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MISO drives value creation through efficient and reliable
markets, operations, planning, and innovation

The most reliable, value-creating RTO

B MISO North
I MISO Central
[ MISO South

MISO by-the-numbers

High Voltage Transmission 65,800 miles
Generation Capacity 174,000 MW
Peak Summer System 127,125 MW
Demand

Customers Served 42 Million
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MISO'’s role continues to evolve as the industry’s

requirements change
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MISO Role

--»
Ensure reliability

Create value for members
and consumers

Create and operate

efficient markets

Enable efficient
infrastructure investment

Inform policy decisions via
independent analysis

Inform stakeholders of

future market possibilities

£MISO




The generation fleet in the MISO region has been shifting
for a decade-plus; continued evolution expected
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2032 Future Scenarios

Limited Fleet Change

Stalled generation fleet changes. Limited
renewables additions driven solely by
existing RPS under limited demand

Continued Fleet Change
Continuation of the renewable addition
and coal retirement trends of the past
decade.

Accelerated Fleet Change
Renewables and demand side
technologies added at a rate above
historical trends. Fleet changes result in a
20% CO, emission reduction®.

3%

Distributed & Emerging Tech
New renewable additions largely
distributed and storage resources co-
located with largest sites.

1. Emission reductions from current levels by year 2031
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Retirements and increasing renewables, which get lower
capacity credit, have led to lower reserve margins

28.1%

27.4%

Actual Reserve 25.9%
Margin 23.8%

18.8%

18.2%

18.0%
Planning
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Requirement
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Forecasted capacity balances for 2019 declined year-over-
year largely due to decreased availability of resources

Regional 2019 Outlook
Committed Capacity Projection Variations
since 2017 OMS MISO Survey

In GW (Installed Capacity)

15 1.2
3.9
0.6
Forecasted Forecasted Increased Reserve New Decreased Forecasted
Regional Surplus: Load Requirement due Resources Availability of Regional
2017 OMS-MISO Reductions to Higher Forced since 2017 Existing Surplus:
Survey Outage Rates Resources 2018 OMS-
since 2017 MISO Survey




Existing resources, combined with potential retirements
and new capacity, drive potential near-term resource
balance ranges

Projected Regional Capacity Position 4, Potential New Capacity
in Installed Capacity (ICAP) | Potentially Unavailable Resources
GW (% ReserveS) ‘ Committed Capacity Projections
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The current generator interconnection queue consists of 542
projects totaling 90.3 GW...

MISO Active Queue by Study Area

East Area (ATC/UP)

Size: 6.7 GW
Requests: 46

East Area (ITC)
Size: 13.5GW
Requests: 74

West Area
Size: 32.2 GW
Requests: 198

co

Central Area
Size: 21.6 GW
Requests: 118
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South Area
Size: 16.2 GW
Requests: 106

TN

VA

NC

Hwind WM Gas [Solar [ Other

Total Queue:
90.3GW

Updated: 6/1/2018

Interconnection Queue Trends
Active and Completed Projects by Year (GW)
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* The total queue size is 542 projects and 90.3 GW with
the withdrawal of 11 projects in May.

» Storage in queue = 580 MW
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...which the existing transmission system cannot

accommodate
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Using a value based planning approach, MISO determines
the necessary transmission to address regional needs

Long-term

Regional Transmission
Plan Development

Future Development

Transmission Strategy

Limited Fleet Change
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Business

Cost
Allocauon

Consensus

A variety of policy and

economic based Futures Lol N ey s

guide near-term transmission
decisions

Long-term Strategy and

conditions precedent frame

provides multiple long-ferm regional tfransmission plan

views of future resource mix
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Studies like the Renewable Integration Impact Assessment are
Important to understand the effects of increased renewable
penetration

[ Focus Areas: \

RENEWABLE INCREASE TIMING AND
PENETRATION GE?VGE%T:YIC AWARENESS OF URGENCY
LIMITATIONS ISSUES

Inflection points are milestones
where complexity significantly
increases.

Renewable Integration Impact
Assessment begins by
modeling the current system.

Renewable Integration Complexity

lllustrative example

50 60 70 80 90 100
Renewable Energy Penetration (steps of 10%)
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As renewable penetration increases, planning and
operating risk shifts and becomes more acute

10%

Periods of high-risk and short duration
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The MISO market, drawing on sufficient transmission capability
and diversity of resources, is a low cost alternative to manage
renewable intermittency and increasingly unpredictable loads

Supply
. i Electricity .
i Concentrati ectrici ihili
g::-‘s': S Flexibility
Existing Hydro, Pumped Demand
Hydro, and Gas Storage Side
Gas Generation Existing Electricity  Flexibility
and Coal Cycling Storage Storage
Flexible New
Generation Loads
.Is-ht:ram; Heating and Transportation
Markets Ice and Heat
Improving Pricing and Demand Response The relative order of these is
Low conceptual only.
Cost ’

Increasing Renewable Energy (RE) Penetration

13 Source: NREL, “The Role of Energy Storage with Renewable Electricity Generation”, Paul Denholm, et al., January 2010.
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The new resource portfolio will require new products
and services to ensure efficient incentives

Digitalization Decentralization

New classes of electric consuming » Distributed Energy Resources
devices

* Behind-the-Meter Energy Storage

* Internet of Things « Electric Vehicles

* Flow control devices

- Operational coordination with Digitalization

distribution o
Decentralization

De-marginalization

(low / no Marginal Cost)

Forces of Change

De-marginalization (low / no marginal costs)

* Rapid and substantial changes from portfolio evolution on both the supply
and demand side

» Less flexibility achievable from energy dispatch prices alone
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MISO’s market roadmap provides a mechanism to ensure
achieving reliability through markets is maintained

VISION STRATEGY ROADMAP
5-7 YEARS

Strategy Stakeholders
R&D
Questions

Federal/State
Initiatives

Other
Programs

Executive /

Strategy Retreat

uonejusws|dul|

Annual
Symposium

FERC
Other Programs
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Recent and future market development initiatives are
focused on pricing reforms, system flexibility and
response capability

Short-Term
Capacity

Reserves Stored
Energy

Participation

Ramp
Product

Emergency Combined Exten_ded
Pricing Cycle Locatl_onal
Modeling Marginal

Pricing —

Eilzirelse Phase Il

Locational
Marginal Extended
Pricing — Locational
Phase | Marginal
Pricing —
Phase Il

Fast-Ramping
Resource Multiday Unit
Control Commitment

Enhancements

2015 2016 2017 2018 2019 2020 2021 2022+

@8 Efficiency @ Reliability  #8 Flexibility
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