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Summary of Problem
Energy is the vital force powering business, manufacturing, and the transportation of goods and services to serve both developed and emerging economies. Energy supply and demand plays an increasingly vital role in the world's national security and the economic output of every nation.

As oil prices soar towards $200 per barrel and as estimates of reserves indicate that we have passed the half way point of total extraction, many claim that world oil production is about to enter a period of irrevocable decline.  As the need for energy grows, the challenge also grows to establish clean fuel initiatives and to make investments in cutting edge research to develop sustainable sources such as solar, geo or wind power.   Thus the question of which strategic initiatives to back must be carefully considered. 

This analysis, conducted by a team of executives from the University of Pittsburgh’s Katz School of Business under the guidance of Thomas L Saaty, is an attempt to rationalize myriad interrelated factors using a proven methodology to determine which energy sources will prevail in the coming 15-20 years.   This analysis can thus provide insight for decision making in the energy sector about long term business strategy and technology investments.  
Methodology

Implications of model

The idea behind the Theory and Applications of the Analytic Network Process (ANP) is to derive priority scales of absolute numbers that are based off of values that are not easily measured objectively. The data is a compilation of individualized opinions and interpretations. 

In this case, the executive business team used the ANP methodologies to derive recommendations for alternative sources of energy or the best mix of energy sources. The hierarchal set-up evaluated identified criteria, which was then further broken down into sub-criteria. The crux of this method is to determine the extent to which the dependencies or interdependencies of identified variables impact the final outcome. The variables are analyzed directly with some elements or indirectly with others. They are given a weighted values based on strength (in terms of dominance). This is done by looking at the variables, with respect to the criterion they fall under, and assessing which one is more dominant to the other by making so called pair-wise comparisons. Since this is not a linear structure, the comparative analysis between the variables is also performed to determine how the dominant one affects a third element and so on. 

Steps

Assign a goal: The goal was to identify which mix of existing and alternative energy sources is most likely to emerge over the next 15-20 years.

Open the BOCR model: This model is used to run samples against the Benefits, Opportunities, Costs and Risks template. The model was used in this study because of its direct relevance. This is the top level network. Each category in this model was initially assessed independently of the others. The data was combined in the final analysis.

Define subnets within the BOCR model: For each of these modules, a subnet was assigned. These are designated the control criteria. For each of the control criterion, an analysis was run to set a priority of importance for each component. This was accomplished by pitting each criterion against another and assigning it a relative strength. After this was done, another set of subnets was determined for each of the control criterion that was deemed to have a high priority. This second layer of subnets is where the alternative variables (i.e. what choices of energy sources) are displayed. The identified alternatives are nuclear, solar, wind, fossil, hydro, bio and geothermal.

Run the cluster comparisons: For the network of cluster variables, the comparative analysis was to again assess strengths. This gave a Relative Analysis of strength. Within each comparison, consistency was measured (via the ANP software). The target consistency value is less than 0.1. If this value was not obtained, the comparative values were reassessed. 

Run the Ratings comparison:  Each of the variable elements were put into a matrix (via the ANP software) to assign a numerical value that was attributed to a characteristic. The values are relative to a normalized scale. The characteristics ‘very high’, ‘high’, ‘medium’, ‘low’ and ‘very low’ were given the numerical values (‘very high’ was normalized to 1.0). 

Define the strategic criteria: Criteria should be identified that will give measurable outcomes that are directly relevant in determining the outcome you are seeking (i.e. the identified goal). In this case, the identified strategic criteria were Survival, Entertainment, Preservation of Civilization, Economic Well-being and Environmental Hazards. The values that were given in the Ratings comparison were plugged into this matrix so that each attribute can be compared to the different strategic criteria. After each of the strategic criterions was given an assigned value, a synthesis computation was run. The final outcome of the synthesis computation graphically represents the desired goal: i.e. what is the most favorable energy source.    

Analysis

The model considers the BOCR elements (Benefits, Opportunities, Costs and Risks) for each power generating technology, which were analyzed under 5 main criteria: political, technological, social, economic and environmental.
The model evaluated seven power generating alternatives:

· Bio fuels

· Fossil

· Geothermal

· Hydro

· Nuclear

· Solar 

· Wind

After determined the priorities of each power generating technology in each of the BOCR elements, they were ranked using 5 strategic criteria:

· Survival : how critical that kind of power generating technology is to human being survival in the long run

· Entertainment: how linked to entertainment is the consumption

· Preserve Civilization: How that kind of energy can help humans to live in groups, sharing  social well being

· Economic Well Being: what is the impact of that technology on world economic development and sustainable growth
· Environmental Hazards: how can they affect the environment by emissions, global warming, residuals, fuel consumption, efficiency on generation, transmission, distribution and use.
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Main Window
Model Architecture
The models was constructed in an hierarchical way, structuring the BOCR analysis for each of the power generating possibilities.

Decision tree:
Power generating technologies
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Each of the analysis were run independently by different sub groups, reflecting multiple and different points of view about the problem and possible solutions.
The following results came from each BOCR element:
Benefit:
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Fossil (17,4%), Nuclear (16,9%) and Hydro (15,3%) are the most prioritized technologies in Benefit Analysis, which is consistent as far as they are responsible for the greatest part of energy generation until now.

[image: image13.png]1<atz

Graduate School of Business



Opportunities:

Wind (19,5%), Bio (19%) and Solar (18%) were the most prioritized as opportunities, because of the scarcity of natural resources for traditional methods (rivers, dams, oil, coal, etc), lower environmental impact and high investments in technology for research and development.
Costs:
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Nuclear, Solar and Fossil are the three technologies considered to have high cost in the generating process. Either economic cost, or investment required or because they are not available in order to supply the entire demand in a cost effective way.

Risks
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Fossil (28,7 %), Nuclear (23,8%) and Hydro (20,4%) were considered to be the riskiest technologies. Availability, Economic and Environmental factors were the most relevant issues in the analysis. The results reinforce that traditional technologies are becoming challenged because of natural resources scarcity, environmental impact and cost/efficiency ratio.
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Example of priorities in the risk sub network, showing that availability, economic and environmental issues were the most important ones when evaluating the risks of each technology.

Final Results:

After evaluating each BOCR element, the final step was to define strategic criteria and a rating table in order to define priorities.

Each BOCR factor was judged by each strategic criteria and a final rating matrix was constructed.
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After evaluating each of BOCR factors, the model resulted in the following chart:
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By this the model, Wind Power Generating, Solar Power Generating and Geothermal Power Generating should be the technologies for the future.
As expected, the currently most deployed technologies such as Fossil, Nuclear and Hydro are not considered as alternatives for the next years.
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Strategic Criteria Prioritization: Survival (47%), Environmental Hazards (24%) and Preserve Civilization were the most weighted factors for conclusion.

Sensitivity
In evaluating the results of the model, one must consider the sensitivities of the various factors employed by the model so one may understand how robust the model is under different priorities of benefits, opportunities, costs and risks.  The software allows the user to evaluate sensitivities by isolating benefits, opportunities, costs and risks and then varying the related priorities. Figure 1 below shows how the 8 potential energy sources compare in terms of benefits at the 0.5 priority level.  The light blue line represents the alternative for wind energy, the preferred solution at that priority level.  As we vary the priority from 0 to 0.6, the alternatives begin to converge almost to a point.  At this priority level, all alternatives are nearly equally preferred.  As we increase the priority from 0.6 to 1.0, nuclear and hydro begin to dominate among a tightly group set of alternatives.
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            Figure 1 Benefits Sensitivity 


Figure 2 Cost Sensitivity
Figure 2 shows Cost Sensitivity under various priority levels.  We can see that at low levels of cost priority, less than 0.25, Wind energy is preferred.  Above that value, the alternatives converge with geothermal being the most strongly preferred.

Similarly, we have calculated the Sensitivities of Opportunity and Risk.  For both, we see that the Wind alternative is a robust solution.  
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The ratings represent the consensus of a group of international professionals from a variety of industries.  While these ratings likely reflect aggregate opinions of the broader business community, we acknowledge that new data would cause us to rate differently.  For example, a sudden and rapid decrease in global temperatures could abate fears of global warming and actual favor fossil fuels such as coal which would increase CO2 levels to counteract potentially harmful trends.
Discussion
At the end of 2007, worldwide capacity of wind-powered generators was 94.1 gig watts.  Although wind currently produces about 1.3% of world-wide electricity use, it accounts for approximately 19% of electricity production in Denmark, 9% in Spain and Portugal, and 6% in Germany and the Republic of Ireland (2007 data). Globally, wind power generation increased more than fivefold between 2000 and 2007. 

Most wind power is generated in the form of electricity. Large scale wind farms are connected to electrical grids. Individual turbines can provide electricity to isolated locations. In windmills, wind energy is used directly as mechanical energy for pumping water or grinding grain.

Wind energy is plentiful, renewable, widely distributed, clean and reduces greenhouse gas emissions when it displaces fossil-fuel-derived electricity. The intermittency of wind seldom creates problems when using wind power to supply a low proportion of total demand, but it presents extra costs when wind is to be used for a large fraction of demand. However these costs even for quite large percentage penetrations are considered to be modest.

Another aspect of this industry deepening has been greater activity in next-generation technologies, such as cellulosic ethanol, thin-film solar technologies and energy efficiency.  Wind continues to dominate sustainable energy investment, but the portfolio of available technologies has both widened (as nascent technologies start to come into their own) and deepened (as existing technologies are refined). This is partly in response to changing supply/demand patterns (e.g. continuing silicon shortages, or the controversial competition between food and fuel from food-based ethanol feedstocks), but also reflects improved efficiencies and decreasing costs as renewable technologies strive to reach grid parity. Furthermore, the willingness to look beyond mature technologies suggests that investors are taking renewable energy and energy efficiency increasingly seriously. 

Global investment in sustainable energy broke all previous records, with $148.4 billion of new money raised in 2007, an increase of 60% over 2006. Total financial transactions in sustainable energy, including acquisition activity, was $204.9 billion. Asset finance – investment in new renewable energy capacity - was the main driver for this surge in investment, rising 68% to reach $84.5 billion in 2007, fuelled mainly by the wind sector. Public market investment also raced ahead in 2007, with investment of $23.4 billion in 2007, more than double the $10.5 billion raised in 2006.

[image: image17.png]



Early-stage venture capital investment surged 112% to $2 billion in 2007, boosted by interest in emerging renewable technologies, rather than just those on the brink of commercialization, as competition for deals intensified. Private equity finance for expansion started strongly in 2007, driven largely by the boom in ethanol production in the US, but this ground to a halt in May 2007 as feedstock costs rose and ethanol prices fell. Overall, venture capital and private equity (VC/PE) investment in biofuels fell by almost one-third in 2007, to $2.1 billion. However, biofuels investment has not dried up altogether, shifting to Brazil, India and China, as well as towards second-generation technologies. Solar attracted by far the most VC/PE investment ($3.7 billion), both for new technologies and for manufacturing capacity expansion, although biomass and waste to energy saw the fastest (432%) growth. The US continued to lead VC/PE investment, but grew only slightly year on year in dollar terms. European investment is growing strongly as investors become more willing to take early-stage risk.

Sustainable energy accounted for 31 gigawatts (23%) of new power generation capacity added worldwide in 2007, and 5.4% of installed generation capacity. Wind power continues to dominate renewable energy capacity. In 2007, wind attracted more investment than nuclear or hydro, and accounted for more new generation capacity in Europe than any other power source. Interest in clean energy investment surged forward, with assets under management in clean energy funds rising to $35 billion in 2007 and boosting quoted sustainable energy companies’ valuations. The WilderHill New Energy Global Innovation Index (NEX) rose 57.9% in 2007. Sustainable energy companies continued to make their mark on the public equity markets, accounting for 19% of new capital raised by the energy sector in 2007. 

Acceptance of sustainable energy also became more widespread in the US, extending beyond its traditional heartland of California. A new administration in 2008 is expected to make renewable energy and energy efficiency a political priority and in recent months, regulatory uncertainty in the US (particularly over the possible introduction of a carbon tax) has put a number of coal-fired generation plants on hold. The financial sector is also gearing up for a major shift in political attitude. Citi, JPMorgan Chase and Morgan Stanley have jointly established a set of “Carbon Principles”, which will guide how they lend to and advise major power companies in the US. The three banks expect future investment in fossil fuel energy projects to be required to supply “reliable electric power to the US market” and have developed the principles to evaluate risks in financing these carbon-emitting projects, given the growing uncertainty around regional and national climate change policy. Under the Principles the banks will also consider power companies’ inclusion of energy efficiency and renewable resources in their portfolios as part of an “enhanced diligence process”.

Legendary entrepreneur and philanthropist T. Boone Pickens unveiled a new energy plan he says will decrease the United States’ dependency on foreign oil by more one-third and help shift American energy production toward renewable natural resources. “the Pickens Plan” calls for investing in domestic renewable sources such as wind, and switching from oil to natural gas as a transportation fuel.  The so called Pickens Plan would exploit the country’s wind corridor from the Canadian border to West Texas and produce twenty percent of the country’s electricity.  Transmission lines would be built to transport the power to places in the U.S. where the demand is.  Pickens has already invested heavily in wind, notably a planned 4,000 mega-watt wind farm in his native Texas.  It is planned to have this online by 2015.
Conclusions:

Based on the advances in wind power technology, the investment that the sector is currently attracting and the risks associated with fossil fuels, the conclusion of this analysis that wind power and other sustainable sources will emerge as a promising energy sources within the next 15-20 years seems not only plausible but likely.
Team Biography

[image: image18.jpg]


Alex Akio de Andrade

Alcoa Inc.

Sr. Consultant, Alcoa Operations Management Consulting (AOMC)

Alcoa Corporate Center, Pittsburgh PA USA

Presently Alex Andrade holds the position of Sr. Consultant, Alcoa Operations Management Consulting (AOMC) for Alcoa. He currently manages the Iceland Start up an Alcoa investment of US$2 Billion. Alex worked at numerous Alcoa Top Revenue Plants in the United States, Europe, Mexico and Australia. Alex launched AOMC’s consulting office in Western Australia that lead the Australian operations turnaround which leads to increase in NOPAT of more than $US100 Million per year. Alex received a degree in Mechanical Engineering from Universidade FAAP Sao Paulo and a Business degree from IBMEC. He is currently enrolled in the University of Pittsburgh Katz School of Business Global Executive MBA program.

[image: image19.jpg]


Marcio Franciosi Carvalho

NEC

Director – Products and Services

Sao Paulo, Brazil

Presently Marcio Carvalho holds the position of Director of Products and Services for NET Media and Telecommunications. He has experience of almost 10 years in the Media and Telecommunications industry. Marcio currently manages the Marketing, Innovation, and commercial deployments of products and services.  He also helped leading NET`s convergent offering strategy, helping the company to construct a new dynamic for telecommunication and entertainment segments in Brazil.

Marcio received a degree in Electrical Engineering from Universidade Federal do Rio Grande do Sul. He is currently enrolled in the University of Pittsburgh Katz School of Business Global Executive MBA program.

[image: image20.jpg]


Adam S. Fernandez 

V&M Star

General Supervisor of Mill Operations 

Youngstown, Ohio, USA

Presently Adam Fernandez is the General Supervisor of Pipe Mill Operations at V&M Star in Youngstown, Ohio, where he oversees daily operations and directs a workforce of seventy-five employees.  Adam has 14 years of professional experience between the banking and the manufacturing industries.  

Adam earned his Bachelor’s degree in Electrical Engineering Technology from Youngstown State University in 2002.  He is currently enrolled in the University of Pittsburgh Katz School of Business Global Executive MBA program.

[image: image21.png]Global Investment by Technology, 2007

Global Trends in Sustainable Energy Investment 2008

3% 2%

9% 2%

17%
43%
BWind " Solar
M Biofuels M Biomass & Waste
W Other renew M Efficiency

~ Other Low carbon

Source: New Energy Finance




Ryan Pruchnic 

Cook MyoSite 

Director of Operations

Pittsburgh, PA, USA

Presently Ryan Pruchnic is the director of operations of Cook MyoSite, where he is responsible to oversee the administration and manage scientific research; he was part of a dynamic team that customized the muscle derived cell isolation technology for use in human clinical trials. Ryan and the other members of MyoSite oversaw the first ever patient in a North American trial to be transplanted with an experimental myogenic cell product for the treatment of Stress Urinary Incontinence. Ryan Pruchnic received his Bachelor’s degree in Biology from the University of Pittsburgh. Ryan earned a Master’s degree in Exercise Physiology from the University of Pittsburgh. He authored or co-authored over 35 peer reviewed scientific journal articles and book chapters and has two patents pending.  He is currently enrolled in the University of Pittsburgh Katz School of Business Global Executive MBA program.

[image: image22.png]Sensitivity analysis for Super Decisions Main Win....

Fie Edt Hep

10
08
08

04

N s

06 07 08 09 10
04
08
08
Expeiinents
Fossl 6 0251 8
Geothemal 1 0002
Hydo 5 0151
Nuckear 7 0342
Solar 4 0132
Wind 2 002

oy Costs [0





Robert F Quinn

Corning Incorporated 

Commercial Manager

Corning, New York, USA

Presently Mr. Quinn is responsible for the sales and marketing of liquid crystal display products for Corning Incorporated.   Mr. Quinn has 18 years of professional experience in with various roles in operations, development, sales, marketing and general management.   Mr. Quinn holds a BS in Materials Engineering from Rensselaer Polytechnic Institute.   Mr. Quinn holds one US patent related to the design of a low pressure discharge device. He is currently enrolled in the University of Pittsburgh Katz School of Business Global Executive MBA program.













PAGE  
23

[image: image23.png]Sensitivity analysis for Super Decisions Main Wir
Fie Edt Hep

10

08

08

04

Expeiinents

Bo 4
Fossl 7
Geothemal 3
Hydo 5
Nuckar 6
Solar 2

oy Fisks [0



[image: image24.png]Sensitivity analysis for Super, Decisions Main Win.
Fie Edt Hep

10

08

08

04

02

Expeiinents

Fossl 7] o1t 8
Geothemal 3 0180
Hydo 6 0124
Nuckar 5 0126
Solar 2. 0180

Wind 1 0185 v

oy Benetis [0




_1145384509.bin

_1145384598.bin

