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01/24/08 CAISO Snapshot of Power Supply and Demand
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» Has served us well, Generation
but...
— Average U.S.
generating plants are
old (avg. 35 years) Transmission
— Wasteful (33%
delivered efficiency) ...................................................
Can no anger rely on Distribution
centralized approach
in light of increasing @R ...},
percentage of > : —
renewable energy nd-Jse
and other distributed = = = = coNeferfbrmrmmrirnrrrenn..
enerqgy resources. Appliance
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August 14th, 2003
Northeast USA Blackout

o
Northeastern USA tdken Aug14, 2003, at 9:03 p.m. EDT




Transformation of Today’s Colorado
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Smart Grid:

- A fundamental shift from central electric generation and
“dumb” delivery infrastructure serving rate payers.

To

« Large number and mix of heterogeneous distributed (and
some central) generation sources (including renewables and
distributed storage) in load centers cooperating seemlessly to
provide real-time 1.1 to 1 match of continually changing
demand requirements.
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Energy recycling (increased efficiency)

— e.g., combined heat and power

Energy producing
— e.g., generators

Energy consuming

— e.g., building control systems

Energy storage

- e.g., vehicle to grid
Energy monitoring

- e.g., meters
Energy routing and switching
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Network them together for value-added products and

robust electric system.
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103 ‘ Frequency control I
10-2 | Voltage control l
10-1 ‘ SCADA communications I
100 ‘ Dynamic stability ‘
101 | Ramping, load following I
102 ‘ Economic dispatch ‘
103 ‘ Unit commitment, trading ‘
106> l:;eneralion, T&D Planning‘

1012 ‘ NA's total elec. generation ‘

10° ‘ Central power plant ]

108 ‘ Large factories ‘

107 | Factories, large buildings ]

105 ‘Car engine, supermarket ‘

103 ‘ US home electricity use ‘

102 |Computer, television, Iamp‘
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100 ‘ Cellular phone ‘

10-1 | Small Portable radio ‘

Timescales within the energy system
Source: RMI

Energy generation and consumption range
Source: RMI
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102 \ Central Generators ‘
103 ‘ Transmission system ‘
104 [ Substations ‘
104 ‘ Distribution feeders ‘
107 [ Onsite energy system |
108 [ End use devices ‘
Devices within the energy system—
Western US. Source: PNNL




What are the Smart Grid’s
components?
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¢ Common infrastructure for electric management and services.

| End Use | | Energy Services | | Distribution | | Transmission
Baseload Energy Mgmt Asset Mgmt Asset Mgmt
Reserves Aggregation Outage Mgmt Scheduling
Renewables Renewables Metering/Billing Pwr Transfer
v v v v
' ' ' v
Baseload Balancing Regulations Commodity
Reserves Markets Monitoring Ancillary
Renewables Sys Planning Compliance RECs
Generation ISO/RTO Regulatory Markets

Why Smart Grid Matters...
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Smart Grid provides for:

— ability to recover under utilized and wasted energy

— less reliance on vulnerable centralized power gener
transmission systems,

— integration of renewable generation and can deal wi
capacity factor as system attribute (not aberration

— anincrease in the overall system efficiency,

- thedability to match power quality to diverse end u
an

— a more robust electrical system.
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Customer as User

 Lower energy costs
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« Renewable energy choices

“Actionable” information
 Independent on-premise energy management

+ Ease of use
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Customer as Su

* Fair compensation for system benefit

* Ancillary Services will increasing use of private
distributed energy supply




Colorado

University

ani’74
l//,‘,”'/

v

s

7

%2
ZZ

%
NS es?/
N

%

<

2

5
<

SS-

O3

N\

S
X

Distribution Utility

 Energy service platform
« Source for innovative economic development

« Demand elasticity

G&T

*More reliable, efficient, resilient grid
» Optimize operations

* Return on investment

* Regulatory compliance

Colo ?g

University

Society

* Maximize renewables
* Minimize environmental/carbon impact

« Stimulate economic development
« Enable 21st century energy infrastructure
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* Legacy integration
 Standards and interoperability
* Clear boundaries between:
*Equipment
*Smart Grid Platform
*Applications
*Customer Programs
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Regulatory

*Enabling supportive regulations
«Standards and interoperability
*Balancing tradeoffs between:
*Universal service
*Customized energy services
sInnovation
*Competition

Public Policy

Informed decision making
*Measurable public benefit
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Distribution Utility:

» Given the large number and mix of distributed generation sources in
urban centers cooperating seamlessly to provide near 1:1 match of
continually changing demand requirements, places unprecedented
responsibility on the Distribution Utility.

¢ Distribution Utility provide the energy service platform for products and
services in a dynamic market (supply and demand) serving end use
customers.

*Based upon use and providing a system benefit as a function of:

* Point of Use
* Time of Use

Distribution Utility of Colo (Eg
tomorrow e

Distributed utility of tomorrow

Conlrol center

| Energy Service Platform |

Distributed Storage

I

Commarcial
building

Vehicle
to
Grid

Il

Commercial
building

Commercial

Apartment building Smart house building

| Active Distributed Energy Resources |
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Delivery of Value to End Users

* Requirements involving the distribution utility, regulators,
public policy, and other stakeholders

Communications and Smart Meters
Easy integration of demand side resources
Integration of renewables, storage, vehicles
Access to value-added applications
Access to services, providers, and markets
Innovation energy services platform

Distribution utility of the 21t century will now provide the
innovative energy service platform for products and services
in a dynamic market (supply and demand) serving end use
customers.
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Thank you!
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in partnership with D
technologies and talent to bel
grids. At Colorado State, we
with our public and private
Let us know how we can wo:
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http://energy.colostate.edu




