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OVERVIEW

 Project overview 

 Who is likely to adopt DR, solar, and/or battery storage? 

 What is the expected or recommended DR, solar, and battery storage size? 

 How does adding DR, solar, and/or battery storage affect customer loads? 

 Who should be targeted? And how do you make it accessible?



ABOUT SGDG&E
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 3.6 million people

 1.4 million electric meters, 
roughly 158,000 non-
residential

 873,000 natural gas meters

 4,100 square miles

 1,000 + distribution circuits

 4,000 MW peak load

 18,000 GWh of consumption

 $3.7 Billion in annual sales



KEY ISSUES

Customers increasingly 
have or want solar 

and/or storage

BTM battery storage is 
not fully tapped for grid 

needs 

The focus of  BTM 
storage is on bill 

management

Desire to expand and 
evolve DR C&I programs

Need to pair DR 
offerings with solar and 

storage analysis

Can storage be 
incorporated into 

existing programs or are 
modifications needed? 

To speak to customers it 
helps to explain the bill 

impacts  

Create a targeting 
framework



DESIRED TOOL FUNCTIONALITY
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1
Ability to adjust battery, and solar and rate 
characteristics

6
Ability for SDG&E to update rates and program 
rules/details

2 Menu of DR, DER, and rates to analyze 7
Simulate the use of a battery to lower 
customer bills and deliver demand 
reductions 

3 Users can identify their current rate 8
Estimate customer bills with and without 
battery storage and with and without solar

4
User can define how they plan to use the 
battery (e.g., demand charge management) 

9
Estimate customer benefits, including bill 
savings and payments from DR program 

participation

5
Users can define the number of DR events 
to include in the simulation

10
Show customer loads and costs with and 
without the battery storage



AN OPTIMIZATION FRAMEWORK

6

Targeting Outputs
Target list  |  Supply curves  |  Achievable potential based on strategy

Customer – Specific Value Ranking

Enrollment Likelihood

Marketing Strategy 
and Intensity

• Incentive structure 
and level

• Outreach tactics
• Touch Frequency
• Education

• Default vs. Opt-In
• Past Engagement
• High bills
• Customer/building 

characteristics

Customer Adoption 
Propensity

Flexible Load Potential

DER Peak Load 
Contribution

• Timing of loads
• End-use 

disaggregation
• Weather sensitivity
• Load shape cluster

% Change in DER 
Loads

• Technology control
• Behavioral
• Substitution, 

efficiency

Expected costs

• Equipment and 
installation

• Marketing
• Incentives

Benefits

• Avoided T&D 
capacity

• Avoided generation 
capacity

• Shifted energy costs



KEY PROJECT TASKS
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Develop a 
proto-type of 

the tool 

Apply the 
underlying code 

to the full 
population of  

non-residential 
SDG&E 

customers 

Identify the 
characteristics 
of customers 
that benefit 

most

Develop an 
online tool that 

allows 
customers to 

access the site-
specific analysis 

Update tool 
with new data

Reporting and 
training



SCENARIOS TO ANALYZE
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Current Customer Configuration

Current DR 
enrollment

Current Rate

Battery & Solar if 
applicable

CPP if enrolled

DR Program Enrollment

BIP

CBP Day Ahead

- 11a-7p & 1p-9p

CBP Day Of

- 11a-7p & 1p-9p

None

Rate Change

AL-TOU

TOU-A

DG-R

Current

Technology Adoption

Battery

Battery + Solar

No Additional Tech

Battery operation 
strategy

Base Case

Analysis 
Scenarios

―

Scenario Savings



PROTO TYPE –GOAL WAS TO WORK INPUT DATA, USER OPTIONS, AND KEY 
OUTPUTS
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Excel-Stata Model

Historical Analysis Impact of adding DERS

Table 1: Rate Changes Under AL-TOU Table 2: Rate Changes Under DG-R Table 3: Rate Changes Under TOU-A
Month Old Bill New Bill DR Incentives $ Change % Change Month Old Bill New Bill DR Incentives $ Change % Change Month Old Bill New Bill DR Incentives $ Change % Change

1 $6,094.06 $5,052.48 $240.00 $1,041.58 17% 1 $6,770.42 $6,099.90 $240.00 $670.52 10% 1 $7,647.67 $5,440.32 $240.00 $2,207.35 29%

2 $5,262.81 $4,147.40 $240.00 $1,115.40 21% 2 $5,638.24 $4,690.81 $240.00 $947.43 17% 2 $6,213.96 $3,850.57 $240.00 $2,363.39 38%

3 $4,976.98 $3,649.13 $240.00 $1,327.85 27% 3 $5,611.19 $4,251.55 $240.00 $1,359.64 24% 3 $6,498.48 $3,707.72 $240.00 $2,790.77 43%

4 $4,841.35 $3,040.72 $240.00 $1,800.63 37% 4 $5,399.59 $3,556.31 $240.00 $1,843.28 34% 4 $6,212.10 $3,181.03 $240.00 $3,031.06 49%

5 $4,872.27 $3,234.74 $240.00 $1,637.53 34% 5 $5,497.18 $3,748.02 $240.00 $1,749.17 32% 5 $6,340.04 $3,402.13 $240.00 $2,937.91 46%

6 $6,072.36 $3,303.00 $240.00 $2,769.36 46% 6 $8,948.03 $3,680.08 $240.00 $5,267.95 59% 6 $8,110.66 $4,380.03 $240.00 $3,730.63 46%

7 $6,998.84 $4,115.56 $240.00 $2,883.27 41% 7 $10,860.50 $4,668.93 $240.00 $6,191.56 57% 7 $10,045.16 $5,639.84 $240.00 $4,405.32 44%

8 $7,551.61 $5,052.54 $240.00 $2,499.07 33% 8 $11,909.78 $5,711.49 $240.00 $6,198.29 52% 8 $10,938.31 $6,773.48 $240.00 $4,164.83 38%

9 $7,153.16 $4,901.47 $240.00 $2,251.69 31% 9 $11,095.42 $5,592.75 $240.00 $5,502.67 50% 9 $10,106.90 $6,531.64 $240.00 $3,575.27 35%

10 $7,540.40 $5,154.33 $240.00 $2,386.08 32% 10 $11,572.57 $6,020.49 $240.00 $5,552.08 48% 10 $10,427.96 $7,095.61 $240.00 $3,332.35 32%

11 $6,366.18 $4,928.19 $240.00 $1,437.99 23% 11 $6,875.80 $5,890.44 $240.00 $985.36 14% 11 $7,569.20 $5,251.90 $240.00 $2,317.29 31%

12 $5,920.37 $4,834.57 $240.00 $1,085.80 18% 12 $6,454.17 $5,758.69 $240.00 $695.48 11% 12 $7,153.64 $5,038.21 $240.00 $2,115.43 30%

Total $73,650.39 $51,414.14 $2,880.00 $22,236.25 30% Total $96,632.88 $59,669.45 $2,880.00 $36,963.43 38% Total $97,264.07 $60,292.47 $2,880.00 $36,971.61 38%
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WHO IS LIKELY TO ADOPT DR, SOLAR, AND/OR 
BATTERY STORAGE? 
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METHODOLOGY
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STEP 1:  
EXPLORATORY DATA

ANALYSIS

STEP 2:  OUT-OF-
SAMPLE TESTING

STEP 3: IDENTIFY

THE BEST

PERFORMING MODEL

 Investigate available data, 
feature engineering, 
selection & test

 Use one year of data from 
active customers (pre-
interconnection load data)

 Explore relationship of all 
possible predictive variables 
to dependent variable (plots, 
bivariate regressions)

 Split data into 
training/testing data 

 Define multiple models 
(iterative process)

 Train Probit Model on 
predictive models

 Assess quality of prediction 
by using model to predict 
(out-of-sample) for testing 
dataset

 Model selection based on 
out-of-sample AUC  metric 
(Tradeoff  between true 
positive and false positives)

 Run final model on entire 
dataset and generate 
recommended adoption 
propensities for all 
customers



DATA SOURCES

12

 Service address zip

 NAICS Code

 Closest weather station

 CD climate zone

 CD rate

 Customer Rate Size 
(Small/Large)

 DR (yes/no)

 TOU (yes/no)

 CPP (yes/no)

 Max demand

 Number of accounts

Customer Characteristics

 Mean peak kW

 Max peak kW (by days & peak hours)

 Average kWh by hour

 Average kWh

 Average temperature

 Mean temperature by kWh

 Correlation between mean 
temperature and kWh

 Annual max kWh

 Annual average kWh

 Annual Load Factor

 Annual Load Percentile

 Load Shape cluster

Customer Load Data (pre-treatment) 

 Battery system size (kW)

 Battery first install 
(interconnection) date

 Battery most recent 
interconnection date

 Solar system size (kW)

 Solar first install 
(interconnection) date

 Solar most recent 
interconnection date

Interconnection Data



SOLAR ADOPTION

CUSTOMERS WITH HIGHER ANNUAL AVERAGE KWH OR ARE CATEGORIZED IN 
LARGE RATES HAVE HIGHER CONCENTRATION OF SOLAR
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SOLAR ADOPTION 

CONCENTRATION OF BY NAICS CODE
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Warehousing & Storage, Postal Service, Couriers

Educational Services

Utilities
Agriculture, Forestry, Fishing, Hunting

Public Administration

Manufacturing

Information

Retail

Finance & Insurance

Manufacturing

Manufacturing

Unknown

Wholesale Trade

Real Estate, Rental, Leasing

Administrative, Support, Waste Management, Remediation Services
Management of Companies & Enterprises

Professional, Scientific, Technical Services

Health Care and Social Assistance

Construction

Arts, Entertainment, and Recreation
Accommodation and Food Services

Other Services

Retail
Transportation



SOLAR FINAL MODEL
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BATTERY STORAGE ADOPTION

LARGE CUSTOMERS OR CUSTOMERS WITH HIGHER KWH (PEAK AND 
AVERAGE) HAVE HIGHER CONCENTRATION OF BATTERY INSTALLS
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BATTERY STORAGE ADOPTION 
MANUFACTURING HAS HIGHEST CONCENTRATION OF BATTERY INSTALLATIONS
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Agriculture, Forestry, Fishing, Hunting

Mining, Quarrying, Utilities, Construction
Manufacturing

Retail trade, Transportation & Warehousing

Information, Real Estate, Professional/Scientific/Technical Services, Management of Companies & Enterprises

Educational Services, Health Care & Social Assistance

Arts/Entertainment/Recreation, Accommodation & Food Service

Other Services

Public Administration

Unknown



BATTERY STORAGE FINAL REGRESSION
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EXPLORATORY ANALYSIS
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 Bar graphs to 
identify groupings 
with more DR 
customers

 Bivariate analysis –
how accurately can 
we identify DR 
customers and non-
DR customers using 
this predictor

 NAICS – used 
combination of 
NAICS 1 and 2



FINAL MODEL
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 LN of Annual Max kWh (+)

 kWh/Temp Correlation (+)

 SD of Annual kWh (-)

 Zip Code (Varies)

 NAICS Code (Varies)

 Retail, Education, 
Accommodation/Food 

 Class Size

 Large had higher propensity to 
enroll than Small

 Number of Accounts 

 Customers with more accounts 
were less likely to enroll

Predictors



PREDICTED PROBABILITIES ARE DISTINCT FOR PARTICIPANTS/NON-
PARTICIPANTS BUT ARE STILL NOISY 

21

Predicted probabilities are based 
exclusively on historical uptake. 
They do not reflect different 
marketing intensity or incentive 
levels.



WE  RANKED CUSTOMER BASED ON DR PROBABILITY FROM HIGHEST TO 
LOWEST
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The enrollment propensities need to be 
supplemented with the expected magnitude of 
demand reduction



WHAT IS THE EXPECTED OR RECOMMENDED 
DR, SOLAR, AND BATTERY STORAGE SIZE? 
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THE SOLAR, BATTERY AND DR SIZE IS HIGHLY SKEWED BY BIG CUSTOMERS
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 Total customers 

with solar: 1,378

 Customer with 
solar and pre-
treatment load 
data: 483 

 Solar capacity 
(MW): 162 MW

99%      992.169       8697.632       Kurtosis       269.6752

95%      498.108       7396.315       Skewness       14.24857

90%      258.858           4000       Variance       153209.8

75%       94.127           3642

                        Largest       Std. Dev.      391.4203

50%       31.957                      Mean           117.8654

25%       11.136           .943       Sum of Wgt.       1,378

10%        5.421           .885       Obs               1,378

 5%        3.614           .795

 1%        2.001           .362

      Percentiles      Smallest

                                                             

                        solar size_kw

99%     6.899893       9.070807       Kurtosis       2.810724

95%     6.210817       8.908737       Skewness        .292601

90%      5.55628       8.294049       Variance       2.220812

75%     4.544645       8.200288

                        Largest       Std. Dev.      1.490239

50%     3.464391                      Mean           3.545979

25%     2.410183       -.058689       Sum of Wgt.       1,378

10%      1.69028      -.1221676       Obs               1,378

 5%     1.284815      -.2294132

 1%      .693647      -1.016111

      Percentiles      Smallest

                                                             

                        ln_solar_size



THE RELATIONSHIP BETWEEN LOG OF SUMMER PEAK AND LOG OF SOLAR 
SIZE IS LINEAR
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FINAL REGRESSION –ALL PREDICTIVE VARIABLES RELATED TO LOAD SIZE

26



THE RELATIONSHIP BETWEEN LOG OF ANNUAL MAX KWH AND LOG OF BATTERY SIZE IS 
LINEAR
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FINAL REGRESSION –ALL PREDICTIVE VARIABLES RELATED TO LOAD SIZE
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FOR DR IMPACTS, WE RELIE ON STATEWIDE AVAILABLE DATA ON DR 
REDUCTIONS BY INDUSTRY AND PROGRAM
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The SDG&E CBP data 
on nominated data 
was too clustered on 
a handful of retail 
chain customers



WHO SHOULD BE TARGETED? AND HOW DO 
YOU MAKE IT ACCESSIBLE?
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QUESTIONS?

Josh Bode
Partner and Principal Consultant
Demand Side Analytics
jbode@demandsideanalytics.com
415.786.0707

mailto:jsmith@demandsideanalytics.com

