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Initiative: Retail Plug Load Portfolio

Program Theory

• A combination of incentives and 
engagement will motivate retailers to 
promote, assort, stock, and demand 
more energy efficient models. 

Long-term Objective: Market Transformation

• Induce sustained structural changes in 
the adoption and penetration of energy 
efficient products through structural 
changes in the market and in behaviors 
of market actors. 
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MT Programs Are Unique

• For Market Transformation programs:
- Timeframe for costs and benefits is much longer and dynamic.

- Initial costs can be significant but are expected to decrease over time. 

- Incremental costs will decline over time (e.g., CFLs, rooftop PVs and LEDs)  

- Initial benefits (while relatively small in the short-run) are expected to grow 
over time as market share of program-qualified measures increases. 

- To estimate the NTGRs, naturally-occurring savings must be forecasted and 
subtracted from the gross savings expected.

• MT market forecasting techniques (Bass Diffusion modeling) 
are identical to those used for evaluating Codes and 
Standards programs.

• Basing benefit-cost ratio on short-term costs (which are 
substantial) and short-term benefits (which are small) would 
be misleading.

• Benefits and costs over the full program period (which can be 
10 to 15 years) must be considered.
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Evaluation Studies Reviewed

• To inform the workpaper as well as the design of the 
RPP Program and its evaluation, a large number of 
program evaluations that reported some form of 
spillover (participant and/or nonparticipant) were 
examined.

• A meta-analysis of 54 programs that claimed some 
form of spillover was also examined (Ridge & Chen, 
2012).

• Three studies were identified that were both current 
and relevant to RPP:

o NYSERDA Energy Star Products Program (2015)

o NEEA Consumer Electronics Television Initiative Market 
Progress Evaluation Report (2014)

o PG&E Business and Consumer Electronics Program 
(2013)
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Learned

• Theory-driven approach. Complex MT programs require multiple 
evaluation methods for assessing program attribution.

• Program and market performance metrics. Key metrics should be 
identified before launch to gain a comprehensive understanding of 
program efficacy. 

• Delphi panels. If they are used to estimate attribution, they should be 
conducted according to best practices.

• Ongoing evaluation. All relevant quantitative and qualitative data 
must be reviewed to avoid premature program termination.

• Sales data are critical. Getting participating retailer data is 
challenging; getting it from non-participating retailers even more so. 

• Establish UES baselines. It is critical that Unit Energy Savings (UES), 
dynamic baselines are identified in a timely and cost-effective manner.

• Establish exit strategies. Product-specific exit or transition strategies 
must be established prior to program launch.
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Trial Overview

• 14-month duration, Nov/13 – Dec/14

• 1 participating retail chain (retailer 
requested confidentiality)

• 26 participating stores in PG&E (N=24) 
and SMUD (N=2) service territories and 66 
non-participating stores statewide

• 6 targeted product categories

Product Category Efficiency Standard Incentive

Air Cleaners ENERGY STAR v1.0 $25

DVD/Blu-Ray 
Players

ENERGY STAR v3.0 $4

Home Theaters-in-
a-Box/Sound bars

ENERGY STAR v3.0 $15

Freezers ENERGY STAR v4.0 $25

Refrigerators ENERGY STAR v4.0 $40

Room ACs ENERGY STAR v2.0 $40
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Phase I Trial Objectives
PERFORMANCE OBJECTIVES

PO1: Achieve an increase in the program-qualified share in targeted product 
categories among participating retailers.

PO2: Achieve gross and net energy and demand reductions associated with the 
sales of program-qualified models in targeted product categories among 
participating retailers. 

OPERATIONAL/IMPLEMENTATION OBJECTIVES

OO1: Participating retailer develops strategic plan to sell targeted products.

OO2: Participating retailer faithfully implements the strategic plan designed to sell 
targeted products. 

OO3: Operationalize Activity A through Output F denoted in the logic model (see 
Figure 1).

OO4: Establish data processing, QA/QC, and analysis methodology.

OO5: Identify variables that should be tracked by the RPP Program.

OO6: Continue building relationships with other program partners such as SMUD, 
NEEA, and other utilities and organizations for future partnerships.

OO7: Increase retailer awareness of promoting, selling, and/or stocking products 
based on energy efficiency criteria.
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Phase I Evaluation Team Objectives

EO1: Test various methods to evaluate the trial.

EO2: Analyze short- and mid-term performance 
indicators. Identify, operationalize, track, and analyze 
key proximate (short and mid-term) indicators.

EO3: Propose performance indicators for measuring 
longer-term effects and/or benefits.

EO4: Identify data collection and analysis 
responsibilities (retailer, utility staff, evaluators).

EO5: Measure whether objectives were achieved. 
Assess whether performance and operational 
objectives were achieved.

EO6: Spillover. Assess potential program trial spillover 
effects on non-participating stores.
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Certain Key Parameters

• Due to trial’s limitations, results were not used to 
update Bass Diffusion model parameter estimates.

• Studies were conducted in parallel with the trial and 
evaluation to derive initial estimates for:

- Incremental measure cost (IMCs)

- Unit energy consumption and unit energy savings 
(UECs and UESs)

- Net-to-Gross Ratio (NTGRs)

- Effective Useful Life (EULs)

• Methods and values for these parameters are 
documented in the RPP Work Paper.

• These parameters will be updated annually after 
launch of an RPP Program.



Residential PLA Program 

13
First Evaluation In Context: Logic Model

Activities

Outputs

Short-Term 
Outcomes
(1-2 Years)

Mid-Term 
Outcomes
(3-6 Years)

Long-Term 
Outcomes
(7-10 Years)

Sam
ple of External Influences: Broad econom

ic conditions, m
arket events, cost of energy, federal standards, Energy Star, perceived need for conservation, etc. Factors 

can influence program
 at all levels and tim

e fram
es.

G. PG&E and partner utilities 
approve retailer marketing plans 
including sales forecasts of 
program-qualified models within 
each product category.

B. PG&E contacts utility 
partners regarding 
collaboration in Program 
delivery

E. PG&E, utility partners and 
identified retailers target 
product categories with 
energy savings potential 

I. Reduction in customer 
market barriers to 
purchase products that 
are more energy efficient

C. Utility partners 
recruited

U. PG&E and utility partners 
participate in meetings with and 
provide market data to staff of 
Energy Star and Code and 
Standards Programs regarding 
targeted product categories

S. Permanent change in the 
availability of efficient models in 
targeted product categories 
among participating and 
nonparticipating retailers 

S. Permanent change in the 
availability of efficient models in 
targeted product categories 
among participating and 
nonparticipating retailers 

Q. Increased demand 
experienced by 
manufacturers for more 
efficient models in 
targeted product 
categories.

Q. Increased demand 
experienced by 
manufacturers for more 
efficient models in 
targeted product 
categories.

P. Short-, mid-, and 
long-term energy and 
demand savings and 
other environmental 
and non-energy 
impacts.

W. In the mid-term and/or 
long-term, more stringent 
mandatory and voluntary 
standards are adopted

W. In the mid-term and/or 
long-term, more stringent 
mandatory and voluntary 
standards are adopted

29

22

J. Increased sales of 
energy efficient models 
within targeted product 
categories

N. Increased share of 
efficient models sold in 
targeted product 
categories among 
participating retailers

N. Increased share of 
efficient models sold in 
targeted product 
categories among 
participating retailers

20

27

R. Manufacturers increase 
production of the efficient 
models in targeted 
product categories

R. Manufacturers increase 
production of the efficient 
models in targeted 
product categories

23

10

V. PG&E and utility partners 
provide input on proposed  
energy efficient model 
specifications to staff of 
Energy Star and Code and 
Standards Programs

28

D. PG&E and utility 
partners determine 
which retailers to recruit 

9

2

4

5

3

T. Increase in market 
share of efficient models 
in targeted product 
categories

T. Increase in market 
share of efficient models 
in targeted product 
categories

24

25

K. Retailers receive 
incentives from PG&E 
and utility partners

11

26

F. PG&E and utility partners determine 
incentive levels for program-qualified 
models within each product category, 
present them to retailers, and sign 
contracts.

6

8

L. Increased retailer 
engagement

O. Increased share of 
efficient models sold in 
targeted product 
categories among 
nonparticipating 
retailers. 

O. Increased share of 
efficient models sold in 
targeted product 
categories among 
nonparticipating 
retailers. 

21

12

17

15
16

M. Additional 
retailers join 
program

14

13

19

18

H. Retailers implement 
plans employing various 
strategies and update as 
necessary.

7

A. PG&E characterizes 
markets and estimate 
savings potential for 
candidate products

1

sales
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Impact Methods (1 of 3)

• Difference-in-Differences 

• Participant-Only Pre-Post Forecasted Baseline to Actual 
Data 

𝐷𝐼𝐷 =  𝑃𝑄𝑆𝑝  ,𝑝𝑜𝑠𝑡 − 𝑃𝑄𝑆𝑝 ,𝑝𝑟𝑒  − (𝑃𝑄𝑆𝑛𝑝  ,𝑝𝑜𝑠𝑡 − 𝑃𝑄𝑆𝑛𝑝 ,𝑝𝑟𝑒 ) 

Net Effects

Forecasted PQS 

Actual PQS

Program Intervention

PQ
S

Historical Period Program Period  
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• Participant-Only Regression (modified step and 
segmented)

𝑌𝑡 = 𝛽0 + 𝛽1𝑇𝑖𝑚𝑒𝑡 + β2𝐼𝑛𝑡𝑒𝑟𝑣𝑒𝑛𝑡𝑖𝑜𝑛𝑡,𝑖 + εt

Intervention 1

P
Q

S A

B

C

Participating 
Stores

Intervention 2

Historical Period Program Period

Impact Methods (2 of 3)
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• Comparison Group-Based Regression (modified 
step and segmented)

𝑌𝑡 = 𝛽0 + 𝛽1𝑇𝑖𝑚𝑒𝑡 + 𝛽2𝑃𝑎𝑟𝑡 +

𝛽3𝐼𝑛𝑡𝑒𝑟𝑣𝑒𝑛𝑡𝑖𝑜𝑛𝑡,𝑖 + β4𝑃𝑎𝑟𝑡 𝑥 𝐼𝑛𝑡𝑒𝑟𝑣𝑒𝑛𝑡𝑖𝑜𝑛 + εt

Intervention 1

Historical Period

P
Q

S A

B

C

Nonparticipating 
Stores

Participating 
Stores

D

E

Intervention 2

Program Period

Net Effects

Impact Methods (3 of 3)
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Comparisons

Product Class
Modified 

Step
Segmented DID

Room ACs
<12,000 
BTU

14% 17% 14%

Air Cleaner <100 CADR 11% 10% 9%

Refrigerator Compact 8% 7% 14%

Refrigerator Very Large 6% 3% 4%

Refrigerator Medium 3% 3% 2%

DVD/Blu-Ray DVD 1% 1% 3%

DVD/Blu-Ray Blu-Ray -1% 1% 2%

Freezer Chest 1% 1% -1%

• Values shown are 
differences in 
program-qualified 
share (PQS) 
between 
participating and 
nonparticipating 
stores, representing 
the net effects 
attributable the 
phase one trial.

• Additional 
participant-only 
approaches were 
also used, but 
results were not 
clear (more detail 
provided in report).
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(Participating Stores Only)

Product 

Category
Subcategory

UES
Total 

Qualified 

Sales

First-Year Ex Post 

Gross Savings
kWh kW

kWh kW

HTiB Sound bar 52.6 0.00065 933 49,076 0.61

Air Cleaner <100 CADR 114.4 0.01293 183 20,942 2.37

Room AC <12,000 BTU 70.0 0.03296 286 20,013 9.43

DVD/Blu-Ray Blu-Ray 4.8 0.00005 2,171 10,421 0.11

DVD/Blu-Ray DVD 5.9 0.00013 1,350 7,965 0.18

Refrigerator Refg-All_CmpMini 20.8 0.00380 336 6,989 1.28

Refrigerator RefgFrz-SM-TTD_VLarge 62.5 0.01130 105 6,563 1.19

Refrigerator RefgFrz-TM_Med 35.9 0.00670 45 1,616 0.31

Freezer
Frzr-Chest-

ManDef_Large
18.6 0.00330 70 1,302 0.23

Refrigerator RefgFrz-BM-Ice_VLarge 59.9 0.01080 10 599 0.11

Refrigerator RefgFrz-TM_VLarge 41.0 0.00760 10 410 0.08

Refrigerator RefgFrz-BM_VLarge 52.9 0.00950 4 212 0.04

Refrigerator RefgFrz-TM_CmpMini 33.0 0.00590 2 66 0.01

TOTAL 5,505 126,172 15.91

Note: 18,023 total units were sold in participating stores (qualified or non-
qualified) across all product categories during the trial period.
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First-Year Trial Ex Post Net Savings

Product Subcategory
Net 

Effect

First-Year Ex Post 

Net Savings

kWh kW

Room AC <12,000 BTU 0.14 2,802 1.3196

Air Cleaner <100 CADR 0.11 2,304 0.2603

Refrigerator Refg-All_CmpMini 0.08 559 0.1021

HTiB Sound bar 0.01 491 0.0061

Refrigerator RefgFrz-SM-TTD_VLarge 0.06 394 0.0712

DVD/Blu-Ray DVD 0.01 80 0.0018

Refrigerator RefgFrz-TM_Med 0.03 48 0.0090

Refrigerator RefgFrz-BM-Ice_VLarge 0.06 36 0.0065

Refrigerator RefgFrz-TM_VLarge 0.06 25 0.0046

Freezer Frzr-Chest-ManDef_Large 0.01 13 0.0023

Refrigerator RefgFrz-BM_VLarge 0.06 13 0.0023

Refrigerator RefgFrz-TM_CmpMini 0.08 5 0.0009

DVD/Blu-Ray Blu-Ray -0.01 -104 -0.0011

TOTAL 6,665 1.7856
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Short-Term Performance Indicator

• Partial-Leading-Indicator Net-to-Gross Ratio (PLI-
NTGR):

•Short-term program performance indicator for 
participating retailers

•Not a long-term indicator of program performance 
based on all elements in the logic model because all 
components of program were not implemented

• (Net savings/Gross savings) =

6,665 kWh/ 126,172 kWh= 0.05

• 5% lift in sales due primarily to short-term 
promotional interventions (price and placement 
promotions)
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Activities

Outputs

Short-Term 
Outcomes
(1-2 Years)

Mid-Term 
Outcomes
(3-6 Years)

Long-Term 
Outcomes
(7-10 Years)

Sam
p

le
 o

f Exte
rn

al In
flu

e
n

ce
s: B

ro
ad

 eco
n

o
m

ic co
n

d
itio

n
s, m

arket even
ts, co

st o
f en

ergy, fed
eral stan

d
ard

s, En
ergy Star, p

erceived
 n

eed
 fo

r co
n

servatio
n

, etc. Facto
rs 

can
 in

flu
en

ce p
ro

gram
 at all levels an

d
 tim

e fram
es.

G. PG&E and partner utilities 
approve retailer marketing plans 
including sales forecasts of 
program-qualified models within 
each product category.

B. PG&E contacts utility 
partners regarding 
collaboration in Program 
delivery

E. PG&E, utility partners and 
identified retailers target 
product categories with 
energy savings potential 

I. Reduction in customer 
market barriers to 
purchase products that 
are more energy efficient

C. Utility partners 
recruited

U. PG&E and utility partners 
participate in meetings with and 
provide market data to staff of 
Energy Star and Code and 
Standards Programs regarding 
targeted product categories

S. Permanent change in the 
availability of efficient models in 
targeted product categories 
among participating and 
nonparticipating retailers 

S. Permanent change in the 
availability of efficient models in 
targeted product categories 
among participating and 
nonparticipating retailers 

Q. Increased demand 
experienced by 
manufacturers for more 
efficient models in 
targeted product 
categories.

Q. Increased demand 
experienced by 
manufacturers for more 
efficient models in 
targeted product 
categories.

P. Short-, mid-, and 
long-term energy and 
demand savings and 
other environmental 
and non-energy 
impacts.

W. In the mid-term and/or 
long-term, more stringent 
mandatory and voluntary 
standards are adopted

W. In the mid-term and/or 
long-term, more stringent 
mandatory and voluntary 
standards are adopted

29

22

J. Increased sales of 
energy efficient models 
within targeted product 
categories

N. Increased share of 
efficient models sold in 
targeted product 
categories among 
participating retailers

N. Increased share of 
efficient models sold in 
targeted product 
categories among 
participating retailers

20

27

R. Manufacturers increase 
production of the efficient 
models in targeted 
product categories

R. Manufacturers increase 
production of the efficient 
models in targeted 
product categories

23

10

V. PG&E and utility partners 
provide input on proposed  
energy efficient model 
specifications to staff of 
Energy Star and Code and 
Standards Programs

28

D. PG&E and utility 
partners determine 
which retailers to recruit 

9

2

4

5

3

T. Increase in market 
share of efficient models 
in targeted product 
categories

T. Increase in market 
share of efficient models 
in targeted product 
categories

24

25

K. Retailers receive 
incentives from PG&E 
and utility partners

11

26

F. PG&E and utility partners determine 
incentive levels for program-qualified 
models within each product category, 
present them to retailers, and sign 
contracts.

6

8

L. Increased retailer 
engagement

O. Increased share of 
efficient models sold in 
targeted product 
categories among 
nonparticipating 
retailers. 

O. Increased share of 
efficient models sold in 
targeted product 
categories among 
nonparticipating 
retailers. 

21

12

17

15
16

M. Additional 
retailers join 
program

14

13

19

18

H. Retailers implement 
plans employing various 
strategies and update as 
necessary.

7

A. PG&E characterizes 
markets and estimate 
savings potential for 
candidate products

1
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Evaluation: Program Recommendations

• Timing. Avoid launching a program in the last quarter. 

• Access for evaluation. Retailer commitments to provide 
access to staff for interviews/surveys. 

• Marketing plans. Require detailed marketing plans that 
outline strategies, time of implementation, and ideally, sales 
goals. Marketing plans must be timely after contracts signed 
to ensure rapid interventions. 

• Immediate performance goals. Set dates for marketing 
plan launch to qualify for incentives. 

• Retailer data integrity. Ensure a clear chain of ownership 
and control that is transparent, defendable, and absent of 
any potential conflicts of interest. 

• Exceed EnergyStar when possible. Focus on promoting 
and incenting energy efficiency tiers that exceed the 
minimum ENERGY STAR specs. 
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Evaluation: Conclusions

• The evaluation team believes the 
performance, operational, and 
evaluation objectives were achieved.

• Recommendations for improvement in 
program design and  delivery, as well as 
evaluations plans, are being 
implemented.

• Results in report on ET site.
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25Market Share Scenarios for Participating and 
Nonparticipating Retailers: Gas Clothes Dryers
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Forecasted to Increase Over Time 

• Derived through the Generalized Bass Diffusion 
Model as described in Appendix 8 of RPP 
Program Workpaper.

• Methods for updating key parameters annually is 
described in Appendix 8.

Product Category 
2nd-Year 

MEA_NTGR 
6th-Year 

MEA_NTGR 
10th-Year 

MEA_NTGR 

Air Cleaners 0.11 0.51 0.98 

Sound Bars 0.15 0.49 0.78 

Home-Theaters-In-A-Box 0.21 0.68 1.01 

Freezers 0.10 0.32 0.47 

Electric Clothes Dryers 0.09 0.41 0.68 

Gas Clothes Dryers 0.23 0.53 0.86 
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Final Proposed Market-Effects-Adjusted 
NTGRs (MEA_NTGR) in RPP Workpaper

Product Category

Proposed

Work Paper 

MEA_NTGRs

Air Cleaners 0.95

Sound Bars 0.78

Home-Theaters-In-A-Box 1.01

Freezers 0.47

Electric Clothes Dryers 0.66

Gas Clothes Dryers 0.83

• Derived through the GBD Model as described in Appendix 
8 of RPP Program Workpaper.

• After comparing the initial MEA_NTGRs from the GBD 
Model with the results of the sensitivity analyses, the more 
conservative estimates were always selected.

• Methods for annually updating key parameters in the GBD 
Model also described in Appendix 8
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28Annual Updates of Parameters Critical to 
Assess Program Performance and Mitigate Risk

Annual Updates to 
Parameters Based on:

o Results of Theory-
Driven Evaluations

o Recorded sales

o Results of 
parameter-specific 
studies (i.e., IMC, 
UES, EUL)

o Market 
characterization 
and assessment 
studies

o Literature review

Program Theory & 
Logic Model

Energy Star Market 
Share

UES

IMC Advertising

Assortment

Price 
Promotions

Bass Parameter 
Analogs

Forecast of 
Gross Sales of 

PQMs

NTGR

E3IC

TRC & PAC

HH Forecast
HH 

Saturation EUL Retailer Market 
Share

Potential

Generalized Bass 
Diffusion Model

Load Shapes 

Installation 
Rates

PG&E Administration 
and Marketing Costs

Incremental Costs

Incentives

Recorded Sales

E3
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Additional Materials
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National Effort Moving Forward

• Energy Star RPP Task Force

• RPP EM&V Task Force

• Stakeholders
̵ U.S. Environmental Protection Agency – ENERGY STAR

̵ Program Administrators shown in map
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Primary Metrics 

Program-Qualified Share (PQS)

PQSp,t = Total Qualified Units Soldp,t / Total Units Soldp,t

Unit Energy Consumption (UEC)

– DEER UECs for products in DEER (refrigerators and freezers)

– Measure-Level for products with available data (DVD/Blu-Ray, HTiB)

– Model-level for all others (air cleaners, room ACs)

Unit Energy Savings (UES)

UESp,t
* = UEC(Non-Qualified)p,t- UEC(Qualified)p,t

* Sales-weighted for model-level measures

Unit Demand Reduction (UDR)

UDRp,t = (CFp x kW(Non-Qualified)p,t)-(CFp x kW(Qualified)p,t)

Preliminary Ex Post Gross Program Savings

Gross Savings* = Sum([Unit Savings]p,t × Qp,t)

* Used for both energy and demand by replacing [Unit Savings] with UES or UDR
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Phase I Trial UES Values

Product 
Category

UEC Product Class
RPP Product 

Class

UES
UEC/UES METHOD

kWh kW

Air Cleaner <100 CADR <100 CADR 114.43910 0.01293 Model-Level

DVD/Blu-Ray Blu-Ray Blu-Ray 4.80000 0.00005 Measure-Level

DVD/Blu-Ray DVD DVD 5.90000 0.00013 Measure-Level

HTiB Sound bar Sound bar 52.60000 0.00065 Measure-Level

Freezer Frzr-Chest-ManDef_Large Chest 18.60000 0.00330 DEER

Refrigerator Refg-All_CmpMini Compact 20.80000 0.00380 DEER

Refrigerator RefgFrz-BM_VLarge Very Large 52.90000 0.00950 DEER

Refrigerator RefgFrz-BM-Ice_VLarge Very Large 59.90000 0.01080 DEER

Refrigerator RefgFrz-SM-TTD_VLarge Very Large 62.50000 0.01130 DEER

Refrigerator RefgFrz-TM_CmpMini Compact 33.00000 0.00590 DEER

Refrigerator RefgFrz-TM_Med Medium 35.90000 0.00670 DEER

Refrigerator RefgFrz-TM_VLarge Very Large 41.00000 0.00760 DEER

Room AC <12,000 BTU <12,000 BTU 69.97494 0.03296 Model-Level


