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Part 1: Insights from Recent Field Experiments

with Energy Consumers
S =

1. The Opower energy conservation experiments

2. Real-time pricing experiments




I Home Energy Report
Utlllt ( :O Account number: 1234567880
Report period: 12/01/12-01/3113
We are pleased to provide this personalized report
to you as part of an energy savings program.

The purpose of this report is to:
* Provide information
* Track your progress

* Share energy efficiency tips
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Personal Comparison

How you're doing compared to last vear:

1,171 kWh

1,080 KWh*

S0 far this year, you used 8% MORE
aleciricity than last year.

I . :
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You You
JAN 2012 JAN 2013

Looking for ways to sawa? Visit
www.utilityco.com/reports

* KWh: A 100-Watt bulb burning for 10 hours uses
1 llowatt-hour.

Smart Purchase
An affordable way to save more

Smart Purchase
An affordable way to save more

Smart Purchase
An affordable way to save more

[] Proegram your thermostat [ Check your air filters every [] Seal air leaks
A programmable themostat month Gaps and cracks between the
can automatically adjust your You can improve the energy inside and outside of your home
heat or air conditioning when efficiency of your heating and can allow heated or cooled air
you're away, then returm to your cooling systems and improve to escape. This forces your
prejemed temperature when wour indoor air quality by heating or cooling system to
you're home to enjoy it. checking your fitters monthly. work harder, increases energy
frrrorTiTrie ra First, remove the filter — it costs, and decreases comfort.
programmable thermostat, look usually siides right out. Mext, To find leaks, follow drafts to
for one at your local home hold the filter up to a light to see their source. Check where

improvement store. For comfort
and corvenience, be sure to
program your thermostat with
energy-efficient settings.

If you nead help installing or
programming your thermostat,

if it is clogged.

ou can find an inexpensive
replacement for a clogged
disposable filtter at yvour local
hardware store. Check your
rmanual for cleaning instructions

materials mest, like betwesen the
foundation and walls, the
chimney and siding, and where
gas and electricity lines exit your
haousea.

Seal any small cracks you find

consult your manual or call the if you have a permanent fitter. with caulk and larger ones with
manufacturer for assistance. potyurethane foam.
SAVEURPTO SAVEUPTO SAVEUP TO
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Measuring efficacy via randomized control trials

(RCTs)

Treatment: Home

2
Energy Report Q
UtilityCo e Control:
T Nothing

tmpoo
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oty conreports

Treatment Ef fect = [Usage|Treatment] — [Usage|Control]

RCTs are the standard way to test medicine, job training, online
advertising, education programs, electricity pricing, etc, etc.

Opower: 111 RCTs at 58 utilities, 8.6 million households in U




Results from Opower randomized control trials

Opower Effects by Site

[
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Measuring persistence and marginal benefit of

continued treatment
1

“Continued Treatment’:
4 Years of Reports

Utllltyco a{'ﬁ:""w port ‘
We are pl

1235 Manst.
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“Dropped Treatment”:
2 Years of Reports
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Opower effects grow while treatment continues
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Site 2: Long-Run Effects
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Remarkable persistence after treatment

discontinued
— . ,

Site 2: Long-Run Effects
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More savings after treatment than during

===

Savings Over Program Life
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Real-Time Pricing Experiments
S

L Control: Standard

“Flat-Rate Tariff”

Treatment: Real-
@

Time Pricing

Treatment Ef fect = [Usage|Treatment — [Usage|Control]

Treatment Ef fect
Price Dif ference

dead? S

Demand Slope =




ComEd example: Real-time pricing causes
consumers to reduce peak demand

o
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Part 2: Why Field Experiments Are Important
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Number of Laboratory and Field Experiments Published in Five Top Economics
Journals from 1975 to 2010
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- - Note: The journals surveyed were the American Economic Review, Econometrica, the Journal of Political -
I Economy, the Quarterly Journal of Economics, and the Review of Economic Studies.




The “Credibility Revolution”

Why the growth in field experiments?
“Credibility revolution” in data analysis.

The data show that non-experimental results are wrong
and misleading in many contexts.

Prominent early example: Lalonde (1986)
Two major reasons for this:

Omitted variables bias

Reverse causality
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(Conditional) Correlation does not imply causality

* Energy efficiency program example

X Y

(energy (reduced
efficiency electricity use)
program)




Onmitted variables bias: Weather and other

factors simultaneous to program implementation
-
Non-Experimental Estimators

W ATE — 95% Conf. Int.
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(Conditional) Correlation does not imply causality

* Energy efficiency program example:

Y

(electricity use)

X

(energy
efficiency

program)

(weather)

’@ Omitted variables bias




(Conditional) Correlation does not imply causality

* Real-time pricing example:

X Y

(higher peak (reduced peak
prices) electricity use)




Reverse causality: Quantities cause prices!

]
PJM Market: August 13-15, 2003 .
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(Conditional) Correlation does not imply causality

* Real-time pricing example:

X

(prices)

Y

(electricity use)

Reverse

causality
Id%@




Part 3: Avoiding Pitfalls with Field Experiments
S =

* External validity
* Spillovers

* Randomized encouragement




Opower: Effect variation matters for policy

decisions

15

10

Cost Effectiveness (cents/kWh)
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Use clustered randomization to avoid spillovers

Treatment: Home
Energy Report

UtilityCo

* Problem with clustered randomization: loss of power




Use randomized encouragement when not

possible to force people in or out of a program
S =

Treatment:

“Encouragment” c |

with letter, subsidy 3 ontrol:
% ~~~ Nothing

[Usage|Treatment] — [Usage|Control]

Treat tE t =
reatment Ef fec [Takeup|Treatment] — [Takeup|Control]

S




Part 4: Using Field Experiments to Make Policy

Benefit-cost analysis, or “welfare analysis,” is the basic
framework for making policy decisions.

Note: welfare analysis can accommodate equity concerns by
quantifying costs and benefits for specific subgroups, e.g. low-
income.

Field experiments can provide necessary parameters for
cost-benefit analysis.
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Welfare analysis of real-time pricing
]

(Constant) retail price




Welfare analysis of real-time pricing
]

A Peak market price

(Constant) retail price




Welfare analysis of real-time pricing
_

Peak market price

(Constant) retail price




Inelastic demand implies smaller welfare losses

A Peak market price

(Constant) retail price




Cost-effectiveness = welfare

Energy efficiency programs are often evaluated using
cost effectiveness:

Example: program cost (cents) / energy saved (kWh)

Common argument: a program should be run iff:
Program Cost/Energy Saved (c/kWh) < Retail Price (c/kWh)

What is wrong with this argument?
Program Cost often doesn’t include consumer costs

Retail Price is heavily distorted
Lack of real-time pricing

Amortization of fixed costs into marginal prices

i I LY.




Cost effectiveness # welfare: Examples

Argument: a program should be run iff:
Program Cost /Energy Saved (c/kWh) < Retail Price (c/kWh)

CFL replacement: Highly “cost effective” energy conservation
program in US

Consumer surplus losses due to light quality
Lights used more at night when market price of electricity is low

Opower:

Consumer cost examples: Buying new AC, time to turn off lights, psychic
costs

Suggestive stylized fact: Opower opt-in programs have very low opt-in
rates
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Nudges not a substitute for good policy

Ehe New JJork Times

The Opinion Pages

F conomies Behasy ing Badh
Loewenstein and Ubel (2010):

“It seems in some cases that
behavioral economics is being
used as a political expedient,
allowing policymakers to avoid
painful but more effective
solutions rooted in traditional
economics.”

Nudges are not substitutes for
prices that reflect social costs.

Once prices reflect social costs,
? ]
do we need nudges: ideas



Key Messages

ideas®

In some cases, randomized field experiments are the only
reliable way to measure a policy’s impacts

Alternative designs like randomized encouragement make
randomized experiments possible in additional settings.

There is no substitute for welfare analysis
Welfare analysis differs from cost-effectiveness analysis
Welfare analysis can be used to evaluate nudges
Keep it simple: get prices right

Field experiments => welfare analysis => policy
decisions




Appendix: Site Selection Bias Slides
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Opower: Extrapolation from early sites

overstates later results
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Opower: “Site Selection Bias”

S
Efficacy by Start Date
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Populations in some states are more

environmentalist (and liberal)
_

Figure 6¢c: State Hybrid Vehicle Shares

Notes: Darker shading represents a higher ratio of hybrid vehicles to total vehicles registered as of 2013.
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Environmentalist states mandate energy

conservation
o

Figure 6b: States with Energy Efficiency Resource Standards and Agencies

Notes: Shaded states have either a quasi-governmental energy efficiency agency (Maine, Vermont, Ore-

Eze

gon, and Hawaii) or an Energy Efficiency Resource Standard.
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Opower fulfills conservation mandates
_

Figure 6a: States with Opower Sites

Notes: Shaded states have an Opower site. Darker colors indicate earlier program start dates. ,
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Environmentalist areas more receptive to the

program
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Appendix: Lightbulb Paradox Slides
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Lightbulb Paradox Field Experiment
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Measuring imperfect information and inattention
with a field experiment

- Costs over Eight Years

Informed consumer

M Electricity
W Bulbs

-
- \

$50 -

Treatment: Energy
cost information

$40 -

$30 -

$20 -

$10 -

Incandescent CFL

Consumers online or s -

Potentially
uninformed consumer

Control: No
information




CFL demand in “TESS experiment”
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. I?;aseline CFL Demand Curve
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Control group demand unaffected
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CFL Demand Curves
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Information increases CFL demand ... but many

informed consumers still prefer incandescents
_ R
gFL Demand Curves
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Welfare gains and losses from banning

incandescents
I e

. TESS Welfare Calculation
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