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Purpose of Presentation

� It has been nearly a year since B&V re-
started work on a new Integrated Resource 
Plan (IRP)

� The purpose of this discussion is to provide 
an update of activities since early 2008, and 
to 

� Present the conclusions of the IRP, including 
the preferred expansion plan
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New Drivers Impacting the 2008 IRP

� New 2008 KIUC Strategic Plan

� Reliability, sustainability, cost

� 50 percent renewable by 2023

� Greenhouse gas reduction to 1990 levels

� Dynamic global fuel market and prices

� Evolving generation technologies and costs

� Revised view of capacity adequacy requirements

� Greater appreciation for reliability (system inertia)



Form Internal IRP Team

Develop and distribute 
consulting RFP

Select consultant

Define objectives

Review IRP Framework 
Guidelines, file with PUC 

for waivers

Form IRP Advisory Panel

Develop long term 
forecast

Identify supply-side 
options

Identify DSM options

Screen and select 
options for analysis

Model various plans - 
perform system 

optimization

Perform financial analysis 
of various plans

Develop criteria for 
ranking plans

Select plan using 
weighted criteria process

Assemble IRP document 
and file with HPUC

Monitor plan through 
established goals, 

measurements, and 
achievement

Create "action" or short-
term implemenation plan

IRP Planning 
Process



BUILDING A WORLD OF DIFFERENCE®

08/30/06B&V - 5

Key IRP Steps Discussed in this Presentation

� Load and fuel price forecasts

� Candidate resources –

� demand side management options

� supply side options

� GenX options

� Expansion plan development

� Expansion plan economic analysis

� Scoring of expansion plans

� Recommended plan
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Load Forecast Review
� The initial load forecast was prepared in May, 2006, but 

has now been updated with more recent data (1970-
2007 historical data)

� Econometric forecast predicting peak demand and 
energy requirements as a function of:

� Island resident population

� Island total income

� Number of visitors

� The forecast has an R-square of > 99% 

� Adjusted forecast includes impact of DSM programs 
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Load Forecast Review
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High and Low Forecast Results (Pre-DSM)
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Resulting Need for Additional Capacity

� KIUC must plan to have capacity to meet the annual 
peak plus reserve capacity (unit outage, extreme 
weather, higher than expected load growth)

� Mainland – 12 to 18 percent reserve margin 
common

� For isolated systems, it is common to adopt a 
stricter planning criteria

� KIUC: maintain sufficient capacity for peak demand 
if: 1) the largest unit is unavailable at system peak or 
2) if the largest and 3rd largest unit are not available 
during the A.M. peak  
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Need for Capacity on the KIUC System-Base Case
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Fuel Forecast by Stillwater Associates 
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Candidate Resources – Supply Side

� Resource Options: 59 initially considered, but many 
screened (coal, geothermal, nuclear)

� Candidate Unit Options: 19 supply side options 
considered in the initial candidate option list

� 9 intermittent (wind, hydro and solar) options

� 6 base load or intermediate resource options* 

� 4 peaking options (1 was a hybrid solar option)

� Shortlisted Unit Options: 9 supply side options 
picked for detailed evaluation

*Five additional resource options were considered in separate “GenX” study
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GenX Objective

� Identify new capacity options that provide 

� Reliability

� High-efficiency

� Near-term

� Characterize options with respect to: 

� Thermal performance 

� Capital cost estimates 

� O&M cost estimates 

� Screen to best option(s)
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GenX Study Options

Option Technology* OEM Configuration** Capacity (MW) 
1 SCCT GE LM2500PE STIG 30 24.26 
2 CCCT Solar 2 x 1 Solar Titan 130 35.5 
3 CCCT Solar 1 x 1 Solar Titan 130 17.37 
3 CCCT GE 1 x 1 LM2500PE 33.91 
4 CCCT GE 1 x 1 LM2000 19.54 
5 CCCT GE 2 x 1 LM2000 40.07 
6 SCDE Wärtsilä 18V46 x 2 33.59 
7 CCDE Wärtsilä 2 x 1 18V46 36.26 

* SCCT: simple cycle combustion turbine 
 CCCT: combined cycle combustion turbine 
 SCDE: simple cycle diesel engine (reciprocating engine) 
 CCDE: combined cycle diesel engine (reciprocating engine) 
** “1x1” refers to once combustion turbine or engine matched with one steam turbine 
 “2x1” refers to two combustion turbines or engines matched with one steam turbine 
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Weighted Scoring Process for Individual 
Candidate Unit Options

WeightingScoring Category

33.3%
10%
30%
30%
30%

Reliability 
Disaster Recovery
Availability of Supply
System Stability
Outage Recovery

33.3%
25%
25%
25%
25%

Sustainability
Infinite Resource
Hazardous Byproducts
Harmonious Coexistence
Socioeconomics

33.3%
50%
35%
15%

Cost of Energy 
Bus-bar cost
Rate stability
Diversity of supply

KIUC Strategic Plan
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Scores for Individual Candidate Unit Options

- 10 20 30 40 50 60 70 80 90 100

SC DE 18V46 (18)
SC DE Caterpillar 16CM32 (17)
SC DE Caterpillar 3600 DG (16)

Solar Thermal/Naphtha Hybrid (5)

1x1 CC DE 18V46 (15)
1x1 CC CT Titan 130 (13)
2x1 CC CT Titan 130 (12)
Landfill Gas - Kekaha (4)

Waste to Energy Mass Burn (3)
Direct Fired Biomass (1)

Kauai PV (19)
Wind Project (14)

Hydro - Wailua (11)
Hydro - Puu Lua-Kitano (10)

Hydro - Kitano-Waimea (9)
Hydro - Upper Lihue (8)

Hydro - Wainiha (7)
Hydro - Waimea Mauka (6)

Solar Thermal with Storage (2)
Cost of Energy

Reliability

Sustainability

Intermittent Resources

Intermediate-Baseload 
Resources

Peaking Resources
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xx20111.6LFGKekaha Landfill Gas

*x20112.2C3600Caterpillar 3600

xx201230S-TherSolar Thermal w. Storage

xx201210.5WindWind

xx201310.98HydroHydroelectric

xx20137.3MbrnMSW Mass Burn

xx201320BioDirect-Fired Biomass

*x201217.37Titan 1X11x1 Titan Comb. Cycle

*x201235.5Titan 2X12x1 Titan Comb. Cycle

Renew-
able

Non-
Firm

Large 
Capacity

Small 
Capacity

First 
Year 
Avail

Size, 
MW

Abbrev-
iation

Unit Option

* Units are renewable fuel capable (biodiesel), but can also burn diesel and/or naphtha 

Recommended Units for the Detailed Modeling
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Small Capacity Options:
Kekaha Landfill Gas

� One landfill on island suitable for landfill gas capture

� Could generate about 1.6 MW using reciprocating engine technology

� Currently under development by PMRF and County

� Pros

� Firm power

� Mature technology

� Reduction of greenhouse gas emissions

� Renewable

� Low cost

� Could be installed quickly

� Cons

� Limited potential (1.6 MW)

� Small project
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Small Capacity Options: 
Caterpillar C3600

� Conventional reciprocating engine technology

� Could be conventional diesel or biodiesel fired

� Available in 2.2 MW modules

� Pros

� Firm, reliable power

� Mature technology

� Renewable-capable

� Could be installed quickly

� Small footprint, can be flexibly sited around island

� Cons

� Economics linked to oil prices

� Not as efficient as large-scale generation

� Has some emissions
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Large Capacity Options -- GenX:
Titan 1x1 Combined Cycle – 17.37 MW
Titan 2x1 Combined Cycle – 35.5 MW

� Conventional combustion turbine technology, with heat recovery steam 
generator and steam turbine

� Could be conventional diesel, naphtha or biodiesel fired

� Pros

� Firm, Reliable power

� Mature technology

� Renewable-capable

� High efficiency

� Cons

� Economics linked to oil prices

� Has some emissions
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Large Capacity Options:
Direct Fired Biomass
� Similar to sugar plantation power plants that burn combinations of 

bagasse, wood chips, and/or liquid fuels

� 20 MW in size

� Pros

� Large potential on island

� Firm, reliable power

� Mature technology

� Fuel is a indigenous, renewable resource

� Large positive socioeconomic impacts

� Cons

� Requires large tracks of land

� Can be high cost depending on fuel price

� Has some emissions
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Large Capacity Options:
Municipal Solid Waste (MSW) Mass Burn
� Facility would use conventional “Mass Burn” 

technology to convert waste to energy

� Facility sized for 300 tons/day, ~ 7 MW

� Pros

� Mature, proven technology

� Minimize trash going into landfill

� Firm, reliable power

� Large percentage of fuel is renewable

� Income from waste tipping fees

� Cons

� Has some emissions

� Very high capital cost

� Potential community opposition
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Non-firm Options:
Hydroelectric 

� Identified 6 hydro projects ranging from 0.3 MW to 6.6 MW

� Mix of new and incremental 

� Modeled a consolidated 11 MW “project”

� Pros

� Renewable 

� Good overall potential for Kaua’i (60 MW)

� Numerous potential upgrade projects

� Economics can be attractive over 
long-life of project

� No emissions

� Cons

� Run-of-river facilities are intermittent

� Environmental impact of some sites

� Significant public opposition to some sites
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Non-firm Options:
Wind – 10.5 MW

� Cons

� Environmental impact (bird impacts)

� Wind is intermittent – included battery 
back-up

� Visual impact

� Susceptible to storm damage

� Significant potential on island, but local siting issues not resolved by developers

� 10.5 MW generic project modeled 

� Pros

� Renewable

� Moderate potential for Kaua’i 

� Low capital costs

� No emissions

� Can be low cost



BUILDING A WORLD OF DIFFERENCE®

08/30/06B&V - 25

Non-firm Options:
Solar Thermal with Storage
� Modeled 30 MW parabolic trough project 

with six hours of storage 

� Pros

� Renewable 

� Limited emissions

� Storage improves reliability

� 30% tax credit may be available for 
private investors

� Cons

� Very high cost

� Technology and industry not fully 
mature

� Solar potential on Kaua’i could be 
better

� Significant land use 
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Expansion Plan Development

� Green Energy Hawaii: PUC-approved 6.4 MW 
biomass power purchase agreement included in 
all runs (non-firm)

� Lower Cost, Fuel-Saving Options: Install as 
soon as possible

� Advanced DSM: Always more economical than 
Base DSM, so included in all plans.  
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Expansion Plan Development

� Based on initial runs, these units found to be 
uneconomic

� Titan 2x1 – Titan 1x1 almost always preferred, 
unless Titan 2x1 is installed with few other units

� Cat 3600 – unless installed at end of plan to 
meet small capacity needs

� Solar Thermal

� Additional plan development limited
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Expansion Plan Development

� Numerous runs identified addition of these smaller 
units to nearly always be economic

� 2011: Landfill gas 1.6 MW

� 2013: Wind 10.5 MW

� 2015: Hydro 10.98 MW

� 2015: MSW Mass Burn 7 MW 
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Final Plans Designed Around Larger Capacity 
Options

� Biomass 20 MW

� Titan 1x1 17.37 MW

� Biomass  +  Titan 1x1 37.37 MW
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Final Plans Evaluated in Plan Scoring
Plan # Plan Name 2009 2010 2011 2012 2013 2014 2015 ©16 ©17 ©18 ©19 ©20 ©21 ©22 ©23 ©24 ©25 ©26 ©27 ©28

Titan 2X1

S-Ther C C C C C C C
Titan 1X1 C

C3600 C3600 C C C C C C C C C C C C C
C

LFG Bio Mbrn C C
Wind Hydro

LFG Bio Mbrn C C
Hydro

LFG Bio C C C C C
Wind Hydro C

LFG Titan 1X1 Mbrn C C C
Wind Hydro C

LFG Titan 1X1 Mbrn C C C
Hydro C

LFG Titan 1X1 Bio
Wind Hydro

LFG Titan 1X1 Bio Mbrn
Wind Hydro

LFG Titan 1X1 Bio Mbrn
Hydro

LFG Titan 1X1 Bio
Wind Hydro

12

4

5

6

9

10

3

11

1

7

8

2

Biomass + Titan 1x1 
less Mass Burn

Titan 2X1

Solar

Distributed 
Generation

Titan 1x1 less Wind

Titan 1x1 less MBrn

Biomass + Titan 1x1

Biomass + Titan 1x1 
less wind

Biomass

Biomass less Wind

Biomass less Mbrn

Titan 1X1
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Detailed Production Cost Modeling 

� The detailed LCG planning model “U-Plan” was used to 
evaluate the economics of the short list options.  

� Cost and performance provided by B&V

� KIUC made about 200 modeling runs

� The model simulates hourly operation of the KIUC 
system for every year in the planning horizon (through 
2028)

� The model dispatches available resources on a merit 
order basis

� Resources with the lowest operating cost are 
dispatched first
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Example Illustration of System Dispatch
Hourly System Load (MW)

30

40

50

60

70

80

90

100

0 1000 2000 3000 4000 5000 6000 7000 8000

Reserve Requirement

January DecemberHour of year
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Detailed Production Cost Modeling - Results

� By adding the present value of fuel and O&M 
costs for each year in the horizon and adding 
these to the present value of capital cost 
expenditures, the total additional system costs of 
providing power on the KIUC system is 
estimated

� This process produces the “Cumulative Present 
Worth Cost” or CPWC of an expansion plan

� CPWC is one of the attributes used to rank 
expansion plans under base and sensitivity 
cases



BUILDING A WORLD OF DIFFERENCE®

08/30/06B&V - 34

Calculating the CPWC of an 
Expansion Plan

Year 1 Year 2 ...Year 20
Production Costs Production Costs Production Costs
Incremental Capital Costs Incremental Capital Costs Incremental Capital Costs
Incremental Fixed Costs Incremental Fixed Costs Incremental Fixed Costs

CPWC
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Expansion Plan Development

� CPWC results for the final U-Plan runs are 
shown on the following slide

� CPWC range from a low of $1.58 billion to a high 
of $1.76 billion 

� 12% difference

� In general, a difference of over 2 % is 
considered a meaningful CPWC difference
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CPWC Results: Final Plan Comparison

$1.50 $1.55 $1.60 $1.65 $1.70 $1.75 $1.80

1  Biomass

8  Biomass less Mbrn

7  Biomass less Wind

2  Titan 1X1

10  Titan 1x1 less MBrn

9  Titan 1x1 less Wind

12  Biomass + Titan 1x1 less Mass Burn

11  Biomass + Titan 1x1 less wind

3  Biomass + Titan 1x1

4  Titan 2X1

6  Distributed Generation

5  Solar

CPWC, Bi l l ion $



BUILDING A WORLD OF DIFFERENCE®

08/30/06B&V - 37

Sensitivity Scenarios run for Each Base Case

� High Fuel Costs

� Low Fuel Costs

� High Load Growth

� Low Load Growth
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CPWC Results: Sensitivity Cases

$1.38

$1.30

$1.31

$1.16

$1.30

$1.27

$1.80

$1.83

$1.77

$1.88

$1.76

$1.77

$1.58

$1.60

$1.64

1.1 1.2 1.3 1.4 1.5 1.6 1.7 1.8 1.9

Load Growth

Fuel Costs

Load Growth

Fuel Costs

Load Growth

Fuel Costs

Cummulative Present Worth Costs (Billion Dollars)

     Biomass +  
�  Titan 1x1, Base =

�     Titan 1x1, Base =

�  Biomass, Base =

Sensitivity Case LOW HIGH
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Moving from a CPWC to a Weighted Score for an 
Entire Expansion Plan

� Plans Scored Using Same General Criteria as 
Candidate Unit Options (and consistent with 
KIUC©s Strategic Plan)

� Cost of Energy

� Reliability

� Sustainability
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Although Criteria Are Similar, Methodology is 
Different

� Previously scores based on individual unit characteristics

� Now entire plans must be scored

� Plan scores now based on:

� All unit characteristics in a portfolio

� Relative contribution of units to overall portfolio

� Changes to system operation based on unit additions

� Previous unit scores (Section 7) have been carried forward 
whenever possible
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Weights for Plan Scoring Same as Unit Scoring

WeightingScoring Category

33.3%
10%
30%
30%
30%

Reliability 
Disaster Recovery
Availability of Supply
System Stability
Outage Recovery

33.3%
25%
25%
25%
25%

Sustainability
Infinite Resource
Hazardous Byproducts
Harmonious Coexistence
Socioeconomics

33.3%
50%
35%
15%

Cost of Energy 
Bus-bar cost
Rate stability
Diversity of supply

KIUC Strategic Plan
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Plan Scoring Results

0 10 20 30 40 50 60 70 80 90 100

3: Biomass + Titan 1x1

11: Biomass + Titan 1x1 less Wind

1: Biomass

12: Biomass + Titan 1x1 less MBrn

7: Biomass less Wind

8: Biomass less Mbrn

10: Titan 1x1 less MBrn (Bio late)

5: Solar + Titan 1x1

2: Titan 1X1

9: Titan 1x1 less Wind

4: Titan 2X1

6: Distributed Generation

Cost Reliability Sustainability
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Recommended Base Case Expansion Plan

Plan #3: Biomass + Titan 1x1

� 2011: Green Energy + LFG 8.0 MW

� 2012: Titan 1x1 17.37 MW

� 2013: Biomass + Wind 30.5 MW

� 2014:

� 2015: Mass Burn + Hydro 17.98 MW
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Plan #3 – Eligible Renewable Energy 
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* Does not include any biodiesel use
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Plan #3 – Greenhouse Gas Emissions 
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Comments & Questions?Comments & Questions?


