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How Do We Get There From Here? Global Energy Transitions Planning
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How shall we craft an energy future less dependent on petroleum? And what role will oil and gas play in that scenario?  In spite of an impressive 150-year track record of increasing hydrocarbon production to meet growth in demand, constraints are emerging. There will be a pinch in production rates relative to growing demand, necessitating the development and deployment of alternative energy technologies from more sustainable resources. As of yet there is no consensus on how to transition to alternative fuels despite a great deal of talk about doing so.

Predictions of oil’s demise have plagued the petroleum industry since its birth. Repeatedly, doomsayers have suggested that the world had no more than 20 or 30 years of oil left. The repeated failure of these dire predictions have led some to dismiss the finitude of petroleum resources completely—even claim that the world can never run out of oil. 

These optimists are as correct in an absolute sense as they are ridiculously wrong in a practical sense. No matter how high the price of petroleum becomes no technology will ever extract every drop from the proven, producing reserves, let alone find every small reservoir that exists. The decline of petroleum is neither total nor sudden. But in a practical sense, a crisis will come when production can no longer keep pace with demand growth. At that time, we will be producing more oil than ever before! Petroleum production will reach a peak and ultimately decline. That peak will occur when surplus production capacity has diminished to zero and demand continues to grow (unless some alternative source succeeds in carving out a major market share very soon).

In his book The Long Emergency, James Howard Kunstler speaks of “delusional thinking” in regard to pinning hopes on emerging alternative energy technologies. But while the issue is muddied by ignorant, alarmist, and simplistic declarations of the end of petroleum, it is just as badly muddied by denial. Julian Simon, in his popular, highly misleading text The Ultimate Resource II, has a chapter titled “When Will We Run Out Of Oil? Never!” It is true that petroleum has been increasing in the marketplace. Demand has been growing steadily for more than 130 years, and thus far, the industry has kept pace.  However, it is utter, antiscientific fallacy to draw any conclusions about the physical limits of the petroleum resource from economic data. The decline will come.

The Coming Transition
Once we weigh in on the technical realities of when and how petroleum supplies will become constrained, we must consider how the transition itself may unfold. Much of the world’s best expertise in geothermal and oil-shale resources comes from the ranks of petroleum engineers. Just as many oil companies redefined themselves as “energy companies” in the 1970s, some of us have redefined our own profession, becoming “energy engineers.” Some major oil companies are also leaders in alternative energy technologies, and our profession should provide at least a sound launching pad for a discussion about how the world should move toward increasingly sustainable energy resources. Oil and gas have set the bar against which alternatives must compete. Petroleum will continue to be a major resource for many decades. But on what time frame and in what magnitudes will petroleum depletion create voids for alternatives to fill?

Energy alternatives must be placed within a viable global-energy-demand context. Perhaps the greatest benefit attributable to petroleum has been its extraordinary ability to meet a century and a half of rising growth in demand. The heart of our challenge relates not to the ultimate demise of petroleum production, but to the sheer magnitude of demand growth that petroleum has permitted. If petroleum production growth were to slow to 1% per year, by the year 2030 the world would have a shortfall of more than 5 million BOPD. Current levels of alternative energy production—ethanol, hydrogen, wind, solar—collectively amount to less than 2 million BOPD.

Even more critical is the reality that it is not a simple matter of replacing gross energy content. To support a thriving global society, the net energy value added (EVA) must be replaced. This is a term that addresses the practical reality that consumers do not use Btus, they use services provided by the energy: transporting ourselves and our goods, heating and cooling spaces we occupy, lighting the dark, cooking meals, etc. It should not be any surprise that petroleum has a very high net EVA.

The EVA concept provides perspective on increasing global energy demand based on a variety of fixed and variable factors. It forces us to consider energy within the context of the needs it meets, the services it provides, and the impact it has on our way of life. EVA measures not the quantity of energy contained, but the value added by the energy resource.  It focuses on the effective end-use energy delivered to the consumer and the costs, or value reductions, in providing such energy. These concerns have, at least in part, driven our transitions from one energy resource to the next. 

There are a number of factors to consider when determining the value of energy, including many external factors that remain largely unaccounted for in energy-cost analysis.  In the long-term transition, we can assume that successful alternative energy sources ultimately will realize economies of scale and be supported by appropriate infrastructure. 

In many low-income countries, fuel wood and diesel fuel sell for similar prices. Reflected in these prices are the costs of acquiring the fuel, transporting it, and distributing it to the consumer. While similar in price per energy content, diesel fuel has health and safety advantages that make it a more valuable resource. If it could be assumed that fuel wood was being marketed only at a sustainable rate, then it makes up for its health deficit in value added because of renewability. Accordingly, factors that have been isolated as parameters in modeling an energy resource’s EVA content include  

· Energy resource viability.

· Energy resource efficiency.

· Energy economic viability.

· Energy infrastructure viability.

· Technological viability.

· Social acceptance.

· Environmental implications.

· Safety and health.

· Political influence.

Conceptually, the proposed model looks very similar to those developed for assessing value-based pricing and could look something like the depiction in Fig. 1. The primary result of the model, then, is calculation of an EVA index that is, essentially, a coefficient to be applied to a particular energy resource (e.g., oil, coal, solar, nuclear) to assess true energy value. The process of evaluating the value of energy based on the EVA model parameter weights will vary depending on what we choose as an appropriate weight. This will not be universally agreed upon, nor does it have to be. Even the most thorough life-cycle analyses have inherent assumptions, and similar calculations will be necessary to gauge the value of a given fuel source. The importance of these calculations is derived from an acknowledgment that external costs exist, not from the value determined. That said, there are data available to assist in creating a diagram for fuel energy source value as well as sound assumptions upon which to model future changes.
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Fig. 1—Factors isolated as parameters in modeling EVA content.
Time Factor
A primary feature distinguishing the EVA model from a value-based pricing model is its inherent dependence on time. The physical limits of all depletable resources place time/production-rate limits on the resource. The lead times required for new alternatives are also important to consider in the EVA model. For instance, the long-term theoretical potential of controlled fusion is immense, but the minimum lead time before it can take a significant market share is commonly characterized as 30 years, even by fusion researchers.  An even more subtle issue arises when considering synthetic crude from oil shale. Its resource base is huge, but (even if it achieves technical/commercial success) it is not likely to flow at huge rates—it is much more likely to contribute modest EVA for a long time.

The simplest form of accounting for value added is in net energy efficiency. This is a category for which several alternatives need to be heavily discounted in future energy transitions planning. For example, even the supporters of ethanol derived from corn show only a modest net efficiency for their product—and that based solely on petroleum imports (ignoring the efficiency losses of any ethanol consumed in producing ethanol).

Oil shale is a resource popularly cited by optimists. They commonly compare the kerogen resource base to petroleum proven reserves, suggesting that oil shale will easily replace petroleum. But the comparison of resource base to reserves incurs a substantial error. In the case of kerogen, the proven, producing reserves are nominally zero. They may grow, but there is no guarantee. Even if oil-shale reserves do grow, projects that involve mining, crushing, and retorting are many times more energy-intensive than current petroleum production. Insitu recovery techniques (yet to be demonstrated at full commercial scale) may have significantly better energy efficiencies, but seem unlikely to match the enormous production rates of petroleum.

Furthermore, efficiencies relative to other factors are important—land and the environment, for instance. While much popular discourse would suggest otherwise, petroleum’s efficiency with respect to environmental resources may be difficult to match. No carbon-based fuel is likely to be less polluting than oil and gas. Certainly none will cause less disruption to the land. Consider that U.S. motor fuel demand would require some 180 million acres of corn grown solely for ethanol. Compare this to the 80 million acres of current corn production. Where would we find productive farmland for an additional 100 million acres of corn?

Furthermore, approximately half of humanity in the developing world has extremely limited EVA access. The challenge for the energy industry in coming decades is not only to maintain the EVA supplies for the developed world, but to generate additional EVA for people who currently pay a relatively high price in terms of fuel purchases, time spent acquiring energy resources, energy-related ill health, and environmental degradation.

Regardless of whether an oil peak occurs this century or whether traditional resources adversely affect the planet, it behooves energy corporations and government regulators to devise a strategic plan for managing the world’s various available energy resources in a technically sound and environmentally responsible manner. A global-scale transition will be gradual but vast, so understanding the needs and constraints of the energy transition is essential to effective planning. EVA is a tool that can aid in moving wisely in this direction

