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Evaluation Scenarios

e Scenario 1 —Base Case Load Forecast

Current regional loads with projected growth

All available resources i fossil fuel, renewables, and DSM/energy efficiency
Probabilistic estimate of gas supply availability and prices

Deterministic availability/price forecasts for other fossil fuels

Emissions including CO2 costs

Transmission system investments required to support selected resources
Scenario 1A T Unforced Selection

Scenario 1B i Force 50+% Renewables

e Scenario 2 - Large Growth Load Forecast

Page - 2

Significant growth in regional loads due to economic development efforts
Base case resources, fuel availability/price forecasts and CO2 costs
Transmission system investments required to support selected resources
Scenario 2A 1 Unforced Selection

Scenario 2B i Force 50+% Renewables
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CO2 Cost Assumptions
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CO, Regulation
e SB. 219171 Lieberman-Warner

e H.B. 2454 7 Waxman-Markey

Page - 4 August 26, 2009



2

BUILDING A WORLD OF DIFFERENCE® BLACK & VEATCH

S.B. 2191 — Lieberman-Warner
e Environmental Protection Agency (EPA) Analysis

e Energy Information Administration (EIA) Analysis

Page - 5 August 26, 2009



2

BUILDING A WORLD OF DIFFERENCE® BLACK & VEATCH

H.B. 2454 — Waxman-Markey
e Congressional Budget Office (CBO) Analysis

e EPA Analysis

e EIA Analysis
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H.B. 2454 - Waxman-Markey
e Economy-wide

e Cap and trade

e Combined Efficiency and Renewable Electricity
Standard (CERES)
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H.B. 2454 — Cap and Trade
e 17% below 2005 levels by 2020

e 83% below 2005 levels by 2050
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H.B. 2454 — Combined Efficiency and Renewable
Electricity Standard

Page -

Year

2012
2014
2016
2018
2020

%

6.0
9.5
13.0
16.5
20.0
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CO, Allowance Costs ($/ton)

Year SB 2191 HB 2454
2012 19 18
2015 26 25
2020 42 40
2025 67 64
2030 109 104
2035 176 168
2040 285 271
2045 461 439
2050 745 709
2055 1,204 1,146

2060 1,947 1,853
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Renewables Input Assumptions
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Renewables Input Assumptions
e Hydroelectric

e Wind
e Tidal
e Geothermal

e Other Renewables
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Hydroelectric Projects Identified in Coordination
Meetings
e Susitnai 3007 800 MW MEA

e Chakachamnai 330 MW CEA

e Glacier Forki 75 MW MEA

e South Fork/Eagle River 1 1 MW MEA

e Fishhook i 2 MW MEA

e Grant Lake/Falls Creek 1 7 MW Kenal

e Kenai Hydro, LLC Plants i 20 Total MW Kenai

e/ Other Small Hydro Project:
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Modeled Hydro Projects

e Susitna
e Chakachamna
e Glacier Fork

e Generic Hydro - Kenal
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Hydroelectric Projects

e Susitna

Under Development

e Chakachamna

Page - 15

330 MW @ 55% capacity factor

Chakachamna Lake - approximately 40 miles west of Beluga
power plant

Capital Cost - $5,100/kW in 2009 dollars

Transmission Costs - $58 million (included in capital cost)
O&M $30/kW-yr in 2009 dollars

Earliest COY T 2017

& VEATCH
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Hydroelectric Projects

e Glacier Fork
o 75 MW @ 50% capacity factor

o Glacier Fork of the Knik River T approximately 25 miles
southeast of Palmer

o Capital Cost - $4,400/kW in 2009 dollars

o Transmission Costs i assumed $22.5 million (25 miles, 115 kV
@ $900K/mile); assumed included in capital cost

o O&M $68/kW-yrin 2009 dollars
o Earliest COD 1T Fall 2014
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Hydroelectric Projects

e Generic Hydro - Kenal

o Assumed generic project site located on the Kenai Peninsula

o 50% capacity factor, can be developed in 10 MW blocks, up to 30
MW total project capacity

o Assumed capital cost for the proposed hydro project will be
approximately $6,000/kW in 2009 dollars

o Assumed capital cost for interconnecting the each 10 MW block
of the project to Kenai grid is $13.5 million in 2009 dollars (15
miles, 115 kV @ $900K/mile)

o Assumed O&M cost is $70/kW-yr in 2009 dollars
o Earliest COY is 2016
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Wind Projects ldentified Through Coordination
Meetings
e BQ Energy/Nikiski T 9 MW HEA

e Firelslandi 54 MW CEA

e EvaCreek 1 24 MW GVEA

e Delta Junction i 50 MW GVEA

e Arctic Valley 1 25 MW CEA

e Bird Pointi 10 MW CEA

e BQ Energy/Nikiski Phase 21 9 MW HEA

e Alaska Environmental Power T 15 MW GVEA

e63 Other Projects in AEAOGs D
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Wind Project Screening Criteria

e Larger than 5 MW

e PPA In place/progress
e Permitting in place/progress

e Ready for construction by end of 2010
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Projects Passing Screening Criteria

e BQ Energy/Nikiski

e Fire Island
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BQ Energy

e 9 MW wind energy generation facility located in

e Capital cost $21 million in 2009 dollars including
iInterconnection costs ($2,333/kW)

e O&M costs of $0.023/ kWh bas
non-rural projects
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Fire Island
e 54 MW wind energy generation facility located on Fire

Page - 22

Island

Assumed capital cost will be approximately $3,500/kW in
2009 dollars

Assumed capital cost for the proposed underground and
submarine cable project to interconnect the project to
CEA grid is $25 million in 2009 dollars

Assumed O&M cost is $0.025/kWh in 2009 dollars
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2

BUILDING A WORLD OF DIFFERENCE® BLACK & VEATCH

Generic Wind | — GVEA

e Assumed generic project site will be located near the
Northern Intertie, and will be connected to GVEA Grid

e Generic project will have 30% capacity factor, and can be
developed in 50 MW blocks, up to 200 MW total project
capacity

e Assumed capital cost for the proposed wind project will
be approximately $3,900/kW in 2009 dollars

e Assumed capital cost for interconnecting the each 40
MW block of the project to GVEA grid is $10 million in
2009 dollars

e Assumed O&M cost is $0.023/kWh in 2009 dollars
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Generic Wind |l — HEA

e Assumed generic project site will be located near the
wind resource rich areas within HEA service area, and
will be connected to HEA Grid

e Generic project will have 35% capacity factor, and can be
developed in 30 MW blocks, up to 150 MW total project
capacity

e Assumed capital cost for the proposed wind project will
be approximately $3,900/kW in 2009 dollars

e Assumed capital cost for interconnecting the each 30
MW block of the project to HEA grid is $6 million in 2009
dollars

e Assumed O&M cost is $0.023/kWh in 2009 dollars
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Tidal

e Turnagain Arm

e 1,200 MW
e $2.5 billion; $2,100/kW capital cost
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Geothermal

e Mt. Spurr

e Approximately 35 miles west of Beluga

e 50 MW

e Assumed capital cost - $5,000/kW in 2009 dollars
e Assumed fixed O&M - $350/kW-yr in 2009 dollars

e Assumed non-fuel variable O&M - $0.002/kWh in 2009
dollars

e Earliest COY - 2016
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Other Renewable Projects
e Biomass?

e Solar?
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Large Load Growth Demand Forecast
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Large Load Growth Demand Forecast

e Plug-in Hybrid Electric Vehicles (PHEV)
e Conversion to Electric Water and Space Heating

e Mines and Other Economic Development Loads
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PHEV Penetration in Alaska Railbelt Region
e Given: PHEV Penetration
_ Year (%)
o The PHEV expected penetration
2015 1
rate in the US market: 2020 2
(University of Michigan Transportation | 2040 16

Page - 30

2060 25

Research Institute - UMTRI, 2009)
The number of vehicles in Alaska Railbelt region in 2008: 338,943

(Passenger vehicles and pickups only. Division of Motor Vehicles
from the Alaska Department of Administration)

The average American daily vehicle travel: 26 miles/day
(Electric Power Research Institute - EPRI)

The average PHEV33 (a vehicle capable of running 33 miles on a
single charge) energy requirement: 0.35 kWh/mile

(Pacific Northwest National Laboratory - PNNL)
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PHEV Penetration in Alaska Railbelt Region

e The resulting additional annual energy would be:

Page - 31

Additional Load

Year from PHEVs
(MWh/Y ear)
2015 11,973
2020 25,384
2040 266,085

552,005

August 26, 2009
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PHEV Penetration in Alaska Railbelt Region

e The hourly distribution of the additional PHEV load on a
typical day would be:
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PHEV Penetration in Alaska Railbelt Region
e The I mpact on the systemos e
8,000
Energy (GWh) B Alaska Railbelt GWh +7.99%
O Alaska Railbelt GWh - With PHEVs
7,000
+4.32%
6,000
+0.23% +0.46%
5,000
4,000
3,000
2,000
1,000
0

2015 2020 2040 2060
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PHEV Penetration in Alaska Railbelt Region
e The I mpact on the systemo0s p
1,400
Load (MW) W Alaska Railbelt Peak Load
O Alaska Railbelt Peak Load - With PHEVs +3.66%
1,200
+1.26%
1000 +0.02% +0.04%
800
600
400
200
0
2015 2020 2040 2060
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Space Heating

e Gas companies serving Alaska

o ENSTAR Natural Gas
o Barrow Utilities Coop

o Fairbanks Natural Gas

e Itis assumed that 100% of gas space heating consumption
for the state of Alaska applies to the Raillbelt system

e Approx. 85% residential gas consumption is attributed to
water and space heating (New England) source: Aca
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Space Heating — Switch to Electric Heat

& VEATCH

2007 Natural Gas Consumption for the State of Alaska

Source: EIA
Residential Commercial Industrial
Customers Customers Customers
Natural Gas Delivered (MMcf) 19,843 18,756 19,751

Calculated Railbelt System Energy and Demand by customer type for electric
space heating *

Residential Commercial

Customers Customers
Calculated Space Heating Energy, MWh 4,222,640 3,991,324
Calculated Space Heating Demand, MW 482 456

* Based on 2007 heating value of 1,005 Btu/cf for the State of Alaska Source: EIA

Page -

36
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Mines and Other Economic Development Loads

e |In Progress
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Approach to Demand-Side Management/
Energy Efficiency (DSM/EE) Assessment
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Topics
e Introduction and Objectives
e Data Collection
e Methodology
e Preliminary Program Concepts

e Next Steps
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Introductions and Objectives
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B&V DSM/EE Team Introductions

e Luisa Freeman 1T B&V Managing Consultant, DSM
Task Manager, 25+ years experience in DSM/EE

e ORNL, Northeast Utilities, EPRI, EEI consultant
o Conceptual design of the approach
o Background knowledge from program evaluation

o Recent experience in regional planning of DSM programs (TVA-7
states; FirstEnergy-3 states)

e Francisco Aristiguieta 1 Consultant Analyst,
Internet research, quantitative analysis support
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Objectives

e Develop a portfolio of appropriate DSM/EE
programs that make sense for the region from a
customer, market and economic standpoint

e Provide inputs to IRP modeling characterizing the
DSM/EE portfolio

e Suggest program designs and implementation
roadmap for consideration going forward that could
be implemented at the regional level
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Data Collection to Date
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Customer Segmentation

e The Railbelt utilities collectively serve approximately
235,000 customers

Utility Custs.

Golden Valley Electric

GVEA 42,866

Association
Anchorage Municipal Light
& Power ML&P 30,243
Industrial | Matanuska Electric
e MEA
Commercial 0+% Association 53,503
12% Chugach Electric
Association CEA 78,229
Homer Electric Association HEA 27.401
City of Seward Electric Sys. SES 2,567

TOTAL 234,809

Residential
88%
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Regional Service Territory Overview

e Existing utility data is limited; follow-up calls to
determine any other uncovered sources

e May transfer some statistics from other northern
climate utilities for developing estimates

e Non-weather sensitive measures can be modeled
as Is; adjustments to be made for weather-related
measures

e Process is done by comparing heating degree days
and correcting for weather
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Methodology
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DSM Program Design Process

e Industry standard approach to identifying

(1) (2 (3)
IDENTIFY universe of SCREEN DSM Technologies PACKAGE screened DSM
DSM Technologies according to utility-specific Technologies into groupings
criteria according to end-use applications
and delivery approaches
(4) (5) (6)

DESIGN DSM Programs based ASSESS program costs and FINALIZE selected set of DSM
on available budgets, best-practice benefitsindividually and in terms Programs for promotion, develop
marketing techniques and policy of overall impact on company implementation schedules and

considerations revenues plans
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Market Characteristics

A general market characterization considers:

Page - 48

Availablility of DSM/EE technologies

Anecdotal sampling of local technology prices

Status of DSM/EE Infrastructure (e.g., number of

Instal

Base

ers, qualifications and certifications)

iIne knowledge and actions, sources and

amount of DSM/EE information, educational
materials, incentives and other programs
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EEI/EPRI Estimates of Savings Potential

Com - Lighting 1

02030
02020
02010

Res - Electronics

Ind - Machime Drive

Com - Other

Res - Cooling

Com - Cooling

Ras - Appllances

Res= - Lighting

Ind - Lighting

Res - Water Heating

T

5 10 15 20 25
Annual Elactricity Savings (TWhj

Figure D-7
Realistic Achisvable Potential, Top 10 End Usss — West
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Other Estimates

e The EPRI/EE report also indicates a demand response
potential of 88 MW based on a 2006 assessment for Alaska
and Hawail combined (no indication of whether this is from
the summer or winter peak)

e \Western Area Governors Association - The study estimates
achievable potential for three years (2010, 2015 and 2020)
at 7%, 14%, and 20%, respectively

e Information Insights, Inc./Rocky Mountain Institute study for
Cold Climate Housing Research Center/AEA/AHFC

e No other study was identified that specifically and
exclusively examined Alaska.
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Overall DSM Strategy

e Identify commercially or near-commercially
feasible DSM technologies

e Determine market potential based on utility data
and appliance/equipment saturations

e Estimate, using reliable utility, regulatory and
government al sources, e
and kWh impacts

e Perform a lifecycle economic analysis compared
to Al askads generati on

Page - 51 August 26, 2009
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Preliminary Program Concepts
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General Approach

Supplement limited Alaska-specific information with B&V
experience

Portfolio to be practical, low risk/high potential for near-term
success, and balanced

Targeted at specific customer segments and end uses
Seek to minimize negative impacts on utilities

Programs can be dynamic so as to promote migration
toward higher efficiency technologies as they mature

Assume regional delivery mechanism
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Preliminary List of Best Candidate Programs for
Residential

Page - 54

Energy audits (on-line and on-site)

CFL lighting, security outdoor lighting

Energy STAR appliances

Electric water heaters 1 rebate for more efficient
Programmable thermostat

Heating system maintenance (and upgrade heat
exchangers, fans, etc.)

Home performance with Energy STAR/
comprehensive weatherization

Financing options
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Preliminary List of Best Candidate Programs for
Commercial

e Energy audits (on-site)

e Occupancy sensors

e Security outdoor lighting

e EXxitsigns

e EE furnace, heating system optimization,

e Electric water heaters

e Financing options

e Food services (freezer curtains, pre-rinse spray valves, etc.)

e Schools, heath care, other targeted groups
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Municipal and Institutional

e Same as commercial

e Particularly benefit from financing options due to
budgetary constraints

el Paygyou-saveo concepts, pe
contracting

e Modeling of DSM technologies is the same as CI/I,
but the incentives differ
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Industrial

e Energy audits i specialized industry-specific
ATechnical Assessmentso

e Financing options

e Motors, variable speed drives
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Next Steps
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Tasks to be Performed

e Measure screening

e Bundle best measures into programs, programs
Into a portfolio with associate costs and benefits

e Create annual impact estimates going out 20
years, extrapolated to 50 years

e Describe DSM technologies selected for
program analyses

e Develop implementation roadmap
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Contact information

Luisa Freeman
703-242-3870 (office T east coast)
571-214-2144 (cell)

FreemanLM@bv.com
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Risk-Based Forecasts of Natural Gas
Supplies
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RIRP Fuel Assessment

Fuel-Supply Task for RIRP
Forecast Output

D, = Deterministic (annualized average)

Fuel P,. = Probabilistic (xx percentage probability of attainment)
Supply* Price*
Analytics
(MMcf / d) ($ / MMBtu)

e Decision-tree model

Natural gas P10, Psos Pog P10: Pso» Pao | ¢ Matrix of scenarios and
Monte Carlo simulations

Propane D, D, e Historical-empirical
HAGO D, D, models

Naptha D, D, e Adjustments made for
Coal D D fundamentals outlook

a a

* Delivered at Cook Inlet
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RIRP Fuel Assessment (continued)
Natural Gas Decision-Tree Elements

Supply-Source Supply-Management Railbelt Energy

Nodes Nodes Portfolio
Cook Inlet Portfolio Scenarios
Gas Production
Gas Storage A Base Case
Bullet Line System A Growth Case
from * .
North Slope : Demand
: Y Demand -
Spur Line Regional Pipeline |¢.--ceeereemseeeees A
from _ Distribution R gi0
AGIA Trunkline System »| Requirements

LNG Imports

Gas from Coal

Page - 63

Supply
(MMcf / d)

|

Price
($/ MMBtu)
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RIRP Fuel Assessment (continued)

Schedule for Risk-Based Natural Gas
Forecasts

e August 2009
o Build decision tree model 1.0
o Compile preliminary probability distribution functions (PDFs) for nodes
o Define matrix of simulations to run
e Present design overview to Advisory Working Group
o Provide preliminary results to IRP modelers
e September 2009
e Present preliminary results to Advisory Working Group

e Conduct technical workshop with gas-specialist stakeholders to refine decision tree
model (PDFs, simulation matrix)

o Upgrade to decision tree model 2.0
e Provide refined results to IRP modelers
e October 2009
e Upgrade to decision tree model 2.x as needed
e Provide final results to IRP modelers
o Present final results to Advisory Working Group
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RIRP Fuel Assessment (continued)
Natural Gas Decision Tree 1.0* ———

ook et Production 25.0% o Yes / No Availability
0 of Node

Delivery Sources
0

Supply from Mesy Delivery

Bullet Line

Variable Type 3: Pipeline from Marth Slope

% Mix into Total
Supply

Spur Ling from AG1A8 Trunkline |—‘FALSE

e}
Coal from Gas 25.0 ’g:‘
LNG Imparts 25.0% Variable Type 2:
0 Probability Distribution
-IRaiIbert Gas Supply Pipeline Distribution System Function for Deliverable
0 100.0% Resources
. . 1]
( outout Geologic Storage D:‘ 20902029
Total Gas Supply Storage - .
R P Supply from Storage 0 ’I:I Frequency — Cumulative % ‘
i - 0 w10 1 100%
im '\%v% Tank Storage 0.0 ”é’:‘ o g EH/H/H/
5 50% o g 1 H 1 500
Zz 40% E= 4
R W EXPE
o = o Hh L :H:H:'_‘: 0%
’ o 50 200 400 600
\ \ Capacity (MMcf / d) /

* Palisade PrecisionTree 5.0 Professional with @Risk Simulator, exported to Microsoft Excel 2003.
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RIRP Fuel Assessment (continued)
Natural Gas Decision-Tree Node Performance

Example: 2010-2019 2020-2029 2030-2039
Nodal ||:| Frequency — Cumulative % | |I:I Frequency — Cumulative % | ||:| Frequency — Cumulative %
: 10
Capacity 59 6] T2 |l 07 F 100% || 1 100%
Expansion |88 s+ 5T 6 5 3
P g g i + 50% g g a4 + 50% g £ i + 50%
20 24 >0 24 H W 24 2 H m
0 0% 0 e W N 17 0 1 P )
50 200 400 600 50 200 400 600
Capacity (MMcf / d) Capacity (MMcf / d) Capacity (MMcf / d)
Probability Pa0: 14 Pan: 2B Pa0: 28
Percentiles from PO g4 Pad: 136 Pa0O: 148
Curve-Fitting P10 243 P10:; 405 P10 415
Example: 2010-2019 2020-2029 2030-2039
Nodal |I:I Frequency —— Cumulative % | |I:I Frequency —— Cumulative % | ||:I Frequency — Cumulative %
I 10 0, + 00 10 4 00
Caplz_imty | T 100% || o " 100% || o 0o 100%
Decline 5% 61 5 T &% 61
£E .1 t50% || E 150% (|8 E 41 + 50%
é’ L|UJ) 2 4 |_| g Lﬁ |—| 2 Lﬂ 2 T
0 1 0 R 1 AL —+—+ 0% o H.4 —t 0%
50 200 400 600 50 200 400 600 50 200 400 600
Capacity (MMcf / d) Capacity (MMcf/ d) Capacity (MMcf/ d)
Probability PoD;) 18 Poo;| 17 PO0: 16
Percentiles from PO 75 PO B2 Ps0: 52
Curve-Fitting P10;| 232 P10:;| 184 P10; 153
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RIRP Fuel Assessment (continued)

Examples of Results* from Alternative Pathways Through the
Natural Gas Decision Tree 1.0

[J Sim 20090822-001 -O-Sim 20090822-002

100% | |
- 90% . Heav?flj\;reight Distribuutgﬁ.weight
é 80% Attributes Snunpzljl:g:jee Sﬁ;prlr;url:lupt:ss
.% 70% Pag 15 15.7
= 0
< 60% Pan 726 950
o 50%
‘; 40% Pio 104 5 1987
= 0
2 30% 0
o O
o 20% O] O—
ol O]

10% .D \O\\O
0%
0 50 100 150 200 250
Total Capacity

* Preliminary model tests with strawman probability functions; not for RIRP matrix
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RIRP Fuel Assessment (continued)

Example of Simulation Matrix to be Populated by
Decision-Tree Model Runs

Risk-Based Natural Gas Forecast
Strawman Simulation Matrix 1.0A*

= Primary node (major supply) = Secondary node (minor supply)

Annualized Gas Supply by Decade (P, Psg, Pgy @s MMcf / d)
2010-2019 | 2020-2029 | 2030-2039 | 2040-2049 | 2050-2059

Model Node

Cook Inlet Gas Production

Bullet Line from North Slope

Spur Line from AGIA Trunkline

Gas from Coal

LNG Imports

Gas Storage

Pipeline Distribution System

* Total of 35 reference environments with assumptions about ranking of nodes
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Definition of Renewables
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Definition of Renewables — B&V Proposal
e 50% by 2025 target

Page - 70

o Applies to Railbelt region, as well as the State

e 50% of energy not capacity

Include existing renewable resources

Technologies included:

Large/small hydro
Wind

Geothermal
Biomass

Solar

DSM/EE program impacts would be in addition to renewables

Inclusion of developing technologies in future RIRPs as they become
commercially available
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Initial Portfolio of Transmission
Investments
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Initial Portfolio of Transmission Investments

e Series of meetings to identify initial portfolio by mid-
September

e Four types of transmission investments
o Replacement
o Backbone upgrades
o Project-specific interconnection
e Project-driven grid upgrades

e Portfolio to be adjusted as results of RIRP
modeling become available
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Public Outreach Activities
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Public Outreach Activities
e Activities already included in RIRP work plan

e Monthly Advisory Working Group meetings
o Presentation of preliminary results and recommendations
o Draft Report
o Final Report
e Other planned activities
o Utility Task Force meetings

e Ongoing discussions with utility management teams and other
stakeholders

o Legislative outreach

e Other activities that should be taken
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Important Activities Over Next Two Months
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Important Activities Over Next Two Months
e Initial RIRP results T mid- to late-September

e Finalize RIRP modeling - October

e Develop resource plans for each evaluation
scenario

e Develop implementation roadmap for each
resource plan

e Presentation of preliminary results and
recommendations

e Fourth and Fifth Advisory Working Group meetings

Page - 76 August 26, 2009



