) %
o Ener
®Exchga¥1g e

ADVANCING FEDERAL
INFRASTRUCTURE
THROUGH INNOVATION S YOLER SR 2052




Customer Damage Function
Calculator

Create a baseline of costs incurred from an outage and justify
investments in resilient solutions
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Customer Damage Function Calculator

= NREL developed / FEMP funding and support / Calculator

= Generate monetary values to justify investments in resilience solutions to prevent or
lessen the impact of a grid outage at a facility

= Screening tool that provides justification to site/HQ leadership for resilience investments
* Weighing the cost of a resilience investment against the benefit it provides

= Value of Resilience (VoR)
* Understanding VoR is important for informing investment decisions in power systems resilience

How the CDF Calculator Works

Input Facility Data Estimate Costs Review the CDF
+]|x
.e
(3 -
Enter general information and characteristics about the type of property Estimate the different types of oulage costs (lixed costs, spoilage costs, and The CDF is automatically calculated and plotted after all of the relevant
being assessed. Additionally, provide details about total and critical electrical neremental costs) incurred by the facility for outages of various durations information has been entered. The CDF allows for the adjustment of outage
loads in kilowatts. durations and outage frequencies based on the facility location.
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Impact

= Purpose Expected Yearly Outage Cost: $48,740
* Provide a simple method for estimating site-specific i il
power outage costs

* Process elicits facility outage vulnerabilities and
estimates of how costs vary with outage duration

20,000

15,000

and frequency 10,000
* First step in determining possible avoided costs with 5,000
resilience investments
* Agnostic to how the power outage occurs ‘
= Audience

* Assist facility owners, energy managers,
consultants, and resilience planners to understand
the costs of a grid outage at their site

B Fixed Costs M Spoilage Costs M Incremental Costs
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Cost Categories

= Fixed Costs occur immediately and are
independent of outage duration

* Computer data loss
* Restart costs i.e., additional labor hours
* Damaged equipment

= Spoilage Costs occur after outage
exceeds a given duration

* Food spoilage
* Other temperature-controlled products

= Incremental Costs increase each hour
the power is out

* Lost production and customer sales
* Backup fuel costs

MName of Cost

Restart cost . Show Methodology

Restart Costs (8)=CxH+M
C = average fully-burdened hourly employee costs (wage plus overhead)

H = hours of staff time required to restart
M = additional restart costs

Average Fully-Burdened Hourly Employee Costs

Hours of Staff Time Required to Restart

Additional Restart Costs

SAVE COST
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Process

= Prompts user on potential types of outage costs
= Provides support for inputting values to calculate costs

() Fixed Costs -

Restart cost

Damaged equipment cost

Spoilage Costs -

temperature-controlled research

R FIXEDCOSTS 2 %

(¥) Incremental Costs -

Staff productivity cost

ENERGY EXCHANGE

SPOILAGE COSTS 1 8§ INCREMENTALCOSTS 1 |55 SUMMARY 4

OCTOBER 25 - 27,

2022

$1,040.00

$2,500.00

$12,000.00

$1,960.00/hr
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Results

Calculates estimated outage costs over time from user inputs

Breakdown by Category P
Outage Cost at Hour —

Cost Breakdown by Outage ltem
12

70,000

Outage Hour 12

24 hours (1 Day)  ~ 60,000

Max Outage Outlook Range

temperatun

50,000 eme : Staff prod
$33,060
40,000
=
Visualize outage costs evaluated by category g
L=
30,000
Visualize individual outage cost items
. 20,000
View all costs as a table
Calculate costs based on duration and frequency 10,000
Calculate costs over an analysis period o 2 7 3 A = 5
0 Hours 1 Hour 4 Hours 8 Hours 12 Hours 16 Hours 24 hours
1 Day
@ SAVE AS PDF

Outage Duration

A\ Fixed Cost: Restart cost £\ Fixed Cost: Damaged equipment cost @ Spoilage Cost: temp

e-controlled r
o SAVE DATA B Incremental Cost: Stafl productivity cost
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Results (continued) -0

rusace outsge s e by Cargeey

) 8-hour outage
= Calculates estimated outage costs over

time for any outage duration

= Produces graphs and tables of e €
cumulative outage costs T -
1-day outage

= Compiles results into pdf report or a
local file download

2-week outage
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Calculating Cost of Inaction and Value of Resilience

= Tool uses power outage frequencies
and durations to convert CDF into
estimate of annual or custom analysis
period (years) outage costs.

= Creates an easy-to-use cost of inaction
for reliability and resilience upgrades.

= Refined insight into how frequent e -
outages impact the value of resilience -
upgrades and other outage mitigation U e o
steps e T e

1 Weelk - 2 Weeks
0.0001
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What Now?

= Entry point for resilience
planning
* TRN
* REopt

= Justifying resilience
investments
* Leadership engagement

* Export report to assist in
decision making

= Data security

* No authentication or user
accounts

* No data stored on NREL
servers or databases

:EINREL

CDF Calculator Results

Facility Name: test

Location: Colorado

Primary Use: Data Centers

Annual Electrical Load: 4,683,900 kWh / Peak: 1,608 kW
Annual Critical Electrical Load: 2,346,950 kWh / Peak: 804 kW
Created: Tue Jul 19 2022

NREL is a national laboratory of the LS. Department of Energy
Office of Emrw Efficiency & !iulmbll Emrw
alliance for Energy, LLC

Input Breakdowns

Below is a breakdewn of all the inputs provided for the CDF along with any variables that were set
@ indicates a vaniable that involves time which affects when the cost is incurred or mitigated
[" ) Fixed Costs Breakdown

Fixed costs oceur immediately when power is lost and are Independent of outage duration (e.0.
computer data loss, damage to | Of prOCEsS falled output).

RESIBIT COST fuen Arpandts 1.4 for mamadciagy $1,040.00
Tree Restart cost

Average Fully-Burdened Hourly Employes Costs 565

Hours of Suaff Time Required 1o Restan 16
Damaged equipmMEnt COBY (ws sozerta 18 for mrsecksioy 52,500.00
Type Damaged equipment cost
Average Cost of Equipment Repair or Replacement 3500

The Mumbser of Pieces of Equipment Damaged 5

Probabiity of Damage from Outage 100%

Costs Over Time

T Tabies Bekies proviche & Droaiudoos. o1 00 GO13 Swet B 06 T ${sboser] dharatson of 3 weehs

\ Fixed Costs

FRestart cost ! Stod0
Damaged equipment coat 52500
Total Fived Costs S0

&) Spoilage Costs Over Time

THour 4Mewrs BHours  TDay 1 Week 2Weeks
50 s S0 $12000 512000 $12000

8 Incremental Costs Over Time

THow 4Mewrs BHours  1Day 1 Weak 2Weeks
$1960  STRAD S15680 S47.040 5320380 $658.550

S8l productiviey cast

81560 57,880 515880 547,040 5329280 658,560
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Next Steps — Collaboration — Integration

= Promote tool as a final product

* Understand user base CDF Calculator is developed and maintained by the
* Find unknown gaps that can be National Renewable Energy Laboratory with funding
addressed to improve the experience and support from the U.S. Department of Energy's

Federal Energy Management Program

= Future work could integrate outputs
with tools such as REopt and TRN

= Integration of resilience valuation
metrics into contracting

= For updates on the tool or to learn Federal Energy Management Program
more, please reach out to
ethan.epstein@ee.doe.gov
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Live Demo
cdfc.nrel.gov

Customer Damage Function Calculator

Create a baseline of costs incurred from an outage and justify investments
in resilient solutions
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This work was authored by the National Renewable Energy Laboratory, operated by Alliance for
Sustainable Energy, LLC, for the U.S. Department of Energy (DOE) under Contract No. DE-AC36-
08G028308. Funding provided by the U.S. Department of Energy Office of Energy Efficiency and
Renewable Energy Federal Energy Management Program. The views expressed do not necessarily
represent the views of the DOE or the U.S. Government. The U.S. Government retains and the
publisher, by accepting the work for publication, acknowledges that the U.S. Government retains a
nonexclusive, paid-up, irrevocable, worldwide license to publish or reproduce the published form of
this work, or allow others to do so, for U.S. Government purposes.
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