
R E N E W A B L E   E N E R G Y  
T E C N O L O G Y   A S S E S S M E N T S

Final Report

March 2005

Black & Veatch Project 
137174

Prepared for



 

 

 

Kaua’i Island Utility Cooperative 

Renewable Energy Technology 
Assessments 

FINAL REPORT  
B&V Project Number  137174 

March 2005 

Black & Veatch Corporation
11401 Lamar

Overland Park, Kansas  66211
Tel: (913) 458-2000   www.bv.com



 

 

 

Principal Investigators: 
Ryan Pletka, Project Manager 
Jason Abiecunas  
Andy Baldock 
Martin Eastwood 
Leia Guccione 
Ryan Jacobson 
Terry Meyer 
Sam Scupham  
David Woodward 

© Copyright, Kauai Island Utility Cooperative, 2005.  All 
rights reserved. 

 

 



Kaua’i Island Utility Cooperative 
Renewable Energy Technology Assessments Table of Contents
 

21 March 2005 TC-1 Black & Veatch 

Table of Contents 

1.0 Executive Summary ................................................................................................... 1-1 
1.1 Introduction.......................................................................................................... 1-1 
1.2 Renewable Technology Options .......................................................................... 1-1 
1.3 Renewable Energy Technology Screening .......................................................... 1-2 
1.4 Renewable Energy Financial Incentives.............................................................. 1-5 
1.5 Biomass and Municipal Solid Waste ................................................................... 1-9 
1.6 Hydro ................................................................................................................. 1-11 
1.7 Wind................................................................................................................... 1-13 
1.8 Landfill Gas ....................................................................................................... 1-14 
1.9 Final Renewable Energy Project Scoring .......................................................... 1-15 
1.10 Conclusions...................................................................................................... 1-19 

2.0 Introduction................................................................................................................ 2-1 
2.1 Background.......................................................................................................... 2-1 
2.2 Objective .............................................................................................................. 2-2 
2.3 Approach.............................................................................................................. 2-2 

2.3.1 Assumptions................................................................................................ 2-3 
2.3.2 Report Organization.................................................................................... 2-4 

2.4 Overview of Renewable Energy .......................................................................... 2-5 
2.5 Review of Current Renewable Energy Use on Kauai.......................................... 2-7 

3.0 Renewable Energy Technology Options ................................................................... 3-1 
3.1 Solid Biomass ...................................................................................................... 3-3 

3.1.1 Direct Fired Biomass .................................................................................. 3-3 
3.1.2 Biomass Cofiring ...................................................................................... 3-10 

3.2 Biogas ................................................................................................................ 3-14 
3.2.1 Anaerobic Digestion ................................................................................. 3-14 
3.2.2 Landfill Gas .............................................................................................. 3-18 

3.3 Biofuels .............................................................................................................. 3-21 
3.3.1 Ethanol ...................................................................................................... 3-22 
3.3.2 Biodiesel ................................................................................................... 3-27 

3.4 Waste to Energy................................................................................................. 3-32 
3.4.1 Municipal Solid Waste Mass Burn ........................................................... 3-33 
3.4.2 Refuse Derived Fuel ................................................................................. 3-36 
3.4.3 Plasma Arc Gasification ........................................................................... 3-38 



Kaua’i Island Utility Cooperative 
Renewable Energy Technology Assessments Table of Contents
 

21 March 2005 TC-2 Black & Veatch 

3.5 Hydroelectric...................................................................................................... 3-42 
3.6 Ocean Energy..................................................................................................... 3-47 

3.6.1 Ocean Thermal Energy Conversion.......................................................... 3-47 
3.6.2 Wave ......................................................................................................... 3-51 
3.6.3 Ocean Tidal............................................................................................... 3-55 

3.7 Solar ................................................................................................................... 3-57 
3.7.1 Solar Photovoltaic..................................................................................... 3-58 
3.7.2 Solar Thermal............................................................................................ 3-62 

3.8 Wind................................................................................................................... 3-67 
3.9 Geothermal......................................................................................................... 3-74 
3.10 Multi-Fuel Generation Technologies............................................................... 3-76 

3.10.1 Reciprocating Engine.............................................................................. 3-77 
3.10.2 Combustion Turbine ............................................................................... 3-79 
3.10.3 Microturbine ........................................................................................... 3-81 
3.10.4 Fuel Cell.................................................................................................. 3-83 

4.0 Renewable Energy Technology Screening ................................................................ 4-1 
4.1 Objective .............................................................................................................. 4-1 
4.2 Screening Criteria ................................................................................................ 4-1 
4.3 Screening Methodology Scoring Guidelines ....................................................... 4-3 
4.4 Screening Results................................................................................................. 4-4 

4.4.1 Cost of Energy ............................................................................................ 4-5 
4.4.2 Kauai Resource Potential.......................................................................... 4-10 
4.4.3 Fit to KIUC Needs .................................................................................... 4-12 
4.4.4 Technology Maturity ................................................................................ 4-12 
4.4.5 Environmental Impact............................................................................... 4-12 
4.4.6 Socioeconomic Impact.............................................................................. 4-12 
4.4.7 Incentives / Barriers .................................................................................. 4-12 
4.4.8 Summary Conclusions .............................................................................. 4-12 

5.0 Project Characterizations ......................................................................................... 5-12 
5.1 Characterization Approach ................................................................................ 5-12 
5.2 General Assumptions ......................................................................................... 5-12 
5.3 Economic Modeling Approach .......................................................................... 5-12 

5.3.1 Economic Assumptions ............................................................................ 5-12 
5.3.2 Avoided Cost Assumptions ...................................................................... 5-12 

6.0 Renewable Energy Financial Incentives.................................................................. 6-12 



Kaua’i Island Utility Cooperative 
Renewable Energy Technology Assessments Table of Contents
 

21 March 2005 TC-3 Black & Veatch 

6.1 Federal Financial Incentives .............................................................................. 6-12 
6.1.1 Production Tax Credit (Section 45) .......................................................... 6-12 
6.1.2 Investment Tax Credit............................................................................... 6-12 
6.1.3 Accelerated Depreciation.......................................................................... 6-12 
6.1.4 Renewable Energy Production Incentive.................................................. 6-12 
6.1.5 Farm Security and Rural Investment Act of 2002 Incentives................... 6-12 
6.1.6 Rural Economic Development Loan and Grant Program......................... 6-12 
6.1.7 RUS Electric Loan Program ..................................................................... 6-12 
6.1.8 High Energy Cost Grant Program............................................................. 6-12 
6.1.9 Tribal Energy Program ............................................................................. 6-12 
6.1.10 Miscellaneous Loan Guarantee and Grant Programs.............................. 6-12 
6.1.11 Federal Green Power Purchasing Goal ................................................... 6-12 

6.2 Valuing Renewable Energy Attributes .............................................................. 6-12 
6.2.1 Green Pricing ............................................................................................ 6-12 
6.2.2 Green Marketing ....................................................................................... 6-12 
6.2.3 Renewable Energy Credits........................................................................ 6-12 

6.3 Summary ............................................................................................................ 6-12 

7.0 Biomass and Municipal Solid Waste ....................................................................... 7-12 
7.1 Basis for Assessment ......................................................................................... 7-12 
7.2 Assessment of Contributing Resource ............................................................... 7-12 

7.2.1 Biomass..................................................................................................... 7-12 
7.2.2 MSW......................................................................................................... 7-12 

7.3 Project Option Screening ................................................................................... 7-12 
7.3.1 Biomass Project Screening ....................................................................... 7-12 
7.3.2 WTE Project Screening............................................................................. 7-12 
7.3.3 Combined Biomass and MSW Project Screening .................................... 7-12 

7.4 Project Technical Description............................................................................ 7-12 
7.4.1 Biomass..................................................................................................... 7-12 
7.4.2 MSW......................................................................................................... 7-12 
7.4.3 Combined Biomass and MSW.................................................................. 7-12 

7.5 Power and Energy Production ........................................................................... 7-12 
7.5.1 Plant Performance..................................................................................... 7-12 
7.5.2 Operating Profile....................................................................................... 7-12 

7.6 Cost of Energy ................................................................................................... 7-12 
7.6.1 Capital Cost............................................................................................... 7-12 
7.6.2 Operating Cost .......................................................................................... 7-12 
7.6.3 Applicable Incentives................................................................................ 7-12 



Kaua’i Island Utility Cooperative 
Renewable Energy Technology Assessments Table of Contents
 

21 March 2005 TC-4 Black & Veatch 

7.6.4 Life-cycle Economics ............................................................................... 7-12 
7.7 Advantages and Disadvantages.......................................................................... 7-12 

7.7.1 Fit to KIUC Needs .................................................................................... 7-12 
7.7.2 Environmental Impact............................................................................... 7-12 
7.7.3 Socioeconomic Impacts ............................................................................ 7-12 
7.7.4 Incentives and Barriers ............................................................................. 7-12 

7.8 Recommended Next Steps ................................................................................. 7-12 
7.8.1 Fuel Property Testing................................................................................ 7-12 
7.8.2 Banagrass Crop Productivity Study .......................................................... 7-12 
7.8.3 Site Studies................................................................................................ 7-12 
7.8.4 Letter of Intent for Fuel Supply ................................................................ 7-12 
7.8.5 Permitting Review .................................................................................... 7-12 
7.8.6 Determination of Landfill Closure Date and Long Term Waste Disposal 
Strategy .............................................................................................................. 7-12 
7.8.7 Feasibility Study and Conceptual Design ................................................. 7-12 

8.0 Hydro ....................................................................................................................... 8-12 
8.1 Basis for Assessment ......................................................................................... 8-12 
8.2 Assessment of Contributing Resource ............................................................... 8-12 

8.2.1 Topography............................................................................................... 8-12 
8.2.2 Rainfall...................................................................................................... 8-12 
8.2.3 Use of Water for Hydropower .................................................................. 8-12 

8.3 Project Option Screening ................................................................................... 8-12 
8.4 Project Technical Descriptions .......................................................................... 8-12 

8.4.1 Wainiha ..................................................................................................... 8-12 
8.4.2 Upper Lihue .............................................................................................. 8-12 
8.4.3 Wailua ....................................................................................................... 8-12 
8.4.4 Waimea Mauka ......................................................................................... 8-12 
8.4.5 Kokee ........................................................................................................ 8-12 

8.5 Power and Energy Production ........................................................................... 8-12 
8.5.1 Plant Performance..................................................................................... 8-12 
8.5.2 Operating Profile....................................................................................... 8-12 

8.6 Cost of Energy ................................................................................................... 8-12 
8.6.1 Capital Costs ............................................................................................. 8-12 
8.6.2 Operating and Maintenance (O&M) Costs ............................................... 8-12 
8.6.3 Applicable Incentives................................................................................ 8-12 
8.6.4 Life-cycle Economics ............................................................................... 8-12 

8.7 Advantages and Disadvantages of Technology ................................................. 8-12 



Kaua’i Island Utility Cooperative 
Renewable Energy Technology Assessments Table of Contents
 

21 March 2005 TC-5 Black & Veatch 

8.7.1 Fit to KIUC Needs .................................................................................... 8-12 
8.7.2 Environmental Impact............................................................................... 8-12 
8.7.3 Socioeconomic Impacts ............................................................................ 8-12 
8.7.4 Incentives / Barriers .................................................................................. 8-12 

8.8 Next Steps .......................................................................................................... 8-12 
8.8.1 Additional Sources.................................................................................... 8-12 
8.8.2 Feasibility Study ....................................................................................... 8-12 

9.0 Wind......................................................................................................................... 9-12 
9.1 Basis for Assessment ......................................................................................... 9-12 
9.2 Assessment of Contributing Resource ............................................................... 9-12 
9.3 Project Option Screening ................................................................................... 9-12 

9.3.1 Area #1: Kalaheo ...................................................................................... 9-12 
9.3.2 Area #2: Omao.......................................................................................... 9-12 
9.3.3 Area #3: Waialeale South Ridge............................................................... 9-12 
9.3.4 Site #4: Kuahua......................................................................................... 9-12 
9.3.5 Site #5:  North of Hanapepe...................................................................... 9-12 
9.3.6 Site #6: Kokee........................................................................................... 9-12 
9.3.7 Site #7: Kalalau......................................................................................... 9-12 
9.3.8 Site #8: Anahola........................................................................................ 9-12 
9.3.9 Site #9: Poipu............................................................................................ 9-12 
9.3.10 Site #10: Maha’ulepu.............................................................................. 9-12 
9.3.11 Site #11: Offshore ................................................................................... 9-12 
9.3.12 Project Area Summary............................................................................ 9-12 

9.4 Project Technical Description............................................................................ 9-12 
9.4.1 Project Scale.............................................................................................. 9-12 
9.4.2 Turbine Selection ...................................................................................... 9-12 
9.4.3 Project Conceptual Design........................................................................ 9-12 

9.5 Power and Energy Production ........................................................................... 9-12 
9.5.1 Plant Performance..................................................................................... 9-12 
9.5.2 Operating Profile....................................................................................... 9-12 

9.6 Cost of Energy ................................................................................................... 9-12 
9.6.1 Capital Costs ............................................................................................. 9-12 
9.6.2 Operating and Maintenance Costs ............................................................ 9-12 
9.6.3 Applicable Incentives................................................................................ 9-12 
9.6.4 Life-cycle Economics ............................................................................... 9-12 

9.7 Advantages and Disadvantages of Technology ................................................. 9-12 
9.7.1 Fit to KIUC Needs .................................................................................... 9-12 



Kaua’i Island Utility Cooperative 
Renewable Energy Technology Assessments Table of Contents
 

21 March 2005 TC-6 Black & Veatch 

9.7.2 Environmental Impact............................................................................... 9-12 
9.7.3 Socioeconomic Impact.............................................................................. 9-12 
9.7.4 Incentives and Barriers ............................................................................. 9-12 

9.8 Next Steps .......................................................................................................... 9-12 

10.0 Landfill Gas ......................................................................................................... 10-12 
10.1 Basis for Assessment ..................................................................................... 10-12 
10.2 Assessment of Contributing Resource ........................................................... 10-12 
10.3 Project Option Screening ............................................................................... 10-12 
10.4 Project Technical Description........................................................................ 10-12 
10.5 Power and Energy Production ....................................................................... 10-12 

10.5.1 Plant Performance................................................................................. 10-12 
10.5.2 Operating Profile................................................................................... 10-12 

10.6 Cost of Energy ............................................................................................... 10-12 
10.6.1 Capital Cost........................................................................................... 10-12 
10.6.2 Operating and Maintenance Costs ........................................................ 10-12 
10.6.3 Applicable Incentives............................................................................ 10-12 
10.6.4 Life-cycle Economics ........................................................................... 10-12 

10.7 Advantages and Disadvantages of Technology ............................................. 10-12 
10.7.1 Fit to KIUC Needs ................................................................................ 10-12 
10.7.2 Environmental Impact........................................................................... 10-12 
10.7.3 Socioeconomic Impact.......................................................................... 10-12 
10.7.4 Incentives and Barriers ......................................................................... 10-12 

10.8 Next Steps ...................................................................................................... 10-12 

11.0 Final Renewable Energy Project Scoring ............................................................ 11-12 
11.1 Objective ........................................................................................................ 11-12 
11.2 Scoring Criteria.............................................................................................. 11-12 
11.3 Scoring Results .............................................................................................. 11-12 

11.3.1 Levelized Cost Premium....................................................................... 11-12 
11.3.2 Kauai Resource Potential...................................................................... 11-12 
11.3.3 Fit to KIUC Needs ................................................................................ 11-12 
11.3.4 Technology Maturity ............................................................................ 11-12 
11.3.5 Environmental Impact........................................................................... 11-12 
11.3.6 Socioeconomic Impact.......................................................................... 11-12 
11.3.7 Incentives / Barriers .............................................................................. 11-12 
11.3.8 Summary ............................................................................................... 11-12 



Kaua’i Island Utility Cooperative 
Renewable Energy Technology Assessments Table of Contents
 

21 March 2005 TC-7 Black & Veatch 

12.0 Conclusions.......................................................................................................... 11-12 

  
List of Tables 

Table 1-1.  Biomass Life-Cycle Economic Assumptions ($2005). ................................. 1-9 
Table 1-2.  MSW Life-Cycle Economic Assumptions ($2005). ................................... 1-10 
Table 1-3.  Selected Hydro Projects. ............................................................................. 1-12 
Table 1-4.  Hydro Life-Cycle Economic Assumptions ($2005).................................... 1-12 
Table 1-5.  Project Option Screening............................................................................. 1-13 
Table 1-6.  Wind Life-Cycle Economic Assumptions ($2005). .................................... 1-14 
Table 1-7.  Landfill Gas Life-Cycle Economic Assumptions ($2005). ......................... 1-15 
Table 2-1.  Economic Assumptions. ................................................................................ 2-4 
Table 2-2.  Renewable Energy Conversion Technologies............................................... 2-5 
Table 2-3.  Installed Kauai Renewable Energy Generating Capacity. ............................ 2-9 
Table 2-4.  2003 Kauai Electricity Generation. ............................................................... 2-9 
Table 3-1.  Direct Biomass Combustion Technology Characteristics. ............................ 3-6 
Table 3-2.  Kauai Biomass Resource Estimates. ............................................................. 3-8 
Table 3-3.  Developable Potential from Direct Fired Biomass...................................... 3-10 
Table 3-4.  Cofired Biomass Technology Characteristics. ............................................ 3-13 
Table 3-5.  Developable Potential from Biomass Cofiring............................................ 3-14 
Table 3-6.  Anaerobic Digestion Technology Characteristics. ...................................... 3-17 
Table 3-7.  Landfill Gas Technology Characteristics. ................................................... 3-20 
Table 3-8.  Developable Potential from Landfill Gas.................................................... 3-21 
Table 3-9.  Domestic Fuel Production and Price Comparison....................................... 3-22 
Table 3-10.  Developable Potential from Ethanol for Power Production. ..................... 3-27 
Table 3-11.  Developable Potential from Biodiesel for Power Production. .................. 3-32 
Table 3-12.  MSW Mass Burning Technology Characteristics. .................................... 3-35 
Table 3-13.  Developable Potential from MSW Mass Burn.......................................... 3-36 
Table 3-14.  Refuse Derived Fuel Technology Characteristics. .................................... 3-38 
Table 3-15.  Installed MSW Plasma Arc Gasification Projects..................................... 3-40 
Table 3-16.  Plasma Arc Gasification Technology Characteristics. .............................. 3-41 
Table 3-17.  Developable Potential from Plasma Arc Gasification............................... 3-42 
Table 3-18.  Hydroelectric Technology Characteristics. ............................................... 3-44 
Table 3-19.  INEEL Identified Kauai Hydro Development Projects............................. 3-46 
Table 3-20.  Developable Potential from Hydroelectric Resources. ............................. 3-47 
Table 3-21.  Ocean Thermal Energy Technology Characteristics. ................................ 3-50 
Table 3-22.  Developable Potential from Ocean Thermal Energy Conversion. ............ 3-51 



Kaua’i Island Utility Cooperative 
Renewable Energy Technology Assessments Table of Contents
 

21 March 2005 TC-8 Black & Veatch 

Table 3-23.  Wave Energy Technology Characteristics. ............................................... 3-54 
Table 3-24.  Developable Potential from Wave Energy. ............................................... 3-55 
Table 3-25.  Tidal Energy Technology Characteristics. ................................................ 3-57 
Table 3-26.  Solar PV Technology Characteristics........................................................ 3-60 
Table 3-27.  Developable Potential from Solar Photovoltaics....................................... 3-62 
Table 3-28.  Solar Thermal Technology Characteristics. .............................................. 3-66 
Table 3-29.  Developable Potential from Solar Thermal (Parabolic Trough). .............. 3-67 
Table 3-30.  US DOE Classes of Wind Power. ............................................................. 3-69 
Table 3-31.  Wind Technology Characteristics. ............................................................ 3-70 
Table 3-32.  Theoretical Kauai Wind Potential. ............................................................ 3-72 
Table 3-33.  Developable Potential from Wind Resources............................................ 3-72 
Table 3-34.  Geothermal Technology Characteristics. .................................................. 3-75 
Table 3-35.  Reciprocating Engine Technology Characteristics ................................... 3-78 
Table 3-36.  Simple Cycle Combustion Turbine Technology Characteristics. ............. 3-80 
Table 3-37.  Microturbine Technology Characteristics. ................................................ 3-83 
Table 3-38.  Fuel Cell Technology Characteristics ....................................................... 3-85 
Table 4-1.  Screening Criteria. ......................................................................................... 4-3 
Table 4-2.  Screening Methodology Scoring Guidelines................................................. 4-4 
Table 4-3.  Renewable Technologies Performance and Cost Summary, Three Year 

Timeframe. ..................................................................................................... 4-6 
Table 4-4.  Cost of Energy Screening Results (Sorted by 3-Year Score)...................... 4-10 
Table 4-5.  Resource Potential Screening Results (Sorted by 3-Year Score). ............... 4-12 
Table 4-6.  Resource Potential Comparisons................................................................. 4-12 
Table 4-7.  Fit to KIUC Needs Screening Results (Sorted by 3-Year Score)................ 4-12 
Table 4-8.  Technology Maturity Screening Results. .................................................... 4-12 
Table 4-9.  Environmental and Socioeconomic Impact Screening Results (Sorted by 

Combined Score). ......................................................................................... 4-12 
Table 4-10.  Incentives / Barriers Scoring Criteria. ....................................................... 4-12 
Table 4-11.  Incentives / Barriers Screening Results..................................................... 4-12 
Table 4-12.  Technology Screening Results (Sorted by Year 10). ................................ 4-12 
Table 4-13.  Renewable Technology Screening Summary Conclusions....................... 4-12 
Table 5-1.  KIUC Financing Assumptions .................................................................... 5-12 
Table 5-2.  Developer Financing Assumptions.............................................................. 5-12 
Table 5-3.  Avoided Energy and Capacity Assumptions............................................... 5-12 
Table 6-1.  Production Tax Credit Provisions. .............................................................. 6-12 
Table 6-2.  REPI Program History................................................................................. 6-12 
Table 6-3.  Top Utility Green Pricing Programs by Customer Participation................. 6-12 



Kaua’i Island Utility Cooperative 
Renewable Energy Technology Assessments Table of Contents
 

21 March 2005 TC-9 Black & Veatch 

Table 6-4.  Renewable Energy Incentives Summary..................................................... 6-12 
Table 7-1.  Biomass and WTE Plant Performance Assumptions. ................................. 7-12 
Table 7-2.  Promising Biomass Fuel Resources on Kauai............................................. 7-12 
Table 7-3.  Cost Characteristics of Combined Biomass & MSW Plants....................... 7-12 
Table 7-4.  Biomass Fuel Mix Design. .......................................................................... 7-12 
Table 7-5.  Comparison of Plant Performance for Biomass and MSW Options. .......... 7-12 
Table 7-6  Capital Cost Estimates.................................................................................. 7-12 
Table 7-7.  Assumptions for O&M Costs. ..................................................................... 7-12 
Table 7-8.  Biomass and MSW Plant O&M Cost Estimates. ........................................ 7-12 
Table 7-9.  Biomass Life-Cycle Economic Assumptions ($2005). ............................... 7-12 
Table 7-10.  MSW Life-Cycle Economic Assumptions ($2005). ................................. 7-12 
Table 7-11.  MSW/Biomass Life-Cycle Economic Assumptions ($2005).................... 7-12 
Table 8-1.  Selected Hydro Projects. ............................................................................. 8-12 
Table 8-2.  Capital and O&M Costs (2005$) for Selected Hydro Projects. .................. 8-12 
Table 8-3.  Hydro Life-Cycle Economic Assumptions ($2005).................................... 8-12 
Table 9-1.  Project Option Screening............................................................................. 9-12 
Table 9-2.  Wind Area Production Estimates. ............................................................... 9-12 
Table 9-3.  Kauai Wind Project Capital Costs............................................................... 9-12 
Table 9-4.  Kauai Wind Project Annual O&M Costs. ................................................... 9-12 
Table 9-5.  Wind Life-Cycle Economic Assumptions ($2005). .................................... 9-12 
Table 10-1.  LFG Capital Cost Estimate...................................................................... 10-12 
Table 10-2.  Landfill Gas Life-Cycle Economic Assumptions ($2005). ..................... 10-12 
Table 11-1.  Screening Methodology Scoring Guidelines........................................... 11-12 
Table 11-2.  Project Performance and Cost Comparison............................................. 11-12 
Table 11-3.  Fit to KIUC Needs Scoring Results......................................................... 11-12 
Table 11-4.  Environmental Scoring Results. .............................................................. 11-12 
Table 11-5.  Socioeconomic Scoring Results. ............................................................. 11-12 
Table 11-6.  Incentives / Barriers Scoring Criteria. ..................................................... 11-12 
Table 11-7.  Incentives / Barriers Screening Results................................................... 11-12 
Table 11-8.  Scoring Results Breakdown. ................................................................... 11-12 
Table 11-9.  Scoring Results Breakdown (SORTED by Total Score)......................... 11-12 
 

List of Figures 

Figure 1-1.  Range of Levelized Cost for Renewable Technologies (Three Year 
Timeframe). .................................................................................................... 1-3 

Figure 1-2.  Developable Potential of Kauai Renewable Resources. .............................. 1-4 



Kaua’i Island Utility Cooperative 
Renewable Energy Technology Assessments Table of Contents
 

21 March 2005 TC-10 Black & Veatch 

Figure 1-3.  Change in Technology Screening Scores by Timeframe. ............................ 1-6 
Figure 1-4.  Selected Project Locations. .......................................................................... 1-7 
Figure 1-5.  Levelized Cost Premium Supply Curve..................................................... 1-16 
Figure 1-6.  Scoring Results Breakdown. ...................................................................... 1-18 
Figure 1-7.  Break-Even Cost Analysis for Renewable vs. KIUC’s Short Term Avoided 

Costs. ............................................................................................................ 1-22 
Figure 2-1.  US Net Renewable Electricity Generation, GWh (1000’s). (EIA 2002) ..... 2-6 
Figure 2-2.  US Net Renewable Electrical Capacity, GW. (EIA 2002)........................... 2-7 
Figure 2-3.  Historic Electricity Generation in Kauai (Data: KIUC)............................... 2-8 
Figure 3-1.  Biomass Sources, Processes, Products, and Markets. .................................. 3-3 
Figure 3-2.  35 MW Biomass Combustion Plant............................................................. 3-4 
Figure 3-3.  Alholmens Kraft Multi-Fuel CFB (Source: Kvaerner). ............................. 3-12 
Figure 3-4.  500 m3 Digester Treating Manure from a 10,000 Pig Farm in China........ 3-15 
Figure 3-5.  LFG Well Drilling...................................................................................... 3-19 
Figure 3-6.  Ethanol Production Facility in Wisconsin.................................................. 3-23 
Figure 3-7. Central Wayne Waste to Energy Plant........................................................ 3-33 
Figure 3-8.  Plasma Arc Torch Operating...................................................................... 3-39 
Figure 3-9.  3 MW Small Hydro Plant........................................................................... 3-43 
Figure 3-10.  CC-OTEC Using the Kalina Cycle (Source: Saga University)................ 3-48 
Figure 3-11.  Onshore Wave Energy Devices (Source: EU’s Atlas Project)................. 3-51 
Figure 3-12.  AquaBuOY, Archimedes Wave Swing, PowerBuoy, and Pelamis devices.  

(Sources: AquaEnergy Group Ltd., AWS BV, Ocean Power Technologies, and 
Ocean Power Delivery). ............................................................................... 3-53 

Figure 3-13.  Photovoltaic Solar Panel Installation. ...................................................... 3-58 
Figure 3-14.  Kauai Solar Insolation (Source: Hawaii Statewide GIS Program). ......... 3-61 
Figure 3-15.  Parabolic Trough Field (Source: Union of Concerned Scientists)........... 3-63 
Figure 3-16.  Solar Two Central Receiver Installation.................................................. 3-63 
Figure 3-17.  Parabolic Dish Receiver (Source: Stirling Energy Systems). .................. 3-64 
Figure 3-18.  9 MW Kahuku Wind Farm on Oahu, Now Decommissioned ................. 3-68 
Figure 3-19.  Kauai Wind Energy Resources, Class 3 and Above. ...................................73 
Figure 3-20.  Geothermal District Heating Equipment.................................................. 3-74 
Figure 3-21.  Engine Generator (Source: Caterpillar Corporation). .............................. 3-77 
Figure 3-22.  Combustion Turbine Section (Source:  Langston)................................... 3-79 
Figure 3-23.  Microturbine Cutaway View (Source: Capstone Turbine Corporation.) . 3-82 
Figure 3-24.  200 kW Fuel Cell (Source: UTC Fuel Cells). .......................................... 3-84 
Figure 4-1.  Trends in Average Levelized Cost of Energy for Renewable Resources. ... 4-8 
Figure 4-2.  Range of Levelized Cost for Renewable Technologies. .............................. 4-9 



Kaua’i Island Utility Cooperative 
Renewable Energy Technology Assessments Table of Contents
 

21 March 2005 TC-11 Black & Veatch 

Figure 4-3.  Developable Potential of Kauai Renewable Resources. ............................ 4-11 
Figure 4-4.  Change in Technology Screening Scores by Timeframe. .......................... 4-12 
Figure 4-5.  Screening Score Breakdown for 10-Year Timeframe................................ 4-12 
Figure 7-1 - Biomass Fuel Supply Curve ...................................................................... 7-12 
Figure 7-2.  Kauai MSW Composition. ......................................................................... 7-12 
Figure 7-3.  Comparative Biomass Busbar Cost with Varying Fuel Price. ................... 7-12 
Figure 7-4.  Comparative MSW Busbar Cost with Varying Fuel Price. ....................... 7-12 
Figure 7-5. Biomass Schematic ..................................................................................... 7-12 
Figure 7-6. Combined Biomass and MSW Schematic .................................................. 7-12 
Figure 7-7.  Biomass Plant 25-Year Busbar Cost Calculation....................................... 7-12 
Figure 7-8.  MSW Plant 25-Year Busbar Cost Calculation........................................... 7-12 
Figure 8-1.  Kauai Average Annual Rainfall Map......................................................... 8-12 
Figure 8-2.  Monthly Precipitation at Select Stations in Kauai, Average 1970-2002 . . 8-12 
Figure 8-3.  Monthly Stream Flows on Wainiha Stream (Source: USGS).................... 8-12 
Figure 8-4.  Map of Selected Hydropower Projects. ..................................................... 8-12 
Figure 8-5.  Existing Wainiha Hydropower Plant. ........................................................ 8-12 
Figure 8-6.  Lower Lihue Plant 800 kW Turbine. ......................................................... 8-12 
Figure 8-7.  Wailua Falls. .............................................................................................. 8-12 
Figure 8-8.  Waimea Mauka Hydropower Plant Vicinity (source: Hawaii DOA). ....... 8-12 
Figure 8-9.  Kokee Project Vicinity (source: U.S.B.R. 2004). ...................................... 8-12 
Figure 8-10.  Wainiha River Flow Duration Curve, 1952-2003 (Source: USGS)......... 8-12 
Figure 8-11.  Waimea Mauka Powerhouse Generator Maintenance. ............................ 8-12 
Figure 8-12.  Life-cycle Cost for Waimea Mauka Hydro Project. ................................ 8-12 
Figure 8-13.  Native Goby (‘O’opu) (Source:  Hawaii Biological Survey)................... 8-12 
Figure 9-1.  Hourly Average Wind Speeds by Season, Port Allen................................ 9-12 
Figure 9-2.  Potential Wind Project Sites....................................................................... 9-12 
Figure 9-3.  View from Kalaheo Site Looking South.................................................... 9-12 
Figure 9-4.  View of Ridge at Omao Site with Transmission........................................ 9-12 
Figure 9-5.  Schematic Diagram of a Horizontal Axis Wind Turbine........................... 9-12 
Figure 9-6.  Vestas V47 Power Curve. .......................................................................... 9-12 
Figure 9-7.  Measured Anemometer Site Hourly Average Wind Speeds...................... 9-12 
Figure 9-8.  Estimated Turbine Site Hourly Average Wind Speeds.............................. 9-12 
Figure 9-9.  Diurnal and Seasonal Capacity Factor with KIUC Summer Loads and Project 

Output, Kalaheo Area................................................................................... 9-12 
Figure 9-10.  Diurnal and Seasonal Capacity Factor with KIUC Summer Loads and 

Project Output, Hanapepe Area.................................................................... 9-12 



Kaua’i Island Utility Cooperative 
Renewable Energy Technology Assessments Table of Contents
 

21 March 2005 TC-12 Black & Veatch 

Figure 9-11.  Diurnal and Seasonal Capacity Factor with KIUC Summer Loads and 
Project Output, Anahola Area. ..................................................................... 9-12 

Figure 9-12.  Life-cycle Cost for Omao Wind Project. ................................................. 9-12 
Figure 9-13.  Example of Early Wind Farm Development in California. ..................... 9-12 
Figure 9-14.  Coastline Wind Power Installation in Denmark....................................... 9-12 
Figure 10-1.  LFG Generation Estimates by Year. ...................................................... 10-12 
Figure 10-2.  Annual Electrical Generation................................................................. 10-12 
Figure 10-3.  Kekaha Landfill Gas 15-Year Busbar Cost Calculation. ....................... 10-12 
Figure 11-1.  Levelized Cost Supply Curve................................................................. 11-12 
Figure 11-2.  Levelized Cost Premium Supply Curve................................................. 11-12 
Figure 11-3.  Scoring Results Breakdown. .................................................................. 11-12 
Figure 12-1.  Break-Even Cost Analysis for Renewable vs. KIUC’s Short Term Avoided 

Costs. .......................................................................................................... 12-12 




