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BAU Future — Modeling inputs

 For modeling subteam areas:

— Key decision items are presented
for SSC decision

— Areas of modeling inputs that
have a subteam consensus view
are noted in MWG report to SSC

— Areas of modeling inputs
requiring additional work/review
are noted in MWG report to SSC

NEEM Regions / Transmission

Environmental Policies

Fuel & Emission Prices

Demand, Efficiency, DR

MRN Economic factors

Existing Generation

New Generation

Canadian Modeling




Approach

Weekly Modeling Workgroup calls

8 Subteam areas have stakeholders actively
developing/reviewing data

Participation by Scenario Working Group members; joint
SWG/MWG meetings/calls on key issues

John Buechler — EIPC liason; conduit to CRA
Stan Hadley - Oak Ridge Nat’l Lab — Data inputs coordinator



Today’s presentation

Focus on Key Decision Points

Environmental Policies

Fuel & Emission Prices

Demand, Efficiency, DR

New Generation

« Environmental Policy Sunsets
» Treatment of Voluntary RPS Targets

» Gas Price assumptions

» Baseline Forecasts

* Wind Capital Costs
e Limits on amounts of New Wind and Solar



Next Steps

e Joint SWG/MWG Meeting Feb 8/9 —

— Workplan for defining remaining model inputs
for Futures and Sensitivities

e Implement SSC Guidance from Feb 7/8 SSC
Meeting

« Complete any remaining BAU data needs
o Answer outstanding questions about SWG/SSC
Intentions for other Futures and Sensitivities
— Explore remaining data and modeling issues
for other Futures and Sensitivities



Focus on Key Decision Points

Environmental Policies

* Environmental Policy Sunsets
» Treatment of Voluntary RPS Targets

» Gas Price assumptions

» Baseline Forecasts

* Wind Capital Costs
e Limits on amounts of New Wind and Solar



Environmental Policies

Decision Points
e Extension of the PTC and ITC
 Modeling Voluntary RPS



Extension of PTC and ITC

 The Federal Production Tax Credit provides a production
incentive (~$22/MWh) to wind and other forms of
renewable energy for a period of 10 years that are
placed into service before 2013.

 The Federal Investment Tax Credit provides a tax credit
for 30% of the capital cost of solar energy systems and
other forms of renewable energy (excluding large wind)
for systems placed into service before 2017. After 2017
a credit for 10% continues for solar

 Both incentives have been renewed numerous times in
the past



Option A

PTC/ITC

Option B

Follow Current Law .
PTC not modeled

ITC modeled for solar at
10% as currently
legislated

Renew policies at current
levels until 2025

PTC modeled as
$22/MWh (2010) for
Wind, Biomass and
Geothermal and
$11/MWh (2010) for
Landfill Gas

ITC modeled as 30% tax
credit for Solar and Fuel
Cells



Voluntary RPS

* ND, SD, OK, VT, VA and NE have
Voluntary RPS Goals

o Several stakeholders, including states,
have indicated that these voluntary RPS

goals are being satisfied and that the
model should reflect this

 However, there are no explicit penalties
assoclated with not meeting the goals as
there are with mandatory targets
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Voluntary RPS

Option A Option C

Do not model Voluntary  Model Voluntary RPS
RPS according to the relevant

Option B states’ inputs

 Model Voluntary RPS at « Voluntary RPS for states
60% of their stated value not providing input will not
with an Alternative be modeled

Compliance Payment set
equivalent to the lowest
ACP of the mandated
RPSs
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Focus on Key Decision Points

Fuel & Emission Prices

* Environmental Policy Sunsets
» Treatment of Voluntary RPS Targets

» Gas Price assumptions

» Baseline Forecasts

* Wind Capital Costs
e Limits on amounts of New Wind and Solar

12



Natural Gas Decision Points

« Natural gas price forecast for BAU
— Option 1. Composite of AEO 2010 and AEO 2011 forecast
— Option 2: AEO 2011 forecast

« Natural gas price high sensitivity case

— Use ratio of “no new tight gas and shale drilling “ case from
AEO 2010 to AEO 2010 reference case, and apply to either
Option 1 or Option 2
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Fuel and Emissions Prices Subteam
Review of
AEO Forecasts — Electric Power Natural Gas Prices

-~ AEQ2002 -~ AEQ2003 — AEQ2004 — AEQ2005 -~ AEQ2006
- AEQ 2007 —AEQ2008 AEQ2009 —AEQ2010 —AEQ2011
2000 2005 2010 2015 2020 2025 2030 2035



Fuel and Emission Prices Subteam
Review of
Natural Gas (Henry Hub) Price Forecasts
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Focus on Key Decision Points

Demand, Efficiency, DR

* Environmental Policy Sunsets
» Treatment of Voluntary RPS Targets

» Gas Price assumptions

» Baseline Forecasts

* Wind Capital Costs
e Limits on amounts of New Wind and Solar
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Demand Decision Point

 Use CRA'’s default values for energy and peak
demand for the baseline forecasts
— Need to remove known EE and DR

— There may be some double counting of EE and DR, once the
EERS and DR levels are applied to the baseline forecasts

— PAs will not be able to provide “EE / DR — free” baseline
forecasts in time to meet EIPC project schedule
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Focus on Key Decision Points

New Generation

* Environmental Policy Sunsets
» Treatment of Voluntary RPS Targets

» Gas Price assumptions

» Baseline Forecasts

* Wind Capital Costs
* Limits on amounts of New Wind and Solar
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Decision Point 1: Wind/Solar Generation Limits
(Table 14)

Table 14 — Intermittent Generation Limits (annual ~ MWh basis)

Intermittency Region

NEEM Regions

CRA Default Value

SPP SPP-S, SPP-N, NE 20%
PJM PIJM_E, PIM_SW, 20%
PIJM W, PIJM_D, AE,
NI, PIJM_Midwest
MAPP_CA MAPP_CA 20%
MAPP_US MAPP_US 20%
Rest of MISO EMO, SCIL, MISO_E, 20%
WUMS, M
Non-RTO Midwest Non-RTO Midwest 20%
New York NYISO A-K 20%
NEISO NEISO 20%
ENT ENT 20%
TVA TVA 20%
VACAR VACAR 20%
SOCO SOCO 20%
FRCC FRCC 20%
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Decision Point 1: Variable Generation Limits (Table 14)

1) Some areas already have more than 20%
wind penetration (e.g. lowa).

2) Integration Studies (EWITS, NEWIS,
NYISO) show 20%-30% is feasible and not an
upper bound (these studies have not been
designed to find an upper bound)

3) Penetration limits should reflect structural
constraints imposed by the system topology,
not anticipated levels of wind/solar deployment
in BAU or other futures

4) Current trends that will facilitate increased
penetration of renewables (e.g. adoption of
dynamic scheduling, balancing authority
consolidation, direct load control) should be
reflected in choice of renewable penetration

5) The model will already place significant
constraints on import/export of wind by means
of interregional transfer limits between NEEM
regions and the limited ability to iteratively
optimize those limits. Additional constraints
are unnecessary.

1) Communications with PA’s indicate that
25% is the penetration level with which they
are comfortable

2) Some operational issues not well reflected
in all integration studies (over-speed cutouts
etc.)

3) Lack of geographic diversity could further
constrain the ability to reach high penetration
levels

4) The higher penetration levels in some
studies (e.g. EWITS: >40% in MISO/ISO-NE,
>100% in SPP) require significant amounts of
new transmission

5) If BAU wind, solar is driven by RPSs,
penetration levels are unlikely to exceed 20%
In most regions.
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Decision Point 2: New Build Costs and Characteristics
(Table 7, Exhibit 9)

Several members of the New Generation A review of capital costs for coal, nuclear and
Sub-Team prefer to use a single capital cost wind for AEO2011 relative to current and
source, such as AEO 2011, rather than announced project costs indicates that costs
adjusting costs for specific generation type for coal and nuclear are consistent with

since a thorough and comparable review current costs but that wind capital costs
cannot be conducted for each technology include escalations not reflected in observed
given the time schedule project costs. This proposal provides a

middle ground between matching near term
declines and relying on AEO2011 wind
capital costs that are out of step with current

trends.
Capital Cost: Wind AEO2011 Capital Cost AEO2010 Capital Cost
($2438/kW), AEO2010 Learning  ($2007/kW), historic learning
Assumptions (1% through rates (10% learning through
2030) 2030, see footnote 3 below)
Default Learning Assumptions AEQO2010
Default Capital Costs AEO2011
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Decision Point 2 continued: Onshore Wind Capital Cost

Wind Capital Cost (2010$/kW)
3000

e 2010 wind transactions are 147% below 2009

2500 levels with further reductions expected in 2011
» Long term, emerging international competition
2000 could provide further downward cost pressure.
« AEO 2011 ($2438/kW) is the highest wind
1500 capital cost in the surveyed literature and 15%
above the average cost published in the past
1000 two years.
» No BAU sensitivity for lower generation cost
500 (only increased cost)

0 | — 1 e | | — =
Option A (AEO2011) Option B (AEO2010) 2010 US Wind Mean
Costs (BNEF)
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Onshore Wind Capital Cost
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Project Costs
Nuclear and Coal

In order to evaluate the the Energy Information Administration’s Mo an | e
Annual Energy Outlook 2011 updated capital costs (prepared by T -
RW Beck), a survey of existing and proposed pulverized coal and g Em:y:m; (:) 1 ;:1?

nuclear projects was prepared. The data presented in these two Sut:eﬂ::: 41091 ] 3037

graphs reflects survey data compiled by the Union of Concerned John W. Turk (06) |G 3019

Scientists from regulatory proceedings, project developers, Florida Glades 1(07) NN 3018

Florida Glades 2 (07) — 3018
EIA (AEO 11) e 2844

Prairie State (10) _:& EPRI 2009

Taylor Energy Center (07)

newspaper articles, press releases and other sources.

Progress Energy (2008) I 65aa latan (10) | 2513 ($2650/kW)
FPLHigh (2007) [ 5974 Dalman Unit 4 (09) _ 2490
e — ik Westar (06] G_————— 285
1 Southwest 2 (04) NS 478
ouke Enerey (2000) ™ 5> [ pPR| 2009 Ciffside (06)  —_——— 2398
SCEG-Santee Cooper (2008) _ 4396 ($4860/kW) Springerville 3 (06) _ 2394
Olkiluoto (2008) I 4131 Oak Creek (09) SE— 2207

Plum Point (06) M 2183

FPL Low (2007) _ 4088
' Comanche (04) __ 2131

0 1000 2000 3000 4000 5000 6000 7000 Wygen I1(05) | 2065
E— Weston 4 (08) _ 2011
Nuclear Capital Costs, Project Costs vs. AE02011 Council Bluffs (03) WEG_—_ E————— 1775
(Average $5098/kW) IK Spruce 2 (06) [—" 1421

Cross 3&4 (06) M 1406

0 500 1000 1500 2000 2500 3000 3500 4000 4500 5000
2010$/kW

Pulverized Coal Capital Costs, Actual Projects vs. AEO2011
(Average $2608/kW)

Conclusion: project costs can be higher and lower than AEO2011 and EPRI 2009 figures 26



Decision Point 2 continued: Onshore Wind Capital Cost
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AEO2011 wind learning 1% through 2030,
well below mature technologies like Coal,
Hydro, and Natural Gas.

10% learning rate places wind in the
middle of the range between mature and
emerging technologies.

10% is consistent with long term cost
trends for wind found in the literature. [1]
Recent growth of the international wind
market is not well reflected in AEO2011
learning assumptions relative to other
technologies

[L] mealan 10ng term 1earning rates 1or wind ~1u% per aoupimnguonulative capacity, sdeahouliBahmj S. 2008 Technological learning in

energy-environmenteconomymodelling A survey. Energy Policy 36, 138; JungingerM., Faaij A.,Turkenburg W., 2005. Global
experience curves for wind farms. Energy Policy 33153 ;Neij, L., 1999. Cost dynamics of wind power. Energy 24,385
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