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ABSTRACT 

A portfolio of new energy technologies has emerged in the first decade of the 21st Century, and many of them could be 
used for restructuring 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 (HC), to Electric Vehicles (EV). In 
turn, the latter is closely connected with the need to deploy Renewable Energies (RE) for electricity generation. Within 
such new situation, countries and governments are aware that there are new tools for fighting Global Warming (GW), 
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; and it should be noted that it will be difficult for the companies to 
define long-term strategies if energy policies convey upheavals, sudden changes in promoting alternatives and interrup- 
tions on activities. Hence, it is very important to adopt energy policies allowing a smooth evolution of the companies’ 
activities to the new energy model. After analyzing the alternatives with a forecasting-backcasting methodology, an 
“eclectic approach” is proposed, with the Plug-in Hybrid car with Flexible Fuel (PiHFF) as the central paradigm in the 
coming promoting policies. 
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1. Sustainable Development as a Worldwide 
Quest 

These initial years of the third millennium (A.D.) are 
evolving under a sort of paradox: the economic and fi- 
nancial perspective is rather obscure and without hori- 
zons, while the technology perspective is very positive 
and full of potential. The latter includes Bio-technologies, 
Communication and Information Technologies, Material 
Science and Nano-technologies, Space-related spin-offs 
and, of course, Energy technologies [1,2]. 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 [3], 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, naviga- 
tion and trains. The Second one exploded from Internal 
Combustion Engines (ICE; see list of acronyms at the 
end of the article), petroleum products and cars, on the 
one hand, and electricity on the other hand. The Third 
one could convey EV and new energy sources, notably 
RE 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 one, if electric cars actually succeed in the new 
Revolution. Some people can consider this fact is a mere 
coincidence, but it seems there is a technical destiny in 
this merging. 

This optimism about technology cannot run freely. A 
new and tight scenario has been set up by a strong para- 
digm inherited from the end of the 20th Century, namely, 
Sustainable Development [4,5]. It includes the need to 
stop human intervention in Climate Change (CC) [6-11], 
also known as the fight against Global Warming [12-14]. 
Some people (including politicians and journalists) con- 
sider that this problem is less acute and important than 
the Global Economy Crisis currently running, but there is 
a difference between both problems, which 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. 

A third type of perspective must be considered in order 
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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 a 
really good way, if not the best way. An important ex- 
ample in this domain is the Intergovernmental Panel on 
Climate Change (IPPC) [15] although it is not an execu- 
tive body, but a purely scientific one. Even so, scientific 
evidence of GW was essential in the Kyoto Protocol, and 
it has been confirmed since then, what urges the IPCC to 
ask for a substantial reduction of Greenhouse Gases 
(GHG) emissions. 

In the organizational perspective, a salient entity is the 
European Union (EU), which has likely been and con- 
tinues to be the most committed body in the fight against 
GW, and in the promotion of sustainable development 
(Directives 2003/87/CE on CO2 emission; and 2001/80/ 
CE on Large Combustion Plants). As most of the politi- 
cal decisions, those of the EU concerning these principles 
can be considered very rhetoric, but the commitment has 
been established in terms of numeric objectives, particu- 
larly in the EU Directive “20/20/20” 2009/28 CE estab- 
lishing binding goals for year 2020 in reduction of GHG 
emissions, use of RE, and improvements in efficiency 
and energy savings, all of them in 20% variations. Of 
course, this is easier saying than doing, and some people 
consider this policy is just wishful thinking. It is impor- 
tant 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 compete- 
tive 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 RE, 
the deployment is only possible thanks to strong subsi- 
dies and feed-in tariffs (as Spain’s decree RD 661/2007), 
which is a distorting factor for current markets. 

This paper addresses the difficult adjustment between 
micro-economics of the corporations and the macro ob- 
jectives of energy and economy policies, particularly in 
relation to hydrocarbon corporations. Many papers [16] 
are devoted to state-level analysis, but they do not con- 
template 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 GHG emissions, and a par- 
allel market of emission rights will be established. This is 
the case of the EU, as regulated by Directive 2003/87, 
which includes a transient phase ending in January 1st 
2013. 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 flexi- 

ble 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 CC. 

It is difficult to anticipate how strong and long lasting 
the enforcement of that legislation will be, because many 
specialists point out that GHG 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 [17] and one of the causes is that elec- 
tricity development in China in the last decade has relied 
mainly on coal. 

The next section presents a very brief summary of 
relevant facts of the Energy sector at large. Section 3 will 
be devoted to analyze some features and principles of 
corporations as living bodies that must survive in a com- 
petitive 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, the oil and 
electricity industries, can somehow merge in a complex 
new sector. The paper is then focused, in Section 4, on 
the global challenge created by the rising contents of 
equivalent CO2 in the atmosphere. This section also in- 
cludes some considerations about the role of technology 
evolution as a global answer to that challenge. Section 5 
presents a finer analysis of the technology evolution that 
seems more likely to succeed. Finally, Section 6 is de- 
voted 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 getting (or keeping) market share. We conclude with 
some recommendations on addressing the global problem, 
proposing a stronger link between transportation and 
energy sectors. 

It is particularly important to speed-up technology de- 
velopment and to identify in due time legal and regula- 
tory 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, so as not to induce a crisis is the 
hydrocarbon industry, which is a backbone of social and 
economical activities in most of the world. The smooth 
track proposed in this article can be called the eclectic 
approach. 

2. The World of Energy 

There is a broad consensus nowadays about the princi- 
ples of Energy Policy: 
 Security of supply (and the related objective of en- 

ergy independence, in contrast to the existence of global 
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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 GHG Effect). 

In spite of this consensus, it can be seen [17,18] that 
the actual situation of energy in the different countries 
presents a wide variety of cases, both in quantity (con- 
sumption per person) and quality (types of energy used). 
Few common points can be marked, notably the depend- 
ence of transport on oil products. 

It is worth pointing out that the role technology could 
play in coping with the energy problems, as was pointed 
out in the EU “Green paper: Towards a European strat- 
egy for the security of energy supply” [19] where a com- 
plete analysis was attempted in order to meet the objec- 
tive 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 re-
inforce the impact of this outline energy strategy”. How-
ever, the technological analysis was rather conventional, 
with two controversial poles (coal and nuclear) and a 
clear quest for RE and Natural Gas (NG), but RE 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 ref- 
erence to HC or EV. In 2000, those inventions were con 
sidered 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 fol- 
lowed. In 2000, electricity generation by NG and RE was 
very limited, and it underwent an impressive develop- 
ment in one decade, reaching very high values at the end 
of 2010 [20] after an interesting deployment [21-28] in- 
cluding unanticipated effects [29]. In 2010, 23% was 
generated by Gas-fired combined cycles (GCC), and 
22% by RE (wind power being the biggest contributor 
with 16%). 

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 gen- 
erations” 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 advice was given to promote the development of 
RE by state funding or feed-in tariffs. 

In the last ten years, the technology scenario has 
changed. Looking ahead to the next decade, it is seen that 
the portfolio of emerging technologies has widened 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 HC [30-34] and EV [35-40] 
have appeared as contenders versus conventional ICE. 
Additionally, new electric grid devices have opened the 
way for the so called Smart Grids [41], which will use 
internet and telecommunication technologies, so helping 
to optimize the total electric system in a country or a 
macro-region [42,43]. 

Most of these technologies were not in the picture at 
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 USA) considered that restrictions per se (the Kyoto 
recipe) as a blunt answer to the problem, and pointed out 
that there were technologies to be analyzed or revisited to 
find a better solution to the GW problem. To some extent, 
the IPHE (30), and Nuclear Generation 4 (and the Gen- 
eration 4 Forum [44]) were also a product of this situa- 
tion after Kyoto. Above all, any low-carbon energy source 
or energy technology was considered a priority for re- 
structuring the Energy sector, mainly RE [45] and Car- 
bon (CO2, properly speaking) Capture and Sequestration 
(CCS). Its most visible initiative is the Carbon Seques- 
tration Leadership Forum [46]. 

Although most of these technologies are evolving very 
slowly, which is a main part of the problem that must be 
solved, it has become clear that a big change in the En- 
ergy sector is possible. However, the stiffness of the in- 
dustry and the markets, and the lack of maturity and 
economic viability of the new technologies are keeping 
the status quo. In fact, the most relevant reaction to en- 
ergy needs in the USA nowadays is unconventional gas 
(mainly shale gas). It is true that it is not conventional in 
a strict sense, but it is NG and can be used as such.  

NG is going to be at the very center of the ongoing 
evolution in the Energy sector [47,48], and this fact in- 
cludes both short-term initiatives (as the shale gas [49, 
50], already running) and long term ones, as methane 
clathrates [51-55]. 

Interplay between Electricity and Hydrocarbons 

Although a few countries have started earlier, the global 
move towards GCC exploded by the end of the last cen- 
tury. Reasons for such extended deployment can be 
found in some facts that must be kept in mind, because 
they are rather unique: 
 NG global availability (although not cheap, indeed; 

but cheaper than oil in energy terms). 
 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). 
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 Operation flexibility (within some margins depending 
on the project). It is worth citing that in Spain, where 
a GCC capacity of 24,000 MW has been built in less 
than 12 years, these units act as back-up power for 
Wind parks and Photovoltaics. 

The combined factor of time and money has been de- 
cisive for such fast deployment of these power plants, 
and it is not easy for any other thermal generation tech- 
nology (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. 

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 
price stability in the long term. This is the case of China, 
particularly for coal [17,18]. In fact, coal has undergone 
the fastest growing rate of all energy products in these 
years of the new millennium, and China was the expla- 
nation. 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 [48]. 

3. Challenges for Energy Corporations 

Commercial corporations are driven by profit. This does 
not mean short-term profit only, although any corpora- 
tion will try and avoid short-term losses so as 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 guar- 
antee to make profits to satisfy the corporate plan. Many 
corporations have specialized departments in Business 
Development and others rely on external consultants, but 
the final decisions on the future are obviously taken in 
 
Table 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  

(yr) 
Spec. invest.  

($/W) 
Investm. 
burden 

GCC 1.5 0.75 1.13 

Wind power 1.0 1.2 1.2 

Photovoltaic 0.5 4.0 2.0 

Coal 3.0 1.5 4.5 

Solar thermal 2.5 5.0 12.5 

Nuclear 8.0 4.0 32.0 

the very core of the corporation, including considerations 
on environmental factors, such as industrial ecology [56- 
69]. 

Those strategic lines must take into account the poten- 
tial evolution of all aspects of life and technology that 
can have an influence on the market or sector where the 
corporation works. They can be considered as the bound- 
ary conditions of the problem, and they can be different 
in nature: social, financial, legal, technical and so on. 
And 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. 

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 ap- 
pears now, with liberalized but regulated sectors, which 
must comply with global objectives. One by one, corpo- 
rations are not obliged by those decisions, but govern- 
ments 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 RE 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 with 
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 GCC and Renewable Energy 
Sources (RES), but the entire energy system, because it 
will affect automobile transportation, connecting it with 
the rest of the energy system, particularly electricity gen- 
eration 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 technol- 
ogy cultures, and moving 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 deci- 
sions. 

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 con- 
sultant strategies and the like, which must be run in a 
very confidential way. 

The general impact on the corporations of the energy 
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sector is indeed a general concern that can and must be 
studied as an academic subject to try and find recom- 
mendations for obtaining the best outcome from the 
changes ahead. The empathy between the macro level of 
international and decisions and the micro level of corpo- 
ration daily life is a fundamental point. Paving the way in 
a well-understood framework is much less risky than 
reacting against unexpected facts. 

4. The Future of Energy:  
Forecasting-Backcasting 

CC is considered as the first global challenge in human 
history, needing a global answer based on soundly estab- 
lished science, which points out the need of limiting the 
atmospheric contents of GHG [15]. 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 IPCC. Although some critics have disagreed with 
these very long-term weather predictions, there is a rather 
general consensus on the need not to trespass a threshold 
of CO2-equivalent contents in the atmosphere, be it 450 
ppm, 500 ppm, or a similar figure. Enforcing this limita- 
tion by consumption restriction was something difficult 
to accept, in spite of said Kyoto spirit. Nevertheless, the 
situation is becoming totally different because of tech- 
nology evolution, with two main factors, which can give 
a global answer to that global challenge: 
 Low Carbon technologies, with three main routes (for 

the moment?): 
◦ Renewable Energy Sources, notably for electricity 

generationp; 
◦ CO2 capture and sequestration; 
◦ 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: 
◦ Biofuels [70]; 
◦ Gas to liquid processes; 
◦ Hydrogen cars;  
◦ Electric vehicles. 

Most of the topics are quite connected with the hydro- 
carbon industry. RES need a back-up, which is mainly 
provided by gas power plants. CCS could play a role in 
shaping the future around CO2, which will directly or 
indirectly affect also hydrocarbon consumption. For in- 
stance, 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 
gained 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 
CC, and a sort of feedback loop has been closed.  

Methodology to Study the Challenge. Forecasting 

Forecasting can give us a picture (or a movie) of the fu- 
ture, 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, but it can not be considered just a statistical 
exercise. It is true that a good statistical model helps ob- 
tain 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 cal- 
culate 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 break- 
through, and results are almost negligible if the threshold 
is not exceeded. This is what happens with Nuclear Fu- 
sion, which needs to reach ignition to become an actual 
promise. This threshold seems higher than anticipated, 
and the outcome is that Fusion seems to be always 40 
years ahead. Forecasting in this case is extremely diffi- 
cult, and Fusion does not fit in the picture for the mo- 
ment. 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. This point mainly applies to Nuclear 
Fission and CCS, but it can also affect some RES as 
off-shore windmills and above all, Biofuels (or Biomass 
in general). A clear example of failed forecasting was 
Spain’s Plan of RES 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 [63,64,71-73], to improve the tools for shaping the 
future in order to achieve a sought situation. This method 
has been activated to some extent by the CO2 problem, 
because the goal was foreseen, i.e., the level of CO2 con- 
centration in the atmosphere that would be acceptable, 
which could be taken as a goal. Backcasting could iden- 
tify potential roads to reach that goal, for instance, by 
sharing the total emissions among countries, or among 
technologies, or both.  

Forecasting is nonetheless more familiar to everyone, 
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and seems simpler to apply, although many predictions 
have gone totally wrong. Even so, it seems mandatory to 
carry out an exercise of forecasting (or prognosis) in any 
paper probing the future. The summary of that exercise is 
presented in Table 2. The four technologies previously 
considered in the field of automobile powering are as- 
sessed versus some fundamental criteria, chosen accord- 
ing to an extensive literature review [70,74-82], plus 
some expert judgment from the authors. The last column 
presents the average value of the appraisal of said tech- 
nology against those criteria. The value is expressed in a 
black-grey-white scale. Darker color in a cell means 
poorer appraisal. 

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 batter- 

ies); 
7) Positive effect in CO2 emission reduction.  
Last column is a qualitative average. 
The judgment underlying Table 2 and the way to pre- 

sent it, only corresponds to the authors, but it has been 
elaborated after considering very many pieces of techni- 
cal information. Appraisals of Table 2 are arguable, but 
they indicate in a qualitative manner the inherent value of 
each technology. 

This value should be the basis to mobilize a change in 
the automobile sector towards Sustainable Development, 
and identify the places that could convey stronger diffi- 
culties. In the table, an average evaluation has been given 
in last column, but there are alternative methodologies to 
define the final appraisal. For instance, multiplication 
instead of addition puts more emphasis on the weakness 
of a criterion evaluation, and gives clearer classification. 
Similar result can be obtained using, as global evaluation, 
the worst appraisal in any criteria, for a given technology. 
This is the principle of the weakness of a chain, which 
 
Table 2. Forecasting appraisal of technologies with poten- 
tial of change in the automobile sector. 

Tech & Criteria 1 2 3 4 5 6 7 avg

Biofuels 3 3 1 1 2 4 2 2 

Gas to Liquid 2 5 1 1 2 3 4 3 

Hydrogen Car 2 3 5 4 4 3 2 4 

Electric Vehicles 1 2 3 3 1 4 1 1 

corresponds to the weakest link. If the difficulties associ- 
ated to a criterion are not overcome, the full deployment 
cannot take place. In any case, for both ways of consid- 
ering the appraisal, the global result of the exercise is the 
same, and the priority order given below:  

1) Electric Vehicles; 
2) Biofuels; 
3) Gas to Liquid; 
4) Hydrogen Cars; 
This appraisal is an integrated view, but forecasting 

also needs to take into account the time-dependent evolu- 
tion, and the interferences that can appear among differ- 
ent elements of the scenario, 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 this analysis.  

Not all forecasting studies on the different technolo- 
gies identify the EV as the most promising technology to 
reduce oil dependence and to reshape the transportation 
sector to a cleaner activity. Some studies done or sup- 
ported by the USA Department of Energy [83] do not 
give too much credit to the deployment of EV and as- 
sume that Biofuels will be the natural substitute for pe- 
troleum products.  

Biofuels [65,70] 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 USA by 2035). In- 
deed, gasoline engines have already some flexibility to 
accept small percentages of bio-ethanol, and full flex- 
fuel engines will run on E85 (85% of ethanol). 

It is obvious that the “2011 Annual Energy Outlook” 
[83] does not make a bid for technology transformation, 
and relies completely on hydrocarbons and similar chemi- 
cals. It was already so in the previous reports, where the 
central issues were dominated by NG either from Alaska 
or from shales. The last report puts more emphasis on 
Biofuels, in spite of the problems they are already caus- 
ing in Brazil and elsewhere [84-87]. 

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 to deeper problems. It is estimated that the total 
solar energy captured by living beings of all kind amounts 
to 3000 EJ/year. It is about 0.08% of the total solar radia- 
tion impinging on Earth. It is six times as large as the 
human demand of primary energy, which is close to 10 
billion tons of oil equivalent per year, which is about 420 

Copyright © 2013 SciRes.                                                                                  EPE 



CHEMA MARTINEZ-VAL  ET  AL. 98 

EJ/year (without accounting for primary biomass con- 
sumed as an energy good, which is about 40 EJ/year ad- 
ditional). Oil products amount to a little less than 150 
EJ/year, which is about 5% of the energy capture of bio- 
mass. So, the disturbance seems acceptable, but the full 
picture contains other elements which must be accounted 
for. 

The energy contents of the biomass for our food are one 
twentieth (1/20) of the energy we consume for other uses, 
i.e., 23 EJ/year. If harvesting and commercialization effi- 
ciencies are taken into account, the raw materials of our 
food chain amount to 50 EJ/year approximately. 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 ge- 
netically modified cellulosic plants, for instance) or al- 
ready 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 agri- 
culture. Of course, this is not an impossible quest, but 
some warnings should be expressed on the potential dis- 
tortion caused in agriculture, and the potential impact 
caused in the environment (particularly, in some privi- 
leged ecosystems of high biological vitality). 

Precautions on biofuels are mainly rooted in the natu- 
ral roots. From the complementary technology point of 
view, some important efforts have been made, and high 
quality processes and products (www.nesteoil.com) are 
already available but not at a global scale. Technology 
evolution in this field has been boosted by suitable poli- 
cies implemented in several well-developed countries. 
The EU directive on RE, for example, requires that they 
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 legisla- 
tion in the US will require 20% content by 2022. All 
these figures originally meant biofuels, although other 
alternatives such as electric cars charged with electricity 
from RES could also be accepted now to meet that goal. 

Nevertheless, it should be kept in mind that total etha- 
nol production is about 700 thousand barrels a day (673.5 
thousand/day in 2004 [70]) 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 bar- 
rels a day, and diesel, which is slightly higher, 21 million 
barrels/day. Although it is claimed by biomass propo- 
nents that they would require the smallest modification in 
automotive infrastructure as compared with other alter- 
natives, Biomass could produce a huge perturbation in 
the downstream oil industry, although the main upheaval 
will likely happen in agriculture, forestry and the cycles 

of natural nutrients. 

5. Bridging the Gap between Now and the 
Sustainable Future. The Role of 
Technology 

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 GW. 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 will become much more intermixed 
with hydrocarbons than ever before. 

Figure 1 shows the final goal in the left-hand-side of 
the picture. The goal is the origin of the plot, which de- 
velops towards the right-hand-side, representing going 
back-wards in time, until the current day.  

Three ways are identified as potential causes of GHG 
emission reduction, namely; 

Technology evolution & revolution　 ; 
Limiting quotas per country　 ; 
Changes in habits & working conditions.　  
Last line, “changes in habits & working conditions” is 

outside the scope of this paper. It sounds like science 
fiction, but some of those things are likely to 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 USA and China. It is not a simple 
story, because an equal quota for all persons will not be 
fair, if weather conditions, geography, population densi- 
ties and other factors are not taken into account. The 
Kyoto spirit of fighting the problem by establishing re- 
strictions was a simple and prompt 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, and 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 (by 
the way, neither creating confrontation among countries, 
nor anxiety on people. Individuals just can change habits 
by their own will, not by force). 

T    
he technology domain points out that there are a set  
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Figure 1. Backcasting exercise starting from the goal of reducing significantly CO2 emissions by 2050, going backwards in 
time until present. 
 
of technologies which can produce a significant reduce- 
tion of CO2 emissions, but they have to overcome some 
problems (schematically indicated in the figure). A de- 
tailed 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 lim- 
ited to qualitative descriptions.  

It is worth commenting on the special case of CCS. 
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. Some of the opponents 
seem to act under the “lake Nyox” syndrome [88,89], 
remembering an eruption of gigantic CO2 bubbles from 
the Nyox volcanic lake (Cameroon), in 1986, with 1746 
casualties. A much smaller catastrophe had happened six 
years before in lake Manoun, also in Cameroon. Nowa- 
days, those lakes are under surveillance for early detec- 
tion 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. 
Enhanced Oil Recovery projects that considered CSS 
goals could be added in to this list. 

In any case, the special features of CCS led us to ad- 
vise its application in a totally transparent way, under 
regulation and control of public authorities, following the 
example of the Nuclear Regulatory Commission [90]. It 
is not clear at this moment to which extent CCS will be 
needed to meet the requirements of the fight against GW, 
but it is a technique that can work with similar guaran- 
tees to any other modern technique. From this viewpoint, 
CCS must be developed and the sites must be character- 
ized, 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 regu- 
lated activity is required, much more than a field where 
private initiative could be carried out by corporations. 

On the contrary, RES is a field fully open to private 
initiative, although public-funded programs of R&D 
seem absolutely necessary for advancing in the learning 
curve of each technology. A similar advancement is 
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needed in EV, which can be considered complementary 
to RE. 

The whole electric system will be deeply affected by 
the deployment of EV. The complete recharge system 
will still be denser than the current net of filling stations, 
including privately owned individual recharge posts. 
Electricity infrastructure will expand quite a lot, and 
electricity consumption will undergo a dramatic increase, 
whilst gasoline and diesel will undergo a significant de- 
cline for ICE vehicles. Of course, this tremendous up- 
heaval, which is expected by many as a blessing, can 
evolve into a crisis with many negative consequences. 
This change, the 3rd Industrial Revolution for some 
prophets, has to be properly managed by government and 
international authorities so as not to transform a great 
opportunity into a disaster. 

Energy corporations have to prepare themselves for an 
efficient adaptation to such a “revolution”. 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 sce- 
nario, as the ones exposed in many publications (notably 
WEO [18]) of forecasting and backcasting. Governments 
and international bodies will establish policies according 
to the political and environmental pressure, (as the Di- 
rective “20/20/20” 2009/28/CE of the EU), and the real- 
ity is that technology is already here to face that chal- 
lenge, although the specific technologies dominating the 
market in a given phase cannot be anticipated in advance. 
Nevertheless, some additional investigation can be launched 
into the future. 

6. A Choice of Strategic Lines 

Corporations will have to use the conventional tools for 
corporate planning in order to prepare for adaptation es- 
tablished in this field, including consideration of market 
inertia and producers’ reactions against threats to the 
established industry. 

The current car industry and the ground transportation 
structure fully relies on the conventional petroleum in- 
dustry, and the very many appealing factors of this in- 
dustry have been the main pillar for large scale social and 
economical 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 

oil-peak) and more efficient use of natural resources 
(particularly methane, including clathrates, permafrost 
and other unconventional gas). 

As already stated in previous sections, biofuels is an 
important field of interest. Bio-ethanol and bio-diesel are 
already embodied in many commercial products for 
transportation. A controversy appeared from the so-called 
First Generation Biofuels, very closely connected with 
standard agriculture products. The dream was to develop 
a Bio-refinery, but the critical problem for this lies in its 
roots, i.e., the vegetable world [70,85,87]. The current 
level of hydrocarbon consumption is about 8 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 agri- 
lture and forestry to bio-refineries. 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 EV [75-77] with a relevant role 
of plug-in hybrids as a long-lasting intermediate step, 
will offer the highest efficiency, and will minimize con- 
mination in populated areas. The plug-in hybrid approach 
seems to have the better characteristic for a smooth, al- 
though fast evolution in automobile for reducing CO2. As 
an illustrative case for this quest, we can consider that a 
new vehicle of medium class will contribute an average 
emission of 125 g/km. An electric car would consume 
around 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 g/kWh; which 
means less than 70 g/km. The situation will improve if 
coal-fired power plants decline in activity (they generate 
1 kg of CO2 per kWh) and RES continue to increase their 
generation. As a reference, GCC produce between 350 
and 400 grams of CO2 per kWh. With a gasoline engine, 
a car can have CO2 emissions between 110 and 140 g/km. 
Should gas be burnt in a Combined Cycle, an electric car 
fed with that electricity would have (indirect) CO2 emis- 
ons between 55 and 70 g/km. 

The outcome of this change will be a cleaner environ- 
ment in cities and much lower CO2 emissions in the 
planet, but the economic side cannot be ignored, because 
RES need for subsidies or feed-in tariffs (or both) and 
such a situation is not “sustainable” at all. On the con- 
trary, despite some side effect generated by OPEC, hy- 
drocarbons constitute a perfectly-running market, sup- 
porting a fiscal burden as no other product, at least in 
Europe. 

The 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 
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increase in electricity generation in high-efficiency plants, 
as combined “Brayton + Rankine” cycles and new free- 
pinning gas turbines. Battery recharge will be as popular 
as gasoline filling, and both services could be done in the 
same place (for instance, current filling stations abiding 
by some safety rules [91-94], will include battery re- 
charge and replacement [42,95]. This scenario would 
convey a profound transformation in many industries, 
and it will likely be dramatic in energy infrastructures, 
where a true interpenetration will likely appear connect- 
ing gasoline and diesel distribution to electricity, with 
“dual filling stations” providing liquid hydrocarbons and 
battery replacing. Customers will have to pay for the 
difference in charge between the replaced battery and the 
substitute, and for the difference in quality, because of 
performance deterioration with time (which will have to 
be evaluated by a rapid measurement of relevant vari- 
ables in each battery). 

Hydrocarbon corporations will have to follow an “ad- 
aptation mechanism” to evolve at the required speed. Of 
course, very long-distance and autonomous transporta- 
tion units, as ships and airplanes, will remain oil-de- 
pendent, directly; but a sizeable fraction of the hydro- 
carbons will be consumed through electricity. Moreover, 
the formerly cited scenario of “dual filling stations” dis- 
tributed for all the geography of an advanced country 
will have to be deployed before the actual deployment of 
EV. 

Of course, hydrocarbon corporations will have to de- 
fine their “adaptation mechanisms” which can be com- 
mercial (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 im- 
pact and effects of those futuristic scenarios, but the 
warnings on CC, the problems with petroleum availabil- 
ity 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, par- 
ticularly shale and sand oil. Heavy oil and ultra-deep 
off-shore oil have been in the portfolio of corporations 
for a long time, but they must be accounted for in 
long-term policies with the perspective of special strate- 
gic assets. Some industry experts such as Dr. Kazemi [96] 
estimate that about one trillion barrels of oil is waiting to 
be discovered, in addition to the similar amount that is 

“proven” reserves waiting to be produced. However, 
these sources would be more expensive than conven- 
tional ones, and would likely require a modified refinery 
processes. They must be considered, but they will likely 
remain as resources, for being exploited in a long dis- 
tance future. This is also the case for gas-hydrates, that 
could have estimates of original gas-in-place exceeding 
10,000 trillion m3 [97-100]; with estimated resources 
over one hundred trillion barrels of oil equivalent [100]. 
Note that current oil consumption is 85 million barrels of 
oil per day (mmbpd) and a peak could be reached in 12 
or 15 years at 100 mmbpd. The IPCC and other forecast- 
ers point out the necessity to reduce that value to less 
than 50 mmbpd by 2050 for limiting GW 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 EV. Pros and Cons of each option have 
been briefly commented (particularly in relation to 
DOE’s “Energy Outlook” 2011), and have been treated 
in the bibliography [64-67,73]. 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 political opinions, 
presumable at a high international level, and this situa- 
tion will not allow a corporation to adopt long lasting 
strategies, because of fears of policy changes. 

At this foreseeable crossroads, the following “eclectic 
proposal” is introduced in this paper as a smother and 
more controlled entry into this period of competition and 
possible turmoil. The proposal can give time for better 
founded and cheaper technologies (for instance, for elec- 
tricity generation from RES); can relax the anxiety of the 
“recharge syndrome” created by an autonomy range in 
the EV, which is much shorter than the standard autono- 
mies 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” [101] 
means that they can run with a range of mixtures be- 
tween 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 lit- 
erature [102-112]. In that way, the current effort on Bio- 
fuels [113-119] will not suffer a sudden halt, and the 
promising world of EV will have the possibility to ma- 
ture without big expenses in the short term. Indeed, those 
technologies that are presented as confronting ones can 
be complementary. 

7. An Eclectic Summary 

At the end of the 20th Century, Sustainable Development 
[4] was proposed as a new paradigm to guide general 
policies, and within that context CC was recognized as a 

Copyright © 2013 SciRes.                                                                                  EPE 



CHEMA MARTINEZ-VAL  ET  AL. 102 

fundamental global problem, connected with the human 
emissions of CO2 [6-9]. First reactions were based solely 
on establishing emission quotas; but early in the 21st 
Century some important technology proposals were pre- 
sented as new ways for creating a Sustainable Energy 
Sector. This was a profound change of philosophy, and 
will have a profound impact on policy making in 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 CC problem. Theories on this subject [120-131] point 
out the importance of those natural catastrophes on 
weather variations. Those theories are supported by ob- 
servations of modern eruptions [132-142] and by indirect 
evaluations of volcanic activity in the past [143-157]. 

Of course, such a big transformation will need a pre- 
vious development of the required technologies, ranging 
from RES (including Biofuels) to EV, as well as huge 
investments, notably in the deployment of recharge in- 
frastructure and, even more, in vehicle manufacturers and 
component makers. Even hydrocarbon consumption will 
also be partially oriented to electricity generation, be- 
cause the global efficiency for car transportation will be 
better, if batteries finally achieve a level of maturity able 
to support such a substantial change [81-85]. In this sce- 
nario with so many questions marks, which will not re- 
verse to past structures, the pathway of the PiHFF 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 dramatic reduction of CO2 
even if hydrocarbons continue to play a very prominent 
role, because the general efficiency will increase by a 
factor of two in transportation, if the EV deployment 
succeeds. This approach between electricity and hydro- 
carbons opens a lot of possibilities, and corporations 
from both industries should take advantage of them, 
overcoming the traditional communication problems be- 
tween both sectors. 

The macro-economy of the new situation will be de- 
fined 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 reflec- 
tions 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 corporations. However, if 
PiHFF is generally adopted, the situation will be easier, 

in the sense that everyone can continue with their own 
development, and the PiHFF 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, 
because 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 not to miss and not to fail at, but 
the task is not easy. The effort ahead belongs to the field 
of electricity distribution and consumption management, 
and the typical expertise of oil corporations is very mod- 
est in those fields. 

Many tasks involving standards will be needed to 
make such a big change possible, and some previous 
work can be anticipated, such as making some concep- 
tual 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 
paper wishes to contribute. 
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IPP.C Intergovernmental Panel on Climate Change  
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