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I. OBJECTIVE 

This paper describes the methodology and calculations through which Southern California 
Edison (SCE) establishes the expected annual incremental reliability improvement to be realized 
through the installation of various levels of Distribution Automation (D.A.) on its distribution 
circuits. 

II. OVERVIEW 

Reliability is expressed in terms of System Average Interruption Duration Index (SAIDI) and 
System Average Interruption Frequency Index (SAIFI) where SAIDI is measured in minutes and 
SAIFI is quantified in occurrences per year. SCE seeks to understand how may SAIDI and SAIFI 
be affected by the installation of D.A. equipment on its circuits. In this paper, the incremental 
reliability improvement in progressing from one lesser level of automation to the ultimate 3-mids 
3-ties configuration is calculated for five representative circuits and, subsequently, the averaged 
results is applied to all distribution circuits to estimate the total system reliability improvement. 

III. METHODOLOGY 
 
1. Calculate the sum of year 2013 through year 2015 main-line Customer Minutes of 

Interruption (CMI) and Customer Interruption (CI) for each of SCE’s 4600 distribution 
circuits where only main-line interruptions are considered since D.A. exclusively 
affects main-line events. Data from SCE’s Outage Database Reliability Metrics 
(ODRM) system was used for all calculations. Refer to Tab “Metric Calcs” of file 
“Reliability ImprovementAsFunctionOfDA.xlsx” for further details. 

2. Determine the existing level of automation for each circuit. There are 16 combinations 
of automation; ranging from zero mid and zero tie to three mids and three ties. The 
number of mid Remote Controlled Switch (RCS) and tie RCS for each circuit is 
established by querying data extracted from SCE’s Outage Management System 
(OMS). Refer to Tab “Metric Calcs” of file “ReliabilityImprovementAsFunction 
OfDA.xlsx” for further details.  

3. For each level of automation, calculate the optimal SAIDI and SAIFI for each of the 
five representative circuits by exhaustively searching for the ideal location of each 
successive mid RCS. See TABLE T-1 and TABLE T-2a through TABLE T-2e for a 
summary of the results. Refer to files “CYME Simulation Results.docx” and Tab 
“CYME WCR’d Simulation Results.xlsx” of file “ReliabilityImprovementAs 
FunctionOfDA.xlsx” for further details. 

4. Calculate the percent incremental reliability improvement while progressing from 
each level of automation to the ultimate 3-mids 3-ties scheme. Refer to Tab “CYME 
WCR’d Simulation Results.xlsx” of file “Reliability ImprovementAsFunction 
OfDA.xlsx” for further details.  

5. Calculate the total theoretical improvement for the top 200 worst performing circuits. 
The improvement for each circuit is directly dependent on its existing level of 
automation and on its historical performance. See TABLE T-1 and TABLE T-3 for 
summary. 

IV. RESULTS 

Based on reliability simulation results and historical interruption data, SCE estimates 
approximately 7% reduction in SAIDI and 5% reduction in SAIFI might be achieved annually if 
the top 200 worst performing circuits are upgraded to the 3-mids 3-ties automation scheme. 
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Average Expected Reliability Improvement 

#MIDs #TIEs 
% SAIDI 

Improvement 
% SAIFI 

Improvement 
% MAIFI 

Improvement 
0 0 63% 65% -67% 
0 1 62% 65% -67% 
0 2 62% 65% -67% 
0 3 62% 65% -67% 
1 0 52% 54% -32% 
1 1 37% 39% -16% 
1 2 37% 39% -16% 
1 3 37% 39% -16% 
2 0 44% 46% -23% 
2 1 20% 22% -7% 
2 2 18% 21% -6% 
2 3 19% 22% -6% 
3 0 38% 40% -17% 
3 1 14% 18% -6% 
3 2 3% 3% -1% 

3 3 0% 0% 0% 

TABLE T-1 

Estimated Reliability Improvement due to D.A. 

YEAR CMI CI   
 

SAIDI  
 

SAIFI    
 % 

SAIDI  
 % 

SAIFI  

1 
 
33,116,694  

 
234,629    

    
6.62  

  
0.047    6.62% 4.69% 

2 
 
18,979,055  

 
154,929    

    
3.80  

  
0.031    3.80% 3.10% 

3 
 
14,682,672  

 
129,326    

    
2.94  

  
0.026    2.94% 2.59% 

4 
 
12,633,715  

 
115,869    

    
2.53  

  
0.023    2.53% 2.32% 

5 
   
9,185,675  

   
90,307    

    
1.84  

  
0.018    1.84% 1.81% 

TABLE T-3 
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BONANZA 12kV CYME Simulation Results 

#MIDs #TIEs  cSAIDI   cSAIFI   cMAIFI  
% SAIDI 

Improvement 
% SAIFI 

Improvement 
% MAIFI 

Improvement 

0 0    5.572     2.419      3.229  55% 56% -42% 

0 1    5.434     2.419      3.229  54% 56% -42% 

0 2    5.433     2.419      3.229  54% 56% -42% 

0 3    5.396     2.419      3.229  53% 56% -42% 

1 0    4.720     2.020      3.627  47% 48% -27% 

1 1    3.282     1.273      4.374  23% 17% -5% 

1 2    3.240     1.273      4.374  22% 17% -5% 

1 3    3.240     1.273      4.374  22% 17% -5% 

2 0    3.921     1.609      4.039  36% 34% -14% 

2 1    2.936     1.277      4.370  14% 17% -5% 

2 2    2.894     1.277      4.370  13% 17% -5% 

2 3    2.894     1.277      4.370  13% 17% -5% 

3 0    3.587     1.461      4.187  30% 28% -10% 

3 1    3.422     1.678      3.969  26% 37% -16% 

3 2    2.798     1.199      4.449  10% 12% -3% 

3 3    2.522     1.054      4.594  0% 0% 0% 

TABLE T-2a 

 

SPRAGUE 12kV CYME Simulation Results 

#MIDs #TIEs  cSAIDI   cSAIFI   cMAIFI  
% SAIDI 

Improvement 
% SAIFI 

Improvement 
% MAIFI 

Improvement 

0 0    6.975     3.009      3.637  69% 66% -55% 

0 1    6.885     3.009      3.637  69% 66% -55% 

0 2    6.839     3.009      3.637  69% 66% -55% 

0 3    6.815     3.020      3.637  68% 66% -55% 

1 0    4.851     2.311      4.335  56% 56% -30% 

1 1    4.271     2.245      4.401  50% 54% -28% 

1 2    4.250     2.245      4.401  49% 54% -28% 

1 3    4.210     2.245      4.401  49% 54% -28% 

2 0    3.850     1.713      4.933  44% 40% -14% 

2 1    2.696     1.307      5.339  20% 22% -5% 

2 2    2.675     1.307      5.339  20% 22% -5% 

2 3    2.662     1.307      5.339  19% 22% -5% 

3 0    3.205     1.424      5.222  33% 28% -8% 

3 1    2.456     1.306      5.340  13% 22% -5% 

3 2    2.162     1.022      5.624  1% 0% 0% 

3 3    2.149     1.022      5.624  0% 0% 0% 

TABLE T-2b 
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OPPORTUNITY 16kV CYME Simulation Results 

#MIDs #TIEs  cSAIDI   cSAIFI   cMAIFI  
% SAIDI 

Improvement 
% SAIFI 

Improvement 
% MAIFI 

Improvement 

0 0    1.429     0.789      0.822  62% 68% -65% 

0 1    1.429     0.789      0.822  62% 68% -65% 

0 2    1.429     0.789      0.822  62% 68% -65% 

0 3    1.429     0.789      0.822  62% 68% -65% 

1 0    1.056     0.548      1.063  48% 53% -28% 

1 1    0.881     0.424      1.187  38% 40% -14% 

1 2    0.877     0.424      1.187  37% 40% -14% 

1 3    0.877     0.424      1.187  37% 40% -14% 

2 0    0.947     0.481      1.130  42% 47% -20% 

2 1    0.733     0.339      1.273  25% 24% -7% 

2 2    0.698     0.341      1.270  21% 25% -7% 

2 3    0.698     0.341      1.270  21% 25% -7% 

3 0    0.860     0.464      1.147  36% 45% -18% 

3 1    0.640     0.306      1.306  14% 16% -4% 

3 2    0.550     0.256      1.356  0% 0% 0% 

3 3    0.550     0.256      1.356  0% 0% 0% 

TABLE T-2c 

 

SIZZLER 12kV CYME Simulation Results 

#MIDs #TIEs  cSAIDI   cSAIFI   cMAIFI  
% SAIDI 

Improvement 
% SAIFI 

Improvement 
% MAIFI 

Improvement 

0 0    1.826     0.943      0.566  59% 66% -110% 

0 1    1.781     0.943      0.566  58% 66% -110% 

0 2    1.781     0.943      0.566  58% 66% -110% 

0 3    1.778     0.943      0.566  58% 66% -110% 

1 0    1.412     0.684      0.825  47% 53% -44% 

1 1    1.123     0.530      0.979  34% 39% -21% 

1 2    1.123     0.530      0.979  34% 39% -21% 

1 3    1.118     0.530      0.979  34% 39% -21% 

2 0    1.274     0.649      0.860  42% 50% -38% 

2 1    0.972     0.446      1.064  24% 28% -12% 

2 2    0.894     0.407      1.102  17% 21% -8% 

2 3    0.888     0.407      1.102  16% 21% -8% 

3 0    1.178     0.595      0.914  37% 46% -30% 

3 1    0.830     0.364      1.145  10% 12% -4% 

3 2    0.744     0.322      1.187  0% 0% 0% 

3 3    0.743     0.322      1.187  0% 0% 0% 

TABLE T-2d 
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CONCOURSE 16kV CYME Simulation Results 

#MIDs #TIEs  cSAIDI   cSAIFI   cMAIFI  
% SAIDI 

Improvement 
% SAIFI 

Improvement 
% MAIFI 

Improvement 

0 0    0.708     0.439      0.507  70% 71% -62% 

0 1    0.663     0.439      0.507  68% 71% -62% 

0 2    0.663     0.439      0.507  68% 71% -62% 

0 3    0.663     0.439      0.507  68% 71% -62% 

1 0    0.532     0.328      0.619  61% 61% -32% 

1 1    0.364     0.221      0.725  42% 42% -13% 

1 2    0.364     0.228      0.718  42% 44% -14% 

1 3    0.354     0.221      0.725  41% 42% -13% 

2 0    0.484     0.303      0.644  57% 58% -27% 

2 1    0.261     0.159      0.787  20% 19% -4% 

2 2    0.261     0.159      0.787  20% 19% -4% 

2 3    0.274     0.173      0.773  23% 26% -6% 

3 0    0.443     0.273      0.674  53% 53% -22% 

3 1    0.225     0.133      0.813  7% 4% -1% 

3 2    0.225     0.133      0.813  7% 4% -1% 

3 3    0.210     0.128      0.819  0% 0% 0% 

TABLE T-2e 
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Workpaper- Southern California Edison / 2021 GRC 

Workpaper Title: 

Southern California Edison: 2019 Value of Service Study
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 Sullivan, M.J., and D. Keane (1995).  Outage Cost Estimation Guidebook.  Report no. TR-106082.  Palo Alto, CA: EPRI.

 Schellenberg, J., and J. Gai (2016). Southern California Edison Customer Interruption Cost Analysis. Prepared for
Southern California Edison Company. June 15, 2017 (Version 2). 
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 Freeman, Sullivan & Co. (2012). Pacific Gas & Electric Company’s 2012 Value of Service Study. Prepared for Pacific Gas
& Electric Company. 

 Sullivan, M.J., Collins, M.T., Schellenberg, J., & Larsen, P.H. (2018).  Estimating Power System Interruption Costs.
Berkeley, CA. 

 Sullivan, M. J., Schellenberg, J. & Blundell, M., 2015. Updated Value of Service Reliability Estimates for Electric Utility 
Customers in the United States, Berkeley, CA: Lawrence Berkeley National Laboratory. 
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Value of Lost Production

Outage Related Costs
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Outage Related Savings
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non-NEM Overall 4,056,258 600 1,980 566 29% 

NEM Overall 261,621 400 1,321 459 35% 
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Please tell us how important it is for SCE to improve each of the following elements by 
rating each from 1 to 10 (1 = not important to improve; 10 = very important to improve).  
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Assume there were a California ballot initiative that established a fund for making 
improvements to the electrical grid. The improvements would prevent damage from 
threats like wind storms, wildfires, and cyberattacks. 
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Does SCE do a good job of providing safe and reliable electric service? 
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Please tell us how important it is for SCE to improve each of the following elements by 
rating each from 1 to 10 (1 = not important to improve; 10 = very important to improve).  
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Does SCE do a good job of providing safe and reliable electric service? 
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 Sullivan, M.J., M. Mercurio, and J. Schellenberg (2009). Estimated Value of Service Reliability for Electric Utility Customers 
in the United States. Lawrence Berkeley National Laboratory Report No. LBNL-2132E. 
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insignificant individually
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Impact of Outage Timing
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Impact of Outage Timing
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Impact of Outage Timing
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«NEXID»  1 

SOUTHERN CALIFORNIA EDISON 
CUSTOMER INTERRUPTION COST SURVEY 

 
 

Residential Customers 
 
 
 
 
 
 
 

  
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
        

Thank you in advance for participating in this valuable study. Completing the survey will only take a few minutes of your 
time.  
 
All of your answers will be kept confidential.  Your name and address will be kept anonymous and will not be associated 
with the information you provide. 
 
Please return your completed survey in the enclosed return envelope. If you have any concerns, please contact Southern 
California Edison at 1-800-684-8123. For specific questions about the survey, please contact VuPoint Research at 1-800-
738-4020 Monday through Friday between the hours of 9:00 AM and 5:00 PM.  
 
This survey is also available online at: vupointresearch.com/SCEHomeSurvey 
Your survey ID is: «NEXID» 
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«NEXID»  2 

When completing this survey, please note that a “power outage” refers to a complete loss of electricity to your 
residence.  Power outages can be caused by many factors such as bad weather, traffic accidents, or equipment 
failures. If you share a building with other owners or tenants, please answer the questions only about your residence. 
 

1. Over the past 12 months, about how many outages of the durations listed below have you experienced at 
your home?  Please enter the number of outages in the blanks below.  (If none, use “0”.) 
 

 Short duration (5 minutes or less) 

 Longer than 5 minutes and up to 1/2 hour 

 Longer than 1/2 hour and up to 1 hour 

 Longer than 1 hour and up to 4 hours 

 Longer than 4 hours and up to 24 hours 

 Over 24 hours 

2. Do you feel that the number of power outages your residence experiences is (Choose one.): 
 

 Very low 
 Low 
 Moderate 
 High 
 Very high 

 
3. How satisfied are you with the reliability of the electrical service you receive from Southern California Edison 

(SCE)? (Choose one.) 
 

 Very dissatisfied 
 Somewhat dissatisfied 
 Neither satisfied nor dissatisfied 
 Somewhat satisfied 
 Very satisfied 
 Don’t know 

 
4. In general, how long can an outage last at your home before the costs become significant? Please estimate 

that time length. 
 
______ hours and  ______ minutes 
 

5.  Do you or any of your household members work at home most of the time? (Choose one.) 
 

 No 
 Yes—What kind of business is it? _____________________________________________________ 

 
a. If you answered “Yes” in question 5, how are you compensated for the work you perform at home? 

(Choose one.)  
 

 Self-employed 
 Salary from employer 
 Hourly wage from employer 
 Other – Please explain: _______________________________________________________ 
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«NEXID»  3 

6. Do you or does anyone in your household have any health conditions for whom a power outage could be a 
problem? (Choose one.) 
 

 No 
 Yes – Please explain: _________________________________________________________________ 

 
7. Do you currently own a plug-in electric vehicle? (Choose one.) 

 
 No 
 Yes  

 
8. Do you plan to purchase or lease an electric vehicle within the next three years? (Choose one.) 

 
 No 
 Yes 

 

In the following sections, we will ask you about 6 different hypothetical scenarios involving electrical power outages.  
For each scenario, we would first like to know how you and your household would adjust to the outage.  Second, we 
will ask you to estimate the extra expenses that your household would experience as a result of the outage as well as 
an estimated cost associated with any inconvenience or hassle.  

Because every person may have different expenses and may feel differently about the amount of inconvenience or 
hassle, there are no right or wrong answers to these questions.  We simply want your honest opinion. 

 

IMPORTANT 
As you answer questions about the hypothetical scenarios, please remember these two definitions: 
 
Extra expenses 
This category covers additional expenses you 
experience as a direct result of the power outage. This 
section may include, but is not necessarily limited to: 

• Food spoilage 
• Dining out (if you are unable to cook at home) 
• The cost of fuel used to power a generator 
• Lost wages for lost work time due to outages 

Please do not include expenses that your household 
would have incurred whether or not the power outage 
happened.  For example, if you decided to dine out 
during the outage instead of going out another night, 
the cost of the dinner should not be considered as an 
extra expense because it is simply shifted from another 
night.  However, if you had to dine out during the 

outage in addition to another night, the cost of the 
dinner should be considered an extra expense. 
 
Inconvenience or hassle costs 
Although inconveniences or hassles do not have a 
monetary price associated with them, this category 
includes the value that you place on, for example: 

• Having to use flashlights, batteries, and/or 
candles 

• Having to leave your residence 
• Being unable to charge your computer or 

mobile phone 
• Not being able to watch television 
• Having limited or no internet access 
• Being unable to use solar photovoltaic (PV) 

equipment or charge your electric vehicle 
 
Note: If you have solar PV panels installed, your household will still experience the power outage and your solar PV 
system will not feed electricity into the grid. 
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«NEXID»  4 

Case A 
Suppose that on a «SEASON» weekday, a complete power outage occurs at «ONSET» without any warning.  You don’t 
know how long it will last, but after «HOUR1» hours your household’s electricity is fully restored.  (Note that all of the 
remaining cases occur at «ONSET».) 

SUMMARY: 
Conditions: «SEASON» weekday 
Duration: «HOUR1» hours 

Start time:  «ONSET» 
End time:  «END1»

              
 
A1. Since you would not know beforehand when the outage would occur or how long it would last, how would 
your household adjust during and after this outage? (Check all that apply.)  
 

  There’s generally no one home at this time 
  Stay home and do activities that don’t require electricity 
  Find an alternative location to work (if someone from your household works from home) 
  Go out to eat, shop or visit friends 
  Run a backup power generator 
  Find a different location to charge electric vehicle 
  Use a propane/gas stove or grill for cooking 
  Reset clocks and appliances after outage 
  Other (please describe) ______________________________________________ 

 
A2. How much do you think it would cost your household in extra expenses and in inconvenience or hassle to 
adjust to this outage?  If necessary, please refer to the definitions on page 3. 
 
$ ___________ extra expenses and inconvenience costs  
 
A3. Of the above amount, how much of it would be just for the extra expenses?   
 
$ ___________ extra expenses only 
 
A4. Suppose a company (other than SCE) could immediately provide you with a temporary backup power service 
to handle all of your household's electricity needs during this particular outage. With this backup service, you 
would not experience the outage and would not have to make any adjustments.   
    
Please indicate the one-time amount you would be willing to pay for this temporary backup service to avoid this 
particular outage.  (Please choose or specify one amount.)  

 
               

$0 $1 $3 $5 $10 $15 $20 $30 $40 $50 $75 $100 $150 $200 $250 
 

 Other (please specify) $_________ 
 

a. Which of the following reasons best describes why you selected $0 in question A4? (Choose 
one.) 

 
 The outage is not an inconvenience 
 I should not be expected to pay more for reliable service 
 I can use my own backup generator to power my home during the outage 
 Other – Please explain: _______________________________________________________ 
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«NEXID»  5 

 
 

A5. Suppose you receive advance notice from SCE by mail, telephone, and/or text at least 3 days before this 
outage occurs. The notice informs you that the outage will occur at «ONSET» and last for «HOUR1» hours, giving 
you some time to prepare. 
    
Please indicate the one-time amount you would be willing to pay for the same temporary backup power service 
to avoid this particular outage.  (Please choose or specify one amount.) 

 
               

$0 $1 $3 $5 $10 $15 $20 $30 $40 $50 $75 $100 $150 $200 $250 
 

 Other (please specify) $_________ 
 

b. Which of the following reasons best describes why you selected $0 in question A5? (Choose 
one.) 

 
 The outage is not an inconvenience 
 I should not be expected to pay more for reliable service 
 I can use my own backup generator to power my home during the outage 
 Other – Please explain: _______________________________________________________ 
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«NEXID»  6 

Case B 
Without any warning, on a «SEASON» weekday, a complete power outage occurs at «ONSET».  You don’t know how long 
it will last, but in this case your household’s electricity is fully restored after 1 hour. 

Summary 
Conditions: «SEASON» weekday 
Duration: 1 hour 

Start time:  «ONSET» 
End time:  «END2» 

              
 
B1. Since you would not know beforehand when the outage would occur or how long it would last, how would 
your household adjust during and after this outage? (Check all that apply.)  
 

  There’s generally no one home at this time 
  Stay home and do activities that don’t require electricity 
  Find an alternative location to work (if someone from your household works from home) 
  Go out to eat, shop or visit friends 
  Run a backup power generator 
  Find a different location to charge electric vehicle 
  Use a propane/gas stove or grill for cooking 
  Reset clocks and appliances after outage 
  Other (please describe) ______________________________________________ 

 
B2. How much do you think it would cost your household in extra expenses and in inconvenience or hassle to 
adjust to this outage?  If necessary, please refer to the definitions on page 3. 
 
$ ___________ extra expenses and inconvenience costs  
 
B3. Of the above amount, how much of it would be just for the extra expenses?   
 
$ ___________ extra expenses only 
 
B4. Suppose a company (other than SCE) could immediately provide you with a temporary backup power service 
to handle all of your household's electricity needs during this particular outage. With this backup service, you 
would not experience the outage and would not have to make any adjustments.   
    
Please indicate the one-time amount you would be willing to pay for this temporary backup service to avoid this 
particular outage.  (Please choose or specify one amount.)  

 
               

$0 $1 $3 $5 $10 $15 $20 $30 $40 $50 $75 $100 $150 $200 $250 
 

 Other (please specify) $_________ 
 

a. Which of the following reasons best describes why you selected $0 in question B4? (Choose 
one.) 

 
 The outage is not an inconvenience 
 I should not be expected to pay more for reliable service 
 I can use my own backup generator to power my home during the outage 
 Other – Please explain: _______________________________________________________ 
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«NEXID»  7 

Case C 
Similar to the earlier cases, suppose that on a «SEASON» weekday, a complete power outage occurs at «ONSET» without 
any warning.  You don’t know how long it will last, but in this case your household's electricity is fully restored after 5 
minutes. 

SUMMARY: 
Conditions: «SEASON» weekday 
Duration: 5 minutes 

Start time:  «ONSET» 
End time:  «END3»

 
              

C1. Since you would not know beforehand when the outage would occur or how long it would last, how would 
your household adjust during and after this outage? (Check all that apply.)  
 

  There’s generally no one home at this time 
  Stay home and do activities that don’t require electricity 
  Find an alternative location to work (if someone from your household works from home) 
  Go out to eat, shop or visit friends 
  Run a backup power generator 
  Find a different location to charge electric vehicle 
  Use a propane/gas stove or grill for cooking 
  Reset clocks and appliances after outage 
  Other (please describe) ______________________________________________ 

 
C2. How much do you think it would cost your household in extra expenses and in inconvenience or hassle to 
adjust to this outage?  If necessary, please refer to the definitions on page 3. 
 
$ ___________ extra expenses and inconvenience costs  
 
C3. Of the above amount, how much of it would be just for the extra expenses?   
 
$ ___________ extra expenses only 
 
C4. Suppose a company (other than SCE) could immediately provide you with a temporary backup power service 
to handle all of your household's electricity needs during this particular outage. With this backup service, you 
would not experience the outage and would not have to make any adjustments.   
    
Please indicate the one-time amount you would be willing to pay for this temporary backup service to avoid this 
particular outage.  (Please choose or specify one amount.)  

 
               

$0 $1 $3 $5 $10 $15 $20 $30 $40 $50 $75 $100 $150 $200 $250 
 

 Other (please specify) $_________ 
 

a. Which of the following reasons best describes why you selected $0 in question C4? (Choose 
one.) 

 
 The outage is not an inconvenience 
 I should not be expected to pay more for reliable service 
 I can use my own backup generator to power my home during the outage 
 Other – Please explain: _______________________________________________________ 
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Case D 
Similar to the earlier cases, suppose that on a «SEASON» weekday, a complete power outage occurs at «ONSET» without 
any warning.  You don’t know how long it will last, but in this case your household’s electricity is fully restored after 
«HOUR2» hours. 

SUMMARY: 
Conditions: «SEASON» weekday 
Duration: «HOUR2» hours 

Start time:  «ONSET» 
End time:  «END4»

              
D1. Since you would not know beforehand when the outage would occur or how long it would last, how would 
your household adjust during and after this outage? (Check all that apply.)  
 

  There’s generally no one home at this time 
  Stay home and do activities that don’t require electricity 
  Find an alternative location to work (if someone from your household works from home) 
  Go out to eat, shop or visit friends 
  Run a backup power generator 
  Find a different location to charge electric vehicle 
  Use a propane/gas stove or grill for cooking 
  Reset clocks and appliances after outage 
  Other (please describe) ______________________________________________ 

 
D2. How much do you think it would cost your household in extra expenses and in inconvenience or hassle to 
adjust to this outage?  If necessary, please refer to the definitions on page 3. 
 
$ ___________ extra expenses and inconvenience costs  
 
D3. Of the above amount, how much of it would be just for the extra expenses?   
 
$ ___________ extra expenses only 
 
D4. Suppose a company (other than SCE) could immediately provide you with a temporary backup power service 
to handle all of your household's electricity needs during this particular outage. With this backup service, you 
would not experience the outage and would not have to make any adjustments.   
    
Please indicate the one-time amount you would be willing to pay for this temporary backup service to avoid this 
particular outage.  (Please choose or specify one amount.)  

 
               

$0 $1 $3 $5 $10 $15 $20 $30 $40 $50 $75 $100 $150 $200 $250 
 

 Other (please specify) $_________ 
 

a. Which of the following reasons best describes why you selected $0 in question D4? (Choose 
one.) 

 
 The outage is not an inconvenience 
 I should not be expected to pay more for reliable service 
 I can use my own backup generator to power my home during the outage 
 Other – Please explain: _______________________________________________________ 
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Case E 
Similar to the earlier cases, suppose that on a «SEASON» weekday, a complete power outage occurs at «ONSET» without 
any warning.  You don’t know how long it will last, but in this case your household’s electricity is fully restored after 24 
hours. 

SUMMARY: 
Conditions: «SEASON» weekday 
Duration: 24 hours 

Start time: «ONSET» 
End time: «END5» (Next Day)

              
E1. Since you would not know beforehand when the outage would occur or how long it would last, how would 
your household adjust during and after this outage? (Check all that apply.)  
 

  There’s generally no one home at this time 
  Stay home and do activities that don’t require electricity 
  Find an alternative location to work (if someone from your household works from home) 
  Go out to eat, shop or visit friends 
  Run a backup power generator 
  Find a different location to charge electric vehicle 
  Use a propane/gas stove or grill for cooking 
  Reset clocks and appliances after outage 
  Other (please describe) ______________________________________________ 

 
E2. How much do you think it would cost your household in extra expenses and in inconvenience or hassle to 
adjust to this outage?  If necessary, please refer to the definitions on page 3. 
 
$ ___________ extra expenses and inconvenience costs  
 
E3. Of the above amount, how much of it would be just for the extra expenses?   
 
$ ___________ extra expenses only 
 
E4. Suppose a company (other than SCE) could immediately provide you with a temporary backup power service 
to handle all of your household's electricity needs during this particular outage. With this backup service, you 
would not experience the outage and would not have to make any adjustments.   
    
Please indicate the one-time amount you would be willing to pay for this temporary backup service to avoid this 
particular outage.  (Please choose or specify one amount.)  

 
               

$0 $1 $3 $5 $10 $15 $20 $30 $40 $50 $75 $100 $150 $200 $250 
 

 Other (please specify) $_________ 
 

a. Which of the following reasons best describes why you selected $0 in question E4? (Choose one.) 
 

 The outage is not an inconvenience 
 I should not be expected to pay more for reliable service 
 I can use my own backup generator to power my home during the outage 
 Other – Please explain: _______________________________________________________ 
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Case F 
Now, suppose that a complete power outage occurs at «ONSET» on a «SEASON» WEEKEND, without any warning.  You 
don’t know how long it will last, but in this case your household’s electricity is fully restored after «DURATION». 

SUMMARY: 
Conditions: «SEASON» WEEKEND 
Duration: «DURATION» 

Start time:  «ONSET» 
End time:  «END6»

              
F1. Since you would not know beforehand when the outage would occur or how long it would last, how would 
your household adjust during and after this outage? (Check all that apply.)  
 

  There’s generally no one home at this time 
  Stay home and do activities that don’t require electricity 
  Find an alternative location to work (if someone from your household works from home) 
  Go out to eat, shop or visit friends 
  Run a backup power generator 
  Find a different location to charge electric vehicle 
  Use a propane/gas stove or grill for cooking 
  Reset clocks and appliances after outage 
  Other (please describe) ______________________________________________ 

 
F2. How much do you think it would cost your household in extra expenses and in inconvenience or hassle to 
adjust to this outage?  If necessary, please refer to the definitions on page 3. 
 
$ ___________ extra expenses and inconvenience costs  
 
F3. Of the above amount, how much of it would be just for the extra expenses?   
 
$ ___________ extra expenses only 
 
F4. Suppose a company (other than SCE) could immediately provide you with a temporary backup power service 
to handle all of your household's electricity needs during this particular outage. With this backup service, you 
would not experience the outage and would not have to make any adjustments.   
    
Please indicate the one-time amount you would be willing to pay for this temporary backup service to avoid this 
particular outage.  (Please choose or specify one amount.)  

 
               

$0 $1 $3 $5 $10 $15 $20 $30 $40 $50 $75 $100 $150 $200 $250 
 

 Other (please specify) $_________ 
 

a. Which of the following reasons best describes why you selected $0 in question F4? (Choose one.) 
 

 The outage is not an inconvenience 
 I should not be expected to pay more for reliable service 
 I can use my own backup generator to power my home during the outage 
 Other – Please explain: _______________________________________________________ 
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To better understand how electrical power outages affect your household, we would like to gather some information 
on your household characteristics.  Please answer the following questions to the best of your ability.  If you live in an 
apartment building or duplex, answer only for the part of the building you actually live in. 
 
In addition, information about your opinions of SCE’s service will help us understand how we can improve.  Again, all 
of your answers are confidential.  Your name and address will be kept anonymous and will not be associated with the 
information you provide. 
 
 

9. What is the size of your residence? 
 
 ________square feet 
 

10. Which of the following categories best describes your total annual household income before taxes and other 
deductions?  Please include all income to the household including social security, interest, welfare payments, 
child support, etc.  (Choose one.) 

 Under $25,000 
 $25,000 - $49,999 
 $50,000 - $74,999 
 $75,000 - $99,999 
 $100,000 - $124,999 

 $125,000 - $149,999 
 $150,000 - $174,999 
 $175,000 - $199,999 
 $200,000 - $250,000 
 Above $250,000 

11. What do you believe are the 3 leading causes of power outages that affect your home? (Check 3 that apply.) 

 Wind storms 
 Wildfires 
 Other weather-related causes 
 Household equipment failures 
 Utility equipment failures 

 Scheduled utility work 
 Auto collisions impacting poles 
 Other 
 Don’t know 

 

12. Please tell us how important it is for SCE to improve each of the following elements by rating each from 1 to 
10 (1 = not important to improve; 10 = very important to improve). (Choose one.) 
 

a. Avoiding power outages  
 

          
1 2 3 4 5 6 7 8 9 10 

Not 
Important         Very 

Important 

b. Preventing utility-related wildfires  
 

          
1 2 3 4 5 6 7 8 9 10 

Not 
Important         Very 

Important 

c. Preparing for emergencies such as earthquakes or terrorist attacks  
 

          
1 2 3 4 5 6 7 8 9 10 

Not 
Important         Very 

Important 
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d. Providing environmentally clean electricity   
 

          
1 2 3 4 5 6 7 8 9 10 

Not 
Important         Very 

Important 

e. Ensuring power quality (reducing spikes, drops, surges)  
 

          
1 2 3 4 5 6 7 8 9 10 

Not 
Important         Very 

Important 

13. Assume there were a California ballot initiative that established a fund for making improvements to the 
electrical grid. The improvements would prevent damage from threats like wind storms, wildfires, and 
cyberattacks. It would cost each household «BALLOT_COST» per year. Would you vote for the ballot 
initiative? (Choose one.) 
 

 No 
 Yes 
 Not sure 

 
14. Does SCE do a good job of providing safe and reliable electric service? (Choose one.) 

 
 No 
 Yes 
 Not sure 

 
a. If you answered “No” in question 14, why do you feel SCE is not doing a good job of providing safe and 

reliable service? (Check all that apply.) 
 

 Too many power outages 
 Power costs too much 
 Power quality is inadequate (too many spikes, drops, surges) 
 Risk of SCE equipment causing wildfires is too high 
 Other – Please explain: _______________________________________________________ 

 

Please share any additional comments: 

__________________________________________________________________________________________________

__________________________________________________________________________________________________

__________________________________________________________________________________________________

__________________________________________________________________________________________________ 
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«NEXID»  1 

SOUTHERN CALIFORNIA EDISON 
2018 CUSTOMER INTERRUPTION COST SURVEY 

 

Non-Residential Customers 
 
 
 
 
 

  
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
        

  

 
Thank you for agreeing to participate in this important study.  We ask that you complete this survey thinking only about 
the facilities that your organization occupies at this location: 
 

«SERV_STREET_ADDR», «SERV_CITY_NAME» 
 
If your organization shares a building with other businesses or you’re the property manager at the above address(es), 
please answer the questions only for the space your organization occupies at this location and the activities your 
organization undertakes.   
 
All your answers will be kept confidential. Your name and your organization’s name and address will be kept anonymous 
and will not be associated with the information you provide. 
 
Please return your completed survey in the enclosed return envelope to receive your $50 check. If you have any 
concerns, please contact Southern California Edison at 1-800-990-7788. For specific questions about the survey, please 
contact VuPoint Research at 1-800-738-4020 Monday through Friday between the hours of 9:00 AM and 5:00 PM.  
   
Sincerely, 

 
Lauren Burnett 
Manager, Customer Insights 

 
This survey is also available online at: www.vupointresearch.com/SCESurvey 
Your survey ID is «NEXID» 
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When completing this survey, please note that a “power outage” refers to a complete loss of electricity to your 
facility.  Power outages can be caused by many factors, such as bad weather, traffic accidents and equipment failures. 
 
 

1. In the past 3 months, how many brief interruptions of five minutes or less have you experienced at your 
business location? 
 

 Brief interruptions (5 minutes or less) 

2. In the past 3 months, how many lengthy outages of more than five minutes have you experienced at your 
business location? 
 

 Lengthy outages (more than 5 minutes) 

3. In general, how disruptive have outages been for your organization? (Choose one.) 
 

       
1 2 3 4 5 6 7 

Not at all 
disruptive      Very disruptive 

4. What type(s) or duration(s) of outages at this location have financial effects on other sites owned by your 
company?  
 
___________________________________________________________________________________________

___________________________________________________________________________________________

___________________________________________________________________________________________ 

5. Has your organization ever sent employees home during a power outage? (Choose one.) 
 

 No 
 Yes 

 
6. In general, how long can an outage last at your facility before it has a substantial impact on your operations?  

Please estimate that time length. 
 
______ hours and  ______ minutes 
 

7. How much advance warning of a power outage does your organization need to significantly reduce the 
problems caused by a power outage? (Choose one.) 
 

 Advance notice would not reduce problem(s) 
 At least 1 hour 
 At least 4 hours 
 At least 8 hours 
 At least 24 hours  
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8. How satisfied are you with the reliability of the electrical service you receive from Southern California Edison 
(SCE)?  (Choose one.) 
 

 Very dissatisfied 
 Somewhat dissatisfied 
 Neither satisfied nor dissatisfied 
 Somewhat satisfied 
 Very satisfied 
 Don’t know 

 
9. Are there electric vehicle chargers on the premises, or do you plan to add any in the next 3 years? (Choose 

one.) 
 

 No 
 Yes 

The next section describes six different power outage scenarios.  We’d like to know the costs to your business of 
adjusting to each of these power outages. 

The costs of a power outage depend upon the particular situation, and may vary from day to day depending upon 
business conditions.  So for each outage scenario, you’ll be given the opportunity to report the range of outage costs 
that your business might face (from low to high), as well as to estimate the cost that you would most likely have 
under typical circumstances. 

It’s important to try to answer all of the questions.  If a question is difficult for you to answer, please give us an 
estimate and feel free to write down any comments about your answer. 
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«NEXID»  4 

Case A 
On a «SEASON» weekday, a complete power outage occurs at «ONSET» without any warning.  You don’t know how long 
it will last, but after «HOUR1» hours your organization’s electricity is fully restored. Note that all of the remaining cases 
occur at «ONSET». 

SUMMARY: 
Conditions: «SEASON» weekday 
Duration: «HOUR1» hours 

Start time:  «ONSET» 
End time:  «END1» 

              

A1. How disruptive would this power outage be to your organization? (Choose one.) 
 

       
1 2 3 4 5 6 7 

Not disruptive 
at all      Very disruptive 

 

A2. Would your operations or services typically stop or slow down as a result of this power outage?  (If yes, please 
state the number of hours.) (Choose one.) 
 

 No 
 Yes 

 
a. If you answered “Yes” in question A2, please enter the number of hours that operations or 

services would stop or slow down (include time during and after the power outage? 
 
___________ hours 

 
A3. What’s the approximate dollar value of the operations or services that typically would be lost, at least 
temporarily, during the power outage and any slow period after the power outage? (If you’re not sure please 
make your best guess.) 
 
$ ___________ value of lost work or services  

 
[Add to this table and sum at the end] 

Category Costs Due to Outage 

A3. Operations and Services Lost $ 

 
A4. What percent of the operations or services typically would be made up after the power outage? (Choose one.)  

 
           

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100% 
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A5. Would there be labor costs associated with this power outage such as salaries and wages for staff who would 
be unable to work or overtime pay to make up for operations or services? (Choose one.) 
 

 No 
 Yes 

 
a. If you answered “Yes” in question A5, please state the cost for lost labor as well as the cost for 

overtime labor to make up for lost work.  
 
$ ___________ labor costs of staff unable to work during the power outage 
$ ___________ labor costs in overtime/extra shifts to make up for lost work 

 
[Add to this table and sum at the end] 

Category Costs Due to Outage 

A5-1. Labor Costs During the Outage $ 

A5-2. Overtime/Extra Shifts to Make Up for Lost Time $ 

A6. Would there be any damage costs associated with this power outage such as damage to equipment, 
materials, etc.?  (Choose one.) 
 

 No 
 Yes 

 
a. If you answered “Yes” in question A6, please state how much the damage cost for equipment 

would be and how much the damage cost to materials would be.  
 
$ ___________ damage to equipment  
$ ___________ damage to materials 

 
[Add to this table and sum at the end] 

Category Costs Due to Outage 

A6-1. Damage to Equipment $ 

A6-2. Damage to Materials  
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A7. Would there be additional tangible costs associated with this power outage (such as extra restart costs, and 
costs to run and/or rent backup equipment)?  (Choose one.) 
 

 No 
 Yes 

 
a. If you answered “Yes” in question A7, please state the additional costs.  

 
$ ___________ additional tangible costs 

 
[Add to this table and sum at the end] 

Category Costs Due to Outage 

A7. Other Tangible Costs $ 

 

A8. Would there be intangible costs due to this power outage (such as inconvenience, potential liability, or loss of 
customers)? (Choose one.) 
 

 No 
 Yes 

 
a. If you answered “Yes” in question A8, please estimate the intangible costs.  

 
$ ___________ intangible costs 

 
[Add to this table and sum at the end] 

Category Costs Due to Outage 

A8. Intangible Costs $ 

A9. In addition to the costs discussed above, some organizations may avoid expenses because of electrical 
outages. Some examples include a lower electrical bill, lower material outlays, and lower personnel costs.  Would 
you experience any savings associated with this power outage?  (Choose one.) 
 

 No 
 Yes 

 
a. If you answered “Yes” in question A7, please state the savings.  

 
$ ___________ savings 

 
[Add to this table and sum at the end] 

Category Savings Due to Outage 

A9. Savings Due to the Outage $ 
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Fill in the following table using your answers above, summing the costs to find a subtotal, and then subtracting 
the savings to find your total costs due to the outage. 
 

Category Costs Due to Outage 

A3. Operations and Services Lost $ 

A5-1. Labor Costs During the Outage $ 

A5-2. Overtime/Extra Shifts to Make Up for Lost Time $ 

A6-1. Damage to Equipment $ 

A6-2. Damage to Materials $ 

A7. Other Tangible Costs $ 

A8. Intangible Costs $ 

Subtotal: $ 

A9. Savings Due to the Outage (Subtract from Subtotal) $ 

TOTAL: $ 

A10. Considering all of the costs you might experience as a result of this «HOUR1»-hour «SEASON» weekday 
outage beginning at «ONSET», please estimate the total costs for an assumed “Best Case” scenario, the cost for a 
“Typical Case” scenario and the cost for a “Worst Case” scenario.  Please enter zero if there are no costs.   
 

$______________________ $______________________ $______________________ 

Lowest Total 
Outage Cost 
(Best Case) 

Most Likely 
Total Outage Cost 

(Typical Case) 

Highest Total 
Outage Cost 
(Worst Case) 

A11. Assume you had at least 3 days advance notice from SCE that this «HOUR1»-hour outage would occur at 
«ONSET». Given the time you now have to prepare for this outage, please estimate the total costs for an assumed 
“Best Case” scenario, the cost for a “Typical Case” scenario, and the cost for a “Worst Case” scenario. Please enter 
zero if there are no costs. 
 

$______________________ $______________________ $______________________ 

Lowest Total 
Outage Cost 
(Best Case) 

Most Likely 
Total Outage Cost 

(Typical Case) 

Highest Total 
Outage Cost 
(Worst Case) 

 

 
  

 
  

163



Workpaper – Southern California Edison / 2025 General Rate Case

Exhibit No. SCE-02 Vol.06
Witnesses: Various

 

«NEXID»  8 

Case B 
Without any warning, on a «SEASON» weekday, a complete power outage occurs at «ONSET».  You don’t know how long 
it will last, but after 1 hour your organization's electricity is fully restored. 

SUMMARY: 
Conditions: «SEASON» weekday 
Duration: 1 hour 

Start time:  «ONSET» 
End time:  «END2» 

              
B1. Considering all of the costs you might experience as a result of this 1-hour «SEASON» weekday outage 
beginning at «ONSET», please estimate the total costs for an assumed “Best Case” scenario, the cost for a “Typical 
Case” scenario and the cost for a “Worst Case” scenario.  Please enter zero if there are no costs.  
 

$______________________ $______________________ $______________________ 

Lowest Total Outage Cost 
(Best Case) 

Most Likely Total Outage Cost 
(Typical Case) 

Highest Total Outage Cost 
(Worst Case) 

Case C 
Without any warning, on a «SEASON» weekday, a complete power outage occurs at «ONSET».  You don’t know how long 
it will last, but after 5 minutes your organization's electricity is fully restored. 

SUMMARY: 
Conditions: «SEASON» weekday 
Duration: 5 minutes 

Start time:  «ONSET» 
End time:  «END3» 

              
C1. Considering all of the costs you might experience as a result of this 5-minute «SEASON» weekday outage 
beginning at «ONSET», please estimate the total costs for an assumed “Best Case” scenario, the cost for a “Typical 
Case” scenario and the cost for a “Worst Case” scenario.  Please enter zero if there are no costs.  
 

$______________________ $______________________ $______________________ 

Lowest Total Outage Cost 
(Best Case) 

Most Likely Total Outage Cost 
(Typical Case) 

Highest Total Outage Cost 
(Worst Case) 

Case D 
Without any warning, on a «SEASON» weekday, a complete power outage occurs at «ONSET».  You don’t know how long 
it will last, but after «HOUR2» hours your organization's electricity is fully restored. 

SUMMARY: 
Conditions: «SEASON» weekday 
Duration: «HOUR2» hours 

Start time:  «ONSET» 
End time:  «END4»

              
D1. Considering all of the costs you might experience as a result of this «HOUR2»-hour «SEASON» weekday 
outage beginning at «ONSET», please estimate the total costs for an assumed “Best Case” scenario, the cost for a 
“Typical Case” scenario, and the cost for a “Worst Case” scenario.  Please enter zero if there are no costs.  
 

$______________________ $______________________ $______________________ 

Lowest Total Outage Cost 
(Best Case) 

Most Likely Total Outage Cost 
(Typical Case) 

Highest Total Outage Cost 
(Worst Case) 
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Case E 
Without any warning, on a «SEASON» weekday, a complete power outage occurs at «ONSET».  You don’t know how long 
it will last, but after 24 hours your organization's electricity is fully restored. 

SUMMARY: 
Conditions: «SEASON» weekday 
Duration: 24 hours 

Start time:  «ONSET» 
End time:  «END5» (Next Day)

              
E1. Considering all of the costs you might experience as a result of this 24-hour «SEASON» weekday outage 
beginning at «ONSET», please estimate the total costs for an assumed “Best Case” scenario, the cost for a “Typical 
Case” scenario and the cost for a “Worst Case” scenario.  Please enter zero if there are no costs.  
 

$______________________ $______________________ $______________________ 

Lowest Total Outage Cost 
(Best Case) 

Most Likely Total Outage Cost 
(Typical Case) 

Highest Total Outage Cost 
(Worst Case) 

Case F 
Without any warning, on a «SEASON» WEEKEND, a complete power outage occurs at «ONSET».  You don’t know how 
long it will last, but after «DURATION» your organization's electricity is fully restored. 

SUMMARY: 
Conditions: «SEASON» WEEKEND 
Duration: «DURATION» 

Start time:  «ONSET» 
End time:  «END6»

              
F1. Considering all of the costs you might experience as a result of this «DURATION» «SEASON» WEEKEND outage 
beginning at «ONSET», please estimate the total costs for an assumed “Best Case” scenario, the cost for a “Typical 
Case” scenario and the cost for a “Worst Case” scenario.  Please enter zero if there are no costs.  
 

$______________________ $______________________ $______________________ 

Lowest Total Outage Cost 
(Best Case) 

Most Likely Total Outage Cost 
(Typical Case) 

Highest Total Outage Cost 
(Worst Case) 

 
 
 

ABOUT YOUR ORGANIZATION 
 
Some background information about your organization will help us understand how power outages affect your type 
of organization.   
 
Please remember that all of your answers are confidential.  Your name and address will be kept anonymous and will 
not be associated with the information you provide. 
 

 
10. What’s the approximate square footage of this facility?  

__________ Square feet 
 

  

165



Workpaper – Southern California Edison / 2025 General Rate Case

Exhibit No. SCE-02 Vol.06
Witnesses: Various

 

«NEXID»  10 

11. Which of the following categories best describes your organization? (Choose one.)  

 Agriculture/Agricultural Processing 
 Assembly/Light Industry 
 Chemicals/Paper/Refining 
 Food Processing 
 Government 
 Grocery Store/Restaurant 
 Hospital 
 Lodging (hotel, dormitory, prison, etc.) 
 Lumber/Mining/Plastics 

 Office 
 Oil/Gas Extraction 
 Retail 
 School/University 
 Stone/Glass/Clay/Cement 
 Technology 
 Transportation 
 Utility 
 Other (please specify):_______________

 
12. How many full-time (30+ hours per week) employees are employed by your organization at that location?  

__________ Full-time employees 
 

13. List the number of people employed by your organization at this location in each of the following categories:  

__________ # of part-time year-round employees 
 
__________ # of full-time seasonal employees 
 
__________ # of part-time seasonal employees 
 

14. What’s the approximate value of your business's total annual revenue for this facility?  

$ __________ per year 
 

15. What’s the approximate value of your business's total annual expenses (including labor, rent, materials, and 
other overhead expenses)?  

$ __________ per year 
 

16. Approximately what percentage of your business's annual operating budget is spent on electricity?  

__________ % 
 

17. Does your organization have any electrical equipment that’s sensitive to fluctuations in voltage, frequency, 
short interruptions (less than two seconds), or other such irregularities in electricity supply?  (Choose one.) 
 

 No 
 Yes 

 
a. If you answered “Yes” in question 17, please state the type of equipment.  

 
_______________________________________________________________________  
 

18. Does your organization own or rent/lease any of the following devices (Check all that apply.) 

 Back-up generator(s) 
 Uninterruptible power supply 
 Line conditioning device(s) 

 Surge suppressor(s) 
 Isolation transformer(s)
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«NEXID»  11 

 
19. Does your business have any electrical equipment that would continue to operate during a power outage? 

(Choose one.) 
 

 No 
 Yes 

 
a. If you answered “Yes” in question 19, please state the type of equipment.  

 
_______________________________________________________________________ 
 

20. What do you believe are the 3 leading causes of power outages that affect your business? (Check 3 that 
apply.) 

 Wind storms 
 Wildfires 
 Other weather-related causes 
 Household equipment failures 
 Utility equipment failures 

 Scheduled utility work 
 Auto collisions impacting poles 
 Other 
 Don’t know 

 

21. Please tell us how important it is for SCE to improve each of the following elements by rating each from 1 to 
10 (1 = not important to improve; 10 = very important to improve). (Choose one.) 
 

a. Avoiding power outages  
 

          
1 2 3 4 5 6 7 8 9 10 

Not 
Important         Very 

Important 

b. Preventing utility-related wildfires  
 

          
1 2 3 4 5 6 7 8 9 10 

Not 
Important         Very 

Important 

c. Preparing for emergencies such as earthquakes or terrorist attacks  
 

          
1 2 3 4 5 6 7 8 9 10 

Not 
Important         Very 

Important 
 

d. Providing environmentally clean electricity   
 

          
1 2 3 4 5 6 7 8 9 10 

Not 
Important         Very 

Important 
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«NEXID»  12 

 
e. Ensuring power quality (reducing spikes, drops, surges)  

 
          

1 2 3 4 5 6 7 8 9 10 
Not 

Important         Very 
Important 

 
22. Does SCE do a good job of providing safe and reliable electric service? (Choose one.) 

 
 No 
 Yes 
 Not sure 

 
a. If you answered “No” in question 14, why do you feel SCE is not doing a good job of providing safe and 

reliable service? (Check all that apply.) 
 

 Too many power outages 
 Power costs too much 
 Power quality is inadequate (too many spikes, drops, surges) 
 Risk of SCE equipment causing wildfires is too high 
 Other – Please explain: _______________________________________________________ 

 
 
Please share any additional comments: 

__________________________________________________________________________________________________

__________________________________________________________________________________________________

__________________________________________________________________________________________________ 

THANK YOU FOR YOUR HELP 
 
Please provide your contact information so that we may mail you the incentive check. The incentive check can be 
made out to your company, or any individual or charitable organization as designated by you. The check should arrive 
within 4-6 weeks. If you choose not to accept any incentive, please write “decline.” 
 
 
Name on check:  _______________________________________________________________ 
 
Address (Line 1): _______________________________________________________________ 
 
Address (Line 2): _______________________________________________________________ 
 
City:   ___________________________   State: ______   Zip Code: ______________ 
 
To receive your $50 check, please return this survey in the enclosed business reply envelope to: 
 
VuPoint Research 
8959 SW Barbur Blvd., Suite 204 
Portland, OR 97219 
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NEXID #: «cust_name» 
 
Date of Interview: __________________ 
 
Interviewer Name: __________________ 
 
Interview Start Time: ________________ 
 
Interview End Time:  ________________ 

 
 
 
 
 
 

 
Name: Title: 

Name: Title: 

Name: Title: 
 
I’d like to talk to you about the costs of power outages for:  
(Describe the part of the site served by the selected deliveries.) 
 

Company Name: 

Service Address: 

 

 
  
OUTAGE SCENARIOS 

Case Season Day Start Time End Time Duration 
1 «SEASON» Weekday «ONSET» «END1» «HOUR1» 
2 «SEASON» Weekday «ONSET» «END2» 1 hour 
3 «SEASON» Weekday «ONSET» «END3» 5 minutes 
4 «SEASON» Weekday «ONSET» «END4» «HOUR2» 
5 «SEASON» Weekday «ONSET» «END5» 24 hours 
6 «SEASON» WEEKEND «ONSET» «END6» «DURATION» 

  

Associated Delivery Numbers (Acct #) 
 

 

 

 

 

 

 

 

 

 

If delivery serves only part of the site, describe location served:  
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What are the operating hours of this facility?  

Use military time. If open 24 hours, use 00:00 to 00:00. 
 

 Weekday  Saturday  Sunday 
 Open Close  Open Close  Open Close 

Shift 1  
 

 Shift 1   Shift 1   

Shift 2  
 

 Shift 2   Shift 2   

Shift 3  
 

 Shift 3   Shift 3   

 
 
PRODUCT AND PROCESS DESCRIPTION 
 

1) What products do you make and/or what services do you provide at this facility?  
 
______________________________________________________________________ 
 
______________________________________________________________________ 
 
______________________________________________________________________ 
 
______________________________________________________________________ 
 
______________________________________________________________________ 
 
 
 
 
2) What processes do you use to make these products and/or generate these services?   
 
______________________________________________________________________ 
 
______________________________________________________________________ 
 
______________________________________________________________________ 
 
______________________________________________________________________ 
 
______________________________________________________________________ 
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OUTAGE EXPERIENCE 
 
In the past 12 months, about how many outages of the durations listed 
below have you had at this business location? Write a number in each blank.  
(Use 0 if none.) NOTE: the term “outage” refers to a complete loss of power.  
 

3.1)  Short duration (5 minutes or less)     _______ 
  
3.2)  Longer than 5 minutes and up to ½ hour    _______ 
 
3.3)  Longer than ½ hour and up to 1 hour    _______ 
 
3.4)  Longer than 1 hour and up to 4 hours    _______ 
 
3.5)  Longer than 4 hours and up to 24 hours    _______ 
 
3.6)  Over 24 hours    _______ 

 
 
 
 
MOST RECENT OUTAGE EVENTS 
Please describe your three most recent power outages:  
 

Outage 
Date 
Mo/Yr 

Duration 
Hrs/Mins/Secs 

Time 
Military 

Weather 
Conditions 
Clear/Stormy 

Description of Impacts 
 

 
 
3.7)  _______ _________ ______ ________ ________________________________________ 
 
3.8) _______ _________ ______ ________ ________________________________________ 
 
3.9) _______ _________ ______ ________ ________________________________________ 

 
 
 
 
4)  What normally happens to your facility’s operations when a prolonged power outage (lasting 

more than 5 minutes) occurs? 
 (Prompt for major equipment affected, worst effects on operations, etc.) 

  
 ___________________________________________________________________________ 

 
 ___________________________________________________________________________ 
 
 ___________________________________________________________________________ 
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5.1)  Does an outage at this location have financial effects on other sites owned by your company?  
 1) Yes  2) No  (if No, skip to Q5.4) 
 

 

5.2)  What type(s) or duration(s) of outages at this location have financial effects on other sites 
owned by your company?  

 (Probe for interdependencies of the production network.) 
  
 ___________________________________________________________________________ 
 
 ___________________________________________________________________________ 
 
 ___________________________________________________________________________ 
 

5.3)  What are the specific financial effects?  
 
 ___________________________________________________________________________ 
 
 ___________________________________________________________________________ 
 
 ___________________________________________________________________________ 
  
 ___________________________________________________________________________ 

 
5.4)  Does an outage at this location have financial effects at your customers’ sites?  
 
 1) Yes  2) No   
 

 

5.5)  In general, how disruptive have outages been for your organization?   
(Please check one number.) 

       
1 2 3 4 5 6 7 

Not at all disruptive  Very disruptive 
 
 
6.1)  Does your firm generate any of its own electricity (separate from backup power)?  
 
 1) Yes  2) No  (if No, skip to Q6.4) 
 
6.2)  What percentage of your electrical demand is supplied by your generation equipment?  
 
 _______________ % 
 
6.3)  What is the rated capacity of your generation equipment?             
  
  ____   Circle one:    kW       MW       hp 
 
  
6.4)  Does your firm have some form of backup electrical power?  
 1) Yes  2) No  (if No, skip to Q1C1) 
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6.5)  What percentage of your electrical demand could be supplied by your backup generation 
equipment?  

 
 _______________ % 
 
6.6)  What’s the rated capacity of your backup generation equipment?  
 
 ____________   Circle one:    kW       MW       hp 

 
 

7) Are there electric vehicle chargers on premise, or do you plan to add any in the next 3 years? 

  No 
  Yes 

 

8) How satisfied are you with the reliability of the electrical service you receive from Southern 
California Edison?   

  Very dissatisfied 
  Somewhat dissatisfied 
  Neither satisfied nor dissatisfied 
  Somewhat satisfied 
  Very satisfied 
  Don’t know 

 

 

The next section describes six different types of power outages.  We’d like to know the costs to your 
business of adjusting to each of these power outages.  Assume that all of the described outages arise 
from issues associated with Southern California Edison’s infrastructure. 

The costs of a power outage depend upon the particular situation, and may vary from day to day 
depending upon business conditions.  For each outage type, please estimate the costs that you’d be 
most likely to have under average circumstances. 

Since some businesses have more than one building at one location, and others have multiple buildings 
in several locations, please remember to fill out these questions thinking only about the building(s) that 
your business occupies at the location specified for this survey. 

It’s important to try to answer all of the questions.  If a question is difficult for you to answer, please 
give us an estimate and feel free to provide any comments about your answer. 
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Case Season Day Start Time End Time Duration 
1 «SEASON» Weekday «ONSET» «END1» «HOUR1» 

 

 
1C1) How long would activities stop or slow down as a result of this outage?  

(if zero, skip to Q.1C6) 
___hr ___min 
 

 
1C2) By what percentage would activities stop or slow down?  _________ % 
1C3) What’s the value of output (cost plus profit) that would be lost (at least temporarily) 

while activities are stopped or slowed down due to the outage?  _________ $ 
 
1C4) What percent of this lost output is likely to be made up?  _________ % 
1C5) I‘d estimate that the amount that your firm’s revenue or budget would change as a 

result of the outage would be… IS THAT RIGHT? _________ $ 
 
EXTRA MATERIALS COST 
1C6) Damage/spoilage to raw or intermediate materials                                                                          _________ $ 
 
1C7) Cost of disposing of hazardous materials _________ $ 
 
1C8) Damage to your organization’s plant or equipment _________ $ 
 
1C9) Costs to run backup generation or equipment _________ $ 
 
1C10) Additional materials and other fuel costs to restart facilities _________ $ 
 
SAVINGS ON MATERIAL COST (NET OF ANY MAKE-UP PRODUCTION) 
1C11) Savings from unused raw and intermediate materials (except fuel) _________ $ 
 
1C12) Savings on your firm’s fuel (electricity) bill _________ $ 
 
1C13) Scrap value of damaged products or inputs _________ $ 
 
LABOR COST 
1C14) How would the lost output most likely be made up? Check all that apply. 
 

____ a) Overtime 
 
____ b) Extra shifts 
 
____ c) Work more intensely 
 
____ d) Reschedule work 
 

     ____ e) Other (specify: ________________________________________________________)  
 
1C15) Labor costs to make-up lost output _________ $ 
 
1C16) Extra labor costs to restart activities _________ $ 
 
1C17) Savings from wages that were not paid _________ $ 
 
1C18) Other costs _________ $ 
 
1C19) Other savings 
 

_________ $ 
 

1C20) Total costs (Ask only if respondent will not provide component costs)                                            _________ $ 
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Case Season Day Start Time End Time Duration 
1 Same as Case 1, but customer receives 3-day advance notice (AN) of outage. 

 

 
1C1-AN) How long would activities stop or slow down as a result of this outage?  

(if zero, skip to Q.1C6) 
___hr ___min 
 

 
1C2-AN) By what percentage would activities stop or slow down?  _________ % 
1C3-AN) What’s the value of output (cost plus profit) that would be lost (at least temporarily) 

while activities are stopped or slowed down due to the outage?  _________ $ 
 
1C4-AN) What percent of this lost output is likely to be made up?  _________ % 
1C5-AN) I‘d estimate that the amount that your firm’s revenue or budget would change as a 

result of the outage would be… IS THAT RIGHT? _________ $ 
 
EXTRA MATERIALS COST 
1C6-AN) Damage/spoilage to raw or intermediate materials                                                                   _________ $ 
 
1C7-AN) Cost of disposing of hazardous materials _________ $ 
 
1C8-AN) Damage to your organization’s plant or equipment _________ $ 
 
1C9-AN) Costs to run backup generation or equipment _________ $ 
 
1C10-AN) Additional materials and other fuel costs to restart facilities _________ $ 
 
SAVINGS ON MATERIAL COST (NET OF ANY MAKE-UP PRODUCTION) 
1C11-AN) Savings from unused raw and intermediate materials (except fuel) _________ $ 
 
1C12-AN) Savings on your firm’s fuel (electricity) bill _________ $ 
 
1C13-AN) Scrap value of damaged products or inputs _________ $ 
 
LABOR COST 
1C14-AN) How would the lost output most likely be made up? Check all that apply. 
 

____ a) Overtime 
 
____ b) Extra shifts 
 
____ c) Work more intensely 
 
____ d) Reschedule work 
 

     ____ e) Other (specify: ________________________________________________________)  
 
1C15-AN) Labor costs to make-up lost output _________ $ 
 
1C16-AN) Extra labor costs to restart activities _________ $ 
 
1C17-AN) Savings from wages that were not paid _________ $ 
 
1C18-AN) Other costs _________ $ 
 
1C19-AN) Other savings 
 

_________ $ 
 

1C20-AN) Total costs (Ask only if respondent will not provide component costs)                                 _________ $ 
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Case Season Day Start Time End Time Duration 
2 «SEASON» Weekday «ONSET» «END2» 1 hour 

 

 
2C1) How long would activities stop or slow down as a result of this outage?  

(if zero, skip to Q.2C6) 
___hr ___min 
 

 
2C2) By what percentage would activities stop or slow down?  _________ % 
2C3) What’s the value of output (cost plus profit) that would be lost (at least temporarily) 

while activities are stopped or slowed down due to the outage?  _________ $ 
 
2C4) What percent of this lost output is likely to be made up?  _________ % 
2C5) I’d estimate that the amount that your firm’s revenue or budget would change as a 

result of the outage would be… IS THAT RIGHT?  _________ $ 
 
EXTRA MATERIALS COST 
2C6) Damage/spoilage to raw or intermediate materials _________ $ 
 
2C7) Cost of disposing of hazardous materials _________ $ 
 
2C8) Damage to your firm’s plant or equipment _________ $ 
 
2C9) Costs to run backup generation or equipment _________ $ 
 
2C10) Additional materials and other fuel costs to restart facilities _________ $ 
 
SAVINGS ON MATERIAL COST (NET OF ANY MAKE-UP PRODUCTION) 
2C11) Savings from unused raw and intermediate materials (except fuel) _________ $ 
 
2C12) Savings on your firm’s fuel (electricity) bill _________ $ 
 
2C13) Scrap value of damaged products or inputs _________ $ 
 
LABOR COST 
2C14) How would the lost output most likely be made up? Check all that apply. 
 

____ a) Overtime 
 
____ b) Extra shifts 
 
____ c) Work more intensely 
 
____ d) Reschedule work 
 
____ e) Other (specify: ________________________________________________________)  

 
2C15) Labor costs to make-up lost output _________ $ 
 
2C16) Extra labor costs to restart activities _________ $ 
 
2C17) Savings from wages that were not paid _________ $ 
 
2C18) Other costs _________ $ 
 
2C19) Other savings 
 

_________ $ 
 

2C20) Total costs (Ask only if respondent will not provide component costs)                                            _________ $ 
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Case Season Day Start Time End Time Duration 
3 «SEASON» Weekday «ONSET» «END3» 5 minutes 

 

 
3C1) How long would activities stop or slow down as a result of this outage?  

(if zero, skip to Q.3C6) 
___hr ___min 
 

 
3C2) By what percentage would activities stop or slow down?  _________ % 
3C3) What’s the value of output (cost plus profit) that would be lost (at least temporarily) 

while activities are stopped or slowed down due to the outage?  _________ $ 
 
3C4) What percent of this lost output is likely to be made up?  _________ % 
3C5) I’d estimate that the amount that your firm’s revenue or budget would change as a 

result of the outage would be… IS THAT RIGHT?  _________ $ 
 
EXTRA MATERIALS COST 
3C6) Damage/spoilage to raw or intermediate materials _________ $ 
 
3C7) Cost of disposing of hazardous materials _________ $ 
 
3C8) Damage to your firm’s plant or equipment _________ $ 
 
3C9) Costs to run backup generation or equipment _________ $ 
 
3C10) Additional materials and other fuel costs to restart facilities _________ $ 
 
SAVINGS ON MATERIAL COST (NET OF ANY MAKE-UP PRODUCTION) 
3C11) Savings from unused raw and intermediate materials (except fuel) _________ $ 
 
3C12) Savings on your firm’s fuel (electricity) bill _________ $ 
 
3C13) Scrap value of damaged products or inputs _________ $ 
 
LABOR COST 
3C14) How would the lost output most likely be made up? Check all that apply. 
 

____ a) Overtime 
 
____ b) Extra shifts 
 
____ c) Work more intensely 
 
____ d) Reschedule work 
 
____ e) Other (specify: ________________________________________________________)  

 
3C15) Labor costs to make-up lost output _________ $ 
 
3C16) Extra labor costs to restart activities _________ $ 
 
3C17) Savings from wages that were not paid _________ $ 
 
3C18) Other costs _________ $ 
 
3C19) Other savings 
 

_________ $ 
 

3C20) Total costs (Ask only if respondent will not provide component costs)                                            _________ $ 
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Case Season Day Start Time End Time Duration 
4 «SEASON» Weekday «ONSET» «END4» «SERVICE_CITY» 

 

 
4C1) How long would activities stop or slow down as a result of this outage?  

(if zero, skip to Q.4C6) 
___hr ___min 
 

 
4C2) By what percentage would activities stop or slow down?  _________ % 
4C3) What’s the value of output (cost plus profit) that would be lost (at least temporarily) 

while activities are stopped or slowed down due to the outage?  _________ $ 
 
4C4) What percent of this lost output is likely to be made up?  _________ % 
4C5) I’d estimate that the amount that your firm’s revenue or budget would change as a 

result of the outage would be… IS THAT RIGHT?  _________ $ 
 
EXTRA MATERIALS COST 
4C6) Damage/spoilage to raw or intermediate materials _________ $ 
 
4C7) Cost of disposing of hazardous materials _________ $ 
 
4C8) Damage to your firm’s plant or equipment _________ $ 
 
4C9) Costs to run backup generation or equipment _________ $ 
 
4C10) Additional materials and other fuel costs to restart facilities _________ $ 
 
SAVINGS ON MATERIAL COST (NET OF ANY MAKE-UP PRODUCTION) 
4C11) Savings from unused raw and intermediate materials (except fuel) _________ $ 
 
4C12) Savings on your firm’s fuel (electricity) bill _________ $ 
 
4C13) Scrap value of damaged products or inputs _________ $ 
 
LABOR COST 
4C14) How would the lost output most likely be made up? Check all that apply. 
 

____ a) Overtime 
 
____ b) Extra shifts 
 
____ c) Work more intensely 
 
____ d) Reschedule work 
 
____ e) Other (specify: ________________________________________________________)  

 
4C15) Labor costs to make-up lost output _________ $ 
 
4C16) Extra labor costs to restart activities _________ $ 
 
4C17) Savings from wages that were not paid _________ $ 
 
4C18) Other costs _________ $ 
 
4C19) Other savings 
 

_________ $ 
 

4C20) Total costs (Ask only if respondent will not provide component costs)                                            _________ $ 
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Case Season Day Start Time End Time Duration 
5 «SEASON» Weekday «ONSET» «END5» 24 hours 

 

 
5C1) How long would activities stop or slow down as a result of this outage?  

(if zero, skip to Q.5C6) 
___hr ___min 
 

 
5C2) By what percentage would activities stop or slow down?  _________ % 
5C3) What’s the value of output (cost plus profit) that would be lost (at least temporarily) 

while activities are stopped or slowed down due to the outage?  _________ $ 
 
5C4) What percent of this lost output is likely to be made up?  _________ % 
5C5) I’d estimate that the amount that your firm’s revenue or budget would change as a 

result of the outage would be… IS THAT RIGHT?  _________ $ 
 
EXTRA MATERIALS COST 
5C6) Damage/spoilage to raw or intermediate materials _________ $ 
 
5C7) Cost of disposing of hazardous materials _________ $ 
 
5C8) Damage to your firm’s plant or equipment _________ $ 
 
5C9) Costs to run backup generation or equipment _________ $ 
 
5C10) Additional materials and other fuel costs to restart facilities _________ $ 
 
SAVINGS ON MATERIAL COST (NET OF ANY MAKE-UP PRODUCTION) 
5C11) Savings from unused raw and intermediate materials (except fuel) _________ $ 
 
5C12) Savings on your firm’s fuel (electricity) bill _________ $ 
 
5C13) Scrap value of damaged products or inputs _________ $ 
 
LABOR COST 
5C14) How would the lost output most likely be made up? Check all that apply. 
 

____ a) Overtime 
 
____ b) Extra shifts 
 
____ c) Work more intensely 
 
____ d) Reschedule work 
 
____ e) Other (specify: ________________________________________________________)  

 
5C15) Labor costs to make-up lost output _________ $ 
 
5C16) Extra labor costs to restart activities _________ $ 
 
5C17) Savings from wages that were not paid _________ $ 
 
5C18) Other costs _________ $ 
 
5C19) Other savings 
 

_________ $ 
 

5C20) Total costs (Ask only if respondent will not provide component costs)                                            _________ $ 
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Case Season Day Start Time End Time Duration 
6 «SEASON» WEEKEND «ONSET» «END6» «DURATION» 

 

 
6C1) How long would activities stop or slow down as a result of this outage?  

(if zero, skip to Q.6C6) 
___hr ___min 
 

 
6C2) By what percentage would activities stop or slow down?  _________ % 
6C3) What’s the value of output (cost plus profit) that would be lost (at least temporarily) 

while activities are stopped or slowed down due to the outage?  _________ $ 
 
6C4) What percent of this lost output is likely to be made up?  _________ % 
6C5) I’d estimate that the amount that your firm’s revenue or budget would change as a 

result of the outage would be… IS THAT RIGHT?  _________ $ 
 
EXTRA MATERIALS COST 
6C6) Damage/spoilage to raw or intermediate materials _________ $ 
 
6C7) Cost of disposing of hazardous materials _________ $ 
 
6C8) Damage to your firm’s plant or equipment _________ $ 
 
6C9) Costs to run backup generation or equipment _________ $ 
 
6C10) Additional materials and other fuel costs to restart facilities _________ $ 
 
SAVINGS ON MATERIAL COST (NET OF ANY MAKE-UP PRODUCTION) 
6C11) Savings from unused raw and intermediate materials (except fuel) _________ $ 
 
6C12) Savings on your firm’s fuel (electricity) bill _________ $ 
 
6C13) Scrap value of damaged products or inputs _________ $ 
 
LABOR COST 
6C14) How would the lost output most likely be made up? Check all that apply. 
 

____ a) Overtime 
 
____ b) Extra shifts 
 
____ c) Work more intensely 
 
____ d) Reschedule work 
 
____ e) Other (specify: ________________________________________________________)  

 
6C15) Labor costs to make-up lost output _________ $ 
 
6C16) Extra labor costs to restart activities _________ $ 
 
6C17) Savings from wages that were not paid _________ $ 
 
6C18) Other costs _________ $ 
 
6C19) Other savings 
 

_________ $ 
 

6C20) Total costs (Ask only if respondent will not provide component costs)                                            _________ $ 
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9)   Now that we have discussed the direct costs associated with these outages, would you experience 
any intangible costs such as loss of good will, potential liability, or loss of customers?  

 
1) Yes  (if Yes, please explain) 
2) No 

 
___________________________________________________________________________ 
 
___________________________________________________________________________ 
 
___________________________________________________________________________ 

 

 

ABOUT YOUR BUSINESS 

Some background information about your business will help us understand how power outages affect 
your type of business.  Please remember all of your answers are confidential.  Your name and address will 
be kept anonymous and will not be associated with the information you provide. 

 
10.1) Which one of the following categories best describes your business? 
 

  Agriculture/Agricultural Processing   Office 
  Assembly/Light Industry    Oil/Gas Extraction 
  Chemicals/Paper/Refining    Retail 
  Food Processing     Stone/Glass/Clay/Cement 
  Grocery Store/Restaurant    Transportation 
  Lodging (hotel, health care facility,    Utility 

 dormitory, prison, etc.)     
  High Tech      Other (please specify): 
  Lumber/Mining/Plastics    ____________________________ 

 
10.2)  What’s the approximate square footage of the facility?   
 
  __________ Square feet 
 
10.3)  How many full-time (30+ hours per week) employees are employed by your business at this  
         location?   
 
  __________ Full-time employees 
 
 
10.4)  List the number of people employed by your business at this location in each of the following  
         categories:  

 
__________ # of part-time year-round employees 

 
__________ # of full-time seasonal employees 
 
__________ # of part-time seasonal employees 
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10.5)  What’s the approximate value of your business' annual operations or services (income)?   
 
  $_____________ per year 
 
 
10.6)  What’s the approximate value of your business' total annual expenses (including labor, rent,  
         materials, and other overhead expenses)?   
 
  $_____________ per year 
 
 
10.7)  Approximately what percentage of your business' annual operating budget is spent on electricity?   
 
  __________ % 
 
 
That concludes our interview today.  Thank you very much for your time. 
 
 
 

 
FOR INTERNAL USE ONLY: 
Based on your observations of this facility, give a brief summary of the facility, any unusual occurrences 
with their power supply, and the critical factors that minimize and/or exacerbate outage costs.  
 
_____________________________________________________________________________________ 

_____________________________________________________________________________________ 

_____________________________________________________________________________________ 

_____________________________________________________________________________________ 

_____________________________________________________________________________________ 

_____________________________________________________________________________________ 

_____________________________________________________________________________________ 
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2 Scope 
2.1 Document Overview 
The purpose of this concept of operation is to communicate the users’ need and expectations of the proposed 
system to the users, project stakeholders, sponsors, project managers, procurement representatives, vendors, and 
system developers. It is intended to document the current understanding of the users’ need and how the proposed 
system will operate to meet those needs. This concept of operation will document project use cases and business 
requirements, inform system development activities, and familiarize new team members with the project. 

2.2 SCE’s Technology Roadmap and Strategic Goals 
Southern California Edison (SCE) has implemented a Strategic Plan1 in order to build a next generation energy 
company that delivers superior value to customers and enables a clean energy future. The strategy includes five 
key pillars: 

1. Addressing Wildfire Risk  
2. Cleaning the Power System 
3. Grid Strengthening and Modernization 
4. Customer Energy Choices 
5. Operational and Service Excellence 

To support the practical implementation of the strategy, SCE developed a companion Technology Roadmap2 
whereby the strategies were reviewed for their technology needs and then translated into Technology Objectives, 
each with a supporting set of Technology Capabilities. For Electric Program Investment Charge (EPIC) funded 
projects, the Technology Roadmap helps to prioritize investments, identify capability needs, and develop projects 
that advance SCE’s technical capabilities which ultimately support SCE’s five strategies. 

This Project is in alignment with the following SCE strategic goals:  
a. Strategic Pillar: Grid Strengthening & Modernization   

Objective #3: Optimize use of DERs across multiple applications (customer, grid and markets)  
Capability #8: Ability to support future-state DSO technical requirements via platform systems, 
communications, analytical tools, market transaction and grid management tools  

b. Strategic Pillar: Customer Energy Choices  
Objective #2: Improve value of DERs to customers and grid by enabling improved load 
management capabilities and other services (e.g. volt/var support)  
Capability #8: Ability to coordinate BTM resources to optimally meet customer and grid needs 

2.3 Project Introduction 
The California Public Utilities Commission (CPUC) established the Electric Program Investment Charge (EPIC) to 
provide funding for technology evaluation from 2012-2020. Southern California Edison (SCE), Pacific Gas and 
Electric (PG&E), San Diego Gas & Electric (SDG&E), and the California Energy Commission (CEC) administer the EPIC 
Program. EPIC is divided into three areas:  

 Applied research and development,  
 Technology demonstration and deployment, and  
 Market facilitation of clean energy resources.  

The Smart City Demonstration is an EPIC III Project that has been approved by the CPUC for technology 
demonstration and deployment. SCE is interested in partnering with a city that is planning to install a community 

 
 
1 https://edisonintl.sharepoint.com/ourcompany/pages/strategy.aspx. Note that Strategy 1 is still being developed 
2https://edisonintl.sharepoint.com/Teams/at/PST/ET/External%20Files/GT%20Work%20Initiation/References/201
80330%20SPOP%20Technology%20Roadmap.pdf  
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microgrid for grid resiliency. The US Department of Energy (DOE) defines the microgrid as “a group of 
interconnected loads and distributed energy resources within clearly defined electrical boundaries that acts as a 
single controllable entity with respect to the grid. A microgrid can connect and disconnect from the grid to enable 
it to operate in both grid-connected or island-mode.” 3 Per California Public Utility Code 8370(d),   “Microgrid” 
means an interconnected system of loads and energy resources, including, but not limited to, distributed energy 
resources, energy storage, demand response tools, or other management, forecasting, and analytical tools, 
appropriately sized to meet customer needs, within a clearly defined electrical boundary that can act as a single, 
controllable entity, and can connect to, disconnect from, or run in parallel with, larger portions of the electrical 
grid, or can be managed and isolated to withstand larger disturbances and maintain electrical supply to connected 
critical infrastructure. 4 Recent legislative and regulatory efforts have prioritized activities related to the 
demonstration and evaluation of microgrids in order to support grid resiliency, renewable generation support, 
customer reliability and bill savings. The Commission has initiated an Order Instituting Rulemaking (OIR) 19-09-009 
to begin crafting a policy framework surrounding the commercialization of microgrids. This rulemaking will focus 
on implementation of Senate Bill (SB) 1339. One of the benefits of the project is it will serve as a platform for 
working through technical and regulatory challenges that will need to be addressed in a multi-meter community 
microgrid 

In this project, the participating city’s essential facilities (e.g. fire station, police station, community center, senior 
center, water agency, emergency shelter, etc.) will benefit from grid resiliency in the event of planned and 
unplanned power outages. The purpose of this project is to demonstrate how a utility could use both customer 
and utility-owned distributed energy resources (DERs) to operate a multi-meter (a.k.a. front of the meter) 
microgrid to enhance resiliency while maintaining the safety and reliability of the electric grid. The project will 
leverage distributed control architectures and improve planning processes to support city planning, 
communications, and integration of DERs. The project objectives are categorized into primary and secondary 
objectives. The primary objectives define the success of the project, however, secondary objectives are “nice to 
have” and will be decided whether to include within the scope of the project upon identification of host city. 

The primary objectives of the project are to: 
 Deploy a front of the meter microgrid to power a significant portion of customer loads leveraging on-site 

renewable DERs (e.g. solar, energy storage) during outages, thus enhancing grid and customer resiliency. 
 Evaluate installation of SCE owned energy storage to support microgrid operation using black-start and 

islanding capability. 

The secondary objectives of the project are to: 

 Evaluate electric vehicles (e.g. electric school bus) to serve as energy storage.  
 Demonstrate broadcasting events to customer DERs (solar+storage) to maximize value of DERs in an 

outage using communication protocol such as IEEE 2030.5.  
 Assess opportunities to leverage Customer Service energy programs and resources e.g. Energy Efficiency, 

Demand Response, Charge Ready, Community Sheltering / Resources Centers etc. depending on customer 
needs, in support of the stated resiliency use case. 

2.4 Alternatives Considered 
The only significant alternative considered for the Smart City project was whether to demonstrate a Behind the 
Meter (BTM) or Front of the Meter (FTM) microgrid. A BTM microgrid is classified here as a single facility (e.g., a 
hospital) or customer (e.g., a military base or campus), while an FTM microgrid includes multiple customers on one 
or more circuits and can intentionally island with multiple meters. Ultimately, while a BTM microgrid may provide 

 
 
3 https://building-microgrid.lbl.gov/about-microgrids  
4https://leginfo.legislature.ca.gov/faces/codes_displayText.xhtml?lawCode=PUC&division=4.1.&title=&part=&chap
ter=4.5.&article=  
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more customer satisfaction due to being able to fully control the microgrid and seamless transition during outages, 
a FTM-based microgrid was chosen as it better supported achieving all of the project objectives and goal of 
demonstrating a utility-managed community microgrid. The FTM microgrid will also benefit from optimizing DER 
portfolios owned by multiple customers and SCE. 

2.5 Proposed System Overview 
Figure 1 shows a high level architecture for the Smart City demonstration. The project will be procuring a Microgrid 
Control System (MCS) and possibly Microgrid Point of Interconnection (MGPOI) infrastructure such as 
synchronizing circuit breakers, relays, meters, etc. The hardware and/or software solution for MCS will be 
deployed in the field and utilized to optimize and control SCE’s battery energy storage system (BESS) and customer 
DERs during planned and unplanned outage conditions (e.g. scheduled maintenance, PSPS, etc.). Figure 1 
demonstrates the microgrid sectionalized circuit represented by dashed line and ideally the MCS will be located in 
the SCE’s BESS container. The MCS will interface with SCE’s back office Grid Management System (GMS) in order to 
receive notifications of upcoming scheduled Public Safety Power Shutoffs (PSPS) shutoffs and provide necessary 
measurements. To simulate outages for the demonstration, SCE’s Advanced Distribution Management System 
(ADMS) and/or Distributed Energy Resource Management System (DERMS) will be used to open the circuit breaker 
or command the MCS to in order to sectionalize a circuit containing the BESS, customer generation and priority 
loads. Note that the SCE BESS will be deployed by the Energy Storage Integration Program (ESIP) and may provide 
other grid or market services not depicted in the above. 

FIGURE 1- SYSTEM CONTEXT DIAGRAM FOR THE SMART CITY EPIC III DEMONSTRATION 

2.6 References 
The following hyperlinks refer to project and external documents utilized for planning by the Smart City project 

SCE GMS
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 Project Charter 
 Project GT PMO Site 
 EPIC III CPUC Filing 
 GMS Presentation 
 GMS & DERMS Use Cases 
 Senate Bill (SB) 1339 
 Senate Bill (SB) 774 
 IEEE 2030.7 
 IEEE 2030.8 
 IEEE 2030.9 
 IEEE C.30 

3 Description of the Current System 
The deployment and use of multi-customer microgrids are currently in a nascent state in California and SCE has yet 
to conduct any front of the meter microgrid demonstrations outside of lab-based modeling and simulation. 
Additionally, microgrid-related standards are still emerging (e.g., for microgrid protection) and need to be 
validated for wide scale implementation. 

4 Changes to Current System and Rationale 
As mentioned previously, the California legislature has directed the California Public Utilities Commission (CPUC) 
and California Energy Commission (CEC) to support regulatory and technical evaluations related to the deployment 
of microgrids (SB 1339 and SB 774). Additionally, SCE’s upcoming Grid Management System (GMS) systems 
implementation includes use cases and requirements that support FTM and BTM microgrids. The Smart City 
project, as well as the EPIC III GT-18-00185 project, will support the GMS implementation of the these use cases 
and requirements. 

5 Concept for the Proposed System 
5.1 Description of the Proposed System 
The Smart City microgrid project will be lab tested before being demonstrated in the field. The system will include 
a small segmented section of a circuit consisting of two or more essential facilities of the participating city. 
Selected siting criteria priorities include that it: 

1. Is in a disadvantaged community  
2. Is located in a high risk fire area subject to planned PSPS 
3. Includes essential facilities that benefit and are accessible to the community  
4. Contains customer owned storage + solar DERs and space for other DERs, including SCE’s BESS 

The project will deploy circuit breaker, relay or other equipment on a feeder in order to isolate microgrid from the 
larger electrical grid. The MCS that will be sourced via a competitive bid will be able to open and close the breaker 
in order to demonstrate microgrid use cases such as planned outage (e.g., PSPS, maintenance) and unplanned 
outage (e.g. grid faults outside the microgrid boundary). The project demonstration will include the use of 
customer and SCE DERs to prepare for a planned islanding, black start for unplanned outages, managing power 

 
 
5 https://edisonintl.sharepoint.com/Teams/at/TD/PMO/GT180018/SitePages/Home.aspx 
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quality during island conditions, protection and re-synching to the grid. The MCS will coordinate and schedule real 
and reactive power production for SCE-owned and customer-owned DERs as necessary during transition to island 
mode and maintain voltage and frequency of the microgrid system within limits during islanded operation. The 
MCS will support SCE or customer’s business rules and constraints e.g. thermal limits, voltage limits, 
charge/discharge constraints. 

The project team will work with various stakeholders to develop a process for operation of the microgrid (e.g., 
roles and responsibilities, steps to disconnect and connect to the grid, etc.) to be used by the requisite 
stakeholders and owners of the system after the demonstration concludes. 

5.2 Major System Components and Interconnections 
The Smart City system will include the following applications/components and interconnections: 

Application/Component Description 
Microgrid Point of 
Interconnection (MGPOI) 

The electrical connection point which at which the microgrid systems connects to 
the larger electrical grid.  
SCE meters, synchronizing circuit breakers, relays and other equipment required to 
sectionalize a feeder segment which contains the SCE BESS and customer DERs 
(generation and load). The MGPOI will interface with SCE’s ADMS and the local 
Microgrid Control System (MCS) 

Microgrid Control System 
(MCS) 

Software and hardware microgrid solution that integrates with and manages SCE 
and customer resources (e.g., MGPOI, DERs, Loads, SCE BESS, non-inverter 
generation, etc.) in order to:  

 Support pre-islanding, islanding and grid-connected operations (e.g., 
power quality, power flows, modes of operation, etc.) 

 Aggregate and provide microgrid status, measurement and other 
information to DERMS 

 Provide configuration management and real time and historical 
information and analysis to operator  

DERMS SCE GMS system that will interface with ADMS and MCS  
ADMS SCE GMS system that interfaces with DERMS and MGPOI 
SCE BESS ESIP will deploy the SCE energy storage, inverter and associated systems. During 

microgrid preparation and island conditions it will be managed by the MCS in order 
to balance power flows, support power quality and support black start services. At 
other times it will be managed per ESIP requirements via ESIP defined interfaces 

Customer DERs and Loads Probably consists of photovoltaic (PV), ESS, Electric Vehicles (EVs) and other 
controllable loads and generation. Will interface with MCS in order to balance 
power flows and support power quality. May be supported by customer owned 
energy/building management system 

Communications 
Equipment (RTUs, radios, 
routers, firewalls, etc.) 

Supports communications and security for SCE and customer communications, per 
Cybersecurity requirements. This includes back office (Vendor DMZ and CSN) 
cyber tools. 

FIGURE 2- SMART CITY APPLICATIONS AND COMPONENTS 
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5.3 Data Flow and Interfaces 

 

FIGURE 3- LOGICAL COMMUNICATIONS DIAGRAM 

Figure 3 details major interfaces expected to be used for the project. Not shown in this this diagram are 
communications or security devices (e.g., firewalls, gateways, integration busses, routers, radios, RTUs, etc.). 
Lower level architectures will be made in concert with IT, cybersecurity, and vendors depending on technical 
requirements and what is available in the field. Project personnel will access the site from the Admin network by 
accessing the Citrix in the Data Center and then using the Verizon PWG transport to the site. Project team may 
configure the MCS directly from the admin network or SCE back office production system. This depends on 
IT/Cyber validated architecture. 

5.4 Assumption and Constraints 
Assumptions: 

 The project will be able to conform to SCE cyber security requirements  
 An appropriate location is available and agreements with all necessary customers will be completed 
 Microgrid control system that meet the project requirements are available 
 ESIP BESS will be deployed to support the Smart City project 
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Constraints: 

 A test instance of the GMS systems will be available to conduct unit and integration testing in the Grid 
Technology lab prior to Measurement & Verification (M&V or field testing) 

 Production instances of the GMS system will be available to conduct project M&V according to the project 
timeline 

 Existing DERs may not be controllable locally or do not support standard protocols 
 Regulatory processes that allow for the management of customer DERs do not exist and are in 

development via the Microgrids OIR (R. 19-09-009).  

5.5 System Boundaries 
From a grid perspective, the boundaries between the distribution grid and the segmented feeder section during a 
microgrid event will be the MGPOI.  

From a communications perspective, several networks will be utilized. These include: 

 SCE’s internal networks including the LAB, QAS, PROD and Admin networks 
 SCE’s external Verizon PWG and NetComm networks to support MCS, BESS and MGPOI  
 Customer networks where DERs are located 

5.6 System Modes of Operation 
The Microgrid Control System (MCS) will have the following high level modes of operation: 

1) Grid Support Mode: This is the normal operation mode of the MCS. For the Smart City Project the MCS will not 
control customer DER’s for any grid services due to regulatory and tariff constraints and such control is not 
required to meet the objectives of the project. However, the MCS may support grid services use cases 
identified for the ESIP project to minimize the number of interfaces between SCE BESS to back office system. 
The MCS will also send measurements and status information to DERMS. 

2a)  Planned Islanding Mode: In this island transition mode, the MCS has received information about an upcoming 
planned outage (e.g., start time, expected duration, etc.) from DERMS. The MCS will zero out power flows at 
the MGPOI and inform SCE System Operator when completed. Upon approval from SCE System Operator via 
ADMS/DERMS systems, the MCS will open the MGPOI circuit breaker. 

2b)  Black Start Mode: This island transition mode is initiated after an unplanned outage has occurred. The steps 
for this mode include opening the MGPOI circuit breaker, changing necessary settings e.g. protection 
functions, energizing SCE’s BESS, and then starting the customer distributed generation and critical loads in 
coordination with DERMS. An unplanned island scenario where the MCS autonomously and seamlessly 
transitions from grid connected to island mode when there is an outage is beyond the scope of the project. 
This is due to technical and safety issues energizing distribution lines between two or more customers in high 
fire risk areas. 

2) Island Mode: Island mode is the operating mode for the microgrid after the MGPOI has been de-energized and 
the generation and load started. During this mode the MCS will manage the Active and Reactive Power of the 
microgrid energy resources and is optimized to manage voltage and frequency during the operation of the 
microgrid. 

3) Grid Synch Mode: After the MCS senses the grid has been restored and been notified that the planned outage 
is completed, the MCS will enter Grid Synch Mode in order to prepare the sectionalized circuit to be 
reconnected to the distribution grid. The MCS will only reconnect to the grid after being given permission by 
the SCE System Operator via ADMS/DERMS systems. Following Grid Synch Mode, the MCS will revert to Grid 
Support Mode. 
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FIGURE 4- SEQUENCE OF MICROGRID MODES 

6 High level Business Use Cases 
The following use cases are specific to the Smart City Microgrid demonstration. The planned island and black start 
use cases are discussed in detail below.6 

6.1 Use Case #1 Planned Islanding 
Use case name Microgrid for Planned Islanding 
Description When a planned outage is scheduled on the circuit where the microgrid system is 

located, the Microgrid Control System is notified and prepares the microgrid system (SCE 
BESS to VSI mode, balancing P&Q, etc.) to be disconnected from the larger electrical grid. 
Prior to the outage beginning, with SCE System Operator approval using ADMS/DERMS 
systems, the circuit breaker is opened by the MCS. The island is maintained with SCE’s 
BESS, preferably through the duration of the outage, with priority given to energizing 
critical loads first, and other loads second. After the outage concludes, the MCS prepares 
the microgrid system (P&Q, Phase Angle, etc.) to reconnect to the grid, notifies SCE 
System Operator for the permission to reconnect via DERMS/ADMS, and then 
reconnects to the grid once approved. 

Use case ID UC1 
Actors  ADMS 

 DERMS 
 SCE System Operator 
 MGPOI 
 Microgrid Control System (MCS) 
 SCE BESS 
 Customer generation 
 Customer Loads 

Pre-conditions  The Smart City Microgrid has been validated and tested (e.g., cybersecurity, lab 
testing, production integration, etc.) 

 The MCS is registered with the DERMS and has SCE’s TLS Cert 
 SCE orgs, customers, vendors, California Independent System Operator (CAISO) 

and other necessary stakeholders have agreed to and documented notification 
processes, roles and responsibilities in relation to islanding and re-connecting to 
the grid  

 MCS is continuously monitoring the local grid status, logging, and sending 
aggregate measurements to DERMs  

Flow of events Steps: 

 
 
6 The grid support use cases will be identified and added to the document after the site selection with support 
from Distribution Engineering. The MCS may support grid service use cases depending upon the communication 
interface between SCE BESS and back office, and ownership of the microgrid infrastructure post-project. 
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1- Due to maintenance, Public Safety Power Shutoff or some other known 
condition, determine that the circuit where the Smart City Microgrid resides 
must be de-energized.  

2- SCE’s System Operator using ADMS or other SCE systems, through DERMS, 
sends a planned outage notification to MCS 

3- MCS configures SCE BESS inverter to go to Voltage Source Inverter (VSI) mode 
and optimizes P&Q of SCE BESS, customer generation and loads to achieve a 
balance of load and generation at the MGPOI 

4- MCS signals to DERMS that the Microgrid is ready to be disconnected from the 
grid. The MCS maintains this state. 

5- DERMS notifies ADMS of MCS’s readiness to be disconnected. 
6- After required external processes are completed by the SCE System Operator 

the ADMS, through the DERMS, notifies the MCS to open the synchronizing 
circuit breaker thus islanding the microgrid area prior to the outage 

6a.   If the breaker is not opened after X minutes, the SCE System Operator via ADMS 
System may open the breaker to prevent backfeed. 

7- The MCS manages the load and generation resources (SCE’s BESS is the primary 
resource) in order to maintain a locally balanced system. 

8- Once the MCS senses that the grid is restored it will prepare the system to 
reconnect to the grid (e.g., optimize Voltage, Frequency, Phase Angle, etc.) 

9- The MCS notifies DERMS it is ready to reconnect to the grid 
10- DERMS notifies ADMS the MCS is ready to reconnect to the grid 
11- ADMS, through DERMS, signals the MCS to close the switch once other 

decisions/processes are completed by the SCE System Operator.  
12- MCS configures SCE BESS to return to Current Source Inverter (CSI) mode and 

default operation 
13- MCS returns customer DERs to default mode 

Scenario 1 For project demonstration purposes, a simulated planned outage may be demonstrated. 
Modified steps are detailed below: 

1. Project personnel notify SCE orgs, customers, vendors, CAISO and other 
necessary stakeholder of the date, time and duration of planned outage 

2. Project personnel initiates outage notification to MCS (#2 above) from DERMS 
3. MCS configures SCE BESS inverter to go to Voltage Source Inverter (VSI) mode 

and optimizes P&Q of SCE BESS, customer generation and loads to achieve a 
balance of load and generation (same) 

4. MCS signals to DERMS that the Microgrid is ready to be disconnected from the 
grid. The MCS maintains this state. (Same) 

5. DERMS notifies ADMS of MCS’s readiness to be disconnected. (Same) 
6. Once all operational steps are complete, the project operator, through the 

DERMS, notifies the MCS to open the synchronizing switch prior to the outage 
thus islanding the microgrid area.  

Steps 7-12 are the same as above. 
Post condition  The microgrid area is reconnected to the grid 

 The ESIP BESS is operating in default mode 
 Customer generation and loads are operating in default mode 
 The MCS is sending status and measurements to DERMS 
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6.2 Use case #2 Black Start 
Use case name Microgrid for Black Start 
Description When an unplanned outage occurs on the circuit where the microgrid system is located, 

the Microgrid Control System will support the creation of an electrical island at the 
microgrid location. This includes disconnecting from the larger electrical grid at the 
MGPOI and performing black start functions using the SCE BESS. After the island is 
established, it is maintained with SCE’s BESS, preferably through the duration of the 
outage, with priority given to energizing critical loads first, and other loads second. After 
the outage concludes, the MCS prepares the microgrid system (P&Q, Phase Angle, etc.), 
notifies DERMS/Operator, and then reconnects to the grid once approved. 

Use case ID UC2 
Actors  ADMS 

 DERMS 
 SCE System Operator 
 MGPOI  
 Microgrid Control System 
 SCE BESS 
 Customer generation 
 Customer Loads 

Pre-conditions  The Smart City Microgrid has been validated and tested (e.g., cybersecurity, lab 
testing, production integration, etc.) 

 The MCS is registered with the DERMS and has SCE’s TLS Cert 
 SCE orgs, customers, vendors, CAISO and other necessary stakeholders have 

agreed to and documented notification processes, roles and responsibilities in 
relation to islanding and re-connecting to the grid  

 MCS is continuously monitoring the local grid status, logging, and sending 
aggregate measurements to DERMs  

Flow of events Steps: 
1- Due to an unplanned outage (eg. grid faults), the sectionalized circuit where the 

Smart City Microgrid resides is de-energized.  
2- The MCS senses this and notifies ADMS through DERMS 
3- The SCE System Operator using ADMS or other SCE Systems, through DERMS, 

tells the MCS to disconnect from the grid at the MGPOI 
4- The MCS opens the breaker and go begin the microgrid 
4a.   If the breaker is not opened after X minutes, The SCE System Operator using via 

ADMS may open the breaker 
5- The MCS configures SCE BESS inverter to go to Black start mode (e.g VSI mode) 

and begin to energize generation and loads 
6- The MCS manages the load and generation resources (SCE’s BESS is the primary 

resource) in order to maintain a locally balanced system. 
7- Once the MCS senses that the grid is restored it will prepare the system to 

reconnect to the grid (e.g., optimize Voltage, Frequency, Phase Angle, etc.) 
8- The MCS notifies the ADMS, through DERMS it is ready to reconnect to the grid 
9- ADMS, through DERMS, signals the MCS to close the switch once other 

decisions/processes are completed by the SCE System Operator 
10- MCS configures SCE BESS to return to Current Source Inverter (CSI) mode and 

default operation 
11- MCS returns customer DERs to default mode 

Scenario 1 For project demonstration purposes, the SC operator may use the ADMS to close the 
breaker in order to simulate an unplanned outage. Modified steps are detailed below: 
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1. Project personnel notify SCE orgs, customers, vendors, CAISO and other 
necessary stakeholder of the date, time and duration of unplanned outage 
demonstration 

2. After approval, project operator opens MGPOI circuit breaker via ADMS  
All other steps are the same as above. 

Post condition  The microgrid area is reconnected to the grid 
 The ESIP BESS is operating in default mode 
 Customer generation and loads are operating in default mode 
 The MCS is sending status and measurements to DERMS 

7 Business Requirements 
The following Smart City business requirements will be approved by project stakeholders and sponsors. They are 
intended to be maintained at a high level and will be used to derive technical requirements for procurement, 
testing, low level designs and other project execution activities. 

Requirement ID Business requirement  
SCBR1 The Smart City MCS shall be able to support planned island, black start, and reconnection to 

the grid 
SCBR2 The Smart City MCS shall be able to integrate with and optimize, control and schedule any 

or all MGPOI (meters, relays, breakers, etc.), SCE BESS, customer PV and ESS, EVs (V1G and 
V2G), controllable loads, other generation to support pre-island, island and non-island 
conditions 

SCBR3 The Smart City MCS shall provide a local or remote (SCE Hosted) interface for SCE operators 
to access remotely in order to: 

 Configure modes and settings of the MCS, SCE’s BESS and customer DERs 
 Access and download historical logs (measurements, alarms, status, analyses, etc.) 
 Configure asset types and communications 
 Access alarms 
 View Real time measurements and status 

SCBR4 The Smart City MCS shall support, at minimum, a DNP3-2012 and IEEE 2030.5-2018 
interface to SCE according to SCE’s DNP point list and IEEE 2030.5 profiles 

SCBR5 The Smart City MCS shall provide, at minimum, DNP3-2012, IEEE 2030.5, IEC 61850 and 
Modbus protocol support to interface with SCE’s BESS and customer DERs (TBD) 

SCBR6 The Smart City MCS shall conform to CA Rule 21, IEEE 1547, UL 1741, IEEE 2030.7, 2030.8, 
2030.9 and P30 requirements unless conflicting with SCE’s requirements  

SCBR7 The Smart City MCS shall be able to account (e.g., integrate, optimize, control, etc.) for non-
inverter based generation if present 

SCBR8 The Smart City MCS shall be able to be configured to support the addition of new loads and 
distributed generation 

SCBR9 The Smart City MCS shall be able to prioritize the power generation of renewable energy 
over non-renewable energy resources 

SCBR10 The Smart City project team shall be able to notify project customers of upcoming planned 
outages necessary for demonstrations (non-PSPS)  

SCBR11 The Smart City system shall comply with applicable state, local and federal regulations in 
regards to safety standards and cybersecurity 

SCBR12 The Smart City system shall comply with SCE’s cybersecurity standards (TBD) 
SCBR13 The Smart City project shall maintain up-to-date operating and maintenance procedures, 

agreements/contracts and policies that include roles and responsibilities for SCE 
organizations, vendors, customers and project personnel that include the testing, 
demonstration and post-demonstration period 
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SCBR14 The Smart City MCS shall be able to store logs (measurement, alarms, modes, etc.) locally 
for a TBD duration 

SCBR15 The Smart City project equipment (e.g., MCS, MGPOI, etc.) shall be able to communicate 
and be controlled (e.g., remain energized) during outage conditions (e.g., via UPS) 

SCBR16 The Smart City MCS shall support zero or near zero resource/asset configuration (self-
provisioning) 

SCBR17 The Smart City MCS shall support real time and post island analysis of the microgrid event 
and DER operations 

SCBR18 The Microgrid Project MCSs shall support adaptive protective schemes as specified in 
related microgrid standards (e.g., IEEE C30) and work in coordination with protection 
functions of individual components and assets 

SCBR19 The Smart City system shall be able to support simulated planned and unplanned island 
scenarios 

SCBR20 The Smart City MCS shall support SCE or customer’s business rules and constraints 
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1 Executive Summary 
The 61850 Capable Programmable Automation Controller (PAC) Demonstration (“Project”) 
evaluated the feasibility of replacing a legacy programmable logic controller (PLC)—currently 
used in SCE substations to perform automated load restoration—with a modern 61850 capable 
PAC.  The PLC is one of the last components of legacy technology that has not been fully 
transitioned into the modern International Electrotechnical Commission (IEC) 61850 standard 
within SCE's system. 

This modern PAC operates on the IEC 61850 standard to communicate and control Intelligent 
Electronic Devices (IED) necessary to carry out automated load restoration schemes, bank 
testing and volt/var control within the substation.  Once the PAC is integrated with other IEC 
61850 IEDs, SCE will experience numerous benefits and be able to addresses key challenges 
posed by continued use of legacy PLCs. Benefits include: 

 Enhances SCE’s situational awareness with the ability to support a larger number of data 
points in a standardized format to monitor critical statuses and execute controls via IEC 
61850. 

 Accelerates the automation implementation on SCE systems using standard data models 
and service mapping. Allows 61850 PACs to execute existing restoration schemes, 
enables new applications and advanced schemes, such as allowing two or more IEDs to 
communicate for load restoration and/or control. 

 Dramatically reduces the time to configure substation IEDs as data is organized 
consistently across all brands of devices and enables device autoconfiguration to reduce 
reduce risk of human error. 

 Allows SCE to enable cybersecuirty applications, such as IEC 62351 security standards, 
authentication, role-based access control, communication. Existing PLCs 
communications use the legacy Modbus protocol.  

 Addresses technology obsolescence as many IED manufacturers are migrating from 
Modbus to IEC 61850. 

 Increases SCE’s flexibility in choosing IED vendors for their substation needs through 
interoperability between devices. 

 Eliminates need for short interval polling of Modbus registers through standard reporting, 
thereby freeing bandwidth for other communications. 

 

 

2 Project Summary  
The PLC is one of the last pieces of legacy technology that has not been fully transitioned into the 
modern IEC 61850 standard in SCE's system. An IEC 61850 PAC will increase the number of 
applications from a given IED, for example in cases where two or more IEDs are needed for load 
restoration and/or control. It will give SCE’s Protection Asset Engineering and Monitoring & 
Control Engineering groups more flexibility in IED choice and substation design. SCE's reliance 
on current legacy equipment prevents us from enabling stronger cybersecurity controls and 
forces us to maintain reliance on legacy communications mediums.  This project would 
demonstrate an IEC 61850 capable PAC that can communicate and control other IEC 61850 
devices for automated load restoration.  
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This project advances these three strategic capabilities in the following ways: 

B-3.10 Trans. Wide-Area Situational Awareness & Control: IEC 61850’s Ethernet technology 
that can be prioritized with other message traffic.  Coupled with the IEC 61850’s annunciator 
functionality, this will provide SCE with enhanced situational awareness and control necessary to 
maintain stability. 

B-3.8 Trans. Advanced System Protection: Provides the capability to perform automated 
restoration schemes for SCE systems through the use of standard data models and service 
mapping, which allow IEC 61850 PACs to perform the necessary automation and control to 
support existing protection schemes as well as enabling new applications and advanced schemes 
(e.g., allowing two or more IEDs to communicate for load restoration and/or control). 

O-1.1 T&D Advanced Cyber Security: Implementing an IEC 61850 PAC will allow SCE to 
enable cybersecuirty applications across devices which support IEC 62351 features(e.g., 
authentication, role-based access control, communication encryption), which are currently limited 
by PLCs operating on the legacy Modbus protocol. 

 
Figure 1 EPIC Investment Framework for Utilities 

2.1 Project Objectives 
 

The goal of a new IEC 61850 capable PAC is to allow interoperability between various vendors' 
IEDs that do not support the current legacy protocol or are currently limited by the legacy Modbus 
protocol. This project demonstrated that an IEC 61850 capable PAC can communicate and 
control other IEC 61850 devices for automated load restoration.  
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2.2 Problem Statement 
Presently, PLCs operating on the legacy Modbus protocol are used to communicate and control 
various IEDs within SCE substations—e.g., protective relays, load tap changer, circuit breakers, 
capacitor bank switches, reclosers, voltage regulators—in performing load restoration for grid 
events.  IEDs are hardwired to various substation equipment and PLCs through input/output 
connections that allow them to communicate sensing and control data.  Today, IED vendors are 
migrating from the legacy Modbus protocol in favor of a new high speed interoperable IEC 61850 
standard. 

SCE has been phasing in IEC 61850 IEDs into its substations in support of SCE’s Substation 
Automation version 3 “SA3” standard, which relies on 61850 MMS as its primary communication 
protocol, and it has yet to integrate an IEC 61850 capable PAC into substation designs. 
Presently, the automation controller operates on the legacy Modbus TCP/IP protocol to 
communicate and control various IEDs within SCE SA3 substations. 

• SCE is committing to IEC 61850 standard, and vendors are phasing out Modbus TCP/IP.  

• Some existing IEDs have discontinued support for the Modbus TCP/IP 

• Some IED’s Modbus register mapping shifted with latest firmware version 

• Future Process Bus & Digital Substation projects requires a fully IEC 61850 compatible 
PAC 

 

2.3 Scope 
The scope of this project was to evaluate and demonstrate the interoperability between a new 
IEC 61850 capable PAC and IEDs from various vendors in a controlled lab environment. The test 
network was isolated from the existing Fenwick Substation Automation lab network except for a 
PC hosting the HMI application. This project validated the ability of an IEC 61850 PAC to 
communicate and control various IEDs. After network testing and successfully communicating 
with IEDs from multiple vendors, the substation restoration logic schemes were exercised. The 
logic was exercised by simulating fault scenarios and verifying IED and IEC 61850 PAC response 
was accurate. The project team also investigated cybersecurity features that became available 
after transitioning to IEC 61850. 
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Figure 2 Test Network Diagram 

The devices were connected to an isolated LAN (a single unmanaged switch) specific for this 
project testing. The team was able to have remote access to the LAN through the Lab Network.  

 

2.4 Schedule 
 
Table 1 Project Schedule 

Project Schedule Date 

Project Start Q1 2020 

Detailed Demonstration Use Cases Complete Q1 2020 

Procurement Requirements Complete Q2 2020 

Preliminary System Design Complete Q2 2020 

61850 Capable PAC Vendor(s) Selected Q3 2020 

Lab Site and Equipment Procured Q4 2020 
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Final System Design Complete Q1 2021 

Lab System is Ready for Demonstrations Q2 2021 

Demonstrations Complete Q4 2021 

Final EPIC Report to CPUC Q2 2022 

Project Complete Q2 2022 

 

2.5 Milestones/Deliverables 
Table 2 Deliverables 

Deliverable Name Deliverable Description 

Demonstration Plans Detailed use cases, demonstration scripts, 
measurement and validation (M&V) plans.   

61850 Capable PAC Vendor Requirements Functional and non-functional requirements 
necessary to solicit a 61850 capable PAC 
from vendors. 

Detailed System Design, Specifications, Test 
Plans 

Detailed design and specifications for the 
integrated system (e.g., 61850 PAC, IED, 
HMI, LAN Switch, CB Simulator). 

Demonstration Results Document detailing demonstration test 
findings and results, including data obtained 
for each use case. 

Annual Reports Yearly EPIC progress reports (EOY 2021 – 
until the EPIC III Final report) 

Final Project Report Presentation of project detailed findings and 
results, including a summary of all data 
collected and how the data may be accessed. 

 

The project team met all major milestones that lead to a successful demonstration for 
stakeholders and production teams to continue integrating this technology in a future pilot or field 
project.  

 

In Q1 of 2021, the project team completed Milestone #1: Validate Communication Capability 
between PAC, IED, and HMI – where communication testing was performed to see how the 
devices interact on the network through various device failure tests and simulating some other 
disruption to the devices. 
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Testing was performed all throughout Q3 using the new Process Bus devices network where we 
exercised various logic functions to complete Milestone #2: Test Restoration Flows - Self-
Restoring Loop (SRL). With the help of our technician and consultant assigned to the project, we 
safely performed these tests using Doble test sets and sampled values. Testing was officially 
completed at the start of Q4 of 2021. 

One of the Use Cases was to test the security features supported by some IEDs and to determine 
how the implementation differs from SCE’s standard IEDs. These security features could not 
previously be enabled due to incompatibility with the legacy Modbus PLC. Transitioning to a 
61850 Capable PAC would allow SCE to enable the security features on these IEDs. We were 
able to successfully convert one relay to enable the security features and tested with that device 
all throughout the testing phases of the project. Our recommendations on configuration settings 
for the security features were completed in Q4 of 2021 at the end of device testing. The security 
features included role-based access and the ability to lock down firmware and settings versions. 

Testing proved to be successful in terms of executing all functions necessary for an SA3 PLC. 
The program was coded in such a way that it will be increasingly manageable to add new devices 
or modify current ones.  

3 Project Results 
This project demonstrated the interoperability between an IEC 61850 capable PAC and various 
IEDs from multiple vendors. All the test scenarios and use cases were completed successfully. 
The project team also delivered documentation and presented findings to key stakeholders. The 
project was completed within the scheduled time frame and within budget. 

 

3.1 Technical Results, Findings, and Recommendations 
Technical Results: 

 
Project work produced great results that can easily be reproduced and configured for any testing 
moving forward. Our stakeholders are extremely happy to benefit from the work we were able to 
prove as a concept and deliver as a lab demonstration. Prior to this project the PAC device was 
limited to the Modbus communication protocol, but we have successfully proven that the IEC 
61850 communication protocol can be used for future PAC applications. As a result, a few files 
can be saved and repurposed for future PAC projects and applications. 

A project file can be exported that contains all data necessary for client and server mapping, 
including CID data. Individual maps can also be exported and saved; it is recommended that the 
map files be used as a template for any future devices. The exported project file is what will be 
used as the base configuration for the master program template, with the program mapping 
already configured. From the project file, the server CID is also retained, which contains the 
61850 settings, this file can also be a template. 

Aside from the configuration of the NOP (name of module with 61850 support on M580 PAC 
system), the PAC master program was also updated to support the new module and individual 
sections were added for various IED manufactures, where individual device applications can be 
configured.  

Findings: 

When configuring devices from multiple vendors to communicate to the NOP, we ultimately 
exercised the interoperability aspect of 61850. The NOP was configured to connect up to 4 different 
IED manufacturers and we found that not every IED treated the standard reporting approach 
(URCB parameters) the same way. IEC61850 as written today leaves some aspects of 
implementation open to interpretation. 
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For example, a relay vendor does not support reservation of a URCB, but instead will allow up to 
7 clients to connect to a report at any given time. Another vendor had a bug in their line relay, 
where indexing was not implemented correctly through their software. A fix was promised to SCE 
in future firmware release.  

Recommendations: 

The 61850 Server was also added and configured as part of the testing, but the server data has 
not been fully integrated into the Master Program. The Server model that was developed can be 
exported via CID. Any changes made to the model should also be reflected in the NOP mapping. 
However, instead of managing the two files (CID and map), transferring the single project file is 
the recommended best practice moving forward. 

Along with the server implementation, the project team worked with the Substation Engineering 
Modeling Tool administrators to introduce the PAC as a new 61850 device to be used in future 
substation designs where the PAC’s Modbus protocol module is replaced with the IEC 61850 
module.  

3.2 Technical Lessons Learned 
 

• CID file configurations – managing file versions is key (CID on relay = CID for NOP) 

• SEMT should always be the source for CID files 

• A vendor had IP address issue on NOP Client – CPU communication port layout 
(port 1 & port 2) 

• Visualizing IEC61850 with network diagnostic tools was necessary for troubleshooting 
and simulating controls 

• Scanning individual Report Control Block settings proved helpful for different 
relays (indexed vs non-indexed) 

• Separating the stream to enable and reserve a Report Control Block 
demonstrated how the standard is handled among various vendors 

• Building IEC61850 server model with Common Data Classes (CDC)  

• Unable to use custom name 

• Identified configuration type requirement for control model to support SBO 
(select-before-operate) commands 

 

3.3 Value Proposition 
The IEC 61850 capable PAC will increase interoperability between substation devices by 
transitioning to a common communication standard. This will also mitigate technology 
obsolescence by ensuring that communication between the PAC and IEDs will be 
maintained as IED vendors phase out Modbus devices. In addition, an IEC 61850 
capable PAC can be integrated with the existing Substation Engineering Modeling Tool 
(SEMT) to automate PAC configuration. Lastly, the transition to a 61850 Capable PAC 
will allow SCE to pursue implementation of advanced cybersecurity features which are 
not supported by the legacy Modbus protocol. 
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3.4 Technology/Knowledge Transfer Plan 
The project team provided the following deliverables to the project stakeholder at completion of 
the project:  

- Final Presentation at Quarterly All-Hands for Substation Automation, Operations, and 
Protection engineering groups  

- Documentation on implementation of the PAC as it fits into the current substation design 
standards to replace legacy model(s) 

- Documentation on processes for device configuration 
- Documentation on processes for device firmware upgrades 
- Initial PAC server model 

o Validating IEC 61850 standard reports allows for direct communication to current 
SA3 human machine interface applications and IEDs. 

- PAC templates for IEDs 
o Data driven auto configuration templates based on standard IEC 61850 XML files 

reduce the risk of human error and time spent debugging. XML files allow sharing 
of structured information among people, computers and networks. 

- Initial testing and validation of PAC Master Program 
 

4 Benefits 
The results of this project can be used as a step towards implementation of a 61850 capable PAC 
in a production environment. The completion of this project and transitioning to a 61850 capable 
PAC ensures continued interoperability between substation IEDs as vendors begin to phase out 
support for Modbus, and SCE will have the option to leverage additional cybersecurity features 
for certain IEDs which could not be used with the legacy Modbus PLC. Furthermore, moving 
towards a 61850 PAC allows SCE to pursue continued digitization of the substation and possible 
virtualization of this equipment.  

4.1 Procurement 
The project team procured the services of a technical consultant with expertise in SCE substation 
design, PLC testing, and IEC 61850. This procurement was a direct award to the vendor.   

 

4.2 Stakeholder Engagement 
The project team held weekly meetings with the project stakeholders throughout the duration of 
the project. These meetings kept the work and outcomes aligned with the expectations of the 
major stakeholders. Stakeholder engagement included: 

- Weekly meeting to sync up on testing and documentation 
- Testing with vendor input  

o Met with vendor when additional support was needed to debug project 
- Integrator meetings 

o Kept in line with the current production code as it was released to reduce need 
for regression testing at the end of project timeline 

- Presentations to all stakeholders and project committee meetings 
- Coordination with other projects in the lab 
- Bi-weekly project status meetings with IT and Cybersecurity 
- Coordination with IT/Cyber for testing input and lab environment assessment. 
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List of Acronyms 
CDC Common Data Classes 

CID Configured IED Description (filetype) 

EPIC Electric Program Investment Charge 

IEC International Electrotechnical Commission 

IED Intelligent Electronic Devices 

MMS Manufacturing Message Specification 

M&V Measurement and Validation  

PAC Programmable Automation Controller 

PLC  Programmable Logic Controller 

SBO  Select-before-operate 

SCE Southern California Edison 

SEMT Substation Engineering Modeling Tool 

SRL Self-Restoring Loop  

TCP/IP Transmission Control Protocol/Internet Protocol 

URCB Unbuffered Report Control Blocks 
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e-mail this disclosure and consent to an address where you will be able to print on paper or
save it for your future reference and access. Further, if you consent to receiving notices and
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2 Scope 
2.1 Document purpose 
The purpose of this document is to communicate the users’ need and expectations of the proposed system/project 
to the users, sponsors, stakeholders, project managers, procurement representatives, vendors, system developers, 
engineers, new team members, etc. It is intended to document the current system (“as is”), provide a description of 
the users’ future need and how the proposed system (“to be”) will operate to meet those need from the end users’ 
point of view. This document also defines the business use cases and business requirements for the proposed 
system/project. 

2.2 Introduction 
The storage-based distribution direct current (DC) link (“DC Link”) project will demonstrate if it is feasible for a 
battery energy storage system (BESS) to manage controlled line loading on two adjacent circuits simultaneously, 
via a DC link, thereby preventing line overload or duct bank temperature violations, optimizing local voltage, and 
supporting the integration of renewable resources.   

The demonstration will also evaluate the ability of this DC Link to enable controlled line loading between two 
circuits without a BESS.  This enhances the operational flexibility currently provided by feeder parallel/tie switches, 
which only allows a fixed amount of load to continuously transfer, whereas a dynamic DC link allows the power 
transfer to be set to any value, up to the maximum rating of the Power Conversion System, and allows this power 
transfer to dynamically adjust based on the loading of the two circuits.  As a result, a storage-based DC link system 
provides an opportunity for SCE to improve load management and minimize costly switching operations.   

2.3 Alignment with SPOP technology roadmap 
2.3.1 SPOP capabilities addressed 
This Project is in alignment with SCE’s Grid Strengthening & Modernization strategic pillar, which aims to 
modernize the distribution grid and its operations to enhance reliability while supporting and leveraging 
customers’ distributed energy choices.  More specifically, this project will demonstrate the following capabilities: 

[D-2.7] Distribution Protection Automation & Control: Controlling and coordinating increasingly complex
protection and automation systems to improve reliability performance and to manage the operational 
complexities created by high volumes of DERs based on real-time analysis of system conditions (Need 
Date: 31 Dec 2019) 
[D-3.8] Develop DSO platform: Ability to support future-state DSO technical requirements via platform
systems, communications, analytical tools, market transaction and grid management tools (Need Date: 31
Dec 2025)

2.3.2 How this project will advance the capabilities 
This project advances these two strategic capabilities in the following way: 

[D-2.7] Distribution Protection Automation & Control: The DC Link will demonstrate the ability for SCE to
implement dynamic load transfers between two circuits via a storage-based DC link in order to improve
reliability performance and to manage the operational complexities created by high volumes of DERs
based on real-time analysis of system conditions.
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[D-3.8] Develop DSO platform: This demonstration is intended to evaluate SCE’s ability to leverage
innovative control technologies to deliver enhanced levels of reliability, resiliency, safety, and security for
energy delivery to consumers.

2.4 Alternatives considered 
Two alternatives were considered in developing this project, see below: 

ALTERNATIVE 1: Traditional Energy Storage System – This alternative requires that each circuit have a
dedicated BESS to manage individual line loads.
ALTERNATIVE 2: Traditional Load Roll Method – This alternative leverages a parallel/tie switch to connect
two circuits, enabling load transfer.  However, this method does not provide the benefits of a storage
device and it cannot dynamically control the amount of load that is transferred between the two circuits.
Challenges of the load roll method include smaller conductors toward the end of circuit and lack of
available capacity to accept load from another circuit.  These factors can limit the amount of power being
transferred.

2.5 Proposed system overview 
The proposed concept will provide distribution system operators with enhanced flexibility in managing line loads 
by using a DC Link that enables controlled line loading from a BESS to two circuits simultaneously and between two 
circuits (without using batteries).  A high-level illustration of the DC Link project is shown on the next page (Figure 
1).  

The project will require construction of a DC Link in SCE’s lab facilities and connection of two electrical circuits.  
The DC Link is comprised of a set of battery modules, two inverters, two step down transformers, and a DC bus 
connecting the inverters.   

During the lab demonstration phase, the system will be run by members of DER Demonstrations team.  If the lab 
demonstration is successful, a possible future project will become a field demonstration pilot.   

Expected list of stakeholders:  

1. Distribution/Operations Engineers – determine the amount of load to be transferred through the DC Link,
in order to resolve circuit or bank overloading conditions; determine whether duct bank temperatures can 
be decreased on the circuits connected to DC Link.   

2. Grid control operators – implement load transfers through the control system interface.
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FIGURE 1: HIGH-LEVEL SCHEMATIC OF DC LINK 

2.6 References 
Project Charter  
Project GT PMO Site 
EPIC III CPUC Application 
EPIC III CPUC Research Administration Plan (RAP) Application 

3 Description of the current system 
Currently, line load management is supported by two preferred methods—either using the Load Roll Method via a 
tie switch or by using a dedicated BESS to support line loading on an individual circuit (albeit an emerging approach 
for SCE).   

The Load Roll Method requires operating a tie switch between two circuits in order to transfer some load from the 
overloaded circuit.  This rudimentary approach does not allow for a dynamic load transfer and is subject to 
performing switching operations to determine the amount of load transferred.   

A dedicated BESS may be used to support load management for an individual circuit, which allows operators to 
shift the time of energy use and control load management with fewer switching operations.   However, each circuit 
requires its own BESS.   

4 Changes to current system and rationale 
In order to demonstrate the benefits of this project, a lab demonstration will be set up to simulate the addition of 
a DC Link in-between two circuits as shown in Figure 1.  The current system has a BESS connected to a single circuit 
and the rules are established to limit the amount of charging or discharging on this single circuit only.  New load 
management rules would need to be developed to discharge the BESS on two circuits simultaneously.   
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5 Concept for the proposed system 
5.1 Description of the proposed system 
The DC Link project will be tested in a lab environment, the proposed lab locations are potentially at the 
Equipment Demonstration and Evaluation Facility, Westminster or the SSID (Shop Services Instrumentation 
Division) test pad, located in the back of the transformer storage areas.  Both of these locations and possibly 
others will be scouted during the execution phase to find a suitable location.   

The DC Link system will have two possible configurations during the lab testing phase.  If there are two 12kv 
distribution circuits located in a reasonable vicinity, then the DC Link will be connected to each of those circuits, 
and isolated through the use of 12kv standard gas switches.  Otherwise, the DC Link will have one 12kv distribution 
circuit connection to one inverter, and the other connection will be a Utility Grid Simulator (procured as part of 
this project).  In conjunction with the Grid Simulator, additional load banks will be required to simulate actual loads 
on the circuit.   

At a high level, the DC Link system will perform the following basic functions: 

1. Discharge the batteries to reduce line loading on one circuit.
2. Discharge the batteries to reduce line loading on two circuits, within the bounds of the electrical rating of

the system. 
3. Transfer power from circuit #1 to circuit #2, without discharging the batteries.  
4. Charge the batteries using power from one circuit.  

5.2 Context diagram – refer to section 5.3 for diagram.  

FIGURE 2: CONTEXT DIAGRAM FOR THE STORAGE-BASED DC LINK DEMONSTRATION 
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5.3 Major system components and interconnections among them 

Component Description 

Inverter (x2) 
Equipment that converts AC power to DC power, and vice versa.  Also known as 
the Power Conversion System, or PCS.  150-250kw is the anticipated rating for 
each inverter.  

Battery Modules 
The individual cells are contained in a battery module housing, which allows 
mounting the modules into a rack configuration.  Total system rating is 
expected to be 250 kWh or 1 hour runtime.   

Battery Mgmt. System Monitors parameters of each cell or rack of batteries, such as temperature, cell 
voltage, current, alarms, etc.  

Power Flow Controller Monitors voltage and phase angle of each circuit, controls the flow of power 
through the DC Link equipment.  

DC Bus Connects between the two inverters to provide DC path 

Transformer Steps the voltage down from 12kv to 480 volts, since the inverter is typically 
rated at 480 volts.  

Gas Switches (x2) Provides means of isolation for the DC Link from each circuit 

5.4 Interfaces to external systems or procedures 

Component Description 

Energy Mgmt. System (EMS) Tracks real & reactive power output of DC Link 

EDNA Used to track/store all monitored points of DC Link system 

SCE Lab Network Separate network to communicate with DC Link components 

Flexible Logic Controller Common SCE interface used to control all Energy Storage systems 

Vendor Control Software Vendor-specific software used to control DC Link product 
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5.5 Assumption and constraints 
Assumptions: 

A third-party vendor has the capability to provide a storage-based DC link system that can be
implemented in a lab environment.  The inverter technology itself is existing, however the unique
connection of two inverters in series and then having the proper power flow control system is a novel
feature that has not been tested by SCE.
This project assumes that a control algorithm can accept inputs from a SCADA simulator using historical
data and determine how to charge or discharge the batteries, including the rate of charge/discharge.
There will be a suitable lab installation location that can be connected to two circuits simultaneously.  In
the event a lab does not have two available circuits for connection, the project will require additional time
and cost to establish suitable connections.

Constraints: 

Depending on the length of the demonstration, a cybersecurity assessment or evaluation of connected
devices may need to be performed.
The amount of space required for the DC Link could limit the locations where it could be installed

5.6 System boundaries 
From an electrical grid perspective, the project is bounded by the DC Link and the two gas switches that connect 
the individual circuits to the DC Link.  The gas switches would be used as an isolation point if the DC Link became 
unstable or unsuitable to connect to the SCE grid.   

From a communication perspective, this project is bounded by the Power Flow Controller and the network 
interface cards within the DC Link.  The SCE line crews will maintain control over the gas switches, while Grid Edge 
Innovation (GEI) group will control the actual DC Link system operation.    

5.7 System modes of operation 
There are four modes of operation envisioned for the DC Link project: 

Mode 1: Charging the BESS within the DC Link from a single circuit
Mode 2: Operating the DC Link to discharge the BESS onto one circuit
Mode 3: Operating the DC Link to discharge the BESS onto two circuits
Mode 4: Operating the DC Link, without the BESS, to transfer load between two circuits.  The amount of
load will be user adjustable up to the maximum power rating of the DC Link system.
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6 High level Business use cases 

6.1 Use Case #1 Charge BESS 
Use case name Charge BESS 
Description Once the DC Link’s BESS state of charge lowers to a predefined threshold, a circuit will 

begin charging the BESS until predefined conditions are met.   
Use case ID UC1 
Actors Distribution Engineering (simulated by SCE’s DER Demo Team)

Distribution System Operator (simulated by SCE’s DER Demo Team)
Pre-condition Charging circuit has adequate capacity to charge BESS

BESS state of charge is known
BESS state of charge is below predefined threshold
Specified load transfer is within the limits of the DC Link power electronics

Flow of events Steps: 
1.) Develop and program charging instructions for Power Flow Controller to initiate 

and secure charging the BESS 
2.) Once BESS lowers to a predefined threshold, the Power Flow Controller will 

validate charging circuit capacity and begin charging BESS 
3.) Once BESS is charged to a predefined threshold, a signal is sent to the Power 

Flow Controller to secure charging the BESS 
Alternative Paths  Secure charging early to support BESS discharging on an overloaded circuit
Post condition BESS state of charge reaches predefined threshold (or other desired level) 

6.2 Use Case #2 Discharge to One Circuit 
Use case name Discharge to One Circuit 
Description Once an overload condition is identified on an individual circuit, the BESS discharges via 

the DC Link onto the overloaded circuit to provide temporary relief.   
Use case ID UC2 
Actors Distribution Engineering (simulated by SCE’s DER Demo Team)

Distribution System Operator (simulated by SCE’s DER Demo Team)
Pre-condition Real-time load telemetry indicates overloading on a circuit

BESS state of charge has adequate capacity to support the overloaded circuit
Specified load transfer is within the limits of the DC Link power electronics

Flow of events Steps: 
1.) Develop and program discharging instructions for Power Flow Controller to 

initiate and secure discharging the BESS  
2.) Measure circuit’s existing real-time loading and compare with desired load 
3.) Verify that BESS’ current state of charge has adequate capacity to support 

overloaded circuit 
4.) Calculate the level and duration of BESS discharge to support overloaded circuit 
5.) Begin discharging BESS 
6.) Discharging is secured once the circuit overload condition has elapsed, as 

evidenced by real-time load telemetry, or BESS is fully discharged 
Alternative Paths None identified
Post condition Circuit overload condition has elapsed, as evidenced by real-time load telemetry, or BESS 

is fully discharged 
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6.3 Use Case #3 Discharge to Two Circuits 
Use case name Discharge to Two Circuits 
Description An overload condition is identified on two adjacent circuits connected via a DC Link, 

requiring load management.  The BESS discharges a specified load to both circuits 
simultaneously to provide temporary relief.   

Use case ID UC3 
Actors Distribution Engineering (simulated by SCE’s DER Demo Team)

Distribution System Operator (simulated by SCE’s DER Demo Team)
Pre-condition Real-time load telemetry indicates overloading on two circuits simultaneously

BESS state of charge has adequate capacity to support both overloaded circuits
Specified load transfer is within the limits of the DC Link power electronics

Flow of events Steps: 
1.) Develop and program discharging instructions for Power Flow Controller to 

initiate and secure discharging the BESS  
2.) Measure both circuits’ existing real-time loading and compare with desired load 
3.) Verify that BESS’ current state of charge has adequate capacity to support both 

overloaded circuits 
4.) Calculate the level and duration of BESS discharge to support each overloaded 

circuit 
5.) Begin discharging BESS 
6.) Discharging is secured once the circuit overload condition has elapsed for both 

circuits, as evidenced by real-time load telemetry, or BESS is fully discharged 
Alternative Paths None identified 
Post condition Circuit overload condition has elapsed for both circuits, as evidenced by real-time load 

telemetry, or BESS is fully discharged 

6.4 Use Case #4 Two Circuit Load Transfer, No BESS 
Use case name Two Circuit Load Transfer, No BESS 
Description When an overload condition exists on one circuit, an adjacent circuit with adequate 

capacity can be used to transfer a specified amount of load, via the DC Link, to the 
overloaded circuit without the BESS  

Use case ID UC4 
Actors Distribution Engineering (simulated by SCE’s DER Demo Team)

Distribution System Operator (simulated by SCE’s DER Demo Team)
Pre-condition Real-time load telemetry indicates overloading on a circuit

Adjacent circuit has adequate capacity to support overloaded circuit
Specified load transfer is within the limits of the DC Link power electronics

Flow of events Steps: 
1.) Measure overloaded circuit’s existing real-time loading and compare with 

desired loading 
2.) Measure adjacent circuit’s real-time loading and determine if there is adequate 

capacity to support overloaded circuit 
3.) If there is adequate capacity on adjacent circuit, program specified load transfer 

in the Power Flow Controller 
4.) Begin transferring load from overloaded circuit to adjacent circuit 
5.) Secure load transfer once overload condition has cleared or adjacent circuit no 

longer has excess capacity to support 
Alternative Paths None identified 
Post condition Overload condition is clear or adjacent circuit no longer has excess capacity to support 
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7 Business requirements 

Requirement ID Business Requirement 
BR-1 BESS is capable of being charged through one or several circuits via DC Link 
BR-2 BESS is capable of being discharged onto one or several circuits by a specified 

amount 
BR-3 A specified amount of load can be transferred from one circuit to another via DC 

Link 
BR-4 Power Flow Controller and DC Link can be connected via Distributed Network 

Protocol 3 (DNP3)  
BR-5 BESS is capable of providing capacitive or reactive power within its nameplate 

rating 
BR-6 BESS is capable of all nameplate power and duration combinations within the 

scope of work  
BR-7 BESS can control the active and reactive power at the connected voltage level. 
BR-8 BESS allows control through a remote command/control interface via DNP3 

TCP/IP 
BR-9 BESS allows control through a Local or Remote web based interface 
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or to sign electronically documents from us. 
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the paper mail delivery system. If you do not agree with this process, please let us know as
described below. Please also see the paragraph immediately above that describes the
consequences of your electing not to receive delivery of the notices and disclosures
electronically from us. 
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To inform us that you no longer want to receive future notices and disclosures in electronic
format you may:
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ii. send us an e-mail to brian.gatus@sce.com and in the body of such request you must
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of your withdrawing consent for online documents will be that transactions may take a
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Acknowledging your access and consent to receive materials electronically 
To confirm to us that you can access this information electronically, which will be similar to
other electronic notices and disclosures that we will provide to you, please verify that you
were able to read this electronic disclosure and that you also were able to print on paper or
electronically save this page for your future reference and access or that you were able to
e-mail this disclosure and consent to an address where you will be able to print on paper or
save it for your future reference and access. Further, if you consent to receiving notices and
disclosures exclusively in electronic format on the terms and conditions described above,
please let us know by clicking the 'I agree' button below. 
By checking the 'I Agree' box, I confirm that: 

• I can access and read this Electronic CONSENT TO ELECTRONIC RECEIPT OF
ELECTRONIC RECORD AND SIGNATURE DISCLOSURES document; and
 

• I can print on paper the disclosure or save or send the disclosure to a place where I can
print it, for future reference and access; and
 

• Until or unless I notify Southern California Edison Company as described above, I
consent to receive from exclusively through electronic means all notices, disclosures,
authorizations, acknowledgements, and other documents that are required to be
provided or made available to me by  Southern California Edison Company during the
course of my relationship with you.
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1 Document Control  
1.1 Revision History 

Version Date Modified Author Brief Description of Change 
0.8 2019-10-24 Joshua McDonald Initial Draft 
0.9 2019-11-07 Joshua McDonald Revisions based on Jordan’s comments 
1.0 2019-11-12 Jordan Smith Final Draft ready for Sponsor/Stakeholder Input 
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1.2 Approvals 
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Anthony Johnson EPIC 3 Chief Engineer   
Vishal Patel Technology Strategy   
Andrea Haas IT Point of Contact   

1.3 Acronyms 
AMI Advanced Metering Infrastructure 
CAISO California Independent System Operator 
CB Circuit Breaker 
DC Direct Current 
DER Distributed Energy Resource  
DERMS Distributed Energy Resource Management System 
DNP Distributed Network Protocol 
DSO Distribution System Operator 
ESIP Energy Storage Integration Program 
ESS Energy Storage System 
EV Electric Vehicle 
EVSP Electric Vehicle Service Provider 
FEMS Facility Energy Management System 
GIPT Grid Interconnection Processing Tool 
GMS Grid Management System 
HVAC Heating, Ventilation and Air Conditioning 
IT Information Technology 
kW Kilowatt 
LAN Local Area Network 
M&V Measurement and Verification 
MGPOI Microgrid Point of Interconnection 
NMS Network Management System 
PCT Programmable Controllable Thermostat 
PKI Public Key Infrastructure 
PSPS Public Safety Power Shutoff 
PV Photovoltaic 
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RTU Remote Terminal Unit 
S2S VPN Site-to-site Virtual Private Network 
SCADA Supervisory Control and Data Acuisition 
TE Transportation Electrification 
TOU Time of Use 
VArs Volt-ampere reactive (Reactive Power) 

 

 

2 Scope 
2.1 Document purpose 
The purpose of this document is to communicate the users’ need and expectations of the proposed system/project 
to the users, sponsors, stakeholders, project managers, procurement representatives, vendors, system developers, 
engineers, new team members, etc. It is intended to document the current system (“as is”), provide a description of 
the users’ future need and how the proposed system (“to be”) will operate to meet those need from the end users’ 
point of view. This document also defines the business use cases and business requirements for the proposed 
system/project. 

2.2 Introduction 
Southern California Edison (SCE), along with many of its commercial and industrial customers, are committed to 
moving their fleets towards electrification. However, the challenges of converting engine powered vehicles to 
electric power are considerable.  On the customer side, there are costs and complexities with setting up and 
operating the new electric fueling system, concerns about their availability when there’s an outage of the grid, and 
uncertainties about the cost of electricity as a fuel. On the grid side, the distribution infrastructure to fully electrify 
these fleets have significant local constraints, as large numbers of heavy-duty vehicles will need very high power 
and energy capacity - approaching 30 megawatts (MW) per location in some cases. In order to minimize or 
eliminate these issues and further the deployment of transportation electrification, the systems need to be 
designed to meet the customer needs, and the charging needs to be managed and optimized with new technical 
solutions to support their deployment.  

The GT-18-0017 Service and Distribution Center of the Future project (project) will consist of electric transit 
busses, high powered direct current (DC) electric vehicle supply equipment (EVSEs), an SCE provided behind the 
meter (BTM) energy storage system (ESS), controllable loads such as electrified space and water heating, and an 
SCE provided Microgrid Control System (MCS). The project will demonstrate islanding capabilities to support EV 
charging resiliency and load management use cases for the electric vehicle (EV) and controllable loads.The project 
will integrate with an existing Charge Ready Transport1 project site to inform beyond initial phase distribution and 
charging infrastructure deployment.  

The project deliverables include: 

 A demonstrated system to manage customer EV charging loads 
 Demonstration of an EV charging sub-metering system 
 A demonstrated conversion of a gas/electric building to full electric and integration with site controls 
 A demonstrated technical solution for integration of Service Center systems into SCE's GMS 
 A demonstrated customer resiliency solution for EV Charging using energy storage 

 
1 https://www.sce.com/business/electric-cars/charge-ready-transport 

298



Workpaper – Southern California Edison / 2025 General Rate Case

Exhibit No. SCE-02 Vol.06
Witnesses: Various

Template Owner 
Emerging Technologies & Valuation 

Title/Subject 
Concept of Operation/ GT-18-0017 

Document Number 
GT-18-0017 ConOp v1.3 

Document Author 
Jordan Smith 

Approved by  
Juan Castaneda 

Version 
1.3 

Page 5 of 20 

PRINTED COPIES ARE UNCONTROLLED 
 

  Recommendations for enhanced GMS capabilities (services, interfaces, etc.) for similar charging-based 
management systems 

 Final report showing results and providing recommendations to enable further deployment of such 
facilities 

 Technical presentation: at least one technical conference 

2.3 Alignment with SCE’s SPOP Technology Roadmap 
2.3.1 SPOP Capabilities Addressed 
This project is intended to support the following Technology Roadmap objectives and capabilities2:  
Customer Energy Choices 
 Objective 1: Remove barriers to customer adoption of transportation and building electrification technologies  

o Capability 1: Space and water heating electrification technologies can meet customer needs 
 Objective 2: Improve value of DERs to customers and grid by enabling load management capabilities and other 

services (e.g. volt/var support) 
o Capability 8: Ability to coordinate BTM resources to optimally meet customer and grid needs 

Grid Strengthening & Modernization 
 Objective 2: Improve visibility, control, planning, and operation of distribution grid to improve reliability and 

integrate DERs 
o Capability 7: Controlling and coordinating protection and automation systems to manage the 

operational complexities created by high volumes of DERs based on real-time analysis of system 
conditions 

2.3.2 How This Project will Advance the Capabilities 
The project will demonstrate transportation electrification charge management techniques to optimize operation 
and control costs, enabling large scale fleet electrification.  It will also demonstrate methods of service of large 
scale, high power, high energy electric fleets and coordinated communication and control with grid management 
systems.  It will show how building electrification can be accomplished to manage costs and how it can be 
integrated with other DER systems.   

Today, customers don’t have a way to fully exploit the capabilities of vehicles as DERs.  This project also 
demonstrates the full integration of such DERs for the value of facility management, as well as an aggregation with 
potential for grid services. Distribution system operators will understand the potential value of such a facility, and 
planners will be able to adjust efforts based on the revised system impact of a managed facility versus base case.  

2.4 Alternatives Considered 
There are 2 possible alternatives for this project: 

 Do nothing: SCE currently has no method to serve a full electrification scenario at Metro’s site, and Metro 
has no understanding of how to implement full electrification.  Doing nothing would result in higher costs 
and more uncertainty, along with complaints from internal and external transportation electrification (TE) 
customers as SCE would not have an ability to provide the most effective solution that fits SCE’s grid and 
customer requirements.   

• Let others work on solutions: External projects would likely be purely customer focused and thus not likely 
to lead to a fully grid integrated solution. SCE would lose the opportunity to develop expertise in serving 
fleet customers in the future.    

 
2 https://edisonintl.sharepoint.com/ourcompany/pages/strategy.aspx.  

ogy ogy ogyogygy
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2.5 Proposed system overview 
 

 

FIGURE 1- PROJECT CONCEPTUAL DIAGRAM 

The high-level diagram above shows a fleet service center connected to an SCE feeder. An MCS is present to 
aggregate and manage a variety of controllable DERs based on grid and customer use cases. The exact 
technologies and capabilities being deployed by the project and customer for the demonstration are still to be 
determined. The overarching priority will be to ensure the EV charging needs are met. The individual charging 
circuits or entire project system may be islanded from the grid for the resiliency demonstrations. The project will 
first be tested and demonstrated in a lab setting before being deployed in the field.  
 
2.5.1 Stakeholders 
Stakeholder organizations and personnel include: 

Name Organization 
Chris Lorimer (Co-Sponsor) TEPM, New Development Planning 
Jun Wen (Co-Sponsor) DSO, Programs, & Strategies 
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Todd Carlson Transportation Services Department 
Mauro Dresti TE-eMobility, Customer Service 
Gary Barsley Emerging Products & Technology, Customer Service 

Terry Thien T&D-Grid Operations: Substation Ops: Operations Engineering 
Paul Anderson Cybersecurity Risk Management 
Craig Hammond IT-Grid Services-Network & Telecom Engineering 
Leon Machado IT-Grid Services-Network & Telecom Engineering 
Prakash Suvarna IT-Grid Management System 
Michael Schulte IT-Solution Delivery (Prin Mgr) 
Paul Anderson Cybersecurity Risk Management 
Nelson J Herrera IT-Proprietary Telcom Sys 
Anthony Johnson T&D Technology Innovation 
Triet Ho (Quincy) IT - Smart Grid & Enterprise Networking 
Gregory Tecson IT Support 
Warren Abatay IT Support 
Marc Rice IT Policies, Standards & Governance  
Aaron Renfro GM&R-Integrated GRC & Governance Coord (EPIC 3 Manager) 
Diego Hinojosa  T&D-GT Lab Operation 
Tim Kedis T&D Grid Control Management 
Marcus Lotto Grid Contracts Origination & Operation 
Roger Salas T&D Dist. Tech Studies & Tariff Support 
Vishal Patel T&D SPOP- Technology Strategy 
Namrita Merino CS Business Customer Division, DER Delivery 
John Minnicucci SCE Regulatory Affairs & Compliance 
Ron Sellemi IT-Enterprise Architecture 

Andrea Haas IT-GridTech 

Josh Mauzey T&D Technology Innovation 

TABLE 1- PROJECT STAKEHOLDERS 

2.6 References 
The following documents will be input to the project. 

 Project charter  
 Project SharePoint site  
 EPIC III CPUC application  
 EPIC III CPUC Research Administration Plan (RAP) application  
 GMS Presentation 
 GMS & DERMS Use Cases 
 Rule 21 
 SAE J3105 
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 GT-18-0017 Use Case Document 

3 Description of the current system 
There are no fully integrated Service Centers as proposed that exist. The current deployment of the proposed 
components are standalone or electrically connected (e.g., PV + Storage, PV + EV charging), and are not integrated 
from a communications perspective. The existing processes for deploying aggregated high-powered charging 
systems are not well established. Control systems that manage high powered charging, storage, PV and other loads 
together do not exist. Resiliency use cases for charging have not been demonstrated.  

4 Changes to current system and rationale 
Higher powered charging will become necessary to both drive EV adoption and to support the charging of larger 
batteries as found in fleet heavy-duty vehicles; or for certain niche charging applications requiring frequent and 
quick charges such as on-route bus charging. As higher-powered charging facilities become more critical, SCE will 
need to: 

 Create standard requirements and processes for connecting these high- powered systems onto SCE’s grid 
and allowing their use for customer resiliency, while maintaining safe, reliable, and affordable energy 
delivery for these and other customers on the same circuit 

 Demonstrate the integration of these systems into SCE’s GMS and show how they should be used to 
support customer and distribution system operator (DSO) type services 

5 Concept for the proposed system 
5.1 Description of the proposed system 
The project will deploy and test components of the Service Center system in the lab prior to field demonstrations 
at the El Monte Transit Center. For the demonstration, the project will provide an energy storage system (ESS), the 
MCS, the Microgrid Point of Interconnection (MGPOI) equipment, a building managements system (BMS), and 
controllable loads managed by the BMS. The customer and Charge Ready Transport project is providing the EVs, 
chargers and there may also be photovoltaics (PV) with smart inverter(s) installed by the customer. The charging 
systems will be Direct Current (DC) chargers with rated output power of 180 and 450 kilowatts (kW) and might 
have power sharing capabilities among the ports (e.., three ports per 180 kW charger).  

The MCS will interface with the site DERs (except the EV chargers) and the GMS. The GMS in turn will be integrated 
with the cloud-based charging controller managing the chargers. The MCS will be able to manage chargers through 
the GMS to meet use case objectives. The MCS will be able to optimize DERs independently in order to reduce site 
demand or replace (e.g., shift) grid capacity used for charging and other site loads during high cost time periods 
while still ensuring vehicles have sufficient energy to complete their jobs. The MCS will also use the aggregated 
resources to support grid services such as voltage support or capacity deferral. Additionally, the MCS will manage 
the DERs to support planned and unplanned islanding use cases.  

5.1.1 Major system components and interconnections among them 
The following table shows the components being implemented for the demonstration. 

Application/Component Description 
Microgrid Control System For the demonstration, the facility energy management system will be SCE 

provided/managed, and interface with SCE’s GMS and SCE and Customer DERs (PV, 
ESS, Curtailable loads). From the SCE operator’s viewpoint, the GMS aggregates the 
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site DERs (e.g., no single DER will be managed by SCE for the project3). The MCS will 
support capabilities to ensure charging occurs as required for fleet applications 
while 1- Systems are operated to reduce customer energy/demand costs to the 
extent possible; 2- DSO use cases are implemented, and; 3- the customer charging 
systems are islanded and able to charge EVs using the ESS when a grid outage 
occurs 

ESS The energy storage system will be an SCE owned and operated system during the 
project.  It will be deployed and modeled as a behind the meter (BTM) customer 
owned and managed system. The battery will supply power to both the customer 
loads and the grid. It will support both grid following and grid forming.   

PV Solar generation may be installed by the customer and will be used to charge the 
battery, offset loads, and discharge to the grid depending on the programmed 
mode. As a Rule 21 connected system, the PV inverter will also support smart 
inverter Phase 1, 2 and 3 capabilities5 based on the FEMS and GMS/DERMs use 
cases.   

Controllable Loads Controllable loads include the EV chargers and buses, and could consist of heating, 
ventilation, and air conditioning (HVAC) systems, water heating, lighting or other. 
Will interface with FEMS to support customer and grid use cases 

EV Sub-meters Revenue grade SCE meters will be deployed on chargers to evaluate their use for 
future Charge Ready and other SCE EV applications. These will communicate to the 
FEMS which will store the data for retrieval and analysis 

GMS SCE’s Grid Management Systems are currently in the design phase. The GMS will 
manage DER’s such as the Service Center FEMS among other things. The interface 
between the FEMS and DERMS will be DNP3 

Communications 
Equipment (RTUs, radios, 
routers, firewalls, etc.) 

Supports communications and security for SCE and customer communications, per 
Cybersecurity/Information Technology (IT) requirements. An RTU will most likely be 
required for DNP3 communications between the FEMS and the SCE SCADA systems 

MGPOI  Synchronized Circuit Breakers (CBs), Switches and other infrastructure 
necessary to island one or more of the demonstration system’s circuits in 
order to demonstrate resiliency. This would most likely be provided by the 
ESS vendor  

 TABLE 2- COMPONENTS AND INTERACTIONS 

 
3 The ESIP ESS may be managed by SCE apart from the project to meet other objectives 
5 ibid 
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5.2 Interfaces to external systems or procedures 

 

FIGURE 2- PROJECT COMMUNICATIONS 

The above high level communications diagram depicts the project communications which is subject to change as 
the project interacts with SCE’s IT and Cybersecurity organizations, the project and project customer, procures 
DERs, and the ownership/management models are determined. The project FEMS will support the customer 
application protocols (e.g., IEEE 2030.5, proprietary APIs, etc.). The FEMS applications will need to integrate with 
the existing customer local area network (LAN) if present (or other type of network), or a LAN will need to be set 
up to communicate to DERs. 

The one expected external communications interface is between SCE’s Controls Systems and the FEMS. This 
interfaces comprises two types of communications: 1-Between the DERMS (in the SCE Control System Network) 
and FEMS, and; 2-between the project User and the FEMS. The DERMS will send control and pricing signals and 
receive status and monitoring information using IEEE 2030.5 over a site to site virtual private network (S2S VPN). 
The project User to FEMS communications will be required for configuration, patching and similar services. Users 
would most likely be required to access SCE’s production network from the Admin network (e.g., via Citrix) and 
then access the site network via a similar process over the broadband transport. The Communications would be 
secured using SCE’s Public Key Infrastructure (PKI). Firewalls, switches, Routers, etc. will be present depending on 
the communications used and SCE requirements.  

5.3 Assumption and constraints 
Assumptions: 
 Customer site participates and contributes their own planned elements such as vehicles, chargers, storage, PV 
 Charge Ready infrastructure installed to support initial vehicles 

Grid Data 
Center

 2030.5/
HTTPS for user config
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 Required technologies and standards are available 
 FEMS is SCE owned 
 ESIP ESS is available to be deployed for the project, or this project acquires SCE owned ESS 
 The project will be approved to island the demonstration system(s)   

 
Constraints: 
 Existing device support for local management system s communications and control standards  
 Cybersecurity protocols and approvals 
 Availability of appropriate versions of charging and safety standards needed to demonstrate 
 Availability of GMS (ADMS and/or DERMS) to support communication and control 

5.4 System boundaries 
From a communications perspective, several networks will be utilized. These include: 

 SCE’s internal networks including the lab, QAS, PROD and Admin networks 
o Lab network will be used for acceptance/functional testing 
o QAS network will be used for integration testing 
o PROD network will be used for field demonstration 
o Admin network will be used by system users to access PROD networks 

 The internet (data will be tunneled using a VPN) 
 Customer networks where project systems are located 

5.5 System modes of operation 
While ensuring the primary objective that charging occurs as desired, the FEMS will most likely support various 
modes of operation (note that the Island Condition used to demonstrate resiliency is not a mode of operation of 
the FEMS). While the details will be determined during the technical design phase of the project, probable modes 
include: 

 Grid Support Mode: The FEMS will interface with SCE’s GMS systems and manage the available DERs as a 
single resource or the individual generation resources in order to support distribution reliability (e.g., 
voltage support, demand response, etc.). This could be enabled when receiving program signal and opting 
in. Depending on the program and needs, it could be day ahead, hour ahead or fast support. 

 Economic Mode: Using pricing information (e.g., demand charge rates, dynamic or time-of-use (TOU) 
pricing, locational marginal prices, etc.) the FEMS attempts to optimize individual resources to achieve the 
lowest operating costs. 

 Default Mode: The FEMS does not manage resources or manages resources using preferred or ‘default’ 
settings when not in another mode. Note that the ESS smart inverter, per Rule 21 Phase 1 autonomous 
requirements, provides power quality support through volt/Var curves 

6 High level Business use cases 
The following use cases specifies four management capabilities for the FEMS system. The reason for enabling these 
capabilities (e.g., the tariff or program) may be varied. From the grid standpoint, the FEMS aggregates the site 
DERs to meet the objectives of the program while ensuring that the EV charging requirements are met. To 
accomplish this, the FEMS will manage the controllable loads and ESS as the customer’s fast charging is not 
appropriate for curtailment. Note that IEEE 2030.5 is an event based protocol and control signals include a start 
time and duration. If programs allow for unknown event durations, the IEEE 2030.5 duration may be sent with an 
excess (overly long) duration and would then have to be cancelled via IEEE 2030.5 at the conclusion of the issue.  
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6.1 Use Case #1- Demand Charge Mitigation 
Use case name Demand Charge Mitigation / Load Leveling 
Description Use a load-leveling strategy to reduce a customer's peak demand or energy at their 

utility meter, thereby reducing demand charges and overall energy costs. 
Use case ID UC1 
Actors  DERMS  

 FEMS  
 ESS  
 Fast Chargers 
 Customers  
 Controllable loads 

Pre-condition  The FEMS has been validated and tested (e.g., cybersecurity, lab testing, production 
integration, optimization schemes, etc.)  

 The systems have been interconnected via Rule 21 
 The FEMS is registered with the DERMS and has SCE’s SSL Cert  
 SCE orgs, customers, vendors and other necessary stakeholders have agreed to and 

documented project notification processes, roles and responsibilities   
 FEMS is continuously monitoring the local grid status, DER status (e.g., SOC, 

connection state, etc.) logging, and sending aggregate measurements to DERMs   
 FEMS programmed with or gets via IEEE 2030.5 DER nameplate ratings and 

capabilities 
 Customer/project operator programs FEMS with necessary demand and time 

constraints 
Flow of events 1. Customer or project user places FEMS into a demand limiting mode 

2. User plugs in vehicle(s) 
3. System evaluates demand from vehicle(s) and other loads connected to it and 

ESS SOC 
4. System compares current demand to target demand and determines if 

charging/discharging of the ESS (energy storage system) and curtailment of 
loads is required to meet target demand 

5. System begins charging EVs 
6. System periodically reevaluates and adjusts draw from ESS/manages loads 
7. Vehicles complete charging 
8. FEMS reverts (or is manually reverted by user) to default mode 

Alternative Paths  Fleet operator/FEMS initiates and implements strategies for ensuring specific 
charger/ESS systems charge at full power vs others based on specific desired EV 
state of charge while staying within programmed demand constraints 

Post condition FEMS reverts ESS, loads and EV Chargers default to normal operating condition 
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6.2 Use case #2- Rate-based Charging Management 
Use case name FEMS manages ESS to limit charging demand based on rates  
Description In order to reduce energy use and the customer utility bill, the FEMS limits power 

supplied by the grid by supplementing/replacing charging with ESS power and curtailing 
loads at certain high cost time periods as defined by TOU, Real Time Pricing (RTP), or 
other rate-based tariffs/programs. 

Use case ID UC2 
Actors  DERMS  

 FEMS  
 ESS  
 Fast Chargers 
 Customers  
 Controllable Loads 

Pre-condition  The FEMS has been validated and tested (e.g., cybersecurity, lab testing, production 
integration, optimization schemes, etc.)  

 The FEMS is registered with the DERMS and has SCE’s TLS Cert  
 SCE orgs, customers, vendors and other necessary stakeholders have agreed to and 

documented project notification processes, roles and responsibilities   
 FEMS is continuously monitoring the local grid status, DER status (e.g., SOC, 

connection state, etc.), logging, and sending aggregate measurements to DERMs   
 FEMS programmed with or gets via IEEE 2030.5 DER nameplate ratings and 

capabilities 
 The systems have been interconnected via Rule 21 
 Site host/ customer enrolls in rate program 
 FEMS System programmed with corresponding rate info (e.g., energy costs, time 

periods, seasonal changes or other parameters) 
Flow of events 1. Customer or project user places FEMS into a specific rate mode 

2. User connects vehicles to charger 
3. Charging commences 
4. FEMS uses ESS to supplement/replace demand from grid and curtails loads 

during certain time periods while continuing to charge vehicles 
5. System periodically reevaluates and adjusts draw from ESS 
6. Lower-rate time period comes into effect 
7. FEMS reverts (or is manually reverted by user) to default mode 

Alternative Paths  Dynamic pricing (near real time) signals sent to the FEMS which manages system to 
limit costs (could be ignored) 

 Fleet operator/FEMS initiates and implements strategies for ensuring specific 
charger/ESS systems charge at full power vs others based on specific desired EV state 
of charge while reducing energy use as much as possible 

Post condition FEMS reverts ESS and EV Chargers default to normal operating condition 
 

6.3 Use case #3- Demand Response 
This use case utilizes ESS and controllable loads to support present or future grid-related demand response 
program. Managed charging and discharging (from ESS) may be used to balance circuit loading for constraint 
management, support renewable penetration, etc.  
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Use case name FEMS manages charging based on grid operator demand response (DR) event 
Description When conditions on the grid warrant, a DR program is activated (e.g., Critical Peak Pricing 

(CPP)) and an event signal is sent to the FEMS or customer is notified. The user of the system 
chooses to participate and the FEMS is automatically or manually placed into a grid support 
mode based on the parameters of the event (e.g., charge/discharge, schedule, kW or % 
dispatch, etc.) or pre-programmed operation. The FEMS will then reduce energy use during the 
event based on charging needs and contractual obligations. 

Use case ID UC3 
Actors  DERMS  

 FEMS  
 ESS  
 Fast Chargers 
 Customers  
 Controllable Loads 

Pre-condition  The FEMS has been validated and tested (e.g., cybersecurity, lab testing, production 
integration, optimization schemes, etc.)  

 The FEMS is registered with the DERMS and has SCE’s SSL Cert  
 SCE orgs, customers, vendors and other necessary stakeholders have agreed to and 

documented project notification processes, roles and responsibilities   
 FEMS is continuously monitoring the local grid status, DER status (e.g., SOC, connection 

state, etc.), logging, and sending aggregate measurements to DERMs   
 The systems have been interconnected via Rule 21 
 FEMS programmed with or gets via IEEE 2030.5 DER nameplate ratings and capabilities 
 Site host/ customer enrolls in a capacity-based grid services program 
 FEMS System programmed with DR event parameters if contractual-based event 

Flow of events 1. Grid operators note/project a capacity constraint on the grid  
2. Grid operators, via GMS, send out DR event (parameters, start time, duration) via IEEE 

2030.5  
3. FEMS notifies customer of event 
4. Customer opts in 

o FEMS notifies DERMS of opt in via IEEE 2030.5 if required 
5. FEMS ensures ESS SOC at/near 100% for the start of event 

o For real time events, FEMS will use existing ESS SOC 
6. EV drivers connect vehicles to chargers 
7. FEMS manages loads and ESS to supplement/replace charging demand based on event 

parameters 
8. FEMS reverts system to default state at the conclusion of the event 
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Alternative Paths  Over-generation event- FEMS ensures low ESS SOC prior to event start and then charges ESS 
during event and adds load (e.g., heats water, cools building, etc.) 

 Events may be performance based (reduce as much as possible and get compensated 
accordingly) or contractual based (reduce by this amount of kW or % of total system 
capacity) 

 Events may be real time (fast), hour ahead, day ahead, etc. depending on the enrolled 
program 

 Discharge- FEMS dispatches ESS to discharge to the grid (may be used instead of or in 
parallel with reducing loads) 

 Fleet operator/FEMS initiates and implements strategies for ensuring specific charger/ESS 
systems charge at full power vs others based on specific desired EV state of charge while 
complying with DR event 

 Event notification is sent via text, email or call to customer. Customer programs FEMS with 
event parameters or enables event mode on FEMS if parameters are set by program (time, 
duration, operation).  

o May require an opt-in via IEEE 2030.5 or from customer 
 If the program allows and event duration is unknown, DERMS schedules IEEE 2030.5 event 

for very (overly) long duration. DERMS Cancels event via IEEE 2030.5 when conditions are 
rectified 

 Customer opts out and does not participate 
Post condition Utility M&V is conducted. FEMS reverts ESS and EV Chargers default to normal operating 

condition 
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6.4 Use case #4- Voltage Support 
Use case name FEMS supports over/under voltage conditions using ESS  
Description When significant abnormal grid voltage conditions occur (e.g., due to PV generation on 

feeders), the grid operator may call on the customer to support using the FEMS/ESS by 
absorbing or supplying reactive power. 

Use case ID UC4 
Actors  DERMS  

 FEMS  
 ESS  
 Fast Chargers 
 Customers  

Pre-condition  The FEMS has been validated and tested (e.g., cybersecurity, lab testing, production 
integration, optimization schemes, etc.)  

 The FEMS is registered with the DERMS and has SCE’s SSL Cert  
 SCE orgs, customers, vendors and other necessary stakeholders have agreed to and 

documented project notification processes, roles and responsibilities   
 FEMS is continuously monitoring the local grid status, DER status (e.g., SOC, 

connection state, etc.), logging, and sending aggregate measurements to DERMs   
 Site host/ customer enrolls in a voltage support grid services program 
 FEMS programmed with or gets via IEEE 2030.5 DER nameplate ratings 
 FEMS System programmed with voltage event parameters if contractual-based event 

Flow of events 1. Grid operators note/project a voltage issue on the grid  
2. Grid operators, via GMS, send out reactive power event (parameters/schedule) via 

IEEE 2030.5 
o FEMS notifies customer if event signal is to FEMS 

3. Customer opts in 
o FEMS notifies DERMS of opt in via IEEE 2030.5 if required 

4. FEMS manages ESS to supply or absorb reactive power 
5. Voltage constraint condition is rectified 
6. The systems have been interconnected via Rule 21 
7. Grid operator 
8. FEMS reverts system to default state at the conclusion of the event 

Alternative Paths  In addition to reactive power management, real power management may be used to 
support voltage constraints (add or reduce load) 

 Event notification is sent via text, email or call to customer. Customer programs FEMS 
with event parameters or enables event mode on FEMS if parameters are set by 
program (time, duration, operation).  

o May require an opt-in via IEEE 2030.5 or from customer 
 If the program allows and event duration is unknown, DERMS schedules IEEE 2030.5 

event for very (overly) long duration. DERMS Cancels event via IEEE 2030.5 when 
conditions are rectified 

 Customer opts out and does not participate  
Post condition Utility M&V is conducted. FEMS reverts ESS and EV Chargers default to normal operating 

condition 
 

6.5 Use case #5- Sub-Metering  
SCE’s Transportation Electrification group is exploring the use of advanced metering to support EV sub-metering 
needs. This use case explores using SCE sub-meters that can send EV charger data to the FEMS. This is a technical 
exploration of using SCE vs 3rd party integrated meters and no SCE billing or use of SCE systems is required. 
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Use case name SCE Charger sub-meters send metering data to FEMS  
Description SCE EV sub-meter is sends EV charging data to FEMS to determine applicability for 

production use. SCE metering data is compared with the accuracy of integrated charger 
provided data. 

Use case ID UC5 
Actors  FEMS  

 Fast Chargers 
Pre-condition  The FEMS has been validated and tested (e.g., cybersecurity, lab testing, production 

integration, optimization schemes, etc.)  
 SCE orgs, customers, vendors and other necessary stakeholders have agreed to and 

documented project notification processes, roles and responsibilities   
 SCE meters have been installed on AC side of chargers 
 SCE meters are able to communicate to FEMS over an TCP/IP connection (protocol 

TBD) 
 The systems have been interconnected via Rule 21 
 EV Charger metering data is provided to FEMS 
 Project personnel are able to access data on FEMS via SCE transport 

Flow of events 1. EVs connected to DC chargers and start charging 
2. SCE EV meters send charger metering data sent to FEMS periodically (TBD based on 

system requirements) 
3. Charger integrated (3rd party) charger metering data sent to FEMS periodically (TBD 

based on system requirements) 
4. Project personnel collects data from FEMS per charging session 

Alternative Paths  3rd party and SCE metering data is sent to GMS for evaluation  
Post condition Utility analysis is conducted  

 

6.6 Use case #6- Resiliency 
The resiliency use case is meant to be conducted without the use of the FEMS. 

Use case name Charging continues from ESS during Grid Outage 

Description When a planned (e.g., PSPS) or unplanned outage occurs, the ESS will continue to 
support EV charging needs for as long as possible 

Use case ID UC5 

Actors  ESS  
 Fast Chargers 
 Customers  
 MGPOI Equipment 

Pre-condition  The FEMS has been validated and tested (e.g., cybersecurity, lab testing, production 
integration, optimization schemes, etc.)  

 The FEMS is registered with the DERMS and has SCE’s SSL Cert  
 SCE orgs, customers, vendors and other necessary stakeholders have agreed to and 

documented project notification processes, roles and responsibilities   
 FEMS is continuously monitoring the local grid status, DER status (e.g., SOC, 

connection state, etc.), logging, and sending aggregate measurements to DERMs   
 The systems have been interconnected via Rule 21 and appropriate approvals and 

technologies are in place to support islanding 
Flow of events 1. A planned or unplanned grid outage occurs 
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2. The ESS MGPOI senses loss of voltage and opens switch(es) connecting project 
circuit(s) to grid 

3. Project ESS enters grid forming mode 
4. Charging from ESS(s) continues/commences 
5. When ESS(s) reach lowest-allowed SOC, ESS stops discharging 

o If PV available, ESS may be charged form PV 
6. Grid is restored 
7. ESS MGPOI equipment senses restoration of grid  
8. Switch(es) is closed and the circuit(s) is reconnected to the grid 
9. ESS re-synchronizes and reconnects 
10. After timer has elapsed the system will re-enter grid support mode 
11. Grid charging/discharging commences 

Alternative Paths  A limited subset of the project chargers may be used to demonstrate resiliency 
 The FEMS may manage the DERs during the island condition (will need to be 

powered) 
Post condition Grid is stable and ESS is used for other use cases 

 

7 Business requirements 
The following requirements relate to the project scope, objectives and deliverables for this 
project. Lower level requirements are provided where known. 
Requirement ID  Business requirement   
BR1  The project shall evaluate and develop recommendations for the ability of similar facilities 

and technologies to participate in CAISO market programs  
BR2 The project shall support regular sponsor/stakeholder updates on a regular or ad-hoc basis 

in their preferred formats and schedules. The updates shall include intermediate learnings 
if any  

BR3  The project shall validate all requirements in a lab setting prior to field deployment and 
demonstrations  

BR4  The project shall support knowledge transfer activities (e.g., training, recommendations, 
presentations, etc.) for users, sponsors and stakeholders during and at the conclusion of 
the project  

BR5  The project shall coordinate with or leverage learnings from other SCE or external projects 
to the extent possible  

BR6  If issues that affect the objectives or deliverables are found, the project shall confer with 
sponsors/stakeholders about issues, remediation efforts or de-scoping needs   

BR7 The project FEMS shall integrate with and be able to optimize, control and schedule any or 
all DERs used for the demonstration  

BR8 The FEMS shall provide a local interface for SCE project operators and Customers to access 
remotely in order to: 

 Configure modes and settings  
 Access and download historical logs (measurements, alarms, status, analyses, etc.) 
 Configure asset types and communications 
 Access alarms 
 Troubleshoot and patch 
 View Real time measurements and status 

BR9 The FEMS shall support, at minimum, a DNP3-2012 and IEEE 2030.5 interface to SCE 
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BR10 The FEMS shall support SCE required DNP3 Point List and IEEE 2030.5 Function Sets (TBD) 

BR11 The FEMS shall provide, at minimum, DNP3-2012, IEEE 2030.5 and Modbus protocol 
support to interface with ESS and DERs as determined by customer and SCE 

BR12 The FEMS shall be able to account (e.g., integrate, optimize, control, etc.) for all inverter 
and non-inverter based generation if present 

BR13 The FEMS shall be able to be configured to support the addition of new loads and 
distributed generation 

BR14 The FEMS shall be able to prioritize the power generation of renewable energy over non-
renewable energy resources 

BR15 The project system shall comply with applicable state, local and federal regulations in 
regards to safety standards and cybersecurity 

BR16 The project system shall comply with SCE’s cybersecurity standards  

BR17 The project leadership team (project manager and the technical lead) shall develop and 
maintain up-to-date operating and maintenance procedures, agreements/contracts and 
policies that include roles and responsibilities for SCE organizations, vendors, customers 
and project personnel that include the testing, demonstration and post-demonstration 
period 

BR18 The FEMS shall be able to store logs (measurement, alarms, modes, etc.) locally for a TBD 
duration 

BR19 The FEMS shall support zero or near zero resource/asset provisioning (e.g., plug n play) 

BR20 The FEMS shall support real time and post analysis of the event and DER operations 

BR21 The FEMS shall be able to support a variety of objectives and programs (e.g., Grid Services, 
Economic Optimization, ISO/DSO Markets, etc.) 

BR22 The FEMS  and related systems shall include and validate in the lab customer specific use 
cases and requirements 

BR23 The FEMS shall be able to optimize and control individual resources and expose to SCE as a 
single aggregate resource 

BR24 The FEMS shall provide the customer event and opt in/out notification and response 
capabilities 

BR25 The FEMS shall be able to measure project DERs (in aggregate) real power, reactive power, 
frequency and voltage per phase 

BR26 The FEMS shall provide instantaneous and average of measurements to DERMs at a TBD 
interval along with timestamps of readings 

BR27 During Planning and Execution phases, the project team shall coordinate appropriate SCE 
Organizations (IT/Cybersecurity, Power Systems Control, Customer Programs, 
Interconnection, TE, GIPT etc.)  

BR28 The project team shall ensure customer and vendor requirements are accounted for in 
system design specifications 
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BR30 Project personnel shall support analysis and recommendations for converting gas powered 
water and space heating to electrified-based loads 

BR31 GMS and FEMS shall support IEEE 2030.5 Pricing function sets and others TBD in 
coordination with stakeholders 

BR32 The FEMS shall be able to transition between Modes of Operation automatically (as 
opposed to manually) 

BR33 During execution, the project team shall work with the appropriate internal (e.g., 
interconnection) and external organizations (e.g., vendors, jurisdictional authorities, 
etc.) in order to ensure successful resiliency demonstrations  
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