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Introduction


Main traveling mean in everyday life is still a car. Based on information of National Household Travel Survey
, more than 80% percent of daily trips take place in personal vehicles. In US, 91 percent of people commuting to work use personal vehicles and travel averages 11 billion miles a day — almost 40 miles per person per day.

The United States consumes almost 9 million barrels of gasoline daily – 43% of total daily gasoline consumption. If everyone purchased one of the four most efficient models in each vehicle class, fuel economy would be 12% higher and Americans could save 13.1 billion gallons of gasoline annually. A gallon of gas burned by a gas powered auto adds roughly 19 pounds of carbon dioxide to the air. With higher gasoline price and global warming problem, government should try to find alternative fuel to replace gasoline usage.


Alternative fuel will not only changing the economy of the country, but might also help reducing the pollution from gasoline usage that will eventually mitigate the global warming problem. However, changing the type of fuel used in car will have various effects to the people well-being, car and oil industry, political and international relationship.

Although with the current technology, there are many alternatives fuels for use in vehicles such as electric, hydrogen, bio-diesel, none of them have significantly higher benefits in terms of economical and practical to be able to use as a complete replacement for gasoline vehicle. All of the alternative energy is help reducing the problem of using gasoline, but which alternative we should invest in research and development first. This model will look at the problem from government view to decide which technology has higher priority that will help replacing current car’s technology effectively.
Goals
“To select which type of car's technology has higher priority that government should support”

To support means that government should give funding to car’s manufacturing company in research of that technology to be able to market that type of car sooner. Or set up a government project to develop that kind of technology. Issue regulations that will support the usage of that type of energy, upgrade infrastructure in order to support to usage of the alternative energy, subsidize cost in some stage to help booster the improvement and widely spread usage to the entire household in the country.
Alternatives


We selected the top four possibility technology that government should be able to develop and implement the usage in the short term. We did not include hydrogen or fuel-cell to the alternatives in this model, due to the expensiveness of the technology that could not implement in short term development. The cost of upgrading current infrastructure in order to use hydrogen power will exceed the possibility of practical replacement. Although in the longer term, if we continue to develop this technology, it might be possible to include in the model. The four alternatives car’s technologies are as follow.
High efficient gasoline car

One of the alternatives is modifying the current car to be more fuel efficient; for example, better aerodynamic, reduce size and weight. There is an evidence of a prototype car that can reach the 100 miles per gallon level of gasoline consumption at the current technology.  This seems to be a good idea; however, the limitation in space and design could deteriorate the lifestyle and way of living of current gasoline car.
Hybrid Technology

Hybrid technology combines an internal-combustion gas engine with an electric motor and a high capacity battery. This hybrid technology alternative also includes the possibility of plug-in hybrid cars which is a conversion of hybrid to add more powerful battery that can be charged by plugging in to the electrical grid. Although hybrid is already commercialized, it still is rather expensive and is not making economical sense for complete replacement with current gasoline car. 
Electric Vehicle

A new generation of electric vehicles is being developed using more powerful Lithium-ion batteries, similar to the battery used in plug-in hybrid car. Electric car uses only electric power and so far, the limitation in distance it could travel before recharging is still the main obstacle to the commercial usage.
Bio-Diesel

Bio-Diesel is a fuel derived from renewable plant or animal sources, potentially including recycled products. Bio-Diesel typically mixes vegetable oil or animal fat with an alcohol and a catalyst, yielding Bio-Diesel and glycerin. It can be used as a pure fuel or mixed with traditional diesel fuel. Current technology still could not produce the significant amount of fuel needed and the efficient of the fuel in long term use is still a potential problem.

Current gasoline price is increasing in the long term, some of the alternatives might not be economical now; but sometime in the future, increasing gasoline price will exceeding the trade-off of the car price until the alternative energy completely replacing the gasoline. Early research in the technology to make it available sooner will surely be an advantage to the flexibility of the economy, independence from the oil shock and save the environmental for the good of the mankind.
BOCR Model


The Analytical Network Process model developed to decide on the alternatives has four feedback sub-networks of control criteria called Benefits, Opportunities, Costs and Risks (BOCR). The BOCR model is a feedback sub-network that addresses the benefits, opportunities, costs, and risks associated to the car technology to support.

Under the benefits, opportunities, costs, and risks models (BOCR models), different clusters define interactions with respect to the control hierarchy established.  The benefits networks indicate the alternatives that yield the most benefit and the opportunities networks indicate the alternative that offers the most opportunities, whereas the costs and risks networks indicate the alternatives that are the most costly or pose the most risk on each alternative.


The flow of the decision process is to first build the networks and sub-networks for each of the BOCR models, make the judgments and evaluate which is the best alternative in each case for this particular decision.  The importance of the BOCR must then be determined by rating them with respect to the strategic criteria of the organization or decision maker.  Strategic criteria are those values that must be satisfied regardless of the particular decision being made. The BOCR are not equally weighted in every decision, and to establish their priorities in this decision by rating the most important alternative (the one with the highest value which is the best under benefits and opportunities, and the worst under costs and risks) against the strategic criteria. In our model, the highest priority in Benefits is EV, Opportunities is High efficient gasoline car, Costs is High efficient gasoline car and Risks is EV.
Top level of the model
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Decision Rating Model by strategic criteria

Strategic criteria that are used to rate the priorities of Benefits, Opportunities, Costs and Risks are
1. Economical impact: Economical impact on type of car technology to support 


1.1Oil industry


1.2 Car industry


1.3 Power industry 

2. Environmental impacts: Environmental impact on type of car technology to support 

3. Social impacts: Social impact on type of car technology to support


3.1Customer acceptance


3.2 Lifestyle
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The priorities that result from the ratings of the BOCR for this decision show that the most important merit is Benefits at 35% followed by Opportunities at 23%, Costs at 27% and Costs at 15%.  This means that the priorities of the alternatives under benefits are weighted more heavily than priorities under other merits.
Summarized second level of the model
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Criteria

Priorities

Sub-Criteria

 Priorities

Benefits

Political

0.031

Energy Independent

1.000

Economic

0.153

National

1.000

Environment

0.087

Direct Pollution

0.651

Indirect Pollution

0.349

Social

0.108

Consumer Acceptence

0.403

Emoloyeement Rate

0.597

Opportunities

Technology

0.144

Current Infrastructure

0.667

Current State of the art

0.333

Economic

0.078

National

1.000

Environment

0.050

Direct Pollution

0.765

Indirect Pollution

0.235

Social

0.132

Consumer Acceptence

0.617

Emoloyeement Rate

0.383

Costs

Social

0.099

Consumer Acceptence

0.322

Emoloyeement Rate

0.678

Economic

0.157

National

1.000

Environment

0.125

Direct Pollution

0.770

Indirect Pollution

0.230

Risks

Technology

0.109

Current Infrastructure

0.044

Current State of the art

0.113

Economic

0.144

National

0.144

Environment

0.049

Direct Pollution

0.094

Indirect Pollution

0.119

Social

0.092

Consumer Acceptence

0.069

Emoloyeement Rate

0.023



From the table above, we do not select the node to create subnet based only on the comparison priorities of itself on the last column; in fact, the criteria that we use to decide which node should have the subnet in the third level are 
· Finish all the comparison in the second level 

· See the priority comparison for the control criteria first and select 2-3 highest priority control criteria

· Then select the only one highest priority node in the sub-control criteria for each control criteria to create subnet

For example, under Opportunities
· Control criteria that have high priorities are Technology 0.144 follow by Social 0.132
· Under Technology sub-control criteria, current infrastructure has higher priority of 0.667 
· Under Social sub-control criteria, consumer acceptance has higher priority of 0.617
· So we create subnet under current infrastructure and consumer acceptance
Second level of the model under Benefits
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Second level of the model under Opportunities
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Second level of the model under Costs
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Second level of the model under Risks
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Third level of the model under Benefits

National Economic subnet
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Direct Pollution subnet 
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Customer Acceptance subnet
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Third level of the model under Opportunities

Current Infrastructure subnet
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Customer Acceptance subnet

[image: image13.png]o =

1 Selling Cost!

2 Maintenance

3 Energy

il





Third level of the model under Costs

National economic subnet
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Direct Pollution
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Third level of the model under Risks

National Economy subnet
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Current State of Art subnet
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Consumer Acceptance subnet
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The synthesized results under each BOCR
Synthesized priorities under Benefits
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Synthesized priorities under Opportunities
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Under Benefits, the types of technology that will create highest benefits are EV, followed by Hybrid, Bio-diesel and High efficient gasoline car.

Under Opportunities, the types of technology that have highest opportunities are High efficient gasoline car, followed by Bio-diesel, EV and Hybrid.

Synthesized priorities under Costs
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Synthesized priorities under Risks
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Under Costs, the types of technology that have the highest costs are High efficient gasoline car, followed by Bio-diesel, Hybrid and EV.


Under Risks, the types of technology that have highest risks are EV, followed by Hybrid, High efficient gasoline car and Bio-diesel.
The whole model synthesized priorities
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Multiplicative

Summarized calculation table
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Under multiplicative calculation method (BO/CR), the technology that has highest priority is Bio-diesel. But under the additive method, technology that has the highest priority is the EV. 
Sensitivity analysis
Benefit
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The benefit sensitivity analysis indicates that Alternative 4, Bio-Diesel has the greatest benefit below a 17.3% emphasis. Above 17.3% emphasis, Alternative 3, EV has the greatest benefit, which begins to provide positive benefits after 8% emphasis on the higher priority supported car issue. Alternative 1, High Efficient Gasoline Car, does not present itself as providing any benefit until after a 30% emphasis on the benefits related to the higher priority supported car is considered but still the least benefit when compared to the other three alternatives.

Opportunities
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The opportunity sensitivity analysis indicates that the greatest opportunity will be present through Alternative 4, Bio-Diesel, with a priority value of 0.345 followed by Alternative 1, High Efficient Gasoline Car, which is 0.305 with a 50% emphasis. When the emphasis is below 23.6%, Alternative 1 has the least opportunity, and the EV, Alternative 3, does present higher opportunity potential compared to Alternative 4 below. The Hybrid, Alternative 2 always has the least opportunity when compared to the other three alternatives with an emphasis above 23.6%.
Costs
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The Cost sensitivity analysis indicates that the greatest cost will be present through Alternative 1, High Efficient Gasoline Car. Alternative 1 with a priority value of -0.430 is followed by Alternative 4, Bio-Diesel, which is -0.242 when there is a 50% emphasis. The Hybrid, Alternative 2, does present higher cost potential compared to Alternative 1 below a 4.2% emphasis. The EV, Alternative 3 has the least cost when compared to the other three alternatives.
Risks
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The Risks sensitivity analysis indicates that the greatest risks will be present through Alternative 2, Hybrid when the emphasis is above 35%. 

Below 35%, Alternative 1, High Efficient Gasoline Car has the greatest risk.  Alternative 3, EV is the best option or creating the least risk until a 13.8% emphasis is considered where it changes ranking with the Bio-Diesel, Alternative 4.
Conclusion


To reduce the problem of using gasoline, all the alternative fuel or technology to replace or reduce the current usage of gasoline in the automobiles should be supported by the government. However, in this model, we choose only high efficient gasoline car, hybrid technology, electric vehicle and bio-diesel to weight their impact on the economic, environment, and social issues. The result shows electronic car has the highest priority for government to support first since it has higher benefit and opportunity while providing lower cost and risk; followed by Bio-diesel, Hybrid technology and High efficient gasoline car respectively.














































































































































































































































































� National Household Travel Survey, 2001-2002 http://www.bts.gov/programs/national_household_travel_survey/daily_travel.html
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