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Overview: 

Our model seeks to predict the best investment potential for automobile fuels. Specifically what fuel source seems to have the most potential for investment return in the next 10 years and beyond, based on environmental and economic criteria.  Our model focuses on 6 types of fuel alternatives currently used by consumers for automobiles: 

· Petroleum diesel

· Gasoline

· Biodiesel

· Ethanol

· Hydrogen fuels

· Electric fuel cells

These alternatives are weighed in terms of their benefits, cost, risk and opportunities. The analysis is done using the Analytic Hierarchy Process (AHP) and Analytic Network Process (ANP). 

Strategic Criteria: (For pairwise comparison)

· Environmental impact

· Sustainable- Viability of fuel (longevity- renewable)

· Economic booster
Control Criteria:

· Economic

· Clean Environment
Introduction: Oil usage in the United States is approximately 20 million barrels per day (840,000,000 gallons), of which more than half is imported. The money spent on oil importation has been increasing steadily to average over $250 billion dollars annually in year 2004 as shown in Fig 1. Oil imports are considered a major contributor to the US and world economy.  
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Figure 1

The oil or “crude petroleum”is distilled in refineries across the US to get various hydrocarbon products of which petroleum diesel and gasoline are two of the most consumed derivatives.  Both petroleum diesel and gasoline are used as automobile fuels. 

These fuels burn spontaneously in an internal combustion engine to generate energy which powers the truck or car. 

Despite being used so extensively, there has been a lot of effort put forth to diverge away from these petroleum based fuels.  The reasons are related to environmental as well as strategic/economic concerns. Most of this oil is imported from middle eastern countries. With the present war in Iraq, long term security of the region is uncertain.  This may impact the ability to deliver product at some point.  Also both diesel and gasoline are derivatives from crude oil which is a “non renewable” source of energy.  This poses the threat of an energy crisis in the near future as supplies become scarce. As a result, it is of paramount strategic and economic importance to explore alternative fuels that will not only reduce/eliminate dependence on non renewable oil, but will also create a cleaner and a sustainable environment.
Main goal:

The present model tries to predict the best investment choice for future returns of the commodity “automobile fuels” in terms of their benefits, cost, opportunity and risk to both the environment and the economy. The details of the model are described below.

Alternatives:
The alternatives considered are : 
1) Petroleum diesel 
2) Gasoline 
3) Biodiesel

4) Ethanol 
5) Hydrogen fuel cells 
6) Electric and electric/fuel hybrids.
A brief description of the fuels considered is given below:
1) Petroleum diesel: Petroleum diesel is derived from the fractional distillation of crude oil. It’s a long carbon chain hydrocarbon. The most attractive attribute of the fuel is its extremely high flammability. Diesel is used widely in the trucks, and heavy vehicles on the highway as it gives more mileage per gallon.
2) Gasoline: Gasoline, like diesel, is also obtained by the fractional distillation of the crude oil, but unlike diesel it requires much more refining. Since gasoline has a much shorter carbon chain length, it does not have as high of a heat value as diesel. The gasoline using engine has a spark plug which ignites the fuel and air mixture to produce energy.
3) Biodiesel: Biodiesel refers to esters of long chain fatty acid derived from vegetable oils specifically soybean oil. Biodiesel offers a renewable alternative  to diesel 

4) Ethanol: Ethanol is derived by the fermentation of the starch in crops like corn. Ethanol has the ability to ignite rapidly, and thus has been sought as a natural alternative to the gasoline.

5) Hydrogen fuel cells- Hydrogen fuel cell vehicle (FCV) present a radical departure from the current internal combustion engine technology. The idea is to use hydrogen as the fuel. The vehicle is powered by the energy released when hydrogen combines with oxygen in the air. The by product is water which is completely harmless. However, hydrogen fuel cell vehicles are only a small part of the emerging technology to harness renewable sources of energy.
6) Electric fuel: Electric vehicles (EV) which operate solely by electricity run on a battery which is charged by an external electric source. However, the current hybrid vehicles available do use gasoline along with electricity. The concept is to store the energy released during the application of the peaks as electricity in the battery stack, and reuse it when the car accelerates. The end result uses less amount of gasoline as compared to “gas-only” powered vehicles.
Strategic Criteria:
The strategic criteria based on which these alternatives will be compared are as follows.

“Environmental impact”: 
The fuel should emit the least amount of poisonous gases like Carbon monoxide (CO), Nitrous oxide (NOx), unburned hydrocarbons, particulate matter and sulfates, etc. which are not only harmful to the natural environment but also to human life.

“Sustainable”: 
The word sustainable has garnered enormous attention these days, and the scientific community has defined it in different ways.

According to Patzek et al, A cyclic process is sustainable if and only if

1) It is capable of being sustained i.e maintained without interruption, weakening or loss of the quality “forever”, and

2) The environment on which this process feeds, and to which it expels its waste, is also sustained “forever”.
Using this definition, sustainability is a strategic criteria designed to choose the best alternative fuel for the future.
“Economic Booster”: 
As discussed above, fuel economy plays a vital role in the overall US and world economy. Thus the best fuel alternative should be able to “boost” the overall economy, and to be used extensively in its market.

Model Analysis: 
The model initially analyzes these alternatives in terms of their “Benefits, Cost, Opportunity, and Risk”. After the highest priority alternatives have been identified, they are then analyzed in terms of  benefit, cost, opportunity and risk of the strategic criteria. A snap shot of the basic structure of the model is given below:
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Subnets:
Each of the subnets under Benefits, Cost, Risk and Opportunity consists of two control criteria : Clean Environment and Economy. The future fuel should give benefits in both environmental and the economic aspects. The Subnet screens and synthesized priorities are as follows:
Benefits

Environmental
The criteria used to decide which of the alternatives gave the most benefit to support a clean environment are:
1) low hydrocarbon emission 
2) low Carbon monoxide emission 
3) low NOx emission 
4) Use of renewable 
5) Low sulfate emission
Hydrocarbons, carbon monoxide and NOx are extremely dangerous to the environment, and do cause long term damage to the ecosystem. To provide the most benefit to the environment, the fuel should produce minimum emissions of these compounds. Sulfate emission poses serious threats to the environment as well as the human health. There has been an increasing effort to reduce the emission of the sulfur. The more renewable the source of the fuel, the higher is the likelihood of it being less harmful to the environment. As the natural ecosystem keeps a balance between the resources diminished to those that replace them, a renewable source of fuel gives more environmental benefits than the non renewable. The synthesized priorities for the alternatives that are most beneficial to the environment are:
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Surprisingly, ethanol and biodiesel do not end up as the preferred alternatives. Scientific studies have shown that the burning of both ethanol, and biodiesel result in the formation of smog due to the particulate matter they emit. They are also linked to NOx emissions, which are extremely harmful to the environment.  The model screen graphic reflects the result that hydrogen fuel cells are the cleanest fuel alternative. Although it utilizes hydrogen, which comes from an infinitely renewable source of energy, water, the technology is very expensive and development of the processes for its commercial use are in the very early stages.  Closely following hydrogen fuel cells are electric fuel cells, which also support the criteria of clean environmental benefits. The electric fuel cells run on energy stored in a battery that is charged by an external source.
Expectedly, petroleum diesel and gasoline are the most unfavorable fuel for providing benefits to environment, and this is largely in part due to their emission potential. 
Economic
The other subnet comparison under Benefits was Economic.  The criteria for economic benefits are:
1) reduced dependence on imported oil 
2) increase in local jobs.
Although oil importation is an integral part of our economic engine, the fuel will eventually run out causing a stall.  In order to prevent this, the reliance on imported oil must be diminished.  The greatest economic benefit long term will be a result of decreasing this reliance.  The development of replacement technology should serve to give the local economic conditions a boost, and hopefully result in greater economic stability.   The synthesized results for the subnet of benefits to the economy are shown below.
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Again hydrogen fuel cells show the most promise, however, it should be kept in mind that this benefit is a very long term return benefit. It should be noted that the biodiesel and ethanol do not give us as much of an economic benefit relative to petroleum fuels sources as current popular thought may indicate. The reason is that although we tend to think that the extensive farming of corn and soybean (source of ethanol and biodiesel respectively) would reduce the pressure on foreign oil, we may overlook the fact that large scale cultivation can only be accomplished by employing huge amounts of fertilizers, and very efficient agricultural equipment.  The large scale use of fertilizer can be an environmental impact in itself, and that current agricultural equipment still depends on conventional fuel sources. Thus, there is a trade off in developing ethanol and biodiesel, that is inherent and will not bring long term benefits to the economy. If agricultural engine fuel conversion, and organic farming precede ethanol and bio-diesel production, or run concurrently with, then the results may change.
Cost
The next subnet is under Cost.  We again have the same two control criteria: Environment and Economic.  The greatest cost impact is considered in this section.  The highest cost may be the best alternative, but high costs are never considered an attractive investment aspect unless the returns are considered to be guaranteed.  
Environmental
We did not evaluate a subnet under Cost-Environmental as the environment does not have a cost relationship.

Economic
The subnet under Economic related the following factors: 

Vehicle technology- This is influenced by mainly two factors: 

1) Engine re-design 
2) Car or Vehicle design. 
The design of the engine dictates the kind of fuel used, and this determines the vehicle size and overall design. This is related to the maximum fuel efficiency.
The other factor which influences the cost on the economy is the fuel cost.

Fuel Cost - comprises of various factors as given below:

1) Source- The cost of the fuel is influenced by the source it is derived from.

2) Pretreatment- The fuel derived is not used as it is but is pretreated to make it as pure as possible.

3) Additives- Various additives are added to enhance the performance of the fuel in terms of reduced emission of harmful substances and more mileage per gallon. The additives are also added to enhance performance during the cold weather.
4) Fuel distribution- The fuel distribution contributes a major fraction to the cost of fuel. The cost of laying pipelines to distribute fuel does influence the overall cost on the economy.
5) Land Usage- This is specially a cost determining factor for the renewable sources which are derived from plants. Considering the fact that the land available for agriculture in the US is not enough to meet the energy demand, the cost of land is going to add to the overall cost of the fuel.
The synthesized results below show the priorities of the alternatives which determine the cost to the economy.
[image: image6.png]New synthesis for: Subnet under 1Benefits > ZEconomy’

Here are the overall synthesized priorities for the
alternatives. You synthesized from the network Subnet
under 1Benefits -> 2Economy

Name Graphic [Ideals [Normals | Raw
[1Petleun deel [ [onzees2 | ooesss2 00226
[Zgwine | 0103281 | 0036745 n0iea72
EEa | 036685 | 0113402 0056701
s | 0383008 0136281 0085145

Sryctogen uet ool NN 1000000 | 0355843 0177521
[coectichel | I 0575995 0312069 (0156034





The most costly alternative to the economy are hydrogen fuel cells. This was expected as the technology to harness hydrogen from water and light is still in its very initial stages. The development of this source will require investment over an extensive period, and the investment may mitigate returns even further if the pace of development is slowed by instead focusing on bio fuels. 
Opportunity
The opportunity subnet shows the two criteria of Environment and Economic.  The greatest opportunity for reaching the goals of the model are considered in this section.

Environmental
The environment subnet evaluated opportunities for:

1) formation of an “ultra clean” environment 
2) reduced pollution from automotive emissions 
The synthesized results for the opportunity aspects of Environment are shown below:
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Hydrogen fuel cells and electric show the greatest opportunity to achieve the goals of the model in terms of environmental impact.   From a pure ‘energy efficiency” standpoint, internal combustion engines convert less than 20% of the energy in gasoline into power that moves the vehicle.  Vehicles using electric motors powered by hydrogen fuel cells are much more energy efficient, utilizing 40-60% of the fuels energy.  Hydrogen cell engines that uses “reformers’ utilize around 40% of the energy in gasoline.  
Economic
The economic subnet under Opportunity looked at:

1) self dependent fuel economy
2) boost to the domestic market in terms of economic growth
3) ability to generate employment

· “Prospects for economic growth now depend importantly on a country's capacity to develop and apply new technologies.” –Alan Greenspan. 
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The most economic opportunity will be provided by the electric fuel cell stacks once the technology to use them is more developed.  Use of electric fuel cell stacks affords the automobile industry the greatest amount of flexibility in designing vehicles.  Electric fuel systems can be adapted to fit almost any shape or body style, and entirely new categories of design and manufacturing opportunities could result. 

Risk
The Risk subnet shows the two criteria of Environment and Economic.  Which fuel source provides the greatest risk to a:

1) clean environment 
2) economy
Environmental
The clean environment subnet consists of the following criteria which pose risk.

1) Ozone depletion – caused by the emission of CO. The ozone layer protects the earth from the harmful radiation of the sun. Thus its depletion is a major cause of concern.
2) Acid Rain- This refers to the reaction of NOx and Sulfur which is released after the combustion of fuel with water , resulting rain which is acidic. This can significantly effect the marine habitats specially fishes which can ultimately find way in the man food cycle.
3) Smog- This refers to a kind of air pollution resulting from the particulate matter released in the atmosphere. Smog not only pollutes the environment but is also linked to serious respiratory infections and diseases.
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The most risk to the environment is provided by petroleum diesel, followed by gasoline.

Both ethanol and biodiesel also pose risk to the environment, but less than the petroleum based fuels above. Hydrogen fuel cells and electric cells both are not a risk to the environment, because there are no emission of poisonous gases, however electric powered vehicles still rely on electricity provided by fossil fuel facilities in most parts of the world.  This may be an environmental trade-off unless nuclear power plants are considered. 
Economic
The risk to the economy is asessed by the following criteria

1) Re-installment of treatment plants : All the fuels are required to be treated before they can be finally used in the fuel engine. Thus, setting up treatment plants suited to the needs of a particular fuel determine the risk to the economy .
2) Installing pipelines- To distribute a particular fuel , a different distribution pipeline will be required. For example, ethanol can not be distributed in the same pipeline as gasoline, and biodiesel can not be shipped in the pipelines that supply petroleum diesel.

3) Allocation of land- This plays a vital role specifically when ethanol and biodiesel are considered. The area of land required has to be considered in conjunction with the  energy demand that has to be met.

4) Dependence on foreign oil- Reduced dependence on foreign oil will reduce the risk to the economy.

The synthesized results are shown below:
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This shows that ethanol and biodiesel pose the highest risk to the economy, as they would require the maximum expenditure in setting up new power plants and distribution pipelines. As a side note, they do not reduce our dependence on foreign oil as the large scale production of both ethanol and biodiesel will require a large investment of conventional fuels to begin with. It may be interesting to point out here that, in fact, oil companies are some of the largest investors in the process facilities, blending/fuel additive systems, and improvements to transportation for fuel supply and distribution of these new bio derived fuels.  The current economic infrastructure supports “big oil” and “big green” may not be far behind. 

Overall Priorities for Alternatives
The overall priorities synthesized for different alternatives from the model are:
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This shows that the highest priority is given to hydrogen fuel followed by electric fuel.

Overall Priorities for BOCR
The ratings model show the highest priority is given to Benefits. Thus the fuel which gives maximum benefit to the environment and the economic aspects in the future will be the best fuel to invest for future development. This is shown below:
[image: image12.png]Ratings for Super Decisions Main Window: biodiesel9.mod: formulaic: ratings
Ele Edt Wew Coulations tep

Super Decisions Ratings

[1Envitorment fiend2Sustainable  [4E conomic booste|
0235082 nes1m 0113006

1Benefts 0405115 excellent excellent averoge

Priities

2ost (EEE oot excallont average

3Opportuniy 0153144 good vy good good
sk 0123528 excallont oot averoge





Sensitivity Analysis for BOCR
The sensitivity analysis shows that as the Priority of Benefits increases the priority of the hydrogen fuel cells and electric fuel increases. It should be noted that the priority of the hydrogen fuel cells increases much more rapidly than electric fuel cell for a large priority of benefits.
[image: image13.png]TX

Sensitivity analysis for Super Decisions Main Win....
Ble Edt Hep
0

08

08

04

02

Expeiinents

el 3
Shydrogen fuel cels 1
Gelecticfuel 2

[Froty TBenefts  [D5TaT5E253150








Conclusion: 
Although there is much recent hype concerning bio-diesel and ethanol, our model indicates that over the long term, hydrogen fuel cells and electric fuel are the better alternatives for investment for various reasons. 

The Benefits to both the Environment and the Economy were the overriding factor in our model.  Specifically:

· No Greenhouse Gases: Fuel Cell Vehicles (FCV) powered by pure hydrogen emit no greenhouse gasses, and hydrogen engines using “reformers” to transfer energy from fossil fuels emit much less than the amount produced by conventional vehicles. 

· No Air Pollutants: FCV’s emit no harmful pollutants.

· National Security: Hydrogen can be derived from Methanol, Natural gas and gasoline as well as renewable sources such as water.  This flexibility makes the US less dependant on oil form foreign sources. 

· http://www.fueleconomy.gov/feg/fcv_whatsnew.shtml  

· See the following link for a Hydrogen Economy Fact Sheet: http://www.whitehouse.gov/news/releases/2003/06/20030625-6.html
The following are excerpts from this report: 

· Hydrogen is the simplest element and most plentiful gas in the universe. Yet hydrogen never occurs by itself in nature, it always combines with other elements such as oxygen and carbon. Once it has been separated, hydrogen is the ultimate clean energy carrier. 
· It will enable the U.S. and EU to: further the goals of sustained economic growth; strengthen our cooperation to work for universally compatible codes, standards, and regulations; strengthen our cooperation on research and development; and work together to foster public-private collaboration. 
· The Hydrogen Fuel Initiative will include $720 million in new funding over the next five years to develop the technologies and infrastructure to produce, store, and distribute hydrogen for use in fuel cell vehicles and electricity generation. 
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