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ABSTRACT14
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Hydrogen Investment is the future business!

Strategies of global energy game should guide the future energy world. These strategies can be realized
by managing flexibility price with Real Options Theory and produced quantity by using Nash equilibrium in
cooperative industrial systems. We can calculate hydrogen volume that should exist in the global energy
marketing in order to keep "petroleum status quo".
Although hydrogen was not properly understood as an alternative energy, it has emerged as strategic
complement of oilin recent times. In this sense, we introduce the need for Tobin q*. It was modified for oil
and hydrogen projects. Furthermore, q* permit us to maximize profitability and minimize
risksimultaneously.
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1. INTRODUCTION21
22

Is it possible to live in balance or harmony-equilibrium between nature, oil- energy companies, and man,23
so we share interests and problems, we minimize profound differences expressed in economic utility24
functions, conflicting values and benefits through implementing a cooperative equilibrium with emphasis25
on respect for the environment and sustainable energy?Binmore, K. (1992), Fudenberg, D., Tirole, J.26
(1991), Myerson, R (1991, 1994), Nash (1953), Aumann& Schelling (2005), Ipieca 2013.27

28
The answer is yes, if and only if, we strictly adhere to the objectives of survival, utility, and intrinsic order29
of each of the three teams of strategic players: nature, humanity, oil-energy companies, here and now30
present and active. Current trends in alternative energy located in complementarity with oil; therefore, the31
ideal should be rational use of oil without harming nature, leaving minimal ecological footprint, and32
transforming the relationship divisive dominant of oil and energy over Humanity and Nature (P / H / N) by33
a multiplicative holistic interaction (PHN). Good practices of Business Intelligence and Corporate34
Governance have demonstrated need for cooperative work between the actors and makers of oil energy35
efficiency of clean hydrogen production of petrochemical development in order to ensuring a sustainable36
future. Energy Intelligence Group (2000), Bockris. John O'.M. (2013), Stygar, M (2013), World Oil Outlook37
2012.38

39



Any oil or energy project leverages on operational and financial indicators that ultimately define viability.40
Therefore, new developments in real options theory, oil energy efficiency, and hydrogen clean production41
allowed us a glimpse of a quantitative way, this new cooperative equilibrium between oil companies,42
humanity, and nature is represented by PHN. The oil and hydrogen are engines of the world from the43
perspective of businesses we require flexibility in time and investment arbitration technically known as44
real options.Dixit &Pindick (1994), EPPetroecuador (2011), Kagel and Roth (1995).45

46
On one hand, hydrogen as an energy carrier understood and not properly as an alternative energy in47
recent times inevitably has emerged as strategic complement of oil for four main reasons: 1. - The refining48
and petrochemical industries rely on hydrogen for their processes of hydrotreating, hydrocracking and49
hydrodesulfurization. 2. - When alternative energies are not consumed immediately and need to be stored50
or transported are transformed into electricity or converted into hydrogen. 3. - The use of hydrogen in fuel51
cells to generate electricity is attractive for future of alternative energy. 4. - The abundance of salt water52
on planet earth and scientific trends of sun water splitting, offers hope to the world through the hydrogen53
economy.  In Bockris. John O'.M. (2013), One of founders of Hydrogen Economy, “was able to obtain54
considerable increases in efficiency of decomposition of water by solar light, and at the time the work was55
interrupted he had 9.6 percent efficiency for decomposition”.56

57
On the other hand, the strategy of global energy game should guide future energy world. It can be done,58
managing flexibility price with real options and produced quantity using Nash equilibrium in cooperative59
industrial systems. The calculation of the hydrogen volume should exist in the global energy market in60
order to maintain "petroleum status quo".61

62
Why we use Game Theory and Nash´s equilibrium in this study?Because:63

64
 We apply the Nash equilibrium, in trouble where there is strategic interaction between players,65

such as oil producers and energy producers. In this sector, every company makes decisions66
based on their prices and production levels that keep their opponents (competitors) and market.67
Moreover, alternative energy and hydrogen are especially now a strategic opponent oil. Game68
theory provides a set of mathematical tools for calculating profits and production volumes in69
markets including probabilistic environments. Therefore, it is logical for us to use the methodology70
of game theory to calculate volumes of oil production and hydrogen energy.71

72
 Quantum Game Theory introduces the concept of states of order and minimum entropy, which is73

an extension of the Nash equilibrium, which best suits the dynamic processes of the oil industry74
and energy. Moreover, we used equilibrium concepts in a creative and unique, as evidenced in75
equations 15, 16, 17, 18, 19, 20. Finally, we show that the laws of probability apply dynamic76
systems completely stochastic environments such as oil and hydrogen.77

78

This research is a response to a major initiative by ARPEL, 11-13 September 2012 in Uruguay. 201279
MEETING OF THE CLIMATE CHANGE AND ENERGY EFFICIENCY, which involved the following oil80
and energy companies: ANCAP, ECOPETROL, Petroamazonas EP, OCENSA, Pemex, Petrobras, Statoil81
and EPPETROECUADOR.82

83
In terms of energy efficiency and reduction of greenhouse gases is an important decision ARPEL member84
countries, to implement ISO 50001, which will reveal the amount of barrels of oil equivalent, which saves85
on refining plants and crude production when applied industry best practices, properly explained in ISO86
50001.87

88
It was gratifying to verify that when we're talking about our destination, many actors involved in the oil and89
sustainable energy PHN. Although, not all players (oil, humanity, man) have same strategic weight, and90
same vision,we are expressing us as follows:91

92



N. Nature, manifesting directly and indirectly in the air, sea, land, Earth planet evolution, and climate93
changes which are even quantified. See, Rifkin. J(2002).94

H. Humanity. It is let by the scientific community and the policy makers of world energy. Ipieca95
(2012), Jiménez, E. H (2012a,b).96

P. Energy and Oil Companies. It is the responsible for world production.97
98

The U.S. Department of Energy, a priory says that by 2030, renewable energy will be 30% of the global99
energy mix. This percentage of participation will be dynamic. For that reason, arbitration options would100
allow insider groups make million dollars in profits.Edward Jiménez, Hedge Funds, (2009). This new101
composition of the global energy mix would ensure the reduction of CO2 emissions into the atmosphere,102
but not a sustainable energy future.103
According to Nicholas Stern, "even if the rich world takes full share of responsibility and able to impose104
absolute emission cuts of up to 60-80% by 2050, the developing countries are not exempt from105
undertaking measures share equally significant ". Thus all countries are stewards.106

107
108

 Industry focus of true complementarily between oil and hydrogen production, oil refining109
and petrochemicals.110

111
The dynamics of renewable energy, hydrogen and oil are completely related. Industrial experience shows112
us that you can generate electricity by burning oil or surplus renewable energy such as solar, wind,113
geothermal, and so on. Similarly, we can store electrical energy through hydrogen generation, using fuel114
cells. As the fuel cell can function in reverse, it can generate hydrogen if connect a source of electricity.115
Thus, we see that there is a causal link between hydrogen and renewable energy. Moreover, in Stygar, M116
(2013), hydrogen as an energy source and as an energy carrier alone cannot develop to the levels117
required daily energy demand, projecting in millions of barrels of oil equivalent of 279 MBOED for 2020118
and 359 for MBOED 2035.119

120
Hydrogen as strategic complement has intrinsic advantages: the global need for clean energy use that121
will reduce the rate of global warming and air pollution rate of CO2 emission, using it as raw material122
and/or process catalyst treatment and refining of oil, coal and gas account for 89.8% of the total energy123
consumed on the planet (in barrels of oil equivalent), with reference 2010 and 82.26% with reference124
2035; World Oil Outlook 2012.125

126
This paper has a lot of information, which should be structured and correlated to be consistent and easy127
to read. As a result, each of the chapters and subchapters are converged to the same fundamental idea,128
economic necessity and defense of the environment to introduce in the global energy matrix alternative129
energy and hydrogen. Furthermore, in the short term is imminent start alternative energy has competitive130
pricing with oil.131
In section 1 INTRODUCTION, we present the state of the art of energy economy and oil. Also, we review132
some publications suggesting that hydrogen future will be as a complement-operative of industrial133
processes and petrochemical refining. Finally, we explain how to use game theory in the field of oil and134
energy.135
In section 2 PETROLEUM AND HYDROGEN TRUE STRATEGIC COMPLEMENTS, we teach strategic136
weight to calculate the global hydrogen, for which we have introduced some concepts such as:137

How and when to apply investor's real option concepts in oil and energy.138
Energy efficiency and its impact on production costs.139
Oil reserves and world energy game in a stochastic environment.140
Quantitative evidences of a possible oil crisis.141
Game Theory and War of Attrition in petroleum and energy sector.142
Simulation and examples.143
Hydrogen as catalyst for petroleum status quo.144

In section 3, CONCLUSIONS, we recorded all the contributions of this work, a small part of which145
previously have been presented at international events organized by ARPEL and PEMEX.146



147
148

2. PETROLEUM AND HYDROGEN TRUE STRATEGIC COMPLEMENTS149
150

In the current situation of energy and petroleum world economy, global strategic teams are humanity,151
nature, and business. Each of these players is motivated by intrinsic values and common interests such152
as survival, profit, and order.153
From a broader perspective, it could be said that the development models implemented in the oil-154
producers countries have disproportionately relied on the extraction of non-renewable natural resources155
in conditions of limited Sustainability and a considerable negative effects on ecosystems. These models156
have also consolidated a highly unequal social structure and have left unsatisfied basic needs of the157
majority of the population.158
It is a fact that the human mind always justifies by their values, their deepest individual interests, while159
cooperative goals arise by the overflowing of common problems such as global warming, floods, famine,160
and so on.161
The supremacy or the imposition of a single point of view has obvious risks such as causing falsehoods,162
partial truths, non-equilibriums, appearances, and, the most painful: the uniformity in searching,163
information analyzing, and strategic decision making.164
Various players in this strategic relationship perceive reality from their present, past, and future. So, they165
have common points and differences fully marked. Axiomatic objectives of a consensus must, on the one166
hand, leverage, maximize, and implement coincidences, and, on the other hand, reduce, mitigate, and167
manage discrepancies.168

169
Axiom Truth is intersection of individual truths of the involved players: nature-humanity-170

companies.171
172

Axiom Man bases on oil and energy companies which should govern nature. That means its173
fundamental laws, respect its own dynamics, and live harmoniously with it.174

175
Axiom Oil and energy companies must provide services to humanity, not just maximizing its176

returns through exploration, exploitation, oil refining or energy production but rather using177
natural resources most friendly way with nature and man.178

179
Axiom Concept of optimality centralizes holistically fundamentals laws of nature (Principle of180

Least Action in Physics), economics (Economic Rationality) and Man (Sociological181
Rationality).182

183
Theorem Self- Organization Equilibrium means Minimum Entropy.Proof See Jiménez, E (2003c).184

185
Let UP (P,C) = (P-C)Q be a function of utility of oil exploitation process: where: UP is the function of Utility186
[$].187
P   Crude Price [$/bls].  Q   Total production of crude [bls].  C   Operating and financial fixed unit cost188

[$/bls]. For arbitration in time the utility function UP becomes net present value V(P,C)189
190

Let UR (PR, CR) = (PR-CR)QR be a utility function from refining crude oil, where: UR Utility function [$].191
PR Barrel price of oil products [$/bls].  QR Total production of derivatives [bls].  CR fixed operating cost192
refining unit [$ / bbl]. For arbitration time, the utility function UR (PR, CR) becomesreal option value V(PR,193
CR).194

195
We will understand as energy efficiency e , the value that minimizes production cost or refining cost and,196
simultaneously, reduces environmental impact represented by the carbon footprint, such that  C = C( e) ,197
dC/dt<0, d2C/dt2>0. This equation show that utility represented by net present value increases when costs198
fall. This value is verified both for dynamics profit and for stationary profit (equilibrium).199

200
It is evident that all energy-efficient process may have positive implications not only in operating cost, but201
also in operating value Q=Q(e ). However, we will keep Q= cte at first approximation.202



Strategy of global energy game and world oil production can be performed using real options in price203
variable P and using cooperative Nash equilibrium in quantity variable Q.204

205
206

2.1 THE INVESTOR'S REAL OPTIONS207
208

On one hand, the strategic investor must make decisions using only reliable and complete information,209
according to the definitions of Game Theory, so that your projects can:210
 Maximize profitability211
 Minimize risk and212
 Optimize the amount of investment.213

The real options approach, meets the requirement of maximizing returns correctly represented by the214
value of the real option and mathematically written as F(V).215

216
On the other hand, the efficient portfolio approach show that it is equivalent maximizing profitability to217
minimizing the risk (volatility), we can write mathematically as: Min (σ) = F(V).218

219
Finally, to apply these concepts to oil and energy projects, we introduce the indicator of Tobin q *, which220
tells us when we must invest optimally in uncertain environments. That is, maximizing profitability.221

222
223
224

This equation will be explained in this section, according to equations [1],..,[14].225
226

These valuation options allow the investor the easy and quantitative investment decisions. Furthermore,227
econometric and financial models that are available to an investor of the oil and energy sector, should228
enable him to make confident decisions in their daily work and in their daily activities. From this229
perspective, we discuss the real options that are flexible tools from several points of view:230

231
Firstly, it allow us to track and refinement of available information, which, undoubtedly force has232
restructured a project or investment decision.233

234
Secondly, in business world of oil and energy projects are always competitive when investing, as a result,235
the time flexibility of investment alternatives can be implemented only under the concept of real options:236

Decision to reduce the current level of investment.237
Decision to close a business, if expected future results are negative.238
Decision to increase investment when increasing demand.239
Decision to replace a project for a more cost-effective.240
Decisions to find accessories and strategic investment. For example hydrogen.241

242
Thirdly, delaying the investment decision until the last moment, in which the probability of success is high243
and more than 50%.244

245
Fourthly, investment projects make real options relevant for the following reasons:246

High performance and dynamic information.247
The optimal time of investment, is the key variable.248
The geographical location of the oil fields or the location of energy sources are crucial in this249
business and target market addressed.250
Global Geopolitics depends on international oil producers and energy.251

252
According to a Brownian motion,the basic model assumes that the net present value evolves motion253
with slope and standard deviation254

255
[1]256

257



where: differential is infinitesimal increment of a Wiener process.258
259

The equation [1], indicates that net present valueV meets a brownian motion of mean α and standard260
deviation σ.261

262
Definition Wiener Process: the motion experienced by an econometric variable with Brownian motion263
during a certain time interval is independent of that experienced in any other interval that is foreign to the264
first.265

266
The postulates of the Wiener´s process can be put in mathematical formalism using independent267
displacement concept:268

269
1. has independent increments.270
2. has normally distribution.271
3.272
4.273

274
In Dixit & Pindyck (1994), “If an investor is rational should maximize the following function:275

276
[2]”277

278
Equation [2], attests that the fundamental assumption of microeconomics is fulfilled, i.e. every economic279
agent maximizes intertemporal utility function.280
Where  E denotes the expected value; is the discount rate; I  the value of the investment or the cost281
associated with the flexibility of investment in time; and T  is the future value and unknown, in which the282
optimal investment must be made.283

284
285
286

In Dixit & Pindyck (1994), “Synthesizing and including an investment term when , the valuation287
equation of a project is:288

289

[3]”290
Equation [3], explicitly presents the evolution of the value of an option, depending on strategic variables such as291
price P, production cost C, amount of investment I, interest ratesr, and volatility σ.292

293
2.1.1 ENERGY EFFICIENCY AND IMPACT ON PRODUCTION COSTS294

295
The utility is represented by the net present value, which is a function that depends on the price and cost296
of oil and energy. Our interest is to know what happens to the variable when297
the cost of production or refining of oil increases or decreases and minimization the footprint carbon.298

299
Case300

301

[4]302
303

Equation [4], measures the change in value of a real option depending on the variable production cost per304
unit C.305

306



From equation on SIMULATION PRICE STRATEGY SECTION, we obtain307
308

[5]309
310

Replacing in we have:311
312

[6]313
314

Case315
316

[7]317
318

Equation [7] shows that the value of a real option is a function of the variable called energy efficiency e.319
Put in another way, philosophical and practical ISO 50001 certification has its econometric demonstration.320
Equations [5], [6], [7] are intermediate steps necessary to obtain the equation [7].321
One explicit functional of C(e)  shows that it is entirely related to energy efficiency indicators.322

323
Remark 1.324

325
An immediate application of this work answers the following question, asked from an investor. If I want to326
invest 1000 million USD in the period 2014 ... 2020, in hydrogen projects, what is the option value and327
risk, considering that if I invest in oil I have a 15% return with minimal risk.328

329
Remark 2.330
Using Tobin's approach we must invest when . In oil and energy projects, investment331
conditions are more demanding332
If we introduce modified q* Tobin´s, then we can get profit maximization and risk minimization, which333
could be expressed as follows:334

335

[8]336
337

Writing first-order Taylor's theorem to V(P), when , and using the explicit function338
where , we can write to find the value of339

340

[9]341
342

Note that measure risk σ, and it can have positive and negative values.343
344

345
346

This last equation has relation with risk (volatility) in the next manner.347
348

σ= ΔV [10]349



350
Equations [8], [9] and [10], are a mathematical development to structure explicit form of modified Tobin's351
q *, where the variables are: Price P, Cost C, investment I, interest rate r and volatility σ . The calculation352
of q *, is the contribution of this paper.353

354
355

2.2 OIL RESERVES AND WORLD ENERGY GAME356
357

This entry is the stock of proved reserves of crude oil in barrels (bls). Proved reserves are those358
quantities of petroleum which, by analysis of geological and engineering data, can be estimated with a359
high degree of confidence to be commercially recoverable from a given date forward, from known360
reservoirs and under current economic conditions.361

The duration span of the oil reserves in a reference time noticed by , is calculated by362

dividing reserves to production, in the same reference time .The estimation of reserves363
changes along time and requires additional study of geology, geophysics, and reservoir for validation.364
The global reserves have increased at an annual rate of 3.5% in the last decade, as shown in Table1 OIL365
RESERVES.366

367
368

Table 1. WORLD OIL RESERVES369
370

371
372

The reality of oil production determined by technology, investment and current reserves, requires the373
calculation of dynamics reserves, given by the following equation:374

375

[11]376
Where is the annual rate of increase in reserves and the annual rate of increment in oil demand.377

378
Equations [11] and [12], indicate the time evolution of the oil reserves based on annual rate of increment379
in oil demand yD and annual rate of increase in reserves yR.380

381
In the case of multi-player international oil market (countries), we have various duration spans of oil382
reserves given by:383

384

[12]385
386

PROVEN OIL RESERVES [BILLIONS BARRELS]

YEAR END 2002 END 2011
North America 49,90 39,40
S & Central America 98,60 327,00
Africa 77,40 128,60
OEDC Europe 4,84 12,60
Eurasia 92,66 127,00
Middle East 685,60 796,80
Asia Pacific 38,70 50,10

TOTAL 1.047,70 1.481,50

RESERVES ANNUAL GROWTH 3,5%



We can see that the growth rates of reserves and demands remain for all the oil market, with .387
Definition static duration, : the duration span of the oil reserves in each country is stationary and388
determines the equilibrium, when supply and demand for oil are equal (i.e. when the rate of discovery of389
new reserves is equal to the rate of increase in demand for oil in the world) this is .390
In the last decade, despite high oil prices , we mention as reference OPEC´ s data in the391
medium and long term, and . World Oil Outlook 2012.392

393
Table 2. STATIC LIFETIME OIL RESERVES394

395

396
397
398

InTable 2. STATIC LIFETIME OIL RESERVES, we can see the information of the 38 countries399
whose reserves and daily production is greater than 95% of world total reserves. Color has been used to400
indicate duration of their respective static reserves such us red for reserves lasting less than 10 years,401
orange for a duration between 10 and 20 years, yellow for duration reserves between 20 and 50 years,402
and green for static reserves exceeding 50 years.403

404
2.3 EVIDENCE OF A POSSIBLE OIL CRISIS405

406
Elements that must determine this new global oil crisis would be: reserves depletion of some oil producer407
countries, increment in demand for oil in oil producing survivors for each time period, strategic, and408
unstoppable use of hydrogen as a key element in refining and petrochemicals, and international409
measures still weak in protecting the environment.410
If at the beginning of the analysis period a producer of crude ends its reserves; then, there is a quota to411
be completed by the survivors. If a country with reserves, increase production , i.e. running their412
capabilities, then automatically decreases duration of its reserves as follows .413

414

PROVED OIL
RESERVES, CIA,
01/2011

OIL
PRODUCCION
12/2010, CIA.

OIL
COM SUM PTIO
N, CIA 2011

STATIC
LIFETIME
RESERVES

COUNTRY BLS BPD BPD YEARS
United Kingdom 2.858.000.000,00 1393000,00 1622000,00 5,62
United States 20.680.000.000,00 9688000,00 19150000,00 5,85
Colombia 1.900.000.000,00 800100,00 296000,00 6,51
European Union 5.544.000.000,00 2263000,00 13680000,00 6,71
Norway 5.670.000.000,00 2134000,00 221300,00 7,28
Argentina 2.505.000.000,00 763600,00 618000,00 8,99
M exico 10.420.000.000,00 2983000,00 2073000,00 9,57
China 14.800.000.000,00 4073000,00 9400000,00 9,96
Indonesia 3.990.000.000,00 1030000,00 1292000,00 10,61
Angola 9.500.000.000,00 1988000,00 74000,00 13,09
Congo. Republic of the 1.600.000.000,00 302200,00 13000,00 14,51
Brazil 12.860.000.000,00 2301000,00 2029000,00 15,31
Russia 60.000.000.000,00 10270000,00 2199000,00 16,01
Algeria 12.200.000.000,00 2078000,00 312000,00 16,09
India 5.682.000.000,00 954000,00 3182000,00 16,32
Australia 3.318.000.000,00 549200,00 960800,00 16,55
Syria 2.500.000.000,00 401000,00 292000,00 17,08
Oman 5.500.000.000,00 867900,00 142000,00 17,36
Egypt 4.400.000.000,00 662600,00 740000,00 18,19
Azerbaijan 7.000.000.000,00 1041000,00 104000,00 18,42
M alaysia 5.800.000.000,00 716000,00 556000,00 22,19
G abon 2.000.000.000,00 227900,00 18000,00 24,04
Sudan 5.000.000.000,00 514300,00 98000,00 26,64
Yemen 3.000.000.000,00 258800,00 157000,00 31,76
Ecuador 6.510.000.000,00 500000,00 166300,00 35,67
Nigeria 37.200.000.000,00 2458000,00 279000,00 41,46
Qatar 25.380.000.000,00 1437000,00 166000,00 48,39
Kazakhstan 30.000.000.000,00 1608000,00 218000,00 51,11
Saudi Arabia 262.600.000.000,00 10520000,00 2643000,00 68,39
Libya 46.420.000.000,00 1789000,00 289000,00 71,09
Iran 137.000.000.000,00 4252000,00 1845000,00 88,27
United Arab Emirates 97.800.000.000,00 2813000,00 545000,00 95,25
Kuwait 104.000.000.000,00 2450000,00 354000,00 116,30
Iraq 115.000.000.000,00 2642000,00 694000,00 119,25
Canada 175.200.000.000,00 3483000,00 2209000,00 137,81
Venezuela 211.200.000.000,00 2375000,00 746000,00 243,63

TOTAL 1.457.037.000.000,00 84.586.600,00 69.383.400,00



[13]415
416

Equation [13] shows that any variation in the rate of oil production, as a result of increased demand has417
an impact on the duration of the oil reserves.418

419
Similarly, if increase of production due to necessity in crisis oil market at a determined time we have:420

421
422

[14]423
Equation [14] is an explicit form of the duration of the oil reserves in terms of initial data.424

425
Table 3. DYNAMIC LIFETIME OIL RESERVES.426

427

428
429

In the Table 3. DYNAMIC LIFETIME OIL RESERVES, it is clear to see the change in the value of duration430
span of reserves in At , using initial information, where just two countries have almost431
finished their reserves. Assuming constant growth of the reserves increment and of demand, we calculate432
duration value that span of reserves for all countries, except for the first two non-survivors. At , we433
evaluate only those countries that can increase their production according to demand. There are434
countries that have remaining production, but below market needs.435

436
When supply energy structure is analyzed in general, highlights distribution into four major categories: oil,437
gas, coal, and (nuclear, hydro, biomass, and other renewable). It is possible that giving another structure438
to these four strategic areas, some universal invariant appears to show a conservation of some439
fundamental variable. In this study, we demonstrate that by applying game theory and grouping in a440
specific way the different types of energy appears an equilibrium that consolidates team of green energy:441
nuclear, hydro, biomass, petrochemical and other renewablewhich are tacitly manned by hydrogen442
vector.443

444
445
446

INCREASING
PRODUCTION
YES/NO

STATIC
LIFETIME
RESERVES
(t0=0)

DYNAMIC
LIFETIME
RESERVES
(t1=7)

CHAOTIC
LIFETIME
RESERVES
(t2=10)

 AVERAGE
RESERVES
COUNTRY

UNIFORM
OIL CRUSH

POSSIBLE OIL
PRODUCTION
INCREASING % CONSUMED RESERVES

COUNTRY BPD YEARS YEARS YEARS % YEAR BPD [0, 10] [0, 20] [0, 50] [0, 243]
United Kingdom NO 5,62 0,00 0,00 0,2% 2019 0 0,20% 0,20% 0,20% 0,20%
United States NO 5,85 0,00 0,00 1,4% 2019 0 1,42% 1,42% 1,42% 1,42%
Colombia SI 6,51 7,21 4,09 0,1% 2020 673728 0,13% 0,13% 0,13% 0,13%
European Union NO 6,71 7,43 0,4% 2020 0 0,38% 0,38% 0,38% 0,38%
Norway SI 7,28 8,06 5,91 0,4% 2020 908249 0,39% 0,39% 0,39% 0,39%
Argentina NO 8,99 9,95 0,2% 2022 0 0,17% 0,17% 0,17% 0,17%
Mexico SI 9,57 10,60 6,77 0,7% 2023 1893181 0,72% 0,72% 0,72% 0,72%
China NO 9,96 11,03 1,0% 2023 0 1,02% 1,02% 1,02% 1,02%
Indonesia NO 10,61 11,76 0,3% 2024 0 0,27% 0,27% 0,27% 0,27%
Angola SI 13,09 14,50 6,61 0,7% 2026 2566427 0,50% 0,65% 0,65% 0,65%
Congo. Republic of the NO 14,51 16,07 0,1% 2028 0 0,08% 0,11% 0,11% 0,11%
Brazil NO 15,31 16,96 0,9% 2028 0 0,58% 0,88% 0,88% 0,88%
Russia SI 16,01 17,73 16,90 4,1% 2029 984896 2,57% 4,12% 4,12% 4,12%
Algeria SI 16,09 17,82 1,73 0,8% 2029 20323433 0,52% 0,84% 0,84% 0,84%
India NO 16,32 18,07 0,4% 2029 0 0,24% 0,39% 0,39% 0,39%
Australia NO 16,55 18,33 0,2% 2030 0 0,14% 0,23% 0,23% 0,23%
Syria NO 17,08 18,92 0,2% 2030 0 0,10% 0,17% 0,17% 0,17%
Oman NO 17,36 19,23 0,4% 2030 0 0,22% 0,38% 0,38% 0,38%
Egypt NO 18,19 20,15 0,3% 2031 0 0,17% 0,30% 0,30% 0,30%
Azerbaijan NO 18,42 20,40 0,5% 2031 0 0,26% 0,48% 0,48% 0,48%
Malaysia NO 22,19 24,58 0,4% 2035 0 0,18% 0,36% 0,40% 0,40%
Gabon NO 24,04 26,63 0,1% 2037 0 0,06% 0,11% 0,14% 0,14%
Sudan NO 26,64 29,50 0,3% 2040 0 0,13% 0,26% 0,34% 0,34%
Yemen NO 31,76 35,18 0,2% 2045 0 0,06% 0,13% 0,21% 0,21%
Ecuador NO 35,67 39,51 0,4% 2049 0 0,13% 0,25% 0,45% 0,45%
Nigeria SI 41,46 45,93 13,20 2,6% 2054 6479417 0,62% 1,23% 2,55% 2,55%
Qatar NO 48,39 53,59 1,7% 2061 0 0,36% 0,72% 1,74% 1,74%
Kazakhstan NO 51,11 56,61 2,1% 2064 0 0,40% 0,81% 2,01% 2,06%
Saudi Arabia SI 68,39 75,75 14,14 18,0% 2081 48342468 2,64% 5,27% 13,18% 18,02%
Libya NO 71,09 78,74 3,2% 2084 0 0,45% 0,90% 2,24% 3,19%
Iran NO 88,27 97,77 9,4% 2101 0 1,07% 2,13% 5,33% 9,40%
United Arab Emirates NO 95,25 105,50 6,7% 2108 0 0,70% 1,41% 3,52% 6,71%
Kuwait NO 116,30 128,81 7,1% 2129 0 0,61% 1,23% 3,07% 7,14%
Iraq NO 119,25 132,08 7,9% 2132 0 0,66% 1,32% 3,31% 7,89%
Canada NO 137,81 152,64 12,0% 2151 0 0,87% 1,75% 4,36% 12,02%
Venezuela NO 243,63 269,85 14,5% 2257 0 0,59% 1,19% 2,97% 14,50%

TOTAL 104,0 115,1 3,7 1,0 82.171.800,00 19,6% 32,3% 59,1% 100,0%



447
448
449
450

Table 4. WORLD ENERGY GAME STRUCTURE451
452

453
454

Let refers to a game of players, where is the set of players, . The finite455
cardinal set; is the set of each player's pure strategies, where , and456

represent the set of pure strategy profiles; where represents an element of that set;457
is cardinality. The vector function is associated with every profile ,458

where the utility vector , and refers to the players' utility , depending on the459
profile . To make the calculus easier to understand, the function in written explicitly as460

The matrix represents all points of the Cartesian product . The vector461
is the column of462

If mixed strategies can be performed, the following results:463
464

[15]465
Equation [15] indicates that the sum of probabilities of each of the strategies chosen by each of the466
players in the oil market and hydrogen, must be equal to unit 1.467

468
Mixed-player strategy unit simplex and result in the probability vector. The mixed-469
strategy profile is the polyhedron with , where and470

. The following formula can be written, using the Kronecker product ( 1:471
472

1We use bolt in order to represent vector or matrix.

WORLD SUPPLY OF PRIMARY ENERGY
MBOE/D

 YEAR / TYPE OIL COAL GAS
OTHER
RENEWABLES

NUCLE
AR

HYDR
O

BIOM
ASS TOTAL

2009 79 66,3 51 1,6 14,1 5,6 8,2 225,8
2010 81 68,8 53,1 1,8 14,3 5,8 8,5 233,3
2020 89,7 84,3 66,5 3,8 16 7,4 12 279,7
2035 97,8 102,9 94,8 12,5 21,6 10,4 19,3 359,3

WORLD ENERGY GAME STRUCTURE
MBOE/D

YEARS / UTILITY
R:
REFINING

C:
COAL

G:
GAS

X: PETROCHEMICALS
+ NUCLEAR+ HYDRO+
BIOMASS+ OTHERS
RENEWABLES GAME STRUCTURE TOTAL

YEARS
2009 70,4 66,3 51 38,1 R > C > G > X 225,8
2010 72,2 68,8 53,1 39,2 R > C> G > X 233,3
2020 79,8 84,3 66,5 49,1 C > R > G > X 279,7
2035 85,9 102,9 94,8 75,7 C > G > R > X 359,3



[16]473
474

Where.475
476

477
In equation [16], we can write a law of probability using matrix notation of Quantum Game Theory.478

479
The dimensional function is associated with every mixed-strategy profile and expected480
utilities vector.481

482

[17]483
Equation [17], represents the utility function of a strategic game, with dependent variables: probability p of484
the profits of each player ui.485

where represents the player's expected utility Every refers to each486
player's expected utility strategy and vector is written as487

488

[18]489
Equation [18], represents the utility function of a strategic game, using the Kronecker matrix product,490
widely known.491

492
The three elements refer to the game of mixed strategies. Nash's equilibrium results (the493

utility maximization), if and only if, for all , the inequality holds .494
Another way to calculate the Nash's equilibrium, Rasmusen, E. (1989), Myerson, R. (1991, pg 96-104), is495
equalto the values of the expected utilities of each strategy when it is possible.496

497

[19]498
499

Equation [19] indicates the value of the standard deviation of utility, in a game of n players.500
501

If the resulting system of equations doesn't have solution then we propose the Minimum Entropy502
Theorem. This method is expressed as where standard deviation and503
entropy of each player .504

505

[20]506
507
508

Theorem (Minimum Entropy Theorem) andthe game entropy is minimum only in mixed strategy Nash's509



equilibrium. See proof in Jiménez, E (2003c).510
511

Equation [20] shows the linkage of Nash Equilibrium, or Maximum Profit with Minimal Entropy equivalent512
duly demonstrated in the paper by this author.513

514
515
516
517

2.4 WAR OF ATTRITION518
519

In the biological literature, this game is referred to Hawk-Dove. In Hawk-Dove game is typically taught and520
discussed with the payoffs in terms of benefits and costs, the solutions hold true for any matrix with the521
payoffs in next game, where R: refinery, C: coal, G: gas and X: nuclear, hydro, biomass, other renewable522
and petrochemical, in order to get Nash equilibrium it is necessary that R > C > G > X.523

524

525
526

The utility function in hawk-dove game is easily calculated, despite it, we will write utilities of player 1527
(hydrogen) and player 2 (oil) as an example.528

529

[21]530
531

Equation [21], is a concrete application of game theory to global oil production. That is, one of the key532
parts of this paper.533

534
Definition The potential of hydrogen in the global energy equilibrium for each of the players and in535

equilibrium is given by . The minimum content of hydrogen is given by536
537

EVIDENCE OF A POSSIBLE OIL CRISIS538
WAR OF ATTRITION539
SIMULATION540

541
2.5 SIMULATION542

543
544

2.5.1 PRODUCTION STRATEGY545
546

 Establishment of production levels and prices of hydrogen as a function of traditional energy in547
2020 and 2035 that are the reference times of world energy.548

 Understanding the Nash equilibrium and their application to evolution of hydrogen demand in the549
global reference years550

551
The solution game for table WORLD SUPPLY OF PRIMARY ENERGY -OPEC 2012 gives us an552
equilibrium utility function for each year of interest: 2009, 2010, 2020, 2035, for each player,based on the553
four strategic energy sectors: R, C, G, X. As an example and for year 2020, we will calculate utility554
function for player 1 with equilibrium probability values555

556
557
558

Respective values in 2020 are: .559
560

Hawk Dove
Hawk X,X, R,G
Dove G,R C,C



Table 5. WORLD ENERGY GAME BY YEAR561
562

563
564
565

In Table 5. WORLD ENERGY GAME BY YEAR, it is clear to seehow items change position C, G and R566
while the invariant is X, defining a Nash equilibrium (p, p) for each year 2009, 2010, 2020, 2035 and with567
low entropy which are: . According to game theory, we can define as568
the strategy pair (X, X) which consolidates energies of higher content of hydrogen in its molecular569
structure or like intermediate materials which are: nuclear, hydro, biomass, other renewable and570
petrochemical, placing them as the future leaders, from the perspective of Nash equilibrium with571
cooperatives intrinsic manifestations.572

573
574

2.5.2 HYDROGEN AS CATALYST FOR PETROLEUM STATUS QUO575
576

The phrase maintaining petroleum status quo" refers to the continuation of equilibrium between producers577
and consumers of energy, especially oil. Although individual factors may change, in a complementary578
way retains state of global equilibrium.579

580
Status quo is a Latin phrase that is translated as "state of the moment". It refers to the global state of a581
subject at a given time. These are usually issues with two interest and opposite parties, in which a group582
of factors cause some "equilibrium" (status quo) durable over time, without that equilibrium has to be583
equal.584

585
Tables 6. WORLD THEORETICAL H2 PRODUCTION 2020 TO 2035 and OIL STATIC LIFETIME586
RESERVES define petroleum status quo, that to be maintained, should understand as dynamics of587
alternative energy, coal, gas and hydrogen especially is the missing link of this system.588

589
We will calculate a minimum potential volume of hydrogen that firms should have in stock to keep the590
equilibrium, if traditional fuels like coal, oil and gas start to run low.591

592
593
594
595

Table 6. WORLD THEORETICAL H2 PRODUCTION 2020 TO 2035.596
597
598

WORLD ENERGY GAME BY YEAR

2009 q 1-q R > C > G > X p q

0,714602 0,285398 0,714602 0,29 70,4 66,3 51 38,1 0,826 0,715

0,83 X,X, R,G p 0,83 38,10 38,1 70,4 51 Profit 1 47,32 Profit 2 43,71

0,17 G,R C,C 1-p 0,17 51,00 70,4 38,1 9 Entropy 1 0,462 Entropy 2 0,598

2010 q 1-q R > C> G > X p q

0,703625 0,296375 0,703625 0,3 72,2 68,8 53,1 39,2 0,820 0,704

0,82 X,X R,G p 0,82 39,20 39,2 72,2 53,1 Profit 1 48,98 Profit 2 45,15

0,18 G,R C,C 1-p 0,18 53,10 72,2 39,2 9 Entropy 1 0,472 Entropy 2 0,608

2020 q 1-q C > R > G > X p q

0,669202 0,330798 0,669202 0,33 84,3 79,8 66,5 49,1 0,812 0,669

0,81 X,X C,G p 0,81 49,10 49,1 84,3 66,5 Profit 1 60,74 Profit 2 55,71

0,19 G,C R,R 1-p 0,19 66,50 84,3 49,1 9 Entropy 1 0,483 Entropy 2 0,635

2035 q 1-q C > G > R > X p q

0,727273 0,272727 0,727273 0,27 102,9 94,8 85,90 75,7 0,902 0,727

0,90 X,X C,R p 0,90 75,70 75,7 102,9 85,9 Profit 1 83,12 Profit 2 78,37

0,10 R,C G,G 1-p 0,10 85,90 102,9 75,7 9 Entropy 1 0,321 Entropy 2 0,586



599
600
601

3 CONCLUSIONS.602

603

 We introduce Tobin’s modified in order to implement best practices to oil and energy604
projects, in which we need to maximize profitability and to minimize risk. See the next equation:605

606
 We understand as energy efficiency e, a value that minimizes costs of crude oil production or607

crude oil refining  and, simultaneously, maximize firm utility.608
 We verified Nash equilibrium of global energy game where entropy value of each player609

decreases from a baseline in 2009 to their lowest level in 2035. Player 1 (high presence of610
hydrogen and alternative energy) has an entropy value of 0,321< 0,462, Player 2 (lower611
presence of hydrogen and higher oil presence) has an entropy value of 0,586 <0,598.612

 Game Theory permits to calculate hydrogen potential volume inglobal energy equilibrium613
(quantity of hydrogen atoms) and for each one of the players, Table 6. Equilibrium is614
better understood by using . Moreover, minimum content of hydrogen is given by615
and maximum content of hydrogen is given by616

 Dynamics of renewable energy demonstrates that hydrogen and oil are linked, so that at level of617
energy vector in the oil industry, they are mutually interdependent. In other sectors, industrial618
experience shows that it could be generated electricity by burning oil or using surplus of619
renewable energy such as solar, wind, geothermal. In the same way we can store electricity620
through production of hydrogen fuel cells because fuel cell can operates conversely to generate621
hydrogen if we apply in electrical source. Thus, we see that there is causality between one and622
other. Hydrogen as an energy source and as an energy carrier cannot develop itself to the levels623
of energy required daily. Hydrogen as strategic complement has intrinsic advantages: it can624
support global need for clean energy used to reduce rate of global warming and air pollution due625
to CO2 emission, and it can be used as raw material and / or as a catalyst for treatment626
processes and oil refining, coal and gas that represent 89.8% of the total energy consumed on627
our planet (in barrels of oil equivalent), with reference 2010 and 82.26% in reference 2035.628

 Assessment of oil and hydrogen answers a financial strategy and policy based on traditional and629
modern approaches. Modern approaches prioritize commodity assessment in continuous time630
and including decisions in optimum time. Traditional assessments do statically, just standing at631
the present and estimated future as if it were a repeated picture of a window in the time. The632
dynamic proposal presents guidelines grounded in stochastic calculus and flexibility in decision633
making from new projects or energy trends, facilitating management action of economic policy,634
businessmen and research center. It should be determined technology strategy forward facing635
new joint ventures in alternative energy or oil.636

 Business economic decisions are made in environments of risk and uncertainty; nothing is637
determined by 100% certain, there is always a margin of randomness in the estimation of oil and638
hydrogen prices, volumes of oil and hydrogen produced, and reserves duration. In this sense, we639
proved that good practices in investment decisions are based on real oil options, alternative640
energy in special hydrogen.641

 Real options show that there is one possibility of arbitration in projects with flexible decision in642
time. If we introduce real options of conventional or alternative energy; then, results and power of643

MBOE/D

SECTOR/
YEARS

R:
REFINING C: COAL G: GAS

X: PETROCHEMICALS +
NUCLEAR+ HYDRO+
BIOMASS+ OTHERS
RENEWABLES TOTAL

WORLD H2
PRODUCTION

SIMULATION:
MINIMUN H2

PRODUCTION

SIMULATION:
MAXIMUM H2

PRODUCTION NASH
YEARS p q

2009 70,4 66,3 51 38,1 225,8 3,20 22,50 49,86 0,83 0,71
2010 72,2 68,8 53,1 39,2 233,3 3,22 22,61 51,71 0,82 0,70
2020 79,8 84,3 66,5 49,1 279,7 3,80 26,69 62,85 0,81 0,67
2035 85,9 102,9 94,8 75,7 359,3 7,06 49,66 80,66 0,90 0,73



this method are superior to classical ones. It was demonstrated in section SIMULATION.644
645
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