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The Opportunity: Leverage the Smart Grid to

Reduce the Gri1 d’ s Carbon F

Because ...

» Utilities have the ability to raise capital for investment in energy efficiency
with 8-10 year paybacks (vs. 1-3 year paybacks required by consumers)

» Carbon prices likely will eventually rise to carbon capture & sequestration costs
for coal: $50/ton-CO, i.e. 5¢/kWh —i.e. doubling wholesale electricity costs

» Ultilities can earn efficiency allowances against RPS requirements,
displacing wind & solar at similar premiums

Utilities ...

» will engage in acquiring massive amounts of cost effective energy
efficiency, resulting in more rapid and much greater near-term carbon

reductions
» can | everage the smart griddéds demand
m obtain some direct carbon savings directly
help integrate renewables with less operational costs

measure, verify, and tabulate carbon savings from all efficiency measures, _ir
real-time, with unprecedented precision
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Carbon Supply Curve Suggests Massive Investment in

Diverse Set of Resources is Coming

Numerous customer-owned renewable,
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All kWh Are Not Created Equal — DR Load Shifting from

Peaking to Intermediate Generation Can Save Carbon

Load Duration Curve and Carbon Dispatch of a Typical Coal-Based Utility
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Smart Grid Can Deliver and Enable Carbon Savings —

A Sample of Mechanisms

A smart grid can deliver carbon savings

» End-use conservation & efficiency from demand response controls

» Carbon savings from peak load shifting

» Minimize losses & resistive loads by continually optimizing distribution voltage
» Cost effective & increasingly clean energy for electric vehicles

* Improve & sustain end-use efficiency by delivering continuous, remote diagnostic
& commissioning services

A smart grid can enable more, lower cost carbon savings
» Lower net cost for wind power by regulating fluctuations with demand response
« Distribution grids capable of safely supporting high penetrations of PV solar
» Lower costs for efficiency programs by leveraging the demand response/AMI
network to measure & verifying energy & cost savings — for each customer, with
unprecedented precision, in real-time
» Accurate accounting of actual carbon footprint of generation displaced by
efficiency & renewables
» Solid verification enhances value & tradability of carbon offsets (if allowed)
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How Does a Smart

Deliver Energy Efficiency?

» Customers use of scheduling and control capabilities of DR equipment
to save energy in addition to peak

m Water heater setbacks (especially)
® Thermostat setbacks: TOU/CPP customers particularly

m Shifting AC loads to off-peak hours results in run times during cooler
morning evening hours when AC is more efficient (higher COPSs)

» DR networks can be leveraged to provide remote diagnostics that
improve efficiency (and reduce peak)

®m Load or run-time signals from DR load controls can be basis for diagnostics

m Communications network allows diagnostic services to be provided
remotely, universally

o
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Results from the Olympic Peninsula Demonstration: Potential

for Demand to Supply Regulation Services

Regulation: one or more fast-responding power plants continually
throttle to match normal fluctuations in load

» Highest cost generation in PJM market (zero energy sales, wear & tear, fuel
consumption)

» Fluctuations in wind farm output greatly exacerbate need for regulation,
reduce cost effectiveness of wind power at high penetrations

/ Demand management to a capacity
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Potential Impacts of High Penetration of Plug-in Hybrid

Vehicles (PHEVS) on the U.S. Power Grid*

* PNNL study for DOE Office of Electricity
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and vans..
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Using the DR Network to Measure and Verify

Savings from Efficienc

» Measure and verify peak, energy, and cost savings, by
customer, by end use category

m Utilize AMR and demand response network and controls to
disaggregate load into major end uses

m Time-series and end-use detail provides much higher validity to
savings estimates

m Build & continually update models of customer loads for use in both
verification and diagnostics

» Tabulate renewable, efficiency, and carbon credits by
Integrating with back office systems

m Weight consumption by CO, footprint of generation in real time to
gain carbon benefits of load shift

m Solid verification enhances value \ﬁ/
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Measurement of Efficiency Savings Today:

Basis is 12 Monthly Bills

Typical Home — Inland NW (with cooling)

Monthly Energy Consumption

Jan Feb Mar  Apr May  Jun Jul Aug  Sep Oct Nov  Dec /
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Analysis of Monthly Billing Data vs. Outside

Temperature Yields Minimal Information

Monthly Energy Consumption

Average Monthly Outdoor Temp (F)
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» State-of-the-
art is 20-yr
old PRIS
billing data
analysis

» Heating vs.
base load is
apparent, but
with
significant
uncertainty

» Note AC is
invisible
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Smart Grid Provides Time-Series Data with

End Use Resolution

T » Vastly
improved
' resolution
allows detailed
analysis of
end-use
savings
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DR Networks Can Support Detailed Analysis

of Most Types of Efficiency Savings
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