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To best approximate economic losses from outages

across VELCOs service territory



Bottom -Up Value -of-Lost Load Methodology

Quantifying VoLL for every utility customer using:

° Meter data
° Rate code
e VoLLsurveydata +Inflation

Verifying customers on each circuit using:

° Asset GIS
Account for:
° Net metered customers

° Battery storage customers
° Electrification

"\

$2.6/kWh Lﬂ_|

"\
$2.6/kWh Lﬂ_|
-\

Ex. Total VoLL at 10am on
a weekday

Substation

R ¥

$2.6/kWh Lﬂ_|

oo
$373/kWh  |Bfas
Oloo
Nloo
80
$373/kWh g og

(el

Total VoLL:
$27,884




VoLL Calculation for Each Customer

Table ES- 1. Estimated Average Electric Customer Interruption Costs US 2008% by Customer
Type and Duration (Summer Weekday Afternoon)

Interruption Duration

Interruption Cost Momentary | 30 minutes. 1 hour 4 hours 8 hours
Medium and Large C&I
VO LL (C) — C(d) x L (C, h, W) Cost Per Event §11,756 $15.709 $20,360 $59.188 $93,890
Cost Per Average kW $14.4 $19.3 $25.0 $72.6 $115.2
c= Specified customer Cost Per Un-served kWh $173.1 $38.5 $25.0 $18.2 $14.4
C = VoLL constant Cost Per Annual kKWh | $1.65E-03 | $2.20E-03 | §2.85E-03 | $8.20E-03 | §$1.31E-02
] Small C&l
d = duration of OUtage Cost Per Event $439 3610 $818 $2.606 $4,768
L = Load Cost Per Average kW $200.1 $278.1 $3731 | $1.2002| $2.1738
h = hour of the day Cost Per Un-served kWh | $2.401.0 $556.3 |  $3731 | $3073| $2717
w = weekend of Weekday Cost Per Annual kWh | $228E-02 | $3.18E-02 | $4.26E-02 | $0.1403 $0.2482
Residential
Cost Per Event $2.7 $3.3 $3.9 §7.8 $10.7
Cost Per Average kW $1.8 $2.2 $2.6 §5.1 7.1
Cost Per Un-served kWh $21.6 44 $2.6 $1.3 §0.9
Cost Per Annual kWh | $2.06E-04 | $2.48E-04 | §2.94E-04 | $5.81E-04 | $8.05E-04




Methodology Steps

1. Forecast load for each customer for one year. Takes into account pattern
changes, such as efficiency, EVs, and removes blips such as the pandemic.

2. Categorize each customer using their rate category. Using special treatment for
solar customers and taking into account customers with battery storage.

3. Apply the VoLL formula for each customer. Using special treatment for solar
customers and taking into account customers with battery storage.

4. Summarize VoLL across the following “buckets”:
a. Per substation
b. By every hour
c. Weekday/weekend
d. Only winter days



Historical & Predicted Residential
Load for Substation 27
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VoLL Results —VEC Territory — Substation 44

Average hourly VoLL in the Winter , varying for weekday vs. weekend

Weekday Total Weekend Total
hour Medium and Large C& Residential Medium and Large C& Residential
0 $70,128 31 $520138 $392,690.62 $468,02031 $55,759.10 $5,322.66 $340,200.63 $401282.39
1 $68,373.33 $4.837.07 $390,487.39 $463,697.79 $53347.71 $4.969.75 $335,320.85 $393,638.31
2 $67,119.02 $4.592.65 $391,820.03 $463,531.70 $51468.43 $4.736.71 $334,098.28 $390,303.42
3 $67,614.03 $4.,560.62 $394,602.87 $466,777.52 $51372.97 $4.,716.00 $334,459.80 $390,548.78
4 $70,966.41 $4.804.87 $402,652.34 $478.423.62 $54,172.37 $4.97146 $340,233.95 $399,377.78
5 $77,027.33 $5276.22 $422,54422 $504,847.76 $59,720.60 $5453.87 $358,008.05 $423,182.52
6 $84,084 .81 $5,82158 $456,444.63 $546,351.02 $66,308.36 $6,010.09 $389,959.23 $462,277.68
7 $89,817.04 $6,279.85 $497,580.17 $593,677.05 $71,616.33 $6,478.98 $429,324 30 $507,419.62
8 $92,815.30 $6,574 .55 $533,106.73 $74238.09 $6,784.03 $463,268.68 $544.290.80
9 $93,412.70 $6,723.76 $552,537.59 $74,508.82 $6,943.24 $481314 .28 $562,766.34
10 $93,128 .28 $6,776.04 $554,737.25 $73,949.40 $7,005.16 $482,333.30 $563,287.86
1 $93,252.21 $6,75391 $547,656.44 $73,85161 $6,992.25 $47428323 $555,127.09
12 $93,829.44 $6,667.67 $541386.99 $7426171 $6914.77 $467,261.60 $548,438.07
13 $93,874.33 $6,574 .94 $540,759.20 $74,195.14 $6,830.30 $466,103.31 $547,128.75
4 $92,49230 $6,599.68 $543470.07 $72,758.10 $6,.862.77 $468,508.88 $548,129.76
15 $89,795.35 $6,858.69 $544203.15 $70,063.07 $7,128.96 $469,164 20 $546,356.22
16 $86,790.59 $7,344.15 $539,893.68 $67,117.36 $7,620.98 $465,005.64 $539,743.99
17 $84,45129 $7,874 .41 $531,14349 $64.,894.15 $8,157.19 $456,635.00 $529,686.34
18 $82,924 33 $8,180.25 $519.42691 $610,53148 $63,539.90 $8,468.32 $445,52538 $517,533.60
19 $81596.73 $8,074 .37 $504,130.97 $593,802.07 $62,440.96 $8.367.06 $43106138 $501869.40
20 $79.837.27 $7,570.82 $483,190.34 $570,598.43 $60,965.10 $7.867.44 $411,174 .02 $480,006.56
21 $77,59175 $6,858.28 $456,692.62 $541,142.65 $59,056.88 $7,158.11 $385,946.14 $452,161.13
22 $75,263.54 $6,156.38 $429,184.09 $510,604.01 $57,118.09 $6,458.70 $359,918.10 $423,494.89
23 $73,134 87 $5,581.76 $407,495.16 $486,211.78 $55429.15 $5,885.86 $339,913.30 $401228.30




Substations —> Zip Codes

Substation Coverage View Zip Code View




Zip Code VoLL Prediction: Non -VEC Territory
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Forecasted load for each customer category in Zip Codes
outside VEC service territory

Predicted Residential load

Combined Residential load
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Zip Code Hourly Load Prediction — Non -VEC Territory

Estimated load with 90% confidence interval for Burlington, VT on a Winter Weekday
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VoLL per Service Territory at 9am Winter Peak

Total VoLL for each Vermont electric utility service territory at peak load

Service Territory

Burlington Electric

$1,920,288.06

$1516,428.82

Green Mountain Power

$16,896,673.48

$14415443.48

VEC

$5,243,235.39

$4.846,429.39

Other

$1543,104.77

$1344,540.27
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VoLL —Non -VEC Territory —Zip Code 05401

Average hourly VoLL in the Winter , varying for weekday vs. weekend

Weekday Weekday Total Weekend Weekend Total
Medium and Large C& Residential Small C&l Medium and Large C& Residential Small C&l
0 $71788.64 $6,578.83 $558,328.60 $636,696.08 $65,596.08 $6,783.82 $558,328.60 $630,708.50
1 $71788.64 $6,520.04 $558,328.60 $636,637.29 $65,596.08 $6.612.74 $558,328.60 $630,537.42
2 $71788.64 $6,482.71 $558,328.60 $636,599.96 $65,596.08 $6,526.41 $558,328.60 $630.,45110
3 $71788.64 $6,482.71 $577,706.23 $655,977.58 $65,596.08 $6,526.41 $564,975.26 $637,097.75
4 $71788.64 $6,482.71 $577,706.23 $655,977.58 $65,596.08 $6,526.41 $564,975.26 $637,097.75
5 $80,443.93 $6,998.66 $629,53144 $716,974.03 $69.43155 $7,117.81 $579,247.88 $655,797.25
6 $94,548.55 $8319.05 $716,605.17 $819,472.77 $76,191.14 $8.,550.50 $622,534 .20 $707,275.84
7 $102,066.84 $9.079.23 $813,663.65 $76,605.93 $9,495.63 $650,749.76 $736,85132
8 $102,960.69 $9,223.01 $833,29743 $78.,163.97 $9,639.41 $656,262.14 $744,065.52
9 $103,250.63 $9,223.01 $833,29743 $78,45391 $9,639.41 $656,262.14 $744 35546
10 $103,250.63 $9,223.01 $833,29743 $78,45391 $9,639.41 $656,262.14 $744 35546
11 $103,250.63 $9,223.01 $833,29743 $78,45391 $9,639.41 $656,262.14 $744 35546
12 $102,623.48 $9.,328.33 $826,521.01 $78,45391 $9.,744.73 $649,485.72 $737,684 .36
13 $102,623.48 $9.,328.33 $826,521.01 $78,45391 $9.,744.73 $649,485.72 $737,684 .36
14 $102,623.48 $9.,328.33 $826,521.01 $78,45391 $9.,744.73 $649,485.72 $737,684 .36
15 $101,948.56 $9.639.93 $826,521.01 $77,778.99 $9.895.05 $649,485.72 $737,159.75
16 $100,614.80 $10,795.33 $826,521.01 $75,781.04 $10,865.49 $649,485.72 $736,132.26
17 $94.357.77 $10,795.33 $826,521.01 $75,75124 $10,865.49 $649,485.72 $736,102.45
18 $90,196.34 $10817.01 $790,493.13 $891506.47 $7422163 $10,887.17 $651840.26 $736,949.06
19 $84.445.09 $10817.01 $708,174 .22 $803.436.31 $71330.08 $10,887.17 $613,308.77 $695,526.02
20 $78,676.23 $10,403.58 $656,349.01 $745428 .82 $69,934.32 $10,447.29 $599,036.14 $679.417.75
21 $78,676.23 $9.20179 $633,042.23 $720,920.25 $69,934.32 $9.430.44 $591531.60 $670,896.37
22 $77,546.11 $8.,534 .34 $633,042.23 $719,122.69 $68.804.21 $8,762.99 $591531.60 $669,098.80
23 $75,096.76 $8,385.68 $621510.99 $704,993.42 $66,982.00 $8,614.33 $580,000.36 $655,596.69
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The scientific approach to modeling

climate risk on utility assets
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Quantitative Evaluation of
Resilience Solutions: An
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the Value of Resilience
for a Particular Site
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