition that would avoid
social and economic upheavals and could open a new cycle of growth and wealth.
The first steps of unconventional gas production have induced stabilization in the gas spot
price that should be continued to guarantee stable prices in the long term.
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Another line of development that should start a second phase of consolidation and cost
reduction is the field of Renewable Energies. Besides research and technology
advancements, a new financial deal could substitute for subsidies and feed-in tariffs.
Last but not least, Electric Vehicles and other emerging technologies from the demand side
will also have a main role in this quest to restructure the Energy sector. A sector where a
new hierarchy of energy goods and energy applications will appear, and a better integral
use of energy will take place.
A main consequence of that will be a significant reduction of CO2 emissions, and a cheaper
cost of energy, although fiscal policies could swallow this advantage. In this transition,
which would likely last thirty years or so, energy corporations will have to face challenges
and opportunities to consolidate their working and value-adding status.

3.3.3 Corporation adaptability: which is the place where Technology
remains.
After considering and assessing new technologies that could induce a revolution, which is
the case of Electric Cars, and after analyzing the advantages that other sources of energy
can have by merging with emerging technologies that need some flexibility, it seems
mandatory to go back to Petroleum.
A minimum of $20 trillion investments is estimated for the next 25 years to meet surging
energy demand and to offset the declining reserves of the world's major oil fields; which is
an indicator of the challenges to be addressed in this sector. Additionally local and global
contamination is also a severe problem, which will be intensified as the number of cars
increases from a little less than 1 billion to over 2 billion. Such a global market expansion

Page 74 of 281

Adapting micro-economy of energy corporations to macro-economy policies aiming at a sustainable
economy.

will coincide on time with a wide portfolio of new technologies that could generate a
solution to the otherwise inevitable energy crisis.
This solution will not only include alternative and renewable energy but the economic
harvesting of remaining and unconventional oil sources as well. A new trend in energy and
money accountancy will likely appear. That will take into account the efficiency of different
technologies and the fit between sources, technologies and end uses.
Such scenarios could be characterized by the MIEE, a concept presented in this Thesis,
which could be used to find a minimum cost/benefit at a global scale in time and
worldwide. In next years, enabling technologies currently under research will actually
achieve industrial maturity, so fostering an energy sector with many more degrees of
freedom for optimizing the global efficiency.
Those technologies would include deep changes in the transportation sector, for instance,
where the current dominance of petroleum products could be challenged by other
hydrocarbons or other sources of energy (through Electric Vehicles, mainly).
Energy storage would represent a fundamental element in such long term energy scenario
which will likely be more complex in its internal relations than today’s situation. If such a
deep transition happens, industrial corporations will have to face sound changes in
structure, scope and methodologies, which are both a threat and an opportunity for them.

3.3.4 Last point: how to wrap-up an idea.
In any work not previously adjusted to a strict formulation, the freedom for choosing a final
remark or making a statement gives you a lot of possibilities, but the main point is not own
satisfaction after a devoted work but the contribution done to improve our knowledge on
the Physical systems to be used in many aspects of life. At the end, a bunch of useful ideas
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is the dream one has for this contribution. And the last challenge is to present them in such
appealing terms that they are really accepted.
The final message has to be properly expressed. No cheats, no fears. Teams and
organizations do not need a lot of doubts. On the contrary, in hard situations what you
need is criteria and clarity.
Nevertheless, this Thesis is so far from classical that seems coming out from fracking.
Fracking ideas, of course. And this is why the last step is to figure out how to sell the
findings, with an appealing wrap-up made of the same matter as the stem of this work.
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Chapter 4. AN AD-HOC TECHNOLOGY ANALYSIS. THE CASE FOR
ELECTRIC VEHICLES

4.1 The impact of Sustainable Development
These initial years of the third millennium (A.D.) are evolving under a sort of paradox: the
economic and financial perspective is rather obscure and without horizons, while the
technology perspective is very positive and full of potential. The latter includes Biotechnologies, Communication and Information Technologies, Material Science and Nanotechnologies, Space-related spinoffs and, of course, Energy technologies (8, 9). The list is
not exhaustive, but Energy is a main block in it.
The technology perspective is so appealing that many people (scientists, journalists,
politicians) speak about the upcoming Third Industrial Revolution (10), which would be
based on Energy and Machines, as the previous ones. The First Industrial Revolution was
enabled by Coal and Steam Engines, applied to industrial machines, navigation and trains.
The Second one exploded from Internal Combustion Engine, petroleum products and cars,
on the one hand, and electricity on the other hand.
The Third one could convey Electric Vehicles and new energy sources, notably Renewable
Energies and Nuclear Fusion. Although mastering all these elements is still a challenge, it
will take time, efforts and budget, and not all players will advance at the same rate. It is
worth highlighting the potential merging of the two legs of the 2nd Industrial Revolution
into a single stem in the 3rd Industrial Revolution, if electric cars actually succeed in it.
Some people can consider this fact is a mere coincidence, but it seems there is a technical
destiny in this merging. Anyway, these technology promises will be in the very core of the
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problem addressed in this chapter. As stated in previous chapters, although not all the
promises will materialize into realities.
This optimism about technology cannot run freely, because a new and tight scenario has
been set up by a strong paradigm inherited from the end of the 20th Century, namely,
Sustainable Development (11, 12) which includes the need to stop human intervention in
Climate Change (13-18), also known as the fight against Global Warming (19-21).
Some people (including politicians and journalists) consider that this problem is less acute
and important than the Global Economy Crisis currently running, but there is a difference
between both problems. The difference is similar to the difference between Physics and
Economy. Laws of Economy can be changed or can evolve by human action. This is not the
case for the laws of Physics. They cannot be changed. They are hard boundary conditions.
A third type of perspective must be considered in order to complete the premises of the
study. It can be called the organizational perspective; i.e., the capability to organize our
forces at a corporate level, country level, continent level and finally, Worldwide, for
modeling the future in the best possible way.
An important example in this domain is the Intergovernmental Panel on Climate Change
(22) although it is not an executive body, but a purely scientific one. Even so, scientific
evidence of Global Warming was essential in the Kyoto Protocol, and it has been confirmed
since then. This confirmation is what urges the Intergovernmental Panel on the Climate
Change to ask for a substantial reduction of Greenhouse Gases emissions.
In the organizational perspective, a salient entity is the EU, which has likely been and
continues to be the most committed body in the fight against Global Warming, and in the
promotion of sustainable development (Directives 2003/87/CE on CO2 emission; and
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2001/80/CE on Large Combustion Plants). As most of the political decisions, those of the
EU concerning these principles can be considered very rhetoric, but the commitment has
been established in terms of numeric objectives, particularly in the EU Directive “20/20/20”
2009/28 CE establishing binding goals for year 2020 in reduction of Greenhouse Gases
emissions, use of Renewable Energies, and improvements in efficiency and energy savings,
all of them in 20% variations.
Of course, this is something easier said than done, and some people consider this policy is
just wishful thinking. It is important to underline that the actual rate of change in the
productive sectors seems to be too slow, particularly in Energy. Many of the new
technologies are not competitive yet, and some of them (notably, Nuclear Fusion) seem
they will need about half a century for getting a place in the applicable portfolio. In other
cases, as Renewable Energies, the deployment is only possible thanks to strong subsidies
and feed-in tariffs (as Spain’s decree RD 661/2007), which is a distorting factor for current
markets.
This chapter addresses the difficult adjustment between micro-economics of the
corporations and the macro objectives of energy and economy policies, particularly in
relation to hydrocarbon corporations. Many sound papers (23) are devoted to state-level
analysis, but they do not contemplate the very practical and fundamental problem of how
to implement selected policies by the action of the corporations working in this field.
Moreover, in a short-term future, energy corporations of some countries will have to
internalize the cost of Greenhouse Gases emissions, and a parallel market of emission
rights will be established.
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This is the case of the EU, as regulated by Directive 2003/87, which included a transient
phase. That Directive has been transposed to domestic legislation in the Member
Countries, as Spain’s Law 1/2005 and the RD 1370/2006. Although not all emission sources
are contemplated in the same way, and external “clean mechanisms” are included in that
market as flexible actions, the actual fact is that CO2 will have to be incorporated as
another cost in the corporations of the energy industries. Additionally, a better scientific
insight is needed for clarifying the impact of natural catastrophes (volcanoes mainly) in the
evolution of Climate Change.
It is difficult to anticipate how strong and long lasting the enforcement of that legislation
will be, because many specialists point out that Greenhouse Gases are a worldwide
problem that cannot be addressed by individual decisions, even if they are taken by the EU.
A key point is that coal has undergone the highest increase in consumption in the current
Century (24) and one of the causes of that fact is that electricity development in China in
last decade has relied mainly on coal.
Next section 4.2 presents a very brief summary of relevant facts of the Energy sector at
large. Section 4.3 will be devoted to analyze some features and principles of corporations
as living bodies that must survive in a competitive environment where the rules can be
changed by laws, and laws can be changed by goals.
The problem addressed is specifically focused on Energy, where two branches notably
separated until this Century (oil industry and electricity industry) can somehow merge in a
new and complex sector. The chapter is then focused, section 4.4, on the global challenge
created by the rising contents of equivalent CO2 in the atmosphere. The section also
includes some considerations about the role of technology evolution as a global answer to
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that challenge. Section 4.5 presents a finer analysis of the technology evolution that seems
more likely to succeed. Section 4.6 is finally devoted to how a corporation can deal with the
problem of reshaping itself in accordance to the anticipated future. If some decisions are
taken too early, they can take the wrong path. If they are taken too late, they can be
useless for conquering (or retaining) market share.
A summary with some recommendations is finally presented. It is particularly important to
speed-up technology development and to identify in due time legal and regulatory changes
to define the new rules of the game, which must include the internalization of environment
costs, notably CO2 emissions. However, such changes must follow a smooth track, for not
to induce a crisis is the hydrocarbon industry, which is an actual backbone of social and
economic activities in most of the world. The smooth track proposed in this chapter can be
called the eclectic approach.

4.2 The World of Energy
There is a broad consensus nowadays about the principles of Energy Policy:
•

Security of supply (and the related objective of energy independence, in contrast to

the existence of globalized markets).
•

Reasonable (if not minimum) costs (which conveys economic competitiveness).

•

Environmental quality (at local, regional and global levels; the latter being in close

connection with the problem of Greenhouse Gases Effect).
In spite of this consensus, it can be seen (24, 25) that the actual situation of Energy in the
different countries presents a wide variety of cases, both in quantity (consumption per
person) and quality (types of energy used). Few common points, notably the dependence
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of transport on oil products, which in turn are very specialized in that task, the rest of the
applications being somehow marginal.
It is worth pointing out that the role technology can play in coping with the energy
problems and the Climate Change started to be more prominent by the turn of the
Century, although it was still impossible to identify the new technologies that could be
really relevant to that purpose.
A good example of that trend was the EU “Green paper: Towards a European strategy for
the security of energy supply” (26) where a complete analysis was attempted in order to
meet the objective of the title without forgetting the restrictions in CO2 emissions. At the
end of its Executive Summary was written:
“Every form of technological progress will help to reinforce the impact of this outline energy
strategy.” However, the technological analysis was rather conventional, with two
controversial poles (coal and nuclear) and a clear quest for Renewable Energies and
Natural Gas, but Renewables were not foreseen in the way they have evolved. On the side
of the demand, emphasis was put in energy savings in Housing and Transportation, without
including any reference to Hydrogen Cars or Electric Vehicles, for instance. In year 2000,
those inventions were considered out of the mainstream in terrestrial mobility.
It must be noted that in many countries, notably Spain, the strategy outlined in the Green
Paper was clearly followed. In 2000, electricity generation by Natural Gas and Renewable
Energies was very limited. It underwent an awesome development in one decade, reaching
very high values at the end of 2010 (27) after an interesting deployment (28-35) including
not anticipated effects (36). In 2010, 23% was generated by Gas-Fired Combined Cycles,
and 22% by Renewable Energies (wind power being the biggest contributor with 16%).
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In the Technical Annex of the “Green Paper” it was again underlined the importance of
technology, with the following strong statement: “Energy technology will be critical in
meeting the needs of current and future generations”, but at the same time there was a
caveat about the price to pay for such development: “In the energy field, technological
change does not come cheap”, and some advices were given to promote the development
of Renewable Energies by state funding or feed-in tariffs.
In last ten years, the technology scenario has changed strongly, as has already been
anticipated in the previous paragraphs commenting the “Green paper” (26). Looking ahead
in the second decade of the Century, it is seen that the portfolio of emerging technologies
has widen quite a lot, and some of them are being proposed as new tools for satisfying
human demands in very traditional sectors, as on-ground mobility, where Hydrogen Cars
(37-41) and Electric Vehicles (42-47) have appeared as contenders versus conventional
Internal Combustion Engine.
Additionally, new electric grid devices have opened the way for the so called Smart Grids
(41), which will use internet and telecommunication technologies, so contributing to
optimize the total electric system in a country or a macro-region (49, 50).
Most of these technologies were not in the picture by the turn of the century. A new
driving force was needed to refresh the interest for new energy technologies, and this
force was the Kyoto Protocol. Many scientists and some governments (notably, the Bush’s
Administration in the US) considered that restrictions per se (the Kyoto recipe) was a blunt
answer to an actual problem, and pointed out that there were technologies to be analyzed
or revisited to find a better solution to the Global Warming problem.
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To some extent, the IPHE (37), and Nuclear Generation 4 (and the Generation 4 Forum
(51)) were also a product of this situation after Kyoto. And above all, any low-carbon
energy source or energy technology was considered a priority for re-structuring the energy
field. Main names in this drive were Renewable Energies (52) and Carbon (CO2, properly
speaking) Capture and Sequestration. Its most visible initiative is the Carbon Sequestration
Leadership Forum (53).
Although most of these technologies are evolving very slowly, which is a main part of the
problem we must address, it has become clear that a big change in the Energy sector is
possible. However, the stiffness of the industry and the markets, and the lack of maturity
and economic viability of the new technologies are keeping the status quo; and a true
response to the challenge of Global Warming is far from being defined. In fact, the most
relevant reaction to energy needs in the US nowadays is unconventional gas (mainly shale
gas). It is true that it is not conventional in a strict sense, but it is Natural Gas and can be
used as such.
Natural Gas is going to be at the very center of the ongoing evolution in the Energy sector
(54, 55), and this fact includes both short-term initiatives (as the shale gas (56, 57), already
running) and long term ones, as methane clathrates (58-62).

4.2.1 Interplay between electricity and hydrocarbons
Although a few countries started earlier this trend, the global move towards Gas-Fired
Combined Cycles exploded by the end of the previous century. Reasons for such extended
deployment can be found in some facts that must be kept in mind, because they are rather
unique:
•

Natural Gas global availability (although not cheap, indeed; but cheaper than oil in
energy terms).
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•
•
•

Small specific cost investment (the lowest within power plants fully manageable
and reliable).
Short construction times (taking advantage of pre-fabrication of the main
components, particularly the gas turbine).
Operation flexibility (within some margins depending on the project). It is worth
citing that in Spain, where a Gas-Fired Combined Cycles capacity of 24,000 MW has
been built in less than 12 years, these units act as back-up power for Wind parks
and Photovoltaic.

The combined factor time & money has been decisive for such fast deployment of these
power plants, and it is not easy for any other thermal generation technology (nuclear, coal,
oil) to compete with gas in an open market. Table 1 presents a concept that can help
explain the current evolution of generation capacity in liberalized markets. It is the
“Investment burden”, expressed as the specific investment times the construction length.
The smaller the “burden”, the simpler the decision to invest. This concept has been coined
in this work, and gathers a lot of qualitative information on the subject of time value of
money.
Table 4.1 “Investment burden” evaluating the adaptability of different power plants to a
free market on the basis of construction time and specific investment cost
Plant type

Const. time

Specific investment

(years)

($/W)

1.5

0.75

1.125

Wind power

1

1.2

1.2

Photovoltaic

0.5

4

2

3

1.5

4.5

2.5

5

12.5

8

4

32

Gas-Fired Combined Cycles

Coal
Solar thermal
Nuclear

Investment burden

Source: Personal publication at Energy and Power Engineering, 2013, http://dx.doi.org/10.4236/epe.2013.51010

A different situation is found in centrally planned economies, where coal or nuclear can
receive a special deal as long-term programs, in order to guarantee better prices stability in
the long term. This is the case of China, particularly for coal (24, 25). In fact, coal has
undergone the fastest growing rate of all energy products in these years of the new
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millennium, and China was the explanation. However, such long-term construction
programs are not suitable for a free market, where gas power plants will very likely
preserve its position of dominance (55).

4.3 Challenges for energy corporations
Commercial corporations are driven by profit. This does not mean short-term profit only.
Corporation will try and avoid short-term losses for not to start a phase with so many
negative features that could seem of going broke. In fact, a second fundamental objective
of corporations is long-term viability, which is the guarantee to make profits to satisfy the
corporate plan.
Many corporations have specialized departments in Business Development and other rely
on external consultants, but the final decisions on the future are obviously taken in the
very core of the corporation, including considerations on environmental factors, as
industrial ecology (63-76).
Those strategic lines must take into account the potential evolution of all aspects of life and
technology that can have an influence onto the market or sector where the corporation
works. They can be considered as the boundary conditions of the problem, and they can be
of different nature: social, financial, legal, technical and so on.
This is the point where a substantial difference is found between corporations in general
and corporations working in the energy industry, mainly in the domain of primary energy
and electricity generation: the difference is the strong influence of energy policy objectives
in the definition of the sector, including the case of liberalized markets.
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No other economic field is so dependent on current international or global decisions as
energy industry, which is (or will be) totally affected by decisions as the Kyoto Protocol, or
the EU directive 2009/28 usually known as 20/20/20, already cited.
A new situation appears now, with liberalized but regulated sectors, which must comply
with global objectives. One by one, corporations are not obliged by those decisions, but
governments must do something to meet the objectives, and the first reaction (very
simplistic, in some cases) is the so-called “indicative planning”, where some types of
investments receive subsidies and/or feed-in-tariffs, to stimulate some actions reducing
CO2 emissions and/or increasing Renewable Energies consumption.
Such a new framework will represent a quantitative change, but this is only part of the
problem. It can be anticipated that a qualitative change, associated to emerging
technologies, will still have a major impact in the energy corporations.
The technology change will not only affect the Electric Sector, as has happened in the
previous decade with Gas-Fired Combined Cycles and Renewable Energy Sources. It will
affect the entire energy system, because it will affect automobile transportation,
connecting it with the rest of the energy system, particularly electricity generation and
distribution.
It could be such a deep change, that corporations would have to transform themselves to
adapt to a new situation, coming from different technology cultures, and going to a new
one. Technology evolution alone would likely not be so powerful as to motivate a
qualitative transformation of the system, but it will be pushed ahead by Sustainable
Development decisions.
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The impact of this transformation on a given energy corporation cannot be addressed as an
academic exercise or a research subject, and it falls into the domain of consultant
strategies and the alike, which must be run in a very confidential way.
The general impact on the corporations of the energy sector is indeed a general concern
that can, and must be studied as an academic subject to try and find warnings and advices
for obtaining the best outcome from the changes ahead.
The empathy between the macro level of international and policy decisions and the micro
level of corporation daily life is a fundamental point for that. Paving the way in a wellunderstood framework is much less risky than reacting against unexpected facts.

4.4 The future of Energy: Forecasting-Backcasting
Climate Change is considered as the first global challenge in human history, needing a
global answer based on soundly established science, which points out the need of limiting
the atmospheric contents of Greenhouse Gases (22).
A first reaction (the Kyoto spirit) was to establish emissions restrictions, but in a few years a
deeper change has appeared, based on technology. The global challenge was clearly
described by the Intergovernmental Panel on the Climate Change. Although some critics
have disagreed with these very long-term weather predictions, there is a rather general
consensus on the need of not to trespass a threshold of CO2 -equivalent contents in the
atmosphere, be it 450 ppm, 500 ppm, or a similar figure.
Enforcing this limitation by consumption restriction was something difficult to accept, in
spite of the said Kyoto spirit. Nevertheless, the situation is becoming totally different
because of technology evolution. There are two main factors that can give a global answer
to that global challenge:
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•

•

Low Carbon technologies, with three main routes (for the moment?):
o Renewable Energy Sources, notably for electricity generation
o CO2 capture and sequestration
o Nuclear technologies (Fission and Fusion, which present very different
problems, different energy potential and very different time span to
maturity)
Technology evolution in automobiles, mainly on Green cars, which include a set of
possibilities as:
o Biofuels (77)
o Gas to liquid processes
o Hydrogen cars
o Electric Vehicles

Most of the topics are quite connected with the hydrocarbon industry. Renewable Energy
Sources need a back-up, which is mainly provided by gas power plants. Carbon Capture and
Sequestration could play a role in shaping the future around CO2, which will directly or
indirectly affect also hydrocarbon consumption. For instance, a sizeable sequestration of
CO2 produced in coal-fired power plants would alleviate the pressure on CO2 produced in
transportation.
Cars are currently powered by petroleum products, and this is the field where a deeper
change could take place. As fuel cells and new batteries emerge as industrial components,
it seems that conventional fuels will have to compete with kWh or with H2 production
process.
Is it by chance that this technology evolution has got momentum when it seemed it was
needed? Of course not. Some of the technologies were known for years, but they could not
find any niche to compete. Technology evolution has been boosted by concerns on Climate
Change, and a sort of feedback loop has been closed. Emerging technologies have
appeared so neat in the new horizon, that it can be considered that there is one or more
technical solution to the problem of limiting the level of Greenhouse Gases in the
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atmosphere. Hence, at least one if not a few of these solutions should be implemented
immediately.

4.4.1 Methodology to study the challenge. Forecasting
Forecasting can give us a picture (or a movie) of the future, starting from the current
situation and projecting the inherent capabilities of each line towards the future. This
technique has been widely used in many fields and with many purposes, particularly for
anticipating the demand of energy. However, it cannot be considered just a statistical
exercise.
It is true that a good statistical model helps obtain better results, but the main requirement
is to make a good estimate of the parameters featuring the statistical model. Adjustments
to previous phases are a way to calculate these parameters, but in this case it does not
seem applicable, because of the quantitative and qualitative changes in the behavior of the
system.
Some lines of research present a threshold, or a breakthrough, and results are almost
negligible if the threshold is not trespassed. This is what happens with Nuclear Fusion,
which needs to reach ignition to become an actual promise. This threshold seems to be
higher than anticipated, and the outcome is that Fusion seems to be always 40 years
ahead.
Forecasting in this case is extremely difficult, and Fusion does not fit in the picture for the
moment. The rest of Low Carbon technologies and New Transportation technologies can fit
into the forecasting without major difficulties, with the exception of social opposition to
some of them, usually for environmental and safety reasons.
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This point mainly applies to Nuclear Fission and Carbon Capture and Sequestration, but it
can also affect some Renewable Energy Sources as off-shore windmills and above all,
Biofuels (or Biomass in general). A clear example of failed forecasting was Spain’s Plan of
Renewable Energy Sources Fostering (1999-2008), which put a lot of emphasis on
electricity generation with biomass, and there was a severe failure in that field.
Backcasting has complemented Forecasting in recent years (70, 71, 78-80), to improve the
tools for shaping the future in order to arrive to a sought situation. This method has been
activated to some extent by the CO2 problem. CO2 problem works well for this technique as
the goal can be devised (i.e. the level of CO2 concentration in the atmosphere that would
be acceptable). Backcasting could identify potential roads to reach that goal, for instance,
by sharing the total emissions among countries, or among technologies, or both. Also by
indicating that deeper technology changes could ease the way to that goal.
Forecasting is nonetheless more familiar to everyone, and seems simpler to apply, although
many predictions have gone totally wrong. Even so, it seems mandatory to make an
exercise of forecasting (or prognosis) in a document probing the future, and the summary
of that exercise is presented in Table 4.2, where the four technologies previously
considered in the field of automobile powering are assessed versus some fundamental
criteria. This criteria is chosen according to an extensive literature review (77, 81-89), plus
some expert judgment from the authors. Last column presents the average value of the
appraisal of said technology against those criteria. The value is expressed in a black-greywhite scale. Darker color in a cell means poorer appraisal.
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Table 4.2 Forecasting appraisal of technologies with potential of change in the
automobile sector
Tech & Criteria

1

2

3

4

5

6

7

Avg.

Biofuels
Gas to Liquid
Hydrogen cars

Electric Vehicles
Source: Personal publication at Energy and Power Engineering, 2013, http://dx.doi.org/10.4236/epe.2013.51010

Criteria applied to table 2 correspond to the following concepts, considered for mid and
long terms (up to mid-century):
1.

Primary sources

2.

Conversion technologies

3.

Suitability to be stored in a car

4.

Technical marketability (including investments, both specific and global ones)

5.

Public acceptance

6.

Actual external limitations (as materials for batteries)

7.

Positive effect in CO2 emission reduction

Last column is a qualitative average.
The judgment underlying in the table and the way to present it can be subject to personal
bias. However, it has been elaborated after considering very many pieces of technical
information.
Appraisals of Table 4.2 are arguable, but they indicate in a qualitative manner the inherent
value of each technology to materialize a change in the automobile sector towards
Sustainable Development. It further highlights the places that could convey stronger
difficulties.
In Table 4.2 an average evaluation has been given in last column. There is the alternative
methodology to define the final appraisal, as the worst appraisal in any criteria, for a given
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technology. This is the principle of the weakness of a chain, which corresponds to the
weakness of the weakest link. So to speak, if the difficulties associated to a criterion are not
overcome, the full deployment cannot take place.
In any case, both ways of appraisal yield the same global result, and the priority order goes:
1.
2.
3.
4.

Electric Vehicles
Biofuels
Gas to Liquid
Hydrogen cars

This appraisal is done with an integrated view. Forecasting also needs to take into account
the time-dependent evolution, and the interferences that can appear among different
elements of the scenario. This is including interferences among technologies themselves. It
is obvious that all technologies will not be developed at the same speed and only one (or
two) will be deployed up to commercial level, and this must also be part of the probing.
Not all forecasting studies on technology portfolio identify the Electric Vehicles as the most
promising technology to reduce oil dependence and to reshape the transportation sector
to a cleaner activity. Some studies done or supported by the US Department of Energy (90)
do not give too much credit to the deployment of Electric Vehicles and consider Biofuels
will be the natural substitute for petroleum products.
Biofuels (72, 77) will mainly stem from sugar crane for making ethanol in a first stage,
followed by corn for the same objective, and soy for making diesel, with a long term quest
for cellulosic biofuels. One of the reasons for adopting that choice is that it requires the
minimum transformation of the infrastructure of the whole system (related to Light Duty
Vehicles, which will represent an inventory of 300 million cars in the US by 2035).
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Indeed, gasoline engines have already some flexibility to accept small percentages of bioethanol, and full flex-fuel engines will run on E85 (85% of ethanol). It is obvious that the
2012 “Annual Energy Outlook” did not make a bid for technology transformation, and relies
completely on hydrocarbons and similar chemicals. It was already so in the previous
reports, where the central issues were dominated by Natural Gas either from Alaska or
from shales. Other report puts more emphasis on Biofuels, in spite of the problems they
are already causing in Brazil and elsewhere (91-94).
The overall picture of energy values related to this problem seems to indicate that a
“Biofuel industry” can be developed worldwide without too much distortion of the current
agriculture activities; but a deeper analysis points out deeper problems.
It is estimated that the total solar energy captured by living beings of all kind amounts to
3,000 EJ/year, which is about 0.08% of the total solar radiation impinging on Earth. It is six
times as large as the human demand of primary energy, which is close to 10 billion tons of
equivalent oil a year, which is about 420 EJ/year (without accounting for primary biomass
consumed as an energy good, which is about an additional 40 EJ/year). Oil products
amount to a little less than 150 EJ/year, which is about 5% of the total biomass capture of
energy. Hence, the disturbance seems acceptable.
However, the full picture contains other elements which must be accounted for. The
energy contents of the biomass for our feeding are one twentieth (1/20 or 5%) of the
energy we consume for other uses, i.e., 23 EJ/year. If harvesting and commercialization
efficiencies are taken into account, the raw materials of our food chain amount to 50
EJ/year approximately.
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This value must be taken as the real reference for any man-made intrusion in the biomass
world with the goal of producing new types of commercial products (some genetically
modified cellulosic plants, for instance) or already known products (sugar cane, soy beans,
palm oil) at a scale much larger than the total current effort for our food. In fact, if one
third of the oil products should be replaced by biomass products, it would be necessary to
double, at least, the total activity devoted today to agriculture.
Of course, this is not an impossible quest, but some warnings should be expressed on the
potential distortion caused in agriculture, and the potential impact caused in the
environment (particularly, in some privileged ecosystems of high biological vitality).
Precautions on biofuels are mainly embedded in the natural roots. From the
complementary point of view, technology, some important efforts have been made, and
high quality processes and products (www.nesteoil.com) are already available, but not at
global scale.
Technology evolution in this field has been boosted by suitable policies implemented in
some well-developed countries. The EU directive on Renewable Energies, for example,
requires that renewables should account for at least 10% of the energy used in traffic and
transport by 2020. National legislation in Finland has targeted 20% content by 2020, and
legislation in the US will require 20% content by 2022. All these figures originally meant
biofuels, although other alternatives, as electric cars charged with electricity from
Renewable Energy Sources, could also be accepted now to meet that goal.
Nevertheless, it should be kept in mind that total ethanol production is about 700
thousand barrels per day (673.5 thousand barrels per day in 2004 (77)) and biodiesel
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production is close to 50 thousand (39.6 thousand barrels per day in 2004, but it is
increasing).
These figures are much lower than the final consumption of gasoline (circa 20 million
barrels per day), and diesel (circa 21 million barrels per day). Although it is claimed by
biomass proponents that they would produce the smallest modification in automotive
infrastructure as compared with other alternatives, Biomass could produce a huge
perturbation in downstream oil industry. However, the main upheaval will likely happen in
agriculture, forestry and the cycles of natural nutrients.

4.5 The role of technology in shaping the future
It has been pointed out by many authors that we have, in the history of humanity, a first
global challenge, which is the fight against Global Warming. Indeed, other challenges
affecting billions of people are very important, as the fight against Hunger and Poverty
(Objectives of Millennium, United Nations) but they are localized in space, and should be
considered specific challenges, strongly related to the political arena.
It has also been said that several lines of research have been proposed for developing new
systems and processes that could contribute to meet the goals of that challenge. A
backcasting exercise can shed some additional light on this problem, including in this case
the Electricity part of the picture, which is called to become much more intermixed with
hydrocarbons than ever before.
Figure 4.1 shows the final goal in the left-hand-side of the picture, because that goal is the

origin of the plot, which develops towards the right-hand-side, representing going
backwards in time, until our times.
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Three ways are identified as potential causes of Greenhouse Gases emission reduction,
namely
•
•
•

Changes in technologies.
Limiting emissions by sharing the allowed amount into quotas per country.
Creating new ways of work and living habits (in order to reduce mobility).

Last line is outside the scope of this document. It sounds as science fiction, but some of
those things will likely happen. The second line is also out of our domain, although it was
the pathway taken in the Kyoto Protocol. It has had many problems for confirmation by
some important countries such as the US and China. It is not a simple story, because an
equal quota for all persons will not be fair, if weather conditions, geography, population
densities and other factors are not taken into account.
The Kyoto spirit of fighting the problem by establishing restrictions was a simple and quick
response, and not much more was possible in the time span available to prepare proposals.
Much more time was needed to set up alternatives to that rough reaction, but in a few
years the scenario changed a lot. Many technological proposals represented very sound
options to really cope with the challenge. To a large extent, technology had created the
problem, and to a large extent, technology is ready to solve it. It is worth noting that this
can be done with neither creating confrontation among countries, nor anxiety on people.
Individuals just can change habits by their own will, not by force.

Page 97 of 281

J.M. “Chema” Martinez-Val Piera

Figure 4.1 Backcasting exercise starting from the goal of reducing
significantly CO 2 emissions by 2050, going backwards in time until present.
Source: Personal publication at Energy and Power Engineering, 2013, http://dx.doi.org/10.4236/epe.2013.51010

The technology domain points out that there is a set of fields which can produce a
significant reduction of CO2 emissions, but they have to overcome some problems
(schematically indicated in the figure).
A detailed exercise on that figure should include the expected reductions of emissions
under different hypotheses of technology development and primary energy sources
availability, but in our general analysis the figure is limited to qualitative descriptions.
It is worth commenting the special case of Carbon Capture and Sequestration. Sites for
deep underground CO2 storage are the critical point in this field. Early experiences in The
Netherlands, Norway and Germany, where public opposition promptly sprung, are highly
indicative.
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Some of the opponents seem to act under the “Lake Nyox” syndrome (95, 96),
remembering a severe eruption of CO2 gigantic bubbles from the Nyox volcanic lake
(Cameroun), happened in 1986, causing 1,746 casualties. A much smaller catastrophe had
happened six years before in Lake Manoun, also in Cameroun. Nowadays, those lakes are
under surveillance for early detection and emergency declaration, but that risk was poorly
known before those unexpected emissions. Of course, the small but existing volcanic
activity of those lakes is in the very root of the emissions.
The situation would be absolutely different in a depleted reservoir, replenished with CO2,
or in a saline dome that has not suffered any geologic disturbance for several hundred
million years. Enhance Oil Recovery projects that considered CSS goals could be added in to
this list.
In any case, the special features of Carbon Capture and Sequestration led us to advise its
application in a total transparent way, under regulation and control of public authorities,
following the example of the Nuclear Regulatory Commission (97). It is not clear at this
moment to which extent Carbon Capture and Sequestration will be needed to meet the
requirements of the fight against Global Warming, but it is a technique that can work with
similar guarantees to any other modern technique. From this viewpoint, Carbon Capture
and Sequestration must be developed and the sites must be characterized, for the sake of
having a back-up solution to the rest of low-carbon technologies under consideration.
Hence, it seems an authority-controlled or at least strongly regulated activity, much more
than a field where private initiative could be carried out by corporations.
On the contrary, Renewable Energy Sources is a field fully open to private initiative,
although public-funded programs of R&D seem absolutely necessary for advancing in the
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learning curve of each technology. A similar advancement is needed in Electric Vehicles,
which can be considered complementary to Renewable Energies.
The whole electric system will be deeply affected by the deployment of Electric Vehicles.
The complete recharge system will still be denser than the current net of filling stations,
including individual recharge posts privately owned. Electricity infrastructure will expand
quite a lot, and electricity consumption will suffer a gigantic increase, and gasoline and
diesel will undergo a significant decline for Internal Combustion Engines vehicles. Of
course, this tremendous upheaval, which is expected by many as a blessing, can evolve into
a doomed crisis with many negative consequences. This change, the 3rd Industrial
Revolution for some prophets, has to be properly managed by government and
international authorities for not to transform a great opportunity into a disaster.
Anyway, energy corporations have to prepare themselves for an efficient adaptation to
such a moving ground. Of course, technology evolution cannot be so fast as to hamper said
adaptation, but lazy and badly prepared corporations will face stronger problems for
survival than well-equipped corporations.
The equipment should include activities of technology surveillance and, above all, internal
analysis to identify weaknesses, strengths, risks and opportunities. Those analyses should
be done for any conceivable scenario. Examples of those scenarios are exposed in many
publications (notably the World Energy Outlook (25)) for forecasting and backcasting.
Governments and international bodies will establish policies according to the political and
environmental pressure, (as the Directive “20/20/20” 2009/28/CE of the EU). Last, but not
least, the real news is that Technology is already here to face that challenge. The specific
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technologies to dominate the market at a given phase cannot be accurately anticipated on
advance. Nevertheless, some additional probing can be launched into the future.

4.6 A choice of strategic lines
A particular corporation will have to use the conventional tools for corporate planning in
order to prepare itself for adaptation in any direction finally established in this field,
including consideration of market inertia and producers’ reactions against heavy attacks to
the established industry.
The current car industry and the ground transportation structure fully rely on the
conventional petroleum industry. The very many appealing factors of this industry have
been the basement and main pillar of an awesome social and economic development for
more than one century, at least in the industrial and post-industrial economies. A change in
this sector (petroleum + ground mobility) could entail deep perturbations in social and
economic welfare. If the system does not evolve smoothly from the current situation to a
carbon-free economy with a much lower direct dependence on oil (as we approach the
hated oil-peak) and more efficient use of natural resources (particularly methane, including
clathrates, permafrost and other unconventional gas).
As already treated in previous sections, an important field of interest is Biofuels. Bioethanol and bio-diesel are already embodied in many commercial products for
transportation. A sound controversy appeared from the so-called First Generation Biofuels,
very closely connected with standard agriculture products. The dream is to develop
something as a Bio-refinery, but the critical problem of this field lies on its roots (i.e. the
vegetable world (77, 92, and 94)). The current level of hydrocarbon consumption is about 8
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times as large as consumption of traditional biomass for modest energy application,
notably in developing countries.
It is very hard to identify how to evolve from standard agriculture and forestry to biorefineries. In most of the cases (as Finland’s wood industry) the added value of other
applications (furniture, paper industry) is even higher than the energy value.
Global (well to wheel) analysis of different technology scenarios point out that Electric
Vehicles (82-84) with a relevant role of plug-in hybrids as a long-lasting intermediate step,
will offer the highest efficiency, and will minimize contamination in populated areas. The
plug-in hybrid approach seems to have the better characteristic for a smooth, although fast
evolution in automobile for reducing CO2.
As an illustrative case for this quest, we can consider that a good new vehicle of medium
class will present in average an emission (uncontrolled) of 125 grams of CO2 per km. An
electric car would consume about 0.14 kWh/km. This value will rise to 0.17 if the efficiency
in charging the battery is accounted for. In Spain, an average value of CO2 emission in the
electric generation system is slightly less than 400 grams/kWh; which means less than 70
grams per km.
The situation will improve if coal-fired power plants decline in activity (they generate 1 kg
of CO2 per kWh) and Renewable Energy Sources continue to increase their generation. As a
reference, Gas-Fired Combined Cycles produce between 350 and 400 grams of CO2 per
kWh.
With a gas engine, a car can emit between 110 and 140 grams of CO2 per kWh. Should the
gas be burnt in a Combined Cycle, an electric car fed with that electricity would emit
(indirectly) between 55 and 70 grams of CO2 per km.
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The outcome of this change will be a cleaner environment in cities and much lower CO2
emissions in the planet.
However, the economic side cannot be ignored, because Renewable Energy Sources need
so far subsidies or feed-in tariffs (or both) and such a situation is not “sustainable” at all.
On the contrary, hydrocarbons constitute a perfectly-running market, supporting a fiscal
burden as no other product, at least in Europe.
Hydrocarbon industry will face a change in this “energy and technology revolution”,
because there will be a decrease in direct consumption in vehicles, and an increase in
electricity generation in high-efficiency plants, as combined “Brayton + Rankine” cycles and
new free-spinning gas turbines.
Battery recharge could also become as popular as gasoline filling stations. Furthermore,
both services could be delivered at the same place. For instance, current filling stations
abiding by some safety rules (98-101), could include battery recharge and replacement (49,
102). This scenario would convey a deep transformation in many industries, but it will likely
be dramatic in energy infrastructures, where a true interpenetration will likely appear
connecting gasoline and diesel distribution to electricity, with “dual filling stations”
providing liquid hydrocarbons and battery charging.
Hydrocarbon corporations will have to follow an “adaptation mechanism” to evolve at the
required speed. Of course, very long-distance and autonomous transportation units, as
ships and airplanes, will remain oil-dependent. However, a sizeable fraction of the
hydrocarbons will be consumed through electricity. Moreover, the formerly cited scenario
of “dual filling stations” distributed for all the geography of an advanced country will have
to be deployed before the actual deployment of Electric Vehicles.
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Of course, hydrocarbon corporations will have to define their “adaptation mechanisms”
which can be commercial (diversification of services) or technological (participation in the
new energy conversion mechanisms).
Merging with complementary corporations could also be a right tool. In any case, it seems
advisable to start an exploratory phase in order to have a deeper insight into the future.
The uncertainty level is still very high about the true potential of any of the elements of
those futuristic scenarios, but the warnings on Climate Change, the problems with
petroleum availability at a reasonable price, and the appearance of new technologies seem
to aim at the same target of evolving towards sustainability. In that quest, actions and
reactions of hydrocarbon corporations will be critical; and they are still to be identified.
Business as usual is out of question in the oil industry, but a last point must be taken into
account; there are also new roads to be explored for increasing oil reserves, particularly
shale and sand oil.
Heavy oil and ultra-deep off-shore oil have been in the portfolio of corporation for an
extended time now, but should nevertheless be accounted for long-term policies. Some
industry experts such as Dr. Kazemi (103) estimate that about one trillion barrels of oil is
waiting to be discovered, in addition to the similar amount that is on the “proven” reserves
category still waiting to be produced as depicted in Figure 4.2.
However, these heavy oil resources would be more expensive than conventional ones, and
would likely require stronger refinery processes. They must be in the horizon of the
perspective, but they will likely remain as resources, for being exploited in a long distance
future.
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Figure 4.2 Crude Oil Proved Reserves
Source: Energy Information Administration, http://www.eia.gov/

This is also the case for gas-hydrates, that could have estimates of original gas-in-place
exceeding 104 trillion m3 (104-107); with estimated resources over one hundred trillion
barrels of oil equivalent (107).
Note that current oil consumption is 85 million barrels of oil per day and a peak could be
reached in 12 or 15 years at 100 Million barrels of oil per day. Prospects from
Intergovernmental Panel on the Climate Change and other forecasters point out the
necessity to reduce that value to less than 50 Million barrels of oil per day by 2050 for
limiting Global Warming to acceptable levels.
We know now that technology can drive us to that goal, and a sort of competition has been
outlined between Biofuels and Electric Vehicles. Pros and Cons of each option have been
briefly commented (particularly in relation to U.S. Department of Energy through their
Energy Information Administration in the “2011 Energy Outlook”), and have been treated
in the bibliography (71-74, and 80).
It seems therefore that a choice has to be made between those options, and that situation
is not desirable for any corporation, because the general framework will be decided by
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political opinions, presumable at a high international level, and this situation will not allow
a corporation to adopt long lasting strategies, because of fears of policy changes.
In this foreseeable crossroad, the following “eclectic proposal” is introduced in this
document as a soother for the stress created for such anticipated competition.
The proposal can give time for better founded and cheaper technologies (for instance, for
electricity generation from Renewable Energy Sources); and can relax the anxiety of the
“recharge syndrome” created by an autonomy range in the Electric Vehicles , which is
much shorter than the standard autonomies in current cars.
The “eclectic proposal” is to select the “plug-in hybrid with flexible fuel” as the dominant
car in the coming decades. The term “flexible fuels” (108) means that they can run with a
range of mixtures between oil products (either gasoline or diesel) and the corresponding
biofuels (either alcohols or bio-diesels).
Some relevant reviews on that topic are found in the literature (109-119). In that way, the
current effort on Biofuels (120-126) will not suffer a sudden halt, and the promising world
of Electric Vehicles will have the possibility to mature without big expenses in a short while.
Indeed, those technologies that are presented as confronting ones can be complementary.

4.7 An eclectic summary
At the end of the 20th Century, Sustainable Development (11) was proposed as a new
paradigm to guide general policies, and within that context Climate Change was recognized
as a fundamental global problem, connected with the human emissions of CO2 (13-16).
First reactions were just based on establishing emission quotas; but early in the 21st
Century some important technology proposals were presented as new ways for creating a
Sustainable Energy Sector. This was a deep change of philosophy, and will have a deep
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impact in policy making on Energy, which in turn will produce a deep change in the Energy
industry. Nevertheless, non-anthropogenic CO2 emission, mainly those released from
volcanoes, should be strongly considered as boundary conditions in the resolution of the
Climate Change problem. Theories on this subject (127-138) point out the importance of
those natural catastrophes on weather variations. Those theories are supported by
observations of modern eruptions (139-149) and by indirect evaluations of volcanic activity
in the past (150-164).
Of course, such a big transformation will need a previous development of the required
technologies, ranging from Renewable Energy Sources (including Biofuels) to Electric
Vehicles, as well as huge investments, notably in the deployment of recharge infrastructure
and, even more, in vehicle manufacturers and component makers.
Hydrocarbon consumption will also be partially oriented to electricity generation, because
the global efficiency for car transportation will be better, assuming batteries finally achieve
a level of maturity able to support such a substantial change (88-92). In this scenario with
so many questions marks, which will not reverse to past structures, the pathway of the
Plug-in Hybrid car with Flexible Fuel seems to be the most likely one, and the most
convenient for all stakeholders in the Energy industry.
A selection of keywords and corresponding challenges can be made from the previous
sections, but the main conclusion is the technology capability to reshape the future of
Energy, including an awesome reduction of CO2 (despite hydrocarbons continue to play a
very prominent role) because the general efficiency will increase by a factor of two in
transportation, if the Electric Vehicles deployment succeeds.
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This approach between electricity and hydrocarbons opens a lot of possibilities, and
corporations from both industries should take advantage of them, overcoming the
traditional communication problems between both sectors.
The macro-economy of the new situation will be defined by general policies, but this leaves
a main question to be solved: How corporations can adapt to the new situation? There
must be an internal coherence between macro-economy and micro-economy, and some
reflections and guidance are needed on that.
From previous sections it is obvious that a review has to be made on the different set of
options available to a corporation, from technology surveillance to commercial trades,
trying to reconcile the main objectives of energy policy with the success of said
corporation.
However, if Plug-in Hybrid car with Flexible Fuel is the generally adopted line, the situation
will be somehow relaxing, in the sense that everyone can continue its own development,
and the Plug-in Hybrid car with Flexible Fuel will go accommodating advancements in a
smooth way.
There is nonetheless a domain where oil corporations will have to develop a very active
and pioneering role. They have their own network of filling stations, which should be
converted to “dual stations” including infrastructures for recharging batteries, and services
for replacing them.
This is an opportunity for not to fail, but it is not an easy task, because the work to do
belongs to the field of electricity distribution and consumption management, and the
typical expertise of oil corporations is very modest in those fields.
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Albeit many standardization tasks will be needed to make it possible such an awesome
change, some previous work can be anticipated, such as making some conceptual designs
of the futuristic “dual filling stations”, so that an early identification of problems, issues and
needs could be done. It is obvious that this activity will be highly confidential, when
applied to a given corporation and a given market, but general principles and analysis, and
the figures of merits to qualify the options according to the selected criteria will be of
general concern, and they will be treated in the open literature, to which this document
wishes to contribute.
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Chapter 5. TECHNOLOGY

INTEGRATION

TO

IMPROVE

ENERGY

EFFICIENCY AND ENVIRONMENTAL QUALITY

5.1 Introduction, background and foreground
A few decades ago, an actual revolution started in computation and information
management. That was the base for coining the term “Knowledge Society” to identify a
new paradigm that would make it possible to: a) manage all the relevant facts at once,
(although scattered and fragmented information on a subject) and b) to take decisions with
full knowledge.
Wisdom was therefore guaranteed by assembling data and facts. Something did not work
as expected, and the “Knowledge society” was unable to predict and avoid the
international economic crisis. No higher success has been obtained in pulling countries out
from that crisis.
In spite of these new tools for assembling all relevant information for a given goal, the
experience shows that information is not enough to make decisions, and goal identification
seems mainly dependent on political and technical criteria which are not always fully
explicit. This is why classical reports and books as those devoted to Sustainable
Development (165-167) are still true references for addressing the restructure of the
Energy sector.
Tacit knowledge (168) is a concept that can complement this analysis. It is usually decisive
at corporation level to establish strategies, and it goes unnoticed for the information
gatherers. Of course, a good practice of Technology Surveillance can help increase our tacit
knowledge for taking the most appropriate decisions (169). This is important for executives
(170) but it should also be important for policy makers.
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The aim of this chapter is to collect the most significant facts on Energy Markets and
Energy Technologies in present times, in order to see if they can merge in a positive way
towards Sustainable Development.
Three objectives will be considered for guiding this prospect:
•
•
•

To maximize the MIEE, i.e., to use energy from the primary source to the final
application through the most efficient ways.
To minimize the total cost of the new Energy sector.
To minimize the total emission of greenhouse gases.

It is obvious that these three goals can be incompatible, and a trade-off should be adopted
in specific cases. Moreover, energy policies are established at country level, and the global
approach has really to be pursued as the sum of individual country contributions.
Besides that, there are huge uncertainties on the evolution of the markets and the actual
performance of the technologies, and some of the forecasts can simply fail. In that case, an
updating exercise could be done to try and find a new pathway towards the ideal goal
described by the former trilogy.
In section 5.2, the current relevant facts which drive this analysis are briefly introduced,
particularly in relation of new technologies for electricity generation. Section 5.3 is devoted
to Shale Gas, as a new market which can have a first order consequence: its price should
not be related to that of oil. Section 5.4 deals with the Electric Vehicle, which represent a
new degree of freedom in our optimization process (if they really become a commercial
product at large). Section 5.5 will analyze the merging of the new Electric sector with the
Electric Vehicles, with the hydrocarbons being used in a different but fundamental way
than today.
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The result will be assessed from the point of view of Sustainable Development in section
5.6. Finally, section 5.7 points out that such a re-structure would open a new macroeconomic cycle with a lot of new opportunities for energy corporations. Finally, conclusions
are proposed from this analysis about how to contribute to the making of the new Energy
sector.

5.2 A brief recollection of the recent history of our Energy
The evolution of Energy in the second half of the 20th Century was dominated by two types
of facts, which could be classified into action and reaction. As action forces, we find
Technology, on the one hand, and governmental Policy, on the other hand. As reaction
forces, Market Inertia and Sources Scarcity (mainly due to political control) appear as
retardant agents in this evolution.
Corporations dominating a specific Energy sector are not prone to stimulate changes,
unless they go in the direction of consolidating such domination, which is a rare trend.
Most likely, new degrees of freedom in the market at any level (from generation to final
commerce) create more competitiveness in the system, and old dominations tend to
disappear; and new ones can complement them.
Of course, any corporation well rooted in the field of Energy tries to develop or acquire
some of the emerging technologies which will likely dominate the following business
cycles.
These attempts have a very limited rate of success. Moreover, it seems there are fields of
specialization, and corporations with strong positions in Oil Industry do not participate in
Electricity and the opposite as well. Electrical utilities had very little involvement in
Petroleum. Exceptions are true, but not with key players, and not fully integrated agents.
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Specialization became more evident after the Oil Crisis of 1973 and 1979. They produced a
strong polarization of the consumption of oil products (gasoline, kerosene, and diesel)
towards transportation.
So to speak, oil was too expensive for electricity generation, which could be made with
other sources, notably coal and nuclear, at a really moderate cost. On the contrary, the
only primary source of energy able to provide the type of fuels suitable for thermal or
Internal Combustion Engines was Oil, and the actual lack of competitiveness in that field
has kept Oil at the very top of the Energy domain (171).
The global situation started to change with the rapid and successful deployment of GasFired Combined Cycles in the 90’s. Hydrocarbons were back again in the electricity
production industry. At the same time hydrocarbon were part of the chemical embodiment
supporting oil refining: 5% of the total natural gas consumption goes to hydrogen
production for cracking long molecules of oil hydrocarbons for producing more valuable
goods (as gasoline).
Even more, in a few countries, as Italy and Argentina, natural gas became an ordinary fuel
for automobiles, which was a fresh start of a competition that never reached a minimum
drive for global expansion in order to be actually meaningful; unlike Gas-Fired Combined
Cycles, which expanded rapidly (172,173).
It is worth pointing out that the unique case of China in the years around the turn of the
Century, with its enormous electricity generation expansion, was based on coal (171). It is
also true that coal remained a main option for many developing countries, with small
emission rates of CO2 per person. Most of the post industrialized countries move to GasFired Combined Cycles, notably in Europe, and particularly in Spain (173).
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In Spain the installed capacity of Gas-Fired Combined Cycles jumped from 0 in 2001 to 25
GW in 2010. Most of the plants were developed in years of buoyant economy, before 2007.
The total installed capacity to produce electricity in Spain grew quite a lot, from 54 GW in
2001 to 85.5 in 2007 and 98 in 2010.
The increment from 2010 to 2012, reaching 102 GW, was mainly due to renewable
energies, notably Wind, Photovoltaic and Solar Thermal. This phenomenon is also relevant
to the quest for Sustainable Development, but it is worth underlying now the tremendous
speed of the deployment of Gas-Fired Combined Cycles in the first decade of this Century
in Spain, where electricity consumption was growing very fast.
In the so called EU-27, between 1998 and 2003 the average electricity consumption rose
from 5 MWh per capita to 5.5, while the numbers for Spain were 4.1 and 5.3. These figures
dominated the following expansion of the electricity industry, but the evolution did not
keep that trail. In 2008 the average for the EU-27 was 5.75 MWh, and for Spain, 5.85.
Values have remained flat for the past 5 years (174).
Two reasons converged for that move towards Gas-Fired Combined Cycles plants in Spain
and the EU: those of economic nature and those related with alignment with Global
Warming policies.
In a liberalized market, which was the dominant case in post industrialized countries since
last years of 20th Century, Gas-Fired Combined Cycles offer a set of economic advantages
that will be briefly explained below; and Gas-Fired Combined Cycles was also offering a
much better figure in relation to Global Warming. Based on the efficiency of the specific
facility, a Gas-Fired Combined Cycles emits between 350 and 400 grams of CO2 per kWh
produced; while a conventional coal-fired power plant releases around 1,000 g.
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Techno-economic advantages are:
•
•
•

Small specific investment, of the order of 700 €/kW.
Repetitive projects. A high fraction of the plant is the same. This implies very short
construction times, and takes advantages of economies of scale.
Very flexible operation, particularly in the gas turbine; and also in optimizing the
joint operation of the cycles according to needs for grid regulation.

The appeal of Gas-Fired Combined Cycles was so high that too much (as in “more than
needed”) capacity has been built in a short period in many countries. This is the case for
Spain, where the numbers of full power equivalent working hours was less than 1500 in
2012 (173), an outrageous 17%.
In an ordinary accountancy for current economic indicators, the annual fixed cost for GasFired Combined Cycles is about 8% of the specific investment, which means 56 €/year·kW.
With 1500 hours a year, the contribution of the fixed cost to the cost of electricity is 3.75
cents of €/kWh.
From some viewpoints, this value can be considered as too high, because it would decrease
with a higher number of operating hours. However, the main part of the generation cost
will be the fuel cost, which will depend on the international gas market.
For many decades, gas price was proportional to oil price, with an index that will be
considered in a following section, and has undergone a peculiar and somehow unexpected
evolution.
This fact explains that most of the Gas-Fired Combined Cycles power plants in Europe (and
specially in Spain) are operating with long term contracts with gas prices around or above 8
€/GJ (175). Taking into account the average efficiency of Gas-Fired Combined Cycles, this
means a fuel cost per kWh close to 5 c€.
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Adding the fixed cost plus operation and maintenance, the total cost would vary from
9c€/kWh for a low number of working hours (1500 a year) to more acceptable values of
7c€/kWh for 3500 hours. These are the values of reference for an analysis largely based on
the Spanish case, which fully depends on natural gas imports (175), and they are higher
than the current price of the liberalized market, which is the range 4-5 c€/kWh (176, 177).
Spain is also an outstanding case on Renewable Energy Sources which will be analyzed later
on.

Sustainable development
The consolidation of Sustainable Development and the fight against Global Warming as
main guidelines in International and Environmental policies produced the Kyoto Protocol as
a tool based on quotas for restricting greenhouse gases emissions.
Besides that line of action that was very simple in conception and very difficult in
implementation. Some countries, notably the US under Bush Jr.’s Administration, started
some technological initiatives which would convey a reduction of CO2 emissions. Examples
of this are Carbon Capture and Sequestration (178), the Hydrogen Economy and the
Hydrogen Electric car with fuel cells (179) and the Nuclear Generation 4 Forum (180).
Although some laboratory advancements have been carried out, the practical effect of
those initiatives on the Energy industry has been negligible so far, because all the initiatives
were research programs aiming at long term results.
The case was different with shale gas, which arguably started in Texas in 2005 as a private
activity mainly (181-184), which has commercially exploded under Obama’s Democrat
Administration, with very little political and environmental opposition (185). Moreover,
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there are public approaches from the US to China and Poland to stimulate shale gas
extraction in those countries. Indeed, shale gas has become global (186).
This activity is considered by many as an environmental threat, mainly because of the
possibility of uncontrolled methane emissions (187) and aquifer contamination. Hydraulic
fracturing or “fracking” of the shale rocks is perceived as an aggressive operation for the
environment (188).
In spite of said risks, which have not been properly featured so far, shale gas or
unconventional gas has blossomed as a successful industry (189, 190). It has also been
successful from an economic point of view, because it has stabilized international gas
prices and has disconnected the gas price from the oil price, which is a fact that can have
extraordinary consequences for the future of the Energy Industry (183).
For many decades, scarcity of energy sources was a dominating fact in this industry,
absolutely dominated by producing countries, which in turn were not very active in
fostering new technologies. In the last years, this fact is shrinking, except for transportation
applications.
Nevertheless, technology is introducing new perspectives also in that field, as will be
analyzed later. It cannot be said that energy sources are no longer a problem, because
Energy will always be limited by resources formally speaking, but this limitation could not
be so critical in the future. The revival of coal, in China and other countries, the
enlargement of gas reserves by the rise of unconventional gas and the modest but
operative start of main Renewable Energy Sources have changed the scenario. The trail has
been paved for more dramatic changes to happen in the direction of Sustainable
Development.
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Certainly, some environmental concerns on shale gas have to be clarified, and some
controversies are already in the political arena and in courts (191, 192). Lessons learned
from the pioneers in this subject are essential to that goal (190), and they will get higher
degree of confidence as technology improves (189, 193), and surveillance measures are to
be implemented.
Official prospects, particularly those exposed in the World Energy Outlook (172) by the
International Energy Agency (particularly, in edition 2010) had not yet recognized that
something is changing quite soundly in the global Energy sector. Although the change is not
quite at worldwide level, but initiated in a few countries with advanced technology and
own resources as the USA, or countries without fossil fuel significant reserves, as Germany,
Denmark and Spain, who have been very active in promoting the first phase of Renewable
Energy Sources deployment. A second phase is needed now to cut their costs and make
them competitive with conventional ways to generate electricity.

The onset of Renewable Energies for electricity generation
Biomass (firewood) is a traditional example for presenting Renewable Energy Sources as
natural occurring phenomena without any inherent capability to support and launch an
industrial revolution.
In fact, all Renewable Energies (194) were already on Earth before the First Industrial
Revolution, which was based on coal and steam engines, including those embarked in ships
and railways; which rendered obsolete some renewable ways of travelling, as sail ships.
Moreover, countries that still heavily rely on firewood as a main source of energy show a
very modest wealth (171, 195).
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In spite of these facts, there are some Renewable Energy Sources proponents who think
that a New Industrial Revolution is possible based on Renewable Energy Sources (167), and
those proposals should be analyzed in full perspective, starting from the fact that
Renewable Energies in general have a very low value of energy intensity (measured in
energy per unit surface, for instance) and not all sites are good for exploiting them. Just the
contrary, Renewable Energy Sources need specific sites for being profitable, and it is true
that in many cases those sites are far away from big consumption centers, which is to some
extent a drawback, but not a showstopper.
The evolution of Renewable Energy Sources for electricity generation has been relevant in
some European countries, particularly Germany, Denmark and Spain. If hydro resources are
not taken into account (because of some controversies on the effects on the environment)
the following numbers are found for each country in 1998 and 2008, in installed capacity of
Renewable Energy Sources (174):
Table 5.1 Renewable Energies installed capacity for electricity generation
Country
Denmark
Germany
Spain

GW in1998
1.8
4.5
1.1

GW in 2008
4.2
35.6
21

Source: Personal publication at Energy and Power Engineering, 2013, http://dx.doi.org/10.4236/epe.2013.510067

Most of the Renewable Energy Sources capacity corresponds to wind power, with a small
contribution of biomass and natural waste. In the case of Spain, PV and Solar Thermal have
also a share in this figure (196-200). In fact at the end of 2012 the Renewable Energies
installed capacity for electricity generation in Spain was circa 29 GW as can be seen in Table
5.2, along with some additional important data (170):
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Table 5.2 Renewable Energies installed capacity for electricity gen eration in
Spain, 2012-12-31
Renewable
Energy Sources
Wind
Biomass & W
Photovoltaic
Solar Thermal

GW, year end

GW, average

Energy, TWh

Hours/year

22.2
0.95
4.2
1.9

22
0.95
4
1.4

48
5
7.9
3.5

2,200
5,000
2,000
2,500

Source: Personal publication at Energy and Power Engineering, 2013, http://dx.doi.org/10.4236/epe.2013.510067

The annual number of operating hours is an important data for the cost of electricity, as we
saw in the case of gas, with a main difference between both cases: Renewable Energy
Sources do not consume fuel (except for Biomass, in principle; but it is actually true if it is
taken into account that the fuel used in this case is a sort of waste, and it is therefore of
zero value). On the contrary, the investment cost is higher, and this is where an additional
effort is needed.
It is worth pointing out that Renewable Energy Sources produce some second-order or
collateral effects in the Electricity generation system (201-203) and they cannot be
disregarded when making decisions on the types of plants to be built in a given period, if
some objectives must be fulfilled.
One of these effects is the reduction of the spot price of electricity when Renewable Energy
Sources have a sizeable share of generation power. This is because the total power needed
from the conventional plants is lower (or even negligible). It must be remembered that
plants only get permission to operate if they are cheaper than the last plant required to
meet electricity the demand.
Another collateral effect is the need of back-up power, which is usually supplied by GasFired Combined Cycles, which however have a decreasing number of operating hours. This
effect produces an increase in the Gas-Fired Combined Cycles generation cost. As the last
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plant joining the Spanish grid typically is a Gas-Fired Combined Cycles, said increase in cost
is mostly transferred to the market, which is an opposite effect.
Decisions on the type of Renewable Energy Sources to be fostered or implemented in a
region, country or continent are a multi-attribute process (204-206) where many variables
can be aggregated. The most convincing criterion is the cost-priority rule (206). It is
mandatory to speed up the learning curves of these sources of energy instead of keeping
the subsidies, which are only justified if they help reduce costs.
It is not clear if the promotion policies chosen by the countries actually engaged in this
development have been the optimum ones, but the result shows a clear tendency for
cutting costs, particularly in wind power (207), but also in Photovoltaics.
The price evolution of PV systems has been recently analyzed for the US market (208) and
reported in a document which is a good guide for further prospects into the future. This is
illustrated by Figure 5.1and Figure 5.2. These two figures are taken from a paper by Feldman,
D et al. (Photovoltaic pricing trends: Historical, recent and near-term projections) because
they illustrate quite clearly two main facts:
•
•

cost reduction as technology becomes mature and industrialized.
cost of the main components.

The main components of cost are highly correlated with the main subsystems with own
functionalities in PV: the solar module, the inverter, and the Balance of System, which is
the set of structures, cables, tracking and any other ancillary hardware needed to operate
the system. It has a role in PV similar to the Balance of Plant (BOP in the graphs legend) in
thermal power plants, although the Balance of Plant for Concentrated Solar Power (also
called Solar Thermal Energy) is more complex, because it embodies a thermodynamic cycle,
usually a water/steam Rankine cycle.
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Figure 5.1 US PV system price over tim e.
Source: U.S. Department of Energy (http://www.nrel.gov/docs/fy13osti/56776.pdf)

Figure 5.2 Bottom-up modeled installed PV system prices by sector, Q4 2010
and Q4 2011
Source: U.S. Department of Energy (http://www.nrel.gov/docs/fy13osti/56776.pdf)
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Concentrated Solar Power evolves somehow behind PV because a series of reasons which
are out of the scope of this document, although they can be summarized into one fact: a
PV plant project is much simpler and takes less time to build than a Concentrated Solar
Power project.
It is worth pointing out that PV does not need plant cooling, which is necessary in thermal
power plants, and it is usually made by a stream of water; and there is not abundant water
in hot, sunny places, which means that many Concentrated Solar Power plants in the future
will have to be air-cooled (which implies lower energy conversion efficiencies (209)).
On the contrary, Concentrated Solar Power has the main advantage, over PV and Wind
Power, of having an inherent way to store energy, which is Thermal Energy Storage (210,
211). Heat can be stored in molten salts tanks, and steam can be generated out from this
heat when needed, for instance after sunset.
Moreover, Concentrated Solar Power plants can be used for regulating the high voltage
grid and the system as a whole, because of their thermal inertia, which still becomes bigger
when Thermal Energy Storage is accounted for. Any grid, and the total electricity system
hanging from it, must be regulated in power, voltage and frequency, what will be a
challenge in the future, if the world becomes more dependent from electricity.
Concentrated Solar Power economics (212) is still in the very first phase of consolidation,
and costs are still higher than PV, although it seems possible to reach values of specific
investments close to 2.5 €/W in plants without Thermal Energy Storage and 3.5 €/W with
Thermal Energy Storage.
In the former, the number of operating hours per year could be 2,500; which goes up to
3,500 or even more when Thermal Energy Storage is introduced. Very likely, Concentrated
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Solar Power will have to embody Thermal Energy Storage in the future because it is a
feature of very high value for fitting demands needs and for grid regulation. It could be
more expensive than PV at peak hours, but it will have the right answer to demand needs
in the absence of Sun.
In summary, Renewable Energy Sources for electricity generation are already a technical
reality with a main drawback - the cost. However, they have already achieved very modest
levels of specific investment. In section 5, it will be seen that those values would yield
competitive generation costs if the interest rate is low and/or environmental effects are
internalized in fossil fuels.

Renewable Energies for transportation
A different field of Renewable Energy Sources is biofuels for Internal Combustion Engines.
Some studies done or supported by the US Department of Energy (213) consider Biofuels
will be the natural substitute for petroleum products. Biofuels (214, 215) will mainly stem
from sugar crane for making ethanol in a first stage, followed by corn for the same
objective, and soy for making diesel, with a long term quest for cellulosic biofuels.
One of the reasons for considering biofuels as substitutes for hydrocarbons is that they
require a small transformation of the infrastructure of the whole Automobile Industry
(mainly Light Duty Vehicles, which will represent an inventory of 300 million cars in the US
by 2035).
In the 2011 Annual Outlook (213) it is considered that the retardant character of the
existing industry will have a dominant effect in reshaping the future of Energy, and car
makers will adhere to Internal Combustion Engines, which can admit natural fuels with
some limitations.
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Indeed, gasoline engines have already some flexibility to accept small percentages of bioethanol, and full flex-fuel engines will run on E85 (85% of ethanol). However, a complete
analysis should put more emphasis on the problems Biofuels are already causing in Brazil
and elsewhere (216-219).
At first, the overall picture of energy values related to this problem seems to indicate that a
“Biofuel industry” can be developed worldwide without too much distortion of the current
agriculture activities; but a deeper analysis points out deeper problems. It is estimated that
the total solar energy captured by living beings of all kind amounts to 3,000 EJ/year, which
is about 0.08% of the total solar radiation impinging on Earth, and it is six times as large as
the human demand of primary energy, which is close to 10 billion tons of equivalent oil a
year, which is about 420 EJ/year (without accounting for primary biomass consumed as an
energy good, which is about 40 EJ/year additional).
Oil products amount to a little less than 150 EJ/year, which is about 5% of the total biomass
capture of energy. Therefore, the disturbance produced by this substitution seems
acceptable, but the full picture contains other elements which must be accounted for. As
detailed earlier, the energy content of the biomass for our feeding is slightly higher than
one twentieth (1/20 or 5%) of the energy we consume for other uses, namely 23 EJ/year.
This value must be taken as the real reference for any man-made intrusion in the biomass
world with the goal of producing new types of commercial products (some genetically
modified cellulosic plants, for instance) or already known products (sugar cane, soy beans,
palm oil) at a scale much larger than the total current effort for our food.
If former numbers are compared, one finds that the substitution of one third of the oil
products by biomass products would require twice as much as the current activity for food.
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Of course, this is not an impossible quest, but some warnings should be expressed on the
potential distortion caused in agriculture, and the potential impact caused in the
environment (particularly, in some privileged ecosystems of high biological vitality). Besides
that, the cost will be much higher than those of oil products, measured in terms of energy.
The economic problem can be epitomized as follows: we pay for food a value which is
several times the value we pay for transportation, even if all the very heavy taxes on oil
products are accounted for.
The customer price of gasoline or diesel is about 2€/kg, and the price of a really modest
wine could be similar. However, there is a strong difference in the Low Heating Value which
is 40 MJ/kg for the gasoline, and 30 MJ/kg for the ethanol, which in turn is 12.5% of the
mass of wine. This means that Low Heating Value referred to wine would be less than 4
MJ/kg.
In energy terms, we find a heating value of 20 MJ/€ for gasoline, and less than 2 MJ/kg for
ethanol from grapes. If taxes were eliminated if the comparison, the factor would jump
from 10 to 20. It is true that there are other agriculture goods that could be more efficient
than grapes for making alcohols and other fuels, but the difference in efficiencies is of tens
per cent; and therefore negligible in the comparison with oil products.
It should be kept in mind that total ethanol production is about 700 thousand barrels a day
(673.5 thousand/day in 2004 (215)) and biodiesel production is close to 50 thousand (39.6
thousand in 2004, but it is increasing).
These figures are much lower than the final consumption of gasoline, which is about 20
million barrels a day, and diesel, which is slightly higher, 21 million barrels/day. The US
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Energy Information Administration shows as preliminary data for the US in 2014 of 8.92
million barrels per day.
Although it is claimed by biomass proponents that they would require the smallest
modification in automotive infrastructure as compared with other alternatives, Biomass
could produce a huge perturbation in agriculture, forestry and the cycles of natural
nutrients; and would also entail a tremendous increase in the fuel price.
Technology evolution in this field has been boosted by suitable policies implemented in
several well-developed countries. The EU directive on Renewable Energies, for example,
requires that renewables should account for at least 10% of the energy used in traffic and
transport by 2020. National legislation in Finland has targeted 20% content by 2020, and
legislation in the US will require 20% content by 2022. All these figures originally meant
biofuels, although other alternatives, as electric cars charged with electricity from
Renewable Energy Sources, could also be accepted now to meet that goal. The EU is
studying how to define the guidelines for financial incentives for clean and energy efficient
vehicles (220) and this effort seems to be much more open to innovation than DOE’s
Annual Outlook (213) but does not make any attempt to characterized the emerging
alternatives and to make a priority list taking into account the trilogy of objectives towards
Sustainable Development: highest energy efficiency; low economic burden; minimum
greenhouse gases emission rate.
In this recent document (220), the EU Commission’s Staff asks for avoiding discrimination
among technologies in the promotion policies, to allow the technologies to evolve
according to their own potential. This point will be timely treated in the section considering
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the merging among technologies to produce the best scenario according to the triple
objective already defined of energy efficiency, financial viability and environmental quality.

5.3 A new paradigm?: Gas price not indexed to Oil
The evolution of the price of natural gas in the international market since 2008 is incredibly
stable, particularly in relation to oil crude prices, as shown in Figure 5.3.
Measured in terms of energy (1 mmBtu = 1.05506 GJ) the ratio between oil price and gas
price was around 2 along the 80’s, went down to less than 1.5 around 2000, then went up a
little, and started soaring around 2008, because oil crude doubled the price in less than 3
years, and gas price remained as it was.
The price ratio has reached peak values close to 10, and mid-term values of 6, so pointing
out that gas price in the spot market is not indexed to oil, as it happened most of the time
since the oil crisis of 1973 up to now.

Figure 5.3 Evolution of oil and gas prices in the spot market.
Source: personal elaboration with data from EIA (http://www.eia.gov)
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Such price stabilization is not spurious, but caused by a well define fact: the unconventional
gas recovery started in the US after several decades of improving technologies, although
the driving forces were not coming from technology, but from policy.
On the one hand, it was urgent in the US to reduce somehow the share of coal in electricity
generation because it was the main cause of CO2 emission in the USA; on the other hand,
the economic crisis could worsen if energy goods jumped in price.
Against this phantom menace, a new technology was able to extract gas from shale at a
low cost and very close to the consumer.
This new technology has expanded under president Obama’s Administration, and it has
found very few and very frail opponents so far. In North America, only Quebec (Canada)
was clearly against unconventional gas extraction, by environmental reasons mainly (191,
192).
In Europe, unconventional gas prospects and extraction permits go much slower than in
the USA, and controversies on the global effects of these techniques are still under
question mark.
Moreover, it seems that both the European authorities and the energy agents do not
consider the case of unconventional natural gas as a part of the quest to Sustainable
Development, in spite of a strong coincidence between the effects of unconventional gas
extraction and the energy scenario needed for implementing Sustainable Development.
Additionally, the post-Fukushima German government decision to abandon Nuclear Energy
will convey strong interest in shale gas, not only in German territory but also in Poland
(221), which for quite some time seemed to be the European country with the highest
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resource potential, inside a global framework that can be qualified as “a new era of natural
gas abundance” (222).
Another important example is Algeria (223) a traditional gas supplier to southern European
countries, where shale gas reserves are considered to be very modest.
It is worth recalling the evolution of the gas industry worldwide and the evolution of the
international trade, which is still to explode as a market (175). Table 5.3 and Table 5.4are in
billions of cubic meters (109 m3).
Table 5.3 Annual production of natural gas
year
bcm

1970
1020

1980
1490

1990
2020

2000
2440

2010
3220

2011
3330

Source: Personal publication at Energy and Power Engineering, 2013, http://dx.doi.org/10.4236/epe.2013.510067

Table 5.4 Annual amount of international trade of natural gas
Year
bcm

2000
630

2005
860

2010
1,015

2011
1,077

Source: Personal publication at Energy and Power Engineering, 2013, http://dx.doi.org/10.4236/epe.2013.510067

International trade is made basically by pipelines but LNG (liquefied natural gas) is gaining
share. It was only 22% in 2005, and reached 30% six years later.
If this new era continues for some decades as expected, the traditional picture seen in
Table 5.5 of ratio reserves over annual consumption will change quite a lot. New gas ratios

can be over 100 years, which has already inspired another way to substitute for, or
complement, oil products for transportation, namely gas to liquid (GTL or G2L) techniques
(224).
The concept is not new, and could be interpreted as a synergic way of exploiting
hydrocarbons. Methane must lose hydrogen atoms for becoming liquid, and heavy and
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long hydrocarbons need hydrogen atoms for splitting the long carbon chain into shorter
hydrocarbons, better suited for combustion. A win-win situation for liquid fuel production.
Table 5.5 Evolution of the ratios “reserves/annual production” of oil and gas
(Note: shale gas not included).
year
1975
1985
1995
2005
2011

Oil (years)
30
32
42
40
48

Gas (years)
50
56
66
61
61

Source: Personal publication at Energy and Power Engineering, 2013, http://dx.doi.org/10.4236/epe.2013.510067

The typical value of 60 years for conventional gas can be multiply by a factor 2 if shale gas
is included. The factor can be much higher if other unconventional sources, as methane
clathrates, are also included.
Natural gas still has other news for the future, notably in relation to clathrates, or gas
hydrates, which are crystalline solids resembling ice, with a molecule of gas (methane, in
most of the cases) in the center of the cage-like structure (225-229). Clathrates are stable
only under certain conditions, which also depend on the gas composition, water salinity
and the existence of other molecules acting as pollutants. However, the main body of
clathrates is made up of methane and water. At 5ºC, a pure methane hydrate is formed at
41 atm (4 MPa). If taken to atmospheric pressure, the hydrate dissociates to yield 160 m3
of methane and 0.8 m3 of liquid water per original cubic meter of hydrates. The content of
organic carbon on Earth in Teratons (1 Teraton = 1015 kg) is estimated as follows (225, 226)
•
•
•
•
•
•

Gas hydrates (total = onshore +offshore)
Standard fossil fuels (coal, oil and gas)
Soil
Dissolved organic matter
Land biota
Peat

10
5
1.4
1
0.88
0.5
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It goes without saying that removing gas hydrates without a suitable technology could
cause a tremendous greenhouse effect disaster in the atmosphere, and such a technology
is not available yet. Moreover, an accurate knowledge of the properties of given clathrate
formation is needed, in order to know the stabilizing mechanisms, for not to disturb them
outside the extraction domain.
Nevertheless, there can be gas hydrate sites easier to explore and exploit, for instance in
the permafrost (230). Moreover, the physic-chemistry of clathrates is improving with
research and technology development, and they can be considered not only as a source of
energy, but as a way to storage natural gas (231), forming hydrate molecules with ordinary
methane and water.
In summary, methane industry seems to have extraordinary possibilities for our future. In
this line, shale gas is already a reality that has produced a tremendous impact on the gas
market in a very short time.
Indeed it has been so short (since 2005) that most of the long-term contract existing in this
field could not be modified, but new ones will have to be redressed. Price stabilization in
the spot market with a value one order of magnitude below that of oil, in energy terms, is
not only a clear signal for short-term economics, but a hint of a deep change in the Energy
sector.

5.4 A potential paradigm: Electric Vehicle
The 2011 World Energy Outlook of the International Energy Agency (172) considered that
the total number of vehicles in the planet will double in 2035 the current number of
vehicles (1,700 million in total, accounting for all types). A similar projection is given for the
US in with 300 million vehicles for that year (plus lorries and buses).
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It is estimated that oil production will grow from 87 million barrels a day to 99 million
(172), which seems to be the approximate value of the “oil peak”. Of course, oil prices are
foreseen at high level, well above 100 $/barrel (in 2011 currency).
In any case and regardless of the price, there will be an important shortage of fuel for
transportation, and this is the key point to try and reshape the Energy sector.
At least four alternatives can be considered to that purpose:
•
•
•
•

Biofuels
Natural Gas in engines
Gas to liquid
Gas to electricity

Some attempts have been made to characterize pros and cons of different energy
alternatives (232) but the objectives identified in this document seem closer to the needs
of Sustainable Development and to the needs for finding new economic incentives to go
out of the crisis. So, each alternative will be assessed according to those terms.

Biofuels
Biofuels can be considered as a continuation of the current situation, without needing new
types of cars, although some changes in the engines are advisable, because the Low
Heating Value of biofuels is lower than those of their mineral counterparts (gasoline and
diesel). This is a real problem, which hides one important drawback, namely the low energy
efficiency of Internal Combustion Engines. This is due to the limitation in the compression
ratio, which in turn limit the working temperature. For gasoline engines with compression
ratios of 10 the average efficiency can be estimated in 23%; and diesel engines with
compression ratios close to 20 can reach 28%.
This drawback makes things worse with the main drawback, which is the great distortion a
demand like that can cause in agriculture. Further to this, the enormous increase in price
Page 134 of 281

Adapting micro-economy of energy corporations to macro-economy policies aiming at a sustainable
economy.

associated to natural ways to produce fuels for combustion engines. It was seen in section
2 that the energy price of biofuels is much higher than the energy price of oil products,
which would make the oil crisis worse.
Nevertheless, the main drawback would not be price, but interference with agriculture.
The current oil consumption is six times as large as the energy content of our food.
Therefore, land and resources devoted to such a new activity that could be called
“agriculture fuels” would be enormous, and almost impossible to imagine, with
environmental impacts impossible to evaluate because the current scale of agriculture
activity is not meaningful for understanding such a change.
The example of Spain (233) could be used as an average country in rainfall and sun. Sun
and water are two essential factors for biomass. Its land surface is 5·1011 m2 and about 1011
m2 are cultivated land (circa 20%), with a modest productivity because of the modest water
availability. Note that 1 g of wheat grain needs about 1.2 kg of water to grow. There are
other plants, as Cynara Cardunculus, with lower water requirement. Even so the, average
productivity per year is about 1 kg/m2. With a Low Heating Value of 10 MJ/kg, it means an
energy areal density of 10 MJ/m2.
Current annual consumption of oil products for combustion engines in Spain (234) is close
to 40 million tons a year (5.5 Mton of gasoline; 31.5 Mton of diesel. Aviation kerosene is
about 5.5 Mton, too, and there is still other 12 Mton for other products, both lighter and
heavier). Just taken into account gasoline and diesel, the energy content corresponds to
1.6·1012 MJ.
If we recall the former biomass figure of 10MJ/m2 per year, the required land to produce
that level of energy would be 1.6·1011 m2, which is about one third of Spain’s total land.
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Note that one fifth is already cultivated, with a share in the Gross Domestic Product of 4%,
which represents about 40 billion € (or 40,000 million €).
This value is commensurate with the total final price of oil products for automobiles, which
is about 60 billion € (including taxes). In other words, Biofuels would likely be as expensive
as oil; and would certainly come at a higher cost from a holistic point of view.

Natural Gas for engines
Taken into account the data about gas reserves and price, this line seems cheaper than the
previous one by a large factor. It has a major technology drawback, which is methane
storage and refill. This is not a problem for city buses, for instance, because they can refill
at night in a lengthy isothermal process.
If the pressure tank is filled very rapid, compression becomes adiabatic, gas becomes hot,
and the amount of mass is much lower than in the isothermal compression.
The alternative for cars is changing the tank. The operation is not very complex, but the
weight of the contained gas is about 3 kg for a 20 liter tank, which means about 10 kg for 3
tanks, and such a volume would give an autonomy five times lower than a diesel engine
with a tank of 60 liters.

Gas to liquid
A way to overcome the former drawback is to transform gas into liquid, and it has already
been said that a synergetic process could be established between this transformation,
which yields hydrogen as a by-product, and hydrocracking of heavy hydrocarbons, which
needs hydrogen to break the long molecules.
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This line would be the closest one to the current system, and the only factory to be
changed would be refineries, which are industrial facilities where new processes can be
installed without any big difficulty.
The systems would be pretty much the same for the customers (and tax collectors) and the
energy efficiency would be almost the same. Additionally, CO2 emissions would also be at a
somehow lower level, but not much lower, depending on the share of original natural gas
in the final mixture put in the tank.
Pure methane would produce 70% of the CO2 produced by very heavy hydrocarbons, with
same release of energy. Indeed, Gas to Liquid can be considered as the business as usual
solution. However, it could be cheaper and it would need a change in the refine process
where many companies could find a niche for new activities.

Electric Vehicles
First of all it must be admitted that many prospect studies and some interpretations of
current statistics do not consider the Electric Vehicle as a reality deserving first-class
attention. In this variation, some sources (172, 213) consider that the share of Electric
Vehicles would be rather small.
Indeed, Electric Vehicles need further technology development, notably in the field of
batteries (235- 238). However, the potential goal to be reached (239, 240) deserves a real
first-class attention, particularly for corporations either in the side of car manufacturers or
in the side of energy goods suppliers.
Electric Vehicles would imply a deep change in car manufacturing and in fuel market.
Electric Vehicles (241, 242) have a powertrain totally different than internal combustion
cars, although hybrid cars have both worlds embodied in the same unit.
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The actual big change would happen with plug-in hybrids and full electric cars. Simple (or
current) hybrids depend on oil products directly, while full electric depend on the
electricity sector, where many generation technologies meet and compete, notably gasfired power plants and main direct renewable energy sources – wind and solar.
It is obvious that Electric Vehicles would convey the largest financial needs because it
implies the largest change both in car manufacturing and in energy supply to cars.
Estimates on that will be presented in next section. Of course, the feasibility of this
alternative critically depends on batteries, and a sound evaluation of its potential
development is out of the scope of this document, and it is likely to be too soon to make a
valuable appraisal on this field.
The EU Commission’s Staff Working Document, “Guidelines for financial incentives for
clean and energy efficient vehicles” (220), asks for not to induce any discrimination on the
possible lines of research in this field.
It is therefore very important to have a common unit for measuring the advancement of a
given alternative towards the main objective, and this unit should be the CO2 total emission
in a given system, taken into account the full system, not only the car itself. Of course, for
local contamination problems, the unit of measurement would be the local emission rates,
where full electric would be the best qualified.
Global (well to wheel) analysis of different technology scenarios point out that Electric
Vehicles (239-240) will offer the highest efficiency, and will minimize contamination in
populated areas.
As an illustrative case for this quest, we can consider that a good new vehicle of medium
class will present in average an emission of 125 grams per km. An electric car would
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consume circa 0.14 kWh/km. This value will rise to 0.17 if the efficiency in charging the
battery is accounted for.
In Spain, an average value of CO2 emission in the electric generation system is slightly less
than 400 grams/kWh; which means less than 70 grams per km. The situation will improve if
coal-fired power plants decline in activity (they generate 1 kg of CO2 per kWh) and
Renewable Energy Sources continue to increase their generation. As a reference, Gas-Fired
Combined Cycles produce between 350 and 400 grams of CO2 per kWh.
With a gas engine, a car can emit between 110 and 140 grams of CO2 per kWh. Should the
gas be burnt in a Combined Cycle, an electric car fed with that electricity would emit
(indirectly) between 55 and 70 grams of CO2 per km.
From the point of view of a longer step towards sustainability, Electrical Vehicles are the
most interesting alternative, and they also convey the highest efficiency in the system as a
whole. On the contrary, they require more money to finance the transformation of an
industry which is very well rooted in its methods and rules; which does not mean it is not
sensitive to innovation and change.

5.5 Merging two country roads into a single highway: the New Electric
World
Is there any news in the current energy scenario that could boost Electric Vehicles as the
right solution for the future of Energy? The answer seems to be yes. Two reasons for it: the
technical success of Renewable Energy Technologies in a first phase of deployment; and
the onset of shale gas, and the gas abundance it conveys.
It is obvious that Renewable Energy Sources must reduce costs to become competitive with
current generation costs, which are in the range of 40 to 80 €/MWh (176, 174). All three
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main Renewable Energy Sources (wind power, PV and solar thermal) could be below 100
€/MWh in sites with good meteorological values. Even in Spain, without extraordinary
values in sun hours and winds, the result is quite positive, in the sense that the number of
operational hours almost reaches the natural availability values. This fact was shown in
Table 5.2, where it is also seen that solar thermal has a higher load factor than PV (2,500

hours instead of 2,000) thanks to the Thermal Energy Storage system.
Energy storage is already a problem for the electric system, and it will become more
complex as the installed capacity of Renewable Energy Sources increases. For the moment,
at least in Spain (which has the highest sharing of Renewable Energy Sources in meeting
the demand, in percentage) instead of energy storage, the complement to Renewable
Energy Sources are Gas-Fired Combined Cycles.
Although the number of operational hours in the past has been very low for Gas-Fired
Combined Cycles (circa 1,500 in 2010) it is still the cheapest way to guarantee meeting the
demand. Gas-Fired Combined Cycles specific investment (i.e. CAPEX) t is quite low (around
700 €/kW) and the main part of the operating cost is the fuel, which has kept a very stable
price in the spot market, once the shale gas joined the market.
The classical alternative for storage in the Spanish case was hydro-pumping, which received
a boost 30 years ago, when most of the nuclear power plants were built. Excess of
generation was expected at nights. In 1990, the hydro-power capacity was 2.5 GW and was
slightly higher in 2012, 2.75 GW (173). It is true that some nights, some of the wind farms
have to be left idle because an excess of generation (203) but the alternative to build
additional hydro-power stations is not attractive. An example of this problem was
Karpathos Island in the Aegean Sea, where a hydro-station working by a cliff absorbs the
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excess of power of a wind farm of 5 MW. The case is well documented (247) and it is
disclosed that the cost of the hydro-power complete station (including upper reservoir,
penstocks, turbines and so forth) was circa three times as large as the cost of the wind farm
(roughly 5 million € compared to 16 million €).
This example is not only relevant about storage, but about Renewable Energy Sources
themselves. Renewable Energy Sources are cheaper than conventional installations which
were considered competitive 30 years ago.
If we look towards the future to try and find hints on evolution of markets and
technologies, a key document (248) is the “Golden rules for a golden age of gas”,
elaborated by the International Energy Agency. This work is rather classical in methodology
and does not open too much room for innovation, neither for Renewable Energy Sources
nor for Electric Vehicles.
However, predictions of electricity generation for 2020 are as indicated in Figure 5.4. For
Europe, a level of costs similar to the target of best Renewable Energy Sources, if learning
curves keep their track. If the difference in energy scenarios among continents is kept as
indicated in this figure, the interest in renewable energies will also be very different, and
the EU would have to increase their interest not only in renewable energy technologies but
in regions with high potential in these sources of energy, as MENA (Middle East and North
of Africa). Of course, a parallel line of supply will rely on natural gas imports plus Gas to
Liquid expansion.
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Figure

5.4

Figure 5.4 Electricity gen erating costs for new coal- and natural gas-fired
power plants in selected regions in the Golden Rules Case Study
Source: International Energy Agency, http://www.iea.org/, “Golden rules for a golden age of gas”.

In the cited study (248), little room is given to a revolution in automobile technology, and
the forecasting on primary energy demand and electricity generation do not show big
changes, as depicted in Figure 5.5 and Figure 5.6.
Nevertheless, a major share of gas and renewable energies is foreseen in electricity
generation, which is in line with the objectives proposed in this document, although the
study does not give too much credibility to the Electrical Vehicle; which will cover a very
small percentage of the 1.7 billion vehicles expected for 2035. This means twice the current
number.
Some adjustments are needed to fit forecasting on the demand side and on the production
side, because oil consumption will increase very little, and other ways of powering vehicles
will be needed.
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Similarly, new ideas (some of them, technology-based) would be needed to reduce and
curb CO2 emissions; and the ideal situation would be reach such environmental objective
with the most energy-effective scenario, because it could convey new types of economic
triggers that would enhance economic growth.

Figure 5.5 World primary energy demand by fuel in the Golden Rules Case
Source: International Energy Agency, http://www.iea.org/, “Golden rules for a golden age of gas”.

Figure 5.6 World power generation mix by case

Page 143 of 281

J.M. “Chema” Martinez-Val Piera
Source: International Energy Agency, http://www.iea.org/, “Golden rules for a golden age of gas”.

A simple but systematic calculation will help clarify this proposal, particularly based on the
case of Spain, with approximately 20 million vehicles and a total consumption of 40 million
tons of engine fuel per year.
This means a final cost for customers of circa 60 billion € (60,000·million €) which include a
tax percentage of 50% approximately, and. In gross energy terms, the total annual
consumption is 1.6·1012 MJ, with an efficiency of 25%.
This means a net energy for powering the vehicles of 0.4·1012 MJ. The total emission of CO2
is around 120 Mton.
The amount of crude oil to yield the 40 Mton of fuels (mainly, diesel) consumed per year is
around 55 Mton (234), or 410 million barrels, taking into account other products generated
in refining, which are considerable less expensive than gasoline or diesel.
With a crude price of 100$/barrel, the total expenses in primary energy would be 25 billion
€ (25,000,000,000 €). Calculations can be redone for any other oil price (it is straight
forward).
In Electric Vehicles, the engine efficiency will be about 95%, and the battery efficiency can
be estimated in 80%. However, a rapid charging of the battery will be less efficient than
slow ones, which would be followed in filling stations were batteries could be replaced
safely and rapidly.
Another efficiency of 90% can be considered for distribution losses and internal
consumption, so yielding a dispatching efficiency of circa 68%, which has to be multiplied
by the generation efficiency close to 60% (although free spinning gas turbines with
improved bottom cycles could likely reach 70% in the near future).
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So, a complete cycle efficiency of approximately 40% is found. This represents a gross
energy value of 1012 MJ of gas, i.e. 27·109 m3, or 24 Mtoe, which is 60% of the reference
case with oil.
In CO2 emissions the corresponding value is 52 Mton, less than half the former value.
Assuming a gas price of 6 €/GJ (which is a value halfway between shale gas and current
long-term contract) the total expenses in primary gas would be 6 billion €, circa 25% of the
expenses for crude.
Certainly, we have to include here the conversion into electricity, the distribution, and so
on. If current data for Spain’s electricity system are used as a reference for calculating an
average final price of electricity, we find that the total electric energy sold to customers is
around 280 TWh, and the total income of the companies is about 28 billion €, which makes
a value of 100 €/MWh.
This is in agreement with data explained in section 2 of this chapter, which gives a fuel cost
for electricity generation in Gas-Fired Combined Cycles around 40 €/MWh. The final price
to customers would between 2.5 times larger, which also is a reasonable factor for an
efficient electricity system.
It must be noted that electricity has not a unique price, and differences between large
industrial consumers and standard residents can be much higher than the values here
indicated. Taking into account the average price of 100 €/MWh for our calculation, this
price has to be applied to the 0.54·1012 MJ electric energy sold as such (i.e. 0.15·109 MWh),
which gives 15 billion € of total expenditure by the customers.
It is worth noting the big change induced in the electric system by this technical revolution,
because the market would jump from 280 TWh to 430, an additional commercialization of
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150 TWh. Such a change could be viewed as too expensive because of the additional
capacity to be built. Actually it is not so, but just the opposite: Spain’s current capacity is
25.2 GW, and it worked in 2012 just 1,500 hours. If this capacity operated 6,000 hours
more, the additional production would be just 150 TWh. This is another important synergic
effect.
The differences between both cases are paramount in energy, carbon dioxide and money.
The latter would set up another problem, related to taxes. Taxes on electricity are much
smaller, in percentage, than taxes on oil products. Current values are 25% for the former
and 100% for the latter, over the commercial base price; which means that taxes collection
in the oil case would be close to 30 billion €. In the gas case, it would be only 3.
This scenario of Electric Vehicles indirectly powered by gas deserves much more attention,
in order to anticipate hidden costs and technology showstoppers. Of course, such a change
would not happen overnight, but in a few decades, taking into account the car replacement
rate and other industrial and financial limitations.
Very likely, the plug-in hybrid car will be an intermediate step in this quest to energy
sustainability. Take into account that Renewable Energy Sources would be a
complementary mate for Gas-Fired Combined Cycles, which already work closely
connected in Spain’s electricity system.
In summary, a new hierarchy of energy goods and energy applications could appear, and a
better integral use of energy will take place. In that highly electrified scenario, where a high
fraction of the supply will come from Renewables, macro-regulation will be essential,
which would need very reliable and flexible energy storage with very rapid reaction. This
mission could be satisfied by petroleum products, as kerosene or gasoline, burned in fluid-

Page 146 of 281

Adapting micro-economy of energy corporations to macro-economy policies aiming at a sustainable
economy.

fired turbines with high efficiency and rapid reaction. They are much simpler and cheaper
to store than any other alternative that could give similar performances.

5.6 Sustainable Energy by chance?. The driving force of technology
Such an ideal scenario as the one depicted in the previous section would be possible if
technology development succeeds in the several important challenges that this pathway
conveys.
It is worth pointing out that previous estimates are within the limits of the laws of Physics,
as Carnot’s theorem or Hess’ law on formation heat. The actually pending problem is to
find suitable materials for the mechanisms and transformations embodied in the new
Energy Industry.
In this context, it must be cited (249) the EU Commission’s Staff Working Paper, “Materials
Roadmap Enabling Low Carbon Energy Technologies”, where a matrix type analysis is
presented, and is reproduced in Figure 5.7.
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Figure 5.7 Research areas common to several technologies
Source: European Commission, Strategic Energy Technologies Information System,
https://setis.ec.europa.eu/system/files/Materials_Roadmap_EN.pdf

As the study is oriented to Energy generation Technologies, batteries are only considered
within the umbrella of “Energy storage”, but not as a critical part of Electric Vehicles. In
fact, this name never appears, although some of the data contained in the chapter of
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energy storage are useful to assess the potential and drawbacks of lithium batteries, which
are generally considered the best adapted to Electric Vehicles requirements.
One of the key problems is the weight. At present, the maximum specific energy contained
in a Li-ion battery is close to 0.25 kWh/kg, but the value considered as safe enough for
public use is 0.14 kWh/kg, which represents 1 km/kg of battery in a medium size Electric
Vehicle.
This obviously is a major drawback in this idea, because autonomy for 400 km would
require 400 kg in batteries, occupying a baggage trunk (but distributed across the car
structure. The specific cost is not yet fully commercial, and it ranges now between 500 and
1000 €/kWh. The road-map proposed in that document (249) is aimed at reaching 0.2
kWh/kg of working value, with a price of 200 €/kWh in the decade 2020-2030.
The battery set for 60 kWh (400 km approximately) would cost 12,000 €, which is indeed a
high number, but it is not a consumable, but an investment. Take also into account that an
internal combustion car would swallow around 30 liters of gasoline with a price of 45 €,
and the electric car would recharge 0.06 MWh, which would be 6 € (without taking into
account any change in taxes). The fuel cost difference would be close to 0.1 €/km, which
means that the investment would be recovered in 120,000 km.
Although these numbers are plagued with uncertainties, they are good indicators of the
order of magnitude of the problems we will have to address in this quest. For instance, the
problem of battery weight seems worse than the problem of money. Embodying 300 or
400 kg of replaceable batteries into a car is not impossible, but it must be done safely for
all conditions and easy to replace.
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Accounting for the actual value of the newly charged battery and discounting the worth of
the battery being replaced could be done by a set of tests made with suitable instruments
in the filling stations (232), in such a way that refilling would not be time-consuming.
In summary, technology development has the key for this race, which could set up an
Energy scenario much cleaner than any other of the ones studied to combat Global
Warming (250) which are based on evolutionary changes in the automobiles, as:
•

•
•

•

Vehicle mass is reduced by 15% (baseline) and 22% (advanced) by a combination of
greater use of high strength steel, aluminum and plastics coupled with advanced
design;
Tyre rolling resistance coefficient is reduced from the current 0.009 to 0.008
(baseline) and .006 (advanced);
Drag coefficient is reduced to 0.27 (baseline) and 0.22 (advanced). The baseline
level is at the level of the best current vehicles, while the advanced level should be
readily obtainable for the best vehicles in 2020, but seems quite ambitious for a
fleet average;
Indicated engine efficiency increases to 41% in both baseline and advanced
versions. This level of efficiency would likely require direct injection, full valve
control (and possibly camless valves) and advanced engine combustion strategies.

The Electric Vehicles offers a totally set of possibilities (251, 252) to reshape both the
transportation system (253-255) and the Energy system (256-257). It can provide a better
overall performance from a comprehensive energy conversion chain (258).
In a society as ours, so dependent on petroleum, the myth of the “oil peak” and the decline
in oil production stir some fears (259) but arguments exposed in this document clearly
pointed out that other hydrocarbons, suitably merged with emerging technologies, will
open a new macro-economic cycle with an enormous importance of Energy.
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5.7 The role of corporations
Deep changes as the one analyzed in this document do not evolve by themselves in
modern societies, because they are too complex and too expensive in the early phases of
development.
Policy makers must use economic incentives to make these changes a reality. Besides this
side of the innovation triangle (funding agencies), other two sides are necessary: research
institutions and industrial corporations. Scientific knowledge requires a first step of basic
and applied research to be converted into technology elements, and then corporations
must use those elements for building a new, and profitable, commercial initiative.
Corporations have the skills and the expertise for converting conceptual advancements
into commercial realities, and it has been so in many outstanding examples both in the
automobile industry and the energy sector. This sector shows a sort of corporation
classification in three levels:
•
•
•

Energy procurement
Energy conversion
Energy applications

Corporations are usually specialized at one level. This fact should be reviewed, because a
good merging between markets and technologies needs some continuity between levels. It
seems convenient for a corporation to work in levels 1and 2, or levels 2 and 3.
In the first case, some hydrocarbon corporations could find useful to work also in electricity
generation, to have a more flexible and independent reaction at tactical level, and more
strength in strategic planning.
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In the second case, electricity generators could be operative in the battery field. Note that
the battery inventory in a system will be larger than the inventory needed for powering the
cars, and batteries should be managed as electricity storage in general.
It goes without saying that Information and Communication Technologies would be an
essential tool for the system to be actually smart, so that the system would work in the
most efficient state, compatible with satisfying the needs or anticipated consumption an
individual customer could declare.
Knowledge acquisition by corporations and steps from knowledge theory to management
practice will be a challenge for adapting the company to the new potential situation (260263). This is one side of the coin. Another side is that corporations need to give credibility
to these proposals and potential lines of action.
A cool reaction from them would really be a setback for this scenario. Of course, policy
makers can use economic incentives for stimulating a line of development, but such a
policy should be very limited in budget and time span for the new ideas be credible.
In the first stage of research and innovation, cooperation among companies and research
institutions can accelerate knowledge acquisition by corporations, but next stages must be
based in competition, which really marks the objective of corporation knowledge.
Successful knowledge management (264) will be assessed by results, particularly in relation
to get a sizeable share of the new market, which is the objective of the company. It could
be said that a mutual benefit is established between the new idea and the corporations
involved in their deployment and exploitation. The idea needs the corporation to acquire
full credibility, and corporations need the idea to make business.
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5.8 Corollary on Technology Integration
The drive of technology advancement and the thrust of the natural gas market in the US
following the commercial explosion of shale gas can be the main starting points of a new
phase in the Energy industry.
The actual evolution of this field will depend on many factors, including the complex world
of international relations and political decisions that do not always follow trade guidelines,
and do sometime depend on other type of interests.
This document was not intended for forecasting the future of Energy along with the future
of our planet. The objective was to study the inherent features of important emerging
energy technologies and to analyze the ways of interacting with new evolving markets, in
order to find new possibilities for the future of Energy, and to evaluate them under a triple
criterion of overall energy efficiency, economic viability and reduction in CO2 emissions.
It is a paradox that the best merging to produce a high quality energy scenario is between
the New Gas Market stimulated by shale gas extraction and the Electric Vehicle, which do
belong to totally different initiatives.
As a matter of fact, shale is a new activity originated in the US (namely, Texas) and was
totally separated from the initiatives in the automobile industry in the quest for Electric
Vehicles.
However, they merge quite well together with the important bridge of Gas-Fired Combined
Cycles as electricity generators. Moreover, Renewable Energy Sources can also fit well into
this scenario. Renewable Energy Sources are already closely connected to Gas-Fired
Combined Cycles to guarantee meeting the electricity demand, and the Electric Vehicles
will be the way to put Renewable Energy Sources into the car’s fuel tank.
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The MIEE of the proposed scenario is much higher than the current one. For the ground
transportation system, the present overall efficiency is around 25%, while the new case will
have at least an overall efficiency of 40%.
The economic impact also shows better results for the new scenario; although investments
on Electric Vehicles will require more money than continuation of the existing production
of cars with Internal Combustion Engines.
Looking at the problem from the viewpoint of customers, Electric Vehicles will convey an
over-cost for the battery that could be estimated in 12.000 € the car; which could be
compensated by savings in refueling over a travel distance of 120,000 km.
Very likely, the biggest impact would be in CO2 emissions, which could be cut to less than
half the current value, for the same economic activity. Of course, this point presumes that
shale gas extraction will be done according to “golden rules” (248) to avoid methane
leakage into the atmosphere.
So to speak, shale gas was not in the Energy Agenda of policy makers in the post-Kyoto
Protocol era, but it has gained ground in a very short time. It is worth citing the document
(265), “Coping with high debt and sluggish growth”, included in the World Economic
Outlook 2012 of the International Monetary Fund, (October 2012).
One of the five boxes (265, page 54) devoted to outstanding trends and facts that could
have some strength to pull us out of the crisis is “Unconventional Energy in the United
States”.
The analysis does not go up to the level of the prospect presented in this document, but
many points are very similar. In that box it is written “natural gas prices were heavily
regulated, with regulators using oil prices as a reference for gas prices. Deregulation and
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restructuring of the pipeline sector led to a competitive market with direct gas-on-gas
competition”.
In the prospect presented in this document, shale gas opens an opportunity for stimulating
Electric Vehicle deployment. The new scenario would convey a significant reduction of CO2
emissions, in such a way that all Intergovernmental Panel on the Climate Change scenarios
could become obsolete because of the strong reduction caused by higher global efficiency
of the system; although a suitable surveillance will be needed to keep methane accidental
releases in acceptable values.
The main conclusion is that a phase of cheaper and cleaner energy could appear, although
technology and financial challenges, as well as market inertia, can stretch the deployment
phase beyond initial expectations. In this transition, which would likely last thirty years or
so, energy corporations will have to face challenges and opportunities to consolidate their
working and value-adding status.
It could seem an optimistic dream more than a fact, but shale gas has become a reality
before anyone could say it was a dream, and prototypes of Electric Vehicles resemble the
early electric locomotives in a railways system then dominated by steam and diesel
engines.
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Chapter 6. HYDROCARBON

CORPORATION

GUIDELINES

FOR

STRATEGIC DECISIONS IN THE 21ST CENTURY

6.1 Introduction and scope
A minimum of $20 trillion (i.e. 20,000,000,000,000 US$) investments is estimated for the
next 25 years to meet increasing energy demand and to offset the declining reserves
hydrocarbons (266, 267). This is an indicator of the challenges that the sector has to
address. Further, local and global contamination is posing a severe problem, which will be
intensified as the number of cars increases from a circa 1 billion current level to more than
double this figure.
Such a global market expansion will concur with a wide portfolio of new technologies that
can produce a solution to the otherwise inevitable energy crisis (268-270). This solution will
have to go beyond alternative and renewable energy and embrace the economic
harvesting of remaining oil and gas resources, including the so called unconventional.
News trend in energy and currency accounting is likely to appear. This will take into
account the efficiency of different technologies and the fit between sources, technologies
and end-uses.
Such scenarios could be characterized by the MIEE, a concept presented in this thesis. The
MIEE can be used to find the optimum cost-benefit ratio at a global scale, at a given time.
If such a deep transition materializes, industrial corporations will have to undergo changes
in structure, scope and methodologies. This will be both a threat and an opportunity (271,
272).
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Energy policies are primary established at national level. Basic principles apply everywhere:
security of supply, environmental quality, and minimum cost.
The latter is however an incomplete concept if a time frame is not defined during cost
minimization. Most of the policies are established only considering a very short term (i.e.
four years or less).
Spain can be taken as an example, notably for the electricity industry (273-278). The boom
of renewable energy sources was the consequence of a generous framework of feed-in
tariffs established in the Royal Decree RD 661/2007. Collateral effects of this subside based
policy (14) have become a notorious problem to maintain a proper balance between the
economy and the profits of the system.
When the energy problem is address with a longer run perspective, underlying
uncertainties are too broad as to enable the reach of the optimum solution in terms of
energy policy. Moreover, collateral effects can appear in policies implementation, and
correction measures must be enforced. A similar problem regarding uncertainties appears
in the elaboration of a document on these subjects. Some of the relevant variables are not
of physical nature, but rather evanescent and quickly fade or disappear. These variables are
related with geopolitics, financial pressures on a currency, environmental trends, ideology
and other social developments.
A technical analysis can be aimed at optimizing a given energy problem with defined
boundary conditions (280-282). However, the result can become useless because of the
interference of the evanescent variables, which usually appear with enormous strength
over short periods of time. They are crucial in actual life, but they are almost not admitted
in a technical document. If a document dares commenting this type of evanescent
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variables, the document risks to be deemed unsuitable for standard scientific publications,
where the formal procedure has been established according to the scholar tradition.
Let us consider the problem of Global Warming and the risk of increasing the atmospheric
greenhouse effect by methane emissions. Methane has a Global Warming Potential that is
70 times higher than CO2. However, accounting of methane emission is much less accurate
than that of CO2.
The latter comes from chemical combustion, and CO2 emission rate is directly calculated
from fuel composition and stoichiometric balance. On the contrary, methane can come
from natural reservoirs, leaks from gas pipes, or leaks from extraction and production
process. These mechanisms do not have proper instruments for measuring the potential
flow of methane.
In 2007, Global Warming (283) was so high in the cultural agenda that the Nobel Prize for
Peace was awarded to the former US Vice President, Al Gore, and the Intergovernmental
Panel on Climatic Change.
Seven years later, the Intergovernmental Panel on the Climate Change is less emphatic in
the declaration that “unambiguously, there is relation between human activity and climatic
change”. Moreover, President Obama’s Administration is favoring fracking (264-266), as a
way to reach energy independence which represents a milestone in the US international
policy.
A reliable estimate of methane leaks from fracking-based gas production is not available,
which means that the famous “Intergovernmental Panel on the Climate Change scenarios”
for reaching a certain level of temperature rise must be revisited.
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Such abrupt and evanescent changes in energy policy from the biggest economic power in
Planet Earth is rather difficult (i.e. almost impossible) to model in any scientific analysis
(287) and it is however second to none in terms of ranking of critical variable.
From the point of view of methodology, the difference between physical variables and
evanescent variables is similar to the difference between “optimization process” and
“decision-making process”. To optimize a system, this must be well known and
comprehensively defined so that a minimum and/or a maximum can be found (including
local min/max, or a saddle point).
When uncertainties ranges and evanescent variables dominate the description of the
system, optimization techniques cannot be applied. In such circumstances different
methods must be used, from fuzzy logic to purely stochastic.
In scientific attempt to express all internal relations of a system in terms of integraldifferential equations, evanescent variables are usually omitted because they disturb the
ideal picture we can get from the energy world, and compromises our goal.
In the presentation of the work pursuing the goal of dissecting the energy world, I focus on
the possibilities and potential of the physical mechanisms available to extract, convert or
apply energy by the end user. It goes without saying that the path to the goal and the goal
itself can be disturbed by an evanescent variable, but an analysis must be carried out on
the basis of physical facts and laws (288, 289).
In this context, we propose a new concept to complement the guidance of energy policy
making, which is the MIEE. MIEE should lead to maximize the total amount of End Uses of
Energy, compatible with a minimum cost at a global scale (relative to the produced
benefit).
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In this thesis, this concept is analyzed considering that some of the enabling technologies
currently under research will actually achieve industrial maturity.
Hence, opening an energy sector with more degrees of freedom to optimize global
efficiency. Those technologies would include deep changes in the transport sector. For
instance, the current dominance of petroleum products could be challenged by other
hydrocarbons and biological products (290-293) or other sources of energy. Energy storage
would represent a fundamental element in such long term energy scenario. It is therefore
mandatory to analyze the role and features of corporations in a much more integrated
Energy sector.
The classical objective for a corporation is to achieve a niche in a given market. Very likely,
a further objective of the corporation will be to consolidate and/or enhance that market
quota. However, both the framework and the boundary conditions for energy corporations
will not be the same as those experienced in the past. This is why the analysis pays
attention to the problem of fitting corporation skills to future energy sector requirements,
and accounts for alternative tools to deliver energy policies in the near future.
It seems we are in a crossroad similar to that the energy sector was in mid-seventies of the
20th Century. At that time, new agencies and developers were created. An example of this
is the Energy Research and Development Administration (ERDA) later substituted by the
Department of Energy.
Technology was one of the key elements for these types of agencies. However, one should
underline that some of the most relevant enabling technologies have not being provided by
these institutions, but rather by independent initiatives such as the case of fracking (294296).
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6.2 The current energy world: crossroads or road-maps?
There are several studies and series of analysis (266-269) devoted to a better knowledge of
Energy, which is fast evolving (297, 298). The same facts are presented to argue in favor of
quite different points of views. The International Energy Agency tries to offer a more
eclectic landscape of energy, without pushing it to extreme opinions. The EU has to
integrate different views on topics such as Nuclear Energy, but it is generally well aligned
with environmental matters (i.e. Directive 20/20/20 (34)). Furthermore, the EU has a taste
for technology and development, but lacks establishing strong priorities (i.e. the
Alternative Fuel Directive).
The US has adopted recently a much liberalized position in the energy market, and has
shown a lot of interest in energy information (267). The US has demonstrated very limited
interest in developing new energy technologies in recent years.
However, several institutions have produced interesting analysis on the true values of
energy research for the long run (270). This long-run advantage seems to be of secondary
importance for the current Obama Administration as compared to those related with
lowering cost and providing higher energy independence (i.e. the unconventional
hydrocarbon industry).
The 20th Century ended with an international concern about the long term case, and a
quest for sustainability was launched to avoid Global Warming (300). As already quoted, an
international body, the Intergovernmental Panel on the Climate Change (301), was created
to produce forecasts on climatic for the coming decades. This effort was not match in
terms of foreseeing problems in the Energy sector and much less to identify pathways to
development markets and technologies.
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It is true that an organization as the International Energy Agency was already making
forecast about the evolution of the sector, but the International Energy Agency only has 29
members, most of them from the EU, but unfortunately not the EU as such.
We are already aware that Climatic Change deserves attention at the highest level, but
Energy is not a minor problem. Energy in turn is dominating the environmental impact at
every scale.
Energy is at a manifold crossroads where several concepts open different lines, particularly
the following ones: Sources, investment, technologies, environment, sectors, emerging
countries demands, independence, markets, and efficiencies.
A minimum of $20 trillion investments is estimated by the International Energy Agency for
the next 25 years to meet surging energy demand and to offset the declining reserves and
production of the world's major oil fields. These numbers can be challenged; both as a
whole and as an aggregation of sectorial figures. However, they are based on projections
that are easier to accept. For example, the rise in the number of automobiles in the world.
There is however another set of unknowns behind these numbers. For instance,
automobiles will not be the same ones as those of present days. Automobiles will be used
in a slightly different pattern. People tend to live in macro-urban areas and the use of car
mainly in that environment can be substituted by public transportation. As a matter of fact,
as seen in Table 6.1 (266) projections on total consumption in transportation for 2030 (and
even for 2050) do not change.
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Table 6.1 Total word energy consumption in transportation (in EJ) and
projections relative to 2011
Mode

Year
2011

2030

2050

Heavy road

26

27

29

Light road

51

49

39

Rail

2

3

5

Air

11

12

13

Sea

10

12

13

TOTAL

100

103

99

Source: International Energy Agency, http://www.iea.org/etp/explore/, retrieved in 2014

Some of the hypotheses underlying in those numbers can be challenged. The forecast for
Light Road values in 2050 is based on the following allocation based on energy:
•
•
•
•

Oil products, 20
Natural gas, 1
Biofuels, 11
Electricity, 7

This projection considers a very short penetration of Electric Vehicles, and this is even more
relevant as it includes H2 vehicles in this source type.
As presented later, the Electric Vehicles presents very appealing features in fuel
consumption and environmental quality. The main limitation on range should not be
considered a burden as 85% of the mileage done by private cars corresponds to daily
round-trips under 150 km.
This subject will be dealt with later; it is at the very center of a potential revolution in town
transportation modes and air quality. It seems to be extremely difficult to calculate the cost
of environmental consequences, specifically in terms of health problems as a result of
micro-particles aggression. This hazard can only be dramatically reduced by electric cars.
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The Future of Energy will be the result of a confrontation among facts from Nature,
political principles & programs; and the evolution of both technology and society. Figure 6.1
presents a comparison between the current North-American model and the European
model on the basis of a 4-corner ring where the energy battle takes place.

Figure 6.1 Sketch of the energy policy priorities in the US (nowadays) and the
EU.
Source: Personal publication at Energy and Power Engineering, http://dx.doi.org/10.4236/epe.2015.76027

Nowadays, the North-American masterpiece is the new aggregation of reserves which
appear in the inventory thanks to fracking, an enabling technology which has changed at
depth the oil and gas industry in the US and worldwide.
Breakthroughs in technology can be fundamental pieces in shaping the future. Nuclear
Energy was an example in the past; and Shale hydrocarbons are an example right now. It
must be added that the US has elaborated a research strategy to make a substitution of Oil
by synthetic products in the long term, although the outcome of this attempt is still to be
defined.
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The Future of Energy will also be affected by changes in the demand side, but this is still
harder to predict. Some of the new products and new activities, as widespread
communication and digitalized information can create new consumption modes (relying on
electricity) and can save energy because they reduce the need to move for peoples and
documents.
It is worth pointing out that International Energy Agency estimates predict a huge increase
in energy consumption from the chemicals and petrochemicals industry, increasing from 40
EJ in 2011 to 80 in 2050. The remaining industrial sectors do not undergo a similar rise.
Furthermore, this industry has an important peculiarity: it uses hydrocarbons as primary
matter, not only as fuel. This fact points out the importance of preservation of
hydrocarbons for the highest added value end use, and it is an advice for looking to
petro-chemistry with greater interest.
Such a dual role of fossil fuels is not shared by the rest of electricity energy sources, namely
renewables and nuclear. In particular, the success of oil products for powering vehicles
comes from one of their important properties; the high energy store capacity in terms of
amounts of energy per unit mass and/or unit volume.
However, efficiency of Internal Combustion Engines is very small as compared to other
energy conversion machines (i.e. turbines). That fact was not important when oil was
cheap and abundant. However, it is becoming a problem, from both an economical and an
environmental point of view. Internal Combustion Engines plus oil products were a very
good tandem for powering vehicles, ships and airplanes, but such a good fitting is not
enough for the problems of a sector which has to become more efficient and clean.
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Figure 6.2 show the strong changes produced in our 4-corner ring from the appearance of

fracking as a new enabling technologies. Figure 6.3 has the Electric Vehicles as the
technology driver. The balance among the pillars of the system will likely be shocked by a
new paradigm of technology: Electric cars.
Long term energy scenario will likely be more complex in its internal relations than the
today’s situation. Nowadays, as presented in Figure 6.4, the world of energy is rather
specialized and segmented into compartments. A note on Figure 6.4 is that in general,
transportation presents lower competitiveness but support higher taxes
Close to 70% of coal currently goes to electricity generation, and 95% of oil goes to
transport. Figure 6.5 portrays the long distant future, Electric Vehicles could give much
more flexibility to the energy system, and oil could be used for more expensive applications
(i.e. higher added value). This includes new energy utilizations, as discussed in next section.
Understanding how new scenarios can be built based on new enabling technologies is
useful for guiding energy policies and to guide corporations too. This double objective will
be treated after an insight into energy enabling technologies.
The world depict in Figure 6.5 show transportation will suffer a deep transformation as
emerging technologies join the market. Fight against local and global contaminants will
improve a lot. Efficiency in using the available reserves will increase as well.
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Figure 6.2 Effect of th e Shale Industry among the pillars of the system
Source: Personal publication at Energy and Power Engineering, http://dx.doi.org/10.4236/epe.2015.76027

Figure 6.3 Effect of the Electric cars among the pillars of the system
Source: Personal publication at Energy and Power Engineering, http://dx.doi.org/10.4236/epe.2015.76027
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Figure 6.4 Conventional coupling of fossil fuel to end uses.
Source: Personal publication at Energy and Power Engineering, http://dx.doi.org/10.4236/epe.2015.76027

Figure 6.5 Effect of New Technologies on coupling of fossil fuel to end uses.
Source: Personal publication at Energy and Power Engineering, http://dx.doi.org/10.4236/epe.2015.76027
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6.3 Energy efficiency structure
More than 90% of the primary energy goes through the process of combustion; which, as
presented in Figure 6.6, has a temperature hierarchy. This is particularly relevant for
thermodynamic cycles, limited in efficiency by Carnot’s principle as presented in Figure 6.7.

Figure 6.6 Exploiting hydrocarbons can shift from Combustion to
Electrochemistry
Source: Personal publication at Energy and Power Engineering, http://dx.doi.org/10.4236/epe.2015.76027

An alternative to combustion is offered by electrochemistry, left side of Figure 6.6, which is
not limited by Carnot’s principle. However, it also has limitations (302) because of the
generation of entropy (because of heat generation by friction at atomic level). The
theoretical limit of efficiency in this case corresponds to the ratio between Gibbs’ free
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enthalpy (ΔG), and enthalpy (ΔH), and it is a decreasing function of temperature (T), just
the opposite of the thermal branch as presented in Figure 6.7.
A first reaction to Figure 6.6 is to make a complementary approach, using the brute force of
combustion when high temperatures are achievable, and looking for electrochemistry
devices when temperature must be low.
The latter, however, presents a hidden problem: electrochemistry needs that some electric
charges (electrons and ions) move over an adequate substrate. This substrate can be a
liquid electrolyte, as in lead batteries, or a solid. When moving fast, electric charges
interact with those of the substrate, loss energy, and heat the substrate. Hence, if charges
have to move fast because high power is needed, the system becomes very hot and
efficiency decreases. This is an important rule for electrochemistry, which has been a
drawback for its development (303).
Nonetheless, the development of new materials (i.e. polymer membranes) have open the
way for extending the range of electrochemistry applications, including the famous case of
“Hydrogen automobiles”. Several studies and assessments have been conducted recently
on this subject, notably by countries as Canada (304), Norway (305), and Australia (306)
with very important and competitive electricity industries.
Fuel cells working at moderate T (i.e. below 100ºC) have significant lower efficiencies than
the theoretical values (i.e. polymer fuel cells devices) (303). Solid Oxide Fuel Cells (307-308)
need very high operational temperatures, but they can work directly with hydrocarbons.
This simplifies the previous phases of the system, with the H2 generator.
They are also less sensitive to poisoning by carbon monoxide and other contaminants. They
could be used for electricity generation wherever gas or oil is delivered (i.e. underground in
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the center of a city or any remote location). Proposals based on Solid Oxide Fuel Cells and
other fuel cells are starting to emerge (309) driven by a better integral use of the energy
stored in hydrocarbons.

Figure 6.7 Fuel-cell efficiency and Carnot/thermal energy efficiency versus
temperature
Source: Personal publication at Energy and Power Engineering, http://dx.doi.org/10.4236/epe.2015.76027

A different branch of electrochemistry is related to batteries, which are becoming of
paramount importance for powering electric cars (310-314). Main problem presented by
these cars (in plug-in fully electric type) is the range. For the moment, commercial cars
have a range of 200 km with a specific consumption of 12 kWh/100 km (more expensive
models can double this range).
Another concern is the time required to recharge (aka speed). Batteries don not cope well
with high electric energy rate over a short time. A high fraction of the energy is
transformed into heat. Therefore, electric cars appear as machines very well suited for
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daily traffic in cities, provided the charge can be done at night in a proper place (i.e. a
private parking site).
Efficiency in this case rises quite a lot as compared to Internal Combustion Engines. Let us
take the example of an average petrol car, in moderately congested street circuit, with real
consumption of 10 liters per 100 km. This means 70 grams/km, which amounts to 0.66
moles of octane per km, which involves the emission of circa 5 moles of CO2 per km. This is
a mass flow of 220 g/km.
This is almost double the values required for new cars under EU legislation. However, these
“administrative” values refer to ideal running conditions, for which consumption can
decrease to circa 6 liters per 100 km (or less), or approximately 130 g /km.
The value of the mechanical energy to drive an average car is 0.12 kWh (i.e. 0.432 MJ). The
heat load in the combustion of 70 g of gasoline is 700 kcal, equivalent to 2.92 MJ.
Therefore, the actual efficiency of the average automobile is about 15%.
The optimum engine performance is almost double the latter figure, circa 28%.
Inefficiencies of the engine out of its optimum, accelerations, and idle periods make the
optimum performance decline significantly.
An electric motor has the advantage of not having idle periods, as it rests when the car
stops. Its performance is very high for most of the regimes of the system, and is
exceptionally controlled by power electronics. On average it can support an 88% yield.
However, a correction factor due to charge/discharge performance of the battery is
required. A conservative estimate can be a correction of 75%. This results in an overall
efficiency of 66%. So its consumption (from the electric grid) is 0.18 kWh electric per
kilometer.
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An additional adjustment is required before the final benchmark. We must add grid and
generation losses to the latter figure. Again, a conservative estimate is a 10% of the total
loss. This yields a need of 0.2 kWh per km for the electric system.
Octane burned in a combined cycle Brayton-Rankine, currently yields an efficiency of 60%
and it is expected that this efficiency is boosted up to 70% in the near future. Taking the
latter figure (which best represents the future), we obtain a primary (thermal) energy
consumption of 0.28 kWh per km travelled (afterward) by car, which is equivalent to 1 MJ.
This means that we will need to burn 24 grams of octane in an electric power plant to
produce the required energy in electric form. This is just over a third of the direct
consumption of an Internal Combustion Engines gasoline car.
Generation of CO2 follows a parallel route. It is reduced from 220 to 75 g/km. This accounts
for the energy chain after the gasoline is delivered; as neither process account for
upstream emission of that delivery point.
It is inevitable to note that CO2 emissions would be much lower if the batteries were
recharged with electricity from nuclear or renewable sources. In this case, full-life cycle
emissions are in the range of 30 to 40 g/kWh, or 10 g/km. This is one twentieth of that
emitted by the average car.
As for the cost to the end user, efficiency is not the only advantage. The price in electric
domestic market are circa 20 c€/kWh (electricity), hence the cost per km would be 3.6
c€/km, or 3.6 euros per 100 km. With gasoline at 1.5 €/liter, and an average of 10 liters per
100, the cost would increase to € 15 per 100 km. This is a fourfold increase. On the one
side, this value includes the very high tax burden to gasoline, but on the other side it
reflects the price of gasoline at either high and low international prices of oil as a
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commodity in the international market, i.e. Brent oil. After 100,000 km the electric car
would save more than 11,000 €.This should compensate for the cost of the battery and the
ancillary systems.
In summary, the largest environmental cleanup in both global and local pollutants,
increased energy efficiency of automobile transportation and the positive economic impact
to consumers, all point out that the Electric Car is a very powerful pathway to improve
overall energy arena.
Additional economy considerations can be taken into account. If a car owner decides to
optimize the investment and running costs for the total requirement of car performances
in a given period of his/her life (i.e. 5 years) the owner will find that more about 85% of the
total distance (number of km) traveled is done in daily roundtrips that are shorter than 100
km.
Owners might drive longer distances some long week-ends throughout the year, and could
engaged in few (i.e. one or two) trips a year with distances longer than 2.000 km (forth and
back). For the latter, an air flight plus a car renting strategy saves the owner a lot of money
and a lot of time. At the same time the total energy balance is also optimized (even for a
car with 5 passengers this will not be a worst scenario).
An Airbus 320 spends 5.000 liters of kerosene in a trip from London to the Spanish cost in
the Mediterranean Sea, and carries on average around 125 passengers (a full flight can seat
up to circa 165 passengers). This means 40 liter per passenger. If driven in a usual European
car, the owner will need about 20 hours of effective drive (including break time for a
London-Murcia trip of 2.100 km), consuming about 200 liters of gasoline.
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Similarly, if a depreciation of 0.5 €/km is applied to the car, the total trip cost is circa
2.700€.
Again, the comparison with the flight depends on the number of passengers, but one can
find air fares for that flight at less than 250€ (excluding low cost airlines). Therefore, both
from a personal and an energy efficiency perspective, the optimum solution is to
accommodate the features of the trip to the characteristics of the machine.
It can be argued that the cost for renting a car must be added, but this cost is significantly
lower to the associated cost of three driving days for a fifteen-day holidays.
The option of renting an Internal Combustion Engines car for long domestic week-end trips
is an option that will help optimize the energy consumption over the timespan under
consideration (i.e. 5 years).
It is true that ordinary people are not used to this type of calculation, but this is rather
simple and one can foresee an information campaign to illustrate these calculations. All
electric car vendors already have calculation schemes to demonstrate the savings
associated to a given type of daily trips and other journeys. And should everything fail an
app for smartphone can help deliver this advantage.
Social and cultural changes are in many cases encouraged by technology, with or without
government advertisement. There was no governmental campaign to foster mobile phones
or the use of Internet.
Cars are much more expensive than a phone or a computer, and the reaction time constant
for buying a car is much longer than the period to replace a cellular phone. This means that
this “evanescent” variable of public perception and decision making will be not as prompt
as in telecommunication. However, many hints point out in that direction.
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Electric Vehicles can become household goods on this basis faster that they can do so by
local government policies to impose them to fight local contamination.

6.4 Technology changes in the 21st Century
It is not easy to generate prospects on Energy Technology. Previous experience points out
that some promising lines grow at a slow pace while other lines lagging behind for many
decades burst suddenly and make an early market breakthrough.
An example of the former is nuclear fusion, which 40 years ago it was considered a matter
to be controlled within the forthcoming 30 years. In reality, nuclear fusion has kept in the
main road of tokamak reactors but it still considering that industrial maturity will arrive 30
years from now.
An example of the latter is photovoltaics, which was considered a very expensive and
inefficient technology for electricity generation, and explode over the last decade.
Investment costs have decreased from over 10 to under 2 US$/kW.
The key factor was that PV did not require a significant breakthrough in physics, but rather
a development of technology. On the contrary, the control of magnetic fusion reactors was
not mastered 40 years ago and there it still holds several unknowns nowadays. It is obvious
that many advanced have been made, but research is still at the laboratory scale and with
fundamental problems to be addressed.
The situation for renewable energies is just the opposite. These sources of energy rely on
well-known physical mechanisms and the main problem has always been to reduce costs
(both capital expenditures and operating costs). The best results have been achieved by
improving designs and materials.

Page 177 of 281

J.M. “Chema” Martinez-Val Piera

The learning curves of all renewable energy sources have been successful in the last 10 to
15 years. The first renewable energy to achieve a significant reduction of costs was wind
power. It became possible to manufacture a machine (the 3 blade horizontal generator
mounted on a tower) with a higher efficiency than the rest of the machines.
PV still presents many potential lines of development, although the best cost reduction
step has been associated to cheap semiconductor material (i.e. poly-crystalline silicon).
Nevertheless, the new energy technology portfolio includes advancements in all levels or
stages of the energy supply chain and the form of energy and its changes throughout the
chain.
In terms of sources of energy, it is obvious that “fracking” represents one of the key
milestones of the past years, and efforts should be done to make it cleaner and more
effective in terms of the hydrocarbon recovery factor. Otherwise, some areas like Europe
(315) or Quebec (Canada) (316) will not join the fracking club.
In the energy conversion phases, electrochemistry (302) can give a boost to energy
efficiency, particularly in the domain of distributed generation. Fuel cells working on very
clean hydrogen (303) need a previous chemical double reactor, with one endothermic
process for steam reforming and other exothermic process for shifting the reaction.
For the moment, technological advanced in this technology have been very limited.
However, many possibilities can be identified in this technology option such as reactor
configuration, materials, and temperature regime.
Two important aspects about fuel cells are the following: first, some fuel cells (307-309)
run on hydrocarbons, which can easily be stored; and second, fuel cells do not have moving
parts, which can an advantage for operation and maintenance.
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On the other hand, experience with fuel cells is still limited if compared to the enormous
potential of electrochemistry.
Electrochemistry has already been identified as a candidate for new energy technology
alternatives. Electrochemistry can be considered as the most important one in terms of
economic impact on environmental quality and MIEE, which is the case of the Electric
Vehicle.
It is eloquent to revise the history of electric cars (317-319) which were proposed more
than one century ago. The electrical vehicle has had peaks and downs along these years.
Even after the oil crisis, when some analysts and researchers propose electric cars fed by
nuclear generated electricity for coping with the energy problem. Troublesomeness for this
proposal is that it took too long to develop the nuclear power park for supplying all the
energy that was required, and beyond and above, the very limited range that an electrical
car had at that days.
Batteries for electric cars and the cars themselves started to change 25 years ago, once
electrochemistry was identified as a powerful tool for energy transformation with high
efficiency. Figure 6.8 is a good example of the efforts needed to push technology ahead, and
it is a tribute to those who believed in Electric Vehicles when they were not yet a promise.
However, upcoming energy technology developments will affect most (if not all) segments
in the world of energy. This applies for the domain of sources, its conversion, and its
applications. Of course, in the short term there will be a clear priority to make natural gas
the center of many fundamental decisions, particularly because of the success of fracking
and other new techniques, but also because of the vast amount of resources discovered
over the past years.
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Figure 6.8 is a relic from the past: assessment of batteries for electric cars as foreseen in

1989. Projections were incomplete but not out the case:

Figure 6.8 Characteristics of selected electric passenger vehicles
Source: The University of California, Transportation Center, “Electric Vehicles: Performance, Life-Cycle Costs, Emissions,
and Recharging Requirements”

Properly speaking, fracking had been known for decades (and shale gas for even centuries),
and it was pursued in the peculiar “Plowshare Project” (320) which was conceived for
extending the use of Nuclear Explosives to peaceful applications, as ultra-large civil works
and underground intrusions for getting minerals and above all, getting gas from source
and/or trapping rocks. It could be said that “fracking gas” was known but remained
unknown for many years.
Energy conversion and customization for final uses will surely be another domain for
development and novelties. Notably in the process of becoming more dependent on
electricity for many applications, including a substantial part of ground transportation in
private vehicles.
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Fuel cell, batteries and combustion will have to come closer to enable synergies that we
are currently missing. MIEE it is somehow dependent on those synergies.
Currently, oil products are mainly consumed in Internal Combustion Engines with a
theoretical efficiency circa 30%, but with a real efficiency in the range 15 to 20%. This is in
full contradiction with the inherent capabilities of a chemical fuel, which could burn at
1500 K and above, so creating a very hot energy source. Of course the main feature
appreciated in liquid oil products is their capability to store energy in small volumes. This is
just the end of the string respect electricity.
Electric engines have very high efficiencies (from plug to shaft) but electricity cannot be
stored. A potential way to avoid this mismatch is to rely on hydrocarbon-fueled high
temperature Fuel Cells in order to generate electricity with a very high efficiency that will
later be used to recharge batteries. Of course it is not possible to assemble a car with a
Solid Oxide Fuel Cells component, at is operates at 600 ºC and has a power in the order of
few MW. However, it can be located in a secured facility close to consumers.
This leads to an integration of routes for energy conversion in order to optimize the MIEE
within the framework established by the applications. A sketch on this integration between
the electrochemical hierarchy and the thermal hierarchy is shown in Figure 6.9.
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Figure 6.9 A map of efficiencies and temperatures for different combinations
of thermal machines and fuel-cells
Source: Personal publication at Energy and Power Engineering, http://dx.doi.org/10.4236/epe.2015.76027

Integrating all possible mechanisms to optimize the exploitation of energy does not disturb
the energy markets. On the contrary, it aids sorting them out in a better manner. In some
instances it is considered that the deployment of the Electric Vehicle at large scale will be
harmful for the oil industry, and this is not the case. It is not so because oil has unique
properties, that range from a well stablished global market to its own physical and
chemical properties.
In particular it can be considered one of the best, if not the best way, to store energy.
Figure 6.10 depicts this characteristic in comparison with Natural Gas and major Renewable

Energies (Solar ones plus Wind). Oil has the largest range for accessibility (because it can be
transported easily across long distances) and also has the widest range of applications
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(including future generation of electricity with a much higher efficiency, and lower CO2
emissions unit of energy per consumed).

Figure 6.10 A qualitative graph of the ranges covered by different sources of
energy in relation and environment.
Source: Personal publication at Energy and Power Engineering, http://dx.doi.org/10.4236/epe.2015.76027

6.5 Energy policies and corporation strategies
The actual evolution of the Energy sector cannot be outlined with a high level of
confidence. Even in centrally planned economies, because of technology leaps, market
oscillations and environmental pressure. The task of forecasting evolution of energy is
hard.
What can be done is to analyze specific scenarios. Relying on coherent assumptions we can
identify shortage of materials, or excessive financial support to materialize. Those scenarios
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can be defined presuming selected evolution in relevant variables, including evanescent
ones, which can come from the past in the Energy sector.
This exercise is achievable in the case of automobiles, their engines and the energy
infrastructure to power them. Good projections of automobiles have been carried out in
the past using specific ratios as a basis for forecasting. This is based on the relationship
between the number of automobiles and total population in a specific geographical area
(i.e. continents or countries), as well as other variables in relation to the number of cars
(i.e. as work force and gross domestic product). The fraction of total income devoted to
vehicle acquisition and fuel is another fundamental ratio. Last but not least, sound
judgment is needed to preserve necessary coherence of the study.
The penetration of Electric Vehicles in a given market can be studied as an example of this
procedure. This will at least highlight the different requirements on the key variables of the
problem. Each scenario includes different patterns in the energy conversion chain (from
sources to market) depending in this case of the type of vehicle. A conversion chain is
defined by a number of steps where some energy is lost, some contamination is generated
and some investments or cost must be expensed.
Some values can be assigned to different steps and patterns to qualify their maturity or
readiness, but credibility of the study will largely remain a personal decision. Energy
technologies still needing very basic R&D programs as Nuclear Fusion should not be
included in the picture.
The International Energy Agency, the US Energy Information Administration and the
European Commission (through the Joint Research Center, mainly) have similar models for
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characterizing energy scenarios. The main difference among them is the role assigned to
some of the new technologies.
The main deficiency for this methodology is that it cannot integrate innovations which are
not yet in the agenda. The most visible example is happening now in the USA, where the
“breakthrough” of fracking and shale resources has changed completely the Energy sector.
Figure 6.11 shows the impressive evolution of “shale gas” in the US between 2007 and 2013.

This revolution deserves a suitable analysis and some further comments.
The most important one is that “unconventional gas” (and oil) is not an interim explosion in
the North-American industry but a longstanding trend with important consequences in
geopolitics, environmental qualification and economics of Energy. Projections of gas
production in the States are given in Figure 6.12, where it can be seen that “unconventional
gas” will be dominant from now on.

Figure 6.11 Percentage of shale gas production over total, in USA
Source: Energy Information Administration, http://www.eia.gov/
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Figure 6.12 Share of different types of gas production in USA
Source: Energy Information Administration, http://www.eia.gov/

“Shale” was not in any official agenda, and had not been previously evaluated in
environmental terms. It was a “gold rush” created by technology pioneers, sprawling
immediately. The full story of “fracking” is still to be told, but we need to highlight that the
United States Department of Energy was promoting other lines of action. Most of these
lines are currently frozen.
The rush has been so fast that potential cost associated with toxic waste or by products are
not internalized yet. The main reason for this is a lack of reliable accounting on them.
Moreover, shale hydrocarbons have not yet become an international commodity but
rather locally traded.
A suitable infrastructure was not available when the gold rush started, and a sort of
mismatch went on between drilling and full-scale commercialization. Drilling is not cheap,
and completions are expensive. However, the biggest threshold was to develop an
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infrastructure for exporting goods throughout the country. The core of the infrastructure
was for importing crude oil and refined products, and that shift implied a change in
mentality and big capital investments.
The development of that network will only take a couple of years (partially aided by the
Obama’s Administration support and commitment) and will start a new age (one of
uncertain time duration) where oil will not be linked only to critical domains.
Important countries as United States and Canada, with huge shale reserves, can convey a
lot of stability to the oil market in the midterm, mainly in terms of supply.
This process to achieve the international market cannot be deployed faster. ”Fracking” was
born and grew up without asking permission, and without it being present in the energy
agenda or planning.
This delay is neither good for the energy system nor good for shale-hydrocarbons
producers. Potential revenues are not realized because they do not have yet access to the
global market.
Figure 6.13 show the differences in price among three major gas markets. They are

paramount, and they have several root causes. Access to cheap reserves is one of them,
and this includes a long term of guaranteed supply.
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Figure 6.13 Differences in price among three major gas markets ($/MMBtu)
Source: Energy Information Administration, http://www.eia.gov/

Short term profit has been in this case the driver planning tool. The process was somehow
capped; but it has not experienced a strong change, due to a change in priority in President
Obama’s Administration. At first, this Administration seemed very committed to global
environmental issues. For example, it created in 2009 a new entity called “White House
Office of Energy and Climate Change Policy”. However, this entity did not quite deliver on
its expectations as it was integrated in the “Domestic Policy Council” after two years.
Anyhow, first presidential statements clearly indicated direction in policies related to
energy. In the vice-president’s memorandum dated December 15, 2009, under the title
“Progress report: The transformation to a clean energy economy”, the driving force for
those policies are defined as “jumpstarting a major transformation of our energy system
including unprecedented growth in the generation of renewable sources of energy,
enhanced manufacturing capacity for clean energy technology, advanced vehicle and fuel
technologies, and a bigger, better, smarter electric grid.”
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In fact the report is divided in the following sections: Renewable Energy, Vehicles and Fuels
of the Future, Grid Modernization, Energy Efficiency, Carbon Capture, Nuclear Power, and
Science and Innovation. Neither the word “shale” nor “fracking” appear in the text.
•

•
•

In current times, “unconventional gas” has already been embodied in Obama’s
Administration. Efforts have been made to justify it not only by private profit, but
according to a philosophy established on the following points: “Unconventional
gas” can be made “sustainable” by selecting the regions where it can be exploited
and establishing the corresponding regulations.
It is a very good element to support freedom from Russian energy dependence and
freedom from Persian Gulf oil dependence.
Unconventional gas profits will have to be invested, in a sizeable fraction, into Clean
Energy Projects.

Industrial and commercial corporations, as anyone else, live in a certain social and legal
environment, including technical regulations. A specific feature of corporations is their
strong dependence of being profitably fitted to that environment.
Adaption is important for any living being, but it is even more critical in companies.
Companies can easily be created or discontinued according to decisions made by investors,
who act as watchdogs for corporation profitability. Although each corporation has its own
internal structure, coherent to its objective, a generic description of its functional
articulation can be depicted as illustrated in Figure 6.14.
Money (and Profit) is usually the criterion to assess the health of a corporation. However,
some intangible assets (such as knowhow and expertise) should also be evaluated in terms
of potential profit for the future.
If money is the outermost shell which is indeed connected to the general financial system,
the Physical Assets of the company, acquired along its history, constitute the bones of such
particular body.
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Figure 6.14 A schematic flowchart of activities in a corporation
Source: Personal publication at Energy and Power Engineering, http://dx.doi.org/10.4236/epe.2015.76027

Technology is the third shell of the company; and a clear distinction can be seen between
this shell and the Physical Assets: these ones are private property of the corporation, and
Technology is in many cases a “cloud” of knowledge, which can be partially protected by
patents and other rights, but it is created out of scientific and commercial knowledge, and
it can therefore evolve and be improved.
In the innermost shell we find the people, or teams, of the company. They can go out as
they can come in, and properly speaking are not assets of the corporation, regardless of
confidentiality clauses.
People however, constitute the nervous system and the brain, and this is why the so called
“human factor” is so important. This is none the less outside the scope of this thesis.
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The objective we had when setting the foundations of this work was to analyze the main
features of the evolution of Energy macro-policies, and to analyze how and what Energy
corporations should do for being successful in the new Energy scenario where it will have
to compete, which includes a long series of influences characterized booth by physical and
evanescent variables.
The answer to this question is very complex, and in some cases will not exist as such, and it
will be a collection of considerations and advises coming from the general analysis of the
Energy sector.
A Directive from the EU “European alternative fuels strategy” (COM) 2013, 282) requires
Member States to adopt national policy frameworks to development markets for
alternative fuels and develop their infrastructure. The Directive sets binding targets for the
build-up of alternative fuel infrastructure. An accompanying Impact Assessment (SWD
(2013) 5/2) evaluates cost and benefits of different policy options and identifies conditions
for a comprehensive coverage of the main alternative fuel options.
The assessment is aimed at being totally neutral in both economics and technology terms.
This boundary condition limits drastically the scope of the assessment. The Directive opens
all possible ways (different from the classical ones) and do not attempts to define a priority
list of actions based on a given number of criteria’s. The Directive seeks insight of longterm potential, environmental impact, security and flexibility of energy supply.
It does not mean that a corporation has to deal with all possibilities. On the contrary, a
corporation must identify the ways, means, and objectives to address the future utilizing all
the knowledge and judgment acquired in the past to succeed in its quest to perform in the
future world of energy.
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6.6 Summary and expectations
From any known analysis, it must be understood that there is no possibility to define and
develop a unified and integrally coherent Global Energy Policy for the entire planet.
Even in the world covered by the International Energy Agency, a unique policy seems out of
reach. Nevertheless, corporations can be oriented by analytical approaches to the
scenarios envisioned by the prospective work done by several agencies and the proper
central team of the corporation and external specialized consultants.
Scenarios identified in this analysis as potential integrations of coherent choices are
depicted in Figure 6.15. Business as usual should not be considered an option, because it is
impossible to ignore the strong changes in technologies and markets. It is a BUS going
nowhere.
Environmentally dominated scenarios seem rather unlikely, because they will be very
expensive and would only be meaningful if all countries accept the same procedures and
standards. This is very unlikely based on the aftermath of the Kyoto Protocol.
Integral optimization of energy seems the most sensible scenario for a more efficient
future. It has the very important appeal of advanced technology. At the same time, it has
the drawback of expensive investments to deploy new technologies. The key advantage is
that the system will be more effective in the long run, reduces fuel consumption, and
reduction collateral side effects (as those produced by contamination of combustion
byproducts) All these will represent a major benefit which will likely overwhelm the initial
drawback of higher expenses. This scenario follows the typical law of economics of
engineering systems: the higher the investment cost (a proxy to higher quality) the smaller
the running cost, particularly fuel costs.
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Figure 6.15 A map of pathways for arriving to different futures
Source: Personal publication at Energy and Power Engineering, http://dx.doi.org/10.4236/epe.2015.76027

Last scenario shown in the picture is the most aggressive one, and corresponds to a general
deployment of fracking. Local and global opposition to fracking can disturb this course of
action. It is certainly not a well-accepted option within the EU. It has been briefly explained
that this is mainly a North-American story, and a rather fast one. The “fracking” technology
has got such momentum that Obama’s Administration has changed its general vision of
Energy.
After considering that fourfold pathway towards a profitable future for the Energy
Corporation, what advice could be extracted from the contents of this thesis? It seems the
advice should be to invest and rely on technology. Further, to focus in the effects that the
full development of an array of well coupled technologies would have on the market
where the corporation works and the corporation itself.
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From all papers studies under this scope, technologies that seem mandatory in this advice
are: Electric Vehicles; High temperature fuel cells; Distributed and controlled electricity
generation; and energy storage.
It is counter intuitive and a somehow a paradox, but oil can contribute towards those
objectives (as well as natural gas), with higher efficiencies and lower CO2 emissions per unit
of energy applied to any given end use.
In other words, hydrocarbons can play a unique role in the context of MIEE. Especially
petroleum products, which can be the tools for guaranteeing energy supply thanks to their
suitable properties for storage and for feeding new electrochemistry devices.
This means that it is possible to make a corporation that is based on hydrocarbons
operation compatible with the requirements for lowering the greenhouse gases emissions.
In fact, it is possible because there are many roads for improving synergies among energy
conversion mechanisms.
Hence, there seems to be a good agreement between the overall mandate of increasing
the MIEE as a general priority at global scale and the corporation objective of maximizing
profits within a framework of commercial activity.
Corporations should be prepared for the higher complexity of future energy sector, with
more degrees of freedom in a less segmented fueling structure.
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Chapter 7. FINDINGS AND FOREGROUND. A PROMISING FIELD FOR
ENERGY ENGINEERING.

This Thesis was started by stating that Petroleum has been in the core of social welfare and
economic development for more than one hundred years. It is also true that it has become
a kind of geopolitical culprit, and many national and international policies are designed to
reduce the importance of Oil in our economies.
The reason for that is twofold nowadays: economic and environmental. The latter is not oilspecific but applied to all fossil fuels according to their carbon contents.
In the economic realm, it can be said that the World was split into two parts just after the
onset of the First Oil Crisis in 1973-74. On the one hand there were the countries with
Petroleum reserves; and on the other hand the rest. Most of the population was in “the
rest”.
In particular, most of the Western World countries, and notably those belonging to the
OECD (Organization for Economic Cooperation and Development) were seriously affected
by the Oil price evolution, and after the 2nd Oil Crisis of 1979-1980 it was clear that their
objective was to reduce dependence on Oil. That goal was easy to meet in some areas, as
Electricity generation, but it was less so in others, notably Transportation.
The environmental attack to the Oil industry has been a lengthy process which stated as an
academic concern on the “butterfly effect” but it crystalized in a strong international
movement under the leadership of the Clinton (and Gore) Administration which was
pushing ahead the Kyoto Protocol in 1997.
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Almost 20 years after that, it seems that very little has been achieved in this field. The
current US Administration (Democrat again) is trying to recover momentum in this line,
however its first priority has focused on reducing its Oil dependence from abroad, by
means of accelerating such controversial techniques as fracking.
Indeed the environmental objective, which was the second one in time, has become more
mandatory because of the international agreements. The root of this move was Sustainable
Development, a concept coined at the end of the 20th Century that will mainly affect
political and economic decisions in the 21st Century. Within the matters of Sustainability,
the most relevant one seems to be Climate Change.
Climate Change has triggered a number of initiatives under the umbrella of the United
Nations, as the Conference of the Parties (Conference of the Parties to the United Nations
Framework Convention on Climate Change) and the Intergovernmental Panel on Climate
Change.
Some of the forecasts of Intergovernmental Panel on the Climate Change are taken as
absolute reference for limiting greenhouse-gases emissions, and they can produce practical
effects in the commercialization of fossil fuels.
Some of these forecasts will appear as facts in this chapter, because they are indeed social
facts. They will not have perennial durability, but they can last for several decades, and that
is enough for being compulsory in the domain of this Thesis. It cannot be denied that most
of the energy consumed since the start of the Industrial Revolution has come from fossil
fuels and has gone through the combustion process. This has produced an increase in the
amount of CO2 in the atmosphere. Such atmospheric inventory is the way the
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Intergovernmental Panel on the Climate Change measures the Global Warming potential,
and gives the rules for limiting the emissions
This ruling is formulated at country level, in a difficult exercise which could jeopardize the
economic development of some of them (which is a subject outside the scope of the
Thesis, which deals with Oil at large; not centered in any specific country).
As already said in the introduction, and worth recalling now, neither the geopolitical
aspects of Petroleum nor its role as a booster of economic development are the objective
of this Thesis. The Thesis stems from a double trunk: emerging technologies and
environmental challenges.
Besides the concept and consequences of Sustainable Development, the 20th Century left a
heritage of enabling technologies that can convey important changes in the use of Energy
and in the exploitation of new energy sources. This fact opens an opportunity to improve
the global energy efficiency and can also have relevant effects on the quests for improving
the environmental conditions of our planet.
In this chapter, closing the Thesis, results of our analyses will be summarized and projected
into the future. It will not be a crystal ball trick, but rather an assessment of features and
drawbacks.
Such assessment will remain (mainly) in the field of technology. The Thesis does not
contemplate geopolitical evaluations and alternatives, as what would happen in the
political power dominating the Orinoco Belt undergoes a complete change and starts full
collaboration with OECD countries, for instance. In this exposé, some facts will be
recollected, first from the history of Oil, afterwards from Technology.

Page 197 of 281

J.M. “Chema” Martinez-Val Piera

7.1 The History of petroleum according to itself
Petroleum History is a tale made over two axis: first, Petroleum extraction (with its richness
of geology, technology, and adventures) and second, Petroleum consumption in definite
applications.
Unfortunately, we forget sometimes the second axis, and focus our attention only on the
first one (because we have been living in a situation with such a strong demand of oil, that
it was considered that any drop of oil put in the market would be bought immediately.
The current situation is not like that, and both specialists in Oil and lawmen are puzzled
with it. It has already been quoted the title of the introductory speech in the presentation
of the 2015 BP’s Statistical Review of World Energy titled “Energy in 2014: after a calm
comes the storm”. One must add that the History of Petroleum has that type of upheaval
from time to time, and a new situation appears out of the blue for a variety of reasons. The
“Age of Oil” is a series of phases with specific features, which can teach us a lot from a
chronological analysis oriented to unveil the features and reasons of said phases. Figure 7.1
gathers in a graph the evolution of Petroleum as an industrialized good.
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Figure 7.1 The history of Oil in a set of phases
Source: Personal elaboration

This history begins with the interest of entrepreneur Bissell in using petroleum for
illumination. Back then, it required that someone discovered how to get rid of tar, sulfur
and many other smoky compounds that were true roadblocks for petroleum goods
commercialization.
Bissell was lucky for hiring such a brilliant consultant Professor Silliman from Yale
University. Professor Silliman applied the right chemical operation to identify the structure
and composition of Oil. The second technological step was to isolate the component that
would be suitable for making wax, which was called “kerosene”, and conveyed a terrific
improvement in both burning and illuminating.
Once the business was clear following Professor Silliman’s report, the technology of
extraction became the bottleneck of the full cycle. In the Bissell initiative, the drilling and
extraction technology was in hands of the famous “Colonel Drake”. He was not an engineer
but rather a jack-of-all-trades. Drake had some expertise with the railroad and boilers, and
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managed to deliver the first (drilled) oil, that had the fundamentals of this technical
practice.
In the “Bissell’s phase”, both axes of technology were taken into account: petroleum
extraction and petroleum use. It is obvious that Bissell’s initiative was triggered for the sake
of commerce and money making.
Petroleum was useless in its raw state, and the question was to know how to isolate the
useful component. A goal-oriented refinery technology was a first step for creating a new
market, based on the elementary need of illumination.
Once that level of technology was ready, the merging with Internal Combustion Engines
was straight forward. Internal Combustion Engines had experienced little expansion
because there was no suitable fuel for them. It was easier to devise External Combustion
Engines (the Stirling engine, for instance) than Internal Combustion Engines because of the
difficulties of delivering inside the cylinder a given amount of fuel to be burst in
combination with air.
First Internal Combustion Engines used “man-made gas” to fuel the engines, but the
performance was bad, and there was the very big problem of how to carry the gas with the
engine once they were fitted on a moving platform or chariot. In addition this problem,
most of the gas was poisonous and had a very small Heating Value. This low Heating Value
was due to its manufacturing process, by a sort of reforming reaction between steam and
sawdust or coal powder, and the true burning molecules were CO and H2.
Liquid alkanes easy to vaporize were the answer to Internal Combustion Engine needs, and
the spontaneous merging between them was one of the most productive marriages in the
history of Economy. It is worth underlining that both industries followed utterly
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independent pathways, with the common point of the fuels (gasoline and diesel). Each
industry had its own problems, and there was no need for deeper interaction among them.
Specifications on fuel quality and composition affected the last steps in the refining
process, which is the last phase in treating the product. Such “orthogonal” situation has
been acceptable so far, when the market was under only one index – the price.
The market is now under evidences that “oil reducing” policies could have an important
effect on the evolution of Oil, and corporations have to keep a balance between what is
conventional practice and the new, yet unspecified, scenario.
Figure 7.2 helps to explain central ideas of this Thesis. Oil technologies are in the ordinate

axis, while the application or end use technologies are depicted in the horizontal axis,
which is appropriate for two “orthogonal” entities.
The graph shows the current situation, without trying to keep a perfect scale. It is enough
to give the right view that most of the Oil goes to transportation, with some percentage
devoted to chemicals, and a small stream going elsewhere (as electricity generation in
remote areas, where a diesel engine plus a generator can easily be fueled by barrels).

Page 201 of 281

J.M. “Chema” Martinez-Val Piera

Figure 7.2 Orthogonal axes representing Oil Technologies (ordinates) and End
Uses Technologies (abscissas) mark th e areas where Oil products are
consumed.
Source: Personal elaboration

This situation can change not only because of declared policies, but because of
technologies which can go along with them. Those enabling technologies have been
assessed in former chapters, and the main conclusions drawn there will be reconsidered
here for closing the Thesis with a coherent integral proposal.
Before that, some additional comments must be made on the previous Figure 7.1 and Figure
7.2. In the successive phases marked in the former, a significant point appears in the period

between World Wars (20’s and 30’s of 20th Century) in relation to the German effort to find
a man-made solution to the German total scarcity on Oil. It was briefly described the
enormous strength of German science and engineering in the field of Organic Chemistry,
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and the industrial planning to use any possible method to produce gasoline and diesel
starting from coal.
Bergius’ method of very high pressure hydrogenation and Fischer-Tropsch synthesis were
the base for such artificial attempt. These attempts work at a rather big scale, but did not
really open a man-made line for making fuels.
Figure 7.3 is a tribute to Fisher and Tropsch, who epitomize the scientific and technical

attempt to open a man-made method to produce petroleum in factories, from coal. The
outcome was disappointing to some, but the technical credit must be granted.

Figure 7.3 Tribute to Fischer and Tropsch.
Source: http://www.fischer-tropsch.org/

Considered in an open economy, synthetic or artificial fuels was a method too expensive
for supporting the transportation system of a society. Indeed, one of the key points in the
development of the world after World War II was the abundance of cheap Oil. That was a
key to economic success, because it stimulated such important industries as Automobiles,
and gave people a chance to enjoy own cars and to travel as never before.
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The German artificial method was a monument to human ingenuity in the field of science
and technology, but it was not suited to boost the economy of a country and, similarly, was
not relevant for the German efforts at warfare.
The mineral (or natural) way to obtain petroleum was much more productive and evolved
towards one of the top business areas on the world. However, it was shocked by the Oil
Crisis of 1973 and 1979.
Oil crisis changed the scenario from cheap to expensive petroleum, and that was the first
cause for launching policies for reducing Oil dependence. We already reviewed that some
countries, as Denmark, have been more effective in that objective than others, as Spain.
This is shown again in Figure 7.4, which shows that Spain, a large country in land and
population (for European standards) relied quite a lot on Oil for its development. In
However, several policies in both countries were put in operation to reduce petroleum
dependence. In particular, that was the case of Electricity Generation, where Oil
disappeared almost completely in less than a decade for this particular application, and
actions as the “Accelerated Coal Plants Plan” in Spain were enforced as a prompt response
to the 2nd Oil Crisis.
Current use of Oil products in Spain are pretty much going 100% to Transportation. Even
petrochemicals production use mainly Natural Gas: and most of the refineries work under
the principle of “Zero Heavy Fuel”, because the demand is mainly for diesel and gasoline,
plus aviation fuel (type JET-A1).
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Figure 7.4 Evolution of Oil consumption in Denmark and Spain.
Source: personal elaboration with data from with data from BP Statistical Review and EUROSTATS

In last phase reported in Figure 7.1, a question mark appears in relation of Oil price in the
future: Cheap or Expensive?
Apparently we can talk in the same terms as the previous history, but this should not be
the case.
The actual worthiness of the paying a given price is obviously related to the service or to
the application satisfied with a given good. This is why we must consider the MIEE of the
system, which of course depends on the efficiency of the components and the way they are
linked to form the Energy Conversion Chain.

7.2 Redesigning the combustion world
The main finding of the Thesis is that a new “energy reality” can appear in the coming
decades as a consequence of the deployment of emerging energy technologies and the
implementation of Sustainable Development policies. It must be underlined that there is a
strong match between main principles of sustainability and the effects of some emerging
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technologies. However, much of the prospect work done by relevant authorities and
technical bodies still relies on the “combustion economy”.
In regards to Figure 7.5, the Intergovernmental Panel on the Climate Change
recommendation is not to trespass the 2DS level (2ºC of increment for 2050), and the
International Energy Agency has elaborated this primary energy share, too dependent on
classical Biomass oriented for Energy Crops. This is a rather controversial issue, as
commented in the text.

Figure 7.5 Energy scenarios for different prospects on Global Warming.
Source: International Energy Agency, http://www.iea.org/

Figure 7.6 shows how the IEA figures out how to reach the required level of greenhouse

gases for 2050. The proposal is controversial once again. It gives too much credit for some
technologies, as Carbon Sequestration, and very low for other technologies that are
undergoing a rising trajectory, as the Electric Vehicles or Electrochemistry-based electricity
generation (by means of fuel cells that are not limited by Carnot’s efficiency and do not
need the same level of cooling as the thermodynamic cycle).
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A main criticism to this work is the very shallow analysis done on emerging technologies.
This seems to have no weight in their rationale, unlike market and market inertia
considerations.

Figure 7.6 Technologies application for meeting the CO 2 emission reduction of
50% by 2050
Source: International Energy Agency, http://www.iea.org/

The main problem for accepting the IEA prospects is the extraordinary importance given to
standard Biomass, just fully oriented to Energy Agriculture.
There are two reasons for not to accept the Biomass-dominating scenario:
-

The actual correspondence between energy poverty and Biomass percentage
participation in countries plagued with energy poverty.

-

The inherent difficulties and land (and nutrients) scarcity to generate much more
food (including food for Energy).
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About the former, Figure 7.7 shows a correlation between Biomass dependence and
poverty. It unveils another problem of much deeper implications for large numbers of
human beings, living in countries without skills for generating welfare. Of course, they will
not be able by themselves to cope with their energy problem, which will likely be alleviated
if the Western World solves its own problem in a large scale, including the environmental
effects, which must also include effects on agriculture and forestry.

Figure 7.7 Correlation between poverty and biomass consumption
Source: International Energy Agency, http://www.iea.org/

Current values of agriculture productivity do not support very much optimism for creating
a new brand devoted to “Energy crops”. It is true that researchers have identified plants as
“Cynara cardunculus” (Spanish “cardo borriquero”) that could give a productivity of 2000
tons of straws and leaves per year and per km2. If laboratory conditions are replicated in
the field, but the real fact is that productivity is much lower because of a lot of deficiencies
in land and water, and because of limitations in manpower to attend the fields.
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It is not clear how Biomass can play the role the IEA foresees for the decades to come, but
some attention must be paid to this potential competitor to Oil.
It is worth recalling that fossil fuels come from different forms of biomass, and what Nature
did afterwards is an enormous effort of mineralization. This is something that some groups
wish to imitate. In this attempt, two different “schools” are taking very different routes:
-

The classical case of Biomass, represented by IEA and several European countries.

-

The Genetically Engineered Microorganisms to synthesize higher alcohols and the
like, which seems to be the new dream for making Oil out of ordinary products, as
water and CO2 taken from air.

The former line is hardly credible, with the well-known facts of hungriness in any society
without a strong industrial support to agriculture. Besides the enormous inefficiency
induced by governments in totalitarian economies as Soviet Russia, Mao’s China and Red
Khemers in Cambodia’s “killing fields”, the real fact is that you can pay for food a much
higher price per calorie than what you pay for electricity or any other form of energy. The
following exercise is essential for our Thesis:
We will take an adult of an opulent society as reference for the “total energy market” he
has to face every day, with three main components:
•

•

•

Food (to remain opulent) and we will take his/her biological power in 140 W,
corresponding to a daily intake of 2900 kcal (2.9 Mcal). At least he will pay 5 € for
that, and in some cases more than 50.
Electricity, for many purposes. If we also take 140 W as continuous power (in fact, it
is much more, if we account for all applications and indirect charge) we have a
consumption of 3.36 kWh/day. At 0.15 €/kWh this means just 0.5€. If we think of a
coal fired power plant, the thermal energy burnt would be close to 32 MJ, or 7.5
Mcal, which corresponds to 1.1 kg of coal.
Transport, and we consider the same heat content as before, which corresponds to
0.75 kg of oil, which can cost in the market 1.5 €. Of course a person travelling 50
km/day in urban conditions will consume around 3 kg, which means 4.5€. It
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approaches the expenditure in food, but it is also true that is the first good to be
substituted by others in case of crisis as explained in Chapter 2. Then we saw that,
in the current economic crisis, consumption reduction in oil was in percentage the
largest one, going down from 80 Mton to 50 in a five year time. This point clearly
means that we are not ready to pay for transportation what we pay for food.
Last but not least, we must normalize the account on Electricity, because the value given
was too little for real life. If we talk about a country as Spain, which is in a half-way position
among developed countries, the annual electricity consumption per capita is 6500 kWh.
This means 18 kWh/day, more than 5 times larger than the previous figure. This means that
both directly and indirectly the person spends 2.5 €/day in electricity.
We also need to give a “normalized” study on Energy Crops, and the example of Spain will
be taken again, as an average developed country; which is placed in a middle latitude, but
it does not mean its performance as biomass producer is also average.
Vegetal resources are rather non-linear: either they evolve towards deserts or they evolve
towards thick forest, not only in the tropical rain forest but also in mountain forest in the
Alps and other mounts.
Indeed, two different types of biomass should be distinguished as far as Energy is
concerned: Thermal biomass, to be burnt as it is either in a small power plant or in a
residential unit (as is the case with some of the dwellers of Scotland Islands); and biomass
to be processed to produce a chemical fuel, which can be a substitute for gasoline and
diesel.
The former type of biomass does not compete directly with oil, but it is a restriction for the
use of land for other purposes, particularly to grow other vegetables that are the roots for
obtaining additives for gasoline and diesel. It must be carefully taken into account, for not
to induce misleading judgements on this subjects.
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In Spain, thermal Biomass accounts for 5 Mtep/year, which are burnt in 160,000 wood
furnaces with a total thermal power of 7.3 GW, including both power plants units in the
range of 10 MW of electrical generation and small residential units, with an average of 45
kW.
Production of this biomass is mainly related to forest, and cannot grow rapidly. France,
with a centennial tradition of caring forest, produces 10 Mtep/year (45 million cubic meter
of different types of wood) and occupies about 150.000 km2, slightly over a quarter of its
territory.
In average, it represents a power per capita of 185 W. In Spain this value is 110 W and it
occupies less than 100.000 km2, including some trees that can be used for another
purpose, as olive trees.
If we pay attention now to the Biomass for fuels, we find the following production in Spain:
-

Biogas: 0.20 Mtep/year

-

Bio-ethanol: 0.35 Mtep/year

-

Bio-diesel: 0.85 Mtep/year

This is a total of 1.40 Mtep per year. This corresponds in total to an average power per
person of circa 50 W. However, two provisions must be made for clarification: part of the
processed material comes from abroad (and therefore cannot be assigned to a production
from Spanish biomass) and the efficiency in the process is not high, and the percentage of
natural biomass treated which really is converted into a suitable fluid, does not exceeds 50
%.
Therefore, in terms of primary energy, the power level is around 80 W. (By the way,
France’s production of bioethanol and biodiesel are also twice the values for Spain).
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The values for the EU as a whole are:
-

Thermal biomass: 70 Mtep/year

-

Biogas: 11 Mtep/year

-

Bio-ethanol: 3.0 Mtep/year

-

Bio-diesel: 9.5 Mtep/year

Taking into account that Spain is around 10% of the E.U. in population and land, it can be
said that we have a representative situation to consider if Energy Crops can become a
strong competitor to Oil products. In order to do that, an assessment on limitations seems
to be the best tool.
Spain has around 100,000 km2 of agriculture land, although it was higher (but much less
productive) before the integration of Spain in the European Common Market in 1986. This
means that Spain could enlarge the former value up to 150,000 km2, with an important call
for new jobs.
The additional 50,000 km2 could be devoted to Energy Crops, and here we find a broad
spread of productivity values. Even for the same piece of land in different years. We have
identify the mean value of vegetal production in 500 tons/km2 (5 tons/Ha, average value
over time) with a High Heating Value of 2500 kcal/kg, which means 5.25 TJ/km2, and a total
number of 0.26 EJ for the additional land put in operation for Energy Crops in our Spanish
example.
It corresponds to an amount of energy per person of 5.7 GJ, which is equivalent to a
continuous power of 180 W; which is of the same level as the energy contents in food, and
one order of magnitude lower than the requirements for electricity and transportation.
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In summary, with the efficiency of photosynthesis and the rest of characteristics of
agriculture in a conventional way, it seems impossible to use biomass in conventional style
for really shaping a new future.

7.3 Competition from a new biomass
The US was the first country where Biology was considered an Industry. The first step in
that direction was however given in the United Kingdom, with Florey’s patent to isolate
Flemming’s “pennicilium”.
Fabrication of antibiotics became a true industry, but it was half-way between classical
chemistry and the classical action of natural organisms, which could trigger fermentation of
natural sugars, for instance, or could distillate “poisons” for bacteria.
The true Bio-industry can be found in the discovery and interpretation of DNA (also
happened in the United Kingdom) and the subsequent utilization of the genetic
information to make artificial resistance, for instance, of tomatoes against some illness and
degradation.
The quest, now, is to look for bio-technology ways to contribute to cope with the energy
problem, by producing synthetic fuels, for instance, either starting from energy crops, from
waste or from inorganic molecules, such as carbon dioxide and water. A map of potential
routes for producing liquid fuels is depicted in Figure 7.8.
As analyzed in previous chapters, in the 20’s and 30’s of last Century, there were two main
initiatives in Germany to synthetize hydrocarbons by physical-chemical mechanisms. They
are depicted in the left-hand-side of the former figure. Although they were very expensive,
they really worked; but it seems to be that nobody is eager to follow now those courses of
actions.
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Figure 7.8 Potential competition among methods to produce liquid fuels
Source: Personal elaboration

As we saw in previous section, standard Biofuels are contributing to reduce the
consumption of Oil and to reduce net CO2 emissions (because biofuels retrieve CO2 from
the air). However, we also pointed out that their contribution does not have a large
potential, because of the low efficiency of the natural mechanisms and the scarcity of land.
They are also represented in Figure 7.8, where the main interest focuses in the question
“Energy + Biology?”. This question includes several subjects, since the identification of the
starting products (engineered crops vs CO2 from air) up to the genetic modifications that
guide some molecules trough the right duct to produce the sought fuels.
Figure 7.9 shows a list of patents from a search in the US Patent Office about energy-related

biological inventions and sequences of DNA strands.
It is too early to evaluate the impact one of these methods can have on energy, if it
succeeds. For the moment, Genetically Modified Vegetables have not presented terrific
changes in productivity, although the major interest was to eliminate some illness or
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degradations. Anyhow it can be said that DNA modifications in simple species is a mature
technology where the rate of success is not minimal. But this is only the process. The main
question, from our Energy and Oil point of view, is the efficiency of Energy in the full cycle
of that genetic material, and where does that Energy come from.

Figure 7.9 List of patents from a search in the US Patent Office
Source: The United States Patent and Trademark Office, http://www.uspto.gov/

7.3.1 Engineered crops
If the reactants of the molecular process are crops of a special agriculture with innovative
seeds and the like, the main difference will lay in the efficiency in utilizing the solar light for
synthesizing sugars (or its equivalent) inside the plant. The extraction of a fraction of that
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energy will be similar to an improved fermentation. It is difficult to accept that the increase
in efficiency of the plant could reach a factor 10 times the value of ordinary agriculture.
One must challenge a factor of 10 in any energy or technological activity. Loftus et al.
conclude on a recent paper that too many scenarios envision enhancements in energy
related performance that had no historically precedent.
The main problem is the U.S. Department of Agriculture and its bicentennial memory (It is
one of the few departments in the First George Washington Administration). The U.S.
Department of Agriculture is always ready to stop the import or the use of a vegetable that
could be so strong and multiplicative as to produce a plague and eliminate lots of plants.
Even so, the U.S. Department of Energy has started years ago the PETRO program, which
seeks to genetically engineer a whole new class of crops that produce fuels. This fuel can
be extracted directly from the plants themselves. Current biofuels production is limited by
both the inefficient capture of solar energy by plants and the inefficient processes they use
to convert CO2 from the atmosphere into fuels we can use. PETRO projects are
experimenting with various plants (including pine trees, tobacco, sugarcane, and sorghum)
to create molecules already found in petroleum-based fuels that can be dropped directly
into the tanks of existing vehicles.
This program is supported by ARPA-E, the agency aimed to leave behind the inefficiencies
shown by the previous structures of the U.S. Department of Energy. The PETRO program,
short for "Plants Engineered to Replace Oil," aims to develop non-food crops that directly
produce transportation fuel. These crops can help supply the transportation sector with
plant-derived fuels that are cost-competitive with petroleum and do not affect US food
supply. PETRO aims to redirect the processes for energy and CO2 capture in plants toward
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fuel production. This would create dedicated energy crops that serve as a domestic
alternative to petroleum-based fuels and deliver more energy per acre with less processing
prior to pumping.
It goes without saying that such a marvel, if it does become true, will rapidly expand
everywhere. Some thoughts on this “paradisiacal” vegetation are needed: In fact, and
according to the scale of money/energy explained at the beginning of this chapter, if you
can do better and faster crops, the best end use for it is FOOD.
Besides being a crime against humanity, it is economically a mistake to reserve the best
technology for energy, when you can get it from other sources. Scientific skills and
laboratory budgets should have a priority list starting with food, because they can get back
much more money than making fast-growing lousy plants that are not good for eating.
This is what must be advised to maximize the MIEE, which is a concept that is not
properly taken into account in the design of these types of policies.

7.3.2 Electrically driven microorganisms for fuel syntheses
One of the flagships of ARPA-E is the ELECTROFUEL program. It is the only research agency
in the world pursuing this alternative for securing fuel in the future.
It is worth recalling that conventional biofuels are produced from plant material that is
created through photosynthesis, a process that converts solar energy into stored chemical
energy in plants. However, photosynthesis is an inefficient process, and the energy stored
in plant material requires significant processing to produce biofuels. Current biofuel
production methods are also intensive and require additional resources, such as water,
fertilizer, and large areas of land to grow crops.
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Electrofuels bypass photosynthesis altogether by utilizing microorganisms that are selfreliant and do not need solar energy to grow or produce biofuels. These microorganisms
can directly use energy from electricity and chemical compounds like hydrogen to produce
liquid fuels from CO2. As these microorganisms use directly these energy sources, the
overall efficiency of the fuel-creation process is higher than current biofuel production
methods that rely on the more passive photosynthesis process.
Scientists can also genetically modify the microorganisms to further improve the efficiency
of energy conversion to liquid fuels. As electrofuels do not use photosynthesis, they do not
require the prime agricultural land or water resources of current biofuels. It is claimed that
these Electrofuels created by microorganisms will be up to 10 times more energy efficient
than current biofuel production methods.
One of the patents about this process is: US 20130130341 A1. Electro-autotrophic
synthesis of higher alcohols. As summary:
The disclosure provides a process that converts CO2 to higher alcohols (e.g. isobutanol) using
electricity as the energy source. This process stores electricity (e.g. from solar energy, nuclear
energy, and the like) in liquid fuels that can be used as high octane number gasoline substitutes.
Instead of deriving reducing power from photosynthesis, this process derives reducing power from
electrically generated mediators, either H2 or formate. H2 can be derived from electrolysis of water.
Formate can be generated by electrochemical reduction of CO2. After delivering the reducing power
in the cell, formate becomes CO2 and recycles back. Therefore, the biological CO2 fixation process
can occur in the dark

Again, a first look to the overall energy balance, including alternative uses for the energy
and material consumed here, points out some weaknesses in this stunning program,
notably in relation to two items consumed in the process: electricity and H2.
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-

Electricity: if electricity is already available, its direct application will generate better
results in terms of efficiency. Converting electricity into a liquid fuel to be burnt in
an Internal Combustion Engine with efficiency below 30% is a waste of energy.

-

Hydrogen: there is no free hydrogen on Earth; all H2 is oxidized, mainly as water. If
hydrogen is available by any means, it is important to consider alternatives to us it
for making fuels for Internal Combustion Engine. Surely, it will much more
productive any of these two routes:
•

To use H2 to cut long molecules of heavy hydrocarbons to produce
lighter ones, better suited for Internal Combustion Engine;

•

To feed a fuel cell for producing hydrogen (but this option is a nonsense
if H2 has been produced from electricity).

7.4 A comprehensive view of Oil industry in a generalized framework
The need of making a full appraisal of the Energy sector is a dominant conclusion of this
analysis; and it must take into account all alternatives, which must be characterized in two
levels:
•

The overall energy performance of each route, which critically depends on
technology

•

The investment cost and the operation costs associated to each line or energy
conversion chain in the full diagram
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Figure 7.10 A comprehensive view on the possibilities of use and other
interactions around Oil
Source: Personal elaboration

7.4.1 The technology challenge
Although the 21st Century has mainly seen the explosion of Information Technology, it must
be underlined that other industrial technologies are pushing hard. In particular, the car
industry and the energy industry have kept their role of locomotive sectors. Additionally,
there are technology branches that have experienced a significant evolution along the
years of this century.
-

Extraction techniques. In the case of hydrocarbons, emerging technologies are not
only related to fracking, but to Enhanced Oil Recovery (EOR) in general. A key point
in this point is the use of “cheaper” energies, notably renewable energies, which
can be used just as heat. In particular, “solar thermal” facilities can be used in
deserts for injecting very hot air in exhausted wells, or other fluids, if available. EOR
could undergo important advancements in the coming years, and could produce
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some type of regeneration in this industry, which will have to get closer to the rest
of the energy sector.
-

Recycling techniques. It has already been commented that recycling will surely
require more “clean” energy, notably electricity. It is obvious that recycling will
reduce the demand of raw materials, which also convey high rates of energy
consumption. With the difference that the energy used in basic or primary industry
usually is low-quality heat (even from dirty combustion). Therefore, there could be
a shift from low quality energy towards electricity. This goes along the trend that
has been observed for more than one century, with a continuous increase of the
share of electricity in the energy sector of a given country and worldwide.

-

Distribution techniques. Information society technologies are already changing
some ways of buying some goods. However, the true revolution of distribution has
not yet started. The current situation is using the same tools that existed many
decades ago; and the new Logistics will require new tools, still to be invented.
Experience points out that it is not very complex to move information within the
grid. Although guaranteeing privacy is not yet possible, it is satisfactory in a large
extent. However, moving things and goods needs some new platforms that could
evolve according to new inventions.

-

Transportation techniques. We could find here from unmanned means of
transportation (cars and airplanes) to Electric Vehicles, which could be very
different in configuration according to specific needs. The classical car with electric
powering will likely be the most extended device.

-

Information based techniques. Most of the western world countries are talking on
how to recover industrial weight in the country’s economy; and part of the effort
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for such a re-birth is supported by Information-based techniques. This type of
industry, with much more communication cables and wireless connections than
classical industries, is often called INDUSTRY 4. Modern tags rarely convey a good
definition, and the actual specifications can vary a lot from country to country, and
even within a country, from sector to sector.
-

Control and Power Electronics. Efficiency improvements are usually associated to
better control. This sentence applies from low power to govern a domestic
appliance to the control of free spinning new turbines, with much closer efficiency
to Carnot’s limit than current values.

Many of these new techniques are related to the Energy system, and they are a fraction of
the Energy Portfolio that has been introduced with the first chapter of the Thesis.
Nevertheless it is still too early for assessing the probability of success in implementing any
of the new emerging technologies. There is not a clear indication of a technology to be
stronger ad cheaper than any other technique, which means that further developments are
needed.
For instance, Enhanced Oil Recovery could open a new production cycle in some fields,
using energy from renewables, as solar thermal, for activating the additional oil
extraction. Note that fields in the Middle East are in places of very high direct Sun
irradiance, and specific plant embodiments can be proposed for that goal, as discussed
later in this chapter.
When confronted with the role of technology in shaping the future of energy, some
alternatives appear that must be analyzed with the required detail. Those alternatives can
appear in different modes. For instance, in Internal Combustion Engines there are two
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main ways of feeding the engine: gasoline (for spark initiated explosions) and diesel, for
self-ignited explosions.
An important alternative is the use of oil products: must they go 100% (or there about) to
Transportation, or can they partially be employed for other uses, as strategic storage of
energy.
In any case, a fundamental point in this context is to analyze how we proceed for studying
this type of optimization between alternative. The algebra we proposed in this task is
obviously rooted in optimization theory, but it contains some novelties in the way to
characterize the system and to find the accurate solution. This methodology is addressed in
next section.

7.5 Market Integrated Energy Efficiency
Market is the place where demand and supply meet. The history of markets and the
classification derived from it would need an encyclopedia, and it would be difficult to
guarantee a clear note describing the Oil market and their central liners, even with the help
of such encyclopedia.
It is also the case that Oil markets have been heavily taxed from the very beginning, and
have been under severe scrutiny of political authorities and courts. It is well known the
history of the Standard Oil of New Jersey and the severity of the political reaction against
the concentration of oil assets (and power) in hands of John D. Rockefeller.
The market fever in the first phase of this history has evolved along time, but it still is
dominated by political decisions, mainly at supranational level, because the existence of
OPEC and some counterparties.
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Oil has so many advantages as an energy product. Sometimes society forgets its dimension
as the base of the so called “petrochemical industry”. The fact is that petrochemicals are
made now from natural gas, which has an international abundant and cheaper market.
Moreover, natural gas is a clean mixture of light alkanes, and goes to satisfy that demand
of plastic production and the alike, because it is cheap enough for that purpose.
On the contrary, oil goes mainly to produce transportation fuels, which embodies very
strict requirements of composition and emissions.
To some extent, the future of oil can be described in relation to both sides of the Market:
demand and supply.
Supply will find geological limitations, which is sometimes called “Oil peak”. Nowadays it is
clear that such peak can be pushed up by technology; and we refer not only fracking but
Enhanced Oil Recovery in general.

Demand will also have some limitations or modifications from technology, from two
main branches:
-

Synthetic liquid fuels made through any possible method, from Fischer-Tropsch to
electrified bacteria

-

Electric Vehicles.

In estimating the demand, some of the most recognized bodies have done some
“questionable forecasts” (321), which cannot be explained by any account. This is the case
of IEA and its forecasting that transportation will practically remain as now, in a value of
100 EJ, with a reduction of consumption in the group of Light Duty Road cars.
These data go against the fundamental forecasting we are going to explain below, in this
very last chapter of the thesis. It is true that other alternatives in cars and fuels will present
a non-negligible competition to Oil, but calculations and collected data point out that total
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demand will be very high, and petroleum will likely need the help of other fuels and
engines to satisfy the demand.
The MIEE is a concept and a methodology to guide the proper route for getting the best
energy performance in a society with some energy needs, and some economic capacity
(money) to respond to that demand.
In order to introduce it, a short account is given on elementary optimization of a
production process. In our case, that process will be the use of some kind and some
amount of energy for satisfying an energy demand.
A particular characterization of the demand will be introduced, the “virtual demand” which
must be applied to each type of demand. It is not possible to mix in the same account the
needs for transportation and the needs for electricity applications. This is despite the
strong link among them, which is the Electric Vehicle.
It is worth providing a further insight on the term “virtual demand”. The word “virtual”
relates to the fact that it has not yet been materialized. It is a sort of desire of those
consumers and/or customers generating the demand in the market. This desire is not just a
free wishful thinking; but rather a real and logic expression of their needs. These needs
embody not only primary needs, but rather cover a complete range of end uses.
In the Annex a longer and more in depth explanation is given on the MIEE methodology. A
theoretical explanation of how the future of energy will look like, if Electric Vehicles reach
the maturity. This level of maturity seems to be coming fast, to become part of the market.
It is shown in the Annex that the condition for optimum state can be expressed as the
crossing point of the logarithm derivatives of production and cost.
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d(LnP)/dT = d(LnC)/dT
It means that the optimum is achieved when the relative variation of production equals
the relative increase of cost.
This equation is the simplest and most direct criterion of optimization, and it is also the
base of the MIEE.
This is a new concept of very simple definition, which is to some extent related to the
inverse value of Energy Intensity. The main difference between them is that Energy Intensity is
the ratio of Energy Consumption over Gross National Product and it is just a numerical value, while
MIIE is a tool for broader scope in energy policy, including optimization, which can provide energy
intensity values if applied to the total structure of a country. MIEE compares supplies of different
mixes of primary energies (and energy sector structures) to satisfy some specified needs of the
Market.

Virtual demand
This concept covers the demand for a given type of energy application, or energy product.
The central concept in MIEE is Virtual Demand, which can be defined as follows: Virtual
demand in a given domain of energy is the money ready to be used for paying for a unit of
energy E, after having paid all energy units of E up to that point of consumption.
First units have a high value because they are aimed to satisfy essential needs, in each case.
Additional units are much less appreciated. General curves of virtual demands are shown in
Figure 7.11. First units of a case are highly appreciated, but such a value declines for higher

amounts off energy.
In fact, a saturation effect appears sooner or later, and the decline is faster, and can fall to
zero because there is actual no need for more energy than what has already been
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employed. In the figure, three types of “energy domain” have been depicted, which are not
fully equivalent, but they are useful to illustrate the definition of “virtual demand”.

Figure 7.11 Three examples of virtual demand. X-axis represents units of
energy, and Y-axis represents normalized price.
Source: personal elaboration

Figure 7.12 Integrated average values from 0 to E. X-axis represents units of
energy, and Y-axis represents average price to a given amount of energy.
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Source: personal elaboration

“Electricity”, which is given the highest value because it can satisfy our more elementary
needs at home, in the office, in hospitals, airports and so forth. “Domestic” in the graph
represents energy consumed in end uses ports at home (lightening, heating, electronics, AC
systems, and others).
In this case everything is integrated, electricity and gas, but we can distinguish between
them if we wish specifically to study how to share energy and money between them.
“Transportation” is the third example: As we can find public transportation solutions for
our needs, our valuation is not as high as in other cases. However, we can use a lot of
energy in travels, either by professional activities, for leisure, or even for the sake of
burning gasoline and enjoy a drive.
Figure 7.11 expresses the “virtual demand” as a “marginal value”. This is the value given to

the last or additional unit of Energy (in a given domain of consumption). However, the
market does not work as a continuous auction. Prices are not always driven by optimization
rules, but for other reasons, including globalization effects.
This is why we need to integrate up to a value of energy “E” for calculating the total money
value we assign to consume “E energy units”, which will all be purchased at the same price
regardless of how much the customer would be willing to pay for the previous energy
units. This information is given in Figure 7.12.
In fact, a sound application of MIEE should compare two alternatives (which can be
decomposed afterwards in two sub-alternatives within the preferred alternative) and Figure
7.13 is more suitable to this end.
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Figure 7.13 Virtual demand for two uses of Oil: energy storage and transport
Source: personal elaboration

The example presented now is closer to the very nature of MIEE. Two uses of Oil are
analyzed: Energy storage, and Transport.
Energy storage is always required to some degree. This amount could significantly increase
if distributed generation (mainly Photovoltaics, but also other renewable sources) is
deployed, as can be anticipated by the enormous reduction in price of Photovoltaics (at the
core of this disturbing process).
Photovoltaics have undergone a significant advancement along its learning curve, which is
now in the launching moment of a new explosion as that of 2007/08. Figure 7.14 show the
global Photovoltaics module price learning curve for the time window between 1979 and
2015. This advancement in cost reduction will have a boosting effect in distributed
generation, where back-up stored energy is mandatory.
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This evolution could be followed by another explosion of Solar Thermal plants (that are
similar to the plants who keep the stability of the grid). However, Photovoltaics are very
sensitive to interruptions, and a back-up power is needed, which can be provided by
natural gas or oil products; although gas is cheaper, the latter is much easier to store than
gas.

Figure 7.14 The global PV module price learning curve for c-Si wafer-based
and CdTe modules, 1979 To 2015.
Source: International Renewable Energy Agency, http://www.irena.org/,
http://www.irena.org/DocumentDownloads/Publications/RE_Technologies_Cost_Analysis-SOLAR_PV.pdf

Marginal values as the ones shown in Figure 7.13 do not match with prices, which are given
(in general) as fixed values (although the variety of types of contracts in the Oil industry is
really broad). Hence, it is needed to have average values representing the same
information as Figure 7.13. An averaged value between the starting point and the level E
being characterized: this is given in Figure 7.16. The former is derived from Figure 7.15; and
it corresponds to the value integrated divided by E.
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Figure 7.15 Integrated value of the money ready to be spent in these uses
Source: personal elaboration

Figure 7.16 Averaged value of the cost of energy up to a value E, which is the
data to be compared with the price.
Source: personal elaboration
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Figure 7.17 and Figure 7.18 give additional information on the example under explanation.

They are mainly intended to explain the methodology of MIEE. If we purchase the good (Oil
in this case) the averaged value equals the price, and this point gives you how much oil you
must buy for each application.
If the price is very high, a specific application could not meet that price, of course, although
the first energy units are so appreciated in any application, that some acquisition could be
justified. This is the case for the optimum share shown in Figure 7.18.

Figure 7.17 Different types of situations produced by prices at different levels
Source: personal elaboration
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Figure 7.18 Share between two modes of oil consumption, Transport and
Storage. Intersection of price with the averaged values for each virtual
demand fix the optimum distribution of expenses and energy
Source: personal elaboration

The MIEE methodology is just a way to present relations among relevant variables in order
to determine optimum distribution of money in a given energy scenario. The main point is
to characterize properly those relations (i.e. those curves).
This is the only way to know the pros and cons, or the advantages and drawbacks of a
technology, or an application, or any matter affecting the problem to be solved.
In our case, the problem is to better understand how to deal in a scenario with “Oil supply”
and “Oil applications” to obtain the highest profit from the viewpoint of an energy
corporation.

7.5.1 Forecasting energy availability. The actual sources.
In Figure 7.10 there is a block with the title “Alternate fuels” which is somehow misleading.
Some of the alternates, as natural gas for transportation, are really fuels, but the so-called
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“Electrofuels” need electricity and they are not fuels, properly speaking. The same happens
with some fuels needing hydrogen. In summary, we must distinguish between:
-

true fuels, which are naturally occurring and can deliver energy

-

energy vectors, which are intermediate products between true fuels and end uses.
The most relevant energy vector is Electricity. It can be made from any fuel, but it is
not a fuel. The same happens with H2 and other molecules.

This clarification may seem very simple, but it is forgotten very often, and lack of
clarification can induce mistakes in the process of optimizing resources. For instance, it was
cited in previous section the current ARPA-E effort to produce butanol from electricity
through microorganisms. Butanol would be used in Internal Combustion Engines, instead of
gasoline; but this means that its final use will be subject to a low efficiency value. In
optimized regime, efficiency can reach 30%, but the average value would be between circa
20%, or less, depending on the regime.
Why not to use the electricity spent in this method in order to power an Electric Vehicle?
The result would be much higher than that of the previous chain; because the efficiency of
the microorganisms would be less than 100 % (significantly less) and the electric engine will
have an efficiency between 3 and 4 times higher than the Internal Combustion Engine.
From this point of view, it seems that many alternate fuels are only pursued in order to
decrease the importance of Oil in the map of energies, because the cited policy against
Oil.
Such type of policies will lose meaning as soon as the energy sector becomes more flexible,
with more alternatives and a better market definition that must include environmental
costs and any other overhead or promotion, but it must applied coherently.
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In a comprehensive and well-articulated map of Energy, all factors should be assigned a
value in order to have a common denominator to make proper comparisons. This includes
environmental effects, of course, as well as new elements.
For instance, alternate fuels made with microorganisms activated by electricity can be used
as new chemicals instead of using them to be burned in an Internal Combustion Engines
engine.
That line will be much more coherent, not only for energy use optimization but for getting
the most from new processes and industrial novelties. What is casting doubts about Energy
in the planet, and Climate Change, and so on, is the birth of new technologies, part of
which are really enabling the research teams to make significant advancements.
It has been so in Wind Energy and Photovoltaics, but it has also been in that way in energy
applications, particularly through electricity. In

fact, all techniques used for

communications and for any new Information Society tool. Nevertheless, even under the
new promises of a better world of Energy with more flexibility and new supply channels,
better knowledge on Physics and Chemistry are essential to explore through the new
technologies on the worth of the actual sources of Energy.
It must be underlined that one of the consequences of these initiatives will be an increase
in the efficiency of the system, which can be accounted for as an increase of the amount of
information available, or as an increase in petroleum reserves.
It will be as if the reserves of Oil and Gas would be doubled as a result of fulfilling the
comprehensive energy map, with their conversion chains from sources to end uses, having
identified more efficient pathways.
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7.5.2 Forecasting demand. The population factor
Another critical factor in the definition of the Energy Sector in the future is the size of the
market, which largely depends on the size of the population. In this context, two main
problems have to be estimated:
-

The growth of population (shown in Figure 7.19), which is a task done by the United
Nations Fund for Population, where specific problems arise from the trend of
“Diverging societies”. This means that some continents, notably Europe, are facing a
decrease in population, even accounting for immigration, as it seen in Figure 7.20,
relative to Germany.

-

Wealth generation and distribution. It is also seen in the case of Germany that the
“wealth per capita” continues to increase, as can be measured in the squared
meters of housing per person, or the numbers of vehicles per 1000 inhabitants.

Both items, population and wealth, are very important for estimating demand, which will
also be affected by other factors that can be called “availability factors”. It is obvious that
the demand of cars could be slowed down by steel scarcity, and similar facts can be
identified in other markets.
Those availability factors will boost a type of activity which is already known but it is still at
low intensity: “recycling”. This activity will grow steadily in the future and will generate
more demand of energy, because an elementary requirement for recycling is to put energy
into the physical-chemical system in order to reduce the entropy that degraded that
system.
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Figure 7.19 Prospect of population in the 21 st Century
Source: United Nations, Fund for Population

Figure 7.20 Forecasting in an “old country”.
Source: Dr. Keles et al, “The development of the German energy market until 2030--A critical survey of selected scenarios”

Population is expected to decrease, but the number of cars is expected to increase. This is
not a contradiction, but a real trend. However, a fraction of those new cars could very well
be Electric in kind.
When considering the most important prospects in energy demand in the future, some
strange values are found (321). In particular, the total consumption in the Transport sector
estimated by the IEA, which almost keep constant the total value of energy consumed in
the sector, 100 EJ since now through 2050. Moreover, they predict a little increase in
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Railways-related demand, in Sea and in Airborne, and a decrease in Light Road Vehicles.
This is in full contradiction with the car industry, which predicts that the total number of
cars circulating in 2050 will be around 1,700 million, twice the current value, which is circa
850 million. Commercial vehicles must be added to that.
Oil consumption is strongly linked to ground transportation, although is also dominating
maritime and airborne transportation. This means that is absolutely necessary to
characterize accurately the evolution of the car industry and to foresee how the emerging
economies are able to join the first class in industrial development.
In this context, next two figures are of great importance and deserve fine attention. Figure
7.21 shows the evolution of car fabrication, which clearly shows the crisis 2007-2009, with

an awesome recovery afterwards.

Figure 7.21 Worldwide automobile production from 2000 to 2014 (in million
vehicles).
Source: personal elaboration with data from http://www.statista.com/

Page 238 of 281

Adapting micro-economy of energy corporations to macro-economy policies aiming at a sustainable
economy.

Figure 7.22 Number of passenger cars and commercial vehicles in use
worldwide from 2006 to 2013 (in thousands).
Source: personal elaboration with data from http://www.statista.com/

Figure 7.22 is still more relevant to our purpose of featuring the future Oil demand. It shows

the number of vehicles in use, which has a steady trend upwards, with an increasing slope.
Data of Figure 7.22 are the root for estimating those numbers in the future, given in Figure
7.23.
Figure 7.23 show a forecast of the number of cars on the basis of trends along the first years

of this Century, where the main areas of market are placed in Pacific Asia. Something
similar can be said about Oil consumption.
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Figure 7.23 Forecast of number of passenger cars and commercial vehicles (in
millions).
Source: personal elaboration with data from Statista

7.5.3 Forecasting demand of Oil (and paving the way for the future).
In previous sections we have seen that Oil, and any other energy good, must be considered
in a more open way for different uses, without the actual limitations that link nowadays Oil
to Transportation. However, this link is so strong that it will remain dominant for the
medium term, as already seen in previous figures.
Surely a new application for OIL, particularly in a scenario of increasing deployment of
Distributed Generation, will be to stay as a back-up at local level for not inducing severe
decompensation in the grid.
Moreover, the MIEE can be used for characterizing the competition between both modes
of Oil consumption, as we have seen in former pages of this chapter. Indeed that example
will have to be improved with a more detailed study including:
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-

Information on Energy, particularly efficiency and general performance, without
forgetting ancillary needs, as those related to batteries and electric recharge.

-

Economic information of the business under study, from the very beginning to the
very end of the business cycle. This means that previous expenses to get things
work, including permits, must be included in its total cost. Additionally, back-up
systems must also be accounted for in the cost. For instance, nobody knows how
the electric batteries of Electric Vehicles will be increasing its range and reducing
the recharge time. A possible way to make a long trip with an electric car would be
to change the vehicle for another (in a pony-express alike style) and to hire the
rented vehicle until the own car could be recovered (because battery swapping
does not offer the highest of safety standards). A corollary of that is the increase in
cost of the Electric Vehicles system when long-distance trips become part of the
services demanded.

Anyway, the role of Oil (and Gas, which is under a less aggressive attacked than Oil) in the
future of Energy is very much linked to its consumption, already commented, and to the
subject of reserves, production and trade. The only activity where more Oil can be put
directly in the market is by additional extraction, and it will receive attention for that.
It must be recognized that making prospects is not an easy task, particularly when a change
in paradigm is prone to happen. This is the case reported in Figure 7.24, which shows official
US estimates published in the EIA Energy Outlook of 2011. These estimates are totally
wrong from the very year of the publication. The paradigm was “fracking” and Obama`s
Administration decision to reduce dependence on imported oil.
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Figure 7.24 History and forecasting of the Oil market in the US.
Source: Energy Information Administration, http://www.eia.gov/

Same difficulties are found in relation to forecasts on price, a topic that must also be
addressed, and does not seem to have a well-founded and generally accepted
methodology, as can be seen in the spreading of Figure 7.25.
The actual evolution was not foreseen even for the closer years, as can be seen in the
information of Figure 7.26, where the West Texan price case appears (so recognizing the
importance of Texas in the consolidation of fracking as a new paradigm).
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Figure 7.25 Projections of world oil prices, 2015-2035 (in 2009 $/bbl)
Source: Energy Information Administration, http://www.eia.gov/

Figure 7.26 West Texas Intermediate oil price evolution last years
Source: personal elaboration with data from BP Statistical Review of World Energy
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In any case, what matters is to have the most accurate data about Oil demand in the
future, and we can cite again to the US EIA that is the source of Figure 7.27.

Figure 7.27 World Energy consumption projection (quadrillions Btu).
Source: Energy Information Administration, http://www.eia.gov/

It is worth pointing out that the OECD consumption has decreased along this Century,
mainly because efficiency improvements in engines and ageing of population, less prone to
drive with age.
It is very important to underline another contradiction about projections, and the subject is
the difference in evolution of Oil consumption between data reported in Figure 7.27 and
those of the real world, shown in Figure 7.28.
In the latter, OECD countries in global have a decreasing demand of oil, and it is not so in
Figure 7.27. In fact, both the population of current OECD countries and most of their energy

demand seem to be looking for “Zero growth”, which cannot be cero if some wealth
regeneration must be put in practice.
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Figure 7.28 Actual evolution of Oil consumption (in million barrels per day),
including the effect of the 2008 crisis
Source: personal elaboration with data from BP Statistical Review and U.S. Energy Information Administration

Figure 7.29 Projections of Oil consumption (in million barrels per day)
according to the trend in past 10 years.
Source: personal elaboration
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It is mandatory to point out big discrepancies between car industry projections,
summarized in Figure 7.23, where the number of vehicles in 20 years from now is almost 2.5
times the current value of total vehicles with wheels and motor, which is now circa 1 billion
units (109); and the daily consumption of oil: close to 90 million barrels per day. On average
a vehicle consumes 13.5 liter/day, actually. If data from Figure 7.23 and Figure 7.29 are
confronted for calculating the daily consumption around 2035, it turns out to be 60% of the
current one, i.e., 8 liter/day. Such reduction is difficult to explain, and maybe it does not
have an explanation at all. It only means that a lack of Petroleum will produce two
disgraceful consequences:
-

The car industry will suffer a slowing-down, for not to say a partial stop, because
there will many potential car buyers who will not buy a car because the absence of
fuel.

-

There will be a large number of citizens whose expectations for buying a car will
fade away. This fact will be a severe social setback.
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Chapter 8. CONCLUSIONS

8.1 Summary
This Thesis was presented in 7 chapters, starting by an “INTRODUCTION, OBJECTIVES AND
SCOPE OF THE THESIS”, which briefly described the technical ambition of an analysis

completed along some years. The analysis had to include some areas of science and
technology that are not usual in the writings on Oil documents, as Electric Cars, but will
surely affect the evolution of Oil markets.
The current situation of these markets was presented and commented afterwards on the
basis of facts and policies. We said then that the title “BACKGROUND AND STATE OF THE
ART” could be better changed to “A conflictive heritage and the state of the problem”. That

description was complemented by the information given in Chapter 3, devoted to “WORK
ORGANIZATION, SCIENTIFIC SOURCES AND METHODOLOGY”.

Information Technology Tools provide a work capability as never before was available, and
a little expertise on managing all this information can help you finding the most relevant
and reliable documents. It is also advisable to know the priorities of each organization,
because different driving forces can present the same facts with different optics, and the
scholar should be able to put the information in the right perspectives.
In the case of scientific papers that have resulted from the making of this Thesis, there
were several ways to proceed; Open Access publication was preferred. The driving
argument for this was based on the lapse of time for publication, peer review included, was
very short, and it did not disturb the elaboration of the thesis. These papers address
specific technical subjects considered of great importance for the core of the Thesis, and
the selected subjects were:
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AN AD-HOC TECHNOLOGY ANALYSIS. THE CASE FOR ELECTRIC VEHICLES
TECHNOLOGY INTEGRATION TO IMPROVE ENERGY EFFICIENCY AND ENVIRONMENTAL QUALITY
HYDROCARBON CORPORATION GUIDELINES FOR STRATEGIC DECISIONS IN THE 21ST CENTURY

Selection of the subjects treated in the foregoing chapters was the result of trying to assess
the impact of new trends (as integration of the field of energy) and new technologies (as
the Electric Vehicle, which is a change of paradigm in transportation that can imply many
sound changes in many aspects, from personal behavior to international trade).
Lessons learned in those analyses of these chapters have been taken into account for the
selection of topics proposed in this last chapter as main findings of the Thesis. The
selection of those topics was done under the criterion of being as close as possible to
current capabilities of hydrocarbon corporations.
It was considered a non-sense an advice such as: “To join the manufacturing industry of
Electric Vehicles”. We needed to know what Electric Vehicles could convey in the Energy
world, but adaptation has to be evolutionary.

8.2 Maximizing hydrocarbon value
It has been said several times in this Thesis that Oil has been specialized in transportation,
where its domination is paramount. If we analyze that fact, we will see there is a key
reason for that: Oil and its liquid products are very easy to store, both in small amounts or
large volumes.
In particular, for the automobile sector it is mainly a distributed system for storing
hydrocarbons. In the planet there are close to 1 billion tanks storing diesel or gasoline
inside cars. In the future there can be also a large number of tanks (surely not so many, but
much bigger) for complementing distributed generation. A main challenge in this quest is
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to develop the enabling technologies that can multiply the use of Oil products in the new
energy scenario.
Matching among technologies and environmental principles have been studied and
featured in this Thesis. The main finding is that they will generate a high degree of
flexibility. Such a degree of flexibility will allow accomplishing another objective: full
optimization of the consumed resources.
Within the hydrocarbon world, Petroleum is much more under siege than natural gas. This
is mainly related to environmental requirements both at local and global levels, and also
related to geopolitical dependence on oil supply.
Petroleum is going two suffer changes because of the boundary conditions set up by
different types of legislation and international agreements. But corporations can react
against that in a twofold way:
-

By adaptation to the new energy market

-

By developing new or more consistent skills in a few subjects.

For years, petroleum was specialized in transportation and coal was burned in electricity
generation. As electricity and transportation had a very small common territory, it was not
possible to improve the total efficiency of the consumed fuels as there was not a degree of
freedom to act upon. In the future, if the percentage of electrically powered cars traveled
distance over the total distance grows up to relevant values, part of the coal burnt would
be allocated to power Electric Vehicles, and petroleum could be saved for higher value
applications, including “localized energy storage”.
Saving petroleum is not considered part of the business of hydrocarbon corporations, for
obvious reasons. It is true that it is a policy very often adopted by “consumer countries”
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since the 1st Oil Crisis (1973) but it does not match with the Business Plan of a corporation
or the international trade practices of “producing countries”. For both of them, selling
petroleum today is a must. However, as a hypothesis, things could change if some credit is
given to the petroleum kept for securing long term energy supply.
The reaction of oil corporations to recover expectations for the future in a sustainable
development scenario should include practices which are not yet in the commercial agenda
(at least to the level required for a truly sustainable development). Those practices are
related upstream and downstream, as we can see in the following set of items:
•

Upstream: Enhanced oil recovery

•

Downstream: Developing additives for improving environmental standards

•

Energy integration: Operational energy storage

After a transition dominated by current moods, it is possible to foresee that there will be a
new “fight for Petroleum”, with commercial roots, anyhow. A different problem is to use
Oil as a matter of war, which is by no means a technical question of the Oil industry,
although the greed for oil’s money can destroy the industry in a country.
Oil corporations and associations must give public advice about the evolution of fuel
demand and the possibility of new crisis; and must also advise on how to guarantee
supply truly, including strategic alliances at that level.
The three technical goals pointed out before represent lines of work where oil corporations
and auxiliary industries can find proper fields to work. A briefly account is given now on
how to deal with the mentioned goals:
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DEVELOPING ADDITIVES FOR IMPROVING ENVIRONMENTAL STANDARDS
One of the key points in the near future of cars and fuels is the environmental legislation,
CAFE in the US and the series “Euro” (until Euro 6 so far) in the EU. It is already public
knowledge that this legislation is very difficult to comply with, because it conveys
contradictory requirements (322-326). Reduction of CO2 emissions implies higher
efficiencies, what in turn requires higher combustion temperatures. On the contrary, NOx
emissions reduction needs lower temperature, because they are produced in endothermic
reactions, which are stimulated at high temperatures. Of course some part of the solution
to this problem falls in the field of the car maker (327-329); for instance, improving the
catalyst off the exhaust; but some additives could be included in the fuel to hamper the
formation of contaminants, or to ease the chemical reduction of Nitrogen oxides.
This activity obviously belong to downstream, notably the refinery level. It also happens
that many of those refineries need an updating for abiding by the cited environmental
legislation, and they could include the subject of additives (330-331) at a much higher scale
than before.
OPERATIONAL ENERGY STORAGE
The value of petroleum goods could reach much higher prices if they have to be the
guarantee of energy availability in a given moment. The flexibility of use of petroleum has
no peers, and it will be more appreciated in a market with strong share of energy sources
of low reliability. Petroleum goods can be stored ready to use in very different sites, so
contributing to increase its value. In other words, petroleum price can increase faster than
financial rates, (particularly the “consumer price index”) as well as the price of the money
(inflation included). Error! Reference source not found. shows a partial map of
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multipurpose energy technologies which can be useful to transportations well as classical
end uses of electricity. The mapping does not include explicitly the role of energy storage,
but it has to be put forwards for solid oxides fuel cells that will need H2 as a fuel. This H2
can be produced from hydrocarbon by steam reforming. Natural Gas is a candidate for
that, but it is not suitable at all for storage. Oil products are much better suited for
distributed storage that must go hand with hand with distributed generation.

Figure 8.1 Technology mapping over a thermal and efficiency cross plot
Source: Personal publication at Energy and Power Engineering, 2015, http://dx.doi.org/10.4236/epe.2015.76027

Although Combined Cycles generally consume gas, in the case of strategic plant with a
need for much higher reliability, the suitable fuel is a liquid. Liquid fuels have a much higher
energy density in the storage. Petroleum products could also be treated via reforming for
producing hydrogen to be oxidized in a fuel cell.
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The US Office of Electricity Delivery and Energy Reliability has elaborated a Program (332)
for implementing storage in the grid. The program follows a very classical approach,
without true participation of distributed generation, and therefore without back-up units.
It is in those back-up units where liquid hydrocarbons could have a salient role. Other
proposals (333), albeit not coming from official institutions, seem to have much better and
loner scope, and will contribute more to the integration of the system.
ENHANCED OIL RECOVERY
In the field of upstream, it is already well-known the potential of EOR, but there is an
emerging technology which deserves much more progress. The use of Renewable Energy
Sources for enhancing the recovery. Although actual conditions of each oil field are specific,
it can be said that oil fields belong to two categories:
-

Cold places with windy or very windy meteorology.

-

Hot places with a lot of Sun’s direct radiation.

Several advantages can be seen here, as compared with the classical method to burn oil
products for having heat and pumping power. In EOR driven by Renewables, no additional
CO2 is produced and no oil is spoiled. Several years ago, Renewables were so expensive
that an operation like this one was forbidden because the high capital and operating
expenses. The cost renewables technology was higher than the value of the incremental
recovery.
It was seen in Figure 7.14 that this is not the case any longer for Photovoltaics which have
now an investment cost around 1.5 – 2 $/W even for remote areas. Slightly higher values
are found in the case of Solar Thermal Energy, where the main advantage is having heat
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directly, which means that heating crude is possible, in order to reduce crude viscosity to
ease its circulation.
In cold and windy areas some Oil fields are located, from Alaska to the North Sea. Wind
power there requires very modest investments if the windmill is located in the same
structure as the facility complex and so on. The situation is not so cheap when the windmill
has to be located in independent platforms, and investments are in the range 2.5 to 5 $/W.
Note that the use of Renewable does not imply any actual change in well completion (334),
but a different origin of the energy stimulating the recovery. There are three major
methods for EOR, which can even be applied together. The most frequent is GAS
INJECTION under pressure, and the type of gas can vary from CO2 to air (335). The second
one Is thermal enhancement, where a fluid has to help reduce the viscosity of the
remaining oil in the porous media. The third one is not applied so often, because chemical
injection conveys large amounts of material (336), and becomes very expensive. There are
other proposals with more expensive methods, ass the use of shock waves (337).
The main difference comes from the fact that either the high Pressure (1st method) or the
high Temperature (2nd method) will be produced by Renewables, which improves both the
environmental effect and the energy extraction balance.
A particular case deserving some attention is to heat a fraction on the oil extracted, to be
pressurized and re-injected afterwards, to push and pull the bulk of the remaining oil.
This action could be particularly suited for solar thermal power.
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8.3 Conclusions
This thesis had a well-defined scope in relation to the work and market activities of
hydrocarbon corporations, which can be considered as boundary conditions of the
“problem”. Corporations of this field will have to adapt their structures, practical aims and
types of activities to a new Energy Reality created by the development and deployment of
a portfolio of emerging technologies.
The actual evolution of a given technology cannot be forecasted with high precision
because of inherent difficulties in technology research and the action of conservative
forces opposing a change of this type. However, the race started many decades ago, more
or less in the aftermath of the 1st Petroleum Crisis of 1973. Back then, some countries
decided to go along a pathway of decreasing petroleum demand. Such a first reaction was
related to the aims of becoming more independent from Oil and to pay less in “petrodollars”. The initial reaction against petroleum was economic above all, and it can be
understood if the economic data of the importing countries is taken into account.
However, the real thing was that after the 2nd Oil shock (1979) the threat of a new shock
seemed to disappear, and some countries, notably Spain, started a policy of unrestricted oil
consumption for transportation.
To explain that OIL will have to be considered again a Social-economic pillar, because there
will be very likely a shortage of fuel in relation to the demand created by the expansion of
the numbers of automobiles. This point does not belong to the technical core of the Thesis,
but it can be of the biggest importance. Reducing the level of fuel availability from 13.5 liter
per day and vehicle to less than 10 will surely create a price crisis, shifting again to the
economic suffocations because of Oil high prices. In particular, the situation will be
particularly negative in the following lines:
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•

For people in general, because of the right to drive own cars. Even if alternate fuels
and other types of cars were developed, the demand for automobiles seems
heading to increase, and lack of Oil will generate widespread frustration and social
unrest.

•

Moreover, long distance transport could also be jeopardized by petroleum scarcity,
and that problem could have very large consequences and productivity
disturbances.

•

For countries with a powerful car industry, the impact will still be higher. Keeping
producers active in a country will be less difficult if the country has easy access to
fuels.

The thesis was firstly thought as an exercise to understand how those deep changes in the
macro level of Energy and Environmental Policies will affect micro decisions at corporation
level. Of course the reaction of a corporation can be of different types, from financial to
merely technical. It has already been stated that the prime interest of this work was
centered in Environment and Technology, for the sake of understanding how to produce
better global results in the use of energy resources without jeopardizing the viability of
previously existing corporations.
There will be big changes in regulations and big changes in technologies, and it is possible
to some extent to study both. Moreover, some of the big changes affecting transportation,
as the Electric Vehicles, will receive special attention because of the enormous impact they
can produce in that sector of individual mobility. Their probability in succeeding in the long
term in the new reality will depend quite a lot on how they perform the management of
change.
Some findings have been identified in the thesis, at two levels: the general one of the
Energy field; and the specific one of corporations, particularly those working on Oil:
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-

in the general domain of Energy, current separation between hydrocarbon
corporations and electricity companies will tend to disappear, and a more
integrated and flexible structures will appear; with some important new elements
as the Electric Vehicle;

-

there will a shift in the geographical energy share towards Asia Pacific, where
growing markets, notably the car market, will produce big changes;

-

and the internal Energy structure in the Western World will also change, with a
bigger grid with advanced interconnection and higher needs of energy storage, not
only for strategic purposes but for operational capabilities.

In the specific level of companies, adaptation to the new situation will particularly depend
on the corporation capability to develop and/or buy the enabling technologies suitable to
keep or increase activity in the market. Findings point out towards:
-

diversification within Energy

-

geographic displacement to emerging countries

-

profiting new technologies relevant to important niches of work for the future, as:
o additives for reducing combustion emissions (for those companies closer to
the final use)
o operational energy storage (notably in relation to Distributed Generation
and the need of backups)
o enhanced oil recovery using renewable energy sources (for upstream
companies in the petroleum business)

Although Sustainable Development policies, and commercial policies as well, are trying to
reduce the importance of Oil in or economy, those policies can be mistaken in two lines:
-

Environmental requirements can be very difficult to meet and need new enabling
technologies, which are a true challenge;
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-

The rational of forecasting about the market tend to follow the zero-growth of
some OECD countries. However, the real thing could be very different. For instance,
and according to estimates following the trend of last decade, the number of
vehicles in use can grow from 1 billion to 2.5 billion by 2035; but oil production will
only grow from 90 million barrel/day to 140 (an increase of 55% instead of 150%).

Our scope was limited to foresee the deployment of technologies aimed at matching with
Sustainable Development, and to analyze and identify potential areas of work in those
emerging technologies showing actual coherence with main principles, notably CO2
emissions reduction.
Those technologies are needed to reduce emissions, which are already soaring in emerging
countries that are likely to multiply by 3 their total number of cars in 50 years or so.
Tougher Environmental regulations would be needed, new technologies would be
available, and some corporations would attempt to make a strong change in a new type of
hydrocarbon industry.
Understanding all the quests and changes of this forced evolution, and identifying routes
and means to survive as a productive entity in the hydrocarbon domain, is therefore the
main objective of this Thesis.
It is true that petroleum could lose its privileged situation among energy sources as a
monopoly for transportation, but it can win important strongholds in the energy sector.
The reason for this is that it can deliver the energy supply demanded at the moments of
higher prices, which are those which appear suddenly because of energy scarcity.
Petroleum products can win that role of guaranteeing supply with enormous versatility,
because they can be used to feed any type of thermal machine, as Brayton turbines, or
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steam reformers to produce H2 to be exploited in fuel cells. Storing petroleum products
does not present any problem, but very many problems can be solved with them.
Petroleum trading will likely be less volatile because of the smoothing effects of distributed
storage, and indeed the efficiency in petroleum consumption will be much higher, because
it will satisfy urgent demands of very different nature.

A promising foreground can be foreseen in the merging between highly demanding
environmental policies and the relevant technologies of the currently emerging (or just
emerged) technical portfolio. That foreground will be the technical and commercial
battlefield for those companies ready to win a place in a truly new energy sector.
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Annex I. Methodology for assessing alternatives in Market
Integrated Energy Efficiency

MIEE is a tool for searching an optimum in energy use. MIEE takes into account the value given by
the users to a unit of energy consumed in a given application. Unfortunately, we are not used to
make such a price evaluation.
For instance, we can compare electricity with natural gas for all the energy services at home (except
illumination, where it is clear that the value we give to a unit of gas energy devoted to that
application is practically zero). Therefore, a first step is to identify which is the virtual demand of an
individual, a family, a company or a society for a given use of energy.
The central concept in MIEE is Virtual Demand, which can be defined as the money ready to be
used for paying for a unit of energy E, after having paid all energy units before E. First units have a
high value because they are aimed to satisfy essential needs, in each case. Additional units are
much less appreciated. Before elaborating on the shape of these curves, a short introduction is
given as a reminder of when it is considered an optimum is reached in a production process, of any
kind.
In general, a productive system can be described by a production function P and a cost function C.
Both Production and Cost depend on a set on internal independent variables representing different
mechanisms inherent to the system. In the case of an energy system, the efficiency of components
and subsystems, investment costs and operational costs (including fuel cost) must be taken into
account for achieving the optimized performance of the overall system.
Such optimized state is usually defined as that of delivering the minimum cost of each production
unit, or the maximum production per economic unit spent in the system. It is obvious that the word
“production” must be considered in a generalized way.
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For instance, it can be actual production, as in electricity generation, where the production is
measured in kWh. In other energy systems, production is characterized as a service, as in
transportation, where Energy serves for travelling distance, and the total traveled distance with a
given amount of energy (in the fuel) is the productivity of such system (i.e. mile per gallons).
The optimum state of the system is the one that gets the maximum value of the “productivity”
function Y,

Y = P/C

Equation 1

Besides depending on internal variables, P may also depend on some external variables as labor
contingencies (incentives and the like) but they are not usually considered in the optimization
process, because they are related to “the world outside the system itself”. The same happens with
the cost C, which depends on many economic and financial variables, which actually sets up the
framework where the system works.
Usually the optimization process takes them as fixed boundary conditions, and the system is
optimized inside those boundaries. If that framework changes, the optimum state will also change,
but the methodology to calculate the new solution will be the same.
Although different optimization criteria can be stated, the most direct one is to maximize
productivity Y. In general, there would be several independent variables, and partial derivatives
should be equal to zero. There are several methods for finding maxima or minima in a multivariable
process. Some of them are strongly analytical, as Lagrange’s Multipliers, and some others are of
computational nature.
The former can either have a classical deterministic formulation with a numerical approach for
using discrete-ordinates formulation of the problem, or have a probabilistic formulation, generally
with a MonteCarlo approach.
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As numerical simulations become more powerful, there is a trend of solving problems by numerical
computation methods. However, numerical solutions are usually very opaque for identifying
general properties. They are very powerful tools for calculating specific solutions with good
accuracy, but it is usually difficult to identify trends or performance patterns just by computer
printouts. In that quest, analytical approaches, even the simplest ones, can be of great help. This is
the case of finding the maximum of productivity in a simple or simplified system.
Let us consider the problem of maximizing Y, T being the independent variable.
The first derivative of Y is

(dY/dT) = Y’ = (P’·C – P·C’)/C 2

Equation 2

Setting it to zero leads to

P’·C – P·C’ = 0

Equation 3

P’/P = C’/C

Equation 4

Last equation is the fundamental relation for optimizing investment and for identifying working
points. It expresses that the optimum happens when the relative variation of the production
function equals the relative variation of the cost. For both functions there is only one independent
variable, T.
Of course, an obvious checking is needed of the second derivative (which must be negative for
being a maximum)

(d 2 Y/dT 2 ) = Y’’ = d((P’·C – P·C’)/C 2 )/dT < 0

Eq uation 5

It goes without saying that there is not any certainty for the optimum solution to exist. This
depends on the shape of P and C, which depend on the physics of the problem and its particular
econometrics.
The condition for optimum state can be expressed as the crossing point of the logarithm derivatives
of production and cost.
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d(LnP)/dT = d(LnC)/dT

Equation 6

It means that the optimum is achieved when the relative variation of production equals the
relative increase of cost.
This equation is the simplest and most direct criterion of optimization, and it is also the base of the
MARKET INTEGRATED ENERGY EFFICIENCY. This is a new concept of very simple definition, which is
to some extent related to the inverse value of Energy Intensity. The main difference between them
is that Energy Intensity is the ratio of Energy Consumption over Gross National Product and it is just
a numerical value, while MIIE is a tool for broader scope in energy policy, including optimization,
which can provide energy intensity values if applied to the total structure of a country. MIEE
compares supplies of different mixes of primary energies (and energy sector structures) to satisfy
some specified needs of the Market.
Virtual demand (for a given type of energy application, or energy product)
General curves of virtual demands are shown in figure A.1. First units of a product are highly
appreciated, but such a value declines for higher amounts off energy. In fact, a saturation effect
appears sooner or later, and the decline is faster. Finally, it can fall to zero because there is no
further actual need for more energy beyond that limit. In the figure, three types of “energy
domain” have been depicted. These are not fully equivalent, but they are useful to illustrate the
definition of “virtual demand”.
“Electricity”, which is given the highest value because it can satisfy our more elementary needs at
home, in the office, in hospitals, airports and so forth.
“Domestic” which represents energy consumed at home. In this case everything is integrated,
electricity and gas, but we can distinguish between them if we wish specifically to study how to
share energy and money between them.
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“Transportation”, as we can find public transportation solutions for our needs, our valuation is not
as high as in other cases. However, we can use a lot of energy in travels, either by professional
activities, for fun, or for the sake of burning gasoline.

Figure A.1. Three examples of virtual demand. X-axis represents units of energy in a given time span
(i.e. one year), and Y-axis represents normalized price.
Source: Personal elaboration
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Figure A.2. Integrated average value from 0 to E. X-axis represents units of energy, and Y-axis
represents average price to a given amount of energy.
Source: Personal elaboration

Figure A.3. Virtual demand of energy in a society. This is linked to variations in Oil demand during
crisis (as in Spain since 2008 onwards).
Source: Personal elaboration
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MIEE technique is devised to be used in a dichotomy, which means that two alternatives are
compared on some common grounds. In the following graphs, the MIEE is presented as a
qualitative way to optimize the share of cars between Electric Cars and Internal Combustion
Engines vehicles, under some logical but estimated assumptions on performance and costs.

Figure A.4. Performance (i.e. production as km served) of two machines versus consumed energy
Source: Personal elaboration

Figure A.5. Addition and share between both alternatives (ICE and Electric Vehicles) for a total value
of consumed energy (ET=20 units). Source: Personal elaboration
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In this example, the total available energy is fixed at ET = 20 units. Total Production (of Km) will be:
P= Pe+Pt=Se*Ee+St *Et=Se*Ee+St(ET-Ee) = Se*Ee + St* ET - St*Ee

Figure A.5. Evaluation of total productivity (service/consumption). Source: Personal elaboration

Figure A.6. A fundamental variable: the cost to achieve a given performance.
Source: Personal elaboration
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Figure A.7. A step towards optimization
Source: Personal elaboration

Figure A.8. Optimum share between Electric Vehicles and Internal Combustion Engines for the
assumption done in the case. Source: Personal elaboration
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Figure A.9. Effect of variation of costs (part 1)
Source: Personal elaboration

Figure A:10. Effect of variation of costs (part 2)
Source: Personal elaboration
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Figure A.11. Effect of decreased demand (i.e. reduce amount of Energy ET consumed in total)
Source: Personal elaboration

Figure A.12. Lower demand case: with assumptions done in the case. There is no room for Internal
Combustion Engines as P’/P is always higher than C’/C.
Source: Personal elaboration
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Figure A.13. The case for higher demand
Source: Personal elaboration

Figure A.14. Cost in the case of higher demand. Internal Combustion Engines improve their results;
and the total amount of Energy to be used in ICE rises from c 2.2; to 7.4 units of energy.
Source: Personal elaboration
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Figure A.15. Three cases with different levels of energy consumption (in total)
Source: Personal elaboration
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Annex II. Resumen Ejecutivo en Español

Esta Tesis surgió ante la intensidad y verosimilitud de varias señales o “warnings” asociadas
a políticas dirigidas a reducir el peso del petróleo en el sector energético, tanto por razones
económicas, como geopolíticas, como ambientales, siendo de destacar estas últimas como
especialmente emblemáticas dentro del contexto de Desarrollo Sostenible y de lucha
contra el cambio climático.
Como tal Tesis se consolidó al ir incorporando elementos novedosos pero esenciales en el
mundo petrolífero, particularmente las “tecnologías habilitantes”, tanto de incidencia
directa, como el “fracking” como indirecta, del cual es un gran ejemplo el Vehículo Eléctrico
(puro).
La Tesis se definió y estructuró para elaborar una serie de indagaciones y disquisiciones,
que comportaran un conjunto de conclusiones que fueran útiles para las corporaciones
energéticas, y también para la comprensión de la propia evolución del sector y de sus
prestaciones técnicas y económicas, de cara a dar el servicio que los usuarios finales piden.
Dentro de las tareas analíticas y reflexivas de la Tesis, se acuñaron ciertos términos
conceptuales para explicar más certeramente la realidad del sector y su aparente
polarización hacia un determinado tipo de inversiones cada vez, produciéndose oleadas en
las inversiones. Un término importante en este contexto es el de “Investment burden”, que
pondera la inversión específica (€/W) requerida por una instalación, con la duración del
período de construcción y los riesgos tanto tangibles como regulatorios.
Junto a ello la Tesis propone una herramienta de estudio y prognosis, ideada para
optimizar una determinada actividad energética, o la productividad total del sector. Esto se
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acomete mediante un ajuste objetivo entre demanda y oferta, recalculado en función de la
demanda virtual que opera sobre cada tipo de tecnología energética. Esta herramienta,
denominada “Market integrated energy efficiency”, es especialmente aplicable a
dicotomías, como la de coche térmico, versus coche eléctrico.
La Tesis consta de 7 capítulos. Comienza con una “Introducción, objetivo y alcance de la
Tesis”, en el que se hace una descripción de la ambición técnica que subyace al análisis.
Análisis que se ha desarrollado a lo largo de los últimos 6 años. Se incluyen aspectos
científicos y tecnológicos que no son comúnmente ligados al campo del Petróleo y los
hidrocarburos, como por ejemplo el vehículo eléctrico; pero que a buen seguro afectaran y
tendrán un impacto en el mercado del petróleo. La situación actual del sector petrolero se
presenta a continuación en base a datos; y en función de las distintas políticas existentes
en el ámbito de la energía y del petróleo.
A continuación se presenta el capítulo “BACKGROUND AND STATE OF THE ART” que plantea el
conflicto que la sociedad actual (y la futura) está heredando respecto a cómo se ha estado
usando la energía y concretamente el petróleo. Se destacan los efectos colaterales y otros
problemas derivados de ese uso. Esta descripción se complementa con la información que
se proporciona en el tercer capítulo dedicado a la organización del trabajo, las fuentes
científicas y la metodología empleada. Hay que señalar que actualmente las herramientas
de la Tecnología de Información proporcionan una capacidad de recolección y tratamiento
de datos y archivos como nunca antes se había dado. Permite acceder a información
relevante y oficial, en algunos casos prácticamente a tiempo real. En este sentido, es
preciso mantener una actitud crítica y neutral de cara a la información recolectada, pues
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una misma realidad puede ser expuesta de forma subjetiva según los intereses de la
entidad que facilita los datos.
En cuanto a la bibliografía generada durante el trabajo, existían varias formas de proceder.
La opción de Fuente Publica, en ingles “Open Access” ha prevalecido frente a otras por
motivos de tiempo de respuesta y eficiencia en la interacción durante la fase de revisión y
aprobación para publicación (peer review). Además de maximizar la difusión de los
contenidos (en total los tres artículos publicados han sido visitados más de 5,000 veces
hasta Noviembre de 2015), esta eficiencia en lo que se refiere a plazos de publicación
ayudaba a mantener la atención en la elaboración de la tesis.
El contenido del material publicado en los tres artículos, está recogido en capítulos
centrales de esta Tesis:
AN AD-HOC TECHNOLOGY ANALYSIS. THE CASE FOR ELECTRIC VEHICLES
TECHNOLOGY INTEGRATION TO IMPROVE ENERGY EFFICIENCY AND ENVIRONMENTAL QUALITY
HYDROCARBON CORPORATION GUIDELINES FOR STRATEGIC DECISIONS IN THE 21ST CENTURY

Los temas que se abordan en estos capítulos son el resultado de tratar de evaluar el
impacto que tendrán las actuales tendencias en el sector energético y las nuevas
tecnologías en la sociedad y en las empresas.
Las lecciones aprendidas durante la investigación y el análisis relacionados con la
elaboración de estos tres capítulos (y los correspondientes tres artículos) se han tenido en
cuenta a la hora de acometer el séptimo y último capítulo de esta tesis. En el capítulo siete
“FINDINGS AND FOREGROUND. A PROMISING FIELD FOR ENERGY ENGINEERING.” se ponen de
manifiesto las principales conclusiones y hallazgos resultantes del trabajo de la Tesis. El
objetivo era que estas conclusiones estuvieran muy ligadas a la problemática y capacidades
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de las empresas de hidrocarburos. De manera específica, esta Tesis tenía definida dentro
de su alcance tanto el quehacer técnico como el mercado de las corporaciones petroleras;
que van a tener que a una nueva Realidad Energética que surge con el despliegue de un
portafolio de tecnologías emergentes, en confluencia con políticas de Desarrollo
Sostenible.
La evolución específica de una tecnología en particular no se puede pronosticar con gran
precisión debido a problemas inherentes a la investigación en sí misma, pero también
debido a la oposición de fuerzas conservadoras adversas a cambios de este tipo.
Comenzando por un análisis retrospectivo, la carrera tecnológica en el sector energético se
acentuó hace varias décadas, como parte de las secuelas que dejó la Primera Crisis del
Petróleo de 1973. En ese momento, varios países decidieron reducir su dependencia
petrolera y reducir el pago de “petrodólares”.
La primera reacción en contra del petróleo fue principalmente económica, y esta es
fácilmente entendible cuando se analizan las balanzas de comercio exterior de los países
importadores de petróleo. No obstante, la reacción adversa al petróleo se disiparía en gran
medida después de la Segunda Crisis del Petróleo de 1979, debido a que la amenaza de una
tercera alteración se sustituyó por un mejor entendimiento entre países exportadores de
crudo e importadores. En ese momento España y otros muchos países comenzaron una
política de consumo no controlado de petróleo, fundamentalmente para el transporte
(según se ve en datos oficiales aportados en el cuerpo de la Tesis).
En un principio esta Tesis iba a ser un ejercicio dedicado a entender cómo los profundos
cambios macroscópicos derivados de las políticas Energéticas y Medioambientales podrían
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afectar al devenir de las corporaciones mercantiles; y qué grados de libertad podrían tener
éstas para reaccionar adecuadamente a nivel microeconómico.
Las reacciones de una corporación particular estarán muy condicionadas por su estructura
técnica y por su soporte financiero, pero habrá un factor común que tendrá que tratar de
conciliar:
-

los resultados de la corporación;

-

con la eficiencia y limpieza ambiental en el uso de los productos energéticos
necesarios para satisfacer un determinado mercado.

A buen seguro se producirán cambios en las regulaciones y también habrá grandes cambios
en términos tecnológicos. Ambos tipos de cambios afectaran al sector del transporte, y
buen ejemplo de ello es el vehículo eléctrico. Esto será tratado con especial atención
debido al enorme impacto que puede llegar a tener en la movilidad de las personas, y
sobre todo, en la demanda y en la economía del petróleo.
Esta Tesis propone varias innovaciones, que se pueden agrupar en dos niveles: el primero
dentro del campo de la Energía, y el segundo dentro del campo de las corporaciones, y de
manera especial de las corporaciones del sector hidrocarburos.
En lo que se refiere al campo de la Energía, parece inevitable una mayor integración de
sectores, que supere la separación actual entre las corporaciones petroleras y las
eléctricas, creándose corporaciones más completas y flexibles.
Y a nivel energético-geográfico, se producirá un cambio de cuotas energéticas hacia Asia
Pacifico, donde los mercados emergentes experimentarán grandes cambios.
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Así mismo, en la estructura energética del Mundo Occidental también se prevén grandes
cambios, con redes más interconectadas y una mayor demanda de capacidad de
almacenamiento energético, tanto para fines estratégicos como para garantizar
operatividad del sistema energético.
A nivel corporativo, la adaptación a la nueva realidad será función directa de la capacidad
de cada corporación para desarrollar y/o comprar las tecnologías que permitan mantener o
aumentar cuota de mercado. Las conclusiones de la Tesis apuntan a tres opciones
principalmente para un replanteamiento corporativo:
-

Diversificación energética

-

Desplazamiento geográfico

-

Beneficiándose de posibles nuevos nichos tecnológicos que puedan surgir, como
por ejemplo:
•
•
•

En upstream: Recuperación estimulada de petróleo mediante uso de
energías renovables
En downstream: Aditivos orientados a reducir emisiones
En gestión del cambio: Almacenamiento energético con fines operativos

A pesar de que las políticas de Desarrollo Sostenible, así como algunas políticas
comerciales, tratan de reducir la importancia de los hidrocarburos (de manera notable la
del petróleo) esta importancia es real y objetiva, y esas políticas pueden llevar a errores
graves en dos frentes:
-

los requisitos ambientales pueden ser muy difíciles (o bien imposibles) de conseguir
y estos requisitos necesitan de nuevas tecnologías que habiliten el cambio, las
cuales no aparecerán por sí solas.

-

algunas políticas energéticas siguen la tendencia de crecimiento cero de algunos
países de la OCDE. No obstante, la realidad mundial es muy diferente a la de esos
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países. Por ejemplo, según diversas estimaciones (basadas en bancos de datos
solventes, referenciados en la Tesis) el número de vehículos aumentará desde
aproximadamente mil millones en la actualidad hasta el doble en 2035; mientras
que la producción de petróleo sólo aumentará de 95 a 145 millones de barriles al
día. Un aumento del 50% frente a un aumento del 100%. Esto generará un curioso
desajuste, que se empezará a sentir en unos pocos años.
Sera imperativo la introducción de normativas medioambientales más restrictivas, la
implantación de nuevas tecnologías, y el espíritu innovador y emprendedor de
corporaciones por cambiar la industria de los hidrocarburos. Entender estos retos y estos
cambios dentro de un marco de evolución forzada, así como identificar nuevas opciones
para sobrevivir como entes productivos por parte de las empresas petroleras es el objetivo
principal de esta tesis.
Las empresas y corporaciones del sector hidrocarburos pueden perder el monopolio que
atesoran actualmente en el sector transporte frente a todas las demás fuentes energéticas.
Esta pérdida puede quedar compensada por una mejor gestión de todas sus capacidades y
una participación más integrada en el mundo de la energía, buscando sinergias donde
hasta ahora no había sino distanciamiento.
Los productos derivados del petróleo deberían de poder ganar la batalla comercial para
imponerse como el bien que garantice la oferta energética; gracias principalmente a su
enorme versatilidad. Estos productos se pueden usar para alimentar cualquier tipo de
maquina térmica, como son las turbinas Brayton, o alimentar reformadores para la
producción masiva de H2 para su posterior uso en pilas combustible.
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El almacenamiento de productos derivados del petróleo no es ningún reto ni plantea
problema alguno; y sin embargo este almacenamiento es la llave para resolver muchos
problemas. Es posible que el comercio de petróleo se haga menos volátil debido a los
efectos asociados al almacenamiento; pero lo que es seguro es que la eficiencia energética
de los usos de ese petróleo será más elevada.
La Tesis partía de ciertas amenazas sobre el futuro del petróleo, pero tras el análisis
realizado se puede vislumbrar un futuro prometedor en la fusión de políticas
medioambientales coercitivas y las nuevas tecnologías emergentes del actual portafolio de
oportunidades técnicas. Es en ese futuro es donde tendrá lugar la batalla técnica y
comercial entre aquellas empresas que estén listas para ganar una posición relevante
dentro del nuevo mundo energético.
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