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1. RCT: Gold Standard

Alicott (2011) "'Social Norms and Energy Conservation", JPubE

» Randomized intervention: Information regarding your electricity consumption
relative to your neighbors

Last Month Neighborhood Comparison | Last month you used 15% LESS
electricity than your efficient neighbors.

YOUR EFFICIENCY STANDING:
YOU 504 kwn* » | GREAT ©Q©
EFFICIENT a0 ©
NEIGHBORS 596
BELOW AVERAGE
ALL NEIGHBORS 1,092

*kWh: A 100-Watt bulb burning for 10 hours uses 1 kilowat-hour.

Fig. 1. Home energy reports: social comparison module.
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1.1 RCT-esque: Quasi-Random Treatment
Davis et al. (2024) "Housing Upgrade in Mexico'', JDE
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1.1 RCT-esque: Quasi-Random Treatment
Bollinger et al. (2022) "Visibility of Peer’s Solar PV", Marketing Science

Figure 6. (Color online) Location of Installations by Visibility

@ Visible
B Not visible
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1.2 RCT Summary

Typical Estimation

Typically, we would estimate

Yi = Bo+ 1Di + ¢i (1)
» Treatment D; is randomly assigned
» Need to conduct a balance test to ensure E[X;|D; = 1] = E[X;|D; = 0]

Expansion:
» Add observables and dummies: Y; = o + 51Di + vXi 4+ ¢i + i
» Panel data setting: Yie = BDit + vXit + ¢i + dr + i
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1.2 RCT Summary

Typical Estimation

Typically, we would estimate

Yi = Bo+ p1Di +€i (1)
» Treatment D; is randomly assigned
» Need to conduct a balance test to ensure E[X;|D; = 1] = E[X;|D; = 0]
Expansion:
» Add observables and dummies: Y; = 8o + S1D; +vX; + ¢ + i
> Panel data setting: Yie = BDit +vXit + ¢i + ¢t + €it
» Stacked FD: AY; = BADjy + vXit + ¢¢ + i
» Long(er) FD: AYi 1,040 = BADje + Xt + ¢ + €it
>

v

Or, quasi-random variation D; (or D;: in panel data that ensure treatment is as good
as random across i units

Lastly, IV regression with the randomized treatment as IV
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2. Panel Data Regression

Severen and van Bentham (2022) "Formative Experience and Gas Price", AEJ:AE
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FIGURE 1. GASOLINE PRICES SPIKES IN THE UNITED STATES (1965-1990)
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2.1 Panel Data Regression
Typical Estimation

Typically, we would estimate

v

>
>

Yie = BXit +vZit + @i + ¢ +€ir (2)

Key var of interest: X can be a dummy or a continuous variable
Here we have observables Z;; and FEs ¢s

To know what 3 picks up, it is important to know how Xj; varies (i) across is, (ii)
across ts, and (iii) across is over time t

When would we have a casual claim?

Reality check: Xj; may not be exogenous and you may need to look for IV

Expansion:

>
>

Stacked FD: A)/,t = BAX,} + ’YZ,‘t + ¢t + €ir
Long(er) FD: AYi i 1t1n = BAXit +7Zit + ¢¢ + et
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3. DID, Event Study, etc.

Gillingham et al (2025) "Musk and Tesla", NBER WP
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3. DID, Event Study, etc.

Chan et al. (2017) "Power Sector Deregulation on Efficiency & Emissions', JEEM
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Fig. 2. Time effect of unit heat cost in treatment group. Note: The figure plots the time effect of the unit heat cost for the treatment group relative to the
control group conditional on plants fixed effects and observables.
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3. DID, Event Study, etc.

Fabra et al. (2024) "Renewable and Jobs in Spain', JPubE

Panel A: Solar Panel B: Wind

Panel A: Solar Panel B: Wind
36 30 24 18 12 6 T ™6 ™12 : +36 30 24 =18 12 8 t e 12

Fig. 3. Local employment effects.
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3. DID, Event Study, etc.

Typical Estimation: Single Treatment Timing DID

The simplest DID

vV VvVvYyy

Yie = B Treat; X Post; + yZ; + Treat; 4 Post; + €j¢ (3)

Slightly more flexible: Yj; = ( Treat; x Post: + vZi + ¢i + ¢t + €it
Or more flexible: Y = 8 Treat; X Post: +~vZjir + ¢i + ¢¢ + ¢i X t + €t
Scenario 1: If there is quasi-random variation across unit is, good news

Scenario 2: What if treated unit is and control unit is are just very different, the
driving factor correlates to the outcome? What do you need for the timing of the
treatment?
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3. DID, Event Study, etc.

Typical Estimation: TWFE + ES

TWEFE notation
Yit:/BDitJr’Yziter)tJr(ZSiﬂchit (3)

» Think for yourself: Where is the variation in D;; from? What are you comparing?
» Reality check 1: Need correction when we have various treatment timings

» Reality check 2: Dj may not be exogenous and you may need to look for IV
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3. DID, Event Study, etc.

Typical Estimation: TWFE + ES

TWEFE notation
Yie = BDit +vZit + ¢t + ¢i + €t (3)
» Think for yourself: Where is the variation in D;; from? What are you comparing?
» Reality check 1: Need correction when we have various treatment timings

» Reality check 2: Dj may not be exogenous and you may need to look for IV

Event study: .

Yi = Z BhD,-’Z +~Zit + ¢i + ¢+ + €ir, with event time h (4)
s=L
» Suppose Post: turns 1 on in t = Ty + 1, then we can define event time h=1t — Ty

v

Typical base event time: -2, -1, 0

» Special case for various treatment timings: Every unit i has its own event time
relative to when D turns 1

» Single treatment timing: Omit ¢ but can incorporate time differently
» Varying treatment timing: Two clocks running: Calendar time, and event time
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3. DID, Event Study, etc.

Typical Estimation: LP-DID as an Alternative Approach for ES

Local Projection DID
AYi—1,teh = BnADjt + vZit + ¢+ + €ir, with event time h (5)

» AYii—1,e+n is defined as Yj in — Yi—1

» Instead of obtaining multiple 85 in a single estimation as in Eq(4), here we will run
h regressions and then plot 85 from multiple regressions to plot the LP-DID version
of the event study

» With single treatment timing: This is equiv. of running longer FD for different h
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3. DID, Event Study, etc.

Typical Estimation: LP-DID as an Alternative Approach for ES

Local Projection DID

v

vVVvyVvVyy

AYii—1,e0n = BrADje +YZit + ¢ + €ir, with event time h (5)

A)/i,t—l,t-f—h is defined as \/i,t-%—h — \/i,tfl

Instead of obtaining multiple S5 in a single estimation as in Eq(4), here we will run
h regressions and then plot 85 from multiple regressions to plot the LP-DID version
of the event study

With single treatment timing: This is equiv. of running longer FD for different h
With varying treatment timing: Need to add a "clean control if-condition"
Similar to Eq(4), researchers can decide the base event time

Canrun h=0,1,2,--- H for post event only, or also include pre-event time when
data allowed
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4. |V

Davis and Hausman (2020) "CEO Pay and L
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4.1 IV-related: RD

Smith (2016) "Daylight Saving Time and Crash", AEJ:AE
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FIGURE 2. FATAL CRASHES AROUND THE SPRING TRANSITION
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4.1 IV-related: RD

Englmaier (2024) '"Vintage Threshold and Price', Management Science

Figure 3. (Color online) Distribution of Car Mileage
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Notes. Plotted is the distribution of car mileage, measured in 1,000-
km bins. Vertical lines indicate 10,000-km thresholds.
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4.2 Special IV: Shift-share/Bartik IV

Krause (2026) ''Coal Phase-out Local Impact", JEEM

Coal share of
employment per
1,000 workers

Fig. 2. Coal employment share in 2011, Appalachian CZs. Notes: Figure presents coal mining employment as a share of total employment in 2011 across all CZs with
at least one county in Appalachia. Coal mining emp! is calculated based on mine-1
QCEW.

1 statistics from the MSHA, while total employment is retrieved from the
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4.2 Special IV: Shift-share/Bartik IV

Alicott and Keniston (2018) "Oil and Gas Boom and Bust", RES

Difference between 2011 and
1995 oil & gas endowments
($million/sqr. mile)
<1 B >-10&<50
>=1&<1 [ >=50 & <100
N >=13<5 M 100
B =53 <10

FIGURE 4

Change in endowment after early period.
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4.3 Special IV: IVs Used in Demand Estimation

More on this later: Suppose you regress market share Ins;; on price pj;

Typical styles of IVs
» Markup shifters: BLP Vs, Train's IVs

» Cost shifters: Hausman Vs
» Waldfogel and Waldfogel-Fan 1Vs: Demographics of neighboring markets
| 4

Interactions of all of them
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5. Other Methods: Synthetic Control
Severnini (2022) "Hydro Dam and Local Growth", EJ

"] Notin sample

[ control

[ Treated After 1950
Il Treated Before 1950

Fig. 3. Sample Counties: Treatment versus Control.
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RCT: Randomization!

A quick review

Cuncorman for boti:
Y e rred

Ppulation. |s spitimod
Ereuza by sandum ol

CONTROL

Typical spec: Y; = 8D; + X + ;i
Typical spec: Y = BDir + vXit + ¢i + ¢ + €it

>
| 4
» Randomization: Dj; across unit i
>
| 4

' = booking for work * = fownd work

Typical strength: Internal validity
Typical weakness:

» External validity

» When researchers hope to identify not just the effect of an intervention Dj; but
also to isolate a specific mechanism, then it depends on the execution/design
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RCT: Randomization!

Typical types of intervention

> Incentive-based: anything that affects p or ¢ (usually this informs us elasticities)

>

>
>
>

e.g., randomize tax/subsidy for plastic bag usage in grocery store
e.g., randomize EV subsidy
e.g., randomize health insurance coverages

e.g., randomize provision of light bulbs to study rebound effect

» Information

>
>
>
>

e.g., disclosure of flood risks
e.g., advertising
e.g., provision of implied energy cost savings of cars and appliances

e.g., provision of smart-meter thermostats

» Technology provision

>

e.g., home weatherization upgrade, smart meters, etc.

» Behavior interventions:

>
>

e.g., default effect: opt-in/opt-out for energy-saving programs, retirement plans, etc.
e.g., social and peer influence & pressure
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Alicott (2011) JPubE

"Social Norm and Energy Conservation"

» Outcome of interest: Residential electricity consumption (kwh)

» s residential energy consumption a big deal? (15% out of all four sectors)

U.S. total energy consumption by end-use sector (1950-2020)
quadrillion British thermal units

40
35 . :
industrial
30 (-5% change in 2020)
25 transportation (-15%)
20 residential (-
15 commercial (-7%)
10
5
0 r T T T T T T 1 =
1950 1960 1970 1980 1990 2000 2010 2020 €la

Source: U.S. Energy Information Administration, Monthly Energy Review
Note: End-use sector consumption includes primary energy consumption plus the electricity retail sales and associated electrical system energy losses
from the electric power sector.
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Alicott (2011) JPubE

"Social Norm and Energy Conservation"

Allcott (2011) studies the effect of a specific type of intervention on energy consumption
using RCT

» QOutcome of interest: Residential electricity consumption (kwh)

» Before discussing the effect of the RCT intervention

> Ask yourself: What may be a ground(s) to intervene in energy consumption?
| 4

To answer: What are all possible pre-existing distortions?
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Alicott (2011) JPubE

Intervention: A Nudging-ish Msg in Home Energy Report

Part 1 of Home Energy Report (Information + Social Comparison)

Last Month Neighborhood Comparison | Last month you used 15% LESS
electricity than your efficient neighbors.

YOUR EFFICIENCY STANDING:
YOU 504 kwn » | GREAT ©©
EFFICIENT Good ©
NEIGHBORS 596
BELOW AVERAGE
ALL NEIGHBORS 1,092

*kWh: A 100-Watt bulb burning for 10 hours uses 1 kilowatt-hour.

Fig. 1. Home energy reports: social comparison module.

» Efficient standing: Great (< 20pct/), Good (< 50pctl)), Below Average

» Usage comparison: (i) Your kwh, (ii) mean of efficient neighbors (those
kwh < 20pctl), (iii) mean of all neighbors

» What 1 kwh means
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Alicott (2011) JPubE

Intervention: A Nudging-ish Msg in Home Energy Report + Actionable Tips

Part 2 of Home Energy Report (Action Steps)

Action Steps | Persohalized tips chosen for you based on your energy use and housing profile

Quick-T s
Things you can do right now

Smart Purchases
Save a lot by spending a lttle

Great Investments
Big ideas for big savings

[ Adjust the display on your TV
New televisions are originally
configured to look best on the
showroom floor—at a setting
that's generally unnecessary for
your home.

Changing your TV's display
settings can reduce its power
use by up to 50% without
compromising picture quality.
Use the “display” or “picture”
menus on your TV: adjusting the
“contrast” and “brightness”
settings have the most impact
on energy use.

Dimming the display can also
extend the life of your television.

SAVE UP TO

$40PER TV PER YEAR

[ Install occupancy sensors
Have trouble remembering to
tumn the lights off? Occupancy
sensors automatically switch
them off once you leave a
room—saving you worry and
money.

Sensors are ideal for rooms
people enter and leave
frequently (such as a family
room) and also areas where a
light would not be seen (such as
a storage area).

Wall-mounted models replace
standard light switches and they
are available at most hardware
stores.

SAVE UP TO

$30 PER YEAR

[ save money with a new clothes
washer
Washing your clothes in a
machine uses significant energy,
especially if you use warm or hot
water cycles.

In fact, when using warm or hot
cycles, up to 90% of the total
energy used for washing clothes
goes towards water heating.

Some premium-efficiency
clothes washers use about half
the water of older models, which
means you save money. SMUD
offers a rebate on certain
washers—visit our website for
more details.

SAVE UP TO

$30 PER YEAR

Fig. 2. Home energy reports: action steps module.
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Alicott (2011) JPubE

Balance Test

Some locations (2, 6, and 8) fail the balance test

Table 2
Descriptive statistics.

Experiment Stats

Number Region Yo (kWh/day) Y5—Y§ % Moved % Moved (T-C) % Opt out
1 Rural Midwest 23 (12) Non-Exper 143 Non-Exper 0.1
2 Urban Midwest 60 (31) —1.18 (0.00) 55 0(0.91) 04
3 Urban Midwest 31(6) 0.04 (0.44) 7.9 —03(0.22) 0.2
4 Rural Midwest 30 (17) 0.04 (0.74) 6.7 —0.1 (0.40) 17
5 Suburban Mountain 40 (12) —0.06 (0.80) 137 —1.5(0.03) 29
6 Suburban Mountain 19 (6) 0.22 (0.00) 20.2 —0.1(0.81) 14
7 West Coast 18 (1) 0.09 (0.47) 13 —0.2 (0.64) 0.6
8 Rural Midwest 39 (27) 0.98 (0.02) 6.7 —04(035) 20
9 Urban Northeast 30 (15) —021(0.12) 54 —02(0.25) 0.5
10 Rural Midwest 24 (12) Non-Exper 16.2 Non-Exper 0.5
11 West Coast 30 (14) 0.02 (0.86) 10.9 0(0.98) 14
12 West Coast 39 (24) 0.12 (0.74) 132 —0.6(0.22) 0.7
13 West Coast 20 (14) 0.25 (0.32) 179 0.1 (0.84) 04
14 West Coast 29 (21) Non-Exper 12,6 Non-Exper 0.6
15 West Coast 37 (18) 0.01 (0.96) 59 0(0.84) 0.7
16 West Coast 37 (14) —0.54 (0.19) 15.5 0.5 (0.36) 33
17 West Coast 16 (4) 0.03 (0.76) 16.0 0.3 (0.70) 1.0

Yo is the average of electricity use for the 12 months preceding the beginning of treatment. Y3 — Y5 and % Moved columns: p-values in parenthesis.

» Author says: "As the empirical specifications will use household fixed effects, any imbalance
in the pre-treatment outcome does not mechanically bias results."

» Q1: What could you do to better test the balance?
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Alicott (2011) JPubE

Main Estimation Equation

Yie =7Ti X Pt + BPit + pimy + vi + it (Eq(l) of Allcott (2011))

> Y Kilowatt-hour (kwh) electricity consumption
» normalized to control group post period x 100
> read it as % change

» T;: Treatment dummy

» 3 treatment frequencies across locations: monthly, bimonthly, and quarterly
» Usually 1-2 frequencies are used within a location

Pj¢: Post dummy (varying by i as no single treatment timing across locations)

ftmy: month-by-year FE

vi: Household FE

Other controls: Heating degree days (HDD) and cooling degree days (CDD) from NOAA
Q2: How is 7 identified?

Q3: Locations 1, 10, and 14 are never treated. They are included for what?

vV VYyVvyVvYVvYy
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Alicott (2011) JPubE

Main Results: Table 3 Focus on the sample with two types of treatment

Table 3
Connexus ATE specifications. » Baseline = Column (3)
! 1 u v v » Q4. 7 < 0. Should we read it
Tx Monthly x Post —2.65 —2.72 —2.72 —269  —274 as "reduction"?
(027)  (0.18)  (0.18) (0.16) (0.18)
Tx Quarterly x Post 246  —226 —226 —223 —226 »> Q5. What does each FE do?
0.37 0.21 0.21 0.18 0.21 ’
Post (73.72) (—5.8)2 (72.41 (75.021 (—0.6)3 > Q6. What's the purpose of
(0.12)  (0.11)  (046)  (036)  (0.46) having HDD and CDD?
T 0.19
(0.40)
Degree-day bins No No No No Yes
Month x Year dummies No No Yes Yes Yes
House fixed effects No Yes Yes No Yes
House x Month No No No Yes No
fixed effects
Observations (thousands) 3421 3421 3421 3421 3421
R? 0.0016 0.0016 0.0586 0.0000 0.0651
F statistic 874 2868 4643 3564

Standard errors in parentheses. Dependent variable is the household's average daily
electricity consumption (kilowatt-hours), normalized by average control group
consumption in the Post period.
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Alicott (2011) JPubE

Main Results: Event Study-ish

Connexus Treatment Effects Over Time

2% —

1% BV —

ATE (/Control Post)

-5% mage of Fig €4

2009 2010
s Quarterly: Coefficient Monthly: Coefficient
— Quarterly:95% C.l. e Monthly: 95% C.I.

Fig. 4. Connexus treatment effects over time.
» Not all experiments with Connexus started in Jan 2009
» Nowadays we should run relative to the event time
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Alicott (2011) JPubE

Heterogeneity + Average Effect (2%)

Table 4
ATEs for all experiments. > Interpreting 2%:
Experiment ATEs (%) » Compare to the price effect.
Number Monthly BiMonthly Quarterly (Other pp| have done price
1 Non-Exper - - RCT or have estimated price
B —183(0.20) - - elasticities)
3 . —1.40 (0.19) —1.37 (0.19)
4 —2.72(0.18) - —226(021) » These HER letters ~ 11-20%
5 - —270(044) - price increase
6 - - —1.64 (0.33)
7 - —2.48 (0.25) -
8 - —3.32(0.54) -
9 - —1.63 (0.15) -
10 Non-Exper - -
11 —1.96 (0.14) - —1.49 (0.20)
12 —1.39(0.34) - -
13 - - —1.44 (0.51)
14 - Non-Exper -
15 - —1.89 (0.21) -
16 —3.14 (0.37) . -
17 - - —1.84 (0.43)
Mean ATE —2.03
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Alicott (2011) JPubE

Another Interpretation: Cost Effectiveness (Catch?)

Cost per Report-Reports per Year

Cost Effectiveness = (/100) Y, 365 (2)
OPOWER Cost Effectiveness

814 r 60
= | Cost Effectiveness =
2 71 — | —95%Conf. Interval | = ls =
3 . ©
Z 64 # Baseline Usage hd
AE =

* _— r 40
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Fig. 5. Cost effectiveness.

» Q7: The author is very careful not to call it cost-effectiveness but administrative
cost-effectiveness. Do you know why?

» Hint: Think about (i) private cost (or benefit) and (ii) social cost (or benefit)
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Alicott (2011) JPubE

Discussion of Main Results + Implications: Pathways

The author claims three possible mechanisms that the HER may affect energy demand:
» Part 1 of HER Letter: Provide information on consumer energy usage + their peers’
usage and help consumers learn about their own optimal consumption

> i.e., | don't really know my optimal x* but looking at what other people are
doing helps me figure out my x*

» Part 1 of HER Letter: Add a "moral cost" of energy use

v

Part 1 of HER Letter: Drawing attention, adding salience

» Part 2 of HER Letter: Provide information on actionable margins that consumers
can adopt/adjust

38/59
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Alicott (2011) JPubE

Discussion of Main Results + Implications: Pathways

The author claims three possible mechanisms that the HER may affect energy demand:
» Part 1 of HER Letter: Provide information on consumer energy usage + their peers’
usage and help consumers learn about their own optimal consumption

> i.e., | don't really know my optimal x* but looking at what other people are
doing helps me figure out my x*

» Part 1 of HER Letter: Add a "moral cost" of energy use

v

Part 1 of HER Letter: Drawing attention, adding salience

» Part 2 of HER Letter: Provide information on actionable margins that consumers
can adopt/adjust

What do you think of these mechanisms?
» Think about the identification of individual mechanisms: Isolation?

» Think about the implications of individual mechanisms: Efficiency?

39/59



000000000000 000e00000

Alicott (2011) JPubE

Additional Results: Distributional Effect

Treatment Effect

-4% 5%

— = 95% Confidence Interval

Quantile Treatment Effects Effects by Baseline Usage Decile
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8 oy 8 ox%
& 0% k4 == - __ T v - - .
s TR B
5 % 5
5 s
(=] o
S 2%
L 2% =
] S 3%
@ 1 3 =
£ 3% £ 4% Conditional Average
- -
H §
E E
g ©
o o
= -
=

\
-5% - Qit i s -6%
= = 95% Confidence Interval \ \
6% A\ 7%
0 10 20 30 40 S0 60 70 8 90 100 1 2 3 4 5 6 7 8 9 10
Quantile Decile of Baseline Usage
Fig. 7. Quantile treatment effects. Fig. 8. Treatment effects by decile of baseline usage.
Quantile Reg of 49 Qtl DID x Decile Dummies
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Alicott (2011) JPubE

Additional Results: RD (A Quasi-random variation within a RCT)

Y; = [ag-1(Great,_ + ag-1(Below Average, ) + T,]-T;P; (3)
+ [Bge- 1(Great,_) + Pg,-1(Below Average,_) + P]-Py
F 0+ &

» Not typical RD specification. No running variable.

> Q8. Do you know why it will be tricky to include a running variable in this case?

> It is still related to RD in that:
» It basically introduces two dummy interactions to baseline spec

» The author still uses an RD estimator when running it, likely rdrobust. It is
estimated using various bandwidth of distance of historical electricity usage relative to

cutoff

» Source of identification:

» Fully randomized T; across i
» Quasi-randomness in Great;_ and BelowAerage;_ across i and t
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Alicott (2011) JPubE

Additional Results: RD (A Quasi-random variation within a RCT)

Y, = 1<\Dn7\<h>-1(\D,-t7|¢0>~{ -1y > 0) + Py }

B1Dj—-1(Dy—<0) + PyDy-1(Dy— > 0)

+ TPy + Uy + U + &, Vistli=1

4

This is both RDD and RKD. It allows a shift + a change in slop
This runs in a subsample of treated group, aka T; =1
a: The effect of cross-threshold to generate a shift
[1: Running variable distance D;— to take a slope on the LHS of threshold
[2: Running variable distance D;— to take a slope on the RHS of threshold

vV vyVvTVvVvyVvyy

Unfortunately results not reported
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Experiments and Quasi-Exp after Alicott (2011)
1. Coata and Kahn (JEEA 2013)

v

Coata and Kahn (2013) "Energy Conservation Nudges and Environmentalist
Ideology: Evidence from a Randomized Residential Electricity Field Experiment",
JEEA

Same: Still a HER RCT

Novelty added to Allcott (2011): Collect voter registration records in California and
merged with billing data and HER intervention info

Estimation: Interact ideology and other residents characteristics to key var of
interest in Allcott (2011)

Key results: The Effect of HER is sensitive to residents’ political ideology
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Experiments and Quasi-Exp after Alicott (2011)
1. Coata and Kahn (JEEA 2013)

TABLE 4. Predicted Treatment Effects by Ideology

Treatment Effect  Std. Err.

Using Regression 4 (Table 3)

Registered liberal, pays for renewable energy, donates to —0.036"" 0.006
environmental groups, and in top 75" percentile liberal block
group
Registered liberals and in top 75" percentile liberal block group —0.021"" 0.003
Registered conservative, does not pay for renewable energy, does —0.011"" 0.003

not donate to environmental groups, and in bottom 25t
percentile liberal block group
Using Regression 6 (Table 3)

Registered liberal, pays for renewable energy, donates to —0.048"" 0.010
environmental groups, and in top 75" percentile liberal block
group
Registered liberals and in top quintile liberal block group —0.031"" 0.009
Registered conservative, does not pay for renewable energy, does —0.008"" 0.003

not donate to environmental groups, and in bottom quintile
liberal block group

Note: Predicted treatment effects are estimated from Regressions 4 and 6 in Table 3. " indicates statistical
significance at the 1% level. Everyone in the treatment group is assigned the given characteristics while all
other characteristics are kept at their median values. Conservative is defined as Republican, American Party, or
Libertarian. Liberal is defined as Democrats, Green Party, and Peace and Freedom.

» These results tell us more than the heterogeneous treatment effect
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Experiments and Quasi-Exp after Alicott (2011)
2. Ta (JEEM 2024)

> Ta (2024) "Do Conservation Contest Work? An Analysis of a Large-scale Energy
Competitive Rebate Program", JEEM, 124 (2024) 102926

» Quasi-random Intervention (not RCT):
» Competition with a small prize, not a letter
» Why is this intervention special?

» We will cover this during DID days

Iy
84

Change in Electricity Consumption
0

-15

-12 -9 -6 -3 0 3 6 9 12 15

Months Before and After Enroliment

Fig. 4. Program Effect on Electricity Consumption over Time

45 /59



®0000000000000

Outline

Review: Empirical Methods 101 v/

Explain upcoming PS1 v/

Review RCT + Example 1 Allcott (2011) v/
Other RCT Examples
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Burkhardt et al. (2023) Management Science

BGK (2023) "Pricing and Electricity Conservation"

BGK (2023) studies the effect of critical peak pricing (CPP) on electricity consumption
» What is CPP:
» A bit like Wendy's dynamic pricing, which they wished to implement in 2024

» Utility companies will charge a higher P during the time of the day when MC of
power generation is also higher

» CPP is used in many utility companies, e.g., PG&E, Gulf Power, Xcel Energy, South
Cali Edison
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Burkhardt et al. (2023) Management Science

Background Info: MC by Fuel Type

Hypothetical dispatch curve for summer 2011

varable operating cost (dollars per megawatthours) Qi';;?'
300 demand= demand = i
250 67 GW, 114 GW; [
« renewahles early afternoon| &
s nuclear moming onahot | 2
200 « hydro hours day _,:
150 + coal -
* natural gas - combined cycle ¢
100 natural gas - other
* petroleum
50 I -
0 - - : : : : : .
0 20 40 60 80 100 120 140

system capacity available to meet electric demand (GW)

Source: EIA
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Burkhardt et al. (2023) Management Science

Background Info: Net MW Generation by Hour (The Duck Curve)

Net load - March 31

28,000

26,000

24,000

22,000 +

20,000 +

18,000

Megawatts

16,000

potential overgeneration X

increased ramp

14,000 2018 2017
2019-
12,000 2020

10,000

12am 3am’ 6am 9am 12pm 3pm 6pm 9pm

Hour

Source: DOE Link
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Burkhardt et al. (2023) Management Science

Background Info: Net MW Generation by Hour (The Duck Curve)

System load

(MW)
2500

2000

1500

1000

500

0

Potential for

grid instability*

e O 0:

6am
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i e T

3pm
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v

Source: Duckcurv.com
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Burkhardt et al. (2023) Management Science

Background Info: Critial Peak Pricing + Other Pricings

PEAK
—

MEGAWATTS
-

1AM saM NOON sPM MIDNIGHT
PRICING OPTIONS
Real Time Pricing (RTP)

Time of Use Pricing (TOU)

Variable Peak Pricing (VPP)

Critical Peak Pricing (CPP)

CENTS PER KILOWATT-HOUR

Critical Peak Rebate (CPR)

1AM 5AM NOON sPM MIDNIGHT

TIME OF DAY
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Burkhardt et al. (2023) Management Science

BGK (2023) "Pricing and Electricity Conservation"

What's the impact of potential CPP? What's the potential gain?

» A high-elastic consumer may reduce demand during CPP hours, generating private
and social cost savings

» A marginal consumer may shift electricity consumption towards another time of her
day (aka load shifting)

» Efficiency POV: A flat price may lead to over-allocation, as the price is not right

» Winner and loser: complier vs always-takers ... (Same reason that Wendy's dynamic
pricing got a backlash)

Other implications:

» Provide implications regarding auto-control (a bit top-down...) that Texas and other
authorities trying to push
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Burkhardt et al. (2023) Management Science

Data and Treatment

» Austin, TX; May 2013 - Oct 2014; 27 Peak Days from 6-9 pm

» Data:
» Source: Pecan Street Inc. They told hh that enrollment will save them $200
» Only 280 hh but super high-frequency (min by min) on electricity consumption!
> Appliance level data: AC usage, EV charging
> Q1: Why are these two data features great?

» Five Arms (4 Treatment 4+ 1 Control) During Summer (Peak Season)

» T1: Portal access (w/ appliance-evel usage)

T2: Text "CPP will be here from 4pm to 7pm"

T3: Text in T2 + Recommendation

T4: Text "CPP will be here from when to when at price P"

Note: Price rose from 11-12 to 64 cents/kwh during CPP in the summer

vvyyvyy

» Treatment during Off-peak Season (Mar-May, Nov-Dec)
» T1: Price dropped from 8-9 to 2.65 cents/kwh from 10 pm to 6 am
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Burkhardt et al. (2023) Management Science

BGK(2023) "Pricing and Electricity Conservation"

BGK (2023) studies the effect of critical peak pricing (CPP) on electricity consumption
Key RQs

» RQ1: Do these interventions reduce electricity consumption during CPP time?
» RQ2: Do these interventions shift electricity consumption within a day?

» RQ3: If yes on RQ1 and/or RQ2, then how do these interventions reduce or shift
consumption? — This is when appliance-level data becomes useful!

» RQ4: Re-do RQ1 and RQ2 if the intervention is a promo-price in the midnight?
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Burkhardt et al. (2023) Management Science

Balance Test

Table 2. Balance of Observables

Control Treatment

Mean Standard deviation Mean Standard deviation Mean difference p value

Nonevent day 4 to 7 PM electric use (kWh/min) 2.58 232 2.82 249 —0.24 0.14
Pretreatment electric use (kWh/min) 0.82 1.19 0.98 1.6 -0.15 0.054
Income (categorical) 4.61 1.27 425 1.39 0.36 0.17
Education (categorical) 1.58 0.57 1.63 0.59 —0.05 0.67
Preferred thermostat temperature (°F) 76.74 223 76.93 247 -0.19 0.67
Number of televisions 1.72 1.06 174 0.92 —0.02 0.92
1 (has solar PV system) 0.08 0.27 0.18 0.38 —0.10 0.12
1 (has electric vehicle)® 0.14 0.12 0.51 0.24 -0.37 0.00
1 (has programmable thermostat) 0.68 0.48 0.76 043 —-0.08 0.44
Number of residents 234 1.07 244 1.32 —0.10 0.67
Square footage of house 1,889 612 2,076 705 -187 0.25

Notes. Data on demographics was obtained from the Pecan St. survey. An observation is a household. Average income is approximately $85,000
for treatment and control groups. Some houses only responded to certain questions, hence the number of observations varies by observable. The
number of observations for each observable are as follows: N income = 107, N educ = 110, N temp = 109, N number of televisions = 110, N solar
pv = 110, N residents = 99, N house square footage = 88, N programmable thermostat = 87.
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Burkhardt et al. (2023) Management Science

Main Estimation Equation

Y= BTy +Xy+pi+ 60 + i (Eq(1) of BGK (2023))
J

» Yi: kwh electricity consumption
» Tiy: hh i, treatment arm j, time t

» T differ across i: Treat arm j vs. control

» T turns 1 on peak days (27) in the summer vs other days

» T turns 1 on peak hours (4pm - 7pm) vs other hours
» p;: household FE

v

¢+ FE for every 15 min

v

Tripple-difference strategy.
> Q2: How is (3 identified? Who are we comparing?

» Q3: How does the data structure allow the authors to do tripple difference?
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Burkhardt et al. (2023) Management Science

Main Results for Summer CPP

Table 3. Summer Event Treatment Effects

, o ® ® @ ©)
B coefficients Electricity use Electricity use Adjustable(include AC) Nonadjustable AC only
Pricing —(.39*** =0:39%* —0.38*** —0.001 —0:29%%*
(0.09) (0.09) (0.10) (0.002) (0.08)
Text + action —0.04 —0.04 -0.10 —0.001 —0.08
(0.07) (0.08) (0.08) (0.001) 0.07)
Text message 0.05 0.04 —0.003 0.005 —-0.02
(0.08) (0.08) (0.10) (0.003) (0.08)
Portal 0.02 0.02 —-0.07 —0.001 0.01
(0.08) (0.08) (0.08) (0.001) (0.06)
Household fixed effects No Yes Yes Yes Yes
Quarter of sample fixed effects No Yes Yes Yes Yes
R 0.03 0.16 0.09 0.24 0.06
N 194m 194m 145m 194m 145m

» The main effect is from pricing
» The main channel is from adjusting AC usage

> Q4: Why you should not be alarmed by the extremely low R? at all?
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Burkhardt et al. (2023) Management Science

Main Results for Summer CPP

Figure 2. (Color online) Event Day Mean Minute Level Use by Treatment Group Net of a Household Fixed Effect
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Notes. Shaded region is treatment period. (a) Portal treatment. (b) Simple text message treatment. (c) Text with message treatment. (d) Pricing
treatment.
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Burkhardt et al. (2023) Management Science

Off-Peak Sample (March-May, Nov-Dec)

Figure 4. (Color online) Event Period Mean Minute Level Total Use and Electric Vehicle Use for the Night Low Pricing Treat-
ment and Control Group Net of a Household Fixed Effect
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Notes. Shaded region is treatment period. (a) Total use. (b) Electric vehicle use.

> Some re-allocation of EV charging time (load shifting)
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