
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

April 2001 

Prepared for the 

Prepared for the 
Alaska Industrial Development  
and Export Authority 

In association with  
Electric Power Systems, Inc. 
The Financial Engineering Company 
HDR Alaska, Inc. 
Precision Power, LLC 
URS/Dames & Moore 

880 H STREET, SUITE 210 
ANCHORAGE, ALASKA 99501 
(907) 274-5600 FAX (907) 274-5601 
e-mail: norecon@norecon.com 
www.northerneconomics.com 

Prepared by 

SCREENING REPORT FOR  
ALASKA RURAL ENERGY PLAN 
 
 



 

   

 
 
 
 
 
 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

NORTHERN ECONOMICS, INC.   i

Contents 

Section Page 

Abbreviations ........................................................................................................................................ vii 
Executive Summary............................................................................................................................. ES-1 
1 Introduction ..........................................................................................................................1-1 
1.1 Study Context ................................................................................................................. 1-1 
1.2 Analytical Approach........................................................................................................ 1-3 
1.2.1 Screening Criteria ........................................................................................................... 1-4 
1.3 Strategies Recommended for Advancement to Next Planning Stage................................. 1-5 
Electricity: Strategies to Reduce Cost...................................................................................................1-1 
2 Diesel Efficiencies and Other Equipment Upgrades to Conventional Power Plants and 

Distribution Systems .............................................................................................................2-1 
2.1 Introduction.................................................................................................................... 2-1 
2.2 Existing Conditions.......................................................................................................... 2-2 
2.2.1 Village Cases................................................................................................................... 2-6 
2.3 Analysis of Strategies ....................................................................................................... 2-6 
2.3.1 Generating Equipment and Related System Controls ....................................................... 2-7 
2.3.2 Distribution System Improvements................................................................................ 2-13 
2.4 Conclusions and Recommendations.............................................................................. 2-20 
3 Fuel Price Strategies.............................................................................................................3-1 
3.1 Introduction.................................................................................................................... 3-1 
3.2 Existing Conditions.......................................................................................................... 3-1 
3.3 Analysis of Strategies ....................................................................................................... 3-2 
3.3.1 Promoting Competition................................................................................................... 3-2 
3.3.2 Consolidation of Fuel Purchases...................................................................................... 3-3 
3.3.3 Enhancing Understanding of Fuel Markets....................................................................... 3-6 
3.3.4 Replacing Diesel No. 1 by Using Additives or Blending Fuels........................................... 3-8 
3.3.5 Alternative Delivery Methods ........................................................................................ 3-10 
3.4 Conclusions and Recommendations.............................................................................. 3-15 
4 End-Use Conservation ...........................................................................................................4-1 
4.1 Introduction.................................................................................................................... 4-1 
4.2 Existing Conditions.......................................................................................................... 4-1 
4.2.1 Major Programs .............................................................................................................. 4-1 
4.3 Analysis of Strategies ....................................................................................................... 4-4 
4.3.1 Lighting........................................................................................................................... 4-6 
4.3.2 Water Heaters .............................................................................................................. 4-12 
4.3.3 Other Appliances.......................................................................................................... 4-12 
4.4 Conclusions and Recommendations.............................................................................. 4-15 



ALASKA RURAL ENERGY PLAN 2000 
CONTENTS 

  NORTHERN ECONOMICS, INC. ii

Section Page

5 Alternative Energy................................................................................................................ 5-1
5.1 Introduction.................................................................................................................... 5-1
5.2 Existing Conditions .......................................................................................................... 5-1
5.3 Analysis of Strategies ....................................................................................................... 5-1
5.3.1 Natural Gas/Coal Bed Methane ....................................................................................... 5-1
5.3.2 Energy Storage Systems ................................................................................................... 5-3
5.3.3 Fuel Cells ........................................................................................................................ 5-5
5.3.4 Geothermal Energy ......................................................................................................... 5-8
5.3.5 Hydroelectric Power ..................................................................................................... 5-11
5.3.6 Interties......................................................................................................................... 5-13
5.3.7 Microturbines................................................................................................................ 5-17
5.3.8 Small Coal Power Plants ................................................................................................ 5-21
5.3.9 Biomass Plants .............................................................................................................. 5-23
5.3.10 Solar Energy .................................................................................................................. 5-24
5.3.11 Tidal Energy .................................................................................................................. 5-26
5.3.12 Wind Energy ................................................................................................................. 5-28
5.3.13 Other Strategies (Not Analyzed)..................................................................................... 5-30
5.4 Conclusions and Recommendations .............................................................................. 5-32

Electricity: Strategies to Improve Reliability........................................................................................ 5-1

6 Improving the Reliability of Electricity in Rural Alaska........................................................ 6-1
6.1 Introduction.................................................................................................................... 6-1
6.2 Existing Conditions .......................................................................................................... 6-1
6.3 Analysis of Strategies ....................................................................................................... 6-3
6.3.1 Installation of Microprocessor-Based Protective Relaying Systems .................................... 6-4
6.3.2 Install Reclosers with Microprocessor-Based Controls....................................................... 6-5
6.4 Conclusions and Recommendations ................................................................................ 6-6

Space and Water Heating: Strategies to Reduce Cost .......................................................................... 6-1

7 Space and Water Heating ..................................................................................................... 7-1
7.1 Introduction.................................................................................................................... 7-1
7.2 Existing Conditions .......................................................................................................... 7-1
7.3 Analysis of Strategies ....................................................................................................... 7-2
7.3.1 Space Heating................................................................................................................. 7-2
7.3.2 Waste Heat Recovery Systems......................................................................................... 7-8
7.3.3 Biomass .......................................................................................................................... 7-9
7.3.4 Water Heating .............................................................................................................. 7-11
7.4 Conclusions and Recommendations .............................................................................. 7-16

Bulk Fuel Storage: Strategies to Reduce Cost ...................................................................................... 7-1

8 Bulk Fuel Storage: Construction ........................................................................................... 8-1



ALASKA RURAL ENERGY PLAN 2000 
CONTENTS 

NORTHERN ECONOMICS, INC.  iii

Section Page 

8.1 Introduction.................................................................................................................... 8-1 
8.2 Existing Conditions.......................................................................................................... 8-1 
8.2.1 Project Selection Process................................................................................................. 8-2 
8.2.2 Grant and Construction Administration Process............................................................... 8-2 
8.2.3 Current Tank Farm Construction Costs ............................................................................ 8-5 
8.2.4 Current AEA Practice ...................................................................................................... 8-5 
8.3 Analysis of Strategies ....................................................................................................... 8-7 
8.3.1 Option 1: State Manages Construction and Owner Constructs with Force Account Labor 

(Current Model) .............................................................................................................. 8-7 
8.3.2 Option 2: State Manages Design and Contractor Constructs, Contractor Selected Through 

Conventional Competitive Bid Process ............................................................................ 8-8 
8.3.3 Option 3: Request Design-Build Proposals from Private Contractors for Tank Farm Upgrades 

for Individual Communities............................................................................................. 8-9 
8.3.4 Option 4: Request Proposals from Private Contractors to Design and Construct Upgrades for 

Selected Groups of Villages ........................................................................................... 8-10 
8.3.5 Option 5: Request Proposals from Qualified Private Entities to Design, Build, Own, and 

Manage New Consolidated Tank Farm(s) ...................................................................... 8-11 
8.3.6 Option 6: Existing Tank Farm Owners Manage, Design, and Construct Their Own Upgrades 

or Replacement Projects ............................................................................................... 8-12 
8.4 Conclusions and Recommendations.............................................................................. 8-12 
9 Bulk Fuel Storage: Financing of Tank Farm Upgrades ...........................................................9-1 
9.1 Introduction.................................................................................................................... 9-1 
9.2 Existing Conditions.......................................................................................................... 9-2 
9.2.1 Village Cases................................................................................................................... 9-2 
9.3 Background .................................................................................................................. 9-11 
9.4 Analysis of Strategies ..................................................................................................... 9-12 
9.4.1 Local Contributions to Tank Farm Development............................................................ 9-12 
9.4.2 Fuel Cost Impact of Private Investment.......................................................................... 9-14 
9.5 Conclusions and Recommendations.............................................................................. 9-16 
10 References ..........................................................................................................................10-1 

 

 

Appendix A—Study Team Responses to Comments 
Appendix B—Power Outages: Service Interruption Data 
Appendix C—Bulk Fuel Storage: Supplementary Documentation 

Table Page 

Table ES-1. Short List of Strategies and Technologies Recommended for Further Study..................ES-1 



ALASKA RURAL ENERGY PLAN 2000 
CONTENTS 

  NORTHERN ECONOMICS, INC. iv 

Table Page

Table 1-1. Screening Analysis Consulting Team Members and Areas of Responsibility ..................... 1-3
Table 1-2. Potential Strategies to Reduce the Cost and Improve the Reliability of Electricity ............ 1-4
Table 1-3. Results for Strategies Related to Electricity...................................................................... 1-6
Table 1-4. Results for Strategies Related to the Heating Sector and Tank Farm Construction ........... 1-7
Table 2-1. Assumptions and Values ................................................................................................ 2-1
Table 2-2. Overall Condition of Alaska Powerhouses and Diesel Generator Sets ............................. 2-2
Table 2-3. Types of Switchgear Used in Rural Alaska Utilities.......................................................... 2-4
Table 2-4. Title 3 AAC 52.620 Fuel Efficiency Standards and Percent of PCE Utilities Meeting 

Standard, 1998 ........................................................................................................................ 2-5
Table 2-5. Financial Variables......................................................................................................... 2-7
Table 2-6. Model Village Fuel Usage and Cost................................................................................ 2-7
Table 2-7. Generator Automation Switchgear Upgrade for a Three-Machine Plant........................ 2-10
Table 2-8. Estimated Fuel Savings and Net Present Value of Generation Switchgear Automation 

Upgrade ................................................................................................................................ 2-10
Table 2-9. Value of Adding RTED to Existing Generator Control System........................................ 2-12
Table 2-10. Variables Used in Transformer Life-Cycle Cost Purchase Evaluation............................ 2-16
Table 2-11. Transformer Life-Cycle Cost Purchase Evaluation ....................................................... 2-16
Table 2-12. Variables Used in Microprocessor-Based Protective Relaying Systems Installation 

Evaluation.............................................................................................................................. 2-19
Table 2-13. Potential Cost Savings with Microprocessor-Based Protective Relay System ................ 2-19
Table 3-1. Typical Discount Program for Fuel Sales in Western Alaska ............................................ 3-5
Table 3-2. Comparison of Index Prices for No. 2 Distillate Fuel, Week of April 28, 1998 ................ 3-8
Table 3-3. Range of Construction Costs for Lengthening Runways and Constructing New Runways  at 

Nikolai and Amber................................................................................................................. 3-13
Table 3-4. Air Transportation Cost Savings with Longer Runways at Nikolai and Amber ................ 3-13
Table 3-5. Electrical Generation Cost Savings with Longer Runways at Nikolai .............................. 3-14
Table 3-6. Electrical Generation Cost Savings with Longer Runways at Ambler.............................. 3-14
Table 3-7. Comparison of Construction Cost and Net Present Value of Transportation Cost Savings  at 

Nikolai and Amber................................................................................................................. 3-14
Table 4-1. Comparison of Different Types of Light Sources ............................................................. 4-7
Table 4-2. Total Cost Comparison for Compact Fluorescent and Incandescent Bulbs (10,000 Hours)4-7 
Table 4-3. Total Potential Value of Lighting Retrofit Projects in Rural Residences .......................... 4-10
Table 4-4. Potential Value of Lighting Upgrades in New Rural Residences .................................... 4-11
Table 4-5. Potential Value of Upgrading Refrigerator-Freezer Units............................................... 4-13
Table 4-6. Potential Value of Upgrading Televisions ..................................................................... 4-14
Table 4-7. Summary of Potential Savings with End-Use Conservation Strategies ............................ 4-15
Table 4-8. Examples of Cost per kWh Saved with Lighting and Appliance Upgrades ..................... 4-15
Table 5-1. Relative Cost of Gas Energy Compared to Diesel, 1997.................................................. 5-3
Table 5-2. Fuel Cell Costs for a 200-kW Propane Unit Generating 876 MWh per Year ................... 5-7
Table 5-3. Cost Comparison of Fuel Cells and Diesel Generators .................................................... 5-8
Table 5-4. Cost of Unalaska Geothermal Power Project ................................................................ 5-10



ALASKA RURAL ENERGY PLAN 2000 
CONTENTS 

NORTHERN ECONOMICS, INC.  v 

Table Page 

Table 5-5. Cost Estimates for Hydroelectric Power, Based on Case Studies in Rural Alaska............ 5-12 
Table 5-6. Capital Costs of Recent Rural Interties ......................................................................... 5-14 
Table 5-7. Generating Efficiency of a 350-kW, Caterpillar 3412 Diesel Generator ........................ 5-15 
Table 5-8. Cost of Microturbines .................................................................................................. 5-20 
Table 5-9. Comparison of Microturbine with Internal Combustion ............................................... 5-20 
Table 5-10. Cost of Electricity from Coal ...................................................................................... 5-22 
Table 5-11. Energy Content of Fuels............................................................................................. 5-23 
Table 5-12. Photovoltaic Cell Operating History—Two Examples ................................................. 5-25 
Table 5-13. Delivered Costs for Photovoltaic Cells........................................................................ 5-25 
Table 5-14. Cost of Hypothetical 240-kW Tidal System in Southeast Alaska ................................. 5-27 
Table 5-15. Net Benefit of Wind Energy Systems—Kotzebue Example.......................................... 5-29 
Table 5-16. Hypothetical Small Village Wind Energy Analysis ....................................................... 5-30 
Table 6-1. Service Outages in Rural Alaska, 1995........................................................................... 6-1 
Table 6-2. Financial and Reliability Variables.................................................................................. 6-3 
Table 6-3. Model Village Annual Fuel Usage and Cost at Different Average Fuel Costs per Gallon .. 6-4 
Table 6-4. Potential Value of Reduction in Outages........................................................................ 6-4 
Table 6-5. Variables Used in Evaluation of Reclosers with Microprocessor-Based Controls Installation6-5
Table 6-6. Net Present Value of Installing Reclosers with Microprocessor-Based Controls................ 6-6 
Table 7-1. Level of Use of Different Heating Sources and Potential Fuel Savings with Upgrades...... 7-5 
Table 7-2. Potential Savings with Heater Upgrades—1988 Analysis North Report........................... 7-5 
Table 7-3. Manufacturer Performance Statistics for Efficient Heater ................................................ 7-6 
Table 7-4. Potential Savings with New Heater—Four Planning Horizon Scenarios .......................... 7-7 
Table 7-5. Potential Per Home Benefit of Different Heating Retrofit Projects .................................. 7-7 
Table 7-6. Potential Per-Home Benefit of Heating Retrofits ............................................................ 7-7 
Table 7-7. Estimates of the Potential of Heater Retrofits.................................................................. 7-8 
Table 7-8. Evaluation of Savings with Waste Heat Distribution System............................................ 7-9 
Table 7-9. Energy Content of Fuels............................................................................................... 7-11 
Table 7-10. Comparison of Costs—Domestic Hot Water Tanks and Boilers .................................. 7-12 
Table 7-11. Cost of Water Heaters ............................................................................................... 7-14 
Table 7-12. Potential Aggregate Benefits from Replacing Electric Tank Heaters  with Oil-Fired On-

Demand Units ....................................................................................................................... 7-14 
Table 7-13. Summary of Potential Savings with Strategies to Reduce the Cost of Space and Water 

Heating ................................................................................................................................. 7-16 
Table 8-1. Tasks and Areas of Responsibility in Tank Farm Construction (Status Quo) ..................... 8-3 
Table 8-2. Comparison of Prevailing Wages and Force Account Wages .......................................... 8-6 
Table 9-1. Operational Tank Farms in McGrath.............................................................................. 9-3 
Table 9-2. McGrath Tank Farm Development Financing: Amount and Percentage by Type of 

Contributor.............................................................................................................................. 9-3 
Table 9-3. Operational Tank Farms in Atmautluak.......................................................................... 9-4 
Table 9-4. Atmautluak Tank Farm Development Financing: Amount and Percentage by Type of 

Contributor.............................................................................................................................. 9-4 



ALASKA RURAL ENERGY PLAN 2000 
CONTENTS 

  NORTHERN ECONOMICS, INC. vi 

Table Page

Table 9-5. Operational Tank Farms in Arctic Village ....................................................................... 9-5
Table 9-6. Arctic Village Tank Farm Development Financing: Amount and Percentage by Type of 

Contributor.............................................................................................................................. 9-5
Table 9-7. Operational Tank Farms in Buckland ............................................................................. 9-6
Table 9-8. Financing of Buckland Tank Farm Development: Amount and Percentage by Type of 

Contributor.............................................................................................................................. 9-7
Table 9-9. Operational Tank Farms in Noorvik ............................................................................... 9-7
Table 9-10. Tank Ownership in the Consolidated Tank Farm in Noorvik ........................................ 9-8
Table 9-11. Noorvik Tank Farm Development Financing: Amount and Percentage by Type of 

Contributor.............................................................................................................................. 9-8
Table 9-12. Operational Tank Farms in Emmonak .......................................................................... 9-9
Table 9-13. Tank Ownership in the Consolidated Tank Farm in Emmonak ..................................... 9-9
Table 9-14. Emmonak Tank Farm Development Financing: Amount and Percentage by Type of 

Contributor............................................................................................................................ 9-10
Table 9-15. Operational Tank Farms in Selawik............................................................................ 9-11
Table 9-16. Selawik Tank Farm Development Financing: Amount and Percentage by Type of 

Contributor............................................................................................................................ 9-11
Table 9-17. Village Tank Farm Development Financing: Percent of Total Financing by Contributor 

and Percent of Total Storage Capacity by Tank Owner ........................................................... 9-13
Table 9-18. Capacity Costs and Increased Fuel Costs Resulting from Retail Owner Contributions to 

Tank Farm Construction Costs................................................................................................ 9-17

 

 
Figure Page

Figure 2-1. Fuel Efficiency for Alaska Village Electric Cooperative Utilities ....................................... 2-5
Figure 2-2. Efficiency Curves for Selected Generator Units from Perkins ......................................... 2-8
Figure 3-1. Distillate Fuel Prices to Resellers, Excluding Taxes, January 1998–May 2000 ................. 3-7
 
 

 
 



 

NORTHERN ECONOMICS, INC.  vii 

Abbreviations 

AC   Alaska Commercial Company  
ACDC  Alaska Community Development Corporation  
ACEEE  American Council for an Energy Efficient Economy 
ADEC  Alaska Department of Environmental Conservation 
ADOT&PF  Alaska Department of Transportation and Public Facilities 
AP&T  Alaska Power and Telephone 
AEA  Alaska Energy Authority 
AHFC  Alaska Housing Finance Corporation 
AIDEA  Alaska Industrial Development and Export Authority 
ANA  Administration for Native Americans 
ANICA   Alaska Native Industries Cooperative Association 
ASCC  Alaska System Coordinating Council  
BESS   battery energy storage system  
Btu  British thermal unit 
CDBG  Community Development Block Grant 
CEC  Cordova Electric Cooperative 
DC   direct current  
DCED  Alaska Department of Community and Economic Development 
DCRA  Alaska Department of Community and Regional Affairs 
DHW  domestic hot water  
DNR   Alaska Department of Natural Resources  
DOE   Alaska Department of Community and Regional Affairs, Division of Energy 
DOP  percentage of outages that are distribution-caused 
EPA   U.S. Environmental Protection Agency 
EPS  Electric Power Systems, Inc. 
ESS  energy storage system 
FAA  Federal Aviation Administration 
GEC  Global Energy Concepts 
GOP  percentage of outages that are generation-caused 
GVEA   Golden Valley Electric Association 
HBC  Humpback Creek Power Plant 
HUD   U.S. Department of Housing and Urban Development 
ICDBG   Indian Community Development Block Grant 
ICRC  Integrated Concepts and Research Corporation  
ISER  University of Alaska Anchorage, Institute of Social and Economic Research 
kV  kilovolt 
kVA  kilovolt ampere 
kW   kilowatt 
kWh  kilowatt-hour 
MW   megawatt  
MWh  megawatt-hour 
NA  not applicable, not available 
NARUC  National Association of Regulatory Commissioners  
NETS   Neubauer Engineering and Technical Services 
NOx  nitrous oxide 
NTHC  Northwest Territories Housing Corporation 



ALASKA RURAL ENERGY PLAN 2000 
ABBREVIATIONS 

 

  NORTHERN ECONOMICS, INC. viii

NWT   Northwest Territories 
O&M   operations and maintenance  
OPIS   Oil Price Information Service  
PCE   Power Cost Equalization 
PLC  programmable logic control 
PV   photovoltaic  
RACE   Rural Alaskans Conserve Energy 
RTED  real-time economic dispatch 
RurAL CAP  Rural Alaska Community Action Program 
SCADA  supervisory control and data acquisition 
SIR  service interruption rate, all types (hours per year per consumer) 
SWGR   single-wire ground return 
THREA   Tlingit-Haida Regional Electrical Authority 
USCG  U.S. Coast Guard  
USDA   U.S. Department of Agriculture  
USFWS  U.S. Fish and Wildlife Service 
USPS   U.S. Postal Service 
V  volt 
VA  volt-ampere 
VAr  volt-ampere reactive 
VSW  Village Safe Water  
VUE  value of unserved energy  
W  watt 
WACC  weighted average cost of capital 
WAVE   Western Alaska Village Enterprise 
 
 
 

 



 

NORTHERN ECONOMICS, INC.  ES-1

Executive Summary 

This report has been prepared for the Alaska Industrial Development and Export Authority (AIDEA), 
the U.S. Department of Agriculture – Rural Development, and the Denali Commission, and is one 
component of the Alaska Rural Energy Plan. Phase 1 of the Rural Energy Plan was completed in 1999 
and served primarily to identify a long list of possibilities for addressing rural energy problems. This 
report builds on Phase 1 by subjecting those possibilities to a screening analysis, the product of which 
is a short list of strategies that hold the most promise for reducing the cost or improving the reliability 
of energy supply in rural Alaska. This short list of strategies will be evaluated in more detail as work on 
the Rural Energy Plan continues. 

Most of the strategies and technologies considered in this screening analysis can be grouped in the 
following categories: 

� Upgrades to conventional diesel power plants 
� Strategies to reduce delivered fuel prices 
� Energy conservation and efficiency measures for end-users 
� Alternative energy technologies  
� Waste heat recovery 

Table ES-1 shows the strategies and technologies selected for further study. 1  

Table ES-1. Short List of Strategies and Technologies Recommended for Further Study 

Topic Area Category Strategy or Technology 
Cost of Electricity 
 Diesel Efficiencies Microprocessor-Based Engine Controls 

Switchgear Improvements 
 End-Use Conservation Lighting Efficiencies 

Appliance Upgrades 
 Alternative Energy Technologies Wind Power a 

Reliability of Electricity  
  Microprocessor-Based Protective Relays 
Cost of Space and Water Heating 
  Waste Heat Recovery Systems 

Insulation and Weatherization 
Heater Upgrades 
Conversion of Electric Water Heaters 
Water Conservation Devices 

a Although savings in the absence of subsidy have not been confirmed in this screening analysis for current 
wind projects in Alaska, wind power remains on the short list for further review due to its continuing 
potential to produce savings in alternate locations where wind speed and other factors are more favorable. 

 

                                                   
1 In addition to the topic areas listed in Table ES-1, this report explores a number of financing and construction 
management options for upgrading rural tank farm facilities. Some of these options are recommended for field 
testing but not for further analysis at this time. 
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The only strategies included on the short list are those with the projected capability of producing 
significant benefit for a large number of people and communities in the near term,2 assuming that the 
strategy is implemented aggressively. Benefits considered in the study are projected in the absence of 
government grants or low interest loans since virtually any alternative can provide benefits to 
consumers if a large enough subsidy is provided. Strategies not included on the short list may still have 
considerable merit but, based on the present analysis, appear either to deliver less benefit in the near 
term or to apply to fewer communities. 

Because limited funds were available for this analysis, each alternative was examined only to the point 
that a conclusion could be reached about its potential to meet the screening criteria. As soon as it 
became apparent that an alternative would not pass the test, the analysis of that alternative was 
discontinued. For many alternatives, therefore, the analysis is very brief. 

There are two main objectives for the next phase of the Rural Energy Plan: 

� Evaluate the short-listed strategies in greater depth to confirm or revise their savings potential and 
to identify locations or regions where these strategies would be most effectively applied. 

� Develop a set of detailed implementation proposals that would broadly disseminate these benefits 
in rural Alaska as soon as possible. 

The next phase of the Rural Energy Plan will also include preparation of a list of specific energy cost 
reduction projects that are ready to proceed quickly into final design and construction.  AIDEA 
intends to solicit project proposals through issuance of a Request for Proposals in spring 2001. 
Qualifying proposals, which need not be related to the strategies and technologies recommended in 
this screening report, will be evaluated by AIDEA and its contractors and will then be considered for 
funding by the Denali Commission. 

                                                   
2 For example, to warrant placement on the short list, AIDEA established a guideline that any measure to reduce 
the cost of electricity should be able to lower rates by at least $0.01 per kilowatt-hour in at least 5 communities 
within the next 5 years. 
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1 Introduction  

The Alaska Rural Energy Plan is a multiphase endeavor to reduce energy costs and improve energy 
reliability for rural Alaska residents and communities.3 This report presents the results of a screening 
analysis of potential strategies for meeting these goals and represents a portion of the work being 
undertaken for Phase 2 of the Alaska Rural Energy Plan. The analysis was conducted by Northern 
Economics, Inc., under contract to the Alaska Industrial Development and Export Authority (AIDEA). 

Subsections 1.1 and 1.2 briefly describe the study context, the study team, and the analytical 
approach. Subsection 1.3 identifies the strategies considered (and the section of this report in which 
they are addressed) and presents a short list of the most promising approaches and solutions to major 
energy problems in rural Alaska, as determined by the consulting team. 

1.1 Study Context 
The following discussion is a synopsis of status of the Alaska Rural Energy Plan. 

 

Plan Components 

The State of Alaska, Denali Commission, and U.S. Department of Agriculture (USDA) Rural 
Development are jointly funding development of a Rural Energy Plan. Due to specific requirements 
and interests of these three parties, the plan has evolved to encompass four components: 

1. Rural Utility Operations, Maintenance, and Management Study. USDA had previously decided to 
fund a study aimed at improving the operations, maintenance, and management of all types of 
utilities in rural Alaska, including electric utilities, water and sewer, and solid waste disposal. The 
Institute of Social and Economic Research (ISER) at the University of Alaska Anchorage has been 
retained to conduct this study, which has been underway for several months. 

2. Rural Electric Utility Condition Assessments. The State of Alaska, acting through AIDEA, is 
developing an electric utility database for rural Alaska and expects it to be complete in December 
2000. The state already maintains an extensive database on the condition of bulk fuel storage 
facilities throughout rural Alaska. The Denali Commission values this database for use in decisions 
about allocating funding for bulk fuel storage upgrade projects. The Denali Commission also funds 
electric utility upgrade projects in rural communities and therefore asked the state to develop a 
comparable database on the condition of rural electric utility systems.  

3. Strategies to Address Major Energy Problems in Rural Alaska. A two-phase study was initiated by the 
State of Alaska in 1999 to identify major energy problems in rural Alaska and to evaluate and 
recommend the most promising approaches and solutions. Contractors have been retained to 
conduct the analysis and AIDEA is providing contract management.  

                                                   
3 For the purposes of this report, rural Alaska includes all of Alaska except for the interconnected region of the 
Railbelt, communities in the Four Dam Pool, Juneau, and Sitka. All communities eligible for the state’s Power 
Cost Equalization (PCE) program are included in this definition of rural Alaska. 
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Phase 1 was prepared by CH2M Hill. The study listed possible approaches and solutions for each 
of the following energy sectors and problems: 

� For electrical energy, alternatives were identified to address the problems of high cost, service 
reliability, and inconsistent operations, maintenance, and management of rural electric 
utilities. 

� For space and water heating, alternatives were identified to address the problem of high cost. 

� For bulk fuel storage, alternative construction and funding approaches were identified to 
address the problem of poor condition of facilities. 

Phase 2 is subdivided into two parts: 

� The study presented in this document is a screening analysis in which each proposed 
approach and solution is evaluated on a preliminary basis, with the goal of isolating a few of 
the most promising alternatives for further review and development in the next phase. 

� A subsequent, in-depth analysis of approaches and solutions that are carried forward on the 
short list derived in this screening analysis. This future analysis is intended to further define 
the potential for significant benefit, to develop detailed implementation plans, and to 
recommend associated government policies. 

4. Energy Cost Reduction Project List. The Denali Commission seeks a list of specific energy cost 
reduction projects that will provide significant near-term benefits to consumers and that are ready 
to proceed quickly into final design and construction. AIDEA intends to solicit project proposals 
that meet these criteria through issuance of a Request for Proposals in spring 2001. Qualifying 
proposals, which need not be related to the strategies and technologies recommended in this 
screening report, will be evaluated by AIDEA and its contractors and will then be considered for 
funding by the Denali Commission 

 

Other Related Work 

The Alaska Department of Community and Regional Affairs (DCRA), Division of Energy (DOE)4 
prepared a rural energy plan in February 1999. That plan provides background information relevant 
to the current planning efforts. For example, the 1999 report emphasizes that reliability and cost are 
the main criteria by which power supply alternatives should be judged in rural Alaska—reliability 
because of harsh conditions and the consequences of prolonged outages, and cost because retail rates 
in rural villages are so high. The report notes other factors such as environmental considerations, but 
describes those factors as secondary to cost and reliability (the two primary factors addressed in the 
current planning effort managed by AIDEA). 

A separate working paper was prepared by the Alaska DOE in May 1999 to supplement the 1999 
energy plan. That report, Rural Energy Plan: Additional Information on Alternative Energy, provides 
information on several alternative technologies addressed in this screening analysis. 

 

                                                   
4 DOE responsibilities were transferred to the Alaska Energy Authority (AEA) when DCRA was dismantled in late 
1999. 
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In February 1998, the Governor’s committee on Power Cost Equalization prepared a working paper 
that included options for reducing rural power costs (Attachment 1 to DOE, 1999). The options in the 
paper were divided into the following three categories: 

� Reduce non-fuel operating costs 
� Reduce fuel costs 
� Replace diesel generation with alternative energy 

The working paper was a precursor to the 1999 energy plan and set the stage for the current effort. 

1.2 Analytical Approach 
This section identifies the strategies reviewed in the screening analysis and the team members 
responsible for each portion of the analysis. Table 1-1 shows the firms on the Northern Economics 
team and the area(s) of responsibility for each member firm. Team members were assigned areas of 
research on strategies or technologies in his or her area of specialty. Team members reviewed existing 
literature related to their topics, conducted interviews with other experts in the field, and prepared 
the analyses presented in this report. Duplication was allowed in areas of responsibility to take 
advantage of specialties and experience, and to meet project deadlines. 

Table 1-1. Screening Analysis Consulting Team Members and Areas of Responsibility 

Firm Area of Responsibility 

Northern Economics, Inc. Project Management 
Fuel Price Strategies 

End-Use Conservation 
Bulk Fuel Storage 
(Finance) 

Electric Power Systems, Inc. Diesel Efficiencies 
Recoverable Heat 

Reliability 

The Financial Engineering Company Alternative Energy Technologies 

Precision Power, LLC Diesel Efficiencies 
Recoverable Heat 

Reliability 

URS / Dames & Moore Bulk Fuel Storage (Construction) 

 

The strategies considered include those presented in the Phase 1 report, as well as any other strategies 
recommended by team members or other experts interviewed during the project. For example, 
Electric Power Systems (EPS) and Precision Power were tasked with analyzing strategies that could 
reduce the cost and improve the reliability of electricity in rural Alaska. Both firms worked with 
available data on the efficiency and reliability of diesel generating units installed in rural Alaska. Both 
firms analyzed the strategies recommended in the Phase 1 report to address issues related to the cost 
and reliability of electricity, developed case studies based on their own experiences to propose new 
strategies, conducted interviews with other experts at Alaska utilities and elsewhere, and prepared an 
analysis of each strategy. Draft reports submitted by team members were reviewed by Northern 
Economics and by AIDEA and then assembled into a single report. 

Table 1-2 shows the specific strategies considered in this analysis. Strategies are presented by 
category, consistent with the RFP and the Phase 1 report. Strategies in the first four categories (diesel 
efficiencies, fuel price strategies, end-use conservation, and alternative energy) were analyzed for their 
potential to reduce the cost of electricity in rural Alaska. Strategies in the last category (reliability) were 
analyzed for their potential to improve reliability of electric utility service in rural Alaska.  
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In addition to the strategies identified to address issues related to electricity, several strategies were 
analyzed for their potential to reduce the cost of space and water heating in rural Alaska. These 
strategies include:  

� Heater upgrades 
� The use of domestic hot water heater tanks as space heating devices 
� Conversion or replacement of electric water heaters with oil-fired heaters 
� Water conservation devices (for example, low flow showerheads) 
� Substitution of biomass fuels for oil fuels 
� Use of waste heat 

The report also summarizes strengths and weaknesses of alternative approaches to tank farm 
construction, and provides a preliminary analysis of the effects of requiring tank farm owners to pay 
for a portion of tank farm construction costs. Both discussions include a summary of existing 
conditions or practices. 

Table 1-2. Potential Strategies to Reduce the Cost and Improve the Reliability of Electricity 

Potential Cost Reduction Strategies 

Diesel 
Efficiencies 

Fuel Price 
Strategies 

End-Use 
Conservation 

Alternative  
Energy 

Potential 
Reliability 
Improvement 
Strategies b 

Switchgear 
Improvements 
Microprocessor-
Based Engine 
Controls 
Reduce VAr 
Requirements 
Life-Cycle Cost 
Analysis of 
Transformers 
Microprocessor-
based Protective 
Relays 

Consolidation of 
Fuel Purchases 
Alternative Delivery 
Competition Among 
Suppliers 
Enhanced 
Understanding of 
Markets 
Replacing Diesel 
No.1 

Lighting Upgrades 
Appliance Upgrades 

Biomass 
Natural Gas / Coal 
Bed Methane 
Coal Water Fuel 
Energy Storage 
Systems 
Fuel Cells 
Hydroelectric 
Interties 
Microturbines 
Small Coal 
Solar 
Tidal 
Wind 

Microprocessor-
Based Protective 
Relays 
Line Reclosers 

 

1.2.1 Screening Criteria 
The following items identify the criteria used in the screening analysis to develop a short list of the 
most promising approaches and solutions to major energy problems in rural Alaska: 

� The only alternatives included on the short list are those projected to result in significant benefit 
to a significant number of people and communities in the near term, assuming that the 
approach is implemented aggressively.  

� For alternatives intended to address the high cost of electricity or heat, such benefits must be 
projected in the absence of government grants or low interest loans, since virtually any alternative 
can provide benefits to consumers if it is subsidized adequately. 
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To help define these threshold criteria, AIDEA suggested as a general guideline that any short-listed 
measure to reduce the cost of electricity should be able to lower rates by at least $0.01 per kilowatt-
hour (kWh) (significant benefit), in at least 5 communities (significant number of people and 
communities), within a 5-year period (near term). For alternatives intended to address the high cost 
of electricity, benefits must be projected in the absence of government grants or low interest loans, 
since virtually any alternative can provide benefits to consumers if a large enough subsidy is provided. 

Strategies and technologies considered in the reliability and space and water heating categories were 
recommended for further study if they were economically viable and would produce obvious benefits 
in the near future. 

It is not the intent of AIDEA or the consulting team to rule out strategies that do not meet these 
criteria from further consideration or support. The intent is to focus on strategies that do meet such 
criteria and to give them priority consideration. 

1.3 Strategies Recommended for Advancement to Next Planning Stage 
Table 1-3 identifies the strategies and measures that were considered for this report to address the 
high cost of electricity and concerns about the reliability of electricity in rural Alaska. Table 1-4 shows 
the strategies and measures that are considered in this report to address the high cost of space and 
water heating in rural Alaska, as well as issues related to construction of bulk fuel storage facilities. 
Both tables show whether the strategy or measure is recommended for more detailed analysis in the 
next phase of the Rural Energy Plan, and identifies the section in which the strategy is discussed. 
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Table 1-3. Results for Strategies Related to Electricity 

Strategy or Measure 
Advancement to Next Stage  

of Energy Plan Recommended Subsection 
Diesel Efficiencies   
Switchgear Improvements Yes 2.3.1 
Real-Time Economic Dispatch  2.3.1.2 
Microprocessor-Based Engine Controls Yes 2.3.1.3 
Reduce System VAr Requirements  2.3.2.1 
Life-Cycle Cost Analysis of Transformers  2.3.2.2 
Life-Cycle Cost Analysis of Conductors  2.3.2.3 
System Voltage Upgrades  2.3.2.4 
Microprocessor-Based Protective Relays  2.3.2.5 

Fuel Price Strategies   
Competition Among Suppliers  3.3.1 
Purchase Consolidation  3.3.2 
Enhanced Understanding of Markets  3.3.3 
Replace Diesel No. 1  3.3.4 
Alternative Delivery Methods  3.3.5 
End-Use Conservation   
Lighting Yes 4.3 
Water Heaters Yes 4.3.2 
Other Appliances Yes 4.3.3 

Alternative Technologies  
Natural Gas / Coal Bed Methane  5.3.1 
Energy Storage Systems  5.3.2 
Fuel Cells  5.3.3 
Geothermal Energy  5.3.4 
Hydroelectric Power  5.3.5 
Interties a  5.3.6 
Microturbines   5.3.7 
Small Coal Power Plants  5.3.8 
Biomass b  5.3.9 
Solar Energy  5.3.10 
Tidal Energy  5.3.11 
Wind Energy Yes 5.3.12 
Other Strategies (Not Analyzed)   5.3.13 
Reliability   
Microprocessor-Based Protective Relays Yes 6.3.1 
Reclosers with Microprocessor-Based Controls  6.3.2 

a Improvements in single wire ground return and direct current technologies over the past 5 years suggest that a 
review and update of the suitability, applicability, and cost of these technologies should be conducted as part of the 
next stage of the Rural Energy Plan. However, they are not recommended as strategies to be pursued in the next 
stage.  
b See also discussion on potential of biomass to reduce the cost of space heating (Section 7). 
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Table 1-4. Results for Strategies Related to the Heating Sector and Tank Farm Construction 

Strategy or Measure 

Advancement to Next Stage  
of Energy Plan 
Recommended Subsection 

Space and Water Heating   

Insulation and Weatherization  Yes 7.3.1.1 

Heater Upgrades Yes 7.3.1.2 

Waste Heat Recovery Systems Yes 7.3.2 

Biomass  7.3.3 

Hot Water Tanks as Heating Devices  7.3.4.1 

Conversion of Electric Water Heaters Yes 7.3.4.2 

Water Conservation Devices Yes 7.3.4.3 

Planning  7.3.4.4 

Tank Farm Construction   

Force Account Construction  8.3.1 

Conventional Competitive Bid Process a  8.3.2 

Request Design Build Proposals from Private Firms a  8.3.3 

Request Proposals from Private Firms to Build or 
Upgrade Group of Facilities 

 8.3.4 

Request Proposals from Private Firms to Design, 
Build, Own, and Operate Facilities a 

 8.3.5 

Existing Facility Owners Manage, Design, and 
Construct Their Own Upgrades and/or Replacements 

 8.3.6 

Tank Farm Financing – Issues Addressed  

Local Contributions to Tank Farm Development  9.4.1 

Fuel Cost Impact of Private Investment  9.4.2 
a  Strategies warrant field testing. Additional analysis on potential benefits is not needed. 
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2 Diesel Efficiencies and Other Equipment Upgrades to 
Conventional Power Plants and Distribution Systems 

2.1 Introduction 
This section describes existing conditions related to 
the efficiency of diesel-generating units and electric 
distribution systems in rural Alaska. Issues discussed 
include the size and condition of generating 
equipment, the types of switchgear used, and fuel 
efficiency in the production of electricity. This 
section also provides an analysis of specific 
measures to reduce the cost of electricity in rural 
Alaska, through improvements to generating 
equipment or the distribution system. Detailed 
analyses and value estimates are provided for the 
following measures: 

� Improved switchgear, including switchgear 
automation upgrades, the addition of real-time 
economic dispatch (RTED), microprocessor-
based engine controls, and microprocessor-
based protective relays 

� Reducing system reactive power requirements 

� Life-cycle cost analysis for transformers 

� Installation of microprocessor-based protective 
relay systems 

Sufficient data were not available to prepare a 
detailed analysis of microprocessor-based engine 
controls. Still, the potential benefits of these 

controls are discussed (Subsection 2.3) along with the other measures considered. This section ends 
with conclusions and recommendations for further study as part of the Rural Energy Plan. 

Table 2-1 summarizes relevant economic assumptions used in this section. 

Table 2-1. Assumptions and Values 

Item Source or Rationale 

The cost of diesel fuel is $1.00 per 
gallon. 

This cost figure is close to the average for 1998 and 1999 in many 
communities and is a convenient reference number. It was chosen 
at the start of the analysis (before the increase in fuel costs of fall 
and winter 2000). Sensitivity analyses are provided in certain 
cases, with the effects shown for higher fuel costs. 

No escalation in the real cost of fuel. 
(The price of fuel is assumed to 
increase at the rate of inflation.) 

Long-term forecasts of oil prices have been shown to be highly 
speculative and AIDEA does not base investment decisions on 
projections of long term increases in the real price of oil.  

The real discount rate is 3 percent Future costs and benefits are discounted at a rate of 3 percent to 
account for the time value of money. 

Summary 

This section focuses on diesel 
efficiencies and upgrades to plants 
and systems that could be 
implemented to reduce the cost of 
electricity in rural Alaska. This 
preliminary analysis indicated that: 

� Additional study is warranted for 
automated switchgear based on 
the potential of this strategy to 
reduce the cost of electricity by 
more than $0.01 per kWh to a 
large number of residents in 
rural Alaska. 

� Other types of switchgear 
improvement could be 
considered by individual 
utilities. 

� Additional research is needed 
for microprocessor-based engine 
controls and protective relay 
systems. 
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2.2 Existing Conditions 
The electrification of small rural Alaskan communities began in the mid-1960s with the formation of 
AVEC, a utility that now serves approximately 50 rural Alaska communities. This process of providing 
communities with centralized power accelerated in the 1970s and 1980s as State of Alaska revenues 
grew following completion of the Trans Alaska Pipeline. Today, approximately 198 rural communities 
have centralized power, 187 of which participate in the state’s PCE Program (Regulatory Commission 
of Alaska, 2000.)  

The early power plants in rural Alaska were very basic, comprising two diesel generator sets and a 
single manual transfer switch. Many powerhouses were of "stick" construction with "post-and-pad" 
foundation and wood floors. During the intervening years, the generator sets have been overhauled 
and replaced. In many areas, controls have been upgraded, waste heat recovery systems have been 
added, and electrical distribution systems have been upgraded. In some instances, complete new 
power plants have been installed. 

In addition to the hardware replacements expected over time, much of the impetus for power plant 
improvements has been increasing annual electrical consumption per household, as residents have 
become accustomed to the benefits of reliable electrical power and the related benefits and 
conveniences of electrical appliances. Overall community electrical consumption has also been 
affected by the construction of government-sponsored housing. 

Diesel Generation in Place 

Table 2-2 provides information on the overall condition of 44 Alaska powerhouses and diesel 
generator sets as surveyed by Precision Power for the AEA Circuit Rider program. Since the Circuit 
Rider program focuses on smaller utilities with lower-than-average operating funds and technical 
resources, the facilities in this sample are expected to be in below-average condition relative to 
utilities in rural Alaska overall. The table shows the percent of facilities rated “poor,” “fair,” “good,” 
and “excellent.” In addition, the table shows the percent of generator sets at various levels of 
running hours (hours elapsed in service). 

Table 2-2. Overall Condition of Alaska Powerhouses and Diesel Generator Sets 

Powerhouses Generator Sets 
Condition Condition Running Hours a 

Rating 
Percent of 
Facilities  Rating 

Percent of 
Facilities  No. of Hours 

Percent of 
Facilities  

Poor 23 Poor 24 More than 30,000 22 
Fair  9 NA NA More than 20,000 12 
Good 64 Good 46 More than 10,000 27 
Excellent  4 Excellent 30 Less than 10,000 39 

Source: Precision Power survey work for Year 2000 Circuit Rider and Emergency Response Program (for AIDEA) 
a Running hours data were available for 113 of 130 engines surveyed.  
NA = Not applicable: no generator sets were given a rating of “fair.” 
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No data are available on whether the engines have been overhauled within the engine’s 
running hours. Precision Power found that very few engines in rural utilities are overhauled. In most 
cases, the cost to purchase and install a new replacement engine equals the combined cost of labor, 
parts, and travel to overhaul an engine onsite. 

Several recurring problems have been identified among the powerhouses rated as being in poor 
condition: 

� Leaking coolant, oil, and exhaust systems 
� Exposed electric panels and wires 
� Waste oil, empty containers, and oily rags in building 
� Soot on walls 
� Leaking roofs 

Of the 130 generator sets inspected, 4 were rated inoperable. In addition, 42 percent of the utilities 
needed to repair one or more engines. 

One surveyed utility generates electricity with a combination of hydroelectric turbines and diesel 
generators. All other utilities operate diesel-only power plants. Of these utilities, all but four have a 
minimum of three diesel generator sets in the power plant. Two utilities purchase power from the 
local school during winter and generate their own power during summer. 

1,200-RPM and 1,800-RPM Engines 

Approximately 23 percent of the surveyed utilities have one or more 1,200-rpm engines. Some 
utilities have purchased 1,200-rpm generator sets instead of conventional 1,800-rpm units, with the 
expectation of some fuel savings and a longer operating life. 

A difference in estimated life normally would be a factor in a life-cycle cost analysis, and the longer 
expected life of the 1,200-rpm engine could make the 1,200-rpm generator set less expensive to own 
and operate over time than an 1,800-rpm set. However, in Alaska’s small rural utilities, the average 
life of an engine is around 20,000 to 30,000 hours, regardless of operational rpm, mainly because of 
maintenance deficiencies.  

On average, 1,200-rpm generator sets cost approximately 30 to 50 percent more than similarly sized 
1,800-rpm units, and actual differences in 1,200- and 1,800-rpm generator sets may not justify the 
extra costs. Technological advancements in metallurgy, improved engine design, and better engine 
lubricants have narrowed the difference in mean time to overhaul for the 1,200- and 1,800-rpm 
units. In addition, Precision Power has found that, due to the increasingly competitive market in the 
size range of engines used in rural Alaska (30-kilowatt [kW] to 300-kW), the 1,800-rpm configuration 
provides more installed kW per dollar spent than the 1,200 rpm engines can provide.  

Switchgear 

There are different methods used to switch diesel generator sets online and offline. Rural Alaska 
power plants use a wide range of controls, from the most basic manual systems to highly 
sophisticated, automated systems. Precision Power estimates that 81 percent of the utilities in rural 
Alaska currently have switchgear capable of synchronizing and paralleling more than one generator 
set at a time. Table 2-3 provides a summary of switchgear types found in utilities in rural Alaska. 
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Table 2-3. Types of Switchgear Used in Rural Alaska Utilities  

 

Electronic Governors and Electronic Injection 

Mechanical governors can be used to parallel two generator sets for switching purposes, but some 
models allow the generators to lose synchronization and the generators must be manually adjusted 
periodically.  

Electronic governors provide more stability with faster response to load changes, thereby resulting in 
some fuel savings. Electronic governors make it possible to parallel and keep two generator sets 
synchronized for extended periods. 

Almost all of the newer diesel engines in rural Alaska have electronic governors—most prime power 
diesel generators manufactured today are used in conjunction with synchronizing switchgear and 
have sensitive electrical loads that require tightly regulated power. 

Electronic governors already are widely used by Alaska’s rural utilities. Precision Power found that 42 
of the 44 power plants inspected had electronic governors. Precision Power also anticipates that 
electronic governors and controls soon will displace the remaining mechanical governors in use. 
(Precision Power estimates that not more than 5 percent fuel savings is obtained with electronic 
governors, and this savings is already reflected in the PCE program statistics due to the 
high percentage of utilities using electronic governors.) 

Fuel Consumption 

Fuel consumption (the amount of fuel needed to generate and deliver 1 kWh of electricity) depends 
on engine size and efficiency, line losses, and other factors. The state standard on generating 
efficiency and line loss according to Title 3 of the Alaska Administrative Code ranges from 8 to 
12 kWh per gallon for all electricity sold (3 AAC 52.620).  

Precision Power estimates that actual line loss in rural Alaska may vary from 5 to 20 percent, but the 
expected loss is in the range of 7 to 10 percent. (Data are readily available on kWh sales by rural 
utilities. However, data are not readily available on kWh generation, making it difficult to accurately 
determine line loss.) 

Switchgear Type Functionality 

Interruptible Power Transfer 

Manual Circuit Breakers Circuit breaker - open or closed. 

Manual Transfer Switches Lever or switch allows only one generator set to be online at a time. 

Uninterruptible Power Transfer  

Manual Synchronizing  Two generator sets can be paralleled to transfer from one to the other 
or to operate more than one at a time. Successful transfer is dependent 
on manually synchronizing generators prior to transfer. 

Semi-Automatic Synchronizing  Same as manual synchronizing, except that the controls prevent 
paralleling until generator sets are synchronized. 

Fully Automatic Synchronizing Logic within the controls monitors the demand and determines when 
one or more generator sets will start up and go online or offline. 
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Figure 2-1 shows fuel efficiency for AVEC utilities, with the number of kWh generated per gallon of 
fuel at utilities of different sizes. Table 2-4 shows the fuel efficiency standard for utilities of different 
sizes according to 3 AAC 52.620, with utilities sized by kWh sales. The table also shows the percent of 
utilities in each size category that met or exceeded the standard in 1998.  

In addition to engine size, fuel efficiencies depend on the manner in which the power plant is 
operated (including whether or not the power plant has the ability to switch generator sets without 
interruption and to run one or more generator sets at a time) and how well generating equipment is 
matched to system load. In general, efficiency is inversely proportional to the extent to which 
generator sets are oversized for load. The more closely matched the generator set is to the load 
requirement, the greater the fuel savings.  

Using larger generator sets to satisfy relatively small loads can result in higher fuel consumption if the 
engine is operated at 50 percent of rated capacity or lower. Using multiple small generator sets in 
parallel to meet high demand (as opposed to running a single, larger generator set) can also result in 
poor fuel efficiency and increased engine wear. 

Figure 2-1. Fuel Efficiency for Alaska Village Electric Cooperative Utilities 
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Source: Dames & Moore, 1998.  
 

Table 2-4. Title 3 AAC 52.620 Fuel Efficiency Standards and Percent of PCE Utilities Meeting Standard, 1998    

Indicator Value by Utility Size Category 
Utility Size Category 
(Number of kWh Sold) 

Less Than 
100,000 

100,000 - 
499,999 

500,000 - 
999,999 

1,000,000 - 
9,999,999 

10,000,000 
or More 

PCE Standard a (No. of kWh 
Sold per Gallon) 

8 9 10 11 12 

Utilities Meeting or 
Exceeding Standard 
(Percent) 

100 72.7 79.1 84.6 100 

a PCE standard effective October 1, 1993 
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2.2.1 Village Cases 
The following text is a summary of observations and projects completed by EPS and Neubauer 
Engineering and Technical Services (EPS/NETS) for specific villages in rural Alaska.  

2.2.1.1 Tlingit-Haida Regional Electric Authority—Kake Power Plant 

In 1998-1999, EPS/NETS installed and programmed a programmable logic control (PLC) based plant 
control and monitoring system for Tlingit-Haida Regional Electrical Authority (THREA) in Kake. The 
installation included controls and monitoring for three units (560- to 1,000-kW). The Kake system was 
designed and installed to provide not only unit commitment capabilities for the plant, but remote 
monitoring and alarming functions. The system is configured to auto-dial THREA operations personnel 
for alarm conditions at the plant, so that problems can be corrected before a shutdown is required. 
Additionally, THREA personnel can dial the plant to remotely monitor real-time and accumulated 
metering functions. 

The original impetus for installing the system was to match generation to load more readily. In 
addition to addressing the classic unit commitment issue, the system was built to allow the local 
cannery to send a request to the plant for a large motor start, and the automatic generation control 
system would determine whether another unit was required to support the cannery load. The 
appropriate generation adjustments were made without operator intervention, and instructions were 
sent to the cannery, allowing the large motor to start when needed. 

2.2.1.2 Cordova Electric Cooperative—Humpback Creek Power Plant 

In 1999-2000 EPS designed, and is in the process of installing and commissioning, a PLC-based plant 
control and monitoring system for Cordova Electric Cooperative (CEC). The system performs the 
functional equivalent of unit commitment capabilities for the hydroelectric plant.  

The Humpback Creek Power Plant (HBC) is a run-of-the-river plant that operates at maximum 
capacity, given the flow available from the creek. The control system controls the power output from 
each of three individual units and automatically puts units online or offline, based on the available 
water in the flume. The HBC installation includes controls and monitoring for three units (250- to 
500-kW). The system was designed and installed to provide not only unit commitment capabilities for 
the plant, but also SCADA (system control and data acquisition) functions and governing functions for 
the machines. 

The original impetus for installing the system was to match generation to available water resources 
more readily, and thus maximize generation of hydroelectric power. In addition to the hydro unit 
commitment, the system was built to allow interface to CEC’s developing SCADA system.  

2.3 Analysis of Strategies 
The subsections that follow address issues related to the cost of electricity produced by diesel 
generator sets in rural Alaska. Issues are divided into two main categories: generating equipment and 
distribution systems. Strategies designed to improve efficiencies in generation are included in the first 
category and strategies designed to reduce line losses and other system distribution system losses are 
included in the second category. 

Net present value calculations were conducted on all proposed strategies to evaluate their cost-
effectiveness for a model village. Net present value is defined as the potential savings that may result 
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from implementing the strategy, minus the cost of implementing the strategy. A positive net present 
value is an indicator that the strategy should be considered an economically viable option.  

Assumptions 

The financial variables used in the analyses that follow are identified in Table 2-4. These variables 
include the discount rate (cost of capital) and planning period. The fuel usage for the model village 
assumed in the analysis is shown in Table 2-5. This model represents a relatively small but typical PCE 
community.5 This model may not be representative for larger communities in part because larger 
communities can experience economies of scale. Larger communities may experience larger benefits 
than suggested by this model community.  

Table 2-5. Financial Variables 

Variable Description Value 
WACC Weighted Average Cost of Capital (Real) 3 Percent 
Useful Life Useful Equipment Life 30 Years 
Salvage Value No salvage value is assumed at the end of the useful life. $0 

 

Table 2-6. Model Village Fuel Usage and Cost 

Budget at Different Average Fuel Costs per Gallon 
Item $1.00 $1.50 
Annual Fuel Usage (No. of Gallons) 60,000 60,000 
Total Annual Fuel Budget  $60,000 $90,000 

 

2.3.1 Generating Equipment and Related System Controls 
A major issue related to the cost of electricity in rural Alaska is how well the generating equipment in 
use matches the demand. Generator units tend to be less efficient (in terms of gallons of fuel used to 
generate a certain amount of electricity) if the demand is too low or too high for the size of the unit. 
Figure 2-2 shows fuel efficiency curves for three Perkins generator units and illustrates how fuel 
efficiency changes, depending on the amount of electricity produced by a generator and the type of 
generator used. In each of the three cases shown in the figure, the generator unit has a peak level of 
efficiency in terms of the number of kWh generated per gallon of fuel. Efficiency can be very low if 
the generator is required to produce electricity at a rate that is higher or lower than its optimal rate. 
New controls described in this subsection, such as microprocessor-based engine controls, offer the 
potential to improve the efficiency of generator units over a broader range of output. 

Utilities that have multiple generator sets must decide which generators to use at any given moment 
to meet demand as efficiently as possible. This topic includes operations and maintenance (O&M) 
issues that will be addressed in the companion report being prepared by ISER, but also switchgear and 
other engine controls. For example, new automated switchgear with RTED capabilities can determine 

                                                   
5 This model community would be near the median for communities included in the PCE database if the six 
largest communities were not included. 
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automatically which generators should be operating at a given point in time (to meet demand at the 
lowest cost) and automatically turn on those generators. 

Figure 2-2. Efficiency Curves for Selected Generator Units from Perkins 
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Source: Dames & Moore, 1998.  
 

Improved Switchgear 

The following discussion examines reductions in the cost per kWh of electricity generated that could 
potentially be realized with upgrades to generation switchgear. Other benefits of switchgear 
improvements, such as improved system reliability, are discussed in Section 6.6  

The general topic of switchgear improvements is divided into subsections on switchgear automation 
upgrades, RTED, and microprocessor-based protective relays. Separate analyses and conclusions 
regarding future study are provided for each type or component of switchgear improvement. 
Microprocessor-based engine controls are mentioned, but sufficient data were not available to 
conduct a thorough analysis.  

The analysis of switchgear improvements begins with installation of automated switchgear. The 
potential benefits of other switchgear improvements, such as the installation of RTED capabilities and 
full SCADA systems, are considered as possible additions to a generating system with automated 
switchgear. More generally, diesel engine and electric generator switchgear includes circuit breakers, 
transfer switches, and synchronizing controls.  

                                                   
6 In many cases, utilities install RTED capabilities at the same time as automated switchgear. In this report, these 
strategies are viewed as independent but linked opportunities. 
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Improving or upgrading these controls offers a variety of possible benefits, including improved fuel 
efficiency and reduced maintenance on equipment. When capital improvements are made to 
upgrade and modernize switchgear, many benefits can be realized for an incremental cost that could 
not otherwise be justified. For example, if a utility has made the decision to install automated 
switchgear, it could then consider the incremental costs and benefits associated with more 
sophisticated switchgear. (The analysis of RTED capabilities is something that a utility might consider 
beyond automated switchgear controls. The utility would not compare and contrast automated 
switchgear controls with RTED capabilities.) 

Three aspects of plant automation that can have benefits in many PCE communities are:  

1. Unit commitment can be controlled and optimized to match online generation to load 
requirements more efficiently. 

2. Remote monitoring, control, and alarming capabilities can be integrated into the system to more 
efficiently control the flow of information to appropriate personnel, making plant operation safer 
and more reliable.  

3. Specific local system needs can be accommodated with a flexible, open-control system 
architecture. 

EPS, Precision Power, and others estimate that the installation of automated switchgear could reduce 
fuel consumption by 5 to 20 percent in rural utilities.7 This level of savings would significantly reduce 
the cost of electricity in rural Alaska (for example, a 10 percent reduction in fuel costs would lower 
the cost per kWh by more than $0.01). In addition, Precision Power and EPS believe that a large 
number of rural utilities (5 to 10 or more) could benefit from automated switchgear. Additional 
benefits could be realized if RTED capabilities are considered at the time when automated switchgear 
is installed. RTED capabilities do not offer the same potential as automated switchgear, but could 
further enhance system controls and improve overall system performance. 

2.3.1.1 Switchgear Automation Upgrade 

Overview. One way to increase efficiency in electricity generation is to upgrade existing switchgear 
with an automated load share and demand system. The advantages of automated switchgear include 
more accurate control of generator sets and reduced labor expenses. Utilities that do not have 
automated switchgear must rely on a plant operator to monitor system load and to determine which 
generator sets should be operating at any given time to optimize system performance.  

Installing automated switchgear appears to have the potential to significantly reduce the cost of 
electricity to a large number of residents of rural Alaska. As a result, this strategy is recommended for 
further review.  

Analysis. The tables in this subsection depict the economic analysis for a generation switchgear 
automation upgrade in a model village in rural Alaska. A notable deviation from the economic model 
in Table 2-5 is in the assumed useful life of the installation. While the proposed technology would 
likely remain viable for 30 years, experience in SCADA and plant control system installations indicates 
that equipment often is changed more frequently to upgrade to more recent technology. For this 
reason, this analysis assumes a more conservative useful life of 20 years. 

                                                   
7 EPS and Alaska Power and Telephone (AP&T) both estimate that savings would be 5 to 10 percent. Precision 
Power estimates that savings would be 20 percent. Tanana Power Company, Inc., reported in a comment letter 
to the draft report that it had realized fuel savings of 13 percent with automated switchgear. 
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The analysis was conducted for two different installation costs for a three-machine diesel plant to 
bracket the possible range of costs for a small installation. The installation cost would be between 
$50,000 and $70,000. Two primary factors contribute to the variation in cost: 

� The level of monitoring and alarming included  
� The amount of force account labor used for the plant-to-control system wiring 

Table 2-7 is a breakdown of components included in the total costs of $50,000 (Option 1) and 
$70,000 (Option 2). Table 2-8 shows the net present value of installing automated switchgear at these 
two price levels. The cases considered here for a small plant installation should be the worst economic 
case. If a larger plant is considered, the net present value calculations should yield better results, 
because system installation costs will not increase linearly with the size of the installation. 

Table 2-7. Generator Automation Switchgear Upgrade for a Three-Machine Plant 

Installed Cost ($) 
Item Option 1 Option 2 
PLC/Communications Hardware  23,000  29,000 
PLC/ Communications Software 14,000 20,000 
Plant Wiring  4,000  8,000 
Transducer Installation  3,000  5,000 
Setup and Commissioning  6,000  8,000 
Total 50,000 70,000 

 

Table 2-8. Estimated Fuel Savings and Net Present Value of Generation Switchgear Automation Upgrade 

Net Present Value at Different Average Fuel Costs ($) 
Variable $1.00 per Gallon $1.50 per Gallon 
Option 1  

Annual Fuel Savings a 89,265  133,900  

Installation Cost 50,000 50,000 
Net Present Value b 39,265 108,900 
Option 2   
Annual Fuel Savings a 89,265  133,900  

Installation Cost 70,000 70,000 
Net Present Value of Installation b 19,265 33,900 

Note: The assumed annual fuel usage for the model village is 60,000 gallons. 
a Fuel savings with automated switchgear are assumed to be 10 percent (based on conversations with Precision 
Power).  
b Net present value calculations are based on a useful or expected switchgear life of 20 years and other financial 
variables shown in Table 2-4. The planning horizon for net present value calculations is 20 years. 
 
 
Conclusions. The positive net present value calculations indicate that the generator automation 
switchgear upgrade should be considered a viable option and its application should be considered for 
PCE villages. Precision Power estimates that the installation of automated switchgear could reduce fuel 
consumption by 20 percent in rural utilities. This level of savings would significantly reduce the cost of 
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electricity in rural Alaska (a 20 percent reduction in fuel costs would lower the cost per kWh by more 
than $0.01). This strategy is recommended for further analysis in the Rural Energy Plan.8  

2.3.1.2 Real-Time Economic Dispatch  

Overview. Once a unit is online, and, if multiple units are online to meet the load, RTED can be used 
to optimize the overall fuel usage of the plant. For machine load acceptance, RTED monitors the 
operating points of the online units; decides, based on the incremental cost of the “next kW,” on 
which machine the next kW is to be loaded; and adjusts the setpoint of that machine accordingly. If 
system load is decreasing, RTED takes the next kW off the machine that has the incrementally most 
expensive kW, at its current operating point. 

Historically, RTED has been implemented in a number of configurations:  

� For a multi-plant system, as in urban utilities, the RTED function is performed at the master 
control center. The unit setpoints for multiple units, located at multiple plants, are then 
communicated to the plants, where the actual control is performed on the machine setpoints.  

� For single-plant installations, as is typical for PCE utilities, the RTED function can be performed 
onsite at the power plant. For a plant with an open-architecture controller, based on an industry 
standard PLC or functional equivalent (as described in Subsection 2.2.1), the RTED function can 
be added easily as a software module in the control system. 

RTED capabilities do not offer the same potential as automated switchgear, but could further enhance 
system controls and improve overall system performance. The addition of RTED capabilities, when 
viewed alone, does not have the potential to significantly reduce the cost of electricity to a large 
number of residents in rural Alaska. However, RTED capabilities can be added to system controls at 
relatively low cost and can add to the overall performance of generating equipment. RTED is not 
recommended for further review as a separate strategy, but is recommended for consideration as part 
of the overall switchgear improvement package. 

Analysis. If the normal operation of the power plant is with multiple units online, EPS estimates that 
fuel costs might be lowered by as much as an additional 5 percent by adding RTED. RTED savings are 
realized only while more than one unit is online.  

Adding RTED to the generation switchgear automation upgrade discussed in Subsection 2.3.1.1 
would cost an estimated $24,000 for a three-machine plant. This cost is based on preliminary 
estimation work that was done by EPS to perform RTED (using a PLC as a controller) for a similar 
installation, as described in Subsection 2.2.1. The industry standard expectation for fuel savings from 
using RTED is generally 5 percent. Based on this estimate, the economic analysis was conducted at 
fuel savings of 3, 4, and 5 percent. 

The assumed fuel usage for the model village is the same as discussed in Table 6-3 and used for the 
generation switchgear automation upgrade. Table 2-9 shows the projected fuel savings for the model 
village. Table 2-9 also shows the net present value of installing RTED capabilities. The estimates 
incorporate three different fuel savings assumptions (3, 4, and 5 percent), the financial variables 
identified in Table 2-5, and the more conservative useful life of 20 years. 

                                                   
8 As discussed in the next subsection, additional benefits could be realized if RTED capabilities are considered at 
the time when automated switchgear is installed. 
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Table 2-9. Value of Adding RTED to Existing Generator Control System 

Indicator 
Net Present Value ($) of Installing RTED Capabilities  

at Different Fuel Savings Levels (Percent) 

Percent Fuel Savings 3 Percent  4 Percent  5 Percent  
Average Fuel Costs ($ per Gallon) $1.00  $1.50  $1.00  $1.50  $1.00  $1.50  
Fuel Savings 1,800 2,700 2,400 3,600 3,000 4,500 
Net Present Value of Savings a 2,780 16,170 11,710  29,560 20,630 66,950 
Note: The assumed annual fuel usage for the model village is 60,000 gallons. 
a Net present value calculations are based on a useful or expected switchgear life of 20 years and other financial 
variables shown in Table 2-3. The planning horizon for net present value calculations is 20 years. 
 
 

Conclusions. The positive net present value calculations indicate that the addition of RTED to a 
generator automation switchgear upgrade should be considered a viable option, and its application 
should be considered for PCE villages where multiple machines are online simultaneously. However, 
this strategy is not recommended for further study in the Rural Energy Plan as a standalone strategy. It 
appears that the potential of RTED controls would be maximized if the installation of such controls is 
considered at the same time as automated switchgear.  

2.3.1.3 Microprocessor-Based Engine Controls 

Overview. Electronic-microprocessor-based engine controls offer improvements over electronic 
governors and controls. In particular, the new microprocessor-based engine controls eliminate many 
of the mechanic linkages on diesel engines, including throttle cables. These controls are designed to 
reduce emissions, improve cold/hot starting, and provide selectable engine speeds.  

AVEC and Precision Power report that electronic-microprocessor-based engine controls have 
significant potential to reduce the cost of electricity in rural Alaska. Data have been requested from 
engine manufacturers to properly analyze the potential of these controls. This analysis should be 
included in the next phase of the Rural Energy Plan. 

Analysis. Precision Power estimates that microprocessor-based engine controls enable certain engines 
to produce 10 percent more horsepower for a limited period. In some instances, this increase could 
permit the selection of a smaller generator set that can still meet intermittent peak demands. 

AVEC has suggested that microprocessor-based engine controls have the potential to significantly 
reduce the cost of electricity in rural Alaska. Unfortunately, information requested from various diesel 
engine manufacturers to properly analyze the benefits did not arrive before this study was completed. 

Conclusions. Despite the lack of data available at this time, the potential benefits estimated by 
Precision Power and AVEC are such that this strategy should be reviewed in more detail. 
Microprocessor-based engine controls are recommended for further study. A complete analysis can be 
conducted when data are provided by engine manufacturers. The complete analysis should include 
an assessment of existing efficiency levels for electricity generation in rural Alaska, as well as certain 
issues related to O&M, generator size, and generator condition. 
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2.3.2 Distribution System Improvements 
Distribution system losses represent the difference in the amount of electricity generated and the 
amount of electricity consumed. For example, a utility may generate 100 kWh, but sell only 90 kWh. 
The remaining 10 kWh could be lost due to resistance in the distribution system (including 
distribution lines, transformers, and other elements) or due to reporting and monitoring errors. 

Distribution system improvements are generally considered modifications that improve the quality of 
service, as in the case of installing improved protection and sectionalizing. However, improvements to 
the distribution system tend to increase overall efficiency of generation and delivery of energy by 
reducing system losses, thus increasing overall system efficiency (defined as the amount of energy 
productively consumed divided by the overall energy generated). Reducing losses in a system, 
therefore, is a strategy for improving the overall operating efficiency of the power system. 

Distribution system losses, including line losses, in rural Alaska are difficult to analyze due to the 
quality of available data on amounts of electricity generated and sold. PCE data maintained for 
unregulated communities by the Regulatory Commission of Alaska include kWh sales and kWh 
generated, by community. However, for some communities in the PCE database, the data show 
adjusted sales figures exceeding adjusted generating figures (where generating is supposed to include 
any electricity purchased from other sources), indicating that system losses are negative. For some 
communities, PCE data show system losses exceeding 75 percent of the power generated.  

The PCE data on kWh generation and sales cover 1995 to 1997 for selected communities (a total of 
225 data points, covering 76 unregulated communities or utilities over a 3-year period). Based on 
these data, the average level of system loss is 13 percent and the median level of system loss is 
12 percent. The average falls to 12 percent if the data points are removed where system losses are 
zero or below, or 35 percent or higher. (These data points could be removed based on the 
assumption that they reflect monitoring or reporting errors.)9  

In comparison, Chugach Electric Corporation in Anchorage has reported distribution system losses of 
6 to 7 percent in the recent past.10 Based on this comparison, a decrease in system losses in rural 
Alaska from 12 percent to 7 percent appears to be theoretically possible. If fuel costs were $0.10 
per kWh, this 5 percent increase in generating and distribution efficiency (from 7 percent to 
12 percent) would lower the cost of electricity by less than $0.01 per kWh ($0.10 per kWh multiplied 
by 0.05 equals $0.005 per kWh). The relevant question is whether specific measures designed to 
reduce system losses could significantly reduce the cost of electricity in enough communities—
specifically, those with high losses—to make the strategies worthwhile. In addition, conclusions about 
the theoretical potential of reduced system losses should be based on data from a broader set of 
communities. 

In general, distribution system losses can be reduced in three general areas: installing transformers 
with optimal loss characteristics, installing conductors with optimal loss characteristics, and increasing 
the operating voltage of low-voltage distribution systems. This section includes three strategies 
designed to reduce distribution system loss, including transformer purchases, conductor evaluations, 
and system voltage upgrades, and two strategies to improve distribution efficiency: use of 
microprocessor relays and installation of system capacitors. None of the strategies is recommended for 
research beyond this screening analysis. However, the strategies could be implemented by rural 
utilities as part of an effort to improve efficiency and reduce costs. 

                                                   
9 A better approach would be to investigate utilities that have very small or very large system losses to determine 
the actual causes. 

10 Estimate from previous communications between EPS and Chugach Electric Association. 
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2.3.2.1 Reduce System VAr Requirements 

Overview. A generator produces two independent types of power: real power, or watts, and reactive 
power, or VArs (volt-amperes reactive). Real power performs work: it produces heat, causes motors to 
turn, produces light, and runs pumps. Reactive power is consumed by inductive loads (the 
predominant reactive loads in a power system) and generated by machines, or shunt capacitors. Both 
types of power must be produced in the system, but often (due to tariff or utility practices) only the 
real component of power produces revenue.  

EPS estimates that the larger PCE utilities could benefit from power factor correction, either by 
modifying transformer tap position settings, or by installing system capacitors. In many village systems, 
especially those with cannery or cold storage loads, the application of power factor correction can 
defer or eliminate the need to start a peaking unit. If the generator sets are volt-ampere (VA) limited, 
power factor correction can reduce the VA output, allowing the units to produce more real power. In 
addition, application of system capacitors at the end of a distribution line allows the operating utility 
to reduce system voltage (within acceptable limits), effectively reducing system load. 

Reducing the reactive power requirements of generating units (expressed as VAr requirements) in 
rural Alaska utilities is not recommended for further review. No data exist that show this strategy to 
have the potential to significantly reduce the cost of power for a large number of residents in rural 
Alaska, but it may be a strategy that certain utilities should consider. 

Analysis. A physical relationship exists between real and reactive power: 

Apparent power2 = real power2 + reactive power2 

Apparent power is measured in VA. 

Machines characteristically have independent ratings for each type of power, due to different physical 
constraints of the machine. Wattage generally is limited by the ability of the stator windings to 
dissipate heat. VArs are constrained either by limitations in the field winding or by heating effects in 
the stator end iron. Both of these limitations can be less than the VA rating of the machine, which is 
specified at a particular power factor. 

The machine can produce its rated real power output as long as the number of VArs that must be 
produced is not excessive. If the machine is called on to produce a significant number of VArs in 
addition to the real power requirement, the production of one of these types of power will be limited. 
At this time, additional generation would be required to deliver the required power. 

If the number of VArs required could be reduced, additional machines may not need to be started to 
meet the VA demand. Reduction of the number of VArs that the machine must produce can be 
accomplished in two ways: the net VAr demand of the system can be reduced, or passive VAr 
generators (capacitors) can be placed on the system. 

System VAr requirements can be modified in a number of ways. Classically, capacitors have been 
installed, either at the distribution voltage or at the secondary voltage. Two methods of controlling 
VAr flow in the system are modification of transformer tap settings, and switching loads to minimize 
VAr requirements. 

For rural Alaska villages, the minimum size of capacitors available for application at primary voltages is 
too large. This limits the application of capacitors to secondary voltage. 

To adequately analyze the costs and benefits of reducing system VAr requirements, an in-depth 
system study needs to be conducted, on an individual system basis. The strategy would not likely be 
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generally applicable to the majority of PCE villages, but may be applicable for some of the larger 
villages. The data required to accurately conduct an evaluation include the following: 

� System description, including conductor sizing and lengths 
� Generation impedance data 
� Power transformer impedance data 
� Load data for individual large consumers (canneries, schools, and others), including VAr loadings 
� Daily and seasonal load characteristics 
� A typical generation dispatch corresponding with the above load characteristics 
� Plant fuel cost 
� If an interconnection exists between multiple plants, interconnection and load data with which to 

calculate transmission penalty factors 
 
Conclusions. Installation of system capacitors may be an appropriate strategy for some systems where 
VA limiting of machines is observed due to high VAr loadings. When the machine is VA- or VAr-
limited, it cannot produce any additional real power, even though the machine may be below its kW 
rating. In some cases, this situation will require the starting of an additional peaking machine. Some of 
these VAr-induced starts can be avoided by the installation of system, or power factor correction, 
capacitors. Community-specific data and engineering studies are needed to determine the value of 
this strategy.  

No data exist that show this strategy to have the potential to significantly reduce the cost of power for 
a large number of residents in rural Alaska. Reducing VAr requirements may be a strategy that certain 
utilities should consider, but it is not recommended for further review in the Rural Energy Plan. 

2.3.2.2 Life-Cycle Costing Evaluation of Transformer Purchases  

Overview. Requesting that transformer manufacturers provide a life-cycle cost analysis of the 
transformers they offer is a strategy that PCE utilities could employ to ensure that they are purchasing 
the lowest-cost transformer. When a utility purchases a transformer, it must decide whether to 
purchase a lower-cost, higher-loss transformer or a higher-cost, lower-loss transformer. Utilities can 
have the analysis conducted for them by the transformer manufacturer (utilities can ask for a life-cycle 
cost of transformer alternatives by different manufacturers as part of the bid process. All that the utility 
needs to do is to supply the transformer manufacturer with data on fuel costs and system load.) 

This strategy is not recommended for further study because it does not appear to have the potential to 
significantly reduce the cost of electricity in rural Alaska. However, it is a no-cost action that most 
utilities should consider. 

 

Analysis. Many utilities with kWh costs much lower than typically found in rural Alaska purchase 
medium power and distribution transformers based on an evaluated cost, which often results in the 
purchase of a low impedance unit. This evaluated cost concept allows the utility to evaluate the life-
cycle cost of the transformer, which is determined largely by the actual cost of losses produced by the 
transformers and the utility’s cost of capital. Manufacturers typically conduct this analysis to optimize 
transformer design, based on the individual utility’s cost structure and cost of capital. Utilities can 
request that the analysis be included by the manufacturer with any offer. 

The economic evaluation for this strategy was conducted on a per-transformer basis. The transformer 
under consideration in this example is a single-phase, 15-kilovolt (kV), 25-kilovolt-ampere (kVA), 
120/240-volt (V) transformer. Table 2-10 identifies the variables used in evaluating this strategy. The 
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data used for losses and costs of transformers were derived from a recent bid analysis for transformers 
from an Alaska utility. The annual cost per kW of losses for the transformer was calculated by 
multiplying the cost of energy by the number of hours at the operating point/year. Deriving the annual 
cost of losses allows comparison of transformer designs.  

Using the data shown in Table 2-10, the annual savings in losses by using a low-loss design over a 
nominal transformer design were calculated by multiplying the cost of losses by incremental losses 
(where incremental losses are the difference in losses between the low loss unit and the nominal 
design transformer). Given the financial variables shown in Table 2-5 and the strategy variables in 
Table 2-10, net present values of the installations are shown in Table 2-12. 

Table 2-10. Variables Used in Transformer Life-Cycle Cost Purchase Evaluation 

Item Value 
Assumed Fuel Cost  $1 or $2 per Gallon 
Assumed Average Fuel Efficiency  10 kWh per Gallon 
Variable O&M Costs  $ 0.01 per kWh 
Low Loss Transformer Losses at No Load  0.22 Percent (55 Watts) 
Low Loss Transformer Losses at Full Load  0.32 Percent (80 Watts) 
Normal Loss Transformer Losses at No Load  0.44 Percent (110 Watts) 
Normal Loss Transformer Losses at Full Load  0.85 Percent (213 Watts) 
Incremental Cost for the Low Loss Transformer $400 
Percent Operating Life Near No Load 75 Percent  
Percent Operating Life Near Full Load 25 Percent  

Source: The data used for losses and costs of transformers were derived from a recent bid analysis for 
transformers from an Alaska utility. 
Notes: The transformer under consideration is a single-phase, 15-kV, 25-kVA, 120/240-V transformer. Variable 
O&M costs are related to transformers and are not intended to include all O&M costs for diesel systems. 
 

Table 2-11. Transformer Life-Cycle Cost Purchase Evaluation 

Net Present Value at Different Average Fuel Costs ($) 

Variable $1.00 per Gallon $1.50 per Gallon 
Losses at Heavy Load 590 891 
Losses at Light Load  736 1,110 
Subtotal 1,326 2,001 
Incremental Cost of Low Loss Transformer 400 400 
Net Present Value 926 1,602 

Note: The transformer under consideration is a single-phase, 15-kV, 25-kVA, 120/240-V transformer. 
 

Conclusions. Transformer life-cycle cost purchase analysis could be applied widely in PCE utilities. This 
strategy requires only an estimation of the operating history of transformers and a change in 
purchasing procedures. The positive net present value calculations indicate that the transformer life-
cycle cost purchase evaluation should be considered a viable option and its application should be 
considered for PCE villages. However, no data exist which show that this strategy would significantly 
reduce the cost of electricity in rural Alaska to a large number of residents. The number of 
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transformers purchased each year is small for most rural utilities and the total reduction in distribution 
system losses might not be significant. Therefore, this strategy is not recommended for further study. 

2.3.2.3 Life-Cycle Costing Evaluation of Conductor Purchases  

Overview. Economic selection of conductors is analogous to economic selection of transformers, as 
discussed in Subsection 2.3.2.2.  

Analysis. Larger urban utilities often select their cable and conductor sizes based on ultimate capacity 
(in amps) and a comparison of losses with smaller, less expensive conductors with the costs of 
upgrading to a larger conductor size, or different conductor type. 

For logistical reasons, utilities tend to standardize on a small number of conductor sizes and types to 
minimize inventory items and the associated cost of logistics. For a rural system, typical overhead 
conductor sizes of #4, #2, 1/0, and 4/0 may be considered. While some system loadings require 336 
and 397 aluminum, larger steel-reinforced conductors have more substantial equipment requirements 
for handling. 

The distribution system designer must estimate an “average” loading point for various feeder sections 
being designed and assign a “life-cycle” cost to those loadings based on a given assumed conductor 
life. The net present value of this 20-year recurring cost would then be compared to the cost of 
upgrading to the next standard conductor size, and a conductor size would be selected. This 
procedure gives the designer economic considerations in conductor selection, rather than simply 
electrical constraints. For systems with high generation costs, heavily loaded conductors, the 
economics may dictate an upgrade to a larger conductor size.  

It is important to limit the types and sizes of conductors that are available for consideration in the 
design and procurement process, to minimize the logistical difficulties and inventory carrying costs 
associated with keeping a large variety of conductors and associated connectors, splices, and 
terminations. 

Conclusion. Data are not available to conduct a detailed analysis of this strategy. Such an analysis 
would need to be conducted for specific cases. However, the cost of implementing the strategy is 
minimal because it only requires the designer to consider life-cycle economics when choosing the 
utility’s standard conductors. 

Annual expenditures by rural utilities on conductors probably are not large enough to allow this 
strategy to have a significant impact on the cost of electricity. As a result, it is not recommended for 
further study in the Rural Energy Plan. 

2.3.2.4 System Voltage Upgrades 

Overview. Upgrading the distribution voltage for power systems can reduce losses by reducing the 
current flowing through the line. By reducing losses, the amount of energy generated can be reduced. 

Analysis. Historically, many rural power systems were designed and installed to provide service to 
communities encompassing relatively small geographic areas. Initial capital construction investment 
can be lower for systems that operate at low voltage (typically 480 V) than for systems that serve larger 
areas. In larger communities and in villages that grew geographically, higher-voltage systems were 
installed initially or have been upgraded. In rural Alaska, these systems typically have been operated 
at 12 kV, allowing longer lines with acceptable end-of-line service voltages, and reducing system 
losses on those lines. 
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The State of Alaska has upgraded a number of low-voltage community systems to more conventional 
12-kV systems. The primary impetus behind the upgrades performed to date has been code violation 
problems that exist on these older, low-voltage systems, rather than the economics of operating at 
lower voltage. Currently less than five PCE villages are operated as low-voltage systems. These systems 
are under consideration for upgrade, due to code compliance issues. 

Conclusion. The State of Alaska could consider the economic benefits of low-voltage system upgrades 
as well as code violation issues. The economic benefits could be significant. However, because the 
number of villages with low-voltage systems is so small, this strategy is not recommended for further 
study in the Rural Energy Plan. 

2.3.2.5 Installation of Microprocessor-Based Protective Relaying Systems 

Overview. Installation of microprocessor-based relays can lower the cost of electricity by lowering 
maintenance and equipment costs associated with protective relay systems. Microprocessor-based 
relays perform the same tasks as traditional electromechanical relays, but offer advantages. 

An electromechanical relay is a device that uses electrical energy to move a disk, cup, or lever arm to 
actuate some type of control, usually to trip a breaker. Such actions are needed to ensure that the 
right amount of electricity is being produced, that it is flowing in the right direction, and that all 
systems are functioning properly. The advantages of microprocessor-based relays come primarily from 
the fact that, compared with electromechanical relays, they do not have as many moving parts or 
require the same amount of maintenance.11  

More specifically, a single microprocessor-based relay unit provides increased levels and types of 
protection compared to a single electromechanical unit. The increased protection available in a single 
microprocessor-based device allows the installation to be low in cost, relative to the greater number of 
protective devices required in older electromechanical designs.  

Installation of microprocessor-based relays provides the following benefits over leaving 
electromechanical relays in service: 

� Because microprocessor-based relays have no moving parts other than output contacts, required 
maintenance intervals can be reduced or eliminated without degradation in performance. 
Maintenance costs can be reduced or eliminated.  

� Automatic self-testing alerts operations personnel to relay failures, so that personnel do not have 
to wait until the next maintenance cycle (or non-operation during a system fault) to identify the 
failed device. 

                                                   
11 Due to their relatively high number of mechanical or moving parts, electromechanical relays require a 
significant amount of maintenance and tend to have a relatively high failure rate compared to microprocessor-
based relays. If maintenance is not performed, the relay may not operate when a fault occurs, or may operate 
when it should not, causing an unnecessary outage. Most urban utilities test their electromechanical protective 
systems on a regular basis. For example, a typical test cycle for electromechanical relays is annually for 
generation relays, and every 3 to 4 years for distribution relays and other controls. Electromechanical relays 
require periodic maintenance for the following reasons: 
� They have no ability to self-test or to signal a failure in any part of their critical systems. Should a failure of 

the device occur and not be detected, a subsequent fault condition may damage or destroy the protected 
equipment. 

� Their operating characteristics are dependent on moving parts, and are thus susceptible to airborne 
contaminants that can modify their operating characteristics. 

� Many are more than 25 years old and are ending their useful and predictable operating lives. 
� Regular maintenance is generally required by insurers. 
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� Microprocessor-based relays have better sensitivity and selectivity for system faults, eliminating 
unsafe conditions more effectively, while reducing the number of false operations, and thus 
reducing the number of unnecessary outages. 

Microprocessor-based relays are ideal for utilities that may not have specific relaying expertise, since 
their maintenance requires less expertise and labor than the older electromechanical designs. 

Analysis. The economic evaluation for the microprocessor-based relay installation was conducted on a 
per-plant basis and is show in Table 2-12 and Table 2-13. The data used for the cost of installation 
and testing of the microprocessor-based relays are based on actual numbers used by EPS working in 
actual installations in rural Alaska. The level of protection used in these examples is applicable for 
machines with generating capacities of 500 kW and greater. 

No additional outages are assumed if the electromechanical relay is left in place. In reality, it is likely 
that there would be some outages with a microprocessor-based relay installation, due to the 
occasional misoperations that are typical of electromechanical relays. In this analysis, however, the 
avoided cost for outages is assumed to be zero. No additional costs were assumed for potential 
machine or system damage due to the generally underprotected nature of most electromechanical 
relay installations. The current generation of microprocessor-based relays offers a full menu of 
protection functions not usually found in electromechanical, or discrete, installations and thus 
provides the protected equipment with superior protection from damage. 

Given the financial variables shown in Table 2-5 and Table 2-12, net present values for two scenarios 
of the cost of installations (status quo compared with use of microprocessor-based relays) are shown in 
Table 2-13. 

Table 2-12. Variables Used in Microprocessor-Based Protective Relaying Systems Installation Evaluation 

Cost ($) Interval (No. of Years) 
Item Installation Maintenance  Replacement Maintenance  
Electromechanical  5,000 a 17,000 6  3  
Microprocessor  46,671 5,000 Not Applicable 10 

a Replacement cost  

Table 2-13. Potential Cost Savings with Microprocessor-Based Protective Relay System 

Net Present Value of Costs per Relay Panel ($) 
Cost Variable Status Quo a With Strategy Implemented 
Relay Installation Not Applicable 46,671 
Relay Maintenance 59,723 2,799 
Periodic In-Kind Replacement 6,063 Not Applicable 
Net Present Value of Costs 65,787 49,470 
Potential Savings (Cost Savings per Panel)  16,300 

a Continuing to use and install electromechanical relays 
 
If it is assumed that a typical community has three generators and three relay panels, the net present 
value of installing microprocessor-based relay systems is approximately $49,000. When viewed on an 
annual basis, this savings is not sufficient to reduce the cost of electricity by $0.01 per kWh.  

Conclusion. The potential cost savings indicate that the installation of microprocessor-based protective 
relaying systems should be considered for PCE villages. However, the cost savings do not appear to be 
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sufficient to reduce the cost of electricity by $0.01 per kWh. As a result, this strategy is not 
recommended for the next stage of the Rural Energy Plan. 

2.4 Conclusions and Recommendations 
The installation of automated switchgear appears to be a cost-effective strategy that has the potential 
to significantly reduce the cost of electricity to a large number of residents in rural Alaska. A 
comparison of costs and benefits associated with this strategy shows that it would provide positive net 
benefits under reasonable assumptions, and the potential fuel savings would reduce the cost of 
electricity by more than $0.01 per kWh for numerous utilities (those that do not already have 
automated switchgear). Based on this potential, the installation of automated switchgear is 
recommended for further study in the Rural Energy Plan. 

Other types of switchgear improvements appear to offer benefits that exceed their cost, but the 
benefits do not appear to be significant. In particular, the incremental value beyond what can be 
realized with automated switchgear does not appear to be significant. For example, the installation of 
RTED controls appears to be cost-effective, but would result in fuel savings in the range of only 3 to 
5 percent. With fuel costs at approximately $0.09 per kWh, a 3 to 5 percent reduction would not 
reduce the cost of electricity by $0.01 or more (a 5 percent reduction corresponds to $0.0045 
per kWh). The addition of RTED to a generator automation switchgear upgrade should be considered 
a viable option, and should be considered for PCE communities where multiple machines are online 
simultaneously. However, this strategy is not recommended for further study in the Rural Energy Plan 
as a standalone strategy. It appears that the potential of RTED controls would be maximized if the 
installation of such controls is considered at the same time as automated switchgear. 

Microprocessor-based engine controls are recommended for further study based on the potential that 
Precision Power and AVEC believe exists with this strategy. Additional data have been requested from 
engine manufacturers to conduct the proper analysis.12 The installation of microprocessor-based 
protective relay systems is also recommended for further study based on the clear advantage of 
microprocessor-based systems over the traditional electromechanical systems. 

Improving or upgrading the various components described in this section offers a variety of possible 
benefits, including improved fuel efficiency and reduced equipment maintenance. In many instances 
the potential benefits from improved switchgear, controls, and relays are cumulative and can be 
captured with incremental expenditures. For example, if a utility already has certain improved 
equipment in place, or has made the decision to install automated switchgear, it could then consider 
the incremental costs and benefits associated with additional or more sophisticated components. The 
sequencing of components should be considered as this strategy is developed in the next stage.  

 

                                                   
12 The analysis of microprocessor-based engine controls should include an analysis of the efficiency of existing 
equipment. (Potential efficiencies must be compared to existing efficiencies to determine the value of possible 
improvements.) This analysis should include an assessment of the size and condition of existing generator 
units, as well as specific issues related to operations and maintenance of generator units in rural Alaska. 
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3 Fuel Price Strategies 

3.1 Introduction 
This section describes existing conditions and 
strategies that relate to lowering the cost of fuel in 
rural Alaska. This section also provides an analysis 
of potential net benefits that could be realized by 
specific fuel cost reduction measures. Detailed 
analyses and value estimates are provided for the 
following measures: 

� Promoting competition 

� Consolidating fuel purchases 

� Enhancing understanding of fuel markets 

� Replacing Diesel No. 1 by using additives or 
blending fuels 

� Alternative delivery methods 

The section ends with conclusions and 
recommendations.  

3.2 Existing Conditions 
The high cost of electric power and heating in 
rural Alaska has motivated a number of electric 
utilities and other fuel consumers to seek ways to 
reduce the price they pay for diesel and heating 
fuel. Interviews with fuel suppliers, utilities, and 
other consumers suggests that a number of larger 
fuel users in the state have developed 
sophisticated approaches to minimizing fuel costs. 
These organizations use their understanding of 
fuel markets to promote competition, seek cost-
effective pricing with the use of multiple fuel 
price indexes, and take advantage of seasonal fuel 
price changes. They also consolidate fuel 
purchases to obtain price reductions from fuel 
suppliers and fuel transporters. Subsections 3.3.1, 
3.3.2, and 3.3.3 provide additional detail on 
existing conditions for these strategies.  

Diesel No. 2 does not flow at temperatures below 
about 15°F, but Diesel No. 1 is more expensive 
than Diesel No. 2. Therefore, fuel users are 
seeking ways to decrease fuel costs by increasing 
use of Diesel No. 2 and reducing consumption of 
Diesel No. 1. Some communities have adopted a 

Summary 
Fuel price strategies include actions 
fuel users can undertake to achieve 
lower costs for fuel purchases, such 
as consolidating fuel purchases to 
obtain quantity discounts, and 
evaluating alternative transportation 
modes, such as air transport, for fuel 
delivery. The results of this 
preliminary analysis suggest that: 

� The various strategies for reducing 
the cost of fuel purchases are not 
significant independently, but can 
be combined into a program that 
achieves moderate savings.  

� Air transport is unlikely to provide 
savings when compared to barge 
delivery of fuel, but lengthening 
runways could enable the use of 
larger aircraft and lower air 
transport costs in those 
communities where fuel must be 
delivered by air or when barge 
service is not available.  

� The potential benefits from 
runway lengthening are likely to 
outweigh the costs only in a small 
number of communities.  

None of the fuel price strategies is 
recommended for further evaluation 
in Phase 2. However, AIDEA and 
other sponsors should seek 
opportunities to disseminate 
information on the activities that 
certain organizations use to reduce 
fuel prices, and encourage 
ADOT&PF to consider reductions in 
fuel delivery costs in future 
evaluations of airport projects.  
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strategy of blending Diesel No. 1 and No. 2 to reduce their fuel cost. A blend of about 60 percent 
Diesel No. 1 and 40 percent Diesel No. 2 has been used by some communities to air temperatures of 
about –25°F. Another similar strategy is to place additives into Diesel No. 2. Additives enable Diesel 
No. 2 to be used at air temperatures as low as –45°F. Subsection 3.3.4 provides additional detail on 
the use of these two strategies (blended fuels and additives) in rural Alaska. 

Barge delivery of fuel is the least expensive means of transport and, even in those communities where 
barge service and air delivery of fuel may be comparable in cost, community residents prefer barge 
delivery because of the large inventory that can be supplied and the sense of security that full storage 
tanks provide at the beginning of winter. However, some communities are not accessible by barge 
and fuel deliveries must be made by air transport. In addition, communities may occasionally need air 
delivery because the barges cannot reach the community because of low water or equipment failure, 
or the community uses more fuel than anticipated and fuel must be brought in by air before barge 
service is available. In these instances, communities with short runways pay more than communities 
with longer runways for fuel transportation because fuel transport companies can use larger aircraft on 
the longer runways. Subsection 3.3.5 describes the current situation for air transportation of fuel to 
communities in rural Alaska.  

3.3 Analysis of Strategies 

3.3.1 Promoting Competition 
Overview. Increased competition among fuel suppliers and transportation companies will result in 
lower costs to consumers. Communities in rural Alaska should solicit competitive bids and should 
structure the request for bids to enhance competition among firms. This strategy can be implemented 
by all communities statewide, but opportunities for expanding its use over present levels are limited, 
and the strategy is not recommended for further study (see consolidation analysis in the next 
subsection).  

Analysis. Some existing fuel cooperatives use competitive bidding, although competition is not present 
in some regions such as the Upper Kobuk River, where Crowley Maritime is the only barge carrier, or 
the middle and upper Yukon River, where Northland Services, Inc. (also doing business as Yutana 
Barge Lines), is the only barge carrier. Unfortunately, there is very little information available on the 
number of fuel purchasers that do not employ a competitive bidding strategy, or on the volume of 
fuel that is purchased without seeking competitive bids. 

Competition was often the first or second strategy that the interviewed electric utilities mentioned as a 
strategy they employ to reduce fuel costs. These utilities request competitive bids and structure the 
bids to promote more competition. For example, McGrath Light & Power offers a 3-year contract in 
an attempt to encourage fuel suppliers to compete in that regional market. The utility believes that a 
long-term contract will encourage additional potential competitors to enter the market because the 
potential supplier would then have a base from which to expand its operations (Propes, 2000).  

AVEC bids for fuel deliveries in 2000 indicate that the price difference between the lowest bidder and 
the second lowest bidder can be as much as 8 percent. However, the price differential between the 
lowest bidder and the highest bidder can approach 20 percent (Petrie, 2000b). Other utilities believe 
that competition among suppliers can provide savings of about 5 percent (Propes, 2000). Assuming an 
average fuel cost of $1 per gallon and an average diesel generating efficiency of 12 kWh per gallon, a 
fuel cost savings of 8 percent would result in a savings of about 0.7 cent ($0.007) per kWh. At $1.50 



SCREENING REPORT FOR ALASKA RURAL ENERGY PLAN  
FUEL PRICE STRATEGIES 

NORTHERN ECONOMICS, INC.  3-3

per gallon, the same generating efficiency, and a fuel cost savings of 8 percent, the cost of electrical 
generation would decrease by 1 cent per kWh. 

Conclusions. Discussions with electric utility personnel indicated that significant benefits from 
competition may exist and that larger orders can increase competitive interest. Consolidating fuel 
purchases through cooperatives or other organized groups is one means of increasing the size of fuel 
orders and thereby creating more interest among potential fuel supply competitors. Consolidating fuel 
purchases and promoting competition are therefore considered jointly in the following discussion. (As 
indicated, these strategies are not recommended for further investigation). 

3.3.2 Consolidation of Fuel Purchases 
Overview. Consolidation occurs when several entities purchase fuel together. Transactions may involve 
an administrator who coordinates the purchase and delivery arrangements. Consolidated fuel 
purchases offer the greatest benefit to entities that purchase small volumes of fuel. For example, an 
organization that purchases about 20,000 gallons per year could save 10 to 15 percent on the fuel 
price through consolidation, minus any administrative costs charged by some of the organizations that 
consolidate fuel purchases. Larger purchasers (organizations that purchase more than 250,000 gallons) 
could save about 2 to 4 percent of the fuel price, minus any administrative costs if the organization is 
purchasing through a fuel consolidator.  

In a typical rural community, a number of entities may purchase fuel from the same vendor 
independently of each other. Each entity purchases fuel to meet its own requirements. The fuel price 
to these entities is a function of the price of the fuel at the refinery gate and the cost of delivery to 
each purchaser, as well as the price when the order was placed. Prices per gallon decline with larger 
fuel orders, in part because of the reduced delivery cost per gallon and the suppliers’ desire to 
capture a larger portion of the market. If all entities in a community place one consolidated order, 
their combined market power can result in lower costs for each entity even if the deliveries are to 
separate storage tanks.  

Several organizations consolidate fuel purchases to reduce fuel costs in Alaska. Some of the 
organizations are formal cooperatives, while others are brokers that consolidate fuel purchases. The 
organizations include the following: 

� Alaska Native Industries Cooperative Association (ANICA) is a cooperative that serves about 
25 communities, predominantly in Western Alaska. According to Crowley Maritime, the 
cooperative purchases about 2 to 3 million gallons of fuel per year on behalf of retail 
establishments operated by village corporations or village tribal councils, which then sell the fuel 
to consumers in their communities (Dwight, 2000). 

� AVEC purchases fuel for the electric utilities that it operates in 51 villages in rural Alaska. The 
cooperative has established seven regions for fuel consolidation and issues separate bids for each 
region. The Northwest Arctic Borough School District, Lower Yukon School District, Lower 
Kuskokwim School District, St. Mary's School District, and Kashunamuit School District (Chevak), 
consolidated their fuel purchases with AVEC in 2000. AVEC purchases about 6 million gallons 
annually (Kohler, 2000; Petrie, 2000). 

� Western Alaska school districts are consolidating fuel purchases to obtain lower prices. The 
districts make a consolidated purchase of about 4.5 million gallons per year (Dwight, 2000).  
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� WAVE Fuels and Transportation is a subsidiary of Western Alaska Village Enterprise (WAVE), a 
Native-shareholder-funded company that operates primarily in the Calista region of Western 
Alaska. WAVE Fuels and Transportation purchases fuel on behalf of its customers and solicits bids 
from suppliers to deliver the fuel. WAVE serves more than 60 customers in about 45 communities 
(Hess, 2000). Its primary market area is in Southwest Alaska. The organization purchases about 
5 million gallons of fuel on an annual basis and sells the fuel to stores and other retail 
establishments for subsequent sale in the villages. (Dwight, 2000). 

� Western Alaska Fuel Group is an informal purchasing group composed of the electric utilities in 
Kotzebue, Nome, Unalakleet, Dillingham, Naknek, Iliamna, and Igiugig. The group purchases 
about 6 million gallons annually with a single combined bid request (Kohler, 2000; Dwight, 
2000). 

� Other major fuel purchases are made by the fuel terminal operators at Naknek, Bethel, 
Dillingham, Nome, and Kotzebue. The terminals function as the primary fuel suppliers in these 
larger communities, and as storage depots for purchases by nearby villages in the event of a 
shortage. The terminals are owned by major fuel distributors. For example, Bristol Fuels operates 
one of three terminals in Dillingham; Crowley Marine and Bonanza Fuel each operate a terminal 
in Nome; and Crowley Marine Services owns and operates the terminal in Kotzebue. 

� SKW/Eskimos, Inc. operates as a fuel purchaser for its own account and functions as the bulk fuel 
purchase coordinator for the North Slope Borough in communities from Point Hope to Kaktovik.  

� The Red Dog Mine is also a substantial fuel purchaser in Western Alaska, accounting for about 11 
to 12 million gallons annually. Proposed expansion of the mine could increase fuel consumption 
to 17 to 18 million gallons per year (Northern Economics, 1998).  

The balance of fuel consumption consists of independent purchases by various cities and village 
corporations, small retail establishments, aviators, tour guide companies, and construction companies.  

Analysis. The total market for heating and diesel fuel in Western Alaska (west of 154°W latitude and 
all of the Arctic Slope, excluding military and oil and gas operations on the North Slope) is about 160 
to 185 million gallons a year. Of this amount, the fishing industry (processing plants and fishing fleets 
at Unalaska/Dutch Harbor, and other processing plants and vessels elsewhere on the Alaska Peninsula 
and Aleutian Chain) accounts for about 90 million gallons. Of the remaining 75 to 95 million gallons, 
very little is not bought under a cooperative or organized group purchase (Dwight, 2000).  

The organizations listed above serve a number of communities in Western Alaska. Communities in 
much of Interior and Southeast Alaska do not belong to organizations that consolidate fuel purchases. 
It may be that many communities in these regions could benefit from consolidated fuel purchases. 

Refineries in Alaska do not offer volume discounts to buyers (Boltz, 2000; Noel, 2000; Payne, 2000). 
Fuel distributors are the entities that offer volume discounts to purchasers in rural Alaska. The 
breakpoints for lower prices vary by distributor. Table 3-1 shows a typical discount program for fuel 
sales in Western Alaska.  

Discounts of about 15 percent are available for purchases of more than 100,000 gallons, as compared 
to purchases of less than 5,000 gallons (Dwight, 2000). Further price reductions for purchases greater 
than 100,000 gallons result from competition among distributors for market share. According to 
Yukon Fuels, distributors evaluate the potential transportation cost to the location or locations that 
must be served and prepare bids based on risk and expected transportation costs (Tagliavento, 2000). 
There are no set breakpoints at these higher volumes. The price reductions for fuel purchases greater 
than 100,000 gallons are typically only a few cents per gallon (Dwight, 2000). 
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Table 3-1. Typical Discount Program for Fuel Sales in Western Alaska 

Volume Purchased  
(No. of Gallons) 

Approximate Discount 
(Percent Reduction from Price for Minimum Volume) 

(Minimum Volume) 5,000  Not Applicable 
20,000 5 
50,000 10 

100,000  15 
More than 100,000  Negotiable, but may be additional 2 to 4 percent 

 
 

An electric utility that consumes 20,000 gallons of diesel in a year could save about $2,000 per year if 
it could obtain savings of 10 cents per gallon by consolidating its purchasing with other organizations 
to exceed the 100,000-gallon threshold. Assuming an average diesel generating efficiency of 12 kWh 
per gallon for communities with this level of fuel consumption, the savings of 10 cents per gallon from 
consolidated fuel purchases would result in savings of about 0.8 cent ($0.008) per kWh; lower 
generating efficiency would reduce this savings. A utility that consumes 100,000 gallons could save 
$2,000 to $4,000 if its purchase was consolidated with purchases by other organizations to obtain 
further price reductions because of larger volumes. Assuming an average diesel generating efficiency 
of 14 kWh per gallon for communities with this level of fuel consumption, potential savings of 3 cents 
per gallon ($3,000 divided by 100,000 gallons) results in savings of about 0.2 cents ($0.002) per kWh.  

Tank farm consolidation in communities was also evaluated to determine whether that strategy would 
result in lower fuel prices. Tank farm consolidation can reduce fuel prices through the potential for 
purchasing fuel in larger volume and reducing tank farm capital and maintenance costs. However, 
discounts for larger fuel purchases can be achieved merely by placing a consolidated order for 
delivery to a community, and potential savings from reduced capital and maintenance costs for a 
consolidated tank farm as compared to a traditional tank storage in a community are minor. In light of 
these findings, this strategy was not further evaluated.  

Administrative costs charged by fuel consolidators, or membership fees for cooperatives, can reduce 
potential savings. For example, WAVE Fuels charges about 10 cents per gallon for purchases of 
5,000 gallons and about 5 cents per gallon for purchases of 400,000 gallons or more (Hess, 2000). 
Members reportedly have paid $200,000 in fees to join the cooperative, but that fee can be 
amortized over a wide range of goods that WAVE provides, including fuel. A WAVE member 
purchasing 5,000 gallons could save about 7 to 9 cents per gallon over the cost of purchasing directly 
from another supplier, if membership fees are ignored.13 However, a customer that purchases more 
than 100,000 gallons may pay more if it purchases fuel through WAVE because the administrative 
charge may be greater than the potential savings that WAVE could provide, compared to purchasing 
from another supplier.14  

Conclusions. Increasing competition and consolidation of fuel purchases can jointly reduce electrical 
generation costs by more than 1 cent per kWh in areas where competition does not exist and 

                                                   
13 Assumes a base fuel price of $1 per gallon, minus 17 to 19 cents per gallon savings for the consolidated fuel 
purchase by WAVE, plus 10 cents per gallon for WAVE’s administrative charge. 

14 Assuming a base fuel price of $1.00 per gallon, WAVE can provide a discount of 17 to 19 cents per gallon plus 
the administrative charge of 5 cents per gallon, for a net discount of 12 to 14 cents per gallon for a very small 
consumer. A large purchaser could obtain a discount of 15 cents per gallon by buying directly from another 
supplier.  
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consolidation does not occur. However, most communities are using these strategies to some degree. 
As a result, it appears that opportunities for expanded use of these strategies are limited. The strategies 
are not recommended for further investigation in Phase 2. 

3.3.3 Enhancing Understanding of Fuel Markets 
Two cost-saving methods used by larger organizations that have enhanced understanding of fuel 
markets include purchasing fuels during seasonal periods when prices for diesel fuel are historically 
low, and requesting suppliers to use multiple fuel price indexes and offering the best price possible 
from the various indexes at the day of loading. The following subsections describe these strategies. 

3.3.3.1 Seasonal Purchasing 

Overview. Some larger utilities purchase fuel during seasonal periods of low prices and have begun 
specifying bids in which cost is based on the lowest price among several fuel price indexes. Smaller 
utilities and communities could employ the same techniques to lower their fuel costs. However, if all 
communities employ seasonal purchasing, the value of that price reduction strategy may dissipate. 

Analysis. According to AVEC and MTNT Electric Limited, periods of low prices typically are near the 
end of May, when refineries are converting from heating fuel production to gasoline production, and 
at the end of July or early August, when refineries are converting from gasoline production to heating 
fuel production (Kohler, 2000; Petrie, 2000; Propes, 2000). At both times there is an increase in 
inventories of diesel and heating fuels, and a decrease in price for diesel and heating fuels.  

Despite this anecdotal evidence, the study team was not able to identify seasonal periods of low 
prices because of limited availability of data. Figure 3-1 shows monthly national data from the U.S. 
Department of Energy on refinery prices (excluding taxes) to resellers for diesel fuel and distillate fuel 
No. 2. It is difficult to discern from the data whether seasonal periods of low prices exist. The trends 
implied in the figure undoubtedly reflect other market factors that affect prices, and these other 
factors may mask the seasonal price changes.  
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Figure 3-1. Distillate Fuel Prices to Resellers, Excluding Taxes, January 1998–May 2000 
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Source: U.S. Department of Energy, 2000. 
 
 
Conclusions. Since seasonal price changes cannot be documented at this time, no further analysis of 
seasonality has been undertaken. 

3.3.3.2 Use of Multiple Price Indexes 

Overview. This subsection evaluates the strategy of requesting suppliers to use multiple fuel price 
indexes and to offer the best price possible from the various indexes at the day of loading. The use of 
multiple indexes provides marginal benefits that may be available only to larger consumers. Further 
research of this strategy is not recommended, but dissemination of information about the strategy is 
recommended. 

Analysis. There are several indexes used in the trade to establish fuel prices. The Oil Price Information 
Service (OPIS), the primary source of information on fuel prices, has spot prices and contract prices 
for distillate No. 2 and jet fuel typically used by fuel suppliers. The Distillate No. 2 prices are quoted 
for a number of areas including Anacortes, Washington (the location of major Pacific Northwest 
refineries), Los Angeles, and Alaska. Some of the larger utilities in Alaska are now requesting that 
suppliers use the index (for example, Distillate No. 2 at Anacortes), plus applicable transportation 
charges, that provide the lowest price to the utility. Suppliers are responding to that request.  

Table 3-2 provides information on various indexes from a sample OPIS newsletter. The prices are 
higher for Anchorage than for Anacortes or Seattle for several reasons. Contributing factors include 
economies of scale captured by larger refineries in Washington state, and at least one major 
disadvantage for each of the major Alaska refiners that increases their costs: the Williams refinery in 
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Fairbanks must ship fuel in rail cars to Anchorage, the largest market for its products, and the Tesoro 
refinery must ship its residuals to out-of-state users.  

The cost differential between Anacortes and Seattle of 0.8 cent ($0.008) per gallon for No. 2 high-
sulfur fuel as shown in Table 3-2 would result in minor cost savings of per kWh of electrical 
generation for Alaska utilities. However, the use of multiple indexes could lower total fuel costs for 
consumers, with savings dependent on volume purchased. Competition among fuel and 
transportation companies must be present to persuade them to offer the best index price to 
customers. Even then, fuel suppliers will be reluctant to offer index pricing to smaller customers. 
Consolidated purchases also may be necessary to enable smaller customers to take advantage of lower 
pricing with multiple indexes. 

Table 3-2. Comparison of Index Prices for No. 2 Distillate Fuel, Week of April 28, 1998 

Terminal Location 
Average Price for No. 2, High-Sulfur Fuel  

(Cents per Gallon) 
Anacortes 43.03 
Anchorage 64.33 
Seattle 43.83 

Source: OPIS Energy Group, 1998.  
 
 
Conclusions. The use of multiple indexes provides benefits to organizations that employ the technique. 
However, these benefits are marginal and may be available only to larger consumers. Further research 
of this strategy is not recommended, but dissemination of information about the strategy should be 
undertaken. 

3.3.4 Replacing Diesel No. 1 by Using Additives or Blending Fuels 
There are more Btus in Diesel No. 2 than in Diesel No. 1, but Diesel No. 2 will not flow at cold 
temperatures below about 15°F. As a result, many communities in the state use Diesel No. 1 during 
winter months. However, Diesel No. 1 is more expensive than Diesel No. 2, so some communities 
have developed strategies to reduce their use of Diesel No. 1. One strategy is to use recovered heat or 
some other mechanism to heat bulk fuel tanks, using large-diameter pipe (3 to 4 inches) to feed from 
unheated tanks, and using snow for insulating these pipes during cold weather. Other strategies 
include using additives with Diesel No. 2 and blending fuels to reduce their consumption of Diesel 
No. 1. The following subsections describe these strategies in more detail. 

3.3.4.1 Using Additives 

Overview. This strategy focuses on the opportunity for communities to purchase additives15 to reduce 
the pour point (the temperature at which the fuel begins to thicken) of Diesel No. 2 and reduce fuel 
costs by about 5 cents per gallon compared to Diesel No. 1.  

Analysis. With additives, communities can use less expensive Diesel No. 2 rather than more expensive 
Diesel No. 1, at least during certain parts of the year. This strategy is applicable in areas of the state 

                                                   
15 The current generation of additives, also known more formally as middle distillate fuel pour point depressants, 
have a polyethylene structure with a polar copolymer (vinyl acetate) to make the product stick to wax nuclei that 
are found in the fuel. There are varying opinions about the precise mechanism by which the additives function, 
but the consensus is that the additives inhibit wax crystal growth in distillate fuels (Emtec, 2000). 
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where Diesel No. 1 is required during colder months, but in locations where temperatures are not 
likely to fall below –45°F. AVEC and MTNT reported that they use Diesel No. 2 with an additive for 
temperatures down to about –45°F. 

The use of an additive increases the cost of a gallon of Diesel No. 2 or similar heating fuel by about 
1 to 3 cents per gallon, excluding costs for any additional tankage that may be required. In 
comparison, Diesel No. 1 costs about 10 to 12 cents more per gallon than Diesel No. 2 (Baumgartner, 
2000). In some communities, additional tankage may be required since the additive is added at the 
refinery and the blended fuel must be separate from other fuels.  

In April 2000, the difference in end user price for No. 1 and No. 2 distillate from Alaska refineries was 
8.2 cents per gallon. In Washington, the difference was 12.3 cents for sales for resale (sales to end 
users were withheld to avoid disclosing individual company data) (U.S. Department of Energy, 2000). 
If the difference in cost between Diesel No. 1 and Diesel No. 2 with additive is 5.2 cents per gallon,16 
an electric utility located where temperatures not expected to fall below –45°F and consuming 
100,000 gallons of Diesel No. 1 per year could save about $5,200 annually. Assuming an average 
diesel generating efficiency of 14 kWh per gallon for communities with this level of fuel consumption, 
the average savings would be about 0.37 cent ($0.0037) per kWh. At an average diesel generating 
efficiency of 10 kWh per gallon, the average savings would be about 0.52 cent ($0.0052) per kWh. 

There are other benefits with this strategy. Diesel No. 2 provides more lubrication than Diesel No. 1, 
reducing wear on engines. Diesel No. 2 has more Btus per gallon than Diesel No. 1, and this factor 
translates into additional savings for heating fuel consumers. The additional British thermal unit (Btu) 
value of Diesel No. 2 theoretically should translate into higher generating efficiencies (more kWh per 
gallon) than are possible with Diesel No. 1. However, interviews with utility representatives indicated 
that this differential could not be measured practically at operating utilities in rural Alaska because of 
other factors (such as varying load) that mask potential gains from use of Diesel No. 2 (Petrie, 2000; 
Baumgartner, 2000).  

Conclusions. It is recommended that this strategy not be included in the Phase 2 investigations. The 
marginal cost savings associated with this strategy, and the likelihood that this strategy will be adopted 
readily by utilities where it is appropriate, suggest that further assessment is not necessary.  

3.3.4.2 Blending No. 1 and No. 2 Diesel Fuels 

Overview. The strategy of blending No. 1 and No. 2 diesel fuels could be implemented year-round in 
more temperate regions of the state, and during spring and fall in colder regions. However, 
unexpected cold temperatures or human error could lead to major problems with heating and 
generation equipment. It is advised that this strategy be used only in electric utilities, and only by 
communities with a record of good operating practices. The blend would need to be stored in a 
separate tank or tanks. Additional tankage may need to be constructed in some communities.  

During months when Diesel No. 2 cannot be used, a blend (60 percent Diesel No. 1 and 40 percent 
Diesel No. 2) could be used if the temperature does not fall below about –25°F.17 McGrath Light & 
Power, which uses a blend for about 4 to 6 weeks in fall and 6 to 8 weeks in spring, consumes about 
55,000 gallons of blended fuel per year for electrical generation.  

                                                   
16 8.2 cents per gallon at Alaska prices minus 3 cents per gallon for additive  
17 These temperatures are based on interviews with fuel purchasers and suppliers. Refiners can modify the point 
at which wax crystals begin to form, although the process is not precise (Emtec, 2000).  
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Analysis. At McGrath Light & Power, blended fuels represent about 21 to 23 percent of total fuel 
consumption, which ranges between 235,000 and 260,000 gallons per year (Baumgartner, 2000). At 
a savings of $0.05 per gallon,18 the utility saves about $2,750 per year with this strategy. Using the 
average diesel generating efficiency of 13.4 kWh per gallon for McGrath from annual reports 
submitted to the Regulatory Commission of Alaska (Melendez, 2000), this strategy would reduce 
average annual electricity generation costs by about 0.4 cents ($0.004) per kWh. Neither the use of 
additives nor the blending of fuels to reduce use of Diesel No. 1 results in significant savings by itself. 
However, employing these strategies in conjunction with increased competition, consolidated fuel 
purchases, and multiple indexes can result in a moderate level of aggregate savings. 

Conclusions. It is recommended that this strategy not be included in the Phase 2 investigations. The 
marginal cost savings associated with this strategy, and the likelihood that this strategy will be adopted 
readily by utilities where it is appropriate, suggest that further assessment is not necessary.  

3.3.5 Alternative Delivery Methods 

3.3.5.1 Fuel Deliveries by Air 

Overview. The strategy discussed in this subsection involves use of aircraft rather than barges to deliver 
fuel to rural communities. In general, this strategy could be implemented statewide, but the largest 
benefits would accrue in communities with short runways and the following characteristics:  

� The community is accessible solely by air transportation. 
� Barge access is unreliable due to low water or other factors. 
� The community cannot afford to purchase fuel in large volumes. 
� The cost of air transportation is competitive with the cost of barge transportation. 

Air carriers believe that there may be 40 to 50 communities in the state that regularly receive all or a 
major part of their fuel by air. In addition, a number of communities receive fuel deliveries in the 
spring if the barges are running late or if the community has used more fuel than anticipated.  

Analysis. Interviews with air carriers (Greatland Air Cargo, Northern Air Fuels, and Everts Air Fuels) did 
not identify communities that presently receive fuel by barge that would reduce their cost of fuel by 
switching to air delivery. However, there may be communities that receive fuel by air that could save 
on fuel costs if runways were lengthened to accommodate larger cargo aircraft. Larger cargo aircraft 
can reduce the air transportation cost per unit of fuel delivered to communities. Occasionally, 
communities accessible by barge are short of fuel in spring before barges arrive and must order fuel 
deliveries by air. Communities facing this situation could benefit from longer runways.  

Telephone interviews were conducted with tug and barge operators and air fuel delivery services in 
an attempt to identify communities that are served by barge fuel delivery and might be able to obtain 
fuel at lower prices if they switched to air delivery. None of the companies contacted (Yukon Fuels, 
Greatland Air Cargo, Northern Air Fuels, Everts Air Fuels) could identify communities where air 
delivery of fuel might be less expensive than barge service. Everts Air Fuels indicated that even if the 
price was the same or lower for air transport than for barge service, barge service would be preferred 
in rural Alaska because ability to deliver a large inventory of fuel provides a greater sense of security 
for the community at the beginning of winter (Wing, 2000). The air carriers stated that air delivery fuel 

                                                   
18 If the blended fuel uses 40 percent Diesel No. 2 and the cost savings for using Diesel No. 2 instead of Diesel 
No. 1 is about 12 cents per gallon, the savings per gallon of blended fuel compared to Diesel No. 1 is about 
4.8 cents.  
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costs could be reduced if longer runways were available and larger aircraft could be employed. This 
subsection focuses on identifying the potential fuel cost savings from developing longer runways.  

The following paragraphs in this subsection: 

� Provide a range of potential costs for lengthening existing runways or constructing new runways 

� Identify the potential cost savings from using larger aircraft for fuel deliveries or enabling aircraft to 
operate with larger payloads  

� Compare the net present value of these savings over 25 years with the potential construction cost 

A series of tables, Table 3-3, Table 3-4, Table 3-5, Table 3-6, and Table 3-7, illustrate the analysis, 
which uses the communities of Nikolai and Amber as examples. These tables are grouped together 
after the following discussion for ease of interpretation. 

The Alaska Department of Transportation and Public Facilities (ADOT&PF) builds and maintains most 
rural Alaska airports. ADOT&PF provided a range of typical costs to lengthen and build runways in 
rural Alaska (Mayo, 2000). The costs range from a low of $1,000 per lineal foot to a high of $3,700 
per lineal foot for lengthening a runway suitable for handling a DC-6, a typical plane used for fuel 
deliveries. The costs for a new runway suitable for a DC-6 could range from $3,700 to $5,000 per 
lineal foot. The range is wide because of the many factors that can affect construction costs. 

Table 3-3 presents the range of potential costs for lengthening a runway to a certain length, or 
constructing a new runway of a certain length, in two case study communities, Nikolai and Ambler. 
Table 3-4 compares the air transportation costs and savings per gallon that are possible with the use of 
larger aircraft on a longer runway. The costs of constructing a longer runway are not included. 

ADOT&PF maintains a 2,350-foot gravel airstrip in Nikolai. A runway of this size can accommodate 
Caravans, Cassas, C-46s, and Caribous, cargo aircraft used by Alaska air carriers to transport fuel to 
short runways. A Caravan has a payload of about 4,200 pounds of cargo (approximately 600 gallons 
of fuel oil or diesel), while a Cassa has a payload of about 6,000 pounds (approximately 860 gallons). 
A C-46 can land with approximately 2,000 gallons of fuel at Nikolai (Wing, 2000). A Caribou has a 
payload of about 7,000 pounds (approximately 1,000 gallons). Everts Air Fuel flies fuel into Nikolai 
with a C-46, so its cost estimate is used for Nikolai. 

ADOT&PF also maintains the 3,000-foot gravel airstrip at Ambler. Northern Air Fuel can land a DC-6 
with about 3,000 gallons of fuel on a runway of this length. A Northern Air Fuels DC-6 operating at 
sea level would require a minimum runway length of 4,000 feet (4,500 feet preferred) for its 
maximum payload of about 4,000 gallons (Adams, 2000). Everts Air Fuel stated that it can haul 
5,000 gallons in its DC-6 aircraft (Wing, 2000). Northern Air Fuel was flying fuel into Ambler when 
this report was prepared, so its cost estimate is used for Ambler.  

Nikolai had a population of about 105 in 1999 and consumed about 55,000 gallons of heating fuel 
and diesel and 20,000 gallons of gasoline (Dwight, 2000). Current transportation cost for flying the 
fuel from Fairbanks into the 2,350-foot runway at Nikolai is $1.75 per gallon (Wing, 2000). According 
to MTNT, the cost of flying fuel into Nikolai is about the same as the barging cost (Propes, 2000). 
Based on this information, a 4,500-foot runway could save the community about $55,000 per year in 
fuel costs (75,000 gallons times $0.73 is $54,750). This total represents an annual savings of about 
$520 for each person in the community. The annual savings per household (with an average of 
2.7 persons per household) would total about $1,400, or 10 percent of the total household income of 
$14,063.19 With an average diesel generating efficiency of about 10 kWh per hour in Nikolai 

                                                   
19 Additional information is available online at www.dced.state.ak.us/mra/CF_BLOCK.cfm. 



SCREENING REPORT FOR ALASKA RURAL ENERGY PLAN  
FUEL PRICE STRATEGIES 

  NORTHERN ECONOMICS, INC. 3-12

(Melendez, 2000), the fuel cost savings associated with longer runways and larger aircraft would result 
in the reductions in electrical generation costs shown in Table 3-5.  

Ambler, a community of about 286 persons in 1999, consumed about 180,000 gallons of diesel and 
heating fuel, and 50,000 gallons of gasoline (Dwight, 2000). In 2000, only part of the community’s 
fuel supply was delivered by barge due to low water in the Kobuk River. The balance is being flown in 
at a cost about 62 cents per gallon higher than the anticipated barge delivery cost (Adams, 2000). The 
air delivery cost is high because the plane must be flown from Fairbanks to Kotzebue, and then use 
Kotzebue as a base of operations for delivery to Ambler. Fuel for the plane is much more expensive in 
Kotzebue than in Fairbanks, reflecting the cost to transport the fuel to Kotzebue.  

Less than half of the requested fuel delivery in 2000 was made by barge, but since air deliveries can 
be made as needed throughout the year, fuel inventories can be kept much lower. With air deliveries, 
less fuel may have to be delivered to the community for several reasons. First, there is less need to 
have fuel reserves in case the barge is delayed in the following year; air deliveries can continue to be 
made until the barge arrives. Second, the cost of fuel in the community will be higher with air 
deliveries, which will depress consumption by residents and lower fuel requirements. 

Assuming that half of the fuel consumption for the 2000-2001 heating season arrives by air, the 
additional cost to the community will be about $71,000. If the Ambler runway is lengthened to 
4,500 feet, fuel costs per gallon could be reduced by about 41 cents. (Air delivery costs would still 
remain about 21 cents per gallon higher than barge delivery costs.) Lengthening the runway could 
reduce fuel costs by about $47,000 or about $165 per person. Median household income is about 
$22,500 (Alaska Department of Community and Economic Development [DCED], 2000). The annual 
savings per household (with an average of 4.3 persons per household) would total about $700, more 
than 3 percent of annual household income. Using an average diesel generating efficiency of about 
13.95 kWh per hour for Ambler, and half of the annual fuel consumption of about 85,200 gallons for 
electrical generation (Petrie, 2000), the fuel cost savings associated with longer runways and larger 
aircraft would result in the reductions in electrical generation costs shown in Table 3-6.  

Table 3-7 compares the net present value—project benefits minus project costs—of savings that 
would accrue to each community if runways were lengthened and all fuel moved by larger aircraft. 
An example with all fuel being moved may be representative of the situation in communities that are 
totally dependent on air delivery, such as Venetie (4,100-foot runway) or Hughes (3,400-foot runway) 
where barge service is unreliable and most fuel and heavy freight is brought in by air (DCED, 2000).  

The net present value of savings was calculated for a 25-year period with a 3 percent real discount 
rate. No population growth or subsequent growth in fuel consumption was assumed. No reductions in 
interest costs for fuel supplies delivered by air are included. The net present value of fuel cost savings 
in Nikolai does not exceed the construction cost for any of the runway lengths evaluated in Table 3-7. 
In contrast, Table 3-7 suggests that the benefits of lengthening the runway in Ambler to 4,500 feet 
would exceed the construction cost if such costs could be kept to about $1,000 per lineal foot.  

Longer runways or new, larger runways offer several other potential benefits not addressed in detail in 
this analysis. For example, delivery by air can occur throughout the year, reducing the tank capacity 
needed in a community. Communities with barge deliveries typically have adequate tank capacity to 
hold 12 to 18 months of fuel supplies. With air delivery, communities may need tank capacity for 
only a few weeks or months of fuel consumption. In addition, longer runways would enable larger 
aircraft to be used for other cargo, mail, and passengers. The potential cost savings and other benefits 
that longer runways would provide for these other uses have not been calculated.  

Ultimately, longer runways can reduce fuel costs for villages that obtain fuel deliveries by air. 
Table 3-7 suggests that small communities with lower fuel requirements, like Nikolai, are not likely to 
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achieve fuel cost savings that outweigh the cost of lengthening or constructing new runways. Larger 
communities may be able to achieve fuel cost savings that are larger than runway construction costs if 
such construction costs can be held to a minimum. Factoring in other cost savings could substantially 
improve the economics of lengthening runways. 

Table 3-3. Range of Construction Costs for Lengthening Runways and Constructing New Runways  
at Nikolai and Amber 

Cost to Lengthen Runway ($) Cost for New Runway ($) 
Runway Length 
Alternative 
(Feet) 

Additional Length 
Required (Feet) 

Low  
($1,000 per 
Lineal Foot) 

High  
($3,700 per 
Lineal Foot) 

Low  
($3,700 per 
Lineal Foot) 

High  
($5,000 per 
Lineal Foot) 

Nikolai (Existing length 2,350 feet) 

3,000 650 650,000 2,405,000 11,100,000 15,000,000 
4,000 1,650 1,650,000 6,105,000 14,800,000 20,000,000 
4,500 2,150 2,150,000 7,955,000 16,650,000 22,500,000 
5,000 2,650 2,650,000 9,805,000 18,500,000 25,000,000 
Ambler (Existing length 3,000 feet) 

4,000 1,000 1,000,000 3,700,000 14,800,000 20,000,000 
4,500 1,500 1,500,000 5,550,000 16,650,000 22,500,000 
5,000 2,000 2,000,000 7,400,000 18,500,000 25,000,000 

Note: Representatives of air cargo companies that deliver fuel suggested building fuel tanks with a pipeline 
system to offload airplanes at airstrips if a pipeline does not exist from the airstrip to the community fuel tanks. 
The cost estimates do not include such a pipeline or tank system.  
 
 

Table 3-4. Air Transportation Cost Savings with Longer Runways at Nikolai and Amber 

Amount per Gallon ($) Runway Length  
Alternative (Feet) Air Transport Cost a Savings 
Nikolai  

2,350 (Status Quo) 1.75 - 
3,000 1.70 0.05 
4,000 1.33 0.42 
4,500 1.02 0.73 
5,000 1.02 0.73 
Ambler  

3,000 (Status Quo) 1.63 - 
4,000 1.33 0.30 
4,500 1.22 0.41 
5,000 1.22 0.41 

a Cost estimates are for air transport only and do not include construction costs or the time required by 
community members to meet aircraft or move the fuel in tank trucks or trailers to the existing community tanks. In 
some communities with small (500-gallon) tank trucks, multiple trips can be required for each planeload of fuel.  
 



SCREENING REPORT FOR ALASKA RURAL ENERGY PLAN  
FUEL PRICE STRATEGIES 

  NORTHERN ECONOMICS, INC. 3-14

Table 3-5. Electrical Generation Cost Savings with Longer Runways at Nikolai 

Electrical Generation Cost Savings 
for Fuel Delivered by Air Runway Length 

Alternative (Feet) 
Air Transport Cost 

Savings Per Gallon ($) Annual ($) a Per kWh (¢) 
2,350 (Status Quo) NA NA NA 

3,000 0.05 1,720 0.5 

4,000 0.42 14,430 4.2 
4,500 0.73 25,080 7.3 

5,000 0.73 25,080 7.3 
a Based on 34,359 gallons of diesel fuel used for electrical generation between July 1, 1998, and June 30, 1999 
(Melendez, 2000). 
 

Table 3-6. Electrical Generation Cost Savings with Longer Runways at Ambler 

Electrical Generation Cost Savings 
(for Fuel Delivered by Air) Runway Length 

Alternative (Feet)  
Air Transport Cost 

Savings Per Gallon ($) Annual Savings ($) a Per kWh (¢) 
3,000 (Status Quo) NA NA NA 
4,000 0.30 12,800 2.1 
4,500 0.41 17,500 2.9 
5,000 0.41 17,500 2.9 

a Based on 85,200 gallons of fuel used for electrical generation in 1999 (Petrie, 2000). 
 

Table 3-7. Comparison of Construction Cost and Net Present Value of Transportation Cost Savings  
at Nikolai and Amber 

Cost to Lengthen Runway ($) Cost for New Runway ($) 

Runway Length 
Alternative (Feet) 

Net Present 
Value of 

Savings ($) 

Low  
($1,000 per 
Lineal Foot) 

High  
($3,700 per 
Lineal Foot) 

Low  
($3,700 per 
Lineal Foot) 

High  
($5,000 per 
Lineal Foot) 

Nikolai  

3,000 (Status Quo) 65,300 650,000 2,405,000 11,100,000 15,000,000 
4,000 548,500 1,650,000 6,105,000 14,800,000 20,000,000 
4,500 953,400 2,150,000 7,955,000 16,650,000 22,500,000 
5,000 953,400 2,650,000 9,805,000 18,500,000 25,000,000 
Ambler  

4,000 (Status Quo) 1,201,500 1,000,000 3,700,000 14,800,000 20,000,000 
4,500 1,642,100 1,500,000 5,550,000 16,650,000 22,500,000 
5,000 1,642,100 2,000,000 7,400,000 18,500,000 25,000,000 

 
 

Conclusions. ADOT&PF should further evaluate communities in which benefits of runway lengthening 
might exceed the costs of construction. Phase 2 should not include further research on this strategy. 
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3.4 Conclusions and Recommendations 
Air delivery of fuel usually is not competitive with barge delivery due to cost and consumer 
preference. However, air transportation costs can be reduced if longer runways are constructed. 
Smaller communities are unlikely to achieve benefits that are large enough to offset the cost of 
lengthening runways. Larger communities may be able to achieve enough benefits to offset the costs 
of lengthening runways by using larger aircraft to deliver fuel and other cargo, and to transport 
passengers, and if construction costs can be kept low. The benefits of this strategy are likely to accrue 
to a relatively small number of communities in the state. Therefore, this strategy is not recommended 
for further evaluation in the Rural Energy Plan. It is recommended that ADOT&PF consider and 
include the benefits of lower fuel costs when evaluating airport projects in the future.  

The other fuel price strategies each provide relatively minor savings in the cost of electrical generation 
in rural Alaska. However, these strategies can be combined in a program to reduce fuel prices that 
achieves a moderate level of savings for electrical generation and heating. Many utilities and other 
consumers have implemented at least some of these strategies. Consequently, the potential savings 
may be limited to those communities that are not familiar with the strategies. Additional research in 
Phase 2 is not recommended, but AIDEA should seek opportunities to disseminate information on a 
programmatic approach to reducing fuel costs. Organizations that currently use these strategies should 
be approached to discuss these strategies at relevant conferences and meetings so that other 
organizations can benefit from their understanding and knowledge.  
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4 End-Use Conservation 

4.1 Introduction 
This section describes existing conditions related to end-
use conservation, including sources of information on 
end-use conservation measures and programs designed to 
promote such measures in rural Alaska. This section also 
provides an analysis of potential net benefits that could be 
realized with specific measures. Detailed analyses and 
value estimates are provided for the following measures: 

� Installation of energy-efficient lighting systems in 
existing residences and new residences 

� Upgrades to energy-efficient refrigerator-freezer units 

� Upgrades to energy-efficient televisions 

This section ends with conclusions and recommendations 
for additional research. The analyses of strategies that 
involve fuel switching, such as conversion of electric water 
heaters to oil heaters, are in Section 7, Space and Water 
Heating. Strategies such as additional insulation, heater 
retrofits, and weatherization measures are also analyzed 
in Section 7. 

4.2 Existing Conditions 

4.2.1 Major Programs 
Several entities have programs to promote energy efficiency in rural Alaska. Programs in the state 
include the following: 

� The Alaska Industrial Development and Export Authority Rebuild America program  

� The Rural Alaska Community Action Program Energy Conservation Initiative  

� Other weatherization and technical assistance programs sponsored by the Alaska Housing Finance 
Corporation  

� The Cold Climate Housing Research Center 

� The Alaska Craftsman Home Program 

� The Alaska Building Science Network 

The Alaska Energy Authority (AEA), the programs of which are administered by AIDEA staff, uses 
U.S. Department of Energy funds along with state matching funds to promote energy saving in Alaska 
through several initiatives. These initiatives include the Rebuild America program (implemented in 
Alaska as Rural Alaskans Conserve Energy [RACE]), technical assistance for energy retrofits, and other 
programs that target specific industries such as seafood. Through the Rebuild America initiative, 
AIDEA has a proven history of replacing old lighting systems with new, energy-efficient systems and 

Summary 

This preliminary analysis indicated 
the following: 

� End-use conservation 
measures have the potential 
to significantly reduce the cost 
of electricity in rural Alaska. 
Estimates of the potential net 
present value from investing in 
the end use conservation 
measures discussed in this 
subsection exceed 
$34 million. 

� Further research on end-use 
conservation measures in 
Phase 2 is justified based on 
the potential savings of these 
measures. 



SCREENING REPORT FOR ALASKA RURAL ENERGY PLAN  
END-USE CONSERVATION 

  NORTHERN ECONOMICS, INC. 4-2

making other improvements in the area of energy efficiency. For example, a project to upgrade old 
fluorescent lamps in the Aniak High School Gym in 1999 reduced the school’s lighting bill by 
20 percent. The total cost of the project was $12,892 (including a grant of $11,392 from AEA and 
$1,500 from the Kuspuk School District, and the estimated payback period is 20 months (figures from 
Rebuild America program database, provided by Rebecca Garrett, program director). 

RurAL CAP sponsors the Energy Conservation Initiative—a collaboration between the AmeriCorps 
Program and the Energy Assistance Program at the Alaska Department of Health and Social Services. 
The project is intended to decrease dependency on public assistance by measurably reducing the 
energy costs of more than 2,000 low-income households. The project was designed with input from 
low-income people across the state, along with technical information from Alaska's home energy 
conservation and weatherization fields (RurAL CAP, 2000). 

The Alaska Housing Finance Corporation (AHFC) offers a variety of programs, from low-cost loans 
for energy-efficient structures to technical assistance. While the Rebuild America program focuses on 
institutional buildings (for example, schools, stores, and post offices), AHFC programs focus on 
residential buildings. AHFC promotes energy efficiency by financing the purchase of those homes, and 
only those homes, that meet minimum building energy efficiency standards. For new construction, 
meeting these standards requires a home energy rating for the new house plans and an “as-built” 
rating once the home is complete. (Contractors certified by AHFC perform these services.20) Homes 
meeting certain criteria are approved for interest rate reductions. Buyers of existing homes can 
participate in the interest rate reduction program by increasing a home’s energy rating and including 
the cost of specific improvements into the mortgage.  

Other programs function more as information clearinghouses. For example, the Alaska Craftsman 
Home Program, Inc. and the Alaska Building Science Network are associations that promote energy 
efficiency as an essential component of durable, safe, and affordable housing in Alaska. In addition, 
organizations such as the Cold Climate Housing Research Center and the Northern Research and 
Technology in Housing test new building technologies in Alaska and northern Canada, respectively. 

In addition, programs in Canada offer information and training to promote energy conservation in 
new construction and renovation projects in cold climates. Available data on these programs suggest 
that considerable savings can be realized through end-use conservation. For example, replacing a 
60-watt incandescent light bulb with a 13-watt compact fluorescent bulb will reduce the consumption 
of electricity for lighting by approximately 80 percent (Fine Homebuilding, Winter 1999, No. 127). 

Information on the success of programs designed to promote energy efficiency is limited by a lack of 
data on historical electricity consumption by residences and institutional buildings in rural Alaska. In 
addition, problems arise when assessing the value of various energy retrofit projects because there is 
no clear mechanism for determining the value of each component of projects that typically include 
weatherization, installation of new lighting systems, and installation of new, energy-efficient 
appliances and heaters. Projects may also include converting some appliances from one energy source 
to another (for example, replacing electric water heaters with oil-fired water heaters). 

Data from Past Efforts 

The Rebuild America program maintains a database with information collected from energy audits in 
85 communities in rural Alaska. The database is a Microsoft Access database, with data on the 

                                                   
20 New homes that achieve a 4 Star Plus AkWarm energy rating or better meet the energy standard. A higher 
rating such as 5 Star or 5 Star Plus qualifies the homebuyer for an energy-efficiency interest rate reduction 
through AHFC. 
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communities and approximately 3 to 4 institutional buildings in each community. Building-specific 
data include the type of structure, building age, square footage, type of fuel used for heating, special 
energy load features (such as a swimming pool), and total annual energy load. Paper records 
completed during the audits show the type of heating system and lighting in each building. This more 
detailed information has not been included (at this date) in the Access database.  

Rebuild America energy audit data include energy conservation recommendations,21 the estimated 
cost of projects, the associated savings, and the estimated payback period. Payback periods for these 
efforts range from 0.5 to 4.9 years. Common recommendations in the audit include the following: 

No-Cost Measures 

� Set the temperature back 10 degrees on thermostats at night and on weekends 
� Turn out the lights when no one is using the room 
� Delamp in over-lit areas 
� Reduce temperature on hot water heaters 
� Switch to compact fluorescent fixtures when incandescent bulbs burn out 

Low-Cost Measures 

� Programmable setback for thermostats 
� Install timers with battery back up on vending machines 
� Install LED exit lights 
� Replace T-12 fixtures with T-8 fixtures with electronic ballasts 
� Install occupancy sensors on lighting controls 
� Install time clocks on exhaust fans in bathrooms and shower areas 
� Install outside temperature setback on boiler 
� Replace inefficient motors, pumps, and fans 
 

Through AIDEA, Rebuild America has implemented a small portion of the projects recommended in 
the audits. Little or no data are available on the effectiveness of these projects—many have just been 
completed. 

Data from other programs are also limited. For example, AHFC maintains a database on manufacturer 
specifications for a variety of products and keeps limited records of building conditions (such as the 
energy rating) where buildings have been financed by AHFC. AHFC does not have data on the types 
of lighting fixtures, heating systems, and other appliances in existing homes. The contractors that work 
with AHFC also have limited records with information on houses where they have conducted audits, 
completed weatherization upgrades, or installed new heating equipment.  

Data from the Alaska Department of Community and Economic Development (DCED), Division of 
Business and Community Development, include information on fuel usage, electricity consumption, 
and electricity prices for rural communities. However, no information is available in this database on 
how the fuel or electricity is used. In particular, no information is available on the type or efficiency of 
heating systems or lighting systems that are in place in rural Alaska. (Such data are needed to 
determine the extent to which end-use conservation strategies are being used in rural Alaska or to 

                                                   
21 Including no-cost measures such as delamping fixtures in over-lit areas or keeping lights off in unoccupied 
areas, low-cost measures such as replacing mercury vapor lighting with fluorescent fixtures, and capital projects 
with a cost of more than $5,000 
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assess the potential for savings from continued effort in this area.) U.S. Census data show the type of 
fuel used for heating in Alaska, but are less detailed than the data provided by the Division of Business 
and Community Development.  

In summary, no data are available to identify the type of heating equipment used in rural Alaska, the 
amount or type of insulation, the type of lighting, or the efficiency of various appliances. 

Anecdotal Information 

Weatherization contractors such as the Rural Alaska Community Action Program (RurAL CAP) and 
Alaska Community Development Corporation (ACDC) have very limited primary data on the value of 
the weatherization and energy retrofit projects they have completed. Data problems include the 
inability to collect data on historical energy use from private utilities, and inability to afford the data 
loggers and necessary software to monitor project performance properly.22 For example, ACDC 
recently replaced electric hot water heaters in the City of Egegik (where each electric water heater 
added approximately 4.5 kW to system load). ACDC personnel explained that savings cannot be 
calculated because the private utility has not responded to requests to provide ACDC or the City of 
Egegik with copies of billing histories for residences that received new heaters (Berube, 2000). 
Personnel at both RurAL CAP and ACDC said that recent projects are being monitored, but data are 
not available for past projects. 

4.2.1.1 Village Case 

Igiugig Project 

ACDC and AHFC recently completed energy retrofits in 13 buildings in Igiugig. Retrofits were 
conducted in December 1999 and March 2000, and most of the buildings were residences. 
Improvements included weatherization, replacing lighting systems, and upgrading appliances where 
appropriate. The purpose of the project is to conduct an electrical baseload management study and to 
determine the value of conducting such retrofits in a majority of the buildings in a community.23 
Personnel at ACDC said that a preliminary review of the data suggested that efficiency improvements 
have resulted in a 10-kilowatt (kW) reduction in system load. They also said that a comparison of 
electric data for the winters of 1999-2000 and 2000-2001 will give a clearer picture of the change in 
electricity usage. ACDC is currently preparing a report that will show the projects implemented, the 
project costs, and expected savings. Staff at ACDC are constructing billing histories for the buildings in 
the study. (Factors such as unexpected use of electric space heaters in a building used during a road 
construction project complicate the data collection for this effort.) 

4.3 Analysis of Strategies 
This subsection presents estimates of the potential benefits of end-use conservation measures that 
could be implemented in rural Alaska. Cost estimates for different actions are derived from estimates 

                                                   
22 Many projects implemented by the weatherization contractors have multiple components. For example, a 
single project may have components to improve thermal efficiency, to improve building durability and safety, 
and to conserve electricity. Determining what portion of a project’s costs and benefits should be attributed to 
electricity and having the equipment to monitor project components separately presents the contractors with a 
difficult set of issues. 

23 Igiugig was selected because of its manageable size, city-managed utility (minimizing problems with access to 
data), and interest on the part of the city manager and utility manager. 
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in other studies (especially the 1988 report by Analysis North, The Economic Potential of Energy 
Efficiency in Rural Alaskan Residences) and comments from weatherization contractors and program 
managers. Total cost figures are based on the average existing cost of electricity in rural Alaska ($0.15 
per kWh for avoided costs and $0.32 per kWh for retail costs) and $1.00 per gallon for fuel. Net 
present value calculations are based on a discount rate of 3 percent and various planning periods 
depending on the end-use conservation measure being analyzed. 

Rural Energy Enterprises (a subsidiary of RurAL CAP) is a wholesale distributor of energy-saving 
products for rural Alaskans. Company director Conrad Zipperian believes that great strides have been 
made in changing the way rural Alaskans heat their homes, but little progress has been made in the 
area of lighting. He cited stove sales for Rural Energy Enterprises in the recent past and efforts of other 
weatherization contractors as evidence that a significant percentage of rural Alaska homes are now 
using efficient heaters. However, Rural Energy Enterprises had minimal success selling compact 
fluorescent light fixtures in the past and stopped carrying compact fluorescent products. Several 
weatherization contractors suggested that new heaters have been readily accepted by rural Alaska 
residents for reasons such as convenience and performance, in addition to efficiency. In comparison, 
compact fluorescent lights have not been more convenient to use or have not provided other obvious 
benefits to offset the high capital cost (Zipperian and Lee, 2000). 

Evidence for the potential of end-use conservation in space and water heating is in Section 7. The 
following text focuses on the potential of efficient lighting systems and other technologies related to 
reducing the cost of electricity in rural Alaska. 

Estimates from Previous Studies 

In its 1988 report, Analysis North analyzed economic benefits and costs of energy efficiency measures 
such as improving heating systems, superinsulating new homes, and upgrading lighting systems. For 
the 20,000 PCE households (the estimated number at the time of the study), the authors found that 
the net present value of investing in these energy efficiency and conservation measures was 
$240 million, or $12,000 per household. (The present value of total potential benefits was estimated 
to be $370 million, while the present value of costs was estimated to be $130 million.) 

Techniques examined in the 1988 Analysis North study were space heating efficiency improvements 
(including replacing heating systems, increasing insulation, improving window systems, and reducing 
air leakage in homes), electrical end-use efficiency improvements (lighting, refrigeration, and other 
appliances), and fuel switching possibilities (replacing electric water heaters with oil-fired units). 
Focusing on electrical end-use efficiency improvements, Analysis North found that for each kWh of 
electric load reduced, savings in terms of avoided generator costs were approximately $0.125. This 
avoided cost figure was based on the cost of fuel and generator efficiency, not the retail value of a 
single kWh of electricity. 

The study found that “…significant economic benefits could be realized from the implementation of 
energy-efficient measures in existing and future rural residences” (page 5). The study also noted, 
however, that many measures would not be implemented by the unaided marketplace. For example, 
the study showed that space heating efficiency levels that were economically optimal based on life-
cycle costing exceeded state thermal standards. The authors assumed that rural Alaska contractors and 
residents will do only the minimum required by law and concluded that some form of subsidy might 
be necessary to encourage residents to implement optimal thermal standards. (An alternative to 
offering economic subsidies would be to modify building codes.) The study did not consider 
improvements to the existing stock of housing in the calculation of costs and benefits.  
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All general assumptions and calculations of costs and benefits in the report are included in an 
appendix to the report. In addition, the estimated costs and benefits of 14 different energy-efficient 
measures are summarized in a table in the report. The measures with the most potential were shown 
to be adding insulation, heater retrofits, weatherization, and lighting retrofits. Other measures with 
noticeable potential include converting or replacing electric appliances.  

4.3.1 Lighting 
Overview. Potential benefits associated with lighting retrofit projects and efficient lighting in new 
construction are analyzed in this section. The net present value of lighting retrofit projects is estimated 
at $23.6 million, and the net present value of increased efficiency in lighting in new construction is 
estimated at $1.7 million. These results justify the continued study of this measure in the next stage of 
the Rural Energy Plan.  

Analysis. The analysis of potential benefits associated with lighting retrofit projects and efficient 
lighting in new construction is preceded by a discussion of the theoretical potential of efficient lighting 
and obstacles to efficient lighting in rural Alaska. The specific analyses for lighting retrofit projects and 
efficient lighting in new construction are in Subsection 4.3.1.1. 

Theoretical Potential 

AEA conducted a study in 1990 on the Nikolai Lighting Demonstration project implemented in 1987-
1988. The study found that incorporating a systematic, integrated approach to combined demand-
side and supply-side conservation would reduce the cost of producing electricity and minimize PCE-
eligible kWh consumed, thereby reducing consumer costs and total PCE expenditures. However, the 
report noted that the cost of alternative lighting fixtures was more than homeowners were willing to 
pay and many homeowners were not satisfied with the lighting quality of alternative fixtures. The 
potential of alternative lighting systems to lower electricity costs, together with improvements in 
lighting technologies and lower prices for alternative fixtures since the Nikolai study was prepared, 
suggest the need for alternative lighting to be evaluated in more detail. 

Table 4-1 summarizes different lighting sources to illustrate the relative value of different types of 
fixtures. Table 4-2 shows the cost of owning and operating specific types of bulbs for 10,000 hours 
(the expected life of the compact fluorescent bulb).  

A 13-watt compact fluorescent bulb and a 60-watt incandescent bulb have similar light in terms of 
quality (color) and brightness. However, the cost of owning and operating the bulbs is very different. A 
self-ballasted, 13-watt, compact fluorescent fixture costs approximately $20 in Anchorage, compared 
to $0.50 for a standard 60-watt incandescent globe. Still, the compact fluorescent fixture will last 6 to 
7 years with 1,500 hours of use per year, and have lower operating costs over that period.  

Until recently, fluorescent fixtures did not work with dimmer switches. However, manufacturers claim 
that new ballasts and lamps such as the Philips Earth Lamp can be used with any controls that work 
with traditional incandescent lighting. Compact fluorescents that function in three-way switches (such 
as a 50-100-150 watt incandescent bulb) could not be found to be included in this analysis. 
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Table 4-1. Comparison of Different Types of Light Sources 

Lamp Description 
Power 

(Watts) a 
Lumens 

(Brightness) 
Durability 
(Hours) b 

Capital 
Cost ($) 

Operating 
Cost per 

1,000 Hours 
($) c 

Incandescent Bulb 60 870 1,000 0.50 19.20 
Fluorescent Compact Twin 13 825 10,000 9.99 4.16 
Fluorescent Compact Quad 26 1,800 10,000 15.99 8.32 
Fluorescent Tube (1” X 48 “) 32 3,050 20,000 2.99 10.24 

Source: Calculated by Northern Economics using information from Fine Homebuilding, Winter 1999 (No. 127), 
and Fred Meyer stores, October 2000. 
a Includes ballast wattage for fluorescents 
b Number of hours a light source is expected to burn 
c Calculated at 32 cents per kWh 
 

Table 4-2. Total Cost Comparison for Compact Fluorescent and Incandescent Bulbs (10,000 Hours) 

Lamp Description 
Power 

(Watts) a 
Duration 
(Hours) 

No. of 
Bulbs b 

Capital 
Cost ($) 

Operating 
Cost ($) c 

Total Cost 
($) 

Incandescent Bulb 60 10,000 10 5.00 192.00 197.00 
Fluorescent Compact Twin 13 10,000 1 10.00 41.60 51.60 

Source: Calculated by Northern Economics using information from Fine Homebuilding, Winter 1999 (No. 127), 
and Fred Meyer stores. 
a Includes ballast wattage for fluorescents 
b Based on expected bulb life of 1,000 hours for incandescent and 10,000 hours for compact fluorescent 
c Calculated at 32 cents per kWh 
 

Obstacles to Efficient Lighting in Rural Alaska 

There appear to be three main obstacles to widespread use of new lighting fixtures and other end-use 
conservation strategies in rural Alaska. 
� Homeowners typically do not conduct a life-cycle cost analysis for light bulbs and may not have 

the capital or the willingness to pay $10 for a light bulb when traditional bulbs cost $0.50 (not 
including shipping).  

� Limited availability of lighting fixtures in rural areas 

� Lack of incentive on the part of rural utilities to assist customers with the purchase of efficient 
lighting fixtures and other appliances 

Manufacturers claim that issues related to differences in color and brightness between incandescent 
lights and fluorescent lights have been resolved. However, no data could be found on consumer 
preferences to document whether the public perceives fluorescent and incandescent lights as 
substitutes for each other. It is possible that differences in color and brightness is another obstacle. 
(People may prefer light from incandescent bulbs to light from fluorescent bulbs.) 
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Initial Cost Compared with Total or Life-Cycle Costs 

Spending 20 times more for a better light bulb, even when the purchase makes sense, requires a 
sufficient income stream and good budget planning. Many residents of rural Alaska earn a significant 
portion of their income in non-cash form, such as through subsistence activities. These individuals 
may not have sufficient cash income for more expensive lighting fixtures. The 1988 Analysis North 
report states: 

“Consumers typically avoid paying now when they can pay later, even if it means paying 
more later. If there exists no easy way to spread out the costs of energy efficiency measures 
over time, consumers will forgo the investments and tolerate the higher energy costs later. 
This phenomenon is even more true for low-income people.”  

The AEA study in Nikolai, as well as experience from weatherization contractors, also suggests that 
energy-efficient lighting typically costs more than residents are willing to pay, despite the potential 
savings. 

Energy savings from lighting may or may not be readily apparent in a particular electric bill. For 
example, the addition of a new appliance or more frequent use of other electrical appliances can 
mask the savings from new lighting systems. Moreover, some consumers may be concerned about 
breakage and the chance of poor performance with new lighting systems—discounting heavily the 
future energy savings that can be realized with new lighting systems. Assuming that people like to 
have obvious reasons for any given purchase, it is reasonable to conclude that the idea of purchasing 
something like a compact fluorescent light bulb can be troubling. Many of these issues have been 
addressed by manufacturers (for example, new compact fluorescent bulbs perform better and are 
more durable than in the past), but residents of rural Alaska may need to be convinced before they 
will make such purchases in the unaided marketplace. 24 

Limited Availability of Lighting Fixtures 

Weatherization contractors said that they have never seen compact fluorescent fixtures for sale in 
stores in rural Alaska (Lee and others, 2000). Alaska Commercial Company (AC) stores do not carry 
compact fluorescent fixtures at present and have not carried them in the recent past. Harold Dill, a 
buyer for heaters at AC stores and, until recently a buyer for light bulbs at AC stores, said that the 
company does not carry compact fluorescent bulbs because of their poor performance (physical 
performance, not sales performance). AC is just starting to use traditional fluorescent lighting in their 
stores, but does not use compact fluorescent bulbs.  

Various informal studies have found that energy-efficient products are essentially unavailable in rural 
Alaska. Residents of rural Alaska often purchase items by mail order or phone orders and typically 
purchase what is available or on sale. The issue of energy efficiency is usually not a primary factor in 
buying decisions (Rural Electric Initiative, date unknown).  

 

 

 

                                                   
24 Onsite research by Northern Economics at the Anchorage Home Depot store in October 2000 indicated that 
several manufacturers produce compact fluorescent bulbs for home use, but none of the manufacturers 
recommended that the bulbs be used in closed fixtures. This limitation may be a disincentive for use of compact 
fluorescent bulbs in rural Alaska. 
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Lack of Incentives 

Rural utilities typically have no incentive to assist customers with the purchase of efficient lighting 
fixtures and other appliances. End-use conservation projects can reduce baseload requirements, but 
not necessarily peak load. In addition, reductions in kWh demand can make it more difficult for a 
utility to spread fixed costs. 

Energy savings through end-use conservation measures can be viewed as a benefit to customers and 
to the state (through better load management and reduced PCE expenditures). However, not all 
utilities recognize lower kWh sales as a benefit because lower kWh sales reduce revenues. For 
example, if the variable costs of the last kWh sold are $0.10 to $0.20 (the avoided cost figure in the 
1988 Analysis North study was $0.125 per kWh, and AVEC statistics show that fuel costs and O&M 
costs equal $0.18 to $0.21 per kWh25) and the retail price for that kWh is $0.32, then the utility loses 
$0.12 to $0.22 in net revenues if that kWh is not sold due to end-use conservation measures. 

Another issue related to incentives is the extent to which the PCE program reduces the incentive that 
consumers have to implement end-use technologies. In short, if consumers paid the actual cost of 
power in rural Alaska rather than the subsidized cost, they would have a greater incentive to 
implement energy conservation measures. From the perspective of the state, this disincentive should 
be noted. The state is paying to subsidize the cost of each kWh of electricity consumed, thereby 
encouraging use of more electricity and larger subsidies. The PCE limit of 500 kWh per month for 
subsidies provides an upper bound, but not necessarily a constraint. For example, AVEC customers 
without water and sewer may use 150 to 250 kWh per month. Whether or not the addition of water 
and sewer makes the consumption of electricity by AVEC customers exceed the 500-kWh limit 
depends on the number and type of appliances they acquire (Petrie, 2000). 26 

Analysis North conducted a study in 1987 titled The Effect of Electricity Subsidy Programs on the 
Economic Incentives for Improving Generation and End-Use Technologies. The analysis showed that 
the PCE program ranked lower than average among the eight subsidy programs analyzed, for both its 
effect on a utility’s incentive to reduce electrical generation costs and its effect on a customer’s 
incentive to use energy-efficient technologies. The study showed that fixed-cost programs were more 
effective than PCE in both categories. In these programs, customers receive a fixed amount of 
monetary credit on their electric bill each month. The amount of the credit is the same for all 
customers for a given utility, but varies across utilities according to generation costs.  

4.3.1.1 Lighting Retrofit Projects and Efficient Lighting in New Construction 

Overview. This section describes two lighting efficiency strategies: 

� Upgrading lighting systems in existing buildings in rural Alaska. In particular, this strategy involves 
replacing existing incandescent fixtures with energy efficient fluorescent fixtures (including 
compact fluorescent fixtures) and upgrading existing fluorescent tube fixtures with new electronic 
ballasts and other controls. The benefits of this strategy include reduced electricity demand for 
lighting, thereby lowering the total cost of electricity for end-use customers. 

                                                   
25 An AVEC presentation at the Alternative Energy Conference in Fairbanks, Alaska, on August 17, 1999, 
included the following statistics for kWh generation: Fuel costs equaled $0.09 per kWh and O&M costs equaled 
$0.09 to $0.12 per kWh. O&M costs included overhauls, tune-ups, inspections, parts, and operator time. O&M 
costs for diesel engines were $0.11 per kWh. Total costs, with depreciation and interest included, were 
estimated to be $0.25 to $0.29 per kWh generated. 

26 The addition of an electric tank water heater by itself could make monthly consumption exceed the 500-kWh 
limit and alter the incentives of the program. However, AVEC customers are encouraged to purchase oil-fired 
on demand heaters rather than electric heaters (AVEC tariff advice sheet, Item 7.09). 
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� Installing efficient lighting in new construction in rural Alaska. Efficient lighting systems may have a 
higher initial cost than alternatives such as incandescent fixtures, but would have a lower life cycle 
cost. The benefits of this strategy include reduced electricity demand for lighting, thereby lowering 
the total cost of electricity for end-use customers. Examples in this subsection focus on the 
residential sector, but the strategy also applies to commercial and institutional buildings. 

Analysis. The 1988 Analysis North report references a RurAL CAP survey that was conducted to 
determine the value of upgrading (in existing homes and other buildings) to efficient lighting in the 
village of Hooper Bay. Results suggested that it would cost $350 per home to install efficient lighting 
and that savings would be approximately 750 kWh per home per year.  

In the current study, using avoided costs close to $0.15 per kWh, savings of 750 kWh per home 
per year suggest a savings of approximately $113 per home per year. At $0.32 per kWh (the average 
retail cost), these figures suggest a savings of $240 per home per year.  

Table 4-3 shows the possible savings with installation of efficient lighting. Table 4-3 uses the avoided 
cost figure because some portion of O&M costs, as well as all capital costs, for generation equipment 
must be incurred even if the demand for electricity falls with conservation. The retail cost figure is 
mentioned as a point of reference.  

There were an estimated 20,000 PCE homes in 1988—at the time of the Analysis North report. The 
total value of lighting retrofit projects in Table 4-3 also uses an estimate of 20,000 PCE homes. Many 
rural residences have installed efficient lighting systems since 1988. However, many new residences 
have been constructed—many with conventional, incandescent lighting. Table 4-3 includes the 
assumption that 20,000 homes still have inefficient lighting systems. 

Table 4-3. Total Potential Value of Lighting Retrofit Projects in Rural Residences 

Amount per Home ($) 
Value of 

Electricity 
($ per kWh) a 

Cost of 
Lighting 
Upgrade 

Annual 
Savings 

Present Value 
of Costs Over 

20 Years b 

Present Value 
of Benefits 

Over 20 Years c 

Net Present 
Value with 
20,000 PCE 
Homes ($) d 

0.15 350 113 503 1,681 23.6 Million 
Source: Calculated by Northern Economics based on cost estimates from Analysis North, 1988, and the current 
cost of electricity (avoided cost of $0.15 per kWh). 
Note: It is assumed that 20,000 homes have inefficient lighting systems. 
a Estimate of avoided cost based on $0.09-0.10 per kWh for fuel and $0.01-0.10 per kWh for O&M 
b Calculated with 3 percent discount rate and $200 in replacement/repair costs after 10 years (initial cost and 
replacement cost figures from Analysis North, 1988). 

c Calculated with 3 percent discount rate 
d Present value of savings minus present value of costs for 20,000 homes 
 
The estimated annual savings of $113 per year for an initial investment of $350 suggests a rate of 
return of 32 percent. Rebuild America building audits show lighting retrofit projects with equal or 
higher rates of return in institutional buildings. For example, the Rebuild America audit for Craig High 
School (Craig, Alaska) shows that replacing the mercury vapor lights with two-lamp fluorescent fixtures 
with electronic ballasts and T8 lamps would provide better lighting at about half the electrical load. 
The audit also shows that this retrofit would cost approximately $1,170 and provide savings of 
approximately $400 per year (2,500 kWh per year at $0.16 per kWh avoided cost). This project has 
an annual return of 34 percent and estimated simple payback of 3 years. Smaller projects 
recommended for Craig High School offer higher returns. 
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In addition to retrofit projects in existing structures, savings can be realized with installation of efficient 
lighting in new construction. Newer buildings in rural Alaska are using more fluorescent lighting, but 
the potential remains for additional efficiency improvements and savings. A buyer for Alaska 
Commercial (AC) Company Value Center stores,27 said that newer AC stores have fluorescent lighting 
while older stores do not, and explained that fluorescent lighting was not installed in older stores due 
to concerns about performance of the lights in cold buildings. The fluorescent lighting being installed 
in the new stores includes ceiling fixtures (for example, 4-foot and 8-foot tubes), but not compact 
fluorescent fixtures in display areas (Dill, 2000). 

The 1998 Analysis North Report includes an estimate of the incremental cost and potential value of 
improving the efficiency of lighting in new construction. In that report, it was assumed that the energy 
load from new homes could be reduced by 500 kWh per year for a cost of $250. (At $0.15 per kWh, 
the energy savings corresponds to a savings of $75 per year. This ongoing, annual savings is compared 
to the one-time expense of $250.) The report assumed that 500 new homes would be constructed 
each year and used a 40-year planning horizon, with benefits escalating at 1 percent per year to 
account for real increases in the cost of electricity. More modest assumptions are used here to allow 
for the possibility that a higher percentage of the newer homes will include efficient lighting and that 
electricity costs may be more stable. The shorter planning horizon allows for the chance that homes 
may be renovated after 20 years.  

Table 4-4 shows the potential value of lighting upgrades in new rural residences.  

Table 4-4. Potential Value of Lighting Upgrades in New Rural Residences 

Amount per Home ($) 
Value of 

Electricity 
($ per kWh) a 

Cost of 
Lighting 
Upgrade 

Annual 
Savings 

Present Value 
of Costs Over 

20 Years b 

Present Value 
of Benefits 

Over 20 Years c 

Net Present 
Value with 
100 New 

Homes ($) d 

0.15 250 75 442 1,116 1.7 Million 
Source: Calculated by Northern Economics based on cost estimates from Analysis North, 1988, and the current 
cost of electricity (avoided cost of $0.15 per kWh). 
a Estimate of avoided cost based on $0.09-0.10 per kWh for fuel and $0.01-0.10 per kWh for O&M. 
b Calculated with 3 percent discount rate and $250 in replacement/repair costs after 10 years (initial cost and 
replacement cost figures from Analysis North, 1988). 

c Calculated with 3 percent discount rate 
d Net present value of savings with 100 new homes constructed each year for 20 years (net present value of 
each home always based on 20-year planning horizon, regardless of when constructed) 

 

Conclusions. The potential benefits associated with lighting retrofit projects and efficient lighting in new 
construction justify the continued study of this measure in the next stage of the Rural Energy Plan. The 
net present value of lighting retrofit projects is estimated to be $23.6 million and the net present value 
of increased efficiency in lighting in new construction is estimated to be $1.7 million. 

A different perspective can be used to demonstrate that end-use conservation has the potential to 
reduce the cost of electricity in rural Alaska. For example, the 1998 Analysis North report suggests that 
$250 in lighting upgrades (in new construction) would result in annual energy savings of 500 kWh. 
With a planning horizon of 10 years, these assumptions suggest an average annual cost of $25 ($250 
divided by 10) and an average annual savings of 500 kWh, or $0.05 per kWh saved. In this case, 
a kWh saved is much less expensive than a kWh purchased for use. 

                                                   
27 Alaska’s largest rural retailer of groceries and general merchandise 
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4.3.2 Water Heaters 
Overview. This subsection provides an introductory discussion regarding energy use by electric water 
heaters. A more detailed discussion is provided in Section 7, along with an analysis of the potential 
savings with alternative strategies for water heating. 

Analysis. The top-rated electric water heaters require 4,624 kWh per year for average levels of use 
(American Council for an Energy Efficient Economy [ACEEE], 2000). The 1988 report from Analysis 
North assumes that water heaters in rural Alaska use approximately 4,800 kWh per year. Water 
heaters have not been present in many homes in the past due to the lack of public water and sewer 
service. As a result, many electric water heaters are relatively new and the benefit of replacing these 
uses would not be substantial. However, in addition to the issue of kWh per year or dollars per year 
for consumers, system load or energy demand placed on rural utilities should be considered.  

AVEC provides tariff advice to member utilities that reads: 

“The Utility does not recommend electric water heaters, electric space heating appliances, 
electric dryers (especially commercial), electric saunas, or other similar devices whose main 
purpose is to produce heat electrically in the Utility service areas, since cost comparisons with 
alternate methods are generally unfavorable and, in some cases, cause detrimental effects to 
the Utility system.”  

This advice became effective in November 1977. More recently, AVEC wrote a letter in March 2000 
to the Alaska Department for an Environmental Conservation (ADEC) Village Safe Water (VSW) 
Program about alternatives to electric hot water heaters. In the letter, AVEC requested that VSW 
consider and recommend oil-fired rather than electric hot water heaters. The letter also highlighted 
Toyotomi and Monitor brand high-efficiency, direct-vent, oil-fired units (Petrie, 2000). 

Several reports have shown that heating domestic water with electricity is less efficient (requires more 
energy or fuel) and, as a result, substantially more expensive, than heating water with oil. The benefits 
of fuel switching are discussed in Section 7. 

Conclusion. As homes have become more energy-efficient with the addition of more insulation and 
better construction techniques, space heating demands have fallen considerably. In some cases, 
energy demand for space heating is less than energy demand for water heating. In these cases, it is 
possible that domestic hot water tanks could be used as space heating devices to reduce the total cost 
of space and water heating. This strategy is discussed in Section 7. Other strategies related to water 
heating, including the use of low-flow showerheads, are also discussed in Section 7. 

4.3.3 Other Appliances 
Overview. This subsection provides estimates of the value of implementing strategies to reduce the cost 
of electricity associated with other appliances. Appliances considered include refrigerator-freezers and 
televisions. The net present value of replacing existing refrigerator-freezers with energy-efficient 
models (as the existing models need to be replaced) is estimated to be $8.3 million and the net 
present value of replacing existing televisions with energy efficient models (also as the existing models 
would be naturally replaced) is estimated to be $2.3 million. The potential benefits justify continued 
study of this measure in the next stage of the Rural Energy Plan. 

Analysis. The ACEEE website states, “A typical new refrigerator with automatic defrost and a top-
mounted freezer uses less than 650 kWh per year, whereas the typical model sold in 1973 used 
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nearly 2,000 kWh per year.” If refrigerator-freezer units in rural Alaska use 1,250 kWh per year28—
assuming that the average unit in rural Alaska is 40 percent more efficient than the typical model sold 
in 1973—then the benefit of replacing those appliances would be approximately $90 per year in 
reduced energy costs (at $0.15 per kWh avoided cost). If a refrigerator-freezer unit is expected to last 
15 years, the present value of energy savings would be roughly $1,075 (with a 3 percent discount 
rate). A resident of rural Alaska would need to be able to purchase an energy-efficient unit for less 
than $1,075 to be able to justify the purchase based on the value of the energy savings. However, if a 
new refrigerator or refrigerator-freezer is to be purchased anyway, then the relevant cost figure is the 
difference between the cost of an ordinary model and an energy-efficient model. 

A 16-cubic-foot, energy-efficient refrigerator-freezer sold by General Electric, Roper, or Maytag 
(different brands may be made by the same manufacturer) costs $1,000 to $1,400, compared to $600 
to $1,000 for a less efficient model (Allen and Peterson, 2000; Costco, 2000). Based on these figures, 
the incremental cost of an energy-efficient refrigerator-freezer is $400 (the difference in the averages 
of $1,200 and $800 for the two types of models). Assuming that 15,000 PCE homes have refrigerators 
or combination units with expected life of 15 years, 1,000 units might be replaced each year. 
Table 4-5 summarizes the value of replacing older units with newer, more energy-efficient models. 

Table 4-5. Potential Value of Upgrading Refrigerator-Freezer Units 

Year 
No. of Units 
Purchased  

Incremental 
Cost ($) a 

Annual 
Savings  

($ per Unit) b 

Present Value 
of Savings  
($ per Unit) 

Net Present 
Value of 

Savings ($) c 
1 1,000 400 90 1,074 674,000 
2 1,000 400 90 1,043 654,000 
3 1,000 400 90 1,012 635,000 

Each Ensuing Year 1,000 400 90   
Total After 15 Years 15,000   $8.3 Million 

Source: Calculated by Northern Economics with cost estimates and energy usage figures from manufacturers. 
a Cost of energy-efficient, 16 cubic-foot refrigerator-freezer in Anchorage (Allen & Peterson, 2000) compared to 

ordinary model (Costco, 2000) 
b Assumes that existing average unit uses 1,250 kWh per year, new unit would use 650 kWh per year, and 

avoided cost is $0.15 per kWh 
c Present value of savings minus one-time incremental cost; calculated with 3 percent discount rate and takes 

into account the value of all 1,000 units replaced each year 
 
Another electrical appliance that receives a significant amount of use in rural Alaska and where newer 
models offer significant energy savings is televisions. The 1988 report from Analysis North suggests that 
typical color televisions in use require about 130 watts, compared to 60 watts for the most efficient 
models. If a television is on for 8 hours per day, the net savings of 70 watts translates into 204 kWh 
per year (Analysis North, 1988).  

At $0.15 per kWh, a savings of 204 kWh per year equals a savings of approximately $31 per year. 
The present value of saving $31 per year for 10 years (the assumed life of a television) is $264. If there 
are 10,000 PCE homes with televisions that operate 8 hours per day, then the total potential savings 
generated by replacing those televisions would be $2.64 million. If new, energy-efficient televisions 
are purchased when older sets need to be replaced, then the incremental cost is effectively zero 

                                                   
28 The estimated value of replacing the existing stock of refrigerators and freezers in rural Alaska presented in 
the 1988 Analysis North report assumed that the existing stock used 1,500 kWh per year. The estimate of 
1,250 kWh per year used in the current study allows for the addition of more efficient units to the stock. 
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dollars because energy-efficient models do not cost more than other models. Assuming that there are 
10,000 televisions in rural Alaska (the actual number may be higher) and the average life of a 
television set is 10 years, then 1,000 sets might be replaced each year. Table 4-6 shows the value of 
replacing older television sets with more energy-efficient models at a rate of 1,000 sets per year. 

Table 4-6. Potential Value of Upgrading Televisions 

Year 
No. of Units 
Purchased  

Incremental 
Cost ($) a 

Annual Savings  
($ per Unit) b 

Net Present Value 
of Savings ($) a 

1 1,000 0 204 264,000 
2 1,000 0 204 256,311 
3 1,000 0 204 248,845 

Each Ensuing Year 1,000 0 204  
Total After 15 Years 15,000  $2.3 Million 

Source: Calculated by Northern Economics based on cost estimates from Analysis North, 1988, and the current 
cost of electricity (avoided cost of $0.15 per kWh).  
Note: Assumes that there are 10,000 televisions in rural Alaska, the average life of a television set is 10 years, 
and 1,000 sets might be replaced each year 
a Cost and benefit figures in columns 3 and 4 are taken from the 1988 Analysis North report. 
b Calculated using a discount rate of 3.0 percent and a planning horizon of 10 years. 
 
As with lighting systems, the potential value of energy-efficient appliances suggests that more such 
appliances should be in place in rural Alaska than appear to be (based on personal observations and 
comments from weatherization contractors). The reasons why use of energy-efficient appliances is less 
than optimal are likely complex, but almost certainly involve two major factors—differences in 
individual and aggregate benefits, and limited availability of energy-efficient appliances. 

The aggregate potential net benefits of replacing refrigerator-freezer units and televisions ($8.3 million 
and $2.32 million, respectively) are significant. However, the benefits to be realized by the individual 
consumer in any given year are not significant. The average consumer would expect benefits of $90 
per year with a more energy-efficient refrigerator-freezer and only $31 per year with a more energy-
efficient television. These amounts may not be large enough to make someone take the time and 
effort needed to find the most energy-efficient model. 

Rural Alaskans may purchase appliances while traveling to Fairbanks or Anchorage, or through 
catalogs. However, most stores such as Costco, Sam’s Club, and many catalog stores carry 
competitively priced appliances that are not energy-efficient. The more energy-efficient appliances 
tend to be more expensive. Consumers concerned with first cost or initial capital costs may not be 
able to purchase energy-efficient appliances, even if they are aware of the benefits. 

Other technologies or strategies that focus on reducing the cost of electricity in rural Alaska include 
converting electric cooktops to propane. The 1988 Analysis North report analyzed this strategy and 
found that significant savings were possible. For example, the report estimated that the total potential 
net benefit of converting electric cooktops in rural Alaska to propane is $10 million. However, this 
figure was based on numerous assumptions related to the life expectancy of diesel generators, 
efficiency of generators at peak and off-peak load, the cost and availability of propane, and other 
factors that cannot be corroborated at this time. 

Conclusions. The potential benefits associated with installation of energy-efficient appliances in rural 
Alaska justify continued study of this measure in the next stage of the Rural Energy Plan. The net 
present value of replacing existing refrigerator-freezers with energy-efficient models (as the existing 
models need to be replaced) is estimated to be $8.3 million and the net present value of replacing 
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existing televisions with energy-efficient models (also as the existing models need to be replaced) is 
estimated to be $2.3 million. 

These savings may be viewed from a different perspective to show that end-use conservation has the 
potential to reduce the cost of electricity in rural Alaska. For example, Table 4-5 shows that $400 in 
refrigerator-freezer upgrades would result in annual energy savings of 600 kWh. With a planning 
horizon of 10 years, these figures suggest an average annual cost of $40, for an average annual savings 
of 600 kWh, or $0.07 per kWh saved. A kWh saved is much less expensive than a kWh purchased. 

4.4 Conclusions and Recommendations 
Further research in the area of end-use conservation is justified based on the potential savings. 
Estimates of the potential net present value of benefits from new lighting systems, appliance upgrades, 
and other measures presented in this subsection exceed $34 million. Table 4-7 summarizes the total 
net present value of different measures as demonstrated in this section. Presented another way, the 
potential benefits associated with end-use conservation can be shown to effectively reduce the cost of 
electricity in rural Alaska. Table 4-8 shows that the cost per kWh saved from different end-use 
conservation measures (using the figures shown in Table 4-4 and Table 4-5) is significantly less than 
the cost of additional electricity. That is, it is significantly less expensive to buy a kWh of savings than 
purchase a new kWh for some end use. 

Table 4-7. Summary of Potential Savings with End-Use Conservation Strategies 

Item 
Total Net Present 
Value ($Millions) 

Location of 
Additional 

Information 
Installation of Energy Efficient Lighting in Existing Residences 23.60  Table 4-3 
Installation of Energy Efficient Lighting in New Residences 1.70 Table 4-4 
Refrigerator-Freezer Upgrades 8.30 Table 4-5 
Television Upgrades 2.32 Table 4-6 

Table 4-8. Examples of Cost per kWh Saved with Lighting and Appliance Upgrades 

Area Action 
Cost of 

Action ($) 

Average Annual 
Cost over 10 

Years ($) 
Annual Energy 
Savings (kWh) 

Cost per kWh 
Saved  

($ per kWh) 
Lighting Upgrades in New 

Construction 
250 25 500 0.05 

Appliances Refrigerator/Freezer 
Upgrades 

400 40 600 0.07 

 

If possible, case studies should be conducted to improve overall understanding of how many homes 
and institutional buildings in rural Alaska use efficient lighting systems, heaters, and appliances. Case 
studies could include survey questions to improve understanding of obstacles to implementing end-
use technologies. Future studies also should include data collection on the cost of producing 
electricity at the margin, an analysis of the impact of end-use conservation measures on utilities, and 
an analysis of the impact of end-use conservation programs on other factors such as fuel storage costs. 
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5 Alternative Energy 

5.1 Introduction 
This section provides summaries and brief analyses 
of various alternative technologies that possibly 
could reduce the cost of electricity in rural Alaska. 
Each technology is discussed in a separate 
subsection, with an analysis and set of 
recommendations regarding further study.  

5.2 Existing Conditions 
Existing conditions for alternative technologies vary 
considerably depending on the technology. For 
example, there is considerable experience and data 
for wind energy systems in rural Alaska, but very 
little for tidal power or geothermal systems. As a 
result, existing conditions in rural Alaska for the 
different alternative technologies covered in this 
section are summarized in the relevant subsection. 

Economic assumptions, including a real discount rate 
of 3 percent and a fuel cost of $1.00 per gallon, 
were introduced earlier. Additional economic 
assumptions, such as the installed cost of diesel 
systems ($1,000 per kW), are presented in the 
subsections that follow.  

5.3 Analysis of Strategies 

5.3.1 Natural Gas/Coal Bed Methane 
Overview. This screening analysis reinforces findings 
presented in a February 1997 analysis for DCRA by 
Mark A. Foster Associates (MAFA) titled The Rural 
Alaska Natural Gas Study – A Profile of Natural Gas 
Energy Substitution in Rural Alaska, Final Report. That 
report shows that a natural gas-fired resource would 
be economically viable only if the fuel were less 

expensive than diesel on a dollars-per-Btu basis. Because this condition is not found in rural Alaska 
and is not expected to occur in the near future, this strategy is not recommended for further study. 

Natural gas is abundant in parts of Alaska and often mentioned in the news with discussions of a 
potential gas pipeline to transport natural gas from the North Slope to markets in urban areas, the 
Lower 48 states, and other countries. The following text provides an analysis of the potential for 
natural gas to reduce the cost of electricity in rural Alaska.  

Summary 

This section focuses on alternatives 
to diesel power generation and 
other technologies that could be 
implemented to reduce the cost of 
electricity in rural Alaska. This 
preliminary analysis indicated that: 

� Very few alternative 
technologies have the potential 
to be competitive with diesel 
power in rural Alaska. The only 
issue recommended for further 
study relates to single wire 
ground return interties. 

� Additional research needed in 
the areas of energy storage 
systems and wind power is 
being conducted as part of 
other research efforts. No 
additional work is needed as 
part of the Rural Energy Plan. 

� Technologies such as 
microturbines could be 
monitored. These technologies 
could be competitive with 
diesel power as the costs of the 
technologies decline in the 
future. No additional research 
is needed for these 
technologies as part of the 
Rural Energy Plan. 
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Although natural gas has played an important role in both energy production and domestic heating in 
Alaska, the locations of producing reservoirs have limited the use of natural gas to a relatively confined 
area. The principal locations of the predominant natural gas reserves in the state are in Cook Inlet and 
the North Slope, with Cook Inlet gas being used the most.29  

Even if a community is close to producing reservoirs, gas may not be available to residents of that 
community. For example, the City of Homer is relatively close to the Cook Inlet gas fields as well as a 
smaller, non-developed gas reservoir north of the city. Enstar Natural Gas has the distribution rights for 
the area, but currently considers it uneconomic to extend its pipeline system to Homer because of the 
relatively small size and low density of heating loads. Therefore, it appears that only in areas with large 
population centers close to reservoirs would expected revenues support the capital costs of the 
pipeline system required for transportation and distribution. 

There are, however, other sources of natural gas throughout the state, although in smaller 
concentrations than Cook Inlet and the North Slope. In addition, there are related resources such as 
coal-bed methane30 (natural gas found in coal deposits) found in various areas throughout the state.  

Analysis. Generating resources can use a variety of fuels, with the more common being natural gas 
and diesel (sometimes referred to as fuel oil or liquid fuel). Even without the cost of fuel being 
considered, fuel type affects the per-unit operating costs of a generating resource. The following items 
illustrate this point, assuming that the power facility is a small generating resource (less than 2 to 
3 megawatts [MW]). 

Comparison of Effects on Operating Costs for Natural Gas and Diesel Fuel Power Facilities 

� The installed cost of a unit using natural gas is 2 to 3 times that of a diesel-fueled generator. 

� Operating costs are approximately the same, although units using natural gas rather than diesel 
fuel are more susceptible to fuel quality problems. 

� Fuel efficiency in Btu per kWh is similar for natural gas and diesel fuel. 

� Nitrous oxides (NOx) and particulate emissions are reduced significantly when natural gas is used 
rather than diesel fuel, but carbon monoxide emissions are slightly higher. 

Given the large differential in capital costs and similar generating efficiency (Btu per kWh), the only 
way that a natural gas-fueled resource would be more economic than a diesel-fueled resource is if the 
fuel were less expensive than diesel on the basis of dollars per Btu. 

The 1997 MAFA analysis for DCRA assessed the conditions under which natural gas would be an 
attractive energy alternative in rural Alaska.31 The analysis found that under base case assumptions, 
the cost of diesel-fueled resources was equal to or less than the cost of natural gas-fueled resources for 
the entire range of community sizes investigated. Table 5-1 shows the cost of natural gas compared to 
diesel as presented in the report.  

                                                   
29 Gas transmission systems (pipelines) are capital-intensive, and only a limited portion of the Railbelt region can 
use gas for domestic heating. Electric interties, however, enable the entire Railbelt to benefit from large 
generating plants that use natural gas fuel. North Slope gas is predominantly reinjected to increase oil 
production, although the North Slope Borough uses some for energy production. 

30 During the coal formation process, a number of other products are formed and stored within the coal. Under 
the right circumstances, one of these products, methane gas, is absorbed on the internal surfaces of the coal 
and stored until it is released later. This methane gas, commonly referred to as coal-bed methane, is natural 
gas found in coal deposits. 

31 MAFA, 1997. 
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A number of alternative scenarios were included in the MAFA analysis to test the sensitivity of the 
results to differing assumptions. These alternative scenarios are also provided in Table 5-1. The results 
show that only under very favorable assumptions is development of a natural gas (or coal bed 
methane) field economically competitive with diesel energy in rural Alaska.  

Table 5-1. Relative Cost of Gas Energy Compared to Diesel, 1997 

Relative Cost of Gas Energy Compared to Diesel a  

by Community Size in Number of Residents ($) 

Scenario 
Large 
(3,500) 

Med. 
(2,000) 

L-Small 
(500) 

M-Small 
(350) 

S-Small 
(250) 

Base Case (Diesel) a 1.04 1.00 1.40 2.23 3.37 
$1 million gas exploration costs 1.07 1.04 1.53 2.54 3.88 
$7 million gas exploration costs 1.25 1.30 2.35 4.40 6.94 
Base diesel price + 25 cents per gallon 0.88 0.85 1.27 2.03 3.09 
Base diesel price + 50 cents per gallon 0.77 0.75 1.16 1.87 2.85 
2 miles to gas field 1.05 1.00 1.43 2.29 3.48 
30 miles to gas field 1.20 1.23 2.11 3.85 6.04 
$1 million exploration costs, 15 miles to gas 
field, 25 cents per gallon fuel increase 

0.98 0.99 1.72 3.07 4.81 

 $3 million exploration costs, 2 miles to gas 
field, high-quality gas field 

0.97 0.99 1.66 3.24 5.04 

Source: MAFA,1997. 
a The base case included a number of assumptions detailed in the report, but several of the more noteworthy 
assumptions include the following: 
1. The village was on top of or adjacent to the natural gas field. 
2. Exploration costs were $5 million. 
3. Well depth was 3,000 feet. 
4. Gas reserves were 1.4 billion cubic feet per well. 
5. Three to 11 initial wells and 1 to 9 additional wells were required, depending on the assumed village size. 
a Diesel Case = 1.00 
 

Conclusions. This screening analysis did not reveal new evidence that suggests that development of 
natural gas resources would provide significant benefits to residents of rural Alaska. The analysis 
reinforces findings in Foster, 1997. That report shows that the only way for a natural gas-fired resource 
to be economically viable is if the fuel were less expensive than diesel on a dollars-per-Btu basis. This 
condition is not present in rural Alaska and not expected to occur in the near future. As a result, this 
strategy is not recommended for further study. 

5.3.2 Energy Storage Systems 
Overview. Energy storage systems (ESSs)—battery energy storage systems (BESSs) in particular—appear 
to have the potential to reduce the cost of electricity in rural Alaska. More research is needed to 
determine the overall net benefits that could be expected from battery systems in rural Alaska. This 
additional research is not recommended as part of the Rural Energy Plan as it is part of the work being 
conducted by the U.S. Department of Energy, AVEC, Chugach Electric Association, and AEA on 
battery systems in Alaska. As a result, this strategy is not recommended for further study in the Rural 
Energy Plan.  
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ESSs are resources that can provide energy at times when other forms of power are not available or 
need to be conserved. Since these systems must be recharged, they typically are used as a form of 
capacity with limited amounts of energy. Another, less common, use is to improve power quality 
(frequency and voltage). The most common ESS system is the BESS. Others may include flywheels and 
capacitor banks, but these have very limited applications. The following discussion therefore reviews 
the merits of battery systems. 

In Alaska, the only utility setting of a BESS is at Metlakatla Power & Light, although Golden Valley 
Electric Association (GVEA) is pursuing installation of a BESS for spinning reserves. Additionally, AVEC, 
Chugach Electric Association, and AEA are investigating the merits of a BESS on a limited basis in 
conjunction with the U.S. Department of Energy office in Albuquerque, New Mexico. 

Analysis. The BESS is composed of a set of batteries, charging and inverting equipment, and a primary 
source of power generation. At times when the batteries are not in use, excess power from the 
primary source of power generation is converted to direct current (DC) for battery charging or 
maintenance of full charge. When energy from the BESS is required, DC power passes through an 
inverter, and alternating current (AC) power is then supplied into the system. This round-trip through 
the converting, storage, and inverting processes can result in losses up to 30 percent. 

As a source of capacity, BESS can be used in the following applications. 

� As a supplemental source of power for hydroelectric, wind, tidal, or solar installations. 
During the times that energy from these sources is not available or generation is less than load, the 
BESS can be used as a supplement to forego the operation of a diesel unit. The BESS can be 
recharged when production levels from the primary resources are greater than load.  

� As a supplement to a small diesel generator to eliminate the need for a larger generator. 
Generating efficiency decreases as unit output decreases, and generating resources sized to meet 
peak loads may be very inefficient to use during off-peak periods. If a smaller resource can be 
used during off-peak periods and supplemented with a BESS during peak periods, fuel efficiency 
may, under the right circumstances, be increased. BESS recharging would be accomplished during 
off-peak periods when generating capacity is greater than load requirements. However, many 
newer diesel generators have a much flatter fuel efficiency curve. For these units, efficiency does 
not decrease steeply, except at very low output levels.32 Furthermore, automatic switchgear and 
other equipment can dispatch the most efficient unit for the given load to increase fuel efficiency. 

� As a means to solve power quality problems, BESS can be used to respond to large loads 
suddenly placed on a system. Hydroelectric generators, wind turbines, and certain diesel 
generators cannot respond quickly to such fluctuations, and voltage and frequency degradation 
can occur. The use of a BESS can eliminate the need to have a diesel generator online that is 
being used simply to respond to these large fluctuations in power requirements. 

At the time of the Metlakatla Power & Light installation, the utility’s peak load was approximately 
3.5 MW, nearly one-third of which was from a sawmill. Metlakatla Power & Light hydroelectric 
resources could provide for sufficient capacity under most water conditions, but lacked response 
speed to meet the large swings in active and reactive power requirements caused by the sawmill. 
Therefore, a diesel unit had to be run at low loads to maintain proper frequency and voltage; and 
even at these low loadings, water was spilled at the hydroelectric sites. Furthermore, the low unit 
loading of the diesel resource represented a loading with poor fuel efficiency. 

                                                   
32 Information was requested from Detroit Diesel, Cummins, and other manufacturers to determine whether the 
flatter efficiency curves advertised by some manufacturers are common for a majority of the diesel generator 
sets or unique to one or two models. Information was not provided at the time this report was printed. 
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Metlakatla Power & Light secured sufficient grants to design and install a BESS that would eliminate 
the need for the diesel. Unfortunately, the sawmill was closed, and the main problem that the BESS 
was designed to address therefore was no longer a factor. 

The size of a BESS depends on the amount of energy required when in use and the availability of re-
charging power. Resource economics, in turn, are dependent on a number of factors including the 
following. 

� Number of batteries included in the BESS 
� Cost of installation 
� Price of fuel 
� Cost of re-charging energy 
� Amount displaced fuel 
� Load characteristics 

At this time, lead-acid batteries are economic, but their weight per unit of volume is very high. 
Consequently, transportation costs are very high. Because batteries must be properly disposed of at 
the end of their lives, transportation costs may include both transportation to and from the site. 

Conclusions. It is difficult—if not impossible—to analyze the economic potential of battery systems in 
general due to the specificity of data required. For example, the potential benefits of a BESS at a rural 
utility would depend on daily and seasonal load curves, the efficiency of generating equipment used 
to meet the loads, and other generators available for dispatch. These factors vary significantly from 
village to village, making a summary analysis or single case study inappropriate for determining 
whether battery systems have significant potential to reduce the cost of electricity in rural Alaska.  

In the absence of extensive load and generation data from rural communities, no definitive conclusion 
about the potential benefits of BESS can be reached. Additional study is needed to collect data, to 
prepare case studies, or to develop a broad enough general model to test a variety of parameters. 
However, such additional study is underway. The analysis being conducted by the U.S. Department 
of Energy with Chugach Electric Association, AVEC, and AEA includes a model to determine the 
potential benefits of load leveling with diesel generating systems. Staff at AEA believe that this model 
will be field-tested at a site in rural Alaska (Crimp, 2000).  

While more research is needed to determine the overall net benefits that could be expected from 
battery systems in rural Alaska, this additional research is not recommended as part of the Rural 
Energy Plan at this time. The research that is needed is part of the work being conducted by the U.S. 
Department of Energy, AVEC, Chugach Electric Association, and AEA on battery systems in Alaska. 

5.3.3 Fuel Cells 
Overview. Fuel cells offer the promise of clean energy and sometimes are described as being “the 
future of energy.” However, capital costs and fuel requirements make it difficult to find an 
economically viable application in rural Alaska at this time. Even if an appropriate fuel such as 
propane were available at a price equivalent to the price of diesel, the high capital cost of fuel cells 
would make electricity from a cell twice as expensive as electricity from a diesel generating unit.  

Similar to a battery, a fuel cell produces power through chemical reactions. Unlike batteries, however, 
fuel cells produce electric power as long as fuel is available. The following text provides an analysis of 
the potential for fuel cells to reduce the cost of electricity in rural Alaska. 

There are no fuel cells in operation in rural Alaska at this time, although several have been 
considered. Limited fuel supplies and concerns about reliability have prevented most utilities in rural 
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Alaska from seriously considering fuel cell installations, even though the cells offer the potential for 
clean power in the right setting 

In the Anchorage area in the 1980s, a fuel cell was installed at Elmendorf Air Force Base and operated 
for a period of time. Data were not readily available to analyze the economics or to determine the 
operating success of this unit. In the late 1990s, two ONSI Corporation units were installed at the 
National Guard Armory. These units provide power to the Armory, and excess power is fed into Fort 
Richardson.  

In summer 2000, Chugach Electric Association installed five 200-kW ONSI units at the Ted Stevens 
Anchorage International Airport. Design, fabrication, and other related costs were more than 
$5 million (before rebates, grants, and other subsidies), and installation costs were approximately 
$1.1 million. The units have not been declared commercially operable, and therefore detailed 
observations on operating efficiencies or maintenance activities cannot be made.  

The village of Nuiqsut in the North Slope Borough is pursuing development of a fuel cell. However, 
the fuel cell that the borough is investigating is a dual-fuel type that can use fuel oil as well as natural 
gas. Since this type of unit is still experimental, the cost is very high. A preliminary cost estimate is 
$10 million for a 250-kW unit, and the village is seeking grants to fund acquisition and installation. 
The unit will not be ordered until such grants are available. 

Analysis. There are seven types of fuel cells available at this time, with each type offering specific 
advantages over others. However, models in current operation (not experimental) require clean, 
hydrogen-rich fuel such as natural gas or propane.33 The hydrogen reacts with oxygen in the 
atmosphere to produce electricity, and heat and water are the primary by-products. The amount of 
heat and water emitted per unit of fuel depends on the type of fuel cell. Very small amounts of 
hydrocarbons and carbon monoxide are emitted. 

Fuel cells have been and still are used in the space program, but commercial applications are very 
limited. To date, only one company, ONSI Corporation, sells a commercial fuel cell plant. The ONSI 
fuel cell is the 200-kW PC25 model of the phosphoric acid type. ONSI and others are conducting 
research on other types, sizes, and a variety of applications including transportation and home uses. 

The ONSI unit includes three major subsystems: 

� Fuel Processing System—Fuel is converted into a hydrogen-rich stream through a catalytic 
reaction. Carbon monoxide is converted into carbon dioxide. 

� Cell Stack Assembly—The hydrogen and oxygen combine electrochemically to produce electric 
power and heat. Exhaust is water vapor and carbon dioxide, and steam that is produced is 
returned to the fuel processing system. 

� Power Conversion System—DC power output is converted to AC power. 

Fuel efficiency is approximately 10,000 Btu per kWh. This rate compares to efficiencies of diesel-
fueled internal combustion resources ranging from approximately 14,000 Btu per kWh (10 kWh per 
gallon) to 10,000 Btu per kWh (14 kWh per gallon). 

In general, fuel cell technology offers a number of advantages in power generation. These include 
very low exhaust emissions, quiet operations, usable by-products (heat and water), and absence of 

                                                   
33 In some fuel cells, hydrogen-rich fuels such as natural gas are converted or “reformed” to hydrogen, and 
hydrogen is the actual fuel used in the cell. Efficiencies and byproducts can change with this conversion and 
depending on whether this conversion is included in various calculations. For example, reforming natural gas to 
release the hydrogen results in emissions of carbon dioxide. 
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moving parts. However, a number of disadvantages also exist that, unless changes are made, will 
severely limit applicability in rural Alaska. These disadvantages include high capital costs, the 
requirement for clean, hydrogen-rich fuels, and intricate systems, the failure of which can severely 
damage the fuel cell system. 

The fuel processing system is a critical component of the overall system. If filtration is inadequate and 
fuel contains impurities (including small amounts of sulfur), stacks can be severely damaged. 
Furthermore, an uncontrolled shutdown in fuel supply can also damage the fuel cell system.  

Since the commercial application of fuel cells is still in its infancy, detailed operating cost estimates are 
not available. However, preliminary cost and performance data are available from ONSI and Chugach 
Electric Association. These data permit a comparison of diesel and fuel cell systems. Table 5-2 is a 
summary of fuel cell costs and provides a cost comparison between fuel cells and a new diesel 
generator. Although the efficiency and maintenance costs of the diesel generator vary by unit type 
and average loadings, the table shows that the expected costs of the fuel cell are more than twice that 
of a diesel generator. For the two resources to be priced comparably, capital costs of the fuel cell 
would have to be eliminated.  

Table 5-2. Fuel Cell Costs for a 200-kW Propane Unit Generating 876 MWh per Year 

 Costs ($) 
Capital Costs   
 Fuel Cell 1,000,000 
 Installation Costs 250,000 
 Fuel Storage (30,000 gallons) a 40,000 
 Total 1,290,000 
Annual Costs   
 Capital Costs b 131,400 
 Annual Maintenance Costs 25,000 
 Fuel c 95,400 – 378,700 
 Total 251,800 – 535,000 
Cost Summary (Cost per kWh)  
 Non-Fuel  0.18 
 Fuel 0.11 – 0.43 
 Total 0.29 – 0.61 

Source: Calculated by Financial Engineering using data from Chugach Electric Association and ONSI, 2000. 
a Assumes 50 percent plant factor 
b Based on 20-year amortization at 8 percent interest 
c Based on fuel consumption of 10,000 Btu per kWh, a propane energy content of 91,838 Btu per gallon, and 
delivered propane costs of $1 per gallon (Gustavus) and $3.97 per gallon (Nome). Fuel distributors said that 
bulk fuel deliveries were possible, but such deliveries have not occurred. Therefore, fuel prices should be 
viewed as uncertain. 
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Table 5-3. Cost Comparison of Fuel Cells and Diesel Generators 

Cost ($) 
Item ONSI Fuel Cell a Diesel Generator  
Capital Cost    
 2,580,000 b 240,000 c 
Annual Unit Costs ($ per kWh): d   
 Amortized Capital Costs 0.150 0.014 
 Maintenance Costs 0.029 0.05 
 Fuel Costs 0.11 – 0.43 e 0.083 f 
 Total Annual Costs 0.29 – 0.61 0.15 

a Fuel cell assumptions are in Table 5-2. 
b Total installed cost for two 200 kW fuel cells ($1,290,000 each, as shown in Table 5-2) for a total of 400 kW.  
c Estimate from EPS for a 400-kW unit (according to AVEC, costs are $1,000 per kW with fuel storage) 
d Assumes 400-kW operating at a 50 percent plant factor. Amortization with 8 percent over 20 years. 
e Based on $1 to $3.97 per gallon. 
f Based on $1 per gallon at a generating efficiency of 12 kWh per gallon. 
 
 
Diesel maintenance costs in Table 5-3 are taken from AVEC data.34 The AVEC data show that fuel 
costs are approximately $0.09 per kWh and other non-fuel O&M costs range from $0.09 to $0.12 
per kWh generated. The cost estimate of approximately $0.15 per kWh shown in Table 5-3 includes 
consideration for O&M costs such as filters, oil, tune-ups, and overhauls, but not inspections, 
personnel, and space costs. These latter costs are not included because they would be incurred 
regardless of the generating system in use.  

Conclusions. The high capital cost of fuel cells, along with limited supply of suitable fuel in rural Alaska, 
suggest that fuel cells do not need to be considered for further study.  

Fuel distributors deliver propane to many villages in rural Alaska, but deliveries are typically made in 
20- to100-gallon canisters rather than in bulk.35 The analysis suggests that even if propane or other 
fuel for fuel cells were available in rural Alaska at a price competitive with diesel (for example, $1 per 
gallon), the cost of electricity from fuel cells would still be twice the cost of electricity from diesel 
generator sets because of the capital costs for fuel cells. In addition, concerns about fuel quality and 
other uncertainties suggest that applications in remote settings would be premature at this time. 

5.3.4 Geothermal Energy 
Overview. Geothermal energy is energy from the heat of the earth’s core that can be tapped and used 
to generate electricity. The potential sites in rural Alaska are very limited where the resource is 
accessible, the demand for electricity sufficiently large, and conditions stable enough for a long 
planning horizon. This strategy does not meet the criteria to be recommended for further study. 

The following text provides an analysis of the potential for geothermal energy to reduce the cost of 
electricity in rural Alaska. 

                                                   
34 DOE Renewable Energy Conference, August 17-18, 1999, Fairbanks, Alaska. 
35 Margaret Koeziena of Bonanza Fuel in Nome said that the company typically delivers propane in 100-gallon 
bottles, at $3.97 per gallon. A fuel distributor in Juneau quoted a price of $1 per gallon to Gustavus, assuming 
that deliveries were in large quantities. 
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Geothermal energy is energy from the heat of the earth’s core—energy that can be tapped at steam 
vents and hot springs, as well as by other means. This heat can serve as the energy source in an 
electrical generating plant, just as fuel supplies such as oil and propane serve as the energy source in 
diesel engines and fuel cells, respectively. In addition to generating electricity, this energy source can 
be used for space heating and other uses.  

Due to a number of geologic factors, the temperature of the ground increases with depth. The rate of 
increase, or geothermal gradient, varies by location but is believed to range between 0.01°C and 
0.05°C. However, in areas of volcanic activity or hot springs, the gradient is much higher and very 
high temperatures exist near the surface. If water is trapped in these higher-heat areas and if the 
temperature is high enough, the resulting steam or fluid represents a potential medium for power 
production or domestic heating.  

Several feasibility studies have been conducted to evaluate specific geothermal projects in Alaska, but 
there are no commercial installations at this time. 

Analysis. Geothermal reservoirs have been used to produce electric power for decades, with the more 
prominent areas of application being California, Nevada, New Zealand, and Iceland. These resources 
are much like any other steam electric generating plants—steam is used to rotate a turbine-generator 
assembly. Geothermal resource characteristics can vary by temperature and phase (for example, 
steam, liquid, and so on). Therefore, steam for power production can simply be steam extracted from 
the reservoir or another fluid in a closed-loop system heated into steam by the geothermal hot water. 
Operating temperatures below 150°C are generally insufficient for power production, although such 
reservoirs might be used for domestic heating.  

Geothermal reservoirs also have certain impurities that must be dealt with. If the source contains 
concentrations of corrosive materials, operating equipment must be designed appropriately and 
proper maintenance procedures must be implemented. Some of the impurities must be either re-
injected into the reservoir through re-injection wells or hauled offsite. 

A number of project components are an integral part of using geothermal resources. These include: 

� A sufficient number of wells to extract the required amount of geothermal steam or fluid 
� Re-injection wells to re-inject condensate into the reservoir 
� Fluid/steam handling and conditioning equipment 
� Boilers, if required 
� Turbine-generator assemblies 
� Control equipment 
� Transmission lines from the project to the load center 

Once operations begin, new wells (make-up wells) must be drilled from time to time to maintain 
resource pressure. Make-up wells may also be required if operating wells collapse or become plugged 
with rocks and debris. At times, the geothermal field is owned and operated by a third party, and 
payments are made in dollars per pound of steam or fluid taken.  

This large infrastructure is very capital-intensive, and this high cost, when combined with inability to 
react quickly to large swings in load, results in most, if not all, geothermal facilities being operated as 
baseload resources. Once the large infrastructure is put into place, the capital investment is shielded 
from the effects of inflation. However, O&M costs of both the power plant and the wellfield are 
affected by inflation.  

During the early 1980s, the Alaska Power Authority investigated the merits of a geothermal resource 
near Unalaska in the Aleutian Islands. A test well was drilled, and the results indicated that there was 
sufficient geothermal fluid for a power project. Both the state and private developers investigated a 
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number of different development programs. The last was proposed in March 1996 by a joint venture 
that had recently acquired subsurface rights in the area to develop the project. Table 5-4 summarizes 
costs included in the proposal.  

Table 5-4. Cost of Unalaska Geothermal Power Project 

Item Cost ($) 
Capital Cost  
 Project Construction 74,836,000 
 Well Field Development 15,270,000 
 Total 90,106,000 
Annual Operating Costs 2,823,000 
Cost Per Unit   
Installed Costs per kW 6,436 
Annual Costs per kWh b  
 Debt Service c 0.094 
 Other 0.033 
 Total 0.127 

Source: Energy, Inc., 1996. 
Notes: 
1. Due to the proprietary nature of available data, it is not clear how the figures have been influenced by grants 

and subsidies 
2. The installed capacity is 14,000 kW, net of station use and transmission losses. 
b Based on an assumed 85,000 megawatt-hours (MWh) of usable energy per year. 
c Assumes 30-year amortization period at 8 percent. 
 
The resulting costs are slightly higher than the alternative cost of diesel generation. In this case, 
however, there were several important considerations when evaluating the merits of the project: 

� Existing capacity in the area was more than sufficient to meet peak demands and reserve 
requirements. Therefore, the cost of geothermal energy had to be competitive with the variable 
cost of diesel generation. 

� Most of the electric load in the area is associated with fish processing—an industry associated with 
risks in sustaining loads over the 30-year project life as well as shifting loads that result in lower 
amounts of usable power. Therefore, the potential power purchasers were not willing to enter 
into the long-term power sales agreements required for project financing. 

� Risks associated with the large capital investment and underground resource extraction were not 
commensurate with risks associated with expected revenues. 

Alaska has several large areas that have potential for geothermal reserves that could be used for power 
production. Besides the exploration at Unalaska, the state has also conducted drilling at Pilgrim Hot 
Springs on the Seward Peninsula. Six wells were drilled in the late 1970s and early 1980s, and a 
shallow reservoir of 90°C geothermal medium was found. 

Based on the expected costs of the Unalaska Geothermal Project, a geothermal resource must be 
operated as a baseload resource in an area with relatively high loads for rural Alaska for it to be 
marginally economic. Lower capital costs or use of the geothermal medium for other purposes (for 
example, domestic heating) would enhance resource economics. Still, large loads will always be an 
important factor in determining whether a geothermal resource is economic. 
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Conclusions. It appears that geothermal power can be economic, but only on a relatively large scale 
and with a sufficiently long planning horizon. No sites have been found in rural Alaska where a 
geothermal resource is accessible, demand for electricity is sufficiently large, and conditions are stable 
enough for a long planning horizon. Therefore, this strategy is not recommended for further study. 

5.3.5 Hydroelectric Power 
Overview. Hydropower has the potential to reduce the cost of electricity in rural Alaska. Under the 
right circumstances, electricity generated by flowing or falling water can be less expensive than 
electricity generated by diesel systems. However, the right conditions include electric loads that match 
the availability of the resource and other factors. Given the limited number of sites where these 
conditions are met, hydropower does not have the potential to significantly reduce cost in a large 
number of villages. This strategy is not recommended for further review in the Rural Energy Plan. 

Hydroelectric power is simply electric power generated from water in motion. It is renewable and 
nonpolluting (nonpolluting in the sense that no fuels are burned and no emissions are generated. 
There are impacts with stream flow modifications and other changes.) The following text provides an 
analysis of the potential for hydroelectric power to reduce the cost of electricity in rural Alaska. 

There are several hydroelectric facilities operating in rural Alaska, including, but not limited to, 
installations at King Cove, Tazimina, Goat Lake, and Black Bear Lake (from Southwest Alaska to 
Southeast Alaska). In addition, there are several other installations that are being actively considered 
or planned for construction. Table 5-5 shows the size (in kW) and cost of several existing and planned 
hydroelectric facilities in rural Alaska. 

Analysis. The potential of hydroelectric resources has been harnessed for centuries, and water has 
been used for electric generation since the 1800s. However, even with all this history and experience, 
hydroelectric power is probably the most difficult to define in terms of cost. Each potential site offers 
unique circumstances—geologic, environmental, water availability, or others—such that no two 
projects are alike. 

Three general types of hydroelectric resources exist: storage, run-of-river, and pumped storage:  

� Storage (sometimes referred to as impoundment type), makes use of a storage reservoir that is 
either naturally formed in a lake or impounded by a dam. Water is released through the 
generators when power is required, although environmental concerns typically require minimum 
releases at all times. Since the storage type can match power generation with power 
requirements, it has both capacity and energy benefits. 

� A run-of-river system is composed of generators placed in structures in or alongside the river, and 
generation occurs with the natural flows. Since the timing of generation cannot be regulated, 
capacity benefits are based on the historical minimum flows during peak periods. Thus, capacity 
benefits for a run-of-river resource may be less than installed capacity or may not exist at all. 

� Pumped storage consists of an impoundment area from which water is released during daily 
peak load periods. After passing through the generators, water is stored in another impoundment 
area until the off-peak period. At that time, the water is pumped back up into the upper 
impoundment area to be used the following day. Pumped storage is economic only if on-peak 
energy is expensive and off-peak energy (used for pumping) is inexpensive. Therefore, this type of 
resource is used for large, metropolitan areas, with nuclear or coal plants used as the pumping 
energy, and it has been implemented on a limited basis worldwide.  
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Integral components of a hydroelectric project include impoundment dams, diversion dams, 
powerhouses with turbine-generator assemblies, system controls, and transmission lines to load 
centers. Consequently, hydroelectric projects are highly capital-intensive and represent a considerable 
investment. However, O&M costs usually are fairly limited, and there is no cost for the fuel (water). As 
a result of this cost structure, costs typically are higher for hydroelectric projects than for other forms 
of generation in the early years but are not affected by inflation. 

A number of hydroelectric facilities have been constructed in Alaska by the federal and state 
governments, electric utilities, and private developers, and watersheds exist in many parts of Alaska 
that can support additional systems. Costs of hydroelectric systems can vary considerably, given the 
conditions found with each project. Table 5-5 shows cost data for several hydroelectric projects in 
Alaska and demonstrates the range in costs that can be experienced.  

Table 5-5. Cost Estimates for Hydroelectric Power, Based on Case Studies in Rural Alaska  

Capital Cost 

Cost Item Utility 
Year of 

Construction 

Installed  
Capacity 

(kW) 

Potential 
Average 
Annual 
Energy a 

(MWh) 
Total 

($Millions)b 
Cost per 
kW ($)c 

Black Bear Lake  AP&T 1995 4,500 24,000 10.3 2,289 
Goat Lake AP&T 1998 4,000 17,300 11.0 2,750 
Tazimina INN 1998 824 7,000 11.7 14,199 
King Cove King Cove 1999 800 - 5.9 7,375 
Humpy Creek Larsen Bay b 520 600 2.1 4,448 
Old Harbor AVEC b 500 3,300 2.5 5,000 
Reynolds Creek Haida Corp b 1,500 11,500 7.5 5,000 
Falls Creek Gustavus b 800 5,500 5.0 6,250 
Pyramid Creek Unalaska - 100-260 - - - 

Source: Data from Alaska Power and Telephone (AP&T), 2000; Petrie, 2000c; and Teitzel, 2000. 
a Part may not be usable. 
b Cost figures are estimates; others (where construction date is given) are actual figures. 
c Assumes that all capital costs are debt financed at 8 percent over 30 years, with all energy usable 
AP&T = Alaska Power and Telephone 
- = Information not available 
 
 

In most cases, energy sales from the hydroelectric resource are significantly less than the potential 
energy production and long-term economic benefits are based on future load growth. If such load 
growth does not occur, the utility can be placed into economic hardship. Clearly, however, some 
hydroelectric resources offer potential for savings in power generation, and those that are not cost-
competitive in early years may become cost-competitive later since inflation has minimal effects on 
annual costs. In 1997, an assessment of hydroelectric sites for which published data could be found 
was conducted for the state. That study, the Rural Hydroelectric Assessment and Development Study, 
Phase 1 Report, prepared by Locher Interests, LTD, included the development of a database of 
existing and potential hydroelectric projects in rural Alaska. Published information was collected on 
1,144 potential sites and 52 existing hydroelectric projects.  

A two-step screening methodology was then applied to the database to develop a short list of 
promising sites. Projects with the following characteristics were eliminated: 
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� Projects larger than 5,000 kW or smaller than 25 kW 
� Projects already under active development 
� Projects for which: 

⇒ Construction costs had not been estimated previously 

⇒ Land status or environmental issues would create major obstacles to development 

⇒ Physical conditions at the site made project development impractical 

The remaining 138 projects were analyzed with an economic screening model and subject to further 
review. These procedures resulted in the list being shortened to 11 projects, several of which are now 
in varying stages of development, including the following: 

� Chuniisax Creek—Atka 
� Falls Creek—Gustavus 
� Unnamed Creek—Old Harbor 
� Pyramid Creek—Unalaska 

Some of the other projects among the 11 on the list have since been judged uneconomic or 
impractical. However, other projects in the specified size range that were not included might be 
viable projects that were eliminated for various reasons. For example, published information related 
to the project may have been inaccurate or outdated, or a project judged uneconomic could have 
been found to be economic if an alternative development plan had been available. 

Conclusions. The present analysis, like the 1997 Locher report, concludes that hydroelectric power can 
compare favorably with diesel power, but only under the right circumstances. Both reports also show 
that no general analysis can be constructed to determine the overall potential of hydropower in rural 
Alaska. The Locher report demonstrated the need to look at detailed, site-specific data to evaluate 
each unique project.  

Hydroelectric power has the potential to reduce the cost of electricity in rural Alaska, but most or all 
of the projects that the state has identified as having that potential appear to be under development 
already. Additional hydroelectric projects with favorable economics will likely be identified by local 
utilities or private developers rather than by a State of Alaska centralized survey and review effort. 
Therefore, development of small-scale hydroelectric projects is not recommended for aggressive 
implementation efforts by the state, or for further consideration in the Rural Energy Plan. 

5.3.6 Interties 
Overview. Interties offer numerous potential benefits including cost reduction from eliminating, or 
placing into reserve status, one or more diesel plants, better use of existing generating capacity in 
some areas, and improved reliability. However, the cost of constructing and maintaining interties in 
rural Alaska can be prohibitive. Even if a utility has a very low generating efficiency, interconnection 
with another utility would make sense only if the other utility had excess capacity, had significantly 
higher fuel efficiency, and was only a few miles away. Absent those conditions, the cost of building 
interties in rural Alaska typically exceeds the benefits. 

The issues of whether SWGR lines are safe or existing codes (which do not permit such lines) are 
warranted have not been resolved. It is recommended that these issues be resolved in the remaining 
stages of the Energy Plan so that the economics of future intertie projects can be analyzed properly. It 
is not recommended that interties in general be studied in more detail.  
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Electric utilities in rural Alaska are, for the most part, electrically isolated from one another. Each utility 
has its own set of generating units to meet load, and these are operated and maintained by local 
personnel. Certain efficiencies may be gained, however, by electrically interconnecting one or more 
utilities. These efficiencies can include reduced fuel consumption, overhauls, operating personnel, 
and other benefits. In some cases, interties allow more usage from a high-capital/low-operating-cost 
project such as hydroelectric. The following text provides an overview of existing conditions and an 
analysis of the potential for interties to reduce the cost of electricity in rural Alaska. 

Communities in many parts of Alaska have been connected to neighboring communities with electric 
transmission interties. Large interties connect major population centers (for example, there are lines 
that interconnect Anchorage, Fairbanks, and the Kenai Peninsula), and smaller lines connect various 
villages to each other or to a regional hub (for example, a line connects Bethel with Napakiak, and 
another line connects Craig, Klawock, and Thorne Bay). These interties provide valuable data for 
understanding the cost of constructing transmission lines in rural Alaska, the cost of maintaining the 
lines, and the benefits that can be expected. 

Analysis. Capital and operating costs for interties vary by location and the type of terrain that the 
intertie spans. Table 5-6 summarizes capital costs of several small, rural interties in Alaska. Others 
have been built but cost data are not available. The data in Table 5-6 show that construction costs, in 
dollars per mile, can vary significantly depending on local terrain, voltage levels, and other factors. 

Table 5-6. Capital Costs of Recent Rural Interties 

Intertie Location 

 
Length of Intertie 

(Miles) 
Year  

Energized 
Capital Cost 

($Thousands) 
Cost per  
Mile ($) 

Skagway – Haines a      
 16  6,000 375,000 
Craig – Klawock      
 6 1987 1,200 200,000 
Black Bear – Thorne Bay     
 35 1998 2,450 70,000 
Kasigluk – Nunapitchuk    
 Original 3 NA 353 118,000 
 Upgrades/Rebuilds 3 Various 141 47,000 
 Proposed Upgrades 3 2001 1,068 356,000 
St. Mary’s – Andreafski/Pitkas Point    
 Original 3 1985 182 61,000 
 Upgrades/Rebuilds 3 Various 193 64,000 

Source: Figures on Black Bear-Thorne Bay from Crimp, 2000 (for 34.5-kilovolt [kV] Prince of Wales Intertie). 
Total cost estimates provided to DOE from AP&T. 
a Submarine cable 
 
 
If an intertie is constructed to connect two or more diesel systems, savings may accrue for the 
following reasons. 

� Increased Fuel Efficiency. Generally, diesel generator efficiency (in kWh per gallon) increases 
with higher unit loading. This change in efficiency is more pronounced at the lower range of 
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outputs than at the levels approaching a unit’s maximum output. Interconnection of two load 
centers might allow a higher unit loading on one or more generators while others are shut off.  

To gain a perspective on the amount of fuel that might be saved, the generating efficiency of a 
350-kW, Caterpillar 3412 was reviewed. The summary in Table 5-7 provides the fuel efficiency at 
various output levels. As can be seen, significant increases in generating efficiency occur only if at 
least one of the primary units in the systems to be interconnected has an average output of 
approximately 30 percent of its rating. This output is quite low, and most utilities would run a 
smaller unit at these low loadings. Consequently, it appears that there would be significant fuel 
savings only under limited circumstances. 

Table 5-7. Generating Efficiency of a 350-kW, Caterpillar 3412 Diesel Generator 

Output (kW) Efficiency (kWh per Gallon) 
0 0.0 

50 9.1 
100 12.0 
150 12.5 
200 13.1 
250 13.6 
300 13.8 
350 13.8 

 
� Reduced Maintenance Costs. Diesel generators must undergo certain maintenance activities that 

are based on the number of operating hours. These activities include oil changes, top-end 
overhauls, and major overhauls. If one generating resource can supply the load instead of two, 
maintenance costs decrease. Costs of maintenance vary by resource, but the general rule of 
thumb is 1 to 2 cents per kWh for overhauls and miscellaneous variable maintenance. 

� Reduced Operator Costs. If one generating location can be shut down due to interconnection, a 
utility may be able to reduce staff. However, power plant operators in rural utilities typically 
perform a variety of tasks unrelated to generation, and these activities will still be required. 
Furthermore, it may be necessary to maintain both power plants to ensure that they are available 
in the event of outages on the intertie or with the operating generators.  

While there may be some benefits due to interconnection of two systems, the savings may not be 
enough to offset the installation costs. Additionally, intertie maintenance costs will be incurred. 
These, too, can vary considerably with local climatic and weather conditions. Routine 
maintenance includes annual inspections and right-of-way clearing, with the intervals between 
clearings as a function of the area where the intertie is located.  

Another important consideration is the effect that weather can have. AVEC cited an example in which 
the 3-mile intertie between Kasigluk and Nunapitchuk was damaged by a winter storm. In February 
2000, 11 poles were destroyed by wind and ice, and AVEC spent $750,000 to repair the line. 

It appears that in many situations, interconnection of utilities will not provide significant benefits. 
However, there are instances in which interties can play a role—when additional capacity is required 
and another nearby utility has excess capacity. Communities with new (or planned) water and sewer 
systems are incurring significant increases in the demand for electricity, and it will be necessary for 
these communities to either add to their existing generating capacity or connect to other communities 
with excess capacity. However, based on $250,000 for a new generator and $100,000 per mile for 
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construction of an intertie (hypothetical but plausible costs for illustrative purposes), the two load 
centers could not be more than 2.5 miles apart, absent other savings.  

A benefit of interties that has not yet been discussed is that of increasing sales of a high-capital/low-
operating-cost resource such as a hydroelectric project. As long as the resource has excess energy, 
interconnection of two or more systems can increase resource usage and decrease per-unit costs. 
AP&T was successful in doing this with its Black Bear Lake Project when the City of Thorne Bay was 
interconnected with its system.36 

A report prepared in 1997 by Neubauer Engineering and Foster Wheeler Environmental Corporation 
for the DOE, Rural Alaska Electric Utility Interties, presents information on four existing interties (two 
in the Bethel area, one between Dot Lake and Tok, and one between Kobuk and Shungnak), 34 
proposed interties, and 83 conceptual interties. Data on these interties was collected through a 
literature search as well as mail and telephone surveys. No minimum design criteria were used to 
define an intertie. Voltage, phasing, pole design, and other factors vary across the different interties in 
the data set. The key question was whether the transmission line would interconnect to a PCE utility. 
With regard to the economic potential of interties, the report concluded:  

“The feasibility of constructing any of (the) proposed interties in the near future…can only be 
determined by reviewing all historical studies, conducting more detailed engineering and 
environmental analyses, and systematically developing comprehensive cost estimates.”  

In a status report for the Rural Alaska Electric Utility Interties study, the contractor stated,  

“There may be some economy of scale by eliminating generation at one village in deference 
to generation at another, but probably not enough to warrant the debt service associated with 
a transmission line, additional generation at the supply source, and O&M cost to maintain 
standby reserves at the receiving village.” 

Calista Corporation continues to study the potential of connecting villages in the Bethel area and has 
experience with existing interties in that region. A consultant for Calista said the company is 
developing an energy plan that includes a 175-mile intertie between Bethel and the Donlan Creek 
Mine (with the intertie following the north shore of the Kuskokwim River). The long-range plan has 
not been developed, but could include distribution lines to as many as eight villages that are close to 
the proposed route. The consultant currently estimates that the 138-kV intertie could cost $400,000 
per mile. Other components of the energy plan for the Bethel area and the proposal to supply power 
to the proposed Donlan Creek Mine by a transmission line include evaluation of alternative 
generation sources in Bethel (Bettine, 2000). 

Single-Wire Ground Return 

The Bethel-Napakiak Intertie, an 8-mile, 14-kV line, is an SWGR line that started to operate in 1981 
(Neubauer Engineering and Foster Wheeler Environmental Corporation, 1997). An SWGR 
transmission line is less expensive to install than a conventional multi-wire transmission line and offers 
the potential to change the economics of several of the proposed interties (by lowering the capital 
cost). However, SWGR lines do not meet existing electrical codes. Alaska Statute 18.60.580, based on 
the National Electrical Safety Code, prevents the use of SWGR transmission lines in Alaska. According 
to the Alaska Division of Labor, Standards, and Safety, a separate ground return line is needed as part 
                                                   
36 The point illustrated in this example is that the intertie was beneficial in increasing the usability of a 
hydroelectric facility—no attempt was made to analyze the net value of the intertie. In some cases, hydroelectric 
systems may have excess capacity and may be well suited to meet all or part of the baseload in a neighboring 
village if the villages were connected with an intertie. 
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of intertie installations (Dwyer, 2000). Exemptions are possible—as shown by the existence of the 
Bethel-Napakiak intertie—but the Division of Labor, Standards, and Safety does not think that these 
interties are safe or should be used.  

Proponents of SWGR lines believe that they are safe, and the economics suggest that SWGR should 
receive more attention. The SWGR line between Bethel-Napakiak involved an inverted-V support 
with an insulator on the top, and the structure held in place by the conductor tension. The concept 
was simple enough that a large part of the installation could occur using only snow machines and 
hand tools. Large machinery was needed where deadends were installed, but the simple design and 
construction techniques significantly lowered the cost on a per-line-mile basis. The single-phase 
power was converted to polyphase at the terminus of the line, so the motors, pumps, and other 
3-phase loads could operate.  

Direct Current Transmission 

Direct current (DC) transmission offers an alternative to the more traditional alternating current (AC) 
transmission. While DC transmission lines are typically more expensive to install than AC lines, line 
losses are lower on DC lines and other benefits are possible. For example, alternative technologies 
that produce DC power, including many fuel cells, could make DC lines more appropriate than AC 
lines in certain situations. In addition, there is a transmission distance at which DC lines are more 
economical than AC lines. For overhead transmission lines, the break-even distance (the point at 
which the cost of AC and DC lines are the same) is roughly 500 to 800 kilometers. However, for 
underground and submarine cables, the break-even distances are much shorter. For submarine 
transmission lines, transmission cost for cables of more than 20 kilometers can be lower if they are DC 
rather than AC.37 

Conclusions. Interties may provide net benefits in certain rural locations. However, given the expected 
capital costs and limited savings in the average case in rural Alaska, it does not appear that interties 
should be aggressively promoted as a general strategy to reduce the cost of energy. 

Individual cases may be identified in which interconnections make sense and are economically viable. 
Such cases might revolve around a hydroelectric or generating project with high capital costs, or other 
situations in which increased load would improve the resource economics. In addition, more cases 
might be economically viable if capital costs could be reduced with alternative approaches such as 
SWGR or DC lines.  

The use of interties as a strategy in rural Alaska is not recommended for further evaluation in the next 
stage of the Rural Energy Plan. However, it is recommended that the questions of whether SWGR 
lines are safe or existing codes are warranted be resolved. At the same time, additional review should 
be conducted into the recent improvements in DC transmission line technology. For example, 
additional research could be conducted to determine whether DC lines are suitable or feasible in 
rural Alaska.  

5.3.7 Microturbines 
Overview. Microturbines are small combustion turbines (100-kW and smaller) that can be used in a 
variety of utility and commercial settings. Current designs include natural gas and liquid fuel (diesel) 
fired units. Models are currently being tested in Alaska, with no field data available at this point. High 
capital costs make electricity generated with microturbines more expensive than electricity generated 

                                                   
37 For more information see http://www.greentie.org/class/ixd04.htm. 
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with diesel units. Production costs and technological advances related to microturbines can be 
monitored, but additional review of the technology is not needed at this time. 

Large combustion turbines that use either natural gas or liquid fuels have been used for power 
production for a number of years. In recent years, technological advances have resulted in the 
development of smaller turbines that can be used in a variety of settings. These new, smaller 
combustion turbines are referred to as microturbines, and there has been a great deal of publicity 
about their prospects. One potential application is power production in remote areas. The following 
text analyzes the potential for microturbines to reduce the cost of electricity in rural Alaska. 

Although combustion turbines have been used for power generation for decades, their use in rural 
Alaska has been limited. Generally, fuel use is slightly higher for combustion turbines than for internal 
combustion engines, but maintenance costs are significantly less. Consequently, combustion turbines 
are economic only when they are baseloaded. 38 Given that the smallest combustion turbine is in the 
500-kW range, microturbines are found only where loads are significantly higher than this. Rural 
utilities that have installed combustion turbines include Barrow Utilities, Copper Valley, and Kodiak 
Electric Association. Smaller units are currently being tested by AVEC and others. These units include 
a 30 kW diesel-fired unit. 

Analysis. In the past few years, significant progress has been made in the development of very small 
combustion turbines (100-kW or less). These units, commonly called microturbines, are relatively 
compact and are being developed for industrial users that would use both the electric and heat 
production. Furthermore, since microturbines have very low NOx emissions, they can be used in large 
metropolitan areas once certain operating problems are resolved. 

There has been a great deal of publicity regarding microturbines, and a number of companies are 
conducting research and development or are forming strategic alliances for implementing this 
technology. At this time, the three main developers are Elliott Energy Systems, Capstone Turbine 
Corporation, and Honeywell, which recently purchased Allied Signal. Of the three, Capstone is the 
only company with operating units in the field. Many of Capstone’s operating units, estimated to be 
approximately 100 at this time, are in oil fields where noise is not a problem. 

AVEC recently installed a natural-gas-fired, 30-kW Capstone unit at its headquarters in Anchorage. 
The unit operated for a period of time, but was shut down due to high noise problems. During the 
time that it operated, power quality was excellent. Two demonstration units, one in Barrow and one 
in Fairbanks, were field-tested for a short period, but both have been removed.  

To date, all microturbines that have been installed have used natural gas or a derivative as its fuel. 
However, AVEC recently received a fuel-oil-fired (diesel) 30-kW Capstone unit that is being installed. 
Chugach Electric Association has a fuel-oil-fired unit on order, and Kotzebue Electric Association is 
waiting delivery of a 45-kW Elliott unit that will use fuel oil. (Showing that microturbines are still in 
infancy, the AVEC fuel oil microturbine was the fourth unit Capstone built to use that type of fuel.) 

Given that this type of resource is still in its very early stages, cost and operating data are somewhat 
limited. However, the following information has been obtained in discussions with users and 
manufacturers’ representatives. 

                                                   
38 Microturbines are suited for baseload use in rural Alaska because of the way they compare with diesel 
systems. In the Lower 48, combustion turbines are used primarily for meeting peak demand. Other alternatives 
such as combined cycle units, coal plants, and nuclear plants are typically used for baseloads. In rural Alaska, 
however, turbines are compared to diesel systems rather than these other alternatives. Compared with diesel 
units, turbines use more fuel per kWh, but have much lower maintenance costs. Consequently, turbines are 
most economic if they are used to generate baseload. 
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� Fuel Efficiency (Gas-Fired)—Fuel efficiency is claimed by Capstone to be approximately 
27 percent, or 12,600 Btu per kWh. Experience of AVEC and others indicates that the actual 
efficiency is in the range of 20 to 21 percent. The reason for this discrepancy is that Capstone 
measures efficiency before inverter and transformation losses. 

� Fuel Efficiency (Fuel-Oil-Fired)—AVEC has not completed installation of its new unit and has no 
fuel consumption data. Capstone indicates their tests show consumption to be 80 gallons per day 
at full output (30 kW). This equates to 9 kWh per gallon, or 15,500 Btu per kWh. 

� Capital Cost—Expected long-term market prices of Capstone’s units are expected to be 
approximately $46,000, or $1,533 per kW. On top of this, AVEC had to spend approximately 
$16,000 for site modifications and $10,000 for a 1,000-gallon fuel oil tank. The price of the fuel 
oil tank was high due to a 2-hour fire rating that was required at the site. The capital cost of the 
75-kW Honeywell unit is expected to be approximately $650 per kW. However, voltage output is 
at 270 volts, and the required transformers and other equipment will increase this cost to 
approximately $850 to $1,000 per kW. 

� Heat Exchangers—Heat exchangers for recovering heat are not included in the base capital costs. 
An air-to-water heat exchanger for the Capstone gas-fired unit costs approximately $7,000. Heat 
exchangers for the fuel oil units are not available at this time. Sulfur dioxide emissions from fuel 
oil form sulfuric acid, which corrodes the heat exchanger, and long-term solutions are still being 
researched. 

� Operating Costs—At this time, there is insufficient operating data to provide clear estimates of 
long-term operating costs. However, certain observations can be made. The units do not have oil 
or water cooling systems, thus eliminating several regular maintenance items found with internal 
combustion engines. The units are being designed with the major components permanently 
connected to a single shaft with air bearings, and it is expected that at 40,000 operating hours 
these major components will require replacement. It is unknown what the cost of these 
replacements will be. The compressors for the gas-fired units may require maintenance at a 
shorter interval than 40,000 hours, but no clear data are available. 

Table 5-8 summarizes these data on the cost of microturbines. The costs shown should be considered 
very preliminary. Annual maintenance costs were simply assumed to be $0.015 per kWh,  
approximately 50 percent greater than would be expected for a small (500-kW) combustion turbine. 

Although the costs in Table 5-8 indicate a rather low-cost source of power for units using natural gas, 
natural gas is not available in most of rural Alaska. Furthermore, those areas that have natural gas have 
lower generation costs. All of the per-unit costs shown in Table 5-8 are based on a 95 percent plant 
factor, or baseload operations. Comparisons with internal combustion engines should therefore be 
made with similar plant factors. Table 5-9 compares the Capstone fuel-oil unit with an internal 
combustion engine at various load factors. The capital and operating costs of 13 microturbines are 
assumed to approximately equal the assumed capacity of the internal combustion resource. 

Table 5-9 shows that the per-unit costs of the microturbine are affected significantly by its large capital 
costs and are always higher than costs for internal combustion generators. Since microturbines have a 
smaller capacity rating than typical internal combustion generator sets, they offer the benefit of better 
matching resource capacity with load. Consequently, the resource economics might be improved 
from that shown in Table 5-9 if one or more microturbines could be eliminated.  
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Table 5-8. Cost of Microturbines 

Indicator Data by Microturbine Manufacturer 
Indicator Capstone Capstone Honeywell 
Fuel Natural Gas Fuel Oil Natural Gas 
Capacity (kW) 30 30 75 
Annual Energy (kWh) a 249,660 249,660 624,150 
Installed Cost ($) b $56,000 $56,000 $79,375 
Installed Cost ($ per kW) $1,867 $1,867 $1,058 
Cost Summary—Full Output ($ per kWh)  
Debt Service c 0.023 0.023 0.013 
Maintenance d 0.015 0.015 0.015 
Fuel e 0.044 0.111 0.044 
Total 0.0744 0.1414 0.0646 

a  Assumes 95 percent plant factor. 
b  Assumes $10,000 for site preparation costs. 
c  Amortized at 8 percent over 20 years. 
d  Assumed to be 50 percent greater than that expected for a small combustion turbine. 
e Assumes efficiencies of 12,600 Btu per kWh and 15,500 Btu per kWh for gas-fired and fuel oil fired, 

respectively. Natural gas assumed to be $3.50 per MCF and fuel oil $1.00 per gallon. 
 

Table 5-9. Comparison of Microturbine with Internal Combustion 

Indicator Microturbine Internal Combustion 
Unit Capacity (kW) 30 400 
Number of Units 13 1 
Total Capacity (kW) 390 400 
Installed Cost $728,000 $240,000 
Amortization of Installed Cost a $74,148 $24,445 
Operating Costs ($ per kWh) b   
 100 Percent Plant Factor 0.148 0.110 
 75 Percent Plant Factor 0.155 0.113 
 50 Percent Plant Factor 0.170 0.117 
 25 Percent Plant Factor 0.213 0.131 

a  Amortized at 8 percent for 20 years. 
b  Assumes 9 kWh per gallon for microturbine and 12 kWh per gallon for internal combustion; $1.00 per gallon 

fuel oil costs; maintenance costs of 1.5 cents for microturbine and 2 cents per gallon for internal combustion. 
 
As with many fossil-fuel-fired resources used in rural Alaska, microturbines offer the opportunity to 
capture and use the heat. With centrally located generators, expensive heat distribution systems have 
to be built and maintained. Microturbines, however, can make use of the heat at less cost since the 
resource can be placed at or near the load. 

Inclusion of a microturbine into a small load will affect the operations of the remaining resources, and 
fuel efficiency, maintenance requirements, and per-unit costs may change. Therefore, resource 
evaluations should be conducted by evaluating the entire system, not just a side-by-side comparison 
of per-unit costs. 
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Conclusions. Microturbines do not appear to be an attractive alternative to diesel generators at this 
time. Relatively few microturbines have been placed into operation, and those using fuel oil have no 
operating history. Consequently, there will probably be a number of design and operating problems to 
be resolved as further development occurs. Microturbines are not recommended for further review in 
the Rural Energy Plan. Technological advances and lower capital costs with increased production 
could change the economics appreciably. Such changes could be monitored without further study.  

5.3.8 Small Coal Power Plants 
Overview. The use of small coal power plants is not recommended for further study in the Rural Energy 
Plan. A thorough review of the literature and analysis of current economic conditions suggests that the 
potential of small coal power plants to reduce the cost of electricity in rural Alaska is very limited due 
to the small number of communities with economical access to the resource and sufficiently high 
demand for electricity. 

Alaska has abundant coal resources in numerous areas throughout the state, and coal-fired electric 
generating plants are common in most parts of the world. As a result, a natural question is whether 
rural Alaska—or at least certain portions of rural Alaska—could benefit from the coal resources that 
exist in the state. The following text provides an analysis of the potential for coal power plants to 
reduce the cost of electricity in rural Alaska. 

Several different mines have operated sporadically in the past in Alaska. At present, the Healy mine is 
Alaska's only operating coalmine of significance. Coal at Healy is used at a 25-MW, coal-fired 
resource owned and operated by GVEA, Aurora Energy’s 22-MW cogeneration plant in Fairbanks, 
several small power generation facilities at the University of Alaska Fairbanks and U.S. Department of 
Defense installations in the Fairbanks area. In addition, coal from the Healy mine is exported to 
Korea. Another coal-fired resource in Healy, the Healy Clean Coal Project, was constructed by the 
state but is now being reevaluated for possible modifications. 

Analysis. In 1998, the DOE commissioned a study that investigated the capital and operating costs of 
small generating resources using coal as the primary fuel. The result of the study was a computer 
model that estimated the costs for resource sizes ranging from 600 to 2,000 kW. Since construction 
and operating costs vary considerably throughout the state, the computer model developed these cost 
estimates using Anchorage as a base, and the user could apply adjustment factors to reflect local 
conditions.  

Table 5-10 includes a summary of the costs expected for three coal plants of different size, as 
estimated using the DOE computer model without any cost adjustment factors. Capital costs of coal 
plants are relatively high due to the many and intricate components required for a coal-fired resource. 

To estimate total annual costs, the cost of coal must also be estimated. In October 1997, Northern 
Economics completed a study that estimated the cost of coal at various destinations using coal from 
various mines in Alaska as well as from other areas. Based on the lowest source costs, the delivered 
cost (in 1997 dollars) of coal per million Btu ranged from $1.93 to $2.50 for selected coastal 
communities, $10.91 for McGrath, $7.06 for Galena, and $2.31 for Tok.  

Table 5-10 includes a summary of total annual costs in dollars per kWh for three separate fuel prices. 
Due to the high capital costs, a coal-fired resource is most economic to run in a baseload manner. 
However, many of the rural utilities do not have loads that can support this type of operation for even 
a 600-kW resource. Accordingly, the costs in the table are also shown for two separate load factors, 
85 percent and 50 percent. 
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Even using the assumptions that provide the lowest per-unit cost ($0.222 per kWh), electricity from 
coal is still significantly higher than from a diesel-fired internal combustion resource. The coal cost 
might be lowered by locating the resource closer to the mine and then transmitting the power to the 
load center, but given the cost of transmission lines, the cost of electricity for the consumer would still 
not be competitive with diesel sources. 

In 1998, The Financial Engineering Company completed a power supply study for the City of 
Unalaska that investigated numerous resource options. Two different coal projects were investigated, 
3,500-kW and 5,000-kW. The results of the analysis indicated that coal was one of the most 
expensive options investigated with present value costs higher than hydroelectric, combustion 
turbines, internal combustion, and wind used in conjunction with other resources.  

Table 5-10. Cost of Electricity from Coal 

Installed Net Capacity (kW)
 Net Efficiency (BTU/kWh) 
 Installed Cost ($) 
 Installed Cost ($ per kW) 

 Amortized Capital Costs 
 Annual Non-Fuel Operating 

 Total Annual Costs (Non-fuel) 

Cost of Fuel ($/million BTU) 2.25 7.50 12.00 2.25 7.50 12.00 2.25 7.50 12.00
85% Plant Factor
     Annual Energy (MWh) 4,468    4,468    4,468    7,446    7,446    7,446    14,892   14,892   14,892   
     Annual Costs ($/kWh)
          Debt Service 0.051$  0.051$  0.051$  0.044$  0.044$  0.044$  0.035$   0.035$   0.035$   
          Non-Fuel Operations 0.184    0.184    0.184    0.161    0.161    0.161    0.141     0.141     0.141     
          Fuel 0.059    0.196    0.314    0.051    0.170    0.273    0.045     0.151     0.242     
          Total 0.294$  0.432$  0.550$  0.256$  0.375$  0.477$  0.222$   0.327$   0.418$   

50% Plant Factor
     Annual Energy (MWh) 2,628    2,628    2,628    4,380    4,380    4,380    8,760     8,760     8,760     
     Annual Costs ($/kWh)
          Debt Service 0.086$  0.086$  0.086$  0.052$  0.052$  0.052$  0.060$   0.060$   0.060$   
          Non-Fuel Operations 0.314    0.314    0.314    0.188    0.188    0.188    0.240     0.240     0.240     
          Fuel 0.059    0.196    0.314    0.051    0.170    0.273    0.045     0.151     0.242     
          Total 0.459$  0.596$  0.714$  0.291$  0.410$  0.513$  0.345$   0.451$   0.541$   

527,582 
2,098,731 

2,626,313 

Total Costs of Operations

1,051,284 1,524,875 

227,130 
824,153 

324,765 
1,200,110 

2,556,986 
4,262 

3,656,136 
3,656 

600
26,183 

1,000
22,720 

5,939,409 
2,970 

2,000
20,130 

 
Source: Calculated by The Financial Engineering Company. 
 
 
Conclusions. This screening analysis reached the same conclusion as previous studies on the potential 
of coal to reduce the cost of electricity in rural Alaska: the potential is limited due to the small number 
of communities with both economical access to the resource and necessary load demands for 
sufficient economies of scale. 

Dan Walsh at the University of Alaska Fairbanks, Minerals Industry Research Lab, believes that coal 
power could be economically viable only in the larger coastal communities of Alaska. He believes the 
villages would have to be on the coast to allow for marine transport of coal and be large enough to 
justify a relatively large-scale power plant, given the fact that economies of scale are needed to justify 
the high cost of a coal-fired power plant (Walsh, 2000). The only example discovered in this study 
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where conditions might support a coal plant is in Bethel, where the demand for electricity from the 
Donlan Creek Mine might justify a coal facility and transmission line (Bettine, 2000).  

This strategy is not recommended for further study in the Rural Energy Plan. Specific projects like the 
one that could be proposed in Bethel can be discussed on a case-by-case basis. It does not appear 
that coal has the potential to lower significantly the cost of electricity to a large number of residents in 
rural Alaska.  

5.3.9 Biomass Plants 
Overview. The potential of biomass plants, such as plants that burn wood, to reduce the cost of 
electricity in rural Alaska is limited by the heat content of the fuel supply, resource availability, and 
the relatively high capital and operating costs of generating facilities that use solid fuel. Biomass is not 
recommended for further study as a strategy to reduce the cost of electricity in rural Alaska. The use 
of biomass for space or district heating is discussed in Section 7. 

Biomass plants are very similar to coal-fired resources in that a solid fuel is combusted to heat water 
into steam. The steam is then used to turn a turbine-generator assembly for power production. 
Biomass fuel includes peat, wood, municipal solid waste, or a variety of other products that can be 
burned. Fuels can be burned as is or can be enhanced with other fuels (such as fuel oil) to increase 
energy content and facilitate the delivery of fuel to the combustors. The following text provides an 
analysis of the potential for biomass plants to reduce the cost of electricity in rural Alaska. 

Analysis. No data were found for any commercially operated facility that produces electricity from 
biomass (for example, wood or peat) in rural Alaska. 

Energy content of biomass fuels varies by type and source. Table 5-11 provides a summary estimate of 
various biomass fuels available in Alaska as well as coal and fuel oil.  

Table 5-11. Energy Content of Fuels  

Fuel Energy Content (Btu per Pound) 
Coal  
 Healy 7,800 
 Beluga 8,300 
 Omalik (Western Arctic) 13,000 
Wood (Dry)  
 8,500 
Peat  
 Low 3,700 
 High 9,300 
Municipal Solid Waste a   
 4,500 

No. 2 Fuel Oil  
 19,660 

a Can vary significantly 
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Because of the similarity in biomass and coal-fired power projects, capital costs of these two resources 
will also be similar. However, if the biomass facility uses a fuel with lower energy content, it may 
require a larger furnace, fuel storage area, and fuel handling equipment. For purposes of this analysis, 
adjustments for larger fuel system requirements are ignored. 

Table 5-10 in Subsection 5.3.8, Small Coal Power Plants, showed that non-fuel costs ranged from 
$0.176 to $0.235 per kWh for baseload operations and $0.300 to $0.400 per kWh for a 50 percent 
plant factor. Based on these estimates, it appears that biomass facilities operated at a 50 percent plant 
factor would not be competitive with other sources of power no matter what the cost of fuel was. 
Baseload operations are closer to costs expected from a diesel resource but are still higher. Since the 
capital costs, which are shielded from inflation, do not represent a majority of the non-fuel costs, it is 
not expected that biomass facilities would be less expensive than diesel even in the long term. 

Conclusions. Although biomass may not be economically viable for power production, domestic 
heating may be a candidate for its use. If the resource is used for both power production and heating 
purposes (cogeneration), the resource economics might improve. However, diesel facilities can also 
be operated in a cogeneration mode. 

Biomass is not recommended for further study as a strategy to reduce the cost of electricity in rural 
Alaska. Biomass is discussed in more detail in Section 7, Space and Water Heating. 

5.3.10 Solar Energy 
Overview. Capital and installed costs of solar energy are expected to decline in the future, but not 
sufficiently in the near term to be considered as an alternative to diesel systems in rural Alaska. In 
addition, the lower summer electric loads in rural Alaska make it difficult to take full advantage of 
solar energy and to make photovoltaic (PV) cells economically viable. As a result, this strategy is not 
recommended for further study in the Rural Energy Plan.  

Solar energy has been used for power production and domestic heating for decades, although until 
the 1980s power production has been limited to small, non-utility applications. The most common 
form of power production uses PV cells, but another method is to use the sun’s energy to heat a fluid 
into steam, which in turn drives a turbine-generator assembly. 

The following text provides an analysis of the potential for solar energy to reduce the cost of electricity 
in rural Alaska. The following analysis deals solely with photovoltaics, primarily because cost data for 
other solar technologies are not available.  

Lime Village has a 12-kW solar system. This system is currently in the rebuild phase, where PV panels 
are being added along with a 550-amp-hour battery bank and an electronic converter. The converter 
will be linked to the main diesel system dispatch controls. 

Analysis. Photovoltaic cells are small, wafer-like cells that produce a small DC voltage when exposed 
to light. Thin semiconductor layers made from silica are placed between a front and back metallic 
grid, and a layer of glass or some other type of transparent encapsulant is placed on top to keep 
weather out. The process is both labor-intensive and expensive, and other components such as 
inverters and control equipment are required to connect the PV cells with the transmission and 
distribution system. A 1991 study by the National Association of Regulatory Commissioners (NARUC) 
estimated capital costs to be approximately $7,000 per kW and O&M expenses to be $0.005 
per kWh. 
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Total per-unit costs depend on energy production, which is dependent on inverter losses (DC to AC), 
latitude of the facility, and amount of sunlight. Inverter losses vary by type, but a reasonable estimate 
to use is 10 percent.  

There are more than 200 more hours of sunlight at the Arctic Circle than at the Equator. However, 
since the sun strikes the surface at a lower angle, the intensity of radiation is less at the Arctic Circle 
than at the Equator. Because of these two factors, the amount of radiation received is about the same 
at these two locations. However, in arctic regions, solar energy production is greatest in summer 
months when loads are low. 

Energy production data from two PV installations at schools in Wisconsin have been collected since 
their installation in 1996. The data, summarized in Table 5-12, show that the average annual plant 
factor, excluding the first partial year of operations, was 17 percent. Table 5-13 provides an estimate 
of the cost of power from PV cells. 

Table 5-12. Photovoltaic Cell Operating History—Two Examples 

System Size (kW) by Location System 
Rating Antigo, Wisconsin Brussels, Wisconsin 
 AC 10.7 10.6 
 DC 13.7 13.7 

System Performance by Year 

Year 
Energy  
(kWh) 

Plant Factor 
(Percent) 

Energy  
(kWh) 

Plant Factor 
(Percent) 

1996  4,883.4  10.4  5,056 13.0 
1997  14,804.0  15.9  14,376 15.5 
1998  15,359.3  16.5  16,482 17.8 
1999  15,522.0  16.7  16,916 18.2 
2000  12,785.0  18.4  11,828 17.0 

Source: Utility PhotoVoltaic Group, 2000. 

Table 5-13. Delivered Costs for Photovoltaic Cells 

Item Value 
Installed Cost ($) a 7,000 
Amortization of Installed Cost ($) b 713 
Estimated Energy at 17 Percent Plant Factor per Installed kW 1,489 kWh 
Cost Per Unit ($ per kWh)  
 Debt Service 0.479 
 O&M a 0.005 
 Total 0.484 

a  Estimated in NARUC, 1991. 
b  Amortized at 8 percent for 20 years. 
 

Although the costs estimated by NARUC probably have decreased since 1991, the costs in Table 5-13 
show that capital costs must decrease dramatically before PV installations are cost-competitive. 
Furthermore, PV installations will not have capacity benefits since peak loads could easily occur at 
times when there is no sunlight at all. Consequently, the costs shown in the table may best be 
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compared to a diesel’s variable costs, which are on the order of $0.10 to 0.15 per kWh, depending 
on fuel efficiency, fuel cost, and selected operating costs.  

Early PV cells were about 1 to 2 percent efficient in converting light energy into electric energy, 
whereas today’s PV cells are about 7 to 17 percent. Consequently, the cost per installed kW has 
decreased significantly, and is expected to continue to decrease in the future.  

Conclusions. It is conceivable that a solar power system could be economically viable in rural Alaska. 
For example, in a situation where daytime electric loads are high in summer months (when the 
resource is available) and diesel power is relatively expensive (due to high fuel costs), it is possible that 
solar power could be competitive with a diesel system. However, the number of places where these 
conditions might be met is quite small, and no evidence was found to suggest viability at present.  

Due to the high capital cost of solar systems and limited number of suitable locations in rural Alaska 
where solar systems might be viable, this strategy is not recommended for further study in the Rural 
Energy Plan. 

5.3.11 Tidal Energy 
Overview. Tidal energy is a potential resource given the significant tidal ranges found in Alaska. 
However, the high cost and limited opportunity for application suggest that tidal energy is not 
appropriate for rural Alaska. This strategy is not recommended for further study in the Rural Energy 
Plan. There are no commercially operated utilities in rural Alaska that generate power using a tidal 
energy system. 

Tidal resources use the energy in tides to produce power, with two primary types of systems available: 

� A generator submerged in an area with relatively strong tidal currents. These currents vary 
throughout the day as the tide changes from flood to ebb tides, with the maximum velocity 
approximately halfway between flood and ebb. There are two flood tides and two ebb tides 
during a day (the actual cycle is slightly longer than a 24-hour period); therefore, tidal currents are 
at their strongest four times a day.  

� Impoundment. This method stores water in an impoundment area during flood tide and releases 
the water through generators as it is required.  

Because the timing of flood and ebb tides varies each day, generation may not be available when 
required. Therefore, tidal resources should be considered non-firm, and alternative sources of 
capacity must be held in reserve. Some tidal systems include storage components (for example, 
storing water at high tide in multiple impoundment areas for timed release throughout the day). 
However, these systems can be extremely large. 

In addition, tidal power systems can be relatively expensive. Consequently, few tidal systems have 
been built worldwide and there is a very limited database of information. The following text provides 
an analysis of the potential for tidal energy to reduce the cost of electricity in rural Alaska. 

Analysis. There are a limited number of tidal installations located throughout the world, and most are 
much larger than would be applicable to rural Alaska. However, Japan has had a 5-kW unit in 
operation since 1990, and the United Kingdom has had a 10-kW unit in operation since 1993. 
Operating data could not be obtained for these units. 

Tidal Electric of Alaska, Inc., conducted a feasibility study of an impoundment-type tidal resource in 
Cordova. Initial cost estimates were $14 million (1998 price levels) for a 5,000-kW system, or $2,800 
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per kW. Cordova Electric later expanded its hydroelectric resource, and Tidal Energy of Alaska is 
looking at alternative sites. 

A supplier of submersible units that could be used in tidal-flow applications was contacted for a price 
estimate. The estimate received from the supplier was for $720,000 for two 120-kW units. The price 
estimate included a tieline to shore, with the units assumed to be 0.5 mile from shore. 

Tidal flow data were obtained for a site in Southeast Alaska so that energy production could be 
estimated. Based on the obtained flows, the annual energy production would be approximately 
256,000 kWh per year for the 240-kW installation. The low load factor, 12.2 percent, is a result of 
production being a function of flow velocity to the third power. Consequently, as flows drop off from 
peak, production decreases at an even faster rate. 

Table 5-14 provides the per-unit costs for the hypothetical 240-kW installation in Southeast Alaska. 
Installed costs include the tidal installation as well as an assumed 5-mile interconnection with the load 
center. Per-unit costs are quite high as compared to other alternatives, and this circumstance is a 
function of high capital costs as well as low energy production. If alternative sites with more sustained 
flows could be found, per unit costs might decrease. However, given the magnitude of the 
interconnection costs, it is expected that tidal installations will not be cost-competitive. 

Table 5-14. Cost of Hypothetical 240-kW Tidal System in Southeast Alaska 

Item Value 
Unit Size (kW) 240 
Annual Energy (MWh) a 256 
Capital Costs ($) 
 Tidal Installation 720,000 
 Interconnection 500,000 
 Total 1,220,000 
Cost per Installed Kilowatt ($ per kW) 5,083 
Annual Maintenance Costs b 22,000 
Cost Per Unit ($ per kWh) 
Debt Service c 0.485 
Annual Maintenance 0.086 
Total 0.571 

Source: Calculated by the Financial Engineering Company, using data from Awerbuch, 2000, and National 
Oceanic and Atmospheric Administration, 2000. 

a  Based on a preliminary assessment of total energy production from a hypothetical site in Southeast Alaska 
with a 240-kW installation. 

b  Supplied by manufacturer. 
c  Based on amortization of total capital costs at 8 percent over 20 years. 
 
 

Conclusions. The analysis of a hypothetical 240-W tidal power system in Southeast Alaska indicates 
that tidal power would not be competitive with diesel power. In addition, the number of villages that 
could implement this strategy is quite limited. As a result, this strategy is not recommended for further 
study in the Rural Energy Plan. 
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5.3.12 Wind Energy 
Overview. The following text is a brief summary of an independent analysis of wind power systems in 
rural Alaska, prepared recently for AIDEA by ISER. The ISER analysis, in turn, draws upon work 
conducted by Global Energy Concepts (GEC) for Kotzebue Electric Association to evaluate the wind 
energy installation at Kotzebue. Based on ISER findings, wind energy is recommended for additional 
study in the next stage of the Rural Energy Plan. 

In short, the economic benefits of wind power depend heavily on the wind resource. For example, 
the current wind power installation in Kotzebue, where average wind speed is 6.0 meters per second, 
is unlikely to deliver significant net benefits over diesel power. However, a similar installation in a 
place such as Nome, where the average estimated wind speed is 6.5 to 6.8 meters per second, could 
provide significant net benefits. 

Analysis. In the early 1980s, a number of wind turbines were placed into operation in various parts of 
the country, including Alaska. At the time, oil prices were relatively high, and federal tax incentives 
had been enacted to encourage development of generating resources that did not use oil-based fuel. 
Unfortunately, many wind turbines failed after a relatively short period. This failure, combined with 
the collapse in oil prices, caused interest in wind generation technology to decline in the U.S. 

Technological improvements have been made since that time, and there has been a resurgence in 
activity. In Alaska, Kotzebue Electric Association has obtained grant funds and installed several units. 
Three turbines were installed in 1997, and their initial operating success was instrumental in the 
association’s decision to install seven additional units in 1999. Other utilities in the state that are 
investigating wind generation include AVEC and Chugach Electric Association. The community of 
St. Paul, through TDX Corporation, has installed a wind generation system and formed a company to 
market this concept in the global economy.  

The Kotzebue experience provides the best set of actual data currently available. Table 5-15 
summarizes the key assumptions and results for the 7-turbine installation that comprises phases 2 and 
3 of the Kotzebue wind farm. Figures in Table 5-15 are from Phases 2 and 3 only because Phase 1 
had significant costs associated with a technology learning curve that are probably not representative 
of actual costs. In Table 5-15, the column labeled “Kotz23gec” summarizes assumptions used by GEC 
in its most recent analysis (GEC, 2000). The column labeled “Kotz23coltc” reflects adjusted 
assumptions that ISER believes are more realistic (the acronym “coltc” is a reference to Steve Colt of 
ISER, the author of the study). The major adjustments that ISER made to the GEC assumptions are as 
follows:  

� Decrease the avoided cost of diesel generation O&M to zero. Diesel variable O&M costs depend 
principally on the total number of hours of operation, not on kWh produced. There does not 
appear to be strong evidence that the Kotzebue installation has reduced the hours of operation 
for specific diesel units. 

� Decrease the wind system annual O&M costs to account for the use of some in-house labor. 

� Eliminate consideration of the federal Renewable Energy Production Incentive (REPI) payments. 

With these adjustments, the Kotzebue Phase 2/3 wind farm has negative net benefits of approximately 
$211,000.  

Nome is representative of a similar community but with higher average wind speed (slightly less than 
7 meters per second, compared to Kotzebue’s 6 meters per second). If a wind speed of 7 meters per 
second is substituted into the mix of assumptions for the Kotzebue example, the results improve 
significantly. This change is demonstrated in the column labeled “Kotz7ms” in Table 5-15.  
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Table 5-15. Net Benefit of Wind Energy Systems—Kotzebue Example 

 Kotz23gec Kotz23coltc Kotz7ms 
Assumption    
Average Wind Speed (Meters per Second) 6 6 7 
Real Discount Rate (Percent) 2.0 3.0 3.0 
Initial Fuel Price ($ per Gallon) 0.94 0.94 0.94 
Real Fuel Escalation Rate (Percent per Year) 0 0 0 
Initial Diesel Efficiency (kWh per Gallon) 14.9 14.9 14.9 
Diesel Efficiency Increase Rate (Percent per Year) 0 0 0 
Diesel Variable O&M Cost ($ per kWh) 0.0090 0 0 
Wind Capital Construction ($) 1,020,000 1,020,000 1,020,000 
Wind Energy Production (kWh per Year) 831,133 831,133 1,161,080 
Wind O&M Cost ($ per Year) 14,600 10,000 10,000 
Wind REPI Credit for 10 Years ($ per kWh) 0.017 - - 
Wind Overhaul, Year 15 ($) 35,000 35,000 35,000 
Avoidable Cost of Fuel Storage ($ per Gallon of Capacity) - - - 
Result    
Present Value of Wind Cost ($) 1,372,994 1,238,470 1,238,470 
Present Value of Benefits (Avoided Diesel Cost) ($) 1,468,781 1,027,728 1,435,719 
Present Value of Net Benefits ($) 95,787 (210,742) 197,250 
Present Value of Savings ($ per Annual Wind kWh) 0.12 (0.25) 0.17 

Source: GEC, 2000, and ISER, 2000. 
Note: A present value of savings of $0.20 equates to reducing the cost per kWh by $0.01 per kWh, one of the 
threshold criteria for advancing an examined strategy to the next stage of the Energy Plan. 
 
The net benefits are close to the target of reducing the cost of energy by $0.01 per kWh. (Because 
ISER uses a strict present value analysis, it does not calculate a “levelized” cost of energy. However, 
the present value of a cost reduction of $0.01 per kWh, maintained for 30 years, is about $0.20. ISER 
used this figure as the target value for the present value of net benefits. In the column “Kotz7ms,” the 
present value of benefits is $0.17 per average annual kWh produced by wind turbines.) 

Other communities that could use wind energy systems might be smaller and might have higher diesel 
prices, higher wind installation costs, and perhaps higher wind speeds. Some communities could have 
significant avoidable fuel storage costs, perhaps $8 per gallon of capacity. To explore such 
possibilities, ISER considered installation of one turbine identical to those installed in Kotzebue, with 
an average wind speed of 7 meters per second, in the model village introduced in Subsection 2.3. 
The model village uses 60,000 gallons of fuel per year at prices ranging from $1 to $1.50 per gallon.  

Table 5-16 shows the results of ISER’s addition of a single wind turbine in the model village. In the 
column labeled “Model A,” the installation breaks even at a fuel price of $1 per gallon. With a fuel 
price of $1.50 per gallon, as shown in the column labeled “Model B,” the wind installation provides 
significant net benefits. These benefits far exceed the target of reducing the cost of provided energy by 
more than $0.01 per kWh. 
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Table 5-16. Hypothetical Small Village Wind Energy Analysis  

 Model A Model B 
Assumption  
Average Wind Speed (Meters per Second) 7 7 
Real Discount Rate (Percent) 3.0 3.0 
Initial Fuel Price ($ per Gallon) 1.00 1.50 
Real Fuel Escalation Rate (Percent per Year) 0 0 
Initial Diesel Efficiency (kWh per Gallon) 14. 14 
Diesel Efficiency Increase Rate (Percent per Year) 0 0 
Diesel Variable O&M Cost ($ per kWh) 0 0 
Wind Capital Construction ($) 150,000 150,000 
Wind Energy Production (kWh per Year) 150,620 150,620 
Wind O&M Cost ($ per Year) 3,000 3,000 
Wind REPI Credit for 10 Years ($ per kWh) - - 
Wind Overhaul, Year 15 ($) 5,000 5,000 
Avoidable Cost of Fuel Storage ($ per Gallon of Capacity) - - 
Result   
Present Value of Wind Cost ($) 212,011 212,011 
Present Value of Benefits (Avoided Diesel Cost) ($) 210,873 316,309 
Present Value of Net Benefits ($) (1,138) 104,298 
Present Value of Savings ($ per Annual Wind kWh) (0.01) 0.69 

Source: ISER, 2000. 
Note: A present value of savings of $0.20 equates to reducing the cost per kWh by $0.01 per kWh, one of the 
threshold criteria for advancing an examined strategy to the next stage of the Energy Plan. 
 
 
Conclusion. To achieve the target of reducing the cost of delivered energy by $0.01 per kWh, the 
present value of net benefits must equate to about $0.20 per kWh delivered annually. This target is 
met when average wind speeds approach 7 meters per second and the cost of diesel fuel is about 
$1.50 per gallon. There are several villages in coastal Alaska where these conditions appear to exist. 
Based on these findings, wind power generation is recommended for further analysis. 

5.3.13 Other Strategies (Not Analyzed) 
Two strategies reviewed but not included in the screening analysis were coal water fuel and ORMAT 
Energy Converters. The following subsections briefly address these strategies and the reasons why they 
were not analyzed in detail for this report. 

5.3.13.1 Coal Water Fuel 

Overview. Coal water fuel was not considered because of its relatively low energy density and lack of 
potential in the near term to reduce the cost of electricity in rural Alaska. Coal water fuel has roughly 
one-half to one-third the energy density that diesel fuel contains (Walsh, 2000). The volume of fuel 
that would need to be shipped by barge or air to rural Alaska would be significantly higher if coal 
water fuel were used as an alternative to diesel fuel.  

Conclusions. Coal water fuel is not significantly cheaper than diesel fuel, and the transportation costs 
for coal water fuel would be greater than those incurred with diesel because of the larger volume that 
must be transported. Therefore, it was determined that coal water fuel does not have the potential to 
reduce the cost of electricity in rural Alaska at this time. (Significantly more coal water fuel than diesel 
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fuel would be needed at a given location, and there are no cost savings for the fuel to offset the cost 
of shipping the additional fuel.)  

5.3.13.2 ORMAT Energy Converters 

Overview. ORMAT energy converters have found widespread use on the Trans Alaska Pipeline. These 
modular units convert heat energy (including diesel fuel) to electrical energy (with a significant heat 
energy byproduct). Although current technology is limited to modules of 3 kW, these units can be 
paralleled to provide higher outputs.  

The initial capital cost of the units is high, but these units have effectively no maintenance. Reliability 
and low maintenance costs are the primary reasons that these units have widespread usage on the 
Trans Alaska Pipeline.  

Conclusions. Current installed cost of the technology in Alaska is approximately $175,000 per kW, 
with estimated operating costs of $0.69 per kWh (estimate from EPS). These costs prevent ORMAT 
energy converters from having the potential to reduce the cost of electricity in rural Alaska.  

5.3.13.3 Wave Power 

Overview. Waves are a store of wind and solar energy that can be captured and converted into 
electricity. In the simplest form, wave energy involves modules or turbines that use wave energy to 
move air or water to produce electricity. Commercial generators are available from 0.5 to 3.5 MW.39 

Analysis. The Wavegen Company advertises that its 0.5-MW generator can produce electricity for 
$0.05 to $0.09 per kWh, with sufficient wave energy (mean annual average incident wave energy 
from 15 to 30 kW/m). The company also claims the generators can easily accommodate add-on wind 
energy modules. These per unit costs compare favorably to the cost of diesel power in rural Alaska. 
However, these costs are based on a wave energy system that is significantly larger than the average 
demand in rural communities. (The average load in an AVEC village is approximately 100 kW. The 
smallest Wavegen system is 500 kW.) In addition, no mention is made in Wavegen’s advertisements 
of transmission system costs (from the site of the wave energy system to a community), maintenance, 
or other items. Furthermore, the advertised capital costs for the smallest Wavegen system range from 
$1,800 to $2,400 per kW, roughly twice the current cost of diesel systems.  

No data are available for the cost of wave power in Alaska. (Wavegen’s advertised costs are based on 
research and pilot projects in the United Kingdom.) Moreover, no data are available on the number of 
coastal communities that have sufficient wave activity (as opposed to tidal fluctuations). 

Conclusions. Additional research could be conducted based on data from companies such as Wavegen 
as more pilot wave energy systems are installed. When smaller systems become commercially 
available, a survey could be conducted to determine the number of potential wave energy sites in 
Alaska.  

As smaller wave energy systems become available, individual communities or utilities may seek to 
explore the benefits of using the technology. However, data are not available at this time to justify a 
focused state effort to promote the use of wave energy. 

 

 

                                                   
39 The Wavegen Company has several generators available and others under development. 
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5.4 Conclusions and Recommendations 
Evidence reviewed to date suggests that wind energy is the only alternative energy technology 
analyzed that should be further evaluated in the next stage of the Rural Energy Plan.  

In the absence of selective subsidies for other alternative energy technologies, implementing these 
other technologies in the near term in rural Alaska would be unlikely to produce positive net 
benefits on a significant scale. Individual projects that are cost-effective in the near term may yet be 
identified, depending on costs and characteristics of specific sites. Therefore, it is recommended that 
such proposals continue to be evaluated on a case-by-case basis. Continued research and 
development for alternative energy is also warranted over the long term. 
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6 Improving the Reliability of Electricity in Rural Alaska 

6.1 Introduction 
This section of the screening report describes 
existing conditions related to the reliability of 
electricity in rural Alaska. This section also describes 
the potential net benefits that could be realized 
with specific measures designed to improve the 
reliability of electricity in rural Alaska. Detailed 
analyses and value estimates are provided for the 
following measures: 

� Installation of microprocessor-based protective 
relaying systems 

� Installation of reclosers with microprocessor-
based controls 

This section ends with conclusions and 
recommendations for additional research.  

Precision Power and EPS are not aware of a data set 
that shows the extent to which outages in rural Alaska are caused by inadequate reserves, or the 
amount or conditions of generating reserves to minimize potential outages. This issue of generating 
reserves can be addressed in the next phase of the Rural Energy Plan, when additional data from the 
Circuit Rider program are available. 

6.2 Existing Conditions 
For energy utilities, reliability is a measure of service interruption to a customer or group of customers. 
Table 6-1 summarizes rural Alaska interruption rates for 1995. (Detailed data on interruption rates in 
villages for the year ending 1995 are in Appendix A).40 This table shows that in 1995 Alaska residents 
could expect 9.63 hours of interruption per person each year. For example, a community of 
100 people could expect 963 hours of interrupted service in a year, or 9.63 hours per person. 

Table 6-1. Service Outages in Rural Alaska, 1995 

 Outage Duration (Hours per Year per Customer) by Cause 
 Power 

Supplier 
Extreme 
Storm 

Pre-Arranged 
Outage Other Total 

Average for all Utilities 8.11 2.26 3.30 2.48 9.63 
Maximum  95.83 30.00 18.75 13.50 99.33 

Source: Alaska System Coordinating Council (ASCC) and State of Alaska, 1995. 
 

                                                   
40 1995 is the last year that the State of Alaska and ASCC compiled comprehensive statistics on electric utilities 
in rural Alaska, including interruption rates. While many larger utilities maintain their own records, compilation of 
statewide statistics is difficult without data from a single source. The cost quoted from Alaska Rural Electric 
Cooperative Association to revive this compilation is $35,000 annually. 

Summary 

This section focuses on strategies 
that could be implemented to 
improve the reliability of electricity 
in rural Alaska This preliminary 
analysis indicated that: 

� Further study is warranted for 
microprocessor-based 
protective relaying systems. 

� Net benefits are not sufficient 
to justify further study of 
reclosers with microprocessor-
based controls. 
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In the absence of an interruptible tariff (agreement between electricity provider and consumer that 
power may be interrupted), consumers expect a high level of reliability from their power supplier. In 
addition, customers are demanding high-quality power. With sensitive electronics more prevalent 
today, including in rural Alaska, a power supply free of significant frequency deviations, voltage 
flicker, and sags and surges is required of the utility.  

Anecdotal evidence from AEA staff and numerous managers at rural utilities suggests that outages 
often are caused by circumstances such as having to turn off generating equipment to check the oil 
level in engines (with no capability to switch to an alternative generator), running out of fuel, 
equipment failure, turning power off to service the system, and operator error. The extent to which 
outages are caused by particular factors is difficult to determine, given the lack of records on the 
cause or extent of outages in rural Alaska. 

One exception to this lack of records is AVEC, which has data on outages by village for the past 
5 years. In 1999 AVEC records, the average interruption time per customer was 13.62 hours. Mark 
Teitzel at AVEC explained that this figure includes scheduled and unscheduled outages, and is higher 
than similar figures for other providers such as Northwest Territories Power Company because AVEC 
turns power off for all service procedures (other providers allow more “hot service”). Data were not 
readily available to analyze the net benefits of capital projects undertaken by AVEC to reduce 
interruption time.  

Microprocessor-Based Relays 

An electromechanical relay is a device that uses electrical energy to move a disk, cup, or lever arm to 
actuate some type of control, usually to trip a breaker. Microprocessor-based relays—an alternative to 
electromechanical relays—can reduce the number or extent of outages in rural Alaska because the 
microprocessor-based relays are more reliable (fewer moving parts) and permit the system to perform 
self-diagnostics. For example, microprocessor-based relays have the ability to accurately discern and 
isolate system components before a total system blackout. 

This ability of microprocessor-based relays has been demonstrated in many parts of rural Alaska. 
While this list is not exhaustive, the following PCE utilities have microprocessor-based relays in service 
in their systems: 

� Cordova Electric Cooperative, Inc. 
� Elfin Cove Electric Utility 
� Nome Joint Utilities System 
� Tlingit-Haida Regional Electric Authority 

In addition to these PCE utilities, a number of non-PCE rural Alaska systems make extensive use of 
microprocessor-based relays for distribution, generation, and equipment protection. Cordova Electric 
Cooperative (CEC) is the only PCE utility of which EPS is aware that is using reclosers with 
microprocessor-based controls. The technology, however, requires less labor and expertise than older 
mechanical technology, and is infinitely more flexible in application. Cordova’s experience with 
reclosers has been positive. CEC is using the reclosers in a station configuration. According to the CEC 
manager of engineering and operations, outage durations have been reduced significantly, especially 
on CEC’s 13-mile feeder.  

In addition to the PCE villages identified above, a number of non-PCE rural Alaska systems make 
extensive use of reclosers with microprocessor-based controls. Like relays, reclosers with 
microprocessor-based controls are ideal for utilities that may not have specific protection expertise, 
since the expertise and labor required for maintenance is less than for older mechanical designs. 
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6.3 Analysis of Strategies 
The subsections that follow address issues related to reliability and provide strategies for improving the 
reliability and quality of electricity in rural Alaska. Net present value evaluations were conducted on 
all proposed strategies to economically evaluate their cost-effectiveness for a “model” village in rural 
Alaska. In this portion of the study, net present value is defined as the potential savings that may result 
from implementing the strategy minus the cost of implementing the strategy, adjusting for the effects 
of time over a specified planning period. Given this definition, a positive net present value is an 
indicator that the strategy should be considered an economically viable option. 

To quantify the value of reliability, utilities use a measure called “the value of unserved energy” (VUE). 
VUE is differentiated among classes of consumers. Commercial customers generally have a higher 
VUE—if their power is interrupted, they are unable to produce income. Typical VUEs for urban 
Alaska utilities were used in these evaluations. These VUE values are listed in Table 6-2, which 
identifies the financial and engineering variables used to evaluate economic effects of outages. VUE 
estimates were derived from information provided by urban utilities in Alaska and are consistent with 
a feasibility study for transmission lines in the Railbelt area, prepared by Decision Focus in 1989 for 
Railbelt electric utilities. That report summarizes work by the Electric Power Research Institute on 
outage costs. The report shows that outage costs range from $0.21 per kWh to $10.17 per kWh. In 
conducting the feasibility study of transmission lines in the Railbelt area, Decision Focus used a cost of 
$5 per kWh for power outages in the residential sector, the value used in this analysis. 

Fuel usage for the model village is shown in Table 6-3. This model represents a relatively small PCE 
village. Larger communities may experience larger benefits than suggested by this model community, 
in part, because larger communities can achieve economies of scale (costs per kWh of installed 
capacity decrease as the capacity of the generator set increases). 

Table 6-2. Financial and Reliability Variables 

Variable Description Value 
Financial Variables 
WACC Weighted average cost of capital 3 Percent 
Useful Life Useful equipment life 30 Years 
Salvage Value No salvage value is assumed at the end of the useful life. $0 
Reliability Variables 
VUE-R a Value of unserved energy, residential  $5 per kWh 
VUE-C a Value of unserved energy, commercial  $21 per kWh 
VUE a Blended VUE, based on a load allocation of 50 percent commercial 

and 50 percent residential  
$13 per kWh 

SIR b Service interruption rate, all types (hours per year per consumer) 10 Hours 
DOP c Percentage of outages that are distribution-caused 30 Percent 
GOP c Percentage of outages that are generation-caused 70 Percent 

a Residential VUE based on values for typical urban utility in Alaska (see Decision Focus, 1989). 
b The service interruption rate (SIR), all types (hours per year per consumer) is based on a typical rural utility 
value. 
c The percentages of outages that are distribution caused (DOP) and percentages of outages that are generation 
caused (GOP) are based on typical values in the interruption data, and the consulting team’s experience in utility 
operations. 
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Table 6-3. Model Village Annual Fuel Usage and Cost at Different Average Fuel Costs per Gallon 

Average Fuel Cost per Gallon $1.00 $1.50 
Annual Fuel Usage (No. of Gallons) 60,000 60,000 
Total Annual Fuel Budget  $60,000 $90,000 

 

6.3.1 Installation of Microprocessor-Based Protective Relaying Systems 
Overview. In addition to being viewed as a strategy to reduce the cost of electricity, the installation of 
microprocessor-based relays can be viewed as a strategy to improve the reliability of electricity in rural 
Alaska (this strategy was discussed as a way to reduce the cost of electricity in Subsection 2.3.2.5). 
Installation of microprocessor-based relays would improve the reliability of electricity because the 
new relays have been shown to have a much lower failure rate than older electromechanical relays 
and would reduce either the number or the extent of unplanned outages. 

Analysis. No data are available on the extent to which outages have been caused by or made more 
extensive by problems with electromechanical relays. However, microprocessor-based relays have 
been shown (in rural Alaska and other areas) to have the ability to accurately discern and isolate 
system components before a total system blackout. This ability would allow outages to be limited to 
portions of a particular distribution system, rather than an entire system. 

The value of reducing the number and/or duration of outages would depend on a number of factors, 
including the number of residents affected by an outage, the number of kWh used per hour by 
residents of rural Alaska, and the VUE. Table 6-2 shows the estimated value of reductions in outages, 
using service interruption data available for 1995 (summarized in Table 6-1) and average values from 
the 1999 PCE Annual Report. 

Table 6-4. Potential Value of Reduction in Outages 

Item Value 
Average kWh per Month per Person a (from 1999 PCE Report) 423 
Hours per Month (24 Hours times 30 Days) 720 
Average kWh per Hour per Person 0.6 
Value per kWh Lost ($) 5 
Value per Person of Reducing Outages by 1 Hour ($ per Year) 3 
Value per Community of Reducing Outages by 1 Hour ($ per Year) b 1,227 
Total Value of Reducing Outages by 1 Hour per Person in Rural Alaska ($ per Year) c 238,131 

Sources: 
a Calculated from average total kWh sales per month and population in PCE communities (from 1999 PCE 
Annual Report) 
b Based on an average of 409 people per PCE community (from 1999 PCE Annual Report) 
c Based on a total PCE population of 79,377 (from 1999 PCE Annual Report) 
 
 
With average outages equal to approximately 10 hours per customer (meter) per year, a reduction of 
1 hour per customer per year corresponds to a reduction of 10 percent. No data are available to 
determine whether microprocessor-based relay systems would provide a reduction of 10 percent. 
However, summarizing potential benefits can help frame future discussions. If these relays could 
reduce outages by 5 percent, then the benefits would be approximately $120,000 per year.  
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Conclusions. This strategy is recommended for further consideration to improve the reliability of 
electricity in rural Alaska. As shown in Subsection 2.3.2.5, the installation of microprocessor-based 
protective relays can be justified based solely on the cost savings from less maintenance and repair of 
relay systems (relative to the cost of maintaining and replacing electromechanical systems). In 
addition, microprocessor-based systems offer increased protection, or improved reliability. During the 
next stage of the Energy Plan, more work could be done to refine the estimate of the benefits 
associated with the strategy in terms of improved reliability. 

6.3.2 Install Reclosers with Microprocessor-Based Controls 
Overview. Reclosers, and their associated controls, perform the same function as a relay or a breaker. 
The primary difference between reclosers and relays or breakers is that reclosers are typically located 
on the distribution lines rather than in a substation or generator panel, where relays and breakers are 
typically found.  

For larger villages, and those smaller villages that have an appropriate electrical system structure, the 
installation of line reclosers with microprocessor-based controls can limit an outage to a specific 
overhead feeder or feeder section. The use of these reclosers allows better sectionalizing and 
generally faster clearing times than with fusing, as well as the ability to automatically reenergize the 
line section for temporary faults. Relatively inexpensive ($20,000 installed cost) line reclosers are 
generally used by larger utilities to improve system reliability and to reduce prolonged outages. 

The analysis for this strategy indicated that it should not be considered a generally viable option, but 
may be applicable for larger utilities, 

Analysis. Reclosers are devices installed on the distribution line that detect a fault in the area 
protected by the recloser, and remove the source of power from that line section. By placing these 
devices out on the lines, rather than concentrated at the power plant or substation, smaller sections of 
the power system can be isolated for any given fault, thus reducing the number of consumers 
interrupted. For village systems, it also allows the power plant to remain online for a feeder fault, 
rather than tripping the plant when only a portion of the system may actually need to be de-
energized. 

The economic evaluation for the strategy of installing reclosers with microprocessor-based controls 
was conducted on a per-recloser basis. Table 6-5 identifies variables used in the analysis for this 
strategy. The data used for the cost of installation are based on numbers used by EPS working in 
actual installations in rural Alaska.  

Table 6-5. Variables Used in Evaluation of Reclosers with Microprocessor-Based Controls Installation  

Cost ($) 
Item Installation Maintenance 

Maintenance 
Interval (Years) 

Average Monthly 
Usage per 

Customer a (kWh) 

Percentage of 
Distribution Outage 
Minutes Reduced 

Recloser 20,000 a 1,000 10 733 10 
Source: Experience of EPS. 
a Customers represent the number of meters in the model community. 
 
 
It is assumed that 10 percent of fuse operations (or system faults resulting in a plant outage) could be 
avoided for each recloser installed on the system. Because most distribution line faults in overhead 
systems are temporary, the automatic clearing and re-energizing of the line by a recloser would avoid 
an outage that would otherwise require manual intervention. 
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For each blown fuse (or a plant outage caused by a fault that could have been avoided with the 
installation of a recloser), it is assumed to take 4 man-hours to locate the source of the problem, 
determine that the cause of the fault no longer exists, re-fuse the appropriate cutout, and verify that 
all consumers are again receiving power. 

Given the SIR and DOP from Table 6-2, the consultants calculated the annual total number of hours 
of distribution related outages per community as follows: 

SIR × number of consumers × DOP = 720 consumer-hours  

Given the assumption that 10 percent (Table 6-5) of these outage minutes can be avoided by 
application of a recloser to automatically sectionalize the fault and restore power after the fault 
dissipates, a total of 72 consumer-hours per year are assumed to be avoided by the application of 
each system recloser. For each community of “model” size, it is unlikely that more than three or four 
reclosers could be used. 

The unserved energy saved annually by the installation of each recloser is about 72 kWh per 
community. Using a blended VUE of $13 per kWh (Table 6-2) the annual savings for reduced outages 
is $936 per community. 

The cost to restore these outages, while measurable (and significant) in urban systems, is assumed 
negligible in most PCE systems, because the plant operators, as a part of their normal duties, would be 
expected to restore the system. No cost has been attributed to the labor required for outage 
restoration. 

Given the financial variables in Table 6-2 and the strategy variables in Table 6-5, the net present value 
of the installation is shown in Table 6-6. 

Table 6-6. Net Present Value of Installing Reclosers with Microprocessor-Based Controls 

Net Present Value of Costs ($) 
Cost Variable Status Quo With Strategy Implemented 
Recloser Installation Not Applicable 20,000 
Recloser Maintenance Not Applicable 914 
Cost of Unserved Energy 18,346 Not Applicable 
Net Present Value of Costs 18,346 20,914 
Net Present Value of Potential Savings a   -2,568 

a Cost of implementation minus cost of unserved energy 
 

Conclusion. The negative net present value indicates that the cost of installing reclosers with 
microprocessor-based controls exceeds the value of reduced outages. This strategy should not be 
considered a viable option. It may be applicable, however, for larger utilities, where there may be 
significant labor costs for outage restoration, and generally longer overhead lines, which may have a 
greater benefit in sectionalizing. 

6.4 Conclusions and Recommendations 
The installation of microprocessor-based protective relays would reduce the number and/or severity of 
power outages in rural Alaska. Moreover, the benefits of this strategy outweigh the costs, as measured 
by a net present value calculation. As a result, this strategy is recommended for further study in the 
Rural Energy Plan. 



SCREENING REPORT FOR ALASKA RURAL ENERGY PLAN  
IMPROVING THE RELIABILITY OF ELECTRICITY IN RURAL ALASKA 

NORTHERN ECONOMICS, INC.  6-7

The installation of reclosers with microprocessor-based controls would also reduce the number and/or 
severity of outages in rural Alaska. This strategy, however, does not appear to offer benefits that would 
outweigh the costs in a typical setting. This strategy could be studied by utilities with specific needs, 
but is not recommended for further study as part of the Rural Energy Plan. 

Precision Power and EPS are not aware of a data set that shows the extent to which outages in rural 
Alaska are caused by inadequate reserves, or the amount or conditions of generating reserves to 
minimize potential outages. This issue of generating reserves can be addressed in the next phase of 
the Rural Energy Plan, when additional data from the Circuit Rider program are available. 
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7 Space and Water Heating 

7.1 Introduction 
This section briefly describes existing conditions 
related to space and water heating in rural Alaska 
and presents an analysis of potential net benefits 
that could be realized with specific space and 
water heating strategies. The analysis is divided 
into subsections on space heating and water 
heating (7.3.1 and 7.3.4). Detailed analyses and 
value estimates are provided for the following 
measures: 

� Increased insulation and other weatherization 
measures 

� Heater retrofits 

� Use of domestic hot water heaters as space-
heating appliances41 

� Converting electric water heaters to oil heaters 

� Low-flow showerheads 

This section also includes a discussion of the value 
of waste heat recovery systems, based on the 
theoretical potential to recover heat from a 
140-kW generator and anecdotal information 
about existing applications. The section ends with 
conclusions and recommendations for additional 
research. 

7.2 Existing Conditions 
As noted in the section on end-use conservation 
(Section 4), the lack of data on the number or rural 

residences using different types of space heaters or water heaters makes it difficult to describe the 
existing conditions. Weatherization contractors and others familiar with the various heating appliances 
in use in rural Alaska say there is no pattern to the types of appliances used in different parts of the 
state and no way to know how many old, inefficient heaters are in use (Lee, RurAL CAP, and others, 
2000).  

                                                   
41 This strategy addresses both space and water heating, but is discussed in the subsection on water heating 
(7.3.4) since the technology is water heating. The overlap is in the application of the technology. 

Summary 

This section focuses on strategies 
that could be implemented to lower 
the cost of space and water heating 
in rural Alaska. This preliminary 
analysis indicated that: 

� Improving the efficiency of 
heaters, improving insulation, 
and implementing other 
weatherization measures could 
generate savings with a total net 
present value of $32.8 million to 
$35.8 million.  

� Strategies to reduce the cost of 
water heating could generate 
additional savings with a total 
net present value of $15 million 
or more, depending on the 
number of electric domestic hot 
water tank heaters in use in rural 
Alaska.  

Further research in the area of 
improved efficiency for space and 
water heating is justified based on 
these potential savings. Further 
research is also recommended for 
waste heat recovery systems. 
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7.3 Analysis of Strategies 

7.3.1 Space Heating  
This section includes information on potential benefits of improving insulation levels, implementing 
weatherization measures, and improving heating systems (including replacing old heaters such as pot 
burners and cookstoves or making improvements to different boilers). This section also contains 
information on waste heat recovery systems and biomass heating systems. Where possible, this 
discussion begins with estimates of the value of implementing new strategies presented in other 
studies (previous studies for rural Alaska and recent studies for other regions), and concludes with 
estimates based on the most current information available for rural Alaska.  

7.3.1.1 Insulation and Weatherization 

Overview. The following text discusses the analysis of potential benefits associated with improved 
insulation and weatherization measures. The net present value of improved insulation is estimated to 
be $12 to 15 million, and the net present value of various weatherization measures (caulking and 
sealing and window and door retrofits) is estimated to be $8.5 million. Continued study of these 
measures in the next stage of the Rural Energy Plan is justified. 

Analysis. RurAL CAP personnel believe that installing new heating equipment (primarily Toyostove 
brand heaters) and improving insulation in rural residences reduces fuel use for heating by 50 percent. 
They also believe that the savings could be attributed equally to the insulation and new heater 
(25 percent reduction in fuel use with installation of a new heater and 25 percent reduction in fuel 
use with addition of insulation). Whenever RurAL CAP finds a pot burner stove in a residence where it 
is conducting an energy retrofit, it replaces the heaters with Toyostoves. RurAL CAP typically does not 
replace Miller furnaces and other boilers. Personnel at RurAL CAP believe that pot burner heaters are 
only 50 to 70 percent efficient compared to the Toyostoves, which are 85 percent efficient. They also 
believe that Miller Furnaces and other boilers can be 75 to 80 percent efficient when properly 
tuned—making it difficult to justify replacing one of these heaters with a newer model (Lee, 2000).  

The 1988 Analysis North report includes estimates of the value of adding insulation to existing homes, 
caulking and sealing, upgrading windows and doors, and retrofitting heaters. Superinsulating homes 
was found to be the measure with the greatest potential. The measure with the second greatest 
potential was upgrading the heaters used in rural residences. These two measures were found to have 
significantly greater potential than other measures related to space heating. 

Previous Estimates of the Value of Increased Insulation 

The value of superinsulating new homes was calculated based on a comparison of benefits and costs 
of building a home in rural Alaska to Alaska Craftsman standards instead of Alaska thermal standards. 
The incremental cost of additional measures, such as an airtight shell and the cost of a heat recovery 
ventilation system, was found to be $4,310 per home. The cost of additional insulation was based on 
shipment by barge. The cost of insulation would be lower for residents using bypass mail.42 Benefits 
based on fuel savings were estimated to be $390 per year. Total benefits included fuel costs escalating 

                                                   
42 Bypass mail is non-priority mail that is by designated air carriers in Alaska from the shipper’s location or other 
origin point in the state to its ultimate destination without the U.S. Postal Service taking possession of the mail. 
The rates for bypass mail are based on non-priority ground service although such service is not available in 
rural Alaska. 
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at 1.5 percent per year for 40 years, for a total present value of benefits equal to $10,700 per house. 
The real discount rate used in the analysis was 3 percent (Analysis North, 1988). 

Hindsight shows that fuel costs have not escalated at the rate assumed in the report, so the potential 
of superinsulating houses in Alaska may be overstated in the report. Still, the estimated benefits 
exceed costs by a wide enough margin that a reduction in the escalation factor does not affect the 
conclusion that significant savings are possible through energy efficiency measures. Even if fuel savings 
are not assumed to escalate (escalation rate of zero percent), the present value of benefits would 
exceed $8,200 and the net present value for the project would be more than $3,000 per house. 

Data from Other Regions 

Energy-efficient demonstration houses have been built in other areas, such as the Northwest 
Territories (NWT), where house performance was closely monitored. Case studies from Hay River, 
NWT, and the Keewatin District of the NWT show that superinsulation techniques and alternative 
heating systems can significantly lower heating costs and these lower operating costs do not 
necessarily require higher capital costs. For example, increased levels of insulation create situations 
where smaller heating systems are needed—lowering the cost of the heating system. However, most 
case studies show that actual savings are not as high as theoretical or projected performance. In the 
Hay River and Keewatin District demonstration homes, actual savings were lower than expected due 
to space heating systems not performing as well as advertised.  

New Estimate of the Value of Increased Insulation and Other Weatherization Measures 

Weatherization contractors confirmed that many existing homes in rural Alaska have been 
weatherized in recent years and new homes are being built with improved thermal characteristics. 
However, there are no data readily available that show the number of homes that have been 
weatherized or the value of different weatherization measures that have been implemented. The lack 
of data in this area stems in part from the fact that weatherization projects have so many components, 
including energy efficiency measures and other measures that focus on building durability, health and 
safety, and other factors. No two weatherization projects are the same, and there are no standards for 
allocating project benefits to different project components. 

As mentioned in Section 7, the 1988 Analysis North report estimated that the net present value of 
building a home to Alaska Craftsman Home standards rather than Alaska Thermal Standard levels was 
$61 million. Making more conservative assumptions about fuel costs and other benefits might lower 
the net present value of this measure to $3,000 per house—approximately one-third of the value 
estimated in the report. In addition, the number of homes that could generate these savings is lower 
today than in 1988. These adjustments suggest that the current total net present value of savings from 
improved insulation levels might be 20 to 25 percent of the estimate in the 1988 Analysis North 
report, or $12 million to $15.25 million. 

The 1988 Analysis Report also provided estimates of the value of caulking and sealing, door upgrades, 
and other components of weatherization projects. The report suggests that caulking and sealing could 
have a total net benefit of $23 million, window retrofits could have a total net benefit of $12 million, 
and door retrofits could have a total net benefit $2.6 million. If current benefits are 20 to 25 percent 
of the 1988 estimates due to the success of weatherization programs, improved construction 
techniques, and different assumptions about fuel costs and other figures, then the total net present 
value of caulking and sealing would be approximately $5 million, and the total net present value of 
window and door retrofits would be approximately $3.5 million. 
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Conclusion. The potential benefits associated with improved insulation and weatherization measures 
justify the continued study of these measures in the next stage of the Rural Energy Plan. The net 
present value of improved insulation is estimated to be $12 to15 million, and the net present value of 
various weatherization measures (caulking and sealing and window and door retrofits) is estimated to 
be $8.5 million. 

7.3.1.2 Heaters 

Overview. The following text discusses the analysis of potential benefits associated with heater retrofits. 
The net present value of heater retrofits is estimated to be $12.3 million. Continued study of these 
measures in the next stage of the Rural Energy Plan is justified.  

Analysis. This analysis begins with a summary of previous estimates of the value of heater retrofits, and 
offers new estimates based on revised assumptions regarding the performance and cost of new 
heaters, as well as the level of use in rural Alaska of different types of heaters. 

Previous Estimates of the Value of Heater Retrofits 

The 1998 Analysis North report includes a description of space heater usage in rural Alaska, by heater 
type. The author explained that the figures are:  

“…the author’s estimates, derived primarily from conversations with individuals who work 
extensively in rural Alaska and from Rural CAP survey data. It should be noted that there is 
significant uncertainty associated with this data. Data concerning the actual efficiencies of 
heating systems and the fuel splits (wood/oil/electric) is limited” (page 18).  

Table 7-1 presents the Analysis North assumptions about the types of heaters used in rural Alaska, the 
efficiency of those heaters, and potential gains with relevant improvements. Table 7-2 shows the total 
savings possible with heater retrofits and replacements, based on a weighted average of savings and 
costs for different measures. Figures are given for a single residence (750 square feet, with expected 
annual fuel use for heating equal to 700 gallons) and all 20,000 PCE residences in 1988. Figures are 
taken from Analysis North, 1988. 

The assumption in the Analysis North report that fuel savings will escalate at 1.5 percent per year was 
optimistic—actual fuel prices did not increase at 1.5 percent from 1988 to 2000. However, the 
potential savings are still such that the present value of benefits of heater improvements exceeds the 
present value of costs with much more conservative assumptions about benefits. In addition, the 
assumption that upgrades will need to be repeated after 12 years may overstate the cost of 
improvements. 
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Table 7-1. Level of Use of Different Heating Sources and Potential Fuel Savings with Upgrades 

Existing Heating System 
Saturation Level 

(Percent) Efficiency Measure 
Potential Fuel 

Savings (Percent) 
All Oil 40   
Inefficient Furnace / Boiler 10 Replace Burner 22 
Pot Burner / Cook Stove 24 Install New Heater 30 
Efficient Heating System 6 Tune-up 5 
Predominantly Oil 30   
Inefficient Furnace / Boiler 8 Replace Burner 18 
Pot Burner / Cook Stove 18 Install New Heater 25 
Efficient Heating System 4 Tune-up 4 
Predominantly Wood 15   
Inefficient Wood Stove 13 New Stove 18 
Efficient Wood Stove 2 None 0 
All Wood 15   
Inefficient Wood Stove 13 None 0 
Efficient Wood Stove 2 None 0 

Weighted Average 18 
Source: Analysis North, 1988. 
 

Table 7-2. Potential Savings with Heater Upgrades—1988 Analysis North Report 

Entity 

Current Fuel 
Use  

(No. of Gallons 
per Year) 

Potential 
Savings 
(Percent) 

Present Value of 
Costs to Achieve 

Savings ($) 

Net Present 
Value of 

Savings ($) a 
Single Home (750 square feet) 700 18 1,220 b 2,600 
20,000 Homes c  14,000,000 18 24,000,000 52,000,000 

Source: Analysis North, 1988. 
a Based on 25-year planning horizon, fuel savings expected to escalate at 1.5 percent per year, and real discount 
rate of 3 percent per year 
b Includes average initial cost of $713 and replacement measure after 12 years 
c Approximate number of PCE customers in 1988 

New Estimate of the Value of Heater Retrofits 

Personnel at Rural Energy Enterprises in Anchorage believe that the heating sector in rural Alaska has 
been revolutionized over the last decade, with a high percentage of rural residents purchasing new 
energy efficient stoves (Zipperian, 2000). Significant changes in the level of use of different heaters 
and other factors require that the estimates of the value of heater retrofits from the 1988 Analysis 
North study be updated. This subsection provides that update.  

The stove mentioned by most weatherization contractors as standard for rural Alaska is the Toyotomi, 
or “Toyostove,” Laser 30. This stove is capable of heating homes in the 700- to 750-square-foot range 
in Alaska and is available in rural Alaska at most AC stores, Rural Energy Enterprises, and other 
sources. It has a retail cost of $1,050 at the AC store in Nome (Dill, 2000). Cost in other locations will 
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vary with shipping costs. While the aggregate figure of $12.3 million is much lower than the aggregate 
figure of $52 million shown in Analysis North, 1988, it represents a significant source of savings. 

The primary obstacle preventing homeowners from improving the heating systems in their own homes 
despite the obvious benefits as shown in Table 7-2—beyond what they have already done in the 
unaided market—appears to be lack of capital. Weatherization contractors and others interviewed for 
this report explain that most residents of rural Alaska live month-to-month and seldom have the 
capital needed to purchase new appliances. The interviewees said that most residents would have to 
choose between buying a new heater and having money to pay for heating oil through the winter. 

Table 7-3 through Table 7-7 show the performance of more efficient heaters (such as the Toyostove) 
and the cost and potential savings of installing more efficient heaters.  

Table 7-3 shows manufacturer specifications for the Toyostove Laser 30 heater. The RurAL CAP web 
page says that the installation of a Toyostove like the Laser 30, “can save a rural resident $300 to 
$500 per year on fuel costs, depending on the condition of the house.” Table 7-4 shows the net 
present value of the purchase of a Laser 30 under different scenarios. 

If 5,000 new heaters were installed in rural Alaska, the total benefit would be in the range of 
$7.7 million to $24.5 million (based on the savings estimated by RurAL CAP and shown in Table 7-4). 
The relevant issues are the actual savings that are possible with upgrades and tune-ups, and the 
number of stoves that might need to be replaced in rural Alaska. 

Table 7-5 shows the potential savings of replacing a pot burner stove with a new Toyostove, replacing 
the burner in an inefficient boiler, or performing a tune-up on a more efficient boiler. Fuel savings 
shown in the table are estimates from weatherization contractors and authors of the 1988 Analysis 
North report. Table 7-6 shows the current estimate of the level of use of different stove types. Figures 
are based on discussions with personnel at RurAL CAP, ACDC, and Rural Energy Enterprises.  

If heating retrofits are performed on PCE homes (residences in rural Alaska) and it is assumed that 
there are 20,000 such homes, then total expected savings would be $12.3 million. Table 7-7 
summarizes the potential savings. 

While the aggregate figure of $12.3 million is much lower than the aggregate figure of $52 million 
shown in Analysis North, 1988, it still represents a significant source of savings. 

The primary obstacle preventing homeowners from improving the heating systems in their own homes 
despite the obvious benefits as shown in Table 7-5—beyond what they have already done in the 
unaided market—appears to be lack of capital. Weatherization contractors and others interviewed for 
this report explain that most residents of rural Alaska live from month to month and seldom have the 
capital needed to purchase new appliances. Interviewees said that most residents would have to 
choose between buying a new heater and having money to pay for heating oil through the winter. 

Table 7-3. Manufacturer Performance Statistics for Efficient Heater 

Performance at Various Settings 
Item Low Medium High 
Btu Rating 5,000 10,000 15,000 
Efficiency (Percent) 87 87 87 

20°F, 720 square feet Heating Area 

0°F, 600 square feet 
Source: Toyotomi, 2000. 
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Table 7-4. Potential Savings with New Heater—Four Planning Horizon Scenarios 

Amount ($) Planning Horizon  
(No. of Years) Cost of Stove  Net Present Value of Stove a Savings per Year  

10 1,050 1,500 300 
10 1,050 3,200 500 
15 1,050 2,500 300 
15 1,050 4,900 500 

a Calculated with a discount rate of 3 percent 
 

Table 7-5. Potential Per Home Benefit of Different Heating Retrofit Projects 

Existing 
Heating Source Retrofit 

Potential 
Fuel 

Savings 
(Percent) 

Potential Fuel 
Reduction 

(Gallons per 
Home per Year) a 

Cost of 
New 

System 
($) 

Net Present 
Value of New 

System  
($ per Home) b 

Pot Burner Install Toyostove 
Laser 30 

25 - 30 188 - 225 1,050 c 1,750 – 2,300 

Inefficient Boiler Replace Burner 20 140 650 d 1,400 
Efficient Boiler Tune Up 5 30 175 d 270 

a Assumes that homes heated with pot burners use 750 gallons per year, homes heated with inefficient boilers 
use 700 gallons per year, and homes heated with efficient boilers use 600 gallons per year. These figures give a 
weighted average of 700 gallons per home per year. Figures are consistent with numbers in the 1988 Analysis 
North report and findings from weatherization contractors. 
b Assumes $1.00 per gallon and fuel savings are ongoing for 20 years, with a discount rate of 3.0 percent. 
c Cost of Toyostove (Laser 30) at the AC store in Nome—prices will vary by location. 
d Cost figures from Analysis North, 1998, and weatherization contractors—actual prices will vary. 
 

Table 7-6. Potential Per-Home Benefit of Heating Retrofits 

Existing Heating System 
Saturation Level 

(Percent) a 
Efficiency  
Measure 

Net Present Value of New 
System ($) b 

All Oil or Predominantly Oil 85   
Inefficient Furnace / Boiler 25 Replace Burner 1,400  
Pot Burner / Cookstove 10 Install New Heater 2,000 c 
Efficient Heating System 65 Tune-up 270 
Other 15   
Inefficient Wood Stove NA None 0 
Efficient Wood Stove NA None 0 

Weighted Average 617 
a Figures are from conversations with weatherization contractors and weatherization program managers. The 
weighted average figure is a summary calculation based on other numbers in the table. 

b Based on 20-year planning horizon and 3 percent discount rate. 
c Average of $1,750 and $2,300 (from Table 7-5) 
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Table 7-7. Estimates of the Potential of Heater Retrofits 

Potential Savings (Net Present Value, $) 
Action Weighted Average Per Home  Aggregate 20,000 Rural Residences 
Heater Retrofits 617 12.3 Million 

  

Conclusions. The potential benefits associated with heater retrofits justify the continued study of this 
measure in the next stage of the Rural Energy Plan. The net present value of heater retrofits is 
estimated to be $12.3 million. 

7.3.2 Waste Heat Recovery Systems 
Overview. Fuel savings are possible through waste heat recovery systems attached to or integrated with 
diesel-fired electric generating equipment. The benefits of the waste heat recovery system are equal 
to the value of the heating fuel displaced by the waste heat. For example, waste heat from a 140-kW 
generator could displace 3 gallons of heating fuel each hour if the heat from the generator is needed 
or used close to the generator. 

Analysis. A 140-kW generator set running at 100 percent capacity has approximately 464,800 Btu per 
hour available from the coolant system for other usage. Assuming a 15 percent loss between the 
engine and the customer, an estimated 395,080 Btu per hour is available. This waste heat displaces 
approximately 3 gallons per hour in heating fuel. (In some cases, the heat loss between the waste heat 
collection system and end use could be less than 15 percent. Table 7-8 shows the value of waste heat 
collection systems with efficiency losses from 5 percent to 25 percent.) 

Although waste heat recovery has attractive fuel savings potential, these benefits cannot be achieved 
unless a potential user is near the power plant. The economics depend on the amount of waste heat 
available, the demand for heat by potential users, the physical distance between the end user and the 
power plant, and the capital and operating costs of waste heat recovery and distribution equipment. 

The ultimate value of a waste heat system depends on the value of the heat that is recovered. For 
example, if a washeteria or similar facility is close to a powerhouse that could supply a relatively 
high percentage of the facility’s heat requirements, then a waste heat recovery system could be 
economically viable. Critical factors include the percentage of heat that is lost between the engine and 
the end user, the cost of constructing a waste heat distribution system, and the value of the displaced 
heating oil. Table 7-8 shows the amount of debt that could be financed with money saved from using 
less heating oil. Different levels of debt are shown for different loss factors between the engine and 
end-use customer, with an assumed cost of $1 per gallon for heating oil. (Engines of different sizes 
with different load factors would have different amounts of recoverable heat, with the actual amount 
depending on the type of engine and other factors.) 

Table 7-8 shows that energy savings from a waste heat distribution system could support a total debt 
load of approximately $125,000 to $145,000 (assuming that the debt was to be repaid over 10 years 
at 8 percent interest). A waste heat recovery system that cost more than $145,000 would be difficult 
to justify for a 140-kW generator set—the fuel savings would not justify the project expense. Some 
allowance would also need to be made for maintenance and repairs on the recoverable heat 
distribution system.  
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Table 7-8. Evaluation of Savings with Waste Heat Distribution System  

Btu per Hour from 
Coolant System  
(140-kW Engine) 

Heat Loss 
Between Engine 
and Customer 

(Percent) 

Fuel Oil  
Displaced  

(Gallons per Hour) a 

Annual Fuel 
Savings at $1 per 

Gallon ($) b 

Allowed Debt  
(10-Year Loan at 

8 Percent) c 

464,800 5 3.3 25,000 168,000 
464,800 10 3.1 23,000 154,000 
464,800 15 2.9 21,600 145,000 
464,800 20 2.7 20,000 135,000 
464,800 25 2.5 18,600 125,000 

Source: Calculated by Northern Economics. 
a Amount of fuel oil displaced, based on 137,500 Btu per gallon (the average of 135,500 Btu per gallon for No. 1 
fuel oil and 142,800 Btu per gallon for diesel (figures from www.gasplants.com) 
b Based on 7,446 hours per year of operation (85 percent of 365 days times 24 hours per day) to allow for 
maintenance and other downtime. 
c Dollar amount that can be repaid over 10 years at 8 percent annual interest rate, using annual fuel savings as 
the annual debt payment. 
 

Circuit Rider Program data include information on whether a utility has a waste heat system installed 
and whether that system is in operation. Anecdotal evidence suggests that most of the waste heat 
recovery systems provide heat to schools, city offices, and other facilities. Kris Noonan at AEA said that 
of all waste heat facilities installed in the last 5 years (new facilities installed by AEA are required to 
have a waste heat system), only one did not have another facility close by that could use the heat. Mr. 
Noonan also believes that less than 25 percent of rural utilities have functioning waste heat systems. 
This assessment suggests that many villages could benefit from the addition of a waste heat recovery 
system. 

In cases in which another facility is not located near the powerhouse to take advantage of recoverable 
heat, another option that could be considered is using the heat from generators to heat fuel tanks 
and/or distribution lines. Keeping fuel storage tanks and distribution lines warm enough could permit 
the use of less expensive, higher-Btu No. 2 diesel fuel (compared to No. 1 diesel fuel, which is 
sometimes required in colder months). 

Conclusions. The potential of waste heat recovery systems to be economically viable depends critically 
on the end use of the heat. If the heat is needed close to the powerhouse, then the benefits of the 
waste heat collection and distribution system are more likely to justify the costs. Anecdotal evidence 
suggests that there usually is an end user or customer that can use the heat located close to the 
powerhouse.  

The potential savings in avoided fuel costs appear to be significant, and the number of villages that 
could benefit from the installation of a heat recovery system appears to be large. More work is needed 
to substantiate these preliminary findings and analyze more formally the net benefits of waste heat 
systems. In addition, more work is needed to determine the true potential value of using recoverable 
heat to keep fuel storage tanks and distribution lines warm enough to permit the use of No. 2 diesel. 
Setting aside concerns about the lack of available data, this strategy is recommended for further study. 

7.3.3 Biomass 
Overview. Under the right circumstances, biomass heating systems can be economically viable. 
However, biomass systems appear to be economically competitive with oil systems only with long 
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planning horizons and usually with optimistic assumptions about the price of biomass fuels. The 
potential of biomass systems is limited and this strategy is not recommended for further study. 

Biomass heating systems include wood stoves for domestic use to large-scale boiler systems for district 
heating or for heating larger institutional facilities. The focus of this study is on larger scale systems that 
could reduce the cost of heating for a large number of residents in rural Alaska. Small-scale systems for 
single-family dwellings are not considered in this analysis.  

A variety of biomass heating systems have been constructed in rural Alaska and more are planned or 
being considered. Facilities have been operated in communities such as Chicken and are under 
consideration for cities such as McGrath. The only existing or planned systems found in the literature 
are wood-fired. Municipal solid waste could be used as biomass and solid waste incinerators have 
been used in Alaska. A large-scale solid waste incinerator has been operated in Juneau and another 
was operated in the past at the Naval station in Barrow (the latter facility has been dismantled). Heat 
has not been captured from these incinerators. 

Analysis. In 1996, USKH, Inc., prepared the Rural Alaska Heat Conservation and Fuel Substitution 
Assessment for the Division of Energy. One section in the report focused on wood fuel substitution 
and included a summary of existing and planned projects to replace or to augment fuel oil heat with 
wood-fired heating systems. That report offers several case studies, including Dot Lake, Elim, Grayling, 
McGrath, and Tanana. In all cases, the net present value of a wood fired heating system is higher than 
the net present value of a conventional oil system using a planning horizon of less than 20 years. The 
analysis of biomass heating projects in Dot Lake, McGrath, and Tanana suggest that a sufficiently low 
price for delivered wood can make the present value of costs for a wood system less than the present 
value of costs for an oil system. However, this finding is only true with a planning horizon of 20-years 
or longer. USKH concludes that, “In all cases the cost of wood and the manual labor to fire the wood 
boilers is less than the cost of oil on an annual basis. However, when the capital cost of the installed 
wood equipment is included, the present value of costs for Oil is less than Wood for 5, 10, and 
20 year periods” (page 18). 

A critical factor in these cases where wood appears to be competitive is a long enough horizon—
20 years or longer—to allow for the capital cost of the wood equipment to be fully amortized and the 
lower fuel costs to generate sufficient benefits. For example, in the Elim case study, USKH found that 
wood had a delivered cost that was 60 percent that of oil. However, the cost of extra boiler 
equipment and cost of manually stoking the boilers 1,300 times per year offset the savings from lower 
fuel costs. Under all scenarios considered by USKH, including 5-year, 10-year, and 20-year planning 
horizons, the present value of costs for the biomass system in Elim exceed the present value of costs 
for the oil-fired system. The analysis for the system in McGrath resulted in almost the same findings. 

No additional data were found in the current study to counter the findings of the 1996 USKH study. 
Economic calculations in the McGrath Biomass Heating Demonstration Project (Strandberg, 1999) 
suggest that significant grants are necessary to make the project viable. For example, $1.6 million of 
the total cost of $1.8 million must be secured in grant funds to meet project goals, even with a 
20-year planning horizon. 

A supplement to the 35 percent design phase report for the McGrath Biomass Heating Project (MBA 
Consulting Engineers, 2000) shows that the proposed wood-fired system compares favorably to an oil-
fired system only with a 30-year planning horizon and favorable assumptions for the cost of wood. For 
example, the present value of costs is lower for the wood-fired system than the oil-fired system with a 
30-year planning horizon and if wood is available at $100 per cord or less. The 1996 USKH study 
used $125 per cord for the delivered cost of wood. If the price of wood is more than $100 per cord 
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or the planning horizon is reduced to 20 years, the figures in the MBA report suggest that the oil 
system would be less expensive than the biomass system. 

Table 7-9 shows the heat content of biomass fuels common in Alaska and fuel oil (Diesel No. 2). The 
table shows that dry wood has less than half the heat content per pound than found in fuel oil. This 
difference suggests that a wood-fired biomass facility would require a larger furnace, fuel storage area, 
and fuel handling equipment to provide the same amount of heat as a oil-fired system. The cost of the 
extra infrastructure is the reason that the facilities studied in Alaska require a longer planning horizon 
(20 years or longer) for benefits to compare favorably to costs. 

Table 7-9. Energy Content of Fuels  

Fuel Energy Content (Btu per Pound) 
Wood (Dry)  
 8,500 
Peat  
 Low 3,700 
 High 9,300 
No. 2 Fuel Oil  
 19,660 

 
In general, the economic viability of biomass systems depends on the availability and cost of biomass, 
cost of additional equipment, and the cost of other fuel stocks, especially fuel oil. Villages that have or 
are close to a sawmill and have access to mill byproducts, and that pay relatively high prices for diesel 
fuel, may find that a biomass heating system is economically viable. Villages that would have to 
harvest cordwood for the biomass system and that pay lower prices for diesel are likely to find that a 
biomass system is not competitive. 

Looking beyond the heating sector, it is possible to consider other benefits when estimating the net 
value of a biomass system. Important linkages could exist between economic development and 
biomass heating. For example, a community that installs a biomass system may be able to help 
support a local sawmill that provides jobs in the community. Such linkages, however, are beyond the 
scope of this screening analysis. 

Conclusions. Biomass systems can be economically viable in the right situation. However, the number 
of locations is likely to be quite small in rural Alaska where biomass fuels are available at a low 
enough cost to offset the high capital cost of the biomass system. In comparison to other strategies 
that can reduce the cost of heating (such as heater improvements), this strategy does not have the 
potential to significantly reduce the cost of heating in the short term in rural Alaska. As a result, this 
strategy is not recommended for further study as part of the Rural Energy Plan. 

7.3.4 Water Heating 
This subsection includes an analysis or review of several strategies related to reducing the cost of 
heating water. 
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7.3.4.1 Domestic Hot Water Tanks as Space Heating Appliances 

Overview. With more energy efficient homes, one possible way to reduce space heating costs is to use 
domestic hot water tanks (DHW) as space heating appliances. The potential benefits of this strategy 
are based on the following facts: 

� DHW tanks are less expensive to buy, to install, and to maintain than most boilers. 
� DHW tanks use less space than boilers 
� DHW tanks can be used with both hydronic and forced air heating (distribution) systems. 

However, energy costs are typically higher with DHW tanks than most boilers because DWH heaters 
tend to be less efficient. This strategy is not recommended for additional study at this time—the 
analysis indicated that the strategy will become viable only when tank heater efficiencies and 
durability improve substantially. 

Analysis. A recent study by the Northwest Territories Housing Corporation (NTHC) to test the 
potential of space heating with DWH tanks resulted in the recommendations that such that standards 
be changed so that DWH could be approved as combined space and water heaters, and that 
manufacturers improve the efficiency and lifespan of the equipment. In short, the test showed that 
using DHW tanks as space heating appliances would be economically viable if tanks were more 
efficient and durable (NTHC, 2000). 

DHW tanks can be used as space heating appliances because space heating loads have declined with 
more energy efficient housing. For example, NTHC found that when it upgraded insulation levels in 
its residential units, DHW load was beginning to exceed the space heating load.  

When NTHC tested DHW tanks as space heaters, it considered the cost to purchase, ship, and install 
the initial system, equipment efficiency and operating costs, maintenance costs (including the 
availability of parts and qualified repair personnel in rural Canada, and replacement costs. The heaters 
tested in the study were oil-fired heaters. Table 7-10 summarizes the initial costs. 

Table 7-10. Comparison of Costs—Domestic Hot Water Tanks and Boilers 

Cost ($) 
Item Boiler DHW Tank (Oil-Fired) 
Initial Costs    

Capital  4,334 2,324 
Installation 300 160 
Shipping 120 45 

Total Initial Cost 4,754 2,529 
Annual Maintenance Cost a 242 90 

Source: NTHC, 2000. 
a Maintenance costs were calculated for a 10-month period. 
 
 
In the NTHC study, the DHW heaters were less expensive to install and maintain, but typically cost 
$360 per year more in energy costs than boilers. This difference suggests that the higher cost of the 
boiler can be recovered in approximately 6 years.  

The NTHC study concludes that the potential of DHW tanks as space heaters is sufficient to warrant 
changes in standards in regulations and to hope for improvements in DHW system efficiencies. The 
conclusion is somewhat different in the context of the Rural Energy Plan. DHW tank heaters do not 



SCREENING REPORT FOR ALASKA RURAL ENERGY PLAN  
SPACE AND WATER HEATING 

NORTHERN ECONOMICS, INC.  7-13

appear to be economically justified as space heaters if the planning period is longer than 6 years. As a 
result, this strategy is not recommended for additional study.  

Conclusions. The uncertainties surrounding use of domestic hot water tanks as space heating 
appliances are such that this strategy is not recommended for additional study. This strategy will 
become viable only when tank heater efficiencies and durability improve substantially. 

7.3.4.2 Conversion of Electric Hot Water Heaters to Oil-Fired Hot Water Heaters  

Overview. This subsection compares the efficiency of electric hot water heaters and oil-fired hot water 
heaters when used for domestic hot water. Savings with conversions are estimated to be $9,400 per 
unit, based on the following analysis. The potential benefits associated with conversion of electric 
heaters to oil heaters justify the continued study of this measure in the Rural Energy Plan.  

Analysis. As noted in Subsection 3.4, End-Use Conservation, AVEC provides the following tariff advice 
to its customers: 

“The Utility does not recommend electric water heaters, electric space heating appliances, 
electric dryers (especially commercial), electric saunas, or other similar devices whose main 
purpose is to produce heat electrically in the Utility service areas, since cost comparisons with 
alternate methods are generally unfavorable and, in some cases, cause detrimental effects to 
the Utility system.”  

This advice became effective in November 1977. AVEC wrote a letter in March 2000 to VSW about 
alternatives to electric hot water heaters. In the letter, Brent Petrie from AVEC requested that VSW 
consider and recommend oil-fired rather than electric hot water heaters. The letter also highlights the 
Toyotomi and Monitor brand high-efficiency, direct-vent, oil-fired units (Petrie, 2000). AVEC also 
noted that the addition of a 6-kW electric water heater can more than double the number of kWh 
used by rural residents in a month. The letter states:  

“An AVEC residential customer without water and sewer may use 150-250 kWh per month. 
Adding a 6 kW electric 40-gallon hot water heater may use another 250-600 kWh per 
month. It is not unusual for an electric hot water heater to use more electricity than all of the 
other uses such as lights, TV, freezers and appliances combined.”  

An electric hot water heater that uses 250 to 600 kWh per month would cost a rural household $80 
to $192 per month (at $0.32 per kWh). In addition, the electric utility with many new electric hot 
water heaters might face capacity constraints. However, the relevant issue in this instance is not just 
how much it costs to heat water with an electric heater, but how much savings is possible with 
alternatives to electric hot water heaters. 

The 1988 Analysis North report includes an estimate of the potential of converting electric water 
heaters to oil. That report assumes that electric water heaters use 4,800 kWh per year and states that 
this kWh usage is slightly less than the national average. In comparison, an oil-fired water heater with 
63 percent efficiency consumes 200 gallons of fuel per year. Assuming that a diesel generator unit 
produces 12 kWh per gallon, it would require 400 gallons of fuel to generate the 4,800 kWh needed 
for the electric heater. In addition, a resident of rural Alaska might pay $0.32 per kWh, or $1,536 
per year to operate the electric hot water heater ($0.32 × 4,800). This amount is roughly $1,300 more 
than the cost of 200 gallons of fuel per year.  

The Toyotomi instantaneous, oil-fired water heater referenced in the AVEC letter to VSW has a 
manufacturer’s suggested retail price of $1,550 and is available in Anchorage at locations such as 
Rural Energy Enterprises and North Heat. Manufacturer specifications show that the heater is 
92 percent efficient and uses 1.046 gallons of fuel per hour of operation to produce 130,000 Btu. 
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Assuming that 64 gallons of water are heated per day and fuel cost is $1.00 per gallon, annual 
operating costs for this heater would be $137 (increasing to $151 at $1.10 per gallon). In comparison, 
annual operating costs for an electric heater sized to produce a similar amount of hot water each day 
would be $1,706 at $0.30 per kWh.  

Table 7-11 summarizes the energy usage and costs of different water heaters. 

Table 7-11. Cost of Water Heaters 

Cost ($) 

Item 
Annual Energy 
Requirements a 

Capital  
Cost 

Annual  
Energy  
Costs b 

Present Value 
of Costs Over 

20 Years c 
Electric Tank Heater (50-Gallon) 5,690 kWh 340 854 13,000 
Oil Tank Heater 180 gallons - 180 - 
Toyotomi On-Demand Heater 137 gallons 1,550 137 3,600 

a From table in AVEC, 2000. 
b Based on $0.15 per kWh (avoided cost) and $1 per gallon 
c Uses real discount rate of 3.0 percent 
 
The potential savings with oil-fired heaters (all models, but especially on demand heaters) compared 
to electric heaters appears to be significant. Calculations based on energy usage figures from 
manufacturers (in AVEC letter to VSW) show that energy-efficient, on-demand heaters would be far 
less expensive to own and to operate than an electric tank heater. Estimates from other studies, such 
as Analysis North, 1988 also show suggest that significant savings are possible with the installation of 
new heaters and/or modification of old heaters.  

Table 7-12 shows the potential total net present value of switching from electric tank heaters to on-
demand oil heaters, not including consideration of bulk storage demands. Savings per unit are based 
on the difference between the cost of owning and operating an electric tank heater ($13,000 over 
20 years) versus an oil-fired on-demand unit ($3,600 over 20 years). 

Table 7-12. Potential Aggregate Benefits from Replacing Electric Tank Heaters  
with Oil-Fired On-Demand Units 

Net Present Value of Potential Savings ($) No. of  
Units Replaced Per Unit a Aggregate per 1,000 Units 

1,000 9,400 9.4 Million 
a $13,000 minus $3,600 (see Table 7-11) 
 
 
In addition to this theoretical information on the value of converting electric hot water heaters to oil-
fired heaters, experience and opinions of staff at ACDC and AVEC suggest that the potential for this 
strategy may be significant. Dan Berube at ACDC and Brent Petrie at AVEC both identified this 
strategy as important. ACDC converted electric water heaters to oil-fired units in Egegik and believe 
that similar projects could be conducted in other communities. AVEC has had to request that building 
contractors working in several rural communities not install electric water heaters as planned, and that 
they consider the use of oil fired heaters instead. 

Conclusions. The potential benefits associated with conversion of electric heaters to oil heaters justify 
the continued study of this measure in the next stage of the Rural Energy Plan. Savings with 
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conversions are estimated to be $9,400 per unit. Additional research should address questions related 
to bulk fuel storage and fuel costs.  

7.3.4.3 Low-Flow Showerheads 

Overview. This subsection presents the analysis of potential benefits associated with low-flow 
showerheads. The analysis indicated that the net present value of use of low-flow showerheads is 
about $5.8 million, and continued study of this measure in the next stage of the Rural Energy Plan is 
justified.  

Analysis. Devices that reduce the overall demand for hot water, such as low-flow showerheads, also 
serve to reduce overall expenditures on hot water. Water use with a traditional showerhead is 
3.5 gallons per minute and water use with a low flow showerhead is 2.5 gallons per minute. The 1998 
Analysis North report uses this figure, along with following assumptions: 

Analysis North Assumptions 

� Low-flow showerheads would save 39 gallons of oil annually per residence (residences with 
showerheads and oil-fired water heaters). 

� Fuel costs are $1.55 per gallon and are expected to increase at 1.5 percent per year. 

� 10,000 PCE homes have showerheads. 

� New showerheads cost $25 and will last 25 years. 

These assumptions suggest total net present value of savings equal to $1,150 per residence and 
aggregate net benefits of approximately $12 million. The potential value is less with the following 
more conservative assumptions: 

Updated Assumptions 

� Fuel costs are $1 per gallon.  

� No escalation is expected in the real price of fuel. 

With these changes, the net present value of savings for each residence is $550 and aggregate net 
benefits of approximately $5.8 million. 

New low-flow showerheads perform much better than earlier models, but still have a poor reputation.  

Conclusions. The potential benefits associated with low-flow showerheads justify continued study of 
this measure in the next stage of the Rural Energy Plan. The net present value of use of low-flow 
showerheads is estimated to be $5.8 million. Additional research should address uncertainties 
surrounding the number of showerheads in rural Alaska, as well as questions related to consumer 
perspectives and willingness to use low-flow showerheads. 

7.3.4.4 Planning 

Overview. This strategy may relate more to implementation than any given technology. Still, 
contractors and developers working in rural Alaska need to be educated on the effects of the use of 
heat tape, electric domestic hot water tank heaters, and other devices that may be relatively 
inexpensive to install but have a relatively high total (life-cycle) cost—especially in rural Alaska.  
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Conclusion. No data are available to support evaluation of the extent to which contractors install 
appliances and heat tape that require greater-than-necessary amounts of electricity for a given result. 
Only anecdotal evidence from personnel at AVEC and comments from various weatherization 
contractors suggest that this is an important issue. 

7.4 Conclusions and Recommendations 
Significant gains are possible with strategies to reduce the cost of water and space heating in rural 
Alaska. Improving the efficiency of heaters, improving insulation, and implementing other 
weatherization measures could generate savings with a total net present value of $32.8 million to 
$35.8 million. Strategies to reduce the cost of water heating could generate additional savings with a 
total net present value of $15 million or more, depending on the number of electric domestic hot 
water tank heaters in use in rural Alaska. These potential savings suggest that these strategies should 
be considered for further research. 

Table 7-13 summarizes the total net present value of different measures as demonstrated in this 
section. 

Table 7-13. Summary of Potential Savings with Strategies to Reduce the Cost of Space and Water Heating 

Item 
Total Net Present Value 

($Millions) 
Location of  

Additional Information 
Improved Insulation 12 – 15 Subsection 7.3.1.1 
Caulking and Sealing 5 Subsection 7.3.1.1 
Window and Door Retrofits 3.5  Subsection 7.3.1.1 
Heater Retrofits 12.3 Table 7-7 
Waste Heat Recovery Systems NA Subsection 7.3.2 
Biomass NA Subsection 7.3.3 
Electric Water Heater Conversions 9.4 per 1,000 units Table 7-12 
Low-Flow Showerheads 5.8  Subsection 7.3.4.3 

NA = Firm estimates not available at this time 
 
Future research could include consideration of the impact of implementing these strategies on the 
cost of fuel storage and other items. 
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8 Bulk Fuel Storage: Construction 

8.1 Introduction 
The purpose of the work summarized in this 
section is to identify and evaluate different 
methods of managing and executing the 
construction of state-funded bulk fuel tank farm 
upgrades, primarily in small rural Alaska 
communities. The primary objective of the analysis 
is to compare existing practices with alternative 
scenarios to identify potential construction 
management methods that may be more cost-
effective. 

Subsection 8.3 includes an analysis of the 
following approaches to tank farm construction: 

� The state manages construction and the owner 
constructs with force account labor (current 
model) (Option 1). 

� The state manages design and the contractor 
constructs; the contractor is selected through a 
conventional competitive bid process 
(Option 2). 

� Request design-build proposals from private 
contractors for tank farm upgrades for 
individual communities (Option 3). 

� Request proposals from private contractors to 
design and construct upgrades for selected 
groups of villages (Option 4). 

� Request proposals from qualified private entities to design, build, own, and manage new 
consolidated tank farm(s) (Option 5). 

� Existing tank farm owners manage, design, and construct their own upgrades or replacement 
projects (Option 6). 

The section concludes with recommendations for alternatives to current practices. Section 9 includes 
five case studies to set the stage for a review of financing issues related to bulk fuel storage facilities. 

8.2 Existing Conditions 
The Rural Energy Plan Phase 1 report documents the current condition and existing practices for bulk 
fuel storage in rural Alaska. To summarize, the State of Alaska maintains a database that tracks the 
number and condition of bulk fuel storage tanks in 161 of Alaska’s 195 rural communities. There are 
approximately 1,020 tank farms in small rural communities, with a total estimated storage volume of 
51 million gallons. The Phase 1 report also indicates that more than 98 percent of these existing tank 

Summary 

This preliminary analysis of methods for 
managing construction of state-funded 
upgrades to bulk fuel tank farms 
indicated that: 

� Savings are possible with alternative 
practices for constructing bulk fuel 
storage facilities. Specifically, 
competitively bid and design-build 
construction could result in costs that 
are comparable to or below current 
force account construction costs.  

� These contracting methods should be 
tested and evaluated in individual 
communities before they are 
implemented on a large-scale multi-
community project.  

None of the alternatives examined 
suggest that more study of construction 
practices is needed in the second stage 
of the Rural Energy Plan Phase 2B.  
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farms had significant deficiencies at the time the database was completed. Common deficiencies 
included no secondary containment, leaks, poor piping systems, no fencing, and other problems.  

Since the database was initiated in 1992, AEA has undertaken a program to improve bulk fuel storage 
conditions and practices in many rural communities. In recent years, the emphasis has been on 
consolidating tank farms, so that each community only has one tank farm to operate and maintain. 
AEA uses in-house staff and engineering contractors to complete the planning and design phases of 
tank farm upgrade, and uses force account construction using primarily local labor forces to complete 
construction.  

This subsection provides some of the background information used to develop and evaluate the 
alternatives considered in Subsection 8.3.  

8.2.1 Project Selection Process 
A planning document prepared in February 1999 by AEA (formerly Division of Energy) outlines the 
basic process that AEA uses to select projects for funding. The goal of the process is to give highest 
priority to communities with the most serious tank farm deficiencies. This priority listing (Appendix B) 
is used as a first screening level for identifying communities with the most need. A summary of 
additional criteria that are used to refine the selection is provided below. 

� Citations or warning letters from the U.S. Environmental Protection Agency (EPA), the U.S. Coast 
Guard (USCG), or other regulatory agencies 

� Imminent threat to health and safety 

� Alternative or supplemental funding opportunities that are community- or region-specific: 
examples include federal funding through the U.S. Department of Housing and Urban 
Development (HUD) or state funding through the U.S. Department of Education 

� Financial need based on existing costs and income levels within each community 

8.2.2 Grant and Construction Administration Process 
A description of the current process used to administer grants and manage design and construction 
projects was provided by AEA and is included below. 

8.2.2.1 Grant Agreement 

AEA grants project funding to the ultimate project owner who, in turn, designates AEA as the project 
manager in charge of all aspects of project development. Table 8-1 provides a general summary of the 
responsibilities of each project participant. 
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Table 8-1. Tasks and Areas of Responsibility in Tank Farm Construction (Status Quo) 

Function Responsible Party 
Administration of Funding AEA staff 

Trustee Accounting Firm 
Development of Project Ownership and Management 
Agreements 

AEA Staff 

Preparation of Project Design, in Consultation with 
Local Participants 

AEA Staff 
Engineering Design Contractors 

Acquisition of Permits and Site Control AEA Staff 
Engineering Design Contractors 
ROW Contractor 

Oversight of Materials Procurement AEA Staff and Engineering Design Contractors 
Project Construction AEA Staff 

Force Account Foreman and Labor 
Construction Management Contractors 
Specialty Contractors 

Preparation of Regulatory Plans Contractors 
 

8.2.2.2 Administration of Project Funding 

Project funding is not released to the grantee, but instead is placed with a trustee accounting firm. The 
trustee firm issues checks for project expenses only on specific direction of AEA for approved payroll 
and invoices. 

8.2.2.3 Project Construction Labor 

For the typical project, AEA selects a foreman who is experienced in rural tank farm construction and 
in most or all of the requisite skills, including sandblasting and painting for tank refurbishment, 
equipment operation, and often welding.  

Village residents provide all project labor unless a particular skill is not available among the local labor 
force. Typically, unavailable specialists include electricians and pipe welders. Sandblasting and 
painting to refurbish existing tanks is usually accomplished by local labor with the foreman’s 
participation and supervision. Site preparation and other heavy tasks are accomplished with local 
equipment run by local operators.  

Typically, the local government prepares a list of village residents who are available to work on the 
project, along with a statement of their skills and experience. When the foreman asks for workers of a 
given skill level, the local government selects individuals from the list. The foreman retains the option, 
however, to go back to the local government for a replacement if someone does not perform 
adequately.  

Unless a certified welder is available in the village, welding is performed either by the foreman or by a 
welder brought in from outside the village—sometimes from elsewhere in rural Alaska, sometimes 
from Anchorage or Fairbanks. Electrical work typically is performed by AEA staff or by a contractor. 

Except for an occasional contractor (for example, the electrician), all project labor, including the 
foreman, the village workforce, and any outside hires such as welders, are placed on the payroll of the 
local government as force account employees. Neither Davis-Bacon nor Little Davis-Bacon wage 
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requirements apply. AEA establishes the pay scale—local labor typically is paid between $12 and $18 
per hour, depending on skill level. The wage rate is set to reflect the prevailing wage within the 
community for comparable skills. Skilled workers from outside the community are provided with a 
place to stay in the community and with per diem to cover meals and other incidental expenses. 

The supervisor submits timesheets to AEA for project payroll. On approval, AEA directs the trustee 
accounting firm to issue payroll checks, ensuring that all required payroll taxes and deductions are 
properly paid or withheld.  

Some supervisors rely more on outside hires for skilled labor, particularly in areas such as sandblasting 
and painting, where the work might be done by local labor under adequate supervision but might be 
done faster or more reliably by outside hires with more experience. The description above, however, 
is accurate for the typical case.  

8.2.2.4 Procurement/Fabrication of New Tanks 

Because the project funds are formally granted to the future tank farm owner, the state procurement 
code does not apply to the acquisition of materials, supplies, and services required for project 
development. AEA, acting as the grantee’s agent, could legally procure whatever is needed without 
going through a competitive bid process. As a matter of policy and cost containment, however, AEA 
puts procurement related to tank farm development out to bid. 

With regard to bulk fuel storage tanks, AEA determines how many new tanks of what size and 
configuration will be needed for a given project as the project design nears completion. Depending 
on the condition of existing tanks and the costs of refurbishment, anywhere from all to none of the 
tanks to be placed in the new facility may be purchased new. Once the requirement for new tanks is 
known, AEA puts them out to bid. The winning bidders have often, but not always, manufactured the 
new tanks in Alaska. 

8.2.2.5 Preparation of Regulatory Plans 

Typically, the AEA design contractor prepares all of the regulatory plans that may be required by 
agencies such as the USCG and the EPA, including the Spill Prevention, Control, and 
Countermeasures Plan, the Facility Response Plan, and the Operations Manual. 

8.2.2.6 Pertinent Regulations 

Title 36 of the Alaska Statutes outlines the current regulations for public contracting in Alaska. Several 
requirements are pertinent to a comparison of force account to conventionally bid projects. A 
summary of some of these requirements is as follows. 

� Contractors that perform work on public projects of value greater than $2,000 in Alaska are 
required to pay employees the prevailing wage rate for work of a similar nature in the region 
(Little Davis-Bacon rates) (AS 36.05.010). 

� Workers employed by a municipal entity are not subject to the requirements of the prevailing 
wage rate as described in the item above. 

� As a matter of policy, the state will grant an employment preference to residents of Alaska 
(AS 6.10.005). 

� Municipal entities may require a preference for or minimum percentage of local hire when 
soliciting bids from contractors. For example, the contract can be written such that a contractor 
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that proposes to use local hire will be given a preference (higher score) than contractors that 
propose to import all workers. Alternatively, the community can require, by contract, that a 
certain percentage of the workers on the project be hired locally. Although this practice is not 
specifically allowed by statute, neither is it prohibited. There is currently no set statutory minimum 
or maximum percentage of local hire that may be required by contract. 

8.2.3 Current Tank Farm Construction Costs 
Recently, the Denali Commission retained Integrated Concepts and Research Corporation (ICRC) to 
complete a study to evaluate management and costs of the bulk fuel storage tank farm program 
currently under the direction of AEA. The results of the study are summarized in a report dated August 
24, 2000, and titled “Final AEA Bulk Fuels Program Management Audit -- 1999 Commission Funded 
Bulk Fuel Projects -- Various Alaska Villages.” 

In summary, the results of the study indicated that the cost of projects constructed by AEA to date 
averaged $7.42 per gallon, which was within 3 percent of AEA’s projected cost of $6 plus a 
20 percent contingency ($7.20). Although final design estimates exceeded the budgetary cost of 
several projects, it was determined that these overruns were primarily due to the inclusion of 
additional storage volume during final design rather than problems encountered during construction 
or underestimation of unit construction costs. The AEA costs were also found to be comparable to 
construction costs of other tank farms constructed by utilities or government agencies in rural Alaska. 

The study recommended that preliminary design (35 percent) be completed before funding for final 
design and construction of the tank farms in individual communities was provided, so that more 
accurate estimates of construction costs could be obtained. 

Although several planned projects had estimated construction costs that significantly exceeded the 
budgetary number of $7.20 per gallon, the study did not include research as to the possible reason for 
these higher costs. For example, difficult construction conditions such as over-excavation, frozen soils, 
or slope stability problems that increase the cost of construction were not considered. 

8.2.4 Current AEA Practice 
The focus of AEA when addressing bulk fuel tank farm issues in rural Alaska is to provide a 
consolidated facility for the entire community, with the goal of having one entity primarily responsible 
for maintenance. This practice has often required including private entities in these public tank farm 
projects. Although participation is voluntary, tank farm participants often include the city, the local 
Native corporation, the tribal council, the school, and the power plant. Private parties can be 
included if they historically have sold fuel in the community.  

Although private entities are not required to contribute, many, such as privately owned stores, often 
contribute a portion of the project expenses. Although these entities do not usually contribute the 
total cost of their portion of the tank farm, their contribution is often significant. 

Tank farm configurations vary according to the preferences and requirements of the participants. In 
some cases, all fuel storage is located within a single enclosure and is managed by a single entity. In 
other cases, several diked enclosures are constructed within a single facility, with each enclosure 
containing fuel owned by one participant and each participant responsible for the operation of its 
own diked cell. Other variations have also been devised. 

Construction costs for the tank farms can vary significantly depending on project location, site 
conditions, size of tank farm, and other factors. For preliminary planning purposes, AEA uses a rule of 
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thumb of $7.20 per gallon. Realistically, these costs vary significantly, with construction of larger tank 
farms costing less per gallon and smaller tank farms costing more. 

8.2.4.1 Comparison of Force Account and Conventional Bid Construction Cost  

Limited data are available regarding the cost of force account construction as compared to 
conventionally bid projects in rural Alaska. The VSW program has completed two comparisons of 
force account and conventional bid costs for projects in rural Alaska in recent years. One of the 
analyses compared a sewage lagoon upgrade project to an airport erosion control project in Hooper 
Bay, and the other provided a justification for using force account construction for a boardwalk 
construction project in Chefornak. Copies of both of these analyses are included in Appendix B.  

In general, it was assumed that material and freight costs would be the same for either type of project, 
although opportunities for cost savings may be more likely with the force account method since there 
is more flexibility and opportunity for consolidation with other projects. Generally, construction 
contractors own or lease their equipment, so if it is assumed that the equipment is leased in both 
cases, then equipment costs are similar. Additionally, if the community has some equipment of its 
own, it would likely be leased to the project regardless of the contracting method. Therefore, the 
primary difference between force account and conventionally bid projects is labor cost. Local labor 
forces often require training, resulting in increased costs. However, these costs may be offset by the 
reduced cost resulting from not having to provide room and board for local workers.  

Table 8-2 summarizes wage rates using the prevailing method and force account approach (as 
provided in the VSW Chefornak analysis, labor rates for rural Alaska force account, and prevailing 
wage rates for Alaska as outlined in AS36.05, Wages and Hours of Labor). As shown in Table 8-2, 
wage rates for a conventionally bid project are more than twice as high as those for force account 
construction. In addition to the direct labor savings, payroll taxes are reduced. Force account 
construction does not include profit, overhead, or bonding costs, resulting in additional savings. 
Overhead and profit costs may be as much as 15 to 25 percent of total project costs, with bonding 
and insurance adding 8 to 10 percent. 

Table 8-2. Comparison of Prevailing Wages and Force Account Wages 

Wage ($ per Hour) 

Labor Category 
Force Account,  
Typical Range 

Minimum per  
Alaska Statute 

Foreman 18 – 20 36.30 
General Laborer 12 – 14 32.64 
Lead Carpenter 16 – 18 36.30 
Carpenter Helper 14 – 16 32.64 
Housekeeper/Janitor 10 – 12 24.07 
Cook 10 – 12 26.71 
Equipment Operator 20 – 22 38.17 

 

Other costs savings on force account projects include reduced requirements for room and board and 
limited or no requirements for camp facilities. Mobilization costs for most personnel, including time 
and expenses, are eliminated. The onsite superintendent acts as an inspector, eliminating the need for 
a full-time construction inspector, thereby reducing construction management costs as well. AIDEA 
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has identified a limited number of qualified field superintendents in Alaska. This constraint limits the 
number of projects that can be conducted under current practices. 

8.3 Analysis of Strategies 
This subsection presents the analysis of alternative design and construction methods for bulk fuel 
facilities. The goal of this evaluation was to determine the effectiveness of the existing systems and to 
evaluate whether there are any system components that could be modified to make better use of 
project funding. The Phase 1 report outlined several options for design, construction, and operation of 
the bulk fuel tank farms. The options considered are discussed in the following subsections. 

8.3.1 Option 1: State Manages Construction and Owner Constructs with Force Account 
Labor (Current Model) 

Overview. This option allows the local government to hire most of the required project labor from the 
local community on force account. Training is often provided to local workers, which may promote 
future economic development in these communities. After completion of the project, workers familiar 
with the facility and equipment are available for long-term O&M. 

Analysis. The following items describe cost impacts and scheduling impacts of this alternative, as 
compared with conventional construction contracting. 

Cost Impacts (Compared with Conventional Construction Contracting) 

1. Davis-Bacon wages are not required as long as a local government entity is the owner, which 
helps to reduce construction costs. 

2. The requirement for housing of out-of-town workers is minimized, resulting in lower costs. 

3. Onsite quality control is provided by a foreman approved by the State of Alaska. A full-time 
inspector is not required, resulting in lower construction management costs. 

4. Design costs are lower since a complete bid package with technical specifications is not required. 
Construction documents include design drawings with performance specifications included on the 
drawings. 

5. The option allows for design changes at any time without a change order. 

6. The option allows for standardization of parts and equipment since the state handles materials 
procurement. 

7. Costs may be more difficult to control when unanticipated conditions are encountered. 

8. The option requires more involvement by the state, including approving payroll, completing 
procurement activities, and managing staff, possibly resulting in higher overall management costs 
than other contracting methods. 

Schedule Impacts 

1. If inadequate or unskilled labor resources are available in the community, and if significant 
training is required for workers, the construction effort may take longer than a conventionally bid 
project. 
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2. There are a limited number of qualified field superintendents and projects can be delayed 
because of this constraint.  

3. Since the project is not advertised for bids, the construction can often begin as soon as project 
funding is secured. 

Conclusion. The current model has been developed by AEA over the years. Although there have been 
problems, effective solutions have been developed and refined and the current program has resulted 
in successful projects in many communities. The force account construction method provides 
opportunities for economic development in these communities by providing new jobs and skills. 
Although these types of opportunities may also be able to be provided through more conventional, 
contractor-built projects, it appears that the force account method is becoming a proven and cost-
effective method of construction in rural Alaska. Additionally, rural Alaska residents are likely to take 
pride in ownership of projects on which they have participated in the construction.  

The use of construction management firms under contract to the state or to the owner (or community) 
has been suggested as an approach to address the problem of a limited number of qualified field 
superintendents. This approach could be used in Option 2 as well if the state were faced with a 
shortage of qualified personnel.  

8.3.2 Option 2: State Manages Design and Contractor Constructs, 
Contractor Selected Through Conventional Competitive Bid Process 

Overview. This option includes construction by a contractor hired through the conventional bid 
process, in which bids are advertised and general contractors bid for the work, either on a work item 
or lump sum basis. Historically, State of Alaska agencies have used this contracting method on many 
public projects. There is limited benefit to the local economy unless local hire requirements are 
included in the contract documents. As with the current model (force account), local hire would likely 
occur primarily with unskilled or moderately skilled workers such as laborers and equipment 
operators, depending on skill availability within the community. There is no legal minimum or 
maximum percentage of local hire that can be required by contract. Additionally, although some 
communities have facilities where construction workers may be housed, many small communities 
require mobilization of a camp facility, resulting in little increase in economic activity during the 
construction period. 

Analysis. The following items describe cost impacts and scheduling impacts of this alternative. 

Cost Impacts 

1. Costs are generally easier to control unless conditions are encountered that result in significant 
change orders. Bids can either be on a lump sum or unit cost basis, allowing for flexibility in 
controlling costs. Unit price bids allow for items to be added or deleted at a set price. 

2. Liability for construction is borne by the contractor. However, this results in increased 
construction costs as the contractor must bear the cost of insurance and warranties. 

3. The facility can be warranted for a period (1 to 2 years is typical). This can result in cost savings if 
warranty issues arise; however, the cost of providing the warranty is borne by the project whether 
or not warranty work is required. 
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4. Few new skills are learned by the community unless local hire requirements are included in the 
contract documents. Although not directly related to capital costs, the long-term operation of the 
facility can be affected if skilled workers are available to maintain it. 

5. There is less involvement by the state administratively, resulting in lower direct administration 
fees.  

6. A full-time construction inspector may be required, resulting in increased costs. 

7. Higher wage rates are required because of the requirement that Little Davis Bacon rates be paid 
for publicly contracted projects per AS 36.05.010. 

Schedule Impacts 

1. The contractor selection process can increase project time. The significance of this impact would 
depend on the project timing, including consideration of funding availability, barge/airline 
schedules, and the summer construction season. 

2. Procurement is handled by the contractor rather than the state. This may affect the schedule if 
adequate time is not available to complete contractor procurement in accordance with state 
policies and subsequently allow the contractor to purchase and mobilize materials before the 
targeted construction start date. With force account construction, the state is able to procure and 
mobilize large items such as tanks and piping before the design is finalized, allowing construction 
to begin very soon after the construction drawings are completed.  

Conclusion. Publicly bid construction is a proven and acceptable method of contracting and may be an 
effective method of lowering construction costs on bulk fuel projects. This would be especially 
effective if inadequate resources are available within a particular community to complete force 
account construction, or if especially difficult construction is required due to site conditions or project 
design. Local hire clauses can be included so that economic opportunities and training similar to those 
provided by force account construction are available to the community.  

8.3.3 Option 3: Request Design-Build Proposals from Private Contractors for Tank Farm 
Upgrades for Individual Communities  

Overview. This option would include preparation of a preliminary (35 percent) design, which would 
then be used to obtain bids for final design and construction through a publicly bid process. Several 
issues would need to be finalized before proceeding to final design such as project ownership, site 
selection, and site control.  

Analysis. The following items describe cost impacts and scheduling impacts of this alternative. 

Cost Impacts    

Project management costs may be less, as the contracting agency has to coordinate with only one 
contractor rather than with the city, a design contractor, a construction management contractor, and 
others. 

1. Costs may be higher than in conventional force account construction projects due to higher labor 
rates, overhead costs, and others, as discussed in Option 2. 

2. The contracting agency can prequalify contractors, resulting in lower contract solicitation costs. 
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3. Design-build projects allow more flexibility in completing design changes as the project 
progresses, possibly resulting in fewer change orders and lower construction costs. 

4. Design-build process allows less detail to be provided in the bid package, resulting in overall 
lower design costs.  

5. A full-time construction inspector may be required, resulting in increased costs. 

6. This approach could be used for either force account or conventionally bid projects. For example, 
the project could be bid as a typical construction contract with no local involvement, or the 
design-build contract could be written such that the work is completed by force account 
methods, where the contractor takes a project management role similar to that currently fulfilled 
by AEA. 

Schedule Impacts    

1. Assuming that funding is available for final design and construction, it is possible that final design 
and construction could be completed under an accelerated schedule, possibly within the shortest 
timeframe of any of the alternatives. 

Conclusions. The design-build concept is especially promising not only for cost savings related to 
streamlining design and construction, but also for promoting community participation if the project is 
implemented correctly. Design-build of a single tank farm should be completed and evaluated for 
success before implementing any design-build program for multiple communities (See Option 4). 

8.3.4 Option 4: Request Proposals from Private Contractors to Design and Construct 
Upgrades for Selected Groups of Villages 

Overview. This option is similar to Option 3 in that the design-build process is implemented. The 
difference is that the design-build process would be applied to a group of communities, most likely 
located in one geographic area.  

Analysis. The following items describe cost impacts and scheduling impacts of this alternative. 

Cost Impacts    

1. General cost impacts would be similar to those discussed under Option 3—Design-Build of a 
Single Tank Farm.  

2. Additional cost savings may be realized during procurement because of the increased volume of 
materials. For example, 20 tanks would likely be purchased at a lower unit cost than would be 
paid for 5 tanks. 

3. Problems in individual communities may affect other communities. For example, if issues arise 
during permitting or if the location of the tank farm site changes, construction in the other 
communities under the contract may be affected. This problem can be minimized by having 
community resolutions for site selection and other key decisions and by having a separate 
consultant prepare the 35 percent design. However, experience suggests that other problems and 
issues often arise that may affect siting or construction issues as the final design and construction 
phases progress. 
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Schedule Impacts    

1. Schedule impacts include possible acceleration of schedule that may occur during the design-
build process. 

2. The construction schedule for one community may be affected by other communities if problems 
arise. 

Conclusions. As noted under Option 4, implementation of a design-build project for bulk fuel tank 
farms is worthy of consideration. Bundling bulk fuel projects for multiple communities should be 
approached with caution as problems in one community can affect activities in another community, 
and may also result in change orders, thereby increasing the contract price. It is more advisable to try 
a design-build project in one community to evaluate success before attempting the process in multiple 
communities. If communities are constructed as a group, it would be most advisable to select 
communities in the same geographic area.  

8.3.5 Option 5: Request Proposals from Qualified Private Entities to Design, Build, Own, 
and Manage New Consolidated Tank Farm(s) 

Overview. Examples of potential respondents include wholesale fuel distributors, utility companies, 
regional or village corporations, and private businesses. This option would allow a private entity to use 
state funds to design and build a new tank farm, and then operate the tank farm. The state would 
have a management oversight role throughout the design and construction phase of the project, but 
would likely have less control over decisions than with the current model. 

Analysis. The following items describe cost impacts and scheduling impacts of this alternative. 

Cost Impacts    

1. The tank farm owner is responsible for the entire project, from the planning through the 
operational phase, possibly resulting in cost savings. Having a private entity manage the tank farm 
during the operational phase may result in higher fuel costs to rural Alaskans since the tank farm 
owner may be operating for profit. Most Native corporations and communities currently operating 
tank farms in rural Alaska have a goal of providing the cheapest fuel possible to local residents. 

2. Private entities would be subject to Little Davis Bacon rates, resulting in increased cost over force 
account rates. 

3. A full-time construction inspector may be required, resulting in increased costs. 

4. Cost overruns may occur if the contractor is not specifically qualified to complete design and 
construction of bulk fuel tank farms in rural Alaska.  

Schedule Impacts 

1. Less oversight and control over the project by the state lead to schedule delays due to lack of 
planning and poor management if the tank farm owner is not qualified to manage this type of 
project. 

Conclusions. The design-build-manage alternative warrants further consideration. Research into 
whether qualified and interested entities exist to undertake this effort should be completed as the 
next stage of evaluation of this alternative. The key to the success of this option would be to identify a 
contractor that is well qualified to design, construct, and operate a tank farm in rural Alaska.  
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8.3.6 Option 6: Existing Tank Farm Owners Manage, Design, and Construct Their Own 
Upgrades or Replacement Projects 

Overview. This option allows the local government, school, or other entity to have control over all 
aspects of the project. Where AEA has worked toward standardization of parts and materials, this 
option would likely lead toward more diverse designs, as AEA would have a lesser role in the project 
and less control over design aspects. Additionally, many small rural communities do not have the 
existing infrastructure to manage these types of projects without significant oversight and direction 
from state agencies. 

Analysis. The following items describe cost impacts and scheduling impacts of this alternative. 

Cost Impacts    

1. The tank farm owner is responsible for the entire project, from the planning through the 
operational phase. Lack of experience in managing turnkey projects may lead to cost overruns. 

2. Since each owner maintains its own facility, there would be less opportunity for consolidation of 
bulk fuel facilities, which would likely result in overall increased capital cost for each community. 

3. Lack of standardization of parts may lead to difficulties during the operational phase. AEA 
currently maintains an inventory of parts that can be shipped to communities on an emergency 
basis if the need arises. 

4. Less oversight of project funds by a state agency could result in cost overruns due to inexperience 
in managing this type of design and construction project. Lack of knowledge of industry standards 
could also affect project quality and cost. 

5. If the owner is a private organization rather than a municipal entity, Little Davis Bacon rates 
would apply to force account construction, similar to a conventionally bid project. 

6. A full-time construction inspector may be required, resulting in increased costs. 

Schedule Impacts    

1. Less oversight and control over the project by the state could lead to significant schedule delays 
due to lack of planning and poor management if the tank farm owner is not qualified to manage 
this type of project. 

Conclusions. It is unlikely that many of the existing tank farm owners are interested in or have the 
resources to design and construct new tank farm facilities without significant guidance from a public 
entity. There is much risk in implementing this option unless the state can be assured by the tank farm 
owner that the owner has the resources and qualifications to successfully manage the project. 
Therefore, this alternative should be eliminated from consideration. 

8.4 Conclusions and Recommendations 
The current AEA practice includes using subcontractors to complete design and force account labor to 
complete the construction phase of bulk fuel storage projects. This method of program management 
has proven successful in the past, is comparable in cost to other methods of contracting based on the 
information provided in the ICRC report, and often provides training and new skills for rural Alaskans. 
Other alternatives to project management as discussed in this report are also likely to be viable and 
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cost-effective, and should be considered for implementation for comparison with the current force 
account process.  

The two options that are most likely to succeed and provide a cost-effective construction project 
include competitively bidding the construction, which is the typical practice of most state agencies in 
accordance with state procurement policies, and completing a competitively bid or pre-qualified 
design-build project in a community. The current process (force account) is designed to promote 
community involvement and education, develop standardization of parts throughout rural Alaska bulk 
fuel tank farms, provide training for local community members, and keep project funds in the rural 
community. These aspects of project development should be considered in any alternative 
contracting method implemented. 

As noted throughout this section, there have been very little data compiled to date on the cost of 
force account compared with conventional contracting methods, and there have been no projects 
specifically targeted for a comparison. It is suggested that these different contracting methods be 
implemented in conjunction with force account in separate communities with similar tank farms so 
that a more accurate quantitative cost comparison of the various contracting methods can be 
performed. If proven successful, either of these alternative methods may be implemented in more 
than one community, as described in Option 5. 
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9 Bulk Fuel Storage: Financing of Tank Farm Upgrades 

9.1 Introduction 
Alaska’s rural energy is highly dependent on diesel 
generation. Consequently, bulk fuel storage facilities are 
an integral part of energy provision. In recent years, AEA 
has exerted significant efforts to upgrade tank farms 
throughout rural Alaska. The primary objectives of this 
analysis are to identify alternative sources of financing for 
tank farm upgrades, to evaluate how these upgrades 
currently are being financed, and to estimate the impact 
of financing alternatives on fuel prices and consumers. 
Secondary objectives are to understand why and how 
rural communities arrived at very different bulk fuel 
storage facilities. In pursuit of these objectives, this 
subsection examines three aspects of the AEA upgrade 
process: 

� As a part of its efforts to upgrade tank farms, AEA has 
attempted to consolidate the storage facilities of 
various tank owners into single tank farms. The 
success of these efforts is examined for several 
communities that have undergone AEA upgrades. 
Differences in fuel storage requirements among the 
communities, differences in financing available to 
the tank owners, differences in ownership interests, 
and community differences that contributed to the 
differences in fuel storage facilities are examined in 
Subsection 9.2. 

� Financial contributions to the cost of tank farm 
development and construction are evaluated 
(Subsection 9.3) to determine the degree to which 
various public and private interests have paid a share 
of construction expenses.  

� The effect on fuel prices of requiring entities to pay a 
share of the construction costs is evaluated 
(Subsection 9.3). The analysis assumes that the full 
cost of the payment of the share of construction 
costs is passed on to fuel purchasers over the likely 
period of a loan used to fund the payment. 

To examine these issues, the bulk fuel storage facilities in 
seven rural Alaska communities—McGrath, Atmautluak, 

Arctic Village, Buckland, Noorvik, Emmonak, and Selawik—were reviewed. These villages were 
chosen because of differences in their bulk fuel storage facilities and because each has recently 

Summary 

The results of this preliminary 
analysis suggest that: 

� AEA has made considerable 
efforts and achieved 
considerable success in 
consolidating bulk fuel storage 
facilities when upgrading tank 
farms in rural Alaska. 

� Bulk fuel storage facilities in 
rural Alaska are funded 
primarily by state and federal 
funds. Local contributions are 
obtained in few cases and are a 
small part of the total cost of 
tank farm upgrades. 

� The impact on fuel prices of 
requiring owners of bulk fuel 
storage facilities to pay a 
portion of construction costs 
could be significant. Fuel costs 
will increase by 8 to 14 cents 
per gallon if a retailer takes out 
a 10-year loan for 10 percent 
of its share of the capacity 
costs, at an interest rate of 
10 percent per annum. 
Extending the loan period to 
20 years would mitigate this 
effect. 

These impacts justify continued 
study of tank farm financing in 
the next stage of the Rural Energy 
Plan, Phase 2B. 
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undergone or is currently undergoing a tank farm upgrade.43 Most of the villages have several different 
tank owners, some of whom own independent tank farms and others of whom own tanks in 
consolidated farms.44  

This section differs in both purpose and scope from the other sections of this report. Consequently, 
the section does not lend itself to the structure adopted elsewhere.  

9.2 Existing Conditions 

9.2.1 Village Cases 

9.2.1.1 McGrath  

McGrath is a second-class city with 423 residents. Founded in 1907 on the Kuskokwim River, directly 
south of the confluence with the Takotna River, McGrath is 221 miles northwest of Anchorage and 
269 miles southwest of Fairbanks.  

McGrath Light & Power provides electrical power to the city with diesel generation. Several 
organizations own fuel tanks in the city, including the Federal Aviation Administration (FAA), the U.S. 
Fish and Wildlife Service (USFWS), the Alaska Department of Natural Resources (DNR), ADOT&PF, 
and the Alaska Department of Fish and Game. A complete list of the operational tank farms in 
McGrath appears in Table 9-1. 

Two tank farm upgrades have been undertaken recently in McGrath, and a third is under 
consideration: 

� In 1995, McGrath Power & Light upgraded its tank farm. McGrath Power & Light and the Alaska 
DOE jointly undertook the project. Table 9-2 identifies funding contributors for the upgrade. The 
cost was approximately $205,000, $175,000 of which was paid with DOE grant funds. McGrath 
Power & Light provided the remaining $30,000 (approximately 15 percent) of the funding with 
equity. No loans were used. Since McGrath Power & Light financed a portion of the project, it is 
likely that the company’s contribution is reflected in its current prices. The consolidated tank farm 
and its tanks are wholly owned by McGrath Power & Light.45  

� The city upgraded its tank farm more recently, with no consolidation of tanks from other farms in 
the community. AEA has little information about this upgrade because the project was undertaken 
without AEA assistance.  

� The school tank farm is also in need of an upgrade. McGrath Power & Light is currently evaluating 
the development of an expanded waste heat facility that would supply heat to the school and 
other buildings. Since this would substantially affect the school’s fuel requirements, the upgrade of 
the bulk fuel storage facility is being postponed pending the decision on the waste heat project. 

                                                   
43 Since changes in tank farm design occur often during construction phases, the analyses for communities in 
which tank farm upgrading is currently underway should be considered tentative.  

44 For example, McGrath has several tank farms throughout the city, and all of these farms contain tanks owned 
by a single owner. Atmautluak has two tank farms in the village. One is a consolidated tank farm with three 
owners, and the other contains a single tank. 

45 Although the DOE suggested development of a community tank farm, McGrath Power & Light resisted these 
efforts because its management felt that cooperative efforts would be complicated due to individualism of 
community members (Propes, 2000).  
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Table 9-1. Operational Tank Farms in McGrath 

Capacity (Gallons) 
Tank Farm Owner a 

No. of 
Tanks Diesel  Gasoline  Delivery Mode 

FAA 7 b c c Barge to truck 
DNR 2 20,000 d NA Barge to truck 

DNR 3 6,200 4,100 Barge to truck 
ADOT&PF 4 b 21,700 1,000 Aircraft or barge to truck 
KSKO Radio 2 10,000 NA Barge to truck 
Ben Magnuson 7 80,400 67,800 Aircraft and barge 
Alaska Commercial Store 1 1,100 NA Barge to truck 
ADF&G, Public Safety Division 2 7,200 NA Barge hose or barge to truck 
USFWS 5 2,500 NA Barge to truck 
Camai Center (McGrath Native 
Village) 

2 e 2,000 NA Barge to truck 

Catholic Church 1 1,200 NA Barge to truck 
McGrath Power & Light 4 223,400 NA Barge 
City of McGrath f 5 43,200 5,400 
Total 39 411,900 78,300 

Barge 

Source: AEA, 2000. 
a Each tank farm is individually owned. 
b Two tanks are belowground. 
c No data available 
d Aviation fuel 
e One tank is belowground. 
f McGrath also has four tank farms that are out of service and are not included in this analysis.  

Table 9-2. McGrath Tank Farm Development Financing: Amount and Percentage by Type of Contributor 

Contributor Contribution 
Type Organization Amount ($) Percent of Total 
Federal Government - 0 0 
State Government DOE 175,000 85.4 
Private McGrath Power & Light 30,000 14.6 
Total  205,000 100.0 

Source: AEA, 2000. 

9.2.1.2 Atmautluak 

Atmautluak is a village of 296 people and is situated on the west bank of the Pitmiktakik River in the 
delta of the Kuskokwim River. The village is approximately 20 miles northwest of Bethel.  

The village’s electric utilities are provided by the Atmautluak Traditional Council. Retail fuel sales in 
the village are made by the village corporation. The only other owner of bulk fuel storage is the 
regional school district, which operates the local schools. 

Table 9-3 identifies the operational tank farms and tank owners in Atmautluak. A new 17-tank tank 
farm was constructed by a DOE consolidation effort beginning in August 1996 and completed in fall 
1998. The consolidation brought together tanks of three owners, Atmautluak Traditional Council, 
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Lower Kuskokwim School District, and Atmautluak Limited, into a single farm. Under the terms of the 
consolidation agreement, each owner is responsible for maintenance and operation of its own tanks 
and part of the facility. The Traditional Council is responsible for common parts of the facility. 

Each tank owner retained its tanks in the consolidation, with two exceptions. The Traditional Council 
dismantled one 5,750-gallon tank and retained two 24,000-gallon tanks. The school moved all of its 
tanks to the consolidated farm and added a single 4,000-gallon tank on location at the school to 
supply its heating system. This single tank is the second of the village’s two tank farms. 

Table 9-4 identifies the three funding contributors for the consolidated tank farm in Atmautluak. The 
Alaska Department of Education contributed $887,202. HUD contributed $500,000 through an 
Indian Community Development Block Grant (ICDBG),46 and the Lower Kuskokwim School District 
contributed $29,000.47  

Table 9-3. Operational Tank Farms in Atmautluak  

Capacity (Gallons) 
Tank Farm and Owners 

No. of 
Tanks Diesel  Gasoline  Delivery Mode 

Atmautluak Traditional Council 2 48,000 NA Barge 
Lower Kuskokwim School District 9 65,200 NA Barge 
Atmautluak Limited 7 46,000 20,000 
Total 18 159,200 20,000 

Barge 

Source: AEA, 2000. 
 

Table 9-4. Atmautluak Tank Farm Development Financing: Amount and Percentage by Type of Contributor 

Contributor Contribution 
Type Organization Amount ($) Percent of Total 
Federal Government HUD a 500,000 35.3 
State Government ADEC, Alaska 

Department of Education 
887,202 62.6 

Schools Lower Kuskokwim 
School District 

29,000 2.0 

Native Village - 0 0 
Native Corporation - 0 0 
Total  1,416,202 100.0 

Source: AEA, 2000. 
a HUD contribution was made through an ICDBG to the Native Village of Atmautluak. 
 
 
 
 

                                                   
46 Although these grants are often considered a contribution of the party receiving the grant, this study is 
examines the origin of funds. Therefore, all grants are considered contributions of the granting institution, rather 
than the recipient.  

47 The school district contribution should not be considered a local contribution since the state government funds 
rural school districts. The state granted $1.5 million to the Lower Kuskokwim School district to fund bulk fuel 
storage upgrades. Whether the district used money from this grant to fund this particular project is not known.  
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9.2.1.3 Arctic Village 

Arctic Village, with 117 residents, is on the east fork of the Chandalar River, approximately 100 miles 
north of Fort Yukon. Arctic Village is unique among the villages analyzed in that all fuel is flown in. 
The village has five bulk fuel storage facilities, three owned by the village council, one owned by the 
school district, and one owned by USFWS. A complete list of operational tank farms in Arctic Village 
appears in Table 9-5. 

The village is currently undergoing a tank farm consolidation. Both the Village of Arctic Village and the 
Yukon Flats School District will participate. The development of the new consolidated facility is 
intended to move all storage to a central location in the village. The conceptual design of the bulk fuel 
facility is complete. The full design and construction of the pad are to be completed before this 
winter. Storage capacities are similar to those in other villages, where the school tanks typically have 
capacity that is twice the school’s anticipated annual usage, and others in the village have capacity 
approximately equal to their annual throughput.  

Funding for the consolidation project has been obtained and is entirely from grants. The Denali 
Commission is providing $1,120,000, AEA $62,116, and ADEC $225,000. This funding will also pay 
for the design and construction of the new powerhouse. Table 9-6 identifies the contributors to the 
funding for the consolidated tank farm in Arctic Village. 

Table 9-5. Operational Tank Farms in Arctic Village 

Capacity (Gallons) 
Tank Farm a 

No. of  
Tanks Diesel  Gasoline  Delivery Mode 

Yukon Flats School District 10  31,000 NA Aircraft to truck 
Arctic Village Electric 
Company (Village Council) 

2 6,000 NA Aircraft 

U.S. Fish and Wildlife Service 1 plus 11 drums 4,105b NA Aircraft 
Village Gas Sales (Village 
Council) 

1 NA 2,100 Aircraft to tank, 
tank is skidded to 
village 

Village Council Office 2 plus 1 drum 5,455 NA 
Total 16 plus 12 

drums 
46,560 2,100 

c 

Source: AEA, 2000. 
a Each tank farm is individually owned. 
b Aviation fuel 
c Information unavailable 

Table 9-6. Arctic Village Tank Farm Development Financing: Amount and Percentage by Type of Contributor  

Contributor Contribution 
Type Organization Amount ($) Percent of Total 
Federal Government Denali Commission 1,120,000 79.6 
State Government AEA 62,116 4.4 
 ADEC 225,000 16.0 
Schools - 0 0 
Native Village - 0 0 
Total  1,407,116a 100.0 

Source: AEA, 2000. 
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9.2.1.4 Buckland 

Buckland is a second-class city with a population of 428. The city is on the west bank of the Buckland 
River, about 75 miles southeast of Kotzebue. The City of Buckland operates the local power plant, 
providing electric power to the community. The Native Village of Buckland operates the city’s retail 
fuel sales facility. The village has seven tank farms. Three owned by the city are used for heating 
municipal buildings and facilities (including the washeteria), heating water, and generating power. The 
Native village owns one tank farm for retail fuel sales. The other three farms are owned individually by 
the school district, the Alaska Army National Guard, and ADOT&PF. The tank farms are more fully 
described in Table 9-7. 

Consolidation of fuel storage is being planned for Buckland. The projected cost of consolidation is 
$2.2 million, to be funded entirely by the Denali Commission. Consolidation is intended to address 
several environmental concerns related to fuel storage in the city. One of the city’s tank farms and the 
Native village’s tank farm frequently are threatened by flooding. The Native village’s tank farm and the 
school district’s tank farm both require more than 500 feet of hosing from the barge to their headers 
for filling. The filling pipe at one of the city’s tank farms has several leaks.  

The ADOT&PF tank is new and was purchased to supply fuel to heat the airport equipment shop. 

Table 9-8 identifies the contributors to the funding for the consolidated tank farm in Buckland. The 
City of Buckland, the Native Village of Buckland, and the Northwest Arctic Borough School District 
will participate in the consolidation. The consolidation of storage is currently being planned, so the 
exact capacities of the different tank owners are uncertain. Currently, all tank owners have farms with 
capacity equal to their annual throughput, with the exception of the school, which maintains capacity 
in approximately twice its annual consumption. These capacities are consistent with AEA 
recommendations, so it may be expected that the different tank owners remain relatively close to 
their present capacities. The new farm will be on city-owned property. 

Table 9-7. Operational Tank Farms in Buckland 

Capacity (Gallons) 
Tank Farm a No. of Tanks Diesel  Gasoline  Delivery Mode 

Native Village of Buckland 11 99,400 52,400 Barge  
City of Buckland 2 14,800 NA Barge 
City of Buckland 2 16,100 NA Barge 
City of Buckland 2 44,800 NA Barge 
Northwest Arctic School 
District 

5 62,500 NA Barge 

Alaska Army National Guard 2 4,600 NA Barge 
ADOT&PF 1 2,700 NA b 
Total 25 244,900 52,400  

Source: AEA, 2000. 
a Each tank farm is individually owned. 
b Information unavailable 
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Table 9-8. Financing of Buckland Tank Farm Development: Amount and Percentage by Type of Contributor 

Contributor Contribution 
Type Organization Amount ($) Percent of Total 
Federal Government Denali Commission 2,200,000 100 
State Government - 0 0 
Schools - 0 0 
Native Village - 0 0 
Total  2,200,000 100 

Source: AEA, 2000. 

9.2.1.5 Noorvik 

Noorvik, a second-class city with 632 residents, is on the bank of the Nazuruk Channel of the Kobuk 
River approximately 45 miles east of Kotzebue. AVEC operates the local electric utility. The city has 
two retail sales facilities, one entirely private and the other operated by the Native village. The city 
and the school district also operate bulk fuel storage facilities. Noorvik has six operational tank farms, 
which are listed in Table 9-9.  

Several tanks in the city have multiple code violations. Tanks at the private retail outlet have active 
leaks. Some of the school’s tanks are in very poor condition; some are in the flood plain. The tanks 
used for retail sales by the Native village are in very poor condition. All of these shortcomings have 
contributed to a decision to upgrade and consolidate many of the tanks in Noorvik into a single farm. 
The consolidation is underway and might be completed by the end of this construction season. The 
Native Store (of the Noorvik Native Community), the City of Noorvik, the Northwest Arctic Borough 
School District, and Morris Trading Company will participate, and the farm will be on Noorvik Native 
Community property. The consolidation will include storage for retail sales facilities and the city. 
Ownership is set out in Table 9-10. Each tank farm is individually owned. 

The total project cost was $2.65 million. Funding came from a variety of sources, as shown in 
Table 9-11. The EPA contributed $900,000. An ICDB grant for $300,000 from HUD and a $200,000 
grant from the Denali Commission were used. The city indirectly contributed $200,000 through a 
Community Development Block Grant (CDBG). Morris Trading Company, the private retail fuel outlet 
contributed $50,000.  

Table 9-9. Operational Tank Farms in Noorvik 

Capacity (Gallons) 
Tank Farm a 

No. of 
Tanks Diesel  Gasoline  Delivery Mode 

AVEC 17 145,700 NA Barge 
Northwest Arctic Borough 
School District (High School) 

6 52,200 NA Barge 

City of Noorvik 12 30,900 NA Barge 
Northwest Arctic Borough 
School District (Elementary 
School) 

5 42,700 NA Barge 

Morris Trading Post 3 35,200 23,800 Barge 
Noorvik Native Store 14 66,000 64,500 
Total 57 372,700 88,300 

Barge 
 

Source: AEA, 2000. 
a Each tank farm is individually owned. 
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Table 9-10. Tank Ownership in the Consolidated Tank Farm in Noorvik 

Capacity (Gallons) 
Tank Owner Diesel  Gasoline  
City of Noorvik 44,600 NA 
Northwest Arctic Borough School District (High School and Elementary 
School) 

91,400 NA 

Morris Trading Post 45,800 32,300 
Noorvik Native Store (Noorvik Native Corporation) 80,100 72,300 
Total 261,900 104,600 

Source: AEA, 2000. 
 

Table 9-11. Noorvik Tank Farm Development Financing: Amount and Percentage by Type of Contributor 

Contributor Contribution 
Type Organization Amount ($) Percent of Total 
Federal Government Denali Commission 300,000 11.3 
 EPA 900,000 34.0 
 HUD a 700,000 25.4 
State Government ADEC, Alaska 

Department of Education 
500,000  18.9 

 AEA 200,000 7.5 
Schools - 0 0 
Municipal Government - 0 0 
Private Morris Trading Company 50,000 1.9 
Total  2,650,000 100.0 

Source: AEA, 2000. 
a HUD contribution was through a $200,000 CDBG to the City of Noorvik and a $500,000 ICDBG grant to the 
Noorvik Native Community. 
 

9.2.1.6 Emmonak 

Emmonak, a second-class city with a population of 818, is located at the mouth of the Yukon River, 
10 miles from the Bering Sea, approximately 120 miles northwest of Bethel. Electric power in the city 
is provided by AVEC. The city has 11 tank farms owned by several different interests including the 
utility, city, the school district, the village corporation, a private retail seller, and a local air carrier. A 
full list of tank farms in the city appears in Table 9-12.  

Some of the tank farms in Emmonak are undergoing consolidation. Several farms are in the flood 
plain and some of the tanks are leaking or damaged. Consolidation should rectify some of these 
problems. The planned upgrade will consolidate tanks belonging to the City of Emmonak and 
Emmonak Corporation, the local Native corporation. The tank farm will be on Emmonak Corporation 
land. Storage is projected to equal annual throughput for both participants. The fuel capacities of the 
owners participating in the consolidated tank farm are shown in Table 9-13.  

The consolidation is expected to cost $2.44 million. This amount is subject to change as development 
proceeds. Funding for the consolidation is being received from a variety of sources. A HUD ICDBG 
grant for $500,000 and a HUD CDBG grant for $200,000 are being used. The Denali Commission is 
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contributing approximately $900,000. The EPA is contributing $400,000 (Gerrick, 2000). Emmonak 
Corporation is contributing $215,000 through a Power Project Fund Loan from AIDEA. The loan is for 
a term of 20 years at an interest rate of 5.4 percent per annum. Under these terms, the corporation’s 
semiannual payments will be $8,855.76. AEA is also contributing $325,000 to the project (McMillen, 
2000). Table 9-14 identifies the contributors to the funding for the consolidated tank farm in 
Emmonak. 

Table 9-12. Operational Tank Farms in Emmonak 

Capacity (Gallons) 
Tank Farm Owner No. of Tanks Diesel  Gasoline  Delivery Mode 

AC Company Store 2 20,000 NA Barge 
AVEC 21 172,247 NA Barge 
City of Emmonak 3 11,300 NA Barge 
City of Emmonak 2 28,000 NA Barge 
City of Emmonak 4 40,000 NA Barge 
City of Emmonak 6 52,200b b Barge 
Emmonak Corporation 8a 380,000b b Barge 
Emmonak Corporation 4 41,148 NA Barge 
Grant Air Service 6 133,000 NA Barge 
Lower Yukon School District 4 128,000 NA Barge 
Lower Yukon School District 5 40,000 NA Barge 
Total 57 1,045,895 b  

Source: AEA, 2000; Gerrick, 2000; McMillen, 2000. 
a Each tank farm is individually owned. 
b One tank is not being used. 
c The amount of fuel in each fuel type is not accounted for.  
 
 

Table 9-13. Tank Ownership in the Consolidated Tank Farm in Emmonak 

Capacity (Gallons) 
Tank Owner Diesel  Gasoline  
City of Emmonak 50,000 10,000 
Emmonak Corporation 155,000 205,000 
Total 205,000 215,000 

Source: AEA, 2000. 
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Table 9-14. Emmonak Tank Farm Development Financing: Amount and Percentage by Type of Contributor 

Contributor Contribution 
Type Organization Amount ($) Percent of Total 
Federal Government Denali Commission 600,000a 26.8 
 EPA 400,000 17.9 
 HUD b 700,000 31.3 
State Government AEA 325,000  14.5 
Municipal Government  - 0 0 
Native Corporation Emmonak Native 

Corporation 
215,000c 

9.6 
Total  2,240,000 100.0 

Source: AEA, 2000. 
a The Denali Commission has committed to a $600,000 contribution at this time. The exact amount of the Denali 
Commission contribution, however, may differ.  
b HUD contribution was through a $500,000 ICDBG to Emmonak Native Corporation and a $200,000 CDBG to 
the City of Emmonak. 
c The contribution of Emmonak Native Corporation is through a Power Project Fund loan from AIDEA. 
 

9.2.1.7 Selawik 

Selawik, a village with 767 residents, is at the mouth of the Selawik River where the river empties into 
Selawik Lake, about 70 miles southeast of Kotzebue.  

AVEC provides electric power to the village. Four other entities own bulk fuel storage facilities in the 
village: the school, the traditional council, a private store, the Alaska National Guard, and ADOT&PF. 
Retail sales are handled entirely by the traditional council, because the private store uses its storage 
capacity strictly for onsite heating. A summary of the village bulk fuel storage appears in Table 9-15. 

The circumstances at Selawik differ substantially from those of other villages considered. The 
community, however, is developed on three islands. Limitations on suitable ground as well as the 
difficulty of developing a distribution system among the different users have prohibited consolidation 
of bulk fuel storage in the community. Consequently, opportunities for consolidating fuel storage in 
the village are very limited. The tanks at the Selawik IRA store were recently upgraded. The project 
cost was approximately $1.175 million. Approximately $400,000 of the funding for the upgrade was 
from AEA. The remaining funding (approximately $775,000) was from the Native Village of Selawik 
and was provided through a grant from the Administration for Native Americans (ANA) of the U.S. 
Department of Health and Human Services (HHS). 
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Table 9-15. Operational Tank Farms in Selawik 

Fuel Capacity (Gallons) 
Tank Farm Owner a No. of Tanks Diesel  Gasoline  Delivery Mode 

AVEC 16 138,900 NA Barge 
Northwest Arctic Borough 
School District 

10 92,900 NA Barge 

Selawik IRA Store 11 146,500 103,500 Barge 
Rotman Store 2 9,800 NA b 

IRA/HUD Housing Complex 2 26,000 NA Barge 
Alaska National Guard 3 8,500 NA Barge 
ADOT&PF 1 2,500 NA 

Total 45 425,100 103,500 

b 

Source: AEA, 2000. 
a Each tank farm is individually owned. 
b Information not available 
 

Table 9-16. Selawik Tank Farm Development Financing: Amount and Percentage by Type of Contributor 

Contributor Contribution 
Type Organization Amount ($) Percent of Total 
Federal Government HHS 776,255 66.0 
State Government AEA 399,000 34 
Native Village Native Village of Selawik 

(ANA Grant) 
a a 

Total  2,440,000 100.0 
Source: AEA, 2000. 
a The HHS contribution is through a grant from ANA to the Native Village of Selawik. 
 

9.3  Background 
The seven villages described above are very different from one another. In most of the villages, tank 
owners have agreed to move their tanks into consolidated tank farms. In two villages—Selawik and 
McGrath—all tanks are in independently owned tank farms. These two villages have not consolidated 
tank farms for different reasons. 

� In Selawik, which is located on a cluster of three islands, development of a consolidated tank farm 
is strictly limited by the availability of suitable land with adequate area, as well as by concerns 
about routing fuel pipelines beneath bridges that connect the islands.  

� In McGrath, community composition appears to be a factor that inhibits the potential for tank 
farm consolidation. Several institutions have bulk fuel storage facilities, each for its own uses and 
interests. Financing considerations could contribute to the difficulty of consolidating. 
Requirements of various funding sources could add to conflicts among tank owners. McGrath, 
founded in 1907, is relatively old by Alaska standards. The economy is relatively well developed, 
with more than 60 businesses licensed by the state. Where business interests are relatively well 
established, the ability to direct varying interests toward consolidation is likely to be limited. The 
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median household income, more than $35,000, is the highest of the communities examined. This 
relative prosperity is likely to make the various interests less sensitive to the need for pooling of 
resources for cost savings.  

Although in any community tank farm consolidation may be resisted, the different interests in 
McGrath are less likely to be aligned than those of other communities in this study. McGrath is 
one of two examined communities in which private interests own tanks. In other villages, all tank 
owners are essentially public entities. Although interests of public owners may differ, these 
interests could be expected to be more aligned than those of private corporations. In addition, 
McGrath is the only community in the study that is not predominantly Native in population. 
Unfortunately, this diversity may be an obstacle to development of a consolidated tank farm. 

Tank farm consolidation faces similar obstacles in many communities. Tank farm owners see several 
risks in consolidation:  

� Tank owners believe consolidation puts their fuel supply at risk. Typically, fuel from a 
consolidated farm is piped to the location of use. Having to transport fuel through lines from a 
remote source is thought to increase the risk of fuel being unavailable due to freezing or other 
problems with lines. While maintaining proper grades of fuels and mixtures can remove this risk, 
fuels with lower pour points are more costly.  

� Tank owners fear increased exposure to liability. Even if tank owners have no reason to fear that 
other tank owners in a consolidated farm will not maintain their tanks, they would rather not 
expose themselves to the risk of failure of tanks of another owner or of commonly used 
equipment such as feed piping. This risk can be reduced (but probably cannot be eliminated) 
with explicit contractual obligations for maintenance of the tank farm. Alternatively, insurance 
requirements could alleviate these concerns. To help overcome this risk and to provide general 
coverage for spills, AEA is working toward developing an insurance pool for tank farm owners in 
Alaska. AEA believes that substantial reductions in premiums may be realized if several tank 
owners (and tank farm owners) contract jointly for facility insurance (Marchegiani, 2000). 

� Many tank owners are more comfortable having their fuel supplies located on or adjacent to their 
own property, near the point of use and under their own exclusive supervision and control. They 
are concerned that tank farm consolidation at a comparatively remote site will compromise the 
security of their fuel supplies from theft and the security of their tanks from damage or misuse. 

9.4 Analysis of Strategies 
Two aspects of bulk fuel storage are considered in this section: 

� The actual contributions of different types of tank owners to the financing of tank farm 
development  

� The likely effects on fuel prices of requiring local participation in tank farm financing  

9.4.1 Local Contributions to Tank Farm Development 
Overview. This section examines the degree of local participation in the financing of bulk fuel storage 
facilities. Based on the seven villages examined, it appears that bulk fuel storage facility owners rely 
heavily on state and federal grants to fund development of their fuel storage. Development of 
strategies to obtain local contributions to development of bulk fuel storage is therefore suggested for 
further study in later stages of the project or other studies. 
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Analysis. A full listing of the tank owners in each village appears in Table 9-17. For each village, 
Table 9-17 includes percentage of total development cost of each entity by type and the percentage 
of total tankage in the upgraded tank farm owned by the entity. In the table, all grant money is 
attributed to the source rather than the party that acquired the grant. Grants such as CDBGs are 
therefore shown as federal government contributions since the federal government is the grantor.  

Table 9-17. Village Tank Farm Development Financing: Percent of Total Financing by Contributor 
and Percent of Total Storage Capacity by Tank Owner 

Percent by Contributor / Tank Owner 

Village Federal a State Schools Municipal 
Native 
Village 

Native 
Corp. Private 

McGrath        

Percent of Total Financing 0 85.4 0 0 0 0 14.6 

Percent of Total Capacity 0 0 0 0 0 0 100.0 
Atmautluak        
Percent of Total Financing 35.3 62.6 2.0 0 0 a 0 0 
Percent of Total Capacity 0 0 36.4 0 26.8 36.8 0 
Arctic Village        
Percent of Total Financing 79.6 20.4 0.0 0 0.0* 0 0 
Percent of Total Capacity 0 0 70.4 0 29.6 0 0 
Buckland        
Percent of Total Financing 100.0 0 0.0 0.0 a 0.0 0 0 
Percent of Total Capacity   21.6 26.1 52.3 0 0 
Emmonak        
Percent of Total Financing 75.9 14.5 0 0.0 0 9.6 a 0 
Percent of Total Capacity 0 0 0 14.3 0 85.7 0 
Noorvik        
Percent of Total Financing 71.7 26.4 0.0 0.0 0.0 a 0 1.9 

Percent of Total Capacity 0 0 24.9 12.2 41.6 0 21.3 
Selawik        
Percent of Total Financing 66.0 34.0 0 0 0.0 a 0 0 
Percent of Total Capacity 0 0 0 0 100.0 0 0 
Percent of Total 
Spending 

71.6 25.1 0.3 0.0 0.0 2.2 0.8 

Source: AEA, 2000. 
Note: All federal grants are considered federal contributions for purposes of this table. 
a The tank farm is on land owned by the entity identified in the column heading. 
 
 
Only one tank farm received any funding through state or federal loans. Emmonak Native 
Corporation received a $215,000 Power Project Fund loan from AIDEA for the tank farm upgrade 
currently underway in that village. All other state and federal governmental money was grant money. 

Local sources of financial contributions to tank farm upgrades in the villages considered are as follows: 

� McGrath Power &Light, which contributed $30,000 or14.6 percent of the cost of the upgrade of 
its tank farm in McGrath 
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� The Emmonak Native Corporation, which through a Power Project Fund loan from AIDEA 
contributed $215,000, or 9.6 percent of the total cost of the upgrade and consolidation of the 
bulk fuel storage facility in Emmonak 

� Morris Trading Company, which contributed $50,000 or 1.9 percent of the total cost of the tank 
farm consolidation in Noorvik 

Notably, more than 95 percent of tank farm costs in the villages analyzed are borne by federal and 
state governments. The federal government contributed two-thirds or more of the cost of upgrades in 
five of the seven communities, and two-thirds of the total cost of all tank farm development in the 
seven villages. State government entities contributed an additional 25 percent of the development 
costs of the tank farms and more than 60 percent of the costs to the two farms that the federal 
government did not fund.  

The two wholly private entities involved in the upgrades contributed to the development. McGrath 
Power & Light contributed approximately 15 percent to the tank farm upgrade for which it was sole 
owner. Morris Trading Post in Noorvik contributed about 2 percent to the tank farm in which it owns 
tanks. This contribution should not be viewed as insignificant since the company owns only about 
20 percent of the capacity in the consolidated farm. Assuming that the cost of tank capacity can be 
distributed equally among the owners, the contribution of Morris Trading Post is approximately 
10 percent of the cost of its capacity.48 

Other types of local entities rarely participated in the funding of tank farm upgrades. Municipal 
governments and Native villages made no financial contributions to any of the tank farms in which 
they own tanks. The City of Buckland, however, did provide the land for the development of its tank 
farm. One school district and one Native corporation contributed to the cost of tank farm upgrades. 
These entities contributed approximately 5.5 and 11.2 percent of the prorated cost of their storage 
capacities, respectively. Based on the examples considered, state and federal funds account for the 
almost all of tank farm upgrade costs. Local contributions have been particularly rare, especially when 
considering that rural schools are funded by the state government. 

Conclusions. In seven villages analyzed as case studies, local entities contributed only a small fraction 
of the total spending required for bulk fuel storage facilities and in many cases did not participate at 
all. Federal and state sources accounted for approximately 97 percent of the total spending for bulk 
fuel storage facilities in the seven villages.  

9.4.2 Fuel Cost Impact of Private Investment 
Overview. This subsection estimates additional fuel costs that would result from requiring tank owners 
to pay a portion of the cost of development of their tank farms. In addition, in the two cases in which 
fuel suppliers participated in the funding of their bulk fuel storage facilities, the additional fuel costs 
attributable to the cost of funding bulk fuel storage are estimated. The estimations assume that tank 
owners debt-finance their contribution and that the tank owner passes on the full cost of these debt 
payments to fuel purchasers through an increase in fuel prices.  

The analysis suggests that if the full cost of bulk fuel storage is passed on to purchasers, additional fuel 
costs will be between 6 and 28 cents per gallon, depending on financing terms. This disparity suggests 
that further study of financing options should be undertaken. 

                                                   
48 This assumption may not be true since some tank owners may contribute previously owned tanks and other 
equipment to the tank farm. In addition, land contributions should not be viewed as insignificant, since some risk 
of liability arises with the development of a tank farm on the property. 
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Analysis. In the case of the Emmonak Native Corporation, which debt-financed its funding 
contribution, the additional cost of fuel to consumers can be estimated based on their actual debt 
payments under the loan. Since the AEA standard is to build tank farms to hold fuel volumes 
approximately equal to fuel requirements for 1 year for the tank farm owner, the total fuel sales from 
the corporation’s tanks may be assumed to equal its total capacity, 360,000 gallons. The total annual 
payment of the corporation for the tank farm loan is $17,711.52, which is made in two equal, 
semiannual payments. If the corporation passes this cost, in its entirety, on to fuel users the additional 
cost of fuel would be $0.049 per gallon. 

Similarly, the Morris Trading Company contributed $50,000 to the development of the consolidated 
tank farm in Noorvik. The company has 78,100 gallons of capacity in the tank farm. If the company 
financed its contribution with a 20-year loan at an interest rate of 10 percent, its annual payment 
would be $5,872.98. If this cost were passed on to fuel purchasers, the price of fuel would rise by 
$0.07 per gallon.  

The second part of this analysis examines the change in the cost of fuel for all tank owners that 
participated in tank farm upgrades and make retail sales of fuel, as if they to had participated in the 
funding of the tank farm upgrade. Table 9-18 shows the results of that part of the analysis, including 
the cost of capacity for each tank farm upgrade and the added cost of fuel, assuming that the full cost 
of the tank owner's contribution is passed on to retail fuel purchasers in fuel prices. 

The analysis is applied to each tank owner that makes retail fuel sales.49 Results are reported for 
payment of 10 and 20 percent of the prorated costs of tank capacity, assuming that the cost of tank 
capacity is equally distributed among the owners in each tank farm. For example, a retailer that owns 
20 percent of the capacity in a tank farm that cost $1 million would be assumed to have a $200,000 
interest in the tank farm upgrade. If required to contribute 10 percent of the cost of its share in the 
upgrade through debt financing, the tank owner would be assumed to debt-finance $20,000. Tank 
owners are assumed to finance their debt on the private market at an interest rate of 10 percent per 
annum. As in the case of the Emmonak Native Corporation’s Power Project Funding loan, rates might 
be lower if funds are available from a government lender. Results are reported for loan terms of 10 
and 20 years. Since AEA often sizes tank farm capacity by annual usage, each retailer’s annual sales 
are assumed to equal its storage capacity. 

The results suggest that fuel costs will increase by 8 to 14 cents per gallon if a retailer takes out a 
10-year loan for 10 percent of its share of the capacity costs, at an interest rate of 10 percent per 
annum. A contribution of 20 percent of a retailer’s share has a substantially greater effect, with fuel 
costs rising between 22 and 42 cents per gallon. Extending the loan period to 20 years mitigates this 
effect substantially. If a 20-year loan is used to finance a 20 percent contribution to the cost of a 
retailer’s capacity, the analysis suggests that fuel prices will increase between 10 and 18 cents per 
gallon. Reducing the contribution of the retailer to 10 percent of its capacity costs would reduce the 
cost increase to a modest 6 to 10 cents per gallon. 

Conclusions. The results of the analysis suggest that if a 10 to 20 percent share of the cost of bulk fuel 
storage is passed on to fuel purchasers, the additional fuel costs will between 6 cents and 42 cents per 
gallon depending on the terms of financing. 

                                                   
49 Since the McGrath tank farm involved only the local utility, McGrath Power & Light, McGrath is omitted from 
this analysis. Arctic Village is also omitted from this portion of the analysis, because expenditures at Arctic 
Village also include a power plant. Arctic Village will be included in another phase of this project if costs can be 
accurately apportioned between the power plant and the tank farm. 
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9.5 Conclusions and Recommendations 
In recent years, AEA has made significant efforts to consolidate bulk fuel storage facilities in rural 
communities in Alaska. Based on the cases considered in this analysis, AEA has achieved significant 
success through these efforts. In one of the seven communities considered in this study, Atmautluak, 
the AEA supervised tank farm upgrade succeeded in consolidating all of the community’s bulk fuel 
storage into a single facility. In four others, a portion of the bulk fuel storage facilities in the 
community was consolidated by the upgrade. 

Bulk fuel storage facilities in rural Alaska are financed almost exclusively by the state and federal 
governments. In only three of seven tank farm upgrades considered by this report were there any local 
contributions to the costs of the upgrade. In no case did local funding exceed 15 percent of the total 
cost of the upgrade. The contribution exceeded 10 percent in only one case. This occurred in the 
upgrade of a tank farm in McGrath owned solely by McGrath Power & Light. 

The impact on fuel prices from requiring tank farm owners to pay for a portion of the construction 
costs could be significant. The preliminary analysis conducted in this study suggests that fuel costs will 
increase by 8 to 14 cents per gallon if a retailer takes out a 10-year loan for 10 percent of its share of 
the capacity costs, at an interest rate of 10 percent per annum. A contribution of 20 percent of a 
retailer’s share would have a substantially greater effect, with fuel costs rising between 13 and 18 
cents per gallon. Extending the loan period to 20 years would mitigate this effect substantially. If a 20-
year loan were used to finance a 20 percent contribution to the cost of a retailer’s capacity, the 
analysis suggests that fuel prices would increase between 11 and 21 cents per gallon. 

These impacts are such that tank farm financing issues should be studied in more detail in the next 
stage of the Rural Energy Plan. Additional research could include the consideration of more villages 
and a more comprehensive analysis of the effects on fuel prices. 
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Responses to Comments to Rural Energy Plan Screening Report (October 2000 Draft) 

Comment Response 

A. Don Eller, Tanana Power Company, Inc.  
(comment letter included) 

1. Concerned about lack of discussion of utility 
operations, maintenance, and management 

1. The Institute for Social and Economic Research 
(ISER) is preparing a companion report, Rural 
Utility Operations, Maintenance, and 
Management Study. 

2. Recommends collecting data on community 
electrical usage to be able to accurately measure 
the success of any new strategy or technology 

2. Could be included in next phase of analysis 

3. Suggested that using No. 2 diesel fuel year-round 
would lower costs 

3. Paragraph added to Subsection 7.3.2, Waste 
Heat Recovery Systems, to address the 
possibility of using waste heat to keep storage 
tanks and distribution lines warm enough to 
permit the use of No. 2 diesel fuel year-round. 
Sentence also added to Subsection 3.3.4, 
Replacing Diesel No. 1 by Using Additives or 
Blending Fuels, to describe this technique. 

B. Loren Gerhard, Southeast Conference  
(participated in December 15, 2000, conference call) 

1. Expressed concern that interties were not 
recommended for further consideration and 
requested that section on interties be more 
location-specific so that viable opportunities in 
Southeast Alaska are not overlooked (Subsection 
5.3.6) 

1. Conclusion to Subsection 5.3.6, Interties, 
modified. Final recommendation in report is 
unchanged, but language explicitly notes that 
certain projects may be viable. 

C. Nicholas Goodman, Northern Renewables, LLC  
(comment letter included) 

1. Clarified that Tidal Energy of Alaska, Inc. is 
actually Tidal Electric of Alaska, Inc.  
(Subsection 5.3.11) 

1. Correction made 

2. Noted that TDX Corporation developed the St. 
Paul wind energy facility entirely with private funds 
(Subsection 5.23.12) 

2. No changes necessary in report 

3. Requested that wave power be considered in the 
analysis—perhaps in Subsection 5.3.13, Other 
Strategies 

3. Comments on wave power added to 
Subsection 5.3.13 

D. Bob Grim, Alaska Power and Telephone Company  
(participated in December 15, 2000, conference call, and submitted written comments—letter included) 

1. Expressed concern that interties were not 
recommended for further consideration and 
requested that section on interties be more 
location-specific so that viable opportunities in 
Southeast Alaska are not overlooked (Subsection 
5.3.6) 

1. Conclusion to Subsection 5.3.6, Interties, 
modified. Final recommendation in report is 
unchanged, but language explicitly notes that 
certain projects may be viable. 
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Responses to Comments to Rural Energy Plan Screening Report (October 2000 Draft) 

Comment Response 
2. Expressed concern that the estimated fuel savings 

with automated switchgear might be too high 
(Subsection 2.3.1, Page 2-9) 

2. Paragraph in Subsection 2.3.1, Generating 
Equipment and Related System Controls, (Page 
2-9) edited to address comments and 
incorporate new information. 

3. Recommended creation of a menu of best 
practices 

3. Could possibly be included in ISER report, Rural 
Utility Operations, Maintenance, and 
Management Study 

E. Meera Kohler, Alaska Village Electric Cooperative, Inc.  
(participated in December 15, 2000, conference call, and submitted written comments—letter included) 

1. Requested clarification in report such that 
discussion of switchgear automation and real time 
economic dispatch (Subsections 2.3.1.1 and 
2.3.1.2) do not overlap or are more clear 

1. In many cases, utilities install RTED capabilities 
at the same time as automated switchgear. In 
this report, these strategies are viewed as 
independent but linked opportunities. (Footnote 
added to discussion of improved switchgear in 
Subsection 2.3.1.) 

2. Expressed concern that the real cost of installing 
automated switchgear is higher than estimated in 
the report 

2. Text added to note that costs could be higher. 
Cost estimates could be refined in next phase of 
research. 

3. Noted that real-time economic dispatch systems 
tend to increase the load factor on generating sets 
and can reduce the time to overhaul 

3. Text added to note that present value of shorter 
interval between overhauls has not been 
calculated. This additional cost could be 
considered in the next phase of research. 

4. Recommended use of recovered heat to raise the 
temperature of stored fuel to permit the use of No. 
2 diesel year-round (to take advantage of higher 
Btu value and lower cost relative to No. 1 fuel) 

4. Paragraph added to Subsection 7.3.2, Waste 
Heat Recovery Systems, to address the 
possibility of using waste heat to keep storage 
tanks and distribution lines warm enough to 
permit the use of No. 2 diesel fuel year-round. 
Sentence also added to Subsection 3.3.4, 
Replacing Diesel No. 1 by Using Additives or 
Blending Fuels, to describe this approach. 

5. Noted communities where interties could be viable 
in conjunction with wind generators 

5. Conclusion to Subsection 5.3.6, Interties, 
modified. Final recommendation is unchanged, 
but language explicitly notes that certain 
projects may be viable and utilities or 
developers in certain regions may be expected 
to promote the use of interties in certain regions 
of the state. 

6. Introduced the idea of having the state or other 
entity coordinating bulk fuel bidding and 
purchasing for rural villages, and managing a fund 
to even out fuel price fluctuations 

6. The possibility of coordinated fuel purchases at 
the state level, a revolving fund, or possible 
state loan program to ensure stable fuel prices 
could be explored as a separate research topic. 
The evaluation of this idea should include an 
analysis of the source of funds, as well as the 
legal and political dimensions of the strategy. 
(Villages that have the money to invest in a fund 
now to offset future price spikes could do so 
freely. However, no attempt is made here to 
contemplate having the state play an active role 
in mitigating price fluctuations. Such a strategy 
would resemble investing in the futures market 
and goes beyond the scope of this report.)  
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Responses to Comments to Rural Energy Plan Screening Report (October 2000 Draft) 

Comment Response 
7. Recommended an evaluation of current design and 

construction practices with the perspective of 
standardized or modular designs for generating 
systems, tank farms, and distribution systems 

7. Different methods of contracting and 
construction management have been 
recommended for field testing and possible 
implementation. As better practices are 
identified, more attention could be given to 
standardized design and construction 
standards. With regard to generating and 
distribution systems, the second phase of the 
Rural Energy Plan—with additional information 
from the ISER report—could explore the 
potential benefits of standards practices (for 
construction and/or operations). 

F. Brad Reeve, Kotzebue Electric Association  
(comment letter included) 

1. Expressed concern that the study “asked the 
wrong question” by focusing on the economic 
viability of strategies or technologies rather than 
trying to identify the best application 

1. A primary objective was to determine which 
technologies or strategies offer the most 
promise over the next several years to reduce 
the cost of electricity in rural Alaska. Strategies 
or technologies that do not offer potential for 
significant savings for more than 5 communities 
could still be identified by individual utilities or 
communities as having valuable uses and 
applications. 

2. Concerned about lack of discussion on 
management, engineering, maintenance, and 
operations 

2. ISER is preparing a companion report, Rural 
Utility Operations, Maintenance, and 
Management Study. Therefore, those issues 
are not addressed in this report. 

3. Requested additional work to incorporate an 
evaluation of community dynamics; provided 
example of how a technology that might not have 
been viable when analyzed in isolation, was viable 
in conjunction with a specific economic 
development project 

3. Certain technologies or strategies could be 
considered to be more attractive when benefits 
include increased employment opportunities or 
other forms of economic development. Such 
specific instances would need to be analyzed 
on a case-by-case basis. Trying to anticipate 
such opportunities and to properly model the 
related community dynamics is beyond the 
scope of this analysis.  

4. Expressed concern that Kotzebue Electric 
Association was not contacted for current data on 
wind energy systems (felt that Subsection 5.3.12, 
Wind Energy, minimizes the efforts of the 
Kotzebue Electric Association)  

4. Subsection 5.3.12 was based on a report 
prepared for AIDEA by ISER. Additional 
information was not collected (and Kotzebue 
Electric Association was not contacted) because 
the ISER report was sufficient to reach a 
decision to recommend wind energy for 
additional research. The most current 
information should be used and input from 
Kotzebue Electric Association requested in the 
next phase of the project. 

G. Art Ronimus, Consultant for Alaska Native Tribal Health Consortium  
(participated in December 15, 2000, conference call, and submitted written comments—letter included) 

1. The study should add the potential heat recovery 
from utilizing diesel engine exhaust (considering 
the source of heat, the figures shown in Table 7-8 
of the report were not accurate). 

1. Paragraph added to Subsection 7.3.2, Waste 
Heat Recovery Systems, to expand the 
description of benefits from waste heat recovery 
systems 



 

 A-4 

Responses to Comments to Rural Energy Plan Screening Report (October 2000 Draft) 

Comment Response 
2. Believes that 100,000 Btu of available waste heat 

is equivalent to 1 gallon of fuel oil displaced; felt 
that report underestimated this conversion factor in 
Subsection 7.3.2, Waste Heat Recovery Systems 

2. No changes made. Edits made in response to 
Mr. Ronimus’s first and third comments show a 
greater possible value for recoverable heat 
collection systems and the strategy is 
recommended for additional study. Further 
research in the next phase could include more 
precise estimates of the Btus available in 
recoverable heat. 

3. Suggested that heat loss between heat source and 
end user is typically less than 15 percent— 
recommends a figure of 5 percent 

3. Sentence added to Subsection 7.3.2, Waste 
Heat Recovery Systems, to acknowledge that 
heat loss from recoverable heat collection 
system to location of end use could be less than 
15 percent. Table in Subsection 7.3.2 also 
modified to show wider range of efficiency loss. 

4. Requests additional study to determine utilization 
of waste heat recovery systems in rural Alaska 

4. Additional study could be undertaken in next 
phase of project. (In the current report, this 
strategy is recommended for further study at the 
next phase of the Rural Energy Plan.) 

5. Requests that a higher (more accurate) figure be 
used for the price of fuel—a figure of $1.00 per 
gallon is used in the report. 

 

5. A review of data from the Power Cost 
Equalization (PCE) database near the 
beginning of the project indicated that $1.00 per 
gallon was a typical fuel price for PCE 
communities. This price was selected for all 
subsequent analyses. 

H. Dan Salmon, Igiugig Electric Company  
(participated in December 15, 2000, conference call) 

1. Commented on wide range in operations and 
maintenance (O&M) efforts in rural communities 
and suggested that O&M standards be set 

1. ISER is preparing a companion report, Rural 
Utility Operations, Maintenance, and 
Management Study. 

I. Jim Strandberg, Regulatory Commission of Alaska  
(participated in December 15, 2000, conference call) 

1. Expressed concern with the use of Power Cost 
Equalization program data on line loss (stated that 
data are inconsistent and the definition of “net 
generation” varies)  

1. No other data available for study. Next phase of 
plan could include site analyses and case studies 
to determine the actual line loss in rural Alaska 
(or to permit quality control of PCE data). 

J. Nan Thompson, Regulatory Commission of Alaska  
(comment letter included) 

1. Expressed concern with the limited analysis in 
Subsection 2.3.2, Distribution System 
Improvements. Added reliance on Power Cost 
Equalization program data on line loss may not be 
a good foundation and more work should be done 
before this strategy is dismissed. 

1. Three technologies were identified that could 
reduce distribution system losses in rural 
systems, and two technologies or strategies 
were identified to improve distribution efficiency. 
None of these technologies appears to offer 
enough savings to justify an aggressive 
implementation program at the state level. 
Additional data and research are needed to 
determine the cause of high line loss in rural 
Alaska. However, such research could be 
conducted as part of the Circuit Rider or other 
program.  
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Responses to Comments to Rural Energy Plan Screening Report (October 2000 Draft) 

Comment Response 
2. Expressed concern with the general approach of 

looking at rural power systems as a single 
category; recommended that, at a minimum, rural 
power systems could be divided into “small” and 
“large” systems 

2. This distinction could be made during the next 
phase of the project if more detailed analyses 
suggest that different strategies might be viable 
for one size rural utility but not another. 

K. Scott Waterman, Alaska Housing Finance Corporation  
(participated in December 15, 2000, conference call) 

1. Requested that more attention be given to the 
connection between energy consumption and 
water and sewer projects 

1. Demand projections, including the demand for 
energy from new water and sewer systems, 
should be included in the next phase of the 
project. 

L. Robert Wilkinson, Copper Valley Electric Association, Inc.  
(comment letter included) 

1. Would like a clear definition of rural Alaska 1. Definition added to introduction. (For the 
purposes of this report, rural Alaska includes all 
of Alaska except for the interconnected region 
of the Railbelt, communities in the Four Dam 
Pool, Juneau, and Sitka. All communities 
eligible for the state’s Power Cost Equalization 
program are included in this definition.) 

2. Requested that analyses include the cost of 
upgrades in equipment that will be necessary due 
to obsolescence, and the cost of training utility 
personnel 

2. Life cycle costs and replacement costs are 
considered with different strategies throughout 
the report. The cost of training utility personnel 
is likely to be included in the companion report, 
Rural Utility Operations, Maintenance, and 
Management Study, currently being prepared 
by ISER. 

3. Suggested that discussion on operations, 
maintenance, and management was limited 

3. ISER is preparing a companion report, Rural 
Utility Operations, Maintenance, and 
Management Study. 

M. Marvin Yoder, City of Galena  
(participated in December 15, 2000, conference call and submitted written comments—letter included) 

1. Noted sources of coal in central Alaska and 
provided information on solar energy based on 
experiences in Galena. 

1. No change necessary in report.  

2. Requested analysis of either barging compressed 
natural gas down the Yukon River or using a 
pipeline to serve the same area 

2. It is not within the scope of this report to predict 
what route a natural gas pipeline might follow 
from the North Slope and whether a spur to 
different parts of rural Alaska would be 
feasible. In addition, due to the lack of 
infrastructure and limited availability of natural 
gas near the Yukon River, no attempt has been 
made to explore the potential costs or benefits 
of barging natural gas to rural Alaska. (WAVE 
and Calista have discussed the idea of barging 
natural gas, but the only data that are available 
at present are for the cost of shipping small 
canisters of natural gas for domestic use.) 
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Responses to Comments to Rural Energy Plan Screening Report (October 2000 Draft) 

Comment Response 

N. Eric P. Yould, Alaska Rural Electric Cooperative Association  
(participated in December 15, 2000, conference call and submitted written comments—letter included) 

1. Requested that economic assumptions and criteria 
be stated together clearly toward the front of the 
report 

1. New table added at beginning of section on 
diesel efficiencies and existing tables expanded 
to show relevant information (discount rate, fuel 
escalation rate, heat rate of machines, etc.) 

2. Stressed that the screening report is but one 
element in an energy plan; noted the importance of 
other efforts, such as the ISER report on 
operations, maintenance, and management 

2. No changes necessary 

 





































































 





















the extra heat we feel that having solar panels only work in the summer is not a 
detriment. 
 
Natural Gas. I am assuming that there will be a natural gas pipeline along 
the same corridor as the Oil pipe line as far as Fairbanks. We would like 
some analysis of either barging compressed natural gas down the Yukon 
River or a pipeline to serve the same area. 
 
Marvin Yoder 
 
City Manager 
City of Galena, Alaska 















 

 

Appendix B—Power Outages: Service Interruption Data 
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Appendix C—Bulk Fuel Storage: Supplementary Documentation 
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Bulk Fuel Deficiency Rankings by Community    

Community 
Weighted 

Score Community 
Weighted 

Score Community 
Weighted 

Score 
Nikolai 127.5 Kiana 67.4 Gustavus 41.7 
Arctic Village 122.9 Emmonak 67.3 Port Lions 40.0 
Kotlik 121.7 Deering 67.0 McGrath 39.6 
Chalkyitsik 119.4 Sheldon Point 67.0 Pelican 39.5 
Beaver 116.1 Lower Kalskag 66.8 Pilot Station 39.4 
Venetie 115.1 Shishmaref 65.4 Napakiak 38.9 
Rampart 115.0 Stony River 65.2 Levelock 37.6 
Aleknagik 111.3 Telida 65.0 Aniak 37.5 
Port Protection 110.0 Alakanuk 64.9 Grayling 36.5 
Chignik Lagoon 108.2 Brevig Mission 64.7 Kasaan 35.0 
Noorvik 107.4 Nightmute 64.3 Quinhagak 34.7 
Takotna 102.9 Port Alsworth 64.0 Oscarville 34.6 
Red Devil 101.3 Russian Mission 63.7 Golovin 33.8 
Toksook Bay 101.1 Newtok 63.3 Koliganek 33.6 
Point Baker 100.0 Shungnak 62.4 Nondalton 33.5 
Diomede 99.9 Hooper Bay 62.1 Metlakatla 33.4 
Larsen Bay 99.8 False Pass 61.0 Kaktovik 33.3 
Birch Creek 98.6 Bettles 60.6 Galena 33.2 
Old Harbor 95.6 Akiachak 60.0 Scammon Bay 32.4 
Chignik Lake 94.6 Pilot Point 59.5 Saint Mary's 32.1 
Atka 94.3 Coffman Cove 58.2 Teller 32.0 
Kongiganak 91.1 Ouzinkie 58.1 Chignik Bay 31.7 
Crooked Creek 91.0 Craig 57.5 Shaktoolik 31.4 
Chevak 90.1 South Naknek 57.3 Savoonga 31.2 
Tanana 84.3 Tuntutuliak 57.2 Wales 29.6 
Togiak 83.7 Allakaket 57.0 Ambler 29.4 
Tununak 83.2 Unalakleet 56.0 Goodnews Bay 28.7 
Upper Kalskag 82.6 Kaltag 55.9 Klawock 28.5 
Kokhanok 81.9 Stevens Village 55.0 Wainwright 28.3 
Nulato 81.8 New Stuyahok 54.9 Hughes 26.9 
Manokotak 81.5 Mekoryuk 54.9 Kwigillingok 25.0 
Koyukuk 80.3 Fort Yukon 54.9 Twin Hills 24.6 
Huslia 80.0 Elim 54.5 Akiak 23.5 
Buckland 79.6 Pedro Bay 54.1 Kivalina 23.3 
Sand Point 79.0 Nunapitchuk 53.6 Napaskiak 23.2 
Gambell 78.3 Thorne Bay 53.2 Perryville 20.9 
Koyuk 77.8 Kwethluk 52.2 Selawik 20.1 
Chefornak 77.7 Marshall 50.3 Alatna 20.0 
Clarks Point 76.4 Ivanof Bay 50.1 Hollis 20.0 
Chuathbaluk 75.9 Elfin Cove 50.0 Pitka's Point 20.0 
Kasigluk 74.3 Tenakee Springs 49.5 Port Alexander 17.2 
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Bulk Fuel Deficiency Rankings by Community    

Community 
Weighted 

Score Community 
Weighted 

Score Community 
Weighted 

Score 
Egegik 74.3 Kobuk 49.5 Nuiqsut 16.7 
Sleetmute 72.3 King Cove 49.1 Anaktuvuk Pass 15.8 
Noatak 71.6 Iliamna 48.4 Point Lay 10.3 
Anvik 71.3 Tatitlek 48.0 Point Hope 10.2 
Mountain Village 70.9 Hoonah 47.4 Hydaburg 8.2 
White Mountain 70.0 Saint Michael 47.0 Cold Bay 7.3 
Akutan 69.6 Kipnuk 45.6 Karluk 5.0 
Platinum 69.5 Kake 44.9 Naknek 3.6 
Stebbins 69.1 Eek 43.9 Atqasuk 1.3 
Igiugig 69.0 Holy Cross 43.0 Angoon 0.9 
Newhalen 68.1 Tuluksak 42.7 Atmautluak 0.2 
Port Heiden 67.7 Ruby 42.5 Lime Village --- 
Shageluk 67.5 Ekwok 41.8   
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