ELECTRIC POWER
RESEARCH INSTITUTE

=Pl

Welcoming Address
What We Need from New Power Generation

Tom Alley
Vice President, Generation

4" International Symposium on Supercritical CO, Cycles
September 8, 2014



Transformation of the Power System




Transformation of the Power System
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Power Generation Drivers and Externalities

Fuel Water

Availability & Management Economic

Price (Natural Viability
Gas)
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Coal Retirement Forecast

Drivers

e Demand
e Economics

 Availability/Price of Natural
Gas
* Environmental Regulations

— Mercury and Air Toxics
Standards (MATS)

Projected cumulative retirements of coal-fired generating capacity (2012-40) =,
gigawatts cla
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Source: U.S. Energy Information Administration, Annual Energy Outlook 2014 Reference Case

MATS compliance strategies for U.S. coal-fired generation capacity in the
electric power sector
(year-end 2012)  undecided (may
retrofit or retire)
20.4% :

planned retirements
9.5%

planned DSI
0.7%

planned FGD
51%

already complies
using DS :
0.6% cia

Source: U.S. EIA Annual Generator Report
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Polar Vortex: Fleet Response

e Oil units had record runs
* Fleet required maximum flexibility
e Duel fuel switching
* liquids were cheaper than gas
e Delivery issues
 High gas prices — gas turndown
 Misalignment between dispatch and
demand
 High forced outage rates
* Fuel curtailments

 Freezing instrument lines @ Acouleathencliii
 Freezing HRSGs
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Value of Centralized Generation

e Provides the backbone energy 20 Measured HVAC Startup Power vs. PV Output Comparison
capacity
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The Challenge — Your Challenge

SCO, Compressor

Advance the understanding and i Turhine

and development of advanced
power systems. Systems that
are:

 Flexible

* Reliable

e Cost effective and efficient
e Low carbon

Power Turbine
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..and Low Cost

» Cost Is the biggest
pressure electric utilities
are facing today

 EPRI's Advisory Council is
very concerned about the
cost impacts of electricity
on consumers

* We need new ways to
generate power, cleanly
and reliably, that will not
cause electricity prices to
rise
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Are Supercritical CO, Cycles the Answer?
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Together...Shaping the Future of
Electricity
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The Challenge — Your Challenge

e Advance the understanding
and development of advanced
power systems

 Impact of the “Polar Vortex”
on the northeast United
States showed the
Importance of having a
diverse generating portfolio

e But many of the coal plants
that were used during the
polar vortex are scheduled to
be shut down next year
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What Do Power Generators Need?

* New technologies to replace the coal plants nearing
retirement in the US and Europe & to meet the growing
demand for power in developing nations

* These new technologies must offer . . .



.Flexibility
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European Power Generation Challenges

* RE deployment
— Up to 30% by 2030 j
« Fossil flexibility requiredto %
support RE variability
e Fuel prices and risk _;: 5% Bl United Stotes
G .Germuny
* Weak WhOIesale prlces SRl 2003 2004 2005 2006 2007 2008 2009 2010  201) 2012

e LOow |0ad faCtorS (e_g_, Spaln) Growth of PV in Germany
oy

Hourly PV+Wind Generation (GW) Peak load:

‘ Insights from a Pumped storage,

3- W Dynamic System gas turbine peaker plants,

0- Ll | ~8.‘J days{yr g Product requirements:

%. L R RN | variable generation
5% below installed
' capacify

* Low generating cost

Intermediate load:
ﬁ mainly GTCC - Fast start-up

= High starting reliability

Maximum Hourly Renewables replacing - Good part-load capability

Ramp ~10 GW

Maximum Hourly
Down Ramp ~7 GW

base load units due to must
feed-in legislation

Base load:

Nuclear power, hydropower Schematic — Courtesy of Siemens
coal-fired power plants
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Diversity in the Generation Mix is Critical

e  Oil units had record runs
* Fleet required maximum flexibility
* Duel fuel switching

* In some cases liquids were cheaper
than gas

» Delivery issues
» High gas prices —resulted in gas turndown
* Misalignment between dispatch and demand
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* Availability and reliability of coal and nuclear o1k B
H . North Valmy Statign r
generation fleet exceed natural gas fired, »!@“'“H
solar and wind generation Qe R
« High forced outage rates G Ve o

* Fuel curtailments
* Freezing instrument lines
* Freezing HRSGs
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The Challenge — Your Challenge

e Develop the technology that will
enable the power system of the
future to evolve in a manner that
is Flexible, Resilient, Reliable,
Efficient, Safe, and
Environmentally Responsible.

e The industry has a low risk
tolerance and the risk of failure
must be minimized

« Significant financial pressures

 Highly diverse opinions regarding
technologies
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Power Generation Drivers and Externalities

Fuel Water

Availability & Management Economic

Price (Natural Viability
Gas)

Renewables 5 Market
| Drivers
Emissions
Constraints
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Coal Retirement Forecast

Drivers

e Demand
e Economics

 Availability/Price of Natural
Gas
* Environmental Regulations

— Mercury and Air Toxics
Standards (MATS)

Projected cumulative retirements of coal-fired generating capacity (2012-40) =
gigawatts cla
70

AEO2014 projection
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Source: U.S. Energy Information Administration, Annual Energy Outlook 2014 Reference Case

MATS compliance strategies for U.S. coal-fired generation capacity in the
electric power sector
(year-end 2012)  yndecided (may —
retrofit or retire)
20.4%

planned retirements
9.5%

planned DSI
0.7%

planned FGD
51%

already complies
using DS =
0.6% €la

Source: U.S. EIA Annual Generator Report

MATS Compliance driver for large number of retirements in 2016
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Distributed Fossil Generation Impact on

Local Air Quality

» Sources close to people
e Short stacks

e Cooler flue gas alters
plume rise & buoyancy

» Strong impact of local
micrometeorology and
building topology

power.cummins.com
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