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% We manage power.

> MISO Has Two Study Processes

| .Joint Coordinated System Plan- Design transmission expansion including neighbors
. DOE-NREL Eastern Wind Integration Study 20%, 30% wind energy

First study with time synchronized wind models over a wide area that allow the analysis of :

Energy Market economic transmission expansion
Competitive resources

Market models

Diversity of wind reducing power variations

Wind Integration costs

. Other generation futures such as wind in the north and nuclear in the south for a low carbon future

P. Midwest ISO Transmission Expansion Plan -MTEP 09- 2014, 2019, 2024 years of study-

. Economic- subject to further input from the MISO Planning Advisory Committee-specific to Market benefit/cost ratio

Reference-most economical generation expansion

20% Renewable from DOE-NREL Eastern Wind Integration Study
30%Renewable from DOE-NREL Eastern Wind Integration Study
Environmental-$25/ton carbon tax

Legislative limitations and delay

. Reliability-specific to MISO footprint

Transmission expansion to serve load reliably

Generation Interconnection Facility Studies

Queue Improvement
Open season-build it and they will come

Transmission Service

. Coordinated Studies

CAPX

Minnesota Renewable Energy Study
Ad Hoc studies
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% We manage power
> What Is the value of MISO studies

B Provides information that enables
« Total cost of building and operating facilities
* Revenue to generators
* Business opportunity comparison
 RPS impacts
* 10% versus 20%

 Information to determine economic impact on
customers/ generators based on the PSC
treatment of generator net revenue




United States - Wind Resource Map

Resource Atlas of the
United States”, 1987
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~ Onshore and Offshore Wind Generation Potential by NERC Region
Potential Generation Potential Market
RPS little wing

2004 Energy Consumption
Il '\ERC Region Load: 169 - 987 TWh

Wind Potential Generation

- Onshore; Class 3 and greaier; O-- 10,013, T Exclusions were applied to the onshore wind U.S. Departrment of Energy

Onshore, Class 4 and greater: 0 - 4,390 TWh resource areas. Offshore resource was limited National Renewable Energy Laboratory
to shallow areas (<30 m) within 50 nm of shore.

I Offshore, Class 4 and greater: 0 - 1,325 TWh
Offshore, Class 5 and greater: 0 - 803 TWh 02-JUN-2006




DOE-NREL-JCSP Area of Wind Model Development
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> Types of Markets
® Energy Market

® Ancillary Services Market
* MISO June 2008

® Capacity Market
« MISO does not have one, states set reserves
« PJM has one
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% We manage power
> How an Energy Market Works

B Generators are paid the clearing price of the market
minus congestion and losses

* The clearing price is the price that must be paid to obtain
enough power to cover the peak demand for a 5 minute or
day ahead period

« MISO has a clearing price
 PJM has a clearing price

* Energy can be exchanged between MISO and PJM without
an additional transmission charge

« Other Seams area require an additional transmission
charge

- Energy clearing prices are available from the
midwestmarket.org web site
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visclaimer: The data and prices provided on this page are preliminary and should not be relied upon for settlement or other purposes, The Midwest
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 LMP Contour map below provides a real-time map of the MISO footprint showing selected Commercial Pnodes, with their respective LMP
jes, Each Commercial Pnode is represented as a circle with the regional color dependent on the price. The map and the table will
omatically refresh every & minutes to show the updated infarmatian,

Interactive LMP map below requires free S%G 3.0 plug-in. Please install the plug-in if you do nat see the LMP map.
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> Energy Markets

B Wind energy usually is a price taker on the
Spot Market

* Wind generates as much energy as possible

Wind receives as much revenue as possible

No bidding is needed

No balancing penalties are imposed




Electric Market Overview: Renewahles

Renewable Energy Portfolio Standards (RPS)

A RS reguires a percent of
energy sales orinstallzd
capacity to come from
renewakble resources.

28 states and OC have

renewable energy standands.

Fowur mare have goals that
carry mo penatty; Wirginia's
goals include financial
nzentives. Eight states
passed or amended an RPS
ar goal im 2007

In Cetober, the Texas PUC
designated five "Competitive
Renewable Enargy Zones”
and autharized transmission
development to bring powsr
from those windy areas o

cusiomers throughout Texas.

Califomia and the Westem
Gowvemors Associgtion ars
al=a pursuing transmission

planning and cost recovery
policies to support new

renewable generation.

NI 10%: by 2015

) : . Wi 107% by 2015 WT: laad groweh ta
MH: 252 by 202 ,
[m| %% b!;l' 312%. IL: 2555 tl}' 2025 10%, 2007-12
; MH: 23.6% In 2025

l4: 2% by 2011 INC 0% by 2017

MT: 13% by 2013

ME: 30% by 2000;

W01 1% oy 2020 OH: 20°% Dy 2023

WA 15% by 2020 10% new by 2017
_ WA 4% by 20089; +
E;?nfllsﬁlhuyeftﬁ?%] 1% arnual Incregss
' ' RI: 16% by 2012
E;EEE;: n:.-rszF- CT:27% by 2020
s per yea MY 24% by 2013

G 20% by 2010 ML 22.5% oy 2020

Including 2% solar

DE: 20% by 2018,
Including 2% solar

P 13% by 2020

MD: 9.5% In 2022,
Including 2% salar

AZ: 15% by 2025, of

which 30% Is distribused

HM: 20°% by 2020
{eo-ops 10%)

CO- 20°% by 2020

Incuging 4% soiar DC:- 11% by 2022

VA 12% by 2022

HC: 12.5% by 2021

. B3 207 wind by 2020 TX: 5,630 M by 2015 FL- 20% by 2030

-
4 200 by 2020

[] ===

. Sirenglhensdy amended RPE2
. SES wih addHoral goais

. Froposed RPE or sludying RS
. Vokrmlary standards or goals

Motes: Alzzka nas no RFS

Sources: Derfead from data Irc EEL E1A, LBRL, PLUCE, Zale leglsliaise racking sendoes, Dalabase of Sate
Incentives for Renewables and Efficiency, and the Unlon of Concemed Solenlisis.

Lipdated Ociober 15, 2007



Transmission needs to link low prices in west to high prl g'rﬁ"”sa
the|east to produce a benefit. Benefits are returned to
genEE;\tor by the Energy Market
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Day-Ahead to Real-Time Price Differences
. MISO and Neighboring Markets

Average Clearing Price Average of Hourly
Dav-Ahead Real-Time Difference  Absolute Price Difference

Midwest RTO:
Cinergy Hub $43.14 $41.56 $1.59 $11.81
Michigan Hub $46.30 $4528 $1.04 $13.59
Minnesota Hub $48.79 84727 $1.53 $19.73
WUMS Area $50.52 54047 $1.07 $16.32
New England ISO:
New England Hub $63.49 $62.67 $0.83 $11.36
, Maine $59.32 $58.62 $0.70 $10.52
e Connecticut $70.95 $68.60 $2.34 $13.02

New York ISO:

Zone A (West) $51.85 53001 31.84 $12 81
Zone G (Hudson Valley) $68.02 56T 48 $0.54 $18.07
Zone ] (New York City) $75.88 §76.03 -$0.15 $20.06
PIM:
AFEP Gen Hub $42 .44 $43 68 -$1.24 $9.52
Chicago Hub $43.89 54478 -$0.89 59.52
New Jersey Hub $57.02 $58.27 -$1.25 $15.23
Western Hub $53.73 $55.27 -$1.52 $14.68

POTOAMA
i Lo BCONOMICS
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> Mandates

B Wind Capital costs paid by load

B Energy surplus is sold
« Competitive
* Revenues to the generator

® South Dakota has a relative small amount of
load compared to its generation potential to
support mandates only small amounts of
wind generation can be supported by an
RPS in SD
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> Wind Marketing Components
B State RPS

B Energy Market Sales from surplus energy
« Capacity credit for wind is 15%
« Capacity factors are 35-45% in MISO

« Difference adds to the surplus energy that is available to
sell.

B Sale of in state wind capacity or other capacity to
out of state markets

« Transmission capacity to do so is necessary

* Requires MISO-PJM coordination to reach the highest
priced markets in the US
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