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Research Project Addendum: 
LMI/GW/EMSE-SU12  
 
STUDY TITLE:  
A Multiobjective “Analysis of Alternatives” 
Tool for Energy Investments at Fixed-Site 
Installations  
 
(i) Student Researcher: Iryna Payosova, EMSE-GWU  

GWID: G31544888           
Research Advisor: Jonathan P. Deason, Ph.D., P.E., 
EMSE-GWU 

 
(ii) OBJECTIVE OF THE RESEARCH PROJECT 

 
This research project will build upon the product of the summer 2011 project “A 
Multiobjective Benefit-Cost Framework for the Analyses of Net Zero Water Alternatives,” 
expand our prior findings to energy projects, and test the tool with input from subject 
matter experts.  
 
(iii) RESEARCH PROJECT INVESTIGATIONAL PLAN 

1. “Customer base” identification 
1.1. Identify potential users and areas for application of an energy Analysis of 

Alternatives (AoA) decision-support tool to be developed and tested in the 
proposed research 

1.2. Establish contact with agencies (such as Department of Defense and NASA) 
to learn about their needs and challenges in order to tailor the AoA tool in a 
manner most responsive to the needs of those agencies 

1.3. Identify and engage agency  points of contact to participate in a pilot test and 
validation of the tool 

 
2. Adapt the results of model development research from FY11 project to the energy 

sector applications 
2.1. Examine methodological output of last year’s project to apply it to the energy 

sector alternatives 
2.2. Refine model as needed to accommodate use in energy applications 
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3. Develop data to operationalize AoA decision-support tool 

3.1. Collect information for the matrix of requirements to be met by potential 
users of the decision-support tool: statutory, regulatory, internal 
organizational and other 

3.2. Create generic installation model reflecting the available suite of energy 
generation options 

3.3. Research and compile a barrier / limitation factor matrix 
3.4. Gather data to operationalize generic installation model 
3.5. Identify energy investment alternatives (portfolio and facility project) for 

generic installation model 
 

4. Implement model 
4.1  Identify and form SME group 
4.2 Develop objectives hierarchy via interaction with SME group 
4.3 Specify relevant criteria set from appropriate sub-objective level of hierarchy 
4.4 Perform analysis of alternatives using criteria set 

4.4.1 Determine Pareto optimal subset using a posteriori group utility 
elicitation (ex: factor profile) 

4.4.2 Determine optimal preferred alternatives using a priori group utility 
elicitation (ex: weighting) 

4.5 Comparison of a priori expert elicitation (weighting/utility function) with a 
posteriori expert elicitation (Pareto optimal subset) approaches in terms of 
effectiveness and decision maker preferences 

 
5. Evaluate model 

5.1. Develop Likert scale 
5.2. Evaluate model by decision makers using Likert scale 

 
6. Identify scope and limitations for AoA decision-support tool 

6.1  Investigate scope of applicability for model 
6.2  Conduct holistic review of model applicability and evaluation with 

appropriate decision makers

(iv) RESEARCH PROJECT SCHEDULE 
1. June 2012: 

1.1 Conduct literature review 
1.2 Collect data on regulations and requirements to be met by organizations 
1.3 Adapt the results of FY11 project to energy sector  
1.4 Contact Federal agencies 
1.5 Collect information on specific organizational needs and challenges 
1.6 Identify SME group 
1.7 Create and operationalize generic portfolio and facility models 
 

2 July 2012:  
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2.1 Develop objectives hierarchy  
2.2 Specify relevant criteria set  
2.3 Develop alternative investment portfolio set 
2.4 Determine criteria weights or other measures of group utility 
2.5 Determine Pareto optimal subset of investment portfolios using selected 

criteria set 
 

3 August 2012:  
3.1 Determine optimal investment portfolio from the Pareto optimal subset 

using SME weights/utility function 
3.2 Compare a priori expert elicitation (weighting/utility function) with a 

posteriori expert elicitation (Pareto optimal subset) approaches 
3.2 Evaluate methodology using SME input 
3.3 Prepare final report 
3.4 Present project findings to LMI 

 
(v) DATA ANALYSIS METHODS TO BE USED 
Multiobjective-multicriteria decision analysis, group idea generation, and structuring 
methodologies statistical data analysis methods 

 
(vi) REPORTING OF RESEARCH PROJECT DATA AND RESULTS  
This research project will be conducted by the student under the direct supervision of the 
Research Advisor. Interim and final project findings will be reported by the student to the 
Research Advisor. Reporting to the LMI by the student will be performed in the form of a 
written report and an oral presentation of final results.  The student will perform data 
analyses and report the results and recommendations in the final report.  The final report 
shall be submitted by the student to LMI on or before August 31, 2012.  
 
(vii) ESTIMATED DURATION OF THE RESEARCH PROJECT 
The estimated duration of the Research Project is three months, beginning on June 1, 2012 
and ending on August 31, 2012.  
 
(viii) RESEARCH PROJECT BUDGET, FELLOWSHIP FUNDING, AND OTHER PAYMENT 

TERMS 
Total requested funds amount to $12,000 being fellowship/stipend provided as project 
support for three months to be paid in three installments of $4,000 at the end of each 
month. 
 
(ix) ANY BACKGROUND INTELLECTUAL PROPERTY (AS DEFINED BELOW) OF THE 

PARTIES TO BE USED IN THE CONDUCT OF THE RESEARCH PROJECT 
To the best of my knowledge, there is no Background Intellectual Property held by either 
the student or research advisor at GWU for this particular project. 
 
(x) ALL OTHER MATTERS RELEVANT TO THE RESEARCH PROJECT 
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Currently, all other issues relevant and related to the proposed project have been 
adequately described as above. Any unforeseen issues that arise in the future will be 
discussed among the parties and appropriately incorporated. 
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Appendix: Research White Paper 
 

Multiobjective “Analysis of Alternatives” Tool for Energy Investments at 
Fixed-Site Installations 
 
Iryna Payosova 
 
The Department of Defense presently is facing unprecedented challenges in the area of 
sustainable energy supplies. In response to these challenges, the U.S. Federal government 
has mandated a series of extremely aggressive targets to guide a major transformation 
from dependence on fossil fuels to portfolios of renewable energy sources.  These 
mandates include those set forth in the Energy Policy Act of 2005 (EPAct05), the Energy 
Independence and Security Act (EISA) of 2007, the National Defense Authorization Act 
(NDAA) of 2007, and Executive Order 13514 (2009).1 Of these mandates, the 2007 NDAA 
sets by far the most aggressive target for this transition, specifying a 25% renewable 
energy goal by the year 2025.2 
 
The Department of the Army has responded aggressively to this challenge via its Net Zero 
Installation initiative, which focuses not only on energy, but also water and waste 
management.3,4,5,6 To date, however, neither the Department of the Army nor the 
Department of Defense have developed a comprehensive and widely accepted analytical 
framework and a set of relevant metrics to assist in moving towards the net zero goals.  To 
address this need, LMI has proposed to undertake an effort to lay out for the Department of 
Defense a program of “incremental development of macro level analysis of alternative 
(AoA)” tools.7 

 
1 “DoD Strategic Options for Renewable Energy” (Logistics Management Institute, Center for 

the Advancement of Sustainability of Innovations, n.d.), 1. 

2 John Warner, National Defense Authorization Act for Fiscal Year 2007, vol. 5122, 2006, sec. 

2852. 

3 “Army Energy Program: Vision for Net Zero”, n.d., http://army-

energy.hqda.pentagon.mil/netzero/default.asp. 

4 Samuel Booth et al., Net Zero Energy Military Installations: A Guide to Assessment and 

Planning, Technical Report (National Renewable Energy Laboratory, August 2010). 

5 “Army’s Net Zero Initiative”, n.d., http://armylive.dodlive.mil/index.php/2011/02/armys-net-

zero-initiative/. 

6 Joe Wyka et al., “Net Zero Initiative & CAB MILCON Update”, February 21, 2012. 

7 “DoD Strategic Options for Renewable Energy,” 1. 
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This document sets forth a proposal to assist LMI, civilian agencies, and military services in 
developing appropriate AoA tools by expanding the results of our 2011 research project by 
undertaking the development of a decision-support model to assist with the analysis and 
evaluation of alternative portfolio investments to achieve net zero water and energy-
efficient water supplies on fixed-site military installations.  It is envisioned that this 
decision-support model will assist the military services in analyzing and evaluating 
portfolios of investment alternatives in terms of the multiple objectives facing the 
Department of Defense, such as contributions to the “25x25” targets, goals mandated by 
EPAct05, EISA, FY11 NDAA, EO 13514, and related greenhouse gas and sustainability goals. 
 
The analysis and evaluation of alternative investment portfolios in the water and energy 
sectors will be directed towards identifying Pareto optimal investment portfolios while 
considering other relevant criteria such as the potential for mission impairment, capital 
and O&M costs, land and other resource requirements, and environmental and regulatory 
constraints.  In addition, selection of optimal investment portfolios from the Pareto subset 
will be investigated using utility weights elicited from subject matter experts. 
 
As mentioned above, the approach proposed in this document involves further 
development and fine-tuning of the decision support methodology developed in our 
summer 2011 research project and modification as necessary to transfer its applicability 
from the water sector to the energy sector.  This effort will include interactions with LMI 
client agencies, such as the Department of Defense and NASA, for the purpose of tailoring 
the decision-support methodology in a manner most responsive to the needs of those 
agencies.  That process will include the identification potential subject matter experts in 
those agencies for use in conducting a test implementation of the methodology.  That test 
implementation will include the development of a generic conceptual installation model 
containing typical installation level energy systems.   
 
In addition, other aspects necessary for prototype model implementation, such as the 
development of a matrix of targets (25x25 goals, etc.) and the development of conceptual 
energy investment alternatives, will be undertaken.  Implementation of the methodology 
will include, at a minimum, the following tasks: 
1. Literature review to facilitate transition of 2011 project output (net zero water) to net 

zero energy 
2. Transfer results of model development research from FY11 project (net zero water) to 

the energy sector 
3. Creation and operationalization of generic portfolio model 
4. Identification of subject matter expert (SME) group to test decision support model 
5. Development of objectives hierarchy in the context of generic portfolio model via 

interactions with SME group 
6. Specification of a relevant criteria set from appropriate level of the objectives 

hierarchy 
7. Development of alternative investment portfolio set in energy and/or water sectors 

for generic portfolio model 
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8. Second round interactions with SME group to determine criteria weights or other 
measures of group utility 

9. Determination of Pareto optimal subset of investment portfolios using selected 
criteria set 

10. Determination of optimal investment portfolio from the Pareto optimal subset using 
SME weights/utility function 

11. Comparison of a priori expert elicitation (weighting/utility function) with a posteriori 
expert elicitation (Pareto optimal subset) approaches in terms of effectiveness and 
decision maker preferences 

12. Overall evaluation of methodology utilizing SME opinions elicited via a Likert scale 
instrument 

 
 
 

Abbreviations 

AoA  Analysis of Alternatives  
DoD  Department of Defense 
EISA  Energy Independence and Security Act of 2007 
EO  Executive Order 
EPAct05 Energy Policy Act of 2005 
NDAA  National Defense Authorization Act  
LMI  Logistics Management Institute 
NASA  National Aeronautics and Space Administration 
SME  Subject Matter Experts 
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