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Smart meters are coming to a
neighborhood near you

The new norm
50% of residential customers in US
80% of EU residential customers by 2020

Smart meters unlock potential for new DSM programs
Measure usage across time
New prices possible
New information for customers
Measure usage across space
Dynamically control resource use

How to separate hype from reality?
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BALTIMORE, MD-June 3, 2016

BGE'’s request also included recovery of $140.7 million related to its investment over the
past six years in Advanced Metering Infrastructure (AMI or ‘smart meters’). The
Commission received testimony on the benefits of smart meters, including the
technology’s ability to lower energy bills, improve customer service and relieve peak-
time pressure on BGE's transmission and distribution systems. While the Commission
found compelling evidence that BGE’s AMI system is cost beneficial to its customers, it
disallowed $47.8 million of BGE’s request and authorizes BGE to recover the allowed
portion of the costs over 10 years, instead of five as BGE had requested. Ultimately the
Commission concluded that for every $1 invested in the AMI system, customers will
receive at least $1.28 in benefits.
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But what about smart measurement?

Smart meter rollouts are system-wide

How do we construct a “but-for” world without a
randomly-chosen control group?

Engineering estimates?

Pre-post?

Quasi-experimental design?

Three case studies

Time of Use in Ontario

Energy Management Tools
, , In a mid-sized US utility
Conservation Voltage Reduction
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Besides Italy, Ontario is the only region in the world
to deploy TOU rates to all residential customers
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Customers

In Ontario, there are 70+ LDCs, each of which had
its own smart meter and TOU deployment schedule
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Control groups were created that exploited
deployment timing and eligibility

1) Exploit differences in timing within an LDC

Later installations used as control group
Engineering deployment — random from customer’s perspective

2) Included retail choice customers (excluded from TOU)
Opted out of RPP
Self-selection bias?

Measurement issues:
Hard to find qualifying LDCs
Estimated conditional impacts
Reweighted to obtain provincial impacts
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There is significant evidence of load
shifting from TOU
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Peak impacts are inline with those predicted by
Brattle’'s Arc of Price Responsiveness

Peak Reduction (%)

40%
e TOU price only
E Ontario
30%
[ ]
.
20% Close-up of insert
shown below
| :
[]
10% * e * o °
. .
o a ° ® - .
° e 00 < . L] . .
® ° ¢ L
[ ] oo
0% F——eto—e—e

Peak to Off-Peak Price Ratio

CRRI = 29t Annual Western Conference 8| brattle.com



Peak impacts are inline with those predicted by
Brattle’s Arc of Price Responsiveness
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Utility M deployed smart meters to its entire
customer population

Energy Management Tools (EMT) provided enhanced
information over energy usage:

Programs rely on behavioral change
Web portal
Detailed bills
Educational campaigns
News coverage

Conservation Voltage Reduction (CVR)

Reduce usual voltage band (114 — 126 V) to use the lower end
(114-120V)

Only deployed to customers on select feeders
No behavioral changes required by customers
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CVR Control Group was created by
selecting customers on similar substations
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Both EMT and CVR resulted in statistically
significant energy savings

EMT program resulted in 1.7% reduction in average daily usage
CVR reduced voltage by 1.5% resulting in:
A 1.4% reduction in average daily usage

A 1.1% reduction in peak usage
(Hottest summer days: 2-7pm)

Impacts would not have been measurable without control
groups
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Quasi-experimental designs can be improved on if planned
in conjunction with smart meter deployment

1. OptlonSPre_dep|oyment > OptlonsPost-deployment
Make your own luck

2. Plan the Rollout

Exploit engineering delays in smart meter and program rollouts
to create randomized control groups

Ensure adequate pre-program window

3. Exploit exogenous eligibility
Coordinate major rollouts between utilities or jurisdictions
Look for control groups that are excluded from program
Be aware of and test for self selection
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Ahmad Faruqui is an internationally recognized expert on rate design. He has testified or appeared
before regulatory bodies, governmental agencies, and legislatures in the US and abroad. The venues
have included Alberta, Arizona, Australia, California, the District of Columbia, Connecticut, Illinois,
Indiana, Maryland, Michigan, Minnesota, New Mexico, Oklahoma, Ontario and Saudi Arabia. Ahmad’s
academic, consulting and research activities have spanned four decades, during which time he has
advised more than 125 clients in 34 states, the District of Columbia, and eleven countries. He has
made the case for cost-based rates on six continents. Within the US, he has presented at the
Goldman Sachs Power and Utility Conference, the EElI Rates Committee, NARUC and the New York
ISO. His work has been cited in The Economist, The New York Times and the Washington Post. He has
appeared on Fox Business News and NPR. He holds a doctorate in economics from the University of
California at Davis, where he was a Regents Fellow, and baccalaureate and master’s degrees from the
University of Karachi, Pakistan, both with the highest honors.

The views expressed in this presentation are strictly those of the presenter(s) and do not necessarily state or reflect the views of The Brattle Group.
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expertise in energy, applied microeconomics, environmental economics and behavioral
economics. He has consulted for utilities, policymakers and technology firms across
North America, Asia, the Middle East and Australia, on rate design, energy policy,
innovative pricing, experimental design, technology adoption and policy impact
measurement. In his graduate studies he conducted extensive research examining
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utilizing both field experiments and utility data. Dr. Lessem holds a Ph.D. and M.A. in
economics from the University of California — Los Angeles and a B.Bus.Sc in economics
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top honors.
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About Brattle

The Brattle Group provides consulting and expert testimony in
economics, finance, and regulation to corporations, law firms,
and governments around the world. We aim for the highest level
of client service and quality in our industry.

We are distinguished by our credibility and the clarity of our
insights, which arise from the stature of our experts, affiliations
with leading international academics and industry specialists, and
thoughtful, timely, and transparent work. Our clients value our
commitment to providing clear, independent results that
withstand critical review.
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Ouvur Practices

PRACTICES

Antitrust/Competition

Commercial Damages
Environmental Litigation and Regulation
Intellectual Property

International Arbitration
International Trade

Product Liability

Regulatory Finance and Accounting
Risk Management

Securities

Tax

Utility Regulatory Policy and Ratemaking

Valuation
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Electric Power

Financial Institutions

Health Care Products and Services
Natural Gas and Petroleum
Telecommunications and Media
Transportation
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