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1.0 Introduction: 

There has been an ongoing debate in the United States of America ever since the Report of the National Energy Policy Development Group
 was submitted for consideration by Vice President Dick Cheney to the President of the United States of America, George W. Bush on May 16, 2001.  The statements and recommendations of the report has been so controversial that senate and house committee meetings have been held along with requests that the Vice President come before Congress, since its public release, to explain what was discussed behind closed doors.

Energy is a pivotal factor in society and will continue in the future so long as humanity is driven to a materialistic end and develops technologies to meet those needs which are powered and constructed by energy.  With the aforementioned said, we, as a nation, face a serious problem in the near future.  How do we sustain the constant growth of the United States of America?  What fuels will power our vehicles, heat our homes, and generated the electricity we have taken as an entitlement every time we flip the switch and the lights turn on?  

The Analytical Network Process model titled, “Energy Security of the US”, was developed to provide statistical support to our intuition and judgment based on our knowledge and expertise of the subject matter.  The model takes into account all of the significant factors and forces that our intuition indicate would influence the direction of the United States of America Energy Policy.  This model was not designed to justify the aforementioned National Energy Policy submitted by Vice President Cheney, but to determine which of four alternatives provide the US the best direction to secure its future.  Those four alternatives are:


1.
Status Quo Approach

2.
Energy Independence Emphasis

3.
Complete Energy Independence

4.
Comparative Advantage Approach

The ANP model has four feedback sub-networks of control criteria called Benefits, Opportunities, Costs, and Risks (BOCR). All four sub-networks have control criteria clusters that are specific to the BOCR which are elaborated and shown within this report.  Each control criteria cluster may have one or two level subcriteria clusters that are also specific to the parent node, cluster and sub-network.  An alternatives sub-network is located on the top 70% priority nodes within each BOCR sub-network that is also specific to the issue being addressed at that point in the model.  In addition, we have also developed a strategic rating criteria model to address the question, “What direction should the United States energy policy provide ?” to weigh the BOCR against the strategic control criteria identified as Energy Security, International Competitiveness, and Environmental Quality. 



2.0 Background:

There are many reports, papers, studies and presentations that exist which state, not if, but when the world and the US will be in an energy crisis.  This statement in itself should be enough to keep you up at night thinking about what will “our way of life” be in ten or 20 years.  We do not preach gloom or doom but wish to simply state some of the facts that have been presented by experts in the energy industry.

The National Energy Policy report mentioned in the introduction provides a clear picture, Figure 1, of what is happening and forecasted for the USA. 
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Figure 1 Growth in the U.S. Energy Consumption Is Outpacing Production
The energy consumption of the United States is and will outpace domestic energy production significantly as forecasted for the next 20 years.  We have already felt this effect at the gasoline pump, home heating monthly winter bills, summer cooling electricity bills, the constant increase of everyday goods, and the jobs lost due to domestic companies outsourcing to foreign manufacturers in many cases due to the increase in domestic fuel costs.

Reports from Simmons & Company International indicates the following
:



[image: image2.png]Recent Energy Surprises Are Too Frequent

= U.S./Canada natural gas peaked: Nobody noticed.

All E&P companies were supposed to grow oil and
gas production.

Most were flat while E&P capex soared.

Russia’s recent supply rebound was total surprise.
Rest of non-OPEC supply was supposed to surge.
Instead it flattened out.

The North Sea peaked (unannounced).

Rash of reserve write downs: Tip of an |ceberg7
‘SIMMONS & CompaNY

INTERNATIONAL





Figure 2  Simmons & Company International Presentation, February 24, 2004.

This one slide is supported by a consistent steady increase in natural gas prices from $2/MMBtu to greater than $5/MMBTU for the month of March 2004 and gasoline prices averaging $1.70/gallon for regular grade for example. Some have stated that Liquefied Natural Gas (LNG) imports, Picture 1,will provide the energy needed to meet U.S. demands with no cause for alarm since there have been over 33,000 tanker voyages with no major incident over the past 40 years.  These statements now fall short since the January 2004 Algerian LNG complex accident that killed 27 people, Picture 2.  There are other historical points such as:

1. Recent OPEC decision to reduce production in order to sustain the $38/barrel price of crude oil.

2. State aid
 and bailouts of foreign companies that have injured U.S. power generation companies
, such as the French Bailout of Alstom in September 2003.

Also with national security always on our minds due to the war on terrorism in Iraq, Afghanistan, Spain, and at home, Picture 3, there is an increasing need to determine what direction the United States should take with regard to its energy policy.
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Picture 1… Tanker Docked at Everett, Massachusetts
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Picture 2… Rescue Worker at Algeria LNG Plant Disaster
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Picture 3… Coast Guard Patrol at Boston Harbor
 


3.0 ANP Model Description:

The Analytical Network Process model developed for this final project is has four feedback sub-networks of control criteria called Benefits, Opportunities, Costs and Risks (BOCR).  Their sub-network control criteria, sub-criteria, nodes, and alternative sub-networks are identified in section.
 
3.1 BOCR Model

The BOCR model is a feedback sub-network that addresses the benefits, opportunities, costs, and risks associated to the energy security of the United States of America.  Descriptions of each cluster and node with the clusters are indicated in the following sections.  The blue highlighted node titles have alternative sub-networks which are discussed in section 3.3.

An identification system was utilized throughout the model in order to maintain a hierarchal structure and order.  For example, the first letter indicates whether it is a Benefit, Opportunities, Costs, or Risks cluster or node.  The numbering system is self explanatory for a hierarchal structure.

B11 means B ( Benefits, 1 ( Political node,  2nd 1(International node 


3.1.1 Benefits Cluster/Node Descriptions


	Clusters/Nodes
	· B1 Political Control Subcriteria: Political benefits subcriteria associated with the energy security of the USA 

· B11 International: International political benefits associated with the energy security of the USA 

· B12 Domestic Political Stability: Domestic political stability benefits associated with the energy security of the USA 

· B2 Societal Control Subcriteria: Societal benefits subcriteria associated with the energy security of the USA 

· B21 Technology Development: The benefits to society from the technologies that will be developed. 

· B22 Sense of Well Being: The sense of well being benefit to society associated with the energy security of the USA. 

· B23 Controlling the Consumer Cost of Energy: The benefit to society the consumer's cost of energy associated with the energy security of the USA. 

· B3 Economic Control Subcriteria: Economic benefits subcriteria associated with the energy security of the USA 

· B31 Domestic Energy Cost Control: The economic benefits associated with controlling the energy cost to consumers due to the energy security policy of the USA. 

· B32 Domestic Economic Security: The economic security of the US due to employment and manufacturing growth. 

· B33 International Growth: The economic benefits associated with international import /export. import in that the consumer has increased disposable income and export in that we have an abundant source of low cost of energy domestically increasing US exports and positively impacting the trade balance. 

· B4 Technological Control Subcriteria: Technological benefits subcriteria associated with the energy security of the USA 

· B41 Domestic Environmental Quality: description 

· B42 Domestic Technology Superiority: description 

· B43 International Trade: The benefit of exporting US technologies. 

· B44 International Technology Leadership: The benefit of being the driving force related to energy policy and technologies. 

· B5 National Security Control Subcriteria: National Security benefits subcriteria associated with the energy security of the USA
 

· B51 Military: Military benefits associated with energy security in the USA. Should their be a conflict the military has abundant indigenous resources. 
B52 Less Dependence on Foreign Influences: The benefit of the USA being less concerned or influenced by foreign entities and factors. 


· B6 Environmental Control Subcriteria: Environmental benefits control subcriteria associated with the energy security of the USA. 

· B61 Oil Peaking: The environmental benefits to oil peaking associated to the energy security of the USA. i.e. Creates a driver for other fuel sources that are less harmful to the environment. 

· B11 International Political Benefits Subcriteria: International Political Benefits associated with the energy security of the USA 

· B111 Bargaining Power: The international political bargaining power benefits associated with the energy security of the USA 

· B112 Energy Policy Leadership: The energy policy leadership providing international political benefits associated with the energy security of the USA 
· B22 Sense of Well Being Subcriteria: The benefit of society's sense of well being associated to the energy security of the USA. 

· B221 Job Security: Society's sense of well being related to job security due to the energy security of the USA. 

· B222 National Pride: Society's sense of well being related to national pride due to the energy security of the USA. 

· B223 Energy Assurance: Society's sense of well being related to energy assurance due to the energy security of the USA. Society's belief that the economy is sustainable and an energy crisis is mitigated. 

· B32 Domestic Economic Security subcriteria: description 

· B321 Domestic Employment Growth: The domestic economic benefits of employment growth associated to the energy security of the USA. 

· B322 Domestic Manufacturing Growth: The economic benefits of domestic manufacturing growth associated to the energy security of the USA. 

· Benefits Control Criteria: Benefits control criteria associated with the energy security of the USA 

· B1 Political: Political benefits associated with the energy security of the USA 

· B2 Societal: Societal benefits associated with the energy security of the USA 

· B3 Economic: Economic benefits associated with the energy security of the USA 


· B4 Technological: Technological benefits associated with the energy security of the USA 

· B5 National Security: National Security benefits associated with the energy security of the USA 

· B6 Environmental: Environmental benefits associated with the energy security of the USA. 


· Hierarchy of Benefits Criteria: Hierarchy of Benefits associated with the energy security of the USA 

· Goal - Benefits Control Criteria Hierarchy: Goal Cluster for Benefits control criteria hierarchy 



3.1.2 Opportunities Cluster/Node Descriptions

	Clusters/Nodes
	· Hierarchy of Opportunities Criteria: Hierarchy of Opportunities associated with the energy security of the USA 

· Goal - Opportunities Control Criteria Hierarchy: Goal Cluster for Opportunities control criteria hierarchy 

· O1 Political Control Subcriteria: Political opportunities subcriteria associated with the energy security of the USA 

· O11 International: International political opportunities associated with the energy security of the USA 

· O12 Domestic Political Stability: Domestic political stability opportunities associated with the energy security of the USA 

· O2 Economic Control Subcriteria: Economic opportunities subcriteria associated with the energy security of the USA 

· O21 Domestic Energy Cost Control: The economic opportunities associated with controlling the energy cost to consumers due to the energy security policy of the USA. 

· O22 Domestic Economic Security: The economic security of the US due to employment and manufacturing growth. 

· O23 International Growth: The economic opportunities associated with international import /export. import in that the consumer has increased disposable income and export in that we have an abundant source of low cost of energy domestically increasing US exports and positively impacting the trade balance. 

· O24 Oil Peaking: The economic opportunities to mitigate oil peaking as it relates to the energy security of the USA. 

· O3 Technological Control Subcriteria: Technological opportunities subcriteria associated with the energy security of the USA 


· O31 Domestic Environmental Quality: The technological opportunities associated with domestic environmental quality as it relates to energy security in the USA. 

· O32 Domestic Technology Superiority: description 

· O33 International Trade: The opportunities of exporting US technologies. 

· O34 International Technology Leadership: The opportunities of being the driving force related to energy policy and technologies. 

· O11 International Political Opportunities Subcriteria: International Political opportunities associated with the energy security of the USA 

· O111 Bargaining Power: The international political bargaining power opportunities associated with the energy security of the USA 

· O112 Energy Policy Leadership: The energy policy leadership providing international political opportunities associated with the energy security of the USA 

· O22 Domestic Economic Security subcriteria: description 

· O221 Domestic Employment Growth: The domestic economic opportunities of employment growth associated to the energy security of the USA. 

· O222 Domestic Manufacturing Growth: The economic opportunities of domestic manufacturing growth associated to the energy security of the USA. 

· Opportunities Control Criteria: Benefits control criteria associated with the energy security of the USA 

· O1 Political: Political benefits associated with the energy security of the USA 

· O2 Economic: Economic opportunities associated with the energy security of the USA 

· O3 Technological: Technological opportunities associated with the energy security of the USA 


3.1.3 Costs Cluster/Node Descriptions



	Clusters/Nodes
	· C1 Political Control Subcriteria: Political costs subcriteria associated with the energy security of the USA 

· C11 International: International political costs associated with the energy security of the USA 

· C12 Domestic - Special Interest Groups: Domestic political costs from special interests groups associated with the energy security of the USA 

· C2 Societal Control Subcriteria: Societal costs subcriteria associated with the energy security of the USA 

· C21 Sense of Well Being: The sense of well being costs to society associated with the energy security of the USA. 

· C22 Short term consumer cost increase: The short term energy cost increase associated with the energy security of the USA. 

· C3 Economic Control Subcriteria: Economic costs subcriteria associated with the energy security of the USA 

· C31 Domestic: The domestic economic cost associated with the energy security policy of the USA. 

· C32 International: The economic costs associated with international issues due to the energy security of the USA. 

· C4 Technological Control Subcriteria: Technological costs subcriteria associated with the energy security of the USA 

· C41 Domestic R&D Costs: domestic research and development costs associated with the energy security of the USA. 

· C42 Domestic Deployment Costs: The costs associated with the deployment of associated technologies to support the energy security policy of the USA. 

· C43 Domestic Transition Costs: The costs associated to transitioning from our current energy mix to a moderately to significant energy mix. 

· C44 International Trade Costs: The costs associated by foreign concerns to our energy security policy. Especially when it may effect their trade balance with the the US. 

· C5 National Security Control Subcriteria: National Security Costs subcriteria associated with the energy security of the USA 

· C51 Increased Terrorism: Costs due to terrorism due to the USA energy security policy. Since US is no longer as dependent on foreign source of fuel then a cascade effect in all sectors of the economy are effected. Outsourcing may not be required. 

· C52 Oil Peaking: The national security costs due to oil peaking as it relates to energy security in the USA. 

· C11 International Political Costs Subcriteria: International Political Costs associated with the energy security of the USA 

· C111 Bargaining Power: The loss of international political bargaining power associated with the energy security of the USA 

· C112 Foreign Political Backlash: The foreign political backlash associated with the energy security of the USA 

· C12 Domestically Political Costs Subcriteria: The domestic political costs incurred by special interests groups associated with the energy security of the USA. 

· C121 Environmental: Political costs by environmental special interest groups associated with the energy security of the USA. 

· C122 Business: Political costs by business related special interest groups associated with the energy security of the USA. 

· C21 Sense of Well Being Subcriteria: The cost of society's sense of well being based on the fuel source mix associated to the energy security of the USA. 

· C211 Petroleum products: Society's sense of well being related to the amount of petroleum included in the energy mix. 

· C212 Coal: Society's well being associated to the percentage of coal utilized in the energy mix. 

· C213 LNG: Society's sense of well being associated with LNG as part of the energy mix. 

· C214 Natural Gas: The cost associated to society's sense of well being related to natural gas. 

· C215 Hydrogen Economy: The cost associated to society's sense of well being related to hydrogen. 

· C216 Nuclear: The cost associated to society's sense of well being related to nuclear. 

· C217 Renewable: The cost associated to society's sense of well being related to renewables. 

· C31 Domestic Economic Cost Subcriteria: The domestic economic costs associated with the energy security of the USA. 

· C311 Domestic Employment Loss: The domestic economic costs due to employment loss associated to the energy security of the USA. 

· C312 Domestic Grid Instability: The economic costs associated with grid instability based on the energy mix. 

· C32 International Economic Cost Subcriteria: The international economic cost subcriteria associated with economic security of the USA. 

· C321 International Exports: The costs associated with international exports due tithe energy security policy of the USA. Exports may become more expensive since US investments and FDI are greater domestically than previously. 

· C322 International Trade/Tariffs/Sanctions: The costs associated with international trade tariffs and sanctions. 

· Costs Control Criteria: Costs control criteria associated with the energy security of the USA 

· C1 Political: Political costs associated with the energy security of the USA 


· C2 Societal: Societal costs associated with the energy security of the USA 

· C3 Economic: Economic costs associated with the energy security of the USA 

· C4 Technological: Technological costs associated with the energy security of the USA 

· C5 National Security: National Security costs associated with the energy security of the USA 

· Hierarchy of Costs Criteria: Hierarchy of Costs associated with the energy security of the USA 

· Goal - Costs Control Criteria Hierarchy: Goal Cluster for Costs control criteria hierarchy 


3.1.4 Risks Cluster/Node Descriptions



	Clusters/Nodes
	· Costs Control Criteria: Costs control criteria associated with the energy security of the USA 

· R1 Energy Policy Failure: Failure of the energy policy to secure the future economic and standard of living of the USA. 

· R2 Technological: Technological risks associated with the energy security of the USA 

· R3 Environmental: The environmental risks associated with the energy security of the USA 

· R4 Economic: The economic risks associated with the energy security of the USA. 

· Hierarchy of Risks Criteria: Hierarchy of Risks associated with the energy security of the USA 

· Goal - Risks Control Criteria Hierarchy: Goal Cluster for Risks control criteria hierarchy 

· R1 Energy Policy Failure Control Subcriteria: Risks associated with the failure of the energy policy of the USA. 

· R11 International Backlash: The political risks from an International backlash associated with the energy security of the USA 

· R12 Domestic Instability: The political instability that will be created due to apposing sides of the energy policy issue. Should it not work the two political parties would blame the other leading to little to no compromising on any political issue. 

· R13 Economic Calamity: The political risks associated due to an economic calamity because the correct energy security policy was not implemented. 

· R14 Society: The political risks associated to the unrest and discontent with the political leaders. i.e. civil unrest. 

· R15 National Security Compromised: description 

· R2 Technological Control Subcriteria: Technological risks subcriteria associated with the energy security of the USA 

· R21 Fuel Choice: The technological risks associated with the fuel mix selected to ensure the energy security of the USA. 

· R22 Research and Development: The technological risks associated with R&D to support the energy security policy of the USA. 

· R23 Infrastructure: The technological risks associated to infrastructure impacts that would support the energy security policy of the USA> 

· R3 Environmental Control Subcriteria: Environmental risks subcriteria associated with the energy security of the USA 

· R31 Increased Emissions: The environmental risk of increased emissions associated with the energy security policy of the USA. 

· R32 Political: The political environmental risks associated with the energy security of the USA. 

· R33 Health: The health risks due to environmental emissions associated with the energy security policy of the USA. 

· R34 Fuel Choice: The environmental risks associated with the fuel mix selected for the energy security of the USA. 

· R4 Economic Control Subcriteria: The economic risk control subcriteria associated with the energy security of the USA. 

· R41 Oil Peaking: The economic risk due to global oil peaking as it relates to energy security in the USA. 

· R21 Fuel Choice Subcriteria: The technological risks based on the fuel source mix associated to the energy security of the USA. 

· R211 Petroleum products: Technological risks associated with a petroleum based economy included in the energy mix. 

· R212 Coal: Technological risks associated to the percentage of coal utilized in the energy mix. 

· R213 LNG: Technological risks associated with LNG as part of the energy mix. This includes transportation, liquefaction and regasification plants, trade, costs by energy consortiums (OPEC). 

· R214 Natural Gas: The technological risks associated to natural gas levels in the energy mix. Risk associated to US peaking, imports, effects on residential, commercial and industrial sectors. 


· R215 Hydrogen Economy: The technological risks associated to creating and living in a hydrogen economy. 

· R216 Nuclear: The technological risks associated to continued use of nuclear power for power generation. 

· R217 Renewables: The technological risks associated to utilizing renewables. 

· R34 Fuel Choice Control Subcriteria: The environmental risks associated with the fuel mix selected for the energy security of the USA. 

· R341 Petroleum Products: The environmental risks associated with petroleum products as a fuel choice associated to the energy security of the USA. 

· R342 Coal: The environmental risks associated with coal as a fuel choice associated to the energy security of the USA. 

· R343 LNG: The environmental risks associated with LNG as a fuel choice associated to the energy security of the USA. 

· R344 Natural Gas: The environmental risks associated with Natural Gas as a fuel choice associated to the energy security of the USA. 

· R345 Hydrogen Economy: The environmental risks associated with Hydrogen Economy as a fuel choice associated to the energy security of the USA. 

· R346 Nuclear: The environmental risks associated with nuclear as a fuel choice associated to the energy security of the USA. 

· R347 Renewables: The environmental risks associated with renewables as a fuel choice associated to the energy security of the USA. 


3.2 Strategic Rating Model

The strategic rating model was developed separately to obtain the weighting values of the BOCR against three fundamental criteria associated with the energy security of the United States of America. Those criteria are Energy Security, International Competitiveness, and Environmental Quality
.  A High, Moderate, and Low category scale was used to rate the criteria against the BOCR specific to the highest alternative from the BOCR model.  In the case of Benefits and Opportunities it was the Energy Independence Emphasis, and for Costs and Risks it was the Comparative Advantage Approach.

3.2.1 Criteria Description

The three criteria used to answer the strategic rating model goal, “What direction should the United States energy policy provide?”, are energy security, international competitiveness, and environmental quality.

3.2.2 Alternatives Description

The alternatives for the strategic rating model are Benefits, Opportunities, Costs, and Risks which are elaborated below.

3.2.2.1 Benefits

The alternative considered for Benefits against the three criteria indicated in Section 3.2.1 was energy independence emphasis.  The rating chosen for the three criteria was high for energy security, high for international competitiveness and low for environmental quality.  A low was chosen for environmental quality for two reasons.  They were that sufficient environmental technologies existed to maintain a satisfactory level of environmental quality in the US from US produced emissions and that depending on the fuels being used from a particular point source the environmental quality might be better or worse dependent on the regulations at the time.

 
3.2.2.2 Opportunities

The alternative considered for Opportunities against the three criteria indicated in Section 3.2.1 was energy independence emphasis.  The rating chosen for the three criteria was high for energy security, high for international competitiveness and moderate for environmental quality.  A moderate factor was chosen for environmental quality because it was believed that advancements in technology to mitigate emissions from point or distributive sources would be developed.  These developments in turn could create economic opportunities domestically and internationally through imports.  The technology leadership that the US would have would not only reduce US produced emissions but those generated by foreign countries that pollute the US due to global effects.

3.2.2.3 Costs

The alternative considered for Costs against the three criteria indicated in Section 3.2.1 was comparative advantage approach.  The rating chosen for the three criteria was moderate for energy security, moderate for international competitiveness and low for environmental quality.  A moderate factor was chosen for energy security and international competitiveness because many of the technologies needed to generate efficient power cycles have been developed or at applied research stages of development. True that there may be breakthroughs in science which could alter the power generation cycle but that option was not considered in this analysis. In addition, a comparative approach as an energy policy would provide costs associated to the market forces and international influences associated with the energy production countries.  One example is OPEC’s decision to decrease production levels in order to maintain high prices.  The control that OPEC has and other fuel producing nations which reside in chaotic regions of the world only increases the costs to the US as it relates to politics, economy, society, international competitiveness, and national security.


3.2.2.4 Risks

The alternative considered for Risks against the three criteria indicated in Section 3.2.1 was comparative advantage approach.  The rating chosen for the three criteria was high for energy security, moderate for international competitiveness and low for environmental quality.  A high was chosen for energy security because foreign influences would determine the availability of the fuel which drives our economy which in turn determines or standard of living and the potential of the nation.  Moderate for International competitiveness for the same reasons as energy security but offset slightly by the fact that the Unites States of America produces/invents products which can not be initially obtained anywhere else in the world.  A low rank for environmental quality because the US would most likely become more dependant on natural gas or LNG which is significantly environmentally friendly compared to coal or nuclear (Environmental equipment required for coal and nuclear to match less equipment required natural gas systems).


3.3 Alternative Model

The alternatives model that was developed is shown in Figure 3.  It is a template which was used to indicate all of the influences as they related to the alternatives and each other.  As shown it is a very complex sub-network which was modified dependant on the high priority node within each BOCR sub-network.  Specific information is provided herein to demonstrate that the template was useful in minimizing the model development time.  In some cases other clusters and nodes were added because they were relevant to the point in the model being considered.  Descriptions of the nodes were not included because they were considered self explanatory.
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Figure 3 Alternative Subnet Model Template
3.3.1 Alternatives Description

The four alternatives considered for this model were selected because it provided a range of options which went from a comparative advantage approach to complete energy independence.  They ranged from globalization to isolationism, respectively. 

3.3.1.1 1. Status Quo Approach

The status quo approach represents current approaches to the energy security of the United States of America. This takes into consideration that the USA fossil fuel imports have reached an all time high of 60% to a domestic fuel source of 40%.  The actual breakdown is not considered at this level instead an indication of the 60/40 split between imports and domestic fuel sources was the point under consideration. 


3.3.1.2 2. Energy Independence Emphasis

The energy independence emphasis is the direct reciprocal of the status quo approach which is to have a 40/60 split between imports and domestic fuel sources respectively.  This approach would provide energy security with creating a sentiment that the US was moving toward isolationism.

3.3.1.3 3. Complete Energy Independence

The complete energy independence approach relates to 100% dependence on domestic resources.  We considered this as one extreme that would lead to isolationism in the world fuel market and potentially a risky and costly proposition with little benefits and opportunities. 


3.3.1.4 4. Comparative Advantage Approach

 The comparative advantage approach took the direct opposite approach to complete energy independence.  It considered a market driven US energy policy.  This approach would only use domestic sources of fossil fuels if it were economical.  There are obvious risks ad costs associated with this approach but also considered it from a free markets perspective and a potential desire of the US population or political forces to be driven by a particular fuel which the US has limited reserves.  


3.3.2 BOCR Alternative Sub-Network Descriptions

This section will indicate the alternative sub-network for each node respective to the BOCR sub-networks.


3.3.2.1 Benefits’ Alternative Sub-Network Descriptions

Main structure of 1Benefits->
B23 Controlling the Consumer Cost of Energy network

	Clusters/Nodes
	· 1 Executive Branch: description 

· 1 President: description 

· 2 Congress: description 

· 1 Congress: Congressional influences in controlling the consumer's cost of energy. This can be possible through Congress accepting or developing an energy policy for the country. 

· 3 Consumer Groups: description 

· 1 Residential Sector: description 

· 2 Industrial Sector: description 

· 4 Utility Sector: description 

· 4 Lobbyists: description 

· 1 Fuel Specific Groups: description 

· 2 Environmentalists: description 

· 5 Trade Blocs: description 

· 1 Energy Related: description 

· Alternatives: description 

· 1 Status Quo Energy Policy: description 

· 2 Energy Independence Emphasis: description 

· 3 Complete Energy Independence: description 

· 4 Comparative Advantage Approach: description 



Main structure of 1Benefits->
B31 Domestic Energy Cost Control network

	Clusters/Nodes
	· 1 Executive Branch: description 

· 1 President: description 

· 2 Congress: description 

· 1 Congress: description 

· 3 Consumer Groups: description 

· 1 Residential Sector: description 

· 2 Industrial Sector: description 

· 3 Commercial Sector: description 

· 4 Utility Sector: description 

· 4 Lobbyists: description 

· 1 Fuel Specific Groups: description 

· 2 Environmentalists: description 

· 5 Trade Blocs: description 

· 1 Energy Related: description 

· Alternatives: description 

· 1 Status Quo Energy Policy: description 

· 2 Energy Independence Emphasis: description 

· 3 Complete Energy Independence: description 

· 4 Comparative Advantage Approach: description 


Main structure of 1Benefits->
B52 Less Dependence on Foreign Influences network
	Clusters/Nodes
	· 1 Executive Branch: description 

· 1 President: description 

· 2 Congress: description 

· 1 Congress: description 

· 3 Consumer Groups: description 

· 2 Industrial Sector: description 

· 3 Commercial Sector: description 

· 4 Utility Sector: description 

· 4 Lobbyists: description 

· 1 Fuel Specific Groups: description 

· 2 Environmentalists: description 

· 5 Trade Blocs: description 

· 1 Energy Related: description 

· 2 Non-Energy Related: description 

· Alternatives: description 

· 1 Status Quo Energy Policy: description 

· 2 Energy Independence Emphasis: description 

· 3 Complete Energy Independence: description 

· 4 Comparative Advantage Approach: description 


Main structure of 1Benefits->
B61 Oil Peaking network
	Clusters/Nodes
	· 1 Executive Branch: description 

· 1 President: description 

· 2 Congress: description 

· 1Congress: description 

· 3 Consumer Groups: description 

· 2 Industrial Sector: description 

· 4 Utility Sector: description 

· 5 International Sector: description 

· 4 Lobbyists: description 

· 1 Fuel Specific Groups: description 

· 2 Environmentalists: description 

· 5 Trade Blocs: description 

· 1 Energy Related: description 

· Alternatives: description 

· 1 Status Quo Energy Policy: description 

· 2 Energy Independence Emphasis: description 

· 3 Complete Energy Independence: description 

· 4 Comparative Advantage Approach: description 



Main structure of 1Benefits->
B221 Job Security network


	Clusters/Nodes
	· 1 Executive Branch: description 

· 1 President: description 

· 2 Congress: description 

· 1 Congress: Congressional actions toward a national energy policy or lack of one can effect society's sense of well being as it relates to job security. 

· 3 Consumer Groups: description 

· 2 Industrial Sector: description 

· 3 Commercial Sector: description 

· 4 Utility Sector: description 

· 5 International Sector: description 

· 5 Trade Blocs: description 

· 1 Energy Related: description 

· 2 Non-Energy Related: description 

· 6 Economic: description 

· 1 Financial Markets: description 

· Alternatives: description 

· 1 Status Quo Energy Policy: description 

· 2 Energy Independence Emphasis: description 

· 3 Complete Energy Independence: description 

· 4 Comparative Advantage Approach: description 


Main structure of 1Benefits->
B321 Domestic Employment Growth network

	Clusters/Nodes
	· 1 Executive Branch: description 

· 1 President: description 

· 2 Congress: description 

· 1 Congress: description 

· 3 Consumer Groups: description 

· 2 Industrial Sector: description 

· 3 Commercial Sector: description 

· 4 Utility Sector: description 

· 5 International Sector: description 

· 4 Lobbyists: description 

· 1 Fuel Specific Groups: description 

· 2 Environmentalists: description 

· 6 Economic: description 

· 1 Financial Markets: description 

· 2 Available Labor Skill Mix: description 

· Alternatives: description 

· 1 Status Quo Energy Policy: description 

· 2 Energy Independence Emphasis: description 

· 3 Complete Energy Independence: description 

· 4 Comparative Advantage Approach: description 


3.3.2.2 Opportunities’ Alternative Sub-Network Descriptions

Main structure of 2Opportunities->
O12 Domestic Political Stability network


	Clusters/Nodes
	· 1 Executive Branch: description 

· 1 President: description 

· 2 Congress: description 

· 1 Congress: description 

· 3 Consumer Groups: description 

· 1 Residential Sector: description 

· 2 Industrial Sector: description 

· 3 Commercial Sector: description 

· 4 Utility Sector: description 

· 5 International Sector: description 

· 4 Lobbyists: description 

· 1 Fuel Specific Groups: description 

· 2 Environmentalists: description 

· 6 Economic: description 

· 1 Financial Markets: description 

· Alternatives: description 

· 1 Status Quo Energy Policy: description 

· 2 Energy Independence Emphasis: description 

· 3 Complete Energy Independence: description 

· 4 Comparative Advantage Approach: description 




Main structure of 2Opportunities->
O23 International Growth network
	Clusters/Nodes
	· 1 Executive Branch: description 

· 1 President: description 

· 2 Congress: description 

· 1 Congress: description 

· 3 Consumer Groups: description 

· 1 Residential Sector: description 

· 2 Industrial Sector: description 

· 3 Commercial Sector: description 

· 4 Utility Sector: description 

· 5 International Sector: description 

· 5 Trade Blocs: description 

· 1 Energy Related: description 

· 2 Non-Energy Related: description 

· 6 Economic: description 

· 1 Financial Markets: description 

· 2 Employment: description 

· Alternatives: description 

· 1 Status Quo Energy Policy: description 

· 2 Energy Independence Emphasis: description 

· 3 Complete Energy Independence: description 

· 4 Comparative Advantage Approach: description 



Main structure of 2Opportunities->
O24 Oil Peaking network

	
Clusters/Nodes
	· 1 Executive Branch: description 

· 1 President: description 

· 2 Congress: description 

· 1 Congress: description 

· 3 Consumer Groups: description 

· 4 Utility Sector: description 

· 5 Trade Blocs: description 

· 1 Energy Related: description 

· 6 Economic: description 

· 1 Financial Markets: description 

· 2 Employment: description 

· Alternatives: description 

· 1 Status Quo Energy Policy: description 

· 2 Energy Independence Emphasis: description 

· 3 Complete Energy Independence: description 

· 4 Comparative Advantage Approach: description 




Main structure of 2Opportunities->
O222 Domestic Manufacturing Growth network


	Clusters/Nodes
	· 1 Executive Branch: description 

· 1 President: description 

· 2 Congress: description 

· 1 Congress: description 

· 3 Consumer Groups: description 

· 1 Residential Sector: description 

· 2 Industrial Sector: description 

· 3 Commercial Sector: description 

· 4 Utility Sector: description 

· 5 International Sector: description 

· 4 Lobbyists: description 

· 1 Fuel Specific Groups: description 

· 2 Environmentalists: description 

· 5 Trade Blocs: description 

· 1 Energy Related: description 

· 2 Non-Energy Related: description 

· 6 Economic: description 

· 1 Financial Markets: description 

· 2 Employment: description 

· Alternatives: description 

· 1 Status Quo Energy Policy: description 

· 2 Energy Independence Emphasis: description 

· 3 Complete Energy Independence: description 

· 4 Comparative Advantage Approach: description 


3.3.2.3 Costs’ Alternative Sub-Network Descriptions

Main structure of 3Costs->
C52 Oil Peaking network


	Clusters/Nodes
	· 1 Executive Branch: description 

· 1 President: description 

· 2 Congress: description 

· 1 Congress: description 

· 5 Trade Blocs: description 

· 1 Energy Related: description 

· 6 Economic: description 

· 1 Financial Markets: description 

· 7 National Security: description 

· 1 Terrorism: description 

· Alternatives: description 

· 1 Status Quo Energy Policy: description 

· 2 Energy Independence Emphasis: description 

· 3 Complete Energy Independence: description 

· 4 Comparative Advantage Approach: description 



Main structure of 3Costs->
C311 Domestic Employment Loss network



	Clusters/Nodes
	· 3 Consumer Groups: description 

· 2 Industrial Sector: description 

· 3 Commercial Sector: description 

· 4 Utility Sector: description 

· 5 Trade Blocs: description 

· 1 Energy Related: description 

· 6 Economic: description 

· 1 Financial Markets: description 

· 8 Society: description 

· 1 Law and Order: description 

· Alternatives: description 

· 1 Status Quo Energy Policy: description 

· 2 Energy Independence Emphasis: description 

· 3 Complete Energy Independence: description 

· 4 Comparative Advantage Approach: description 




Main structure of 3Costs->
C312 Domestic Grid Instability network


	Clusters/Nodes
	· 1 Executive Branch: description 

· 1 President: description 

· 2 Congress: description 

· 1 Congress: description 

· 3 Consumer Groups: description 

· 2 Industrial Sector: description 

· 3 Commercial Sector: description 

· 4 Utility Sector: description 

· 5 Trade Blocs: description 

· 1 Energy Related: description 

· Alternatives: description 

· 1 Status Quo Energy Policy: description 

· 2 Energy Independence Emphasis: description 

· 3 Complete Energy Independence: description 

· 4 Comparative Advantage Approach: description 


3.3.2.4 Risks’ Alternative Sub-Network Descriptions

Main structure of 4Risks->
R13 Economic Calamity network
	Clusters/Nodes
	· 3 Consumer Groups: description 

· 2 Industrial Sector: description 

· 3 Commercial Sector: description 

· 4 Utility Sector: description 

· 5 International Sector: description 

· 5 Trade Blocs: description 

· 1 Energy Related: description 

· 6 Economic: description 

· 1 Financial Markets: description 

· 7 National Security: description 

· 1 Terrorism: The economic calamity that can be caused through terrorism. Terrorist would blame the US for any cascade ill-effects on them and retaliate against the USA. 

· Alternatives: description 

· 1 Status Quo Energy Policy: description 

· 2 Energy Independence Emphasis: description 

· 3 Complete Energy Independence: description 

· 4 Comparative Advantage Approach: description 



Main structure of 4Risks->
R32 Political network


	Clusters/Nodes
	· 1 Executive Branch: description 

· 1 President: description 

· 2 Congress: description 

· 1Congress: description 

· 3 Consumer Groups: description 

· 1 Residential Sector: description 

· 2 Industrial Sector: description 

· 4 Utility Sector: description 

· 4 Lobbyists: description 

· 2 Environmentalists: description 

· 5 Trade Blocs: description 

· 2 Non-Energy Related: description 

· Alternatives: description 

· 1 Status Quo Energy Policy: description 

· 2 Energy Independence Emphasis: description 

· 3 Complete Energy Independence: description 

· 4 Comparative Advantage Approach: description 




Main structure of 4Risks->
R41 Oil Peaking network


	Clusters/Nodes
	· 1 Executive Branch: description 

· 1 President: description 

· 2 Congress: description 

· 1 Congress: description 

· 3 Consumer Groups: description 

· 1 Residential Sector: description 

· 2 Industrial Sector: description 

· 3 Commercial Sector: description 

· 4 Utility Sector: description 

· 5 Trade Blocs: description 

· 1 Energy Related: description 

· 2 Non-Energy Related: description 

· 6 Economic: description 

· 1 Financial Markets: description 

· 2 Employment: description 

· Alternatives: description 

· 1 Status Quo Energy Policy: description 

· 2 Energy Independence Emphasis: description 

· 3 Complete Energy Independence: description 

· 4 Comparative Advantage Approach: description 



Main structure of 4Risks->
R341 Petroleum Products network
	Clusters/Nodes
	· 1 Executive Branch: description 

· 1 President: description 

· 2 Congress: description 

· 1 Congress: description 

· 3 Consumer Groups: description 

· 2 Industrial Sector: description 

· 4 Utility Sector: description 

· 4 Lobbyists: description 

· 1 Fuel Specific Groups: description 

· 2 Environmentalists: description 

· Alternatives: description 

· 1 Status Quo Energy Policy: description 

· 2 Energy Independence Emphasis: description 

· 3 Complete Energy Independence: description 

· 4 Comparative Advantage Approach: description 



Main structure of 4Risks->
R346 Nuclear network

	Clusters/Nodes
	· 1 Executive Branch: description 

· 1 President: description 

· 2 Congress: description 

· 1 Congress: description 

· 3 Consumer Groups: description 

· 1 Residential Sector: description 

· 4 Utility Sector: description 

· 4 Lobbyists: description 

· 2 Environmentalists: description 

· 7 National Security: description 

· 1 Terrorists: description 

· Alternatives: description 

· 1 Status Quo Energy Policy: description 

· 2 Energy Independence Emphasis: description 

· 3 Complete Energy Independence: description 

· 4 Comparative Advantage Approach: description


4.0 BOCR Model:

The BOCR model illustrated in Figure 4 is the top most part of the model that has its own sub-networks which are specific to the benefit, opportunities, costs or risks associated to the energy security of the United States of America.  No two sub-networks are alike as indicated in section 3.0 and illustrated herein.

This section will elaborate on the different aspects of the model and its results.  While the editorial comments may be short it is only because the figures state the results or what is being shown the best.  Where further discussion is warranted it is given.



[image: image7.png]=181

Fle Desgn Assess{Compare Computsbions M pe e e
=2-=Y3 b a<h A<B Sym +]

(o

Control Criteia

Suhnell Subnet | Suhnell
<





Figure 4  BOCR Model

4.1 Benefits Model

The Benefits sub-network illustrated in Figure 5 begins to show the complexity of the model.  In this sub-network there are six alternative sub-networks which have been discussed previously and the results will be stated in subsequent section of this report.
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Figure 5  Benefits Control Criteria Hierarchy
4.1.1 Priorities

The matrix illustrated in Figure 6 shows the cluster pairwise comparison values for the Benefits Control Criteria.
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Figure 6  Benefits Control Criteria Cluster Comparison
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Figure 7 Benefits Priorities wrt Benefits Control Criteria Cluster

Figure 7 shows that the Economic control criteria has the highest priority of 0.346674 and the overall inconsistency index is 0.0570.
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Figure 8 Ideal Priorities for Benefits Control Cluster

The ideal values in Figure 8, also shows that the Economic control criteria has the highest priority and an overall inconsistency index of 0.0570. 
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Figure 9  Inconsistency Report for Benefits Control Cluster

Figure 9 compares the “best” value to the values we chose to complete the various control criteria pairwise comparisons. Despite the differences between our chosen values and the “best” values, the overall inconsistency values are below the 0.10 threshold. The actual differences between the two sets on inconsistency values are not significant. We also feel that our values are more appropriate for the respective decisions in the model.

4.2 Opportunities Model

The Opportunities sub-network illustrated in Figure 10 illustrates that there are difference in the BOCR sub-networks due to the question that is being addressed.  In this sub-network there are four alternative sub-networks which have been discussed previously and the results will be stated in subsequent section of this report.
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Figure 10  Opportunities Control Criteria Hierarchy
4.2.1 Priorities

The matrix illustrated in Figure 11 shows the cluster pairwise comparison values for the Opportunities Control Criteria.
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Figure 11  Opportunities Control Criteria Cluster Comparisons
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Figure 12 Opportunities Priorities wrt Opportunities Control Criteria Cluster

Figure 12 shows that the Economic control criteria clearly has the highest priority of 0.636986 and the overall inconsistency index is 0.0370.
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Figure 13 Ideal Priorities for Opportunities Control Cluster

The ideal values in Figure 13 also shows the Economic control criteria has the highest priority and an overall inconsistency index of 0.0370. 
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Figure 14 Inconsistency Report for Opportunities Control Cluster

Figure 14 compares the “best” value to the values we chose to complete the various control criteria pairwise comparisons. Despite the differences between our chosen values and the “best” values, the overall inconsistency values are below the 0.10 threshold. The actual differences between the two sets of inconsistency values are not significant. We also feel that our values are more appropriate for the model.
4.3 Costs Model

The Costs sub-network illustrated in Figure 15 illustrates that a difference compared to the Benefits and Opportunities sub-networks.  Cluster C5 National Security is new and introduces the costs associated to Increased Terrorism and Oil Peaking.  In this sub-network there are only three alternative sub-networks because of their impact on costs.  What is interesting is that the numerous other nodes are not even close to being significant but do play a role in elevating the Alternative sub-network nodes.
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Figure 15  Costs Control Criteria Hierarchy
Priorities

The matrix illustrated in Figure 16 shows the cluster pairwise comparison values for the Costs Control Criteria.
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Figure 16  Costs Control Criteria Cluster Comparisons
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Figure 17 Costs Priorities wrt Costs Control Criteria Cluster

Figure 17 shows that the National Security control criteria has the highest priority of 0.481048 and the overall inconsistency index is 0.0462.
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Figure 18 Ideal Priorities for Costs Control Cluster

The ideal values in Figure 18 also show the National Security control criteria has the highest priority and an overall inconsistency index of 0.0462. 
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Figure 19 Inconsistency Report for Costs Control Cluster

Figure 19 compares the “best” value to the values we chose to complete the various control criteria pairwise comparisons. Despite the differences between our chosen values and the “best” values, the overall inconsistency values are below the 0.10 threshold. The actual differences between the two sets on inconsistency values are not significant. We also feel that our values are more appropriate for the model.


4.4 Risks Model

The Costs sub-network illustrated in Figure 20 also illustrates that a difference compared to the Benefits and Opportunities sub-networks exists.  In this sub-network there are five alternative sub-networks due to the risks associated with the node under consideration.  What is interesting is that in every instance Oil Peaking has the highest priority, both in the cost and risk sub-networks.
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Figure 20  Risks Control Criteria Hierarchy

4.4.1 Priorities

The matrix illustrated in Figure 21 shows the cluster pairwise comparison values for the Costs Control Criteria.
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                      Figure 21 Risks Control Criteria Cluster Comparisons
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Figure 22 Risks Priorities wrt Risks Control Criteria Cluster

Figure 22 shows the Energy Policy Failure control criteria has the highest priority of 0.361952 with the Economic control criteria a close second at .321853. This suggests that both are important for the Risks model. The overall inconsistency index is 0.0225.
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Figure 23 Ideal Priorities for Risks Control Cluster

The ideal values in Figure 23 also show the Energy Policy Failure control criteria has the highest priority and an overall inconsistency index of 0.0225. 
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Figure 24 Inconsistency Report for Risks Control Cluster

Figure 24 compares the “best” value to the values we chose to complete the various control criteria pairwise comparisons. Despite the differences between our chosen values and the “best” values, the overall inconsistency values are below the 0.10 threshold. The actual differences between the two sets on inconsistency values are not significant. We also feel that our values are more appropriate for the model.

4.5 BOCR Overall Priority Analysis

This section will show the priority results once the pairwise comparisons for the clusters and nodes were performed for the BOCR sub-networks.  We decided that once we determined which nodes had the highest priorities that when added would fall between a range of 70 to 75% of the priorities in each of the BOCR sub-networks.  These have been show in the figures above and highlighted in blue in the tables of Section 3.0.
	
	
	
	
	
	

	Merits
	1st Level
	2nd Level
	3rd Level
	Priorities
	

	Benefits
	B1 Political
	B11 International
	B111 Bargaining Power
	0.004867
	 

	 
	
	
	B112 Energy Policy Leadership
	0.000811
	 

	 
	
	B12 Domestic Political Stability
	
	0.017035
	 

	 
	B2 Societal
	B21 Technology Development
	
	0.013072
	 

	 
	
	B22 Sense of Well Being
	B221 Job Security
	0.039335
	0.039335

	 
	
	
	B222 National Pride
	0.007403
	 

	 
	
	
	B223 Energy Assurance
	0.013933
	 

	 
	
	B23 Controlling Consumer Cost of Energy
	
	0.056331
	0.056331

	 
	B3 Economic
	B31 Domestic Energy Cost Control
	
	0.037603
	0.037603

	 
	
	B32 Domestic Economic Security
	B321 Domestic Emp. Growth
	0.039794
	0.039794

	 
	
	
	B322 Domestic Mfg. Growth
	0.019897
	 

	 
	
	B33 International Growth
	
	0.015792
	 

	 
	B4 Technological
	B41 Domestic Environmental Quality
	
	0.009825
	 

	 
	
	B42 Domestic Technology Superiority
	
	0.003893
	 

	 
	
	B43 International Trade
	
	0.014993
	 

	 
	
	B44 International Technology Leadership
	
	0.003584
	 

	 
	B5 National Security
	B51 Military
	
	0.007529
	 

	 
	
	B52 Less Dependence on Foreign Influences
	
	0.022586
	0.022586

	 
	B6 Environmental
	B61 Oil Peaking
	
	0.108695
	0.108695

	 
	
	
	Total =
	0.436978
	0.304344

	 
	
	
	75% OF TOTAL =
	0.327734
	 

	 
	
	
	70% OF TOTAL =
	0.305885
	 

	 
	 
	 
	 
	 
	 


	Merits
	1st Level
	2nd Level
	3rd Level
	Priorities
	

	Opportunities
	O1 Political
	O11 International
	O111 Bargaining Power
	0.014428
	 

	 
	
	
	O112 Energy Policy Leadership
	0.004809
	 

	 
	
	O12 Domestic Political Stability
	
	0.096184
	0.096184

	 
	O2 Economic
	O21 Domestic Energy Cost Control
	
	0.025361
	 

	 
	
	O22 Domestic Economic Security
	O221 Domestic Emp. Growth
	0.034071
	 

	 
	
	
	O222 Domestic Mfg. Growth
	0.068142
	0.068142

	 
	
	O23 International Growth
	
	0.037768
	0.037768

	 
	
	O24 Oil Peaking
	
	0.123978
	0.123978

	 
	O3 Technological
	O31 Domestic Environmental Quality
	
	0.005877
	 

	 
	
	O32 Domestic Technology Superiority
	
	0.010028
	 

	 
	
	O33 International Trade
	
	0.014557
	 

	 
	
	O34 International Technology Leadership
	
	0.004074
	 

	 
	
	
	Total =
	0.439277
	0.326072

	 
	
	
	75% OF TOTAL =
	0.329458
	 

	 
	
	
	70% OF TOTAL =
	0.307494
	 

	 
	 
	 
	 
	 
	 


	Merits
	1st Level
	2nd Level
	3rd Level
	Priorities
	

	Costs
	C1 Political
	C11 International
	C111 Bargaining Power
	0.004126
	 

	 
	
	
	C112 Foreign Political Backlash
	0.016505
	 

	 
	
	C12 Domestic-Special Interest Groups
	C121 Environmental
	0.005731
	 

	 
	
	
	C122 Business
	0.001146
	 

	 
	C2 Societal
	C21 Sense of Well Being
	C211 Petroleum Products
	0.003086
	 

	 
	
	
	C212 Coal
	0.001585
	 

	 
	
	
	C213 LNG
	0.003285
	 

	 
	
	
	C214 Natural Gas
	0.001059
	 

	 
	
	
	C215 Hydrogen Economy
	0.025047
	 

	 
	
	
	C216 Nuclear
	0.009508
	 

	 
	
	
	C217 Renewables
	0.007278
	 

	 
	
	C22 Short Term Consumer Cost Increase
	
	0.007264
	 

	 
	C3 Economic
	C31 Domestic
	C311 Domestic Emp. Loss
	0.126447
	0.126447

	 
	
	
	C312 Domestic Grid Stability
	0.031612
	0.031612

	 
	
	C32 International
	C321 International Exports
	0.002242
	 

	 
	
	
	C322 Int. Trade/Tariffs/Sanctions
	0.001121
	 

	 
	C4 Technological
	C41 Domestic R&D Costs
	
	0.000608
	 

	 
	
	C42 Domestic Deployment Costs
	
	0.004285
	 

	 
	
	C43 Domestic Transition Costs
	
	0.007397
	 

	 
	
	C44 International Trade Costs
	
	0.001738
	 

	 
	C5 National Security
	C51 Increased Terrorism
	
	0.013227
	 

	 
	
	C52 Oil Peaking
	
	0.105814
	0.105814

	 
	
	
	Total = 
	0.380111
	0.263873

	 
	
	
	75% OF TOTAL =
	0.285083
	 

	 
	
	
	70% OF TOTAL =
	0.266078
	 

	 
	 
	 
	 
	 
	 


	Merits
	1st Level
	2nd Level
	3rd Level
	Priorities
	

	Risks
	R1 Energy Policy Failure
	R11 International Backlash
	 
	0.003343
	 

	 
	
	R12 Domestic Instability
	
	0.008978
	 

	 
	
	R13 Economic Calamity
	
	0.026409
	0.026409

	 
	
	R14 Society
	
	0.012719
	 

	 
	
	R15 National Security Compromised
	
	0.004467
	 

	 
	R2 Technological
	R21 Fuel Choice
	R211 Petroleum Products
	0.000882
	 

	 
	
	
	R212 Coal
	0.000569
	 

	 
	
	
	R213 LNG
	0.003340
	 

	 
	
	
	R214 Natural Gas
	0.000859
	 

	 
	
	
	R215 Hydrogen Economy
	0.008566
	 

	 
	
	
	R216 Nuclear
	0.005140
	 

	 
	
	
	R217 Renewables
	0.000532
	 

	 
	
	R22 Research and Development
	
	0.002204
	 

	 
	
	R23 Infrastructure
	
	0.005128
	 

	 
	R3 Environmental
	R31 Increased Emissions
	
	0.012552
	 

	 
	
	R32 Political
	
	0.025604
	0.025604

	 
	
	R33 Health
	
	0.016100
	 

	 
	
	R34 Fuel Choices
	R341 Petroleum Products
	0.023327
	0.023327

	 
	
	
	R342 Coal
	0.020303
	 

	 
	
	
	R343 LNG
	0.005747
	 

	 
	
	
	R344 Natural Gas
	0.004038
	 

	 
	
	
	R345 Hydrogen Economy
	0.003840
	 

	 
	
	
	R346 Nuclear
	0.021823
	0.021823

	 
	
	
	R347 Renewables
	0.002182
	 

	 
	R4 Economic
	R41 Oil Peaking
	
	0.230775
	0.230775

	 
	
	
	Total =
	0.449427
	0.327938

	 
	
	
	72% OF TOTAL =
	0.323587
	 

	 
	
	
	70% OF TOTAL =
	0.314599
	 

	 
	 
	 
	 
	 
	 


4.6 Alternatives Subnet for BOCR

This section will indicate what changes were made to each of the alternative sub-networks for each of the BOCR sub-networks.  Some of this may be repeated but the figures show the inter-dependencies and feedback between the clusters and nodes.
4.6.1 Benefits

4.6.1.1 B23 Controlling the Consumer Cost of Energy
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Figure 25 Alternative Subnet for Controlling the Consumer Cost of Electricity
Figure 25 is the modified Alternative Subnet for B23 Controlling the Consumer Cost of Energy. We removed several nodes from the Alternative Subnet Template that we felt were not significant contributors to this subnet. These include the Commercial Sector, International Sector, Non-Energy Related Trade Blocs and the entire Economic Cluster. 

4.6.1.2 B221 Job Security
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Figure 26  Alternative Subnet for Job Security
Figure 26 is the modified B221Alternative Subnet for Job Security. We removed several nodes from the Alternative Subnet Template that we felt were not significant contributors to this subnet. These include the Residential Sector, Employment and the entire Lobbyists cluster. 
4.6.1.3 B31 Domestic Energy Cost Control
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Figure 27  Alternative Subnet for Domestic Energy Cost Control
Figure 27 is the modified Alternative Subnet for B31 Domestic Energy Cost Control. We removed several nodes from the Alternative Subnet Template that we felt were not significant contributors to this subnet. These include the Non-Energy Related Trade Blocs, International Sector and the entire Economic cluster. 
4.6.1.4 B321 Domestic Employment Growth
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Figure 28  Alternative Subnet for Domestic Employment Growth
Figure 28 is the modified Alternative Subnet for B321 Domestic Employment Growth. We removed several nodes from the Alternative Subnet Template that we felt were not significant contributors to this subnet. These include the Trade Blocs cluster and Residential Sector. Instead of the Employment node in the Economic Cluster, we used Available Labor Skill Mix. We implied that to have domestic employment growth in related energy industries, US workers need to have the appropriate skills for these industries. 

4.6.1.5 B52 Less Dependence on Foreign Influences
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Figure 29  Alternative Subnet for Less Dependence on Foreign Influences
Figure 29 is the modified Alternative Subnet for B52 Less Dependence on Foreign Influences. We removed several nodes from the Alternative Subnet Template that we felt were not significant contributors to this subnet. These include the entire Economics cluster, Residential Sector and International Sector. 
4.6.1.6 B61 Oil Peaking
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Figure 30  Alternative Subnet for Oil Peaking
Figure 30 is the modified Alternative Subnet for B61 Oil Peaking. We removed several nodes from the Alternative Subnet Template that we felt were not significant contributors to this subnet. These include the entire Economics cluster, Non-Energy Related Trade Blocs, Residential Sector and Commercial Sector. 
4.6.2 Opportunities

4.6.2.1 O12 Domestic Political Stability
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Figure 31  Alternative Subnet for Domestic Political Stability
Figure 31 is the modified Alternative Subnet for O12 Domestic Political Stability. We removed several nodes from the Alternative Subnet Template that we felt were not significant contributors to this subnet. These include the entire Trade Blocs cluster and Employment. 

4.6.2.2 O23 International Growth
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Figure 32  Alternative Subnet for International Growth
Figure 32 is the modified Alternative Subnet for O23 International Growth. We removed several nodes from the Alternative Subnet Template that we felt were not significant contributors to this subnet. These include the entire Lobbyists cluster. 
4.6.2.3 O24 Oil Peaking
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Figure 33 Alternative Subnet for Oil Peaking
Figure 33 is the modified Alternative Subnet for O24 Oil Peaking. We removed several nodes from the Alternative Subnet Template that we felt were not significant contributors to this subnet. These include Non-Energy Related Trade Blocs, Residential Sector, Industrial Sector, Commercial Sector, International Sector and the entire Lobbyists cluster. 
4.6.2.4 O222 Domestic Manufacturing Growth
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Figure 34  Alternative Subnet Domestic Manufacturing Growth
Figure 34 is the Alternative Subnet for O222 Domestic Manufacturing Growth. We made no changes to the Alternative Subnet Template for this subnet. 

4.6.3 Costs

4.6.3.1 C311 Domestic Employment Loss
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Figure 35  Alternative Subnet for Domestic Employment Loss
Figure 35 is the modified Alternative Subnet for C311 Domestic Employment Loss. We removed several nodes from the Alternative Subnet Template that we felt were not significant contributors to this subnet. These include Non-Energy Related Trade Blocs, Employment, Residential Sector, International Sector, the entire Lobbyists cluster, President and Congress. We added in Law and Order in the Society Cluster believing that increased unemployment may cause an increase in crime rates. 
4.6.3.2 C312 Domestic Grid Stability

[image: image39.png][8 subnet under 3Costs -> C312 Domestic Grid Instal

y. ~=loix|

Fle Design AssessjCompare Computations  Networks  Help

BFRSL  Arachacssm @

. S [=TE

= Alternatives

1 Status Quo Energy Pallcyl

S =]

1 Energy thtedl

4 Utiity Secmrl





Figure 36  Alternative Subnet for Domestic Grid Stability
Figure 36 is the modified Alternative Subnet for C312 Domestic Grid Stability. We removed several nodes from the Alternative Subnet Template that we felt were not significant contributors to this subnet. These include the entire Economic cluster, Non-Energy Related Trade Blocs, Residential Sector, International Sector and the entire Lobbyists cluster. 
4.6.3.3 C52 Oil Peaking
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Figure 37  Alternative Subnet for Oil Peaking
Figure 37 is the modified Alternative Subnet for C52 Oil Peaking. We removed several nodes from the Alternative Subnet Template that we felt were not significant contributors to this subnet. These include Employment, Non-Energy Related Trade Blocs, the entire Consumer Groups cluster and the entire Lobbyists cluster. We also added in Terrorism in the National Security Cluster. We believe the potential for terrorism may be a factor in our decision as a result of oil peaking and changes in US energy policy.
4.6.4 Risks

4.6.4.1 R13 Economic Calamity
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Figure 38  Alternative Subnet for Economic Calamity
Figure 38 is the modified Alternative Subnet for R13 Economic Calamity. We removed several nodes from the Alternative Subnet Template that we felt were not significant contributors to this subnet. These include President, Congress, Employment, Residential Sector, Non-Energy Related Trade Blocs and the entire Lobbyists cluster. We also added in Terrorism in the National Security Cluster. We believe the potential for terrorism may be a factor in causing Economic Calamity as a result of the chosen US energy policy.
4.6.4.2 R32 Political
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Figure 39  Alternative Subnet for Political
Figure 39 is the modified Alternative Subnet for R32 Political. We removed several nodes from the Alternative Subnet Template that we felt were not significant contributors to this subnet. These include the entire Economic cluster, Energy Related Trade Blocs, Commercial Sector, International Sector and Fuel Specific Groups.
4.6.4.3 R341 Petroleum Products
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Figure 40  Alternative Subnet for Petroleum Products
Figure 40 is the modified Alternative Subnet for R341 Petroleum Products. We removed several nodes from the Alternative Subnet Template that we felt were not significant contributors to this subnet. These include the entire Economic cluster, the entire Trade Blocs cluster, Residential Sector, Commercial Sector and International Sector.
4.6.4.4 R346 Nuclear
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Figure 41  Alternative Subnet for Nuclear
Figure 41 is the modified Alternative Subnet for R346 Nuclear. We removed several nodes from the Alternative Subnet Template that we felt were not significant contributors to this subnet. These include the entire Economic cluster, the entire Trade Blocs cluster, Industrial Sector, Commercial Sector, International Sector and Fuel Specific Groups. We also added in Terrorists in the National Security Cluster. We believe the potential for terrorism may be a factor serious risk with the nuclear power industry.
4.6.4.5 R41 Oil Peaking
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Figure 42  Alternative Subnet for Oil Peaking
Figure 42 is the modified Alternative Subnet for R41 Oil Peaking. We removed several nodes from the Alternative Subnet Template that we felt were not significant contributors to this subnet. These include the entire Lobbyists cluster and International Sector.
4.7 BOCR/Alternative Analysis

The following figures in this section shows how the alternatives were ranked for Benefits, Opportunities, Costs and Risks.

For the Benefits and Opportunities models the Energy Independence Emphasis was ranked the highest followed by Complete Energy Independence.

For the Costs model, the Comparative Advantage Approach was the most costly. Interestingly, the other three alternatives were very close in rating. This suggests that all three have about the same level of costs and are interchangeable in a decision as far as costs are concerned.

The results of the Risks model show the Comparative Advantage Approach to be the most risky followed by Complete Energy Independence.

4.7.1 Benefits
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Figure 43  Synthesized Priorities for the Alternatives under Benefits

4.7.2 Opportunities
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Figure 44  Synthesized Priorities for the Alternatives under Opportunities

4.7.3 Costs
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Figure 45  Synthesized Priorities for the Alternatives under Costs

4.7.4 Risks
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Figure 46  Synthesized Priorities for the Alternatives under Risks

5.0 Strategic Rating Model:

Below is the Strategic Rating Model. We chose three strategic control criteria: Energy Security, International Competitiveness and Environmental Quality.  We used these criteria as they were the same criteria indicated in a xxxxxxxxxxxxxxxx.
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Figure 47  Strategic Ratings Model
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Figure 48 Ratings for BOCR wrt Strategic Control Criteria

Figure 48 shows how we rated Benefits, Opportunities, Costs and Risk wrt to the three Strategic Control Criteria. Each was rated as High, Moderate or Low for each of the Strategic Control Criteria.
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Figure 49 Synthesized Priorities for BOCR wrt Strategic Control Criteria

Figure 49 shows that Benefits and Opportunities were rated as the most significant of the merits. Risks was rated third and Costs was last.
6.0 Model Results:

The synthesized results of the entire model which took into account the weighting factors of the strategic rating model discussed in section 5.0 of this report is illustrated in Figure 50.  The figure indicates that the United States of America energy policy should be strongly driven toward an energy independence emphasis.  The energy independence emphasis alternative was twice the better alternative than the complete independence approach and three orders of magnitude better than the status quo approach.  The comparative approach which lagged the other three alternatives to actually value as -0.064824 indicated that it should never be considered as an energy policy option.  

All of the alternatives are based on the aforementioned analysis and pairwise comparisons that were performed for the BOCR model addressing the energy security of the United States of America.   Sensitivity analyses were performed to determine if the judgments made would affect the synthesized results in Figure 50.
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Figure 50  BOCR Synthesized Priorities

7.0 Sensitivity Analysis:

A sensitivity analysis was performed for the BOCR hierarchy to determine if the overall results illustrated in Figure 50 of section 6.0 would vary due to the judgments made in the model.  This section will look at each of the main control criteria identified as the Benefits, Opportunities, Costs, and Risks associated with the goal of the energy security of the United States of America.

7.1 Benefits

The benefits sensitivity analysis illustrated in Figure 51 indicates that the greatest benefits will always be achieved through Alternative # 2, energy independence emphasis.  Alternative # 2 is followed by Alternative # 3, Complete Energy Independence, which is two orders of magnitude and at times three orders less significant than Alternative # 2.  Alternative # 1, Status Quo Approach, does not present itself as providing any benefit until after a 15% emphasis on the benefits related to the energy security of the United States is considered. 
The comparative advantage approach, Alternative # 4, begins to provide positive benefits after 40% emphasis on the energy security issue is considered but at this point Alternative # 1 is at it highest benefit potential of 60%.  This point is captured in the following figure by the dashed vertical line.



[image: image54.png][ sensitivity analysis for Super Decisions Mz oy =10 x|
Eb & uED |Sensitivity analysis For Super Decision:
-
.
e
N
-
.
N
N

et Gl Everay Sec [0 404672947368





              Figure 51 Sensitivity Analysis Benefits Chart

7.2 Opportunities

The Opportunities sensitivity analysis illustrated in Figure 52 indicates that the greatest opportunities will be present through Alternative # 2, Energy Independence Emphasis.  Alternative # 2 with a priority value of 0.562 is followed by Alternative # 3, Complete Energy Independence, which is 0.284 when there is a 40% emphasis associated to the opportunities with respect to the energy security of the United States of America.  The Status Quo Approach, Alternative # 1, does present higher opportunity potential compared to Alternative 3 below a 10% emphasis.  Above a 10% emphasis it levels out from a 5% to 10% opportunity potential. Likewise, Alternative # 3 increases from a 5% to a 30% opportunity potential at the extreme emphasis scenario.

The comparative advantage approach, Alternative # 4, begins to provide positive opportunities after a 40% emphasis on the energy security issue is considered but at this point Alternative # 1 is at it highest opportunity  potential of 60%.  This point is similar to the benefits sensitivity analysis and is captured in the following figure by the dashed vertical line.
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           Figure 52  Sensitivity Analysis Opportunities Chart

7.3 Costs

The Costs sensitivity analysis illustrated in Figure 53 indicates that the greatest costs will be present through Alternative # 4, Comparative Advantage Approach, at any given emphasis or judgment.  The next costly alternative is, Status Quo Approach which is followed by Complete Energy Independence.  This leaves the least costly alternative as the Energy Independence Emphasis.  As Figure 53 indicates that not until an emphasis greater than 60% is considered will Alternative # 2’s cost enter a negative range, but still the least cost when compared to the other three alternatives.

What is also interesting in the figure below is that when a cost is the primary emphasis when considering the direction for the energy security of the United States of America, Alternatives 1-3 converge but are still significantly less costly than Alternative #4, Comparative Advantage Approach. 
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Figure 53  Sensitivity Analysis Costs Chart


7.4 Risks

The Risks sensitivity analysis illustrated in Figure 54 indicates that the greatest risks will be present through Alternative # 4, Comparative Advantage Approach, at any given emphasis or judgment.  The Status Quo Approach follows as the next riskier alternative until a 53% emphasis is considered where it changes ranking with the Complete Independence Alternative.  Alternative # 2 once again shows to be the best option or creating the least risk.

Another convergence point is illustrated when risk concerns are paramount to benefits, opportunities, and cost.  That convergence is between Alternative # 1, Status Quo Approach, and Alternative # 2, Energy Independence Emphasis.  
[image: image57.png]=10l x|

Ele Edt Hep |Sensitivity analysis For Super Decisions M
=
"
.
=
=
N
N
.
.

v

et Gl Everay Sec [0 BeA2 1062632





Figure 54  Sensitivity Analysis Risks Chart



8.0 Conclusion:

Deciding the direction of the U.S. energy policy to ensure the energy security of the United States of America is a very complex issue with many influences on how that decision will turn out.  As the model demonstrated many of the forces that we would consider as important are not that significant in the grand scheme.  The do play a part on how the true drivers or motivators for one alternative versus another is decided so they should not be easily dismissed.

Table C1 indicates that an energy independence emphasis should drive the energy policy of the U.S. and intuitively that is the answer that we would have chosen.  It created the greatest benefits and opportunities while generating the least costs and risks when considered against the multitude of criteria we modeled.

Table C2 shows that the Status Quo Approach for Benefits and Opportunities it was ranked 3rd and 4th respectively. When it was ranked for Costs and Risks it was the 3rd and 4th least, respectively.  This makes sense since this alternative has an order of flexibility but in the long run it is not the best alternative with regard to an energy policy direction.

Table C3 shows that by far the Energy Independence Emphasis is the alternative of choice and should be selected under any of the other alternatives.  It was ranked first in providing the most benefits and opportunities and the least costs and risks.  While it may show risk as 3rd it is a close tie with respect to Status Quo Approach.  Their priority rankings are 0.196385 ad 0.187298, respectively, or a 1% difference.

Table C4 indicates that the complete energy independence alternative is twice as significant as a status quo approach with respect to benefits and opportunities it has struck the bulls eye as it ranks it the 2nd highest in cost and risk. The costs associated with converting the entire energy infrastructure to be run from domestic resources would and most likely bankrupt the country.  In addition, the isolationism that would be perceived by the global community could increase the risk of terrorism and trade sanctions and tariffs against the U.S.

Table C5 indicates the obvious that in every instance the Comparative Advantage Approach is the worst alternative for the United States of America.  It has the highest costs and risk while providing the least benefits and opportunities.

we have learned a lot from this model and there is a significant amount of further analysis that needs to be performed in order to understand what the model has calculated based on the judgments made with each pairwise comparison.  This obviously is not the end for this model as modifications will be made once the results are discussed with experts in the industry.


	Graphic
	Alternatives
	Total
	Normal
	Ideal
	Ranking

	                               
	1 Status Quo Energy Policy
	0.1021
	0.1257
	0.2257
	3

	                               
	2 Energy Independence Emphasis
	0.4522
	0.5567
	1.0000
	1

	                               
	3 Complete Energy Independence
	0.2054
	0.2528
	0.4542
	2

	                               
	4 Comparative Advantage Approach
	-0.0527
	-0.0648
	-0.1164
	4


Table C1  BOCR Model results


	1 Status Quo Energy Policy
	Total Priority
	Rank

	1Benefits
	0.4783
	3

	2Opportunities
	0.2733
	4

	3Costs
	0.3569
	3

	4Risks
	0.4448
	4


Table C2  Ranking of the Status Quo Alternative Against BOCR



	2 Energy Independence Emphasis
	Total Priority
	Rank

	1Benefits
	0.8737
	1

	2Opportunities
	0.9541
	1

	3Costs
	0.3503
	4

	4Risks
	0.4663
	3


Table C3  Ranking of the Energy Independence Emphasis Alternative Against BOCR


	3 Complete Energy Independence
	Total Priority
	Rank

	1Benefits
	0.5477
	2

	2Opportunities
	0.6725
	2

	3Costs
	0.3649
	2

	4Risks
	0.6430
	2


Table C4  Ranking of the Complete Energy Independence Alternative Against BOCR


	4 Comparative Advantage Approach
	Total Priority
	Rank

	1Benefits
	0.4153
	4

	2Opportunities
	0.2985
	3

	3Costs
	0.9040
	1

	4Risks
	0.8204
	1


Table C5  Ranking of the Comparative Advantage Approach Alternative Against BOCR
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