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Source: CMU
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http://www.cmu.edu/homepage/environment/2009/winter/urging-for-action.shtml

COUNTRY SAIDI SAIFI
United States 240 1.5

Austria 72 0.9

Denmark 24 0.5 SAIDI

Erance 62 1.0 240 min = 99.950% avallablllty
Germany 23 0.5 24 min = 99.995% availability
Italy 58 2.2

Netherlands 33 0.3 2015 US SAIDI =198 minutes
Spain 104 2.2 2015 Germany SAIDI = 12 minutes
UK 90 0.8

Source: Council of European Energy Regulators ASBL. (2008). 4th Benchmarking Report on the Quality of Electricity Supply.
Brussels: CEER. Compiled by Galvin Electricity Initiative

SAIDI — System average interruption duration index, represents the sum of customer-sustained
outage minutes per year divided by the total customers served.

SAIFl — System average interruption frequency index, represents the number of customer
interruptions divided by the total customers served.
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https://www.energy.gov/sites/prod/files/2017/02/f34/Chapter IV--Ensuring Electricity System Reliability, Security, and Resilience.pdf
https://www.cleanenergywire.org/factsheets/germanys-electricity-grid-stable-amid-energy-transition
http://www.galvinpower.org/sites/default/files/Electricity_Reliability_031611.pdf

Not because the U.S. Is bigger

SAIDI in 2015 with Major Events (Minutes)
O 36-126 @ 401-597

o O 127-43 @ 598-829
@ 244-400
Source: 2017 DOE Quadrennial Energy Review, Chapter [V
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https://www.energy.gov/epsa/downloads/quadrennial-energy-review-second-installment
https://www.energy.gov/sites/prod/files/2017/02/f34/Chapter IV--Ensuring Electricity System Reliability, Security, and Resilience.pdf

Grid reliability challenged with climate change-
Induced extreme events & increased RE penetration
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Source: 2009 T&D Benchmark Study, Comparisons from North American Utilities, First Quartile Consulting.
Compiled by Galvin Electricity Initiative
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https://www.caiso.com/Documents/FlexibleResourcesHelpRenewables_FastFacts.pdf
http://www.galvinpower.org/sites/default/files/Electricity_Reliability_031611.pdf
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MISSION

To accelerate the world's fransition to sustainable energy.

TEZEELR~
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Pod Pack Inverter + DC Block
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O o

Cell Data Manufacturing Data Field Data
100s of variants 30 M cells ~7000 sites
32 GWh cumulative throughput
~1 TBs ~10-100 GBs 300 MWh installed
~2 TBs

*Stationary Storage is ~1% of Tesla manufacturing & field battery data
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Tesla Energy Data Architecture
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Battery Performance Monitoring:

Does battery’s delivered power meet commands? I ocac acTve
How are sites used? -

Il DCBC_FW_UPDATE
[l DCBC_INVERTER_SUP.
Il DCBC_READY

B DCBC_STANDBY

DCBC and INV State

Il FAULTED
Installation Name Control Scheme Status Latest SMC Latest FW DCBC Serial#
Customer Operated Operating ~ v1.17.1 c1db9ded T15JAB0D02 _
Customer Operated  Operating  v1.182 37asdsa4 1151ab0009 _
Customer Operated ~ Operating 1182 37a504a4 T15JAB0016 _
Tesla Opticaster Operating  v1.182 37a5d4a4 T15JAB0024 _
Tesla Opticaster Operating  v1182 0b9c8114 T15L0000191 _
Customer Operated Operating  v1.18.2 37250424 115/ab0004 _
Tesla Opticaster Operating Vi lo 2 ges 37350434 susioootss [
Customer Operated ~ Operating 1182 0b9c8114 T15JAB0005 _
Customer Operated ~ Operafing  v1.18:2 37a5d4a4 T15JAB0004 _
Customer Operated Operating v1.182 37a5d4ad st1510000202 _
Tesla Opticaster Operating  v1.18.2 37a5d4ad 51150000145 _—
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<{IEEE

IEEE Standard Definitions for Use in

Definitions: _
1. Percent of time inverter/DC block in faulted state Reka, Acaat, Pt

IEEE Power Engineering Society

Sponsand by B
Poiker st doahysa, Comgui aed Econumics Comminea

2. Ratio of available charge/discharge power to
nameplate power capacity (Closest to IEEE-762)

3. Accuracy in response to a charge/discharge

Maximum Capacity

command S ————
What if battery is not commanded to charge or ‘_:,,.,_ B
discharge? Should a fault during that time count v T
against availability? j

Avallabie Capacity

Source: IEEEZ62
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http://www.nerc.com/docs/pc/gadstf/ieee762tf/762-2006.pdf

Powerpack Usage Statistics
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Battery Capacity Monitoring

How much energy capacity in next cycle¢ Next yeare Next decade?

Agg Pod SOE
Site ID Installation Name Control Scheme Status
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« State of Energy (SOE): short-term measurement of battery energy capacity
« State of Health (SOH): long-term measurement of battery energy capacity retention

;I
»

»
>
»
>
»
>
n
»
.
»
.
»
n
»
»
>

— o >
empty _ 5  empty - 3 = empty z B
= L @/ = e —~ © m
o) . O = S = TT S gu
2 |2 13 NE R 2|32 e [2°
N =
g £ 2|9 2 |z o | g |5 stored 2 | S
) 3 c| g s |5 stored s |5 s |& S
- | T 2 |uw g |e S | g Ty energy vo
8 | stored 215 S |5  Ehergy o | g c X 2
£ |z energy o T 30 I 10 3
’ " e :
(%)) 0 o o
\ A / ¥y ¥ Y — Y —
At installation, t, Att, >t Att, >t
SOH(ty) = 100% SOH(t,) < SOH(t,) SOH(t,) < SOH(t,)

Copyright 2014 Tesla Motors, Inc. Proprietary and Confidential, disclosed under NDA



Cycle Definition

| Voltage [V]

Time
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Measuring Cycles in Field Cells

X battery_voltage CyC|e Definition
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Capacity
Monitoring

« Goal: Estimate SOH and remaining useful life (RUL) of battery system

 Measure cycles & features from field cells and map them to lab-tested
cells

« Use physics (DCR growth) & statistical models (aging & throughput) to
forecast SOH

 Compare Actual — Expected battery capacity (SOH) to drive product &
control improvements
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Questions & Contact Details

@ https:// www.linkedin.com/in/brindathomad

o mc2 maven
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https://twitter.com/mc2_maven
https://www.linkedin.com/in/brinda-thomas/

