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DR and Renewables

The passage of RPS standards and the introduction of inig
renewable resources makes DR an obvious partner.

From NERC site: Renewable resources need a “dangi
resource that can provide operational flexibility to g
during the sharp down/up ramps that can be ¢
resources.

DR has many qualities that make it

Communications technologie
ever before -- in many casg

ISOs/RTOs have ideg
power system o

— An increg



" DR as the Solution?
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e DR is clearly part of the solution, but integrating reng
into the grid poses a number of complex challeg

— DR providers and participating customg
understand and participate in the i

— There is a unique role for DR
with other tools needed ig

— The goal is not to g
its most econg

Understs
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The Challenge

The adaptation to high levels of variable generation rene
has just begun in the United States.

System operators have years of experience witk
supply but not with demand.

The output of conventional generatig
subject to operator control.

— Unplanned outages and der,
operations, and failure tg

In contrast, wind
time with chag
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1.

Integrating Renewables -- Actions

Understand wind/solar resource capabilities by using state
art forecasting to better understand unit commitments.

Examine the value of stochastic unit commitmept
a more robust unit commitment solution to f
wind/solar integration impacts.

Conduct technically rigorous regig
impacts analysis based on cuyg

— Quantify net physical i
plant output time se
time period

— Capture
synchge
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Forecasting Problem — Wind

Each Colored Line is the output for a different Day.

Total Wind Generation - April 2006




SUM|M" m.m Forecasting Problem -- Solar

CURTRERRY Output from an 8MW solar PV panel in Colorado on 9/4/08 (U.S. DOE)
-- Variability may be reduced by averaging sites across a geographic are

Alamosa, CO - dmin. System Output
September 4, 2008 [—— PV System Current

/wf‘g“‘

oa0
800 (//
F00

600
/ $1% change in 5 min.

500 {
400

——
.

Current (A)

|
N I
L/ T

9/408 4:48 9408 7:12 9408 9:36 9/4/08 12:00 9408 14:24 9/408 16:48 9/408 19:12 9408 21:36
Date




W= Integration -- Implications of
SuMmMTELE - Studies

e Resulting regional integration analysis steps include:

1. Inventory current generating capability to see if more
gained from existing generation

2. Encourage more flexible and maneuverablg

3. Increase responsive / non-spin rese

4. Near term:

+ Consider expanding dem
resources for variable
demand side.

5. Longer term
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e For example, Eirgrid (Ireland) has an over-supply of wind wh
demand for electricity is low (6am on a summer weekeng

Additional Complexities

With DR, if too much electricity is being created b
price of electricity (or send a signal) to the ma
increase in demand or storage — keeping e

— The market gets cheaper electricit
are less wary of investing in wine
financed.

— Regions stand a bette

renewables.

— Eirgrid get a g
its RPS tg
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Return to the Basics

e Basics -- load duration curve analyses show that over 25% o
distribution and over 10% of generation assets are needeg
5% of the time ($100s of billions of investments)

Uncertainty in managing a supply-side portfolig
uncertainty in demand projections, fuel cost
performance, and carbon mitigation is g

— Results in a plus/minus 100% range
supply) 15 years out.

— Almost anything that ca
make sense.

The econo



Uncertainty in Generation Costs

SUMNITELE - Dimensioned — Range of System Cos
-- Range does not include carbon mitigation cost ris
Range of Base Case Total System Costs - 2023
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v
simmrawe Ranges of System Costs by Year

* Generally, a 100% increase from low to high i
potential range of system costs for a give
— without considering carbon mitigati

Ranges of System Costs for Sel
Range of Total System Costs for Sel
(% Billions)

Year
Maximum
Minimum

Range
| Ratio




W9 Does the anticipated increase in

WITEYE - renewables double the market for DE

Texas Incident — NYT HEADLINE — “Renewables pus
for demand-response middlemen” — Is this a fact g

— On a February night in 2008, the wind died in th
Panhandle, and a forest of wind turbines the

— 1,700 megawatts of wind was cut tg

— DR provided in excess of 1,

But the evolving econg
scenario is complg

— There are
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New types of technologies are being developed to reliably ang
operate grids that have high levels of renewables.

Technical specifications that improve reliability and &
variable generation renewable resources are bgi

Energy storage that adjusts rapidly in res
renewable energy output to take adye
off-peak hours to store for release

DR also counts -- load shi
needed to respond tg

— Improved coox




WS CAISO Integration of Renewable
TR Resources (IRRP)

CAISO has suggested operational studies for 2009.

Ramping and ancillary services evaluation -- si

Fleet characteristics analyses — conve
renewables:

— Accurate assessments of the Qg
renewables are needed.

Over-generation issugg

Additional Studig
— Fast Reg




W  Components of a Renewables

T Integration Plan

New wind/solar forecasting tools need to be a fo

New tools that take the forecast informatiop
operators to anticipate changes in outp

. Adapt or develop new conventio
flexibility.

New wind/solar power 13
manage ramp rate

New transmisst




WS Resources Needed for Renewables
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1. Generation Portfolio
— Quick Start Units
— Fast Ramping
— Wider Operating Range
— Regulation capability

e Demand Response

— Price sensitive load

— Responsive to ISO dispatch
— Frequency Responsiyg

— Responsive to Wi
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Integration of DR and Renewables

Sets the stage for the development of the Smart Grig

Greater reliance on demand and renewable resg
increase complexity of bulk power system

From a grid operator perspective, bal:
technologies and resources requyj
visibility

enhanced controllabi




W Momentum -- Integrating EE and DR

SWMNITBLYE into Smart Grid Investments

Substantial progress is being made on better defining
grid investments and the road map for reaching ik

— The Energy Independence and Security Act
that support for creation of a smart grid is

— EISA directed NIST to coordinate de
framework and roadmap.

— The funding for smart grid jg
Recovery and Reinvesig
project specificatiop

These efforts
define a p

No

[
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The Smart Grid Vision

e Elements to this vision include:
1.

The Smart Grid will be characterized by a two-wg
electricity and information to create an auto
distributed energy delivery network.

The grid incorporates the benefits g
communications to deliver real-i
near-instantaneous balancg

level.

A common (and ig
a smart grid. 2
pricing in
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e To assess progress of deployments, DOE is tracking a
by six chief characteristics of the envisioned Smart £

Enables informed participation by customers;
Accommodates all generation and storage
Enables new products, services, and
Provides the power quality for ik

Optimizes asset utilizatiop

Operates resiliently
disasters.

Note: The Mode
7. Anticip




Implications of this Vision
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e The Smart Grid will affect every person and every business in i
States — there is a need to understand and address the reg

all these stakeholders (NIST).

— Key research is needed. DR professionals have expg
customers.

— Regulatory models that allow for value prop
be needed — history has shown this po

— Assessing the behavioral issues wi
customers interact with the grie
simple enough?

e The smart grid will rg
diverse technolgg
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A common specification approach for determining prices is critica
Smart Grid — actions in the NIST Framework and Roadmap age
produce a common dynamic specification for prices.

— Businesses, homes, electric vehicles, and the pg
automated and timely communication of ene
quantities, and related information.

— Price also is used to assess abung
conditions.

— A common price modeg
characteristics, avai
communicatiog

ACTION
with ©
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summrewe  VISION -- Smart Grid Pricing Model

Questions regarding a common price specification prg

e Likelihood of state regulator and other stakeholder g

e Response of different customer groups to d
this model, i.e., what are the behavioral

Development of enabling equipme
off response capability for cu

— Simple approaches may bg

— Setup of equipment wj

— The use of navig
benefit, buti

What le

| <
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e Arguments are made that true dynamic pricing may not b
acceptable to customers and/or regulators:

— Too complex, i.e.., customers won't take the time to unde
to hourly pricing.

+ But, through innovation, they can respond
customers with enabling technology?

+ Equity — Even if customers don’
equitable for those customels
of high prices to pay moge

— Some customers migh

+ But, simulatje
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e Four TOU day-time periods are compared to RTP. TOU leaves quite
potential price response unaccounted for, and CPP or PTR may n

Comparison of TOU prices with RTP
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WS conclusion
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e Higher penetrations of intermittent renewables can help
market for DR.

— However, it is not entirely clear how the much the gz
increase (2X7?) over that based on the favorablg
already exist.

— DR may become more focused on apg
favorable economics.

— Renewables that provide pg
peak resources — DR is

The role of DR in 2
evolve over ti



