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71% of customers served by utility with carbon goal



https://sepapower.org/utility-transformation-challenge/utility-carbon-reduction-tracker/

Renewables Are Creating Load Volatility
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Grid Challenges are Global and Existential
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The Grid is a Balance of Supply and Demand

Supply = Demand

Demand side
management
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Utilities Benefits From Demand-Side Resources

Supply-Sid
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e 15% price advantage over supply-side® @ Ancillary Enable the
Full Values
e Hedges market peak energy events Stack _—
> == FLEXMARKET
e Modifies forecast to reduce RA
e Provides benefits to local customers @ Losses
@8 Non-Grid Priorities
O  Equity
e |Incorporate the full value stack

(1 Resiliency J
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* IEA US Supply-Side Reserve Margins: https://www.eia.gov/todayinenergy/detail.php?id=39892



https://www.eia.gov/todayinenergy/detail.php?id=39892

Aug. 14, 2020: Widespread Blackouts

e Temperatures > 100 °F+
e $1,000+/ MWh
e Rolling Blackouts

Los Angeles Times = L

pp—
8 California begins rolling blackouts after first Stage 3
emergency since 2001

Doty Wt o Bity's 519 fcm COWR- 9
N 00 T A A SaAM

Kastorwn w. Flodt Who hamcted COVO L8
v
B

L - f——

08/14/2020 Howr: 19-20 Intarval: 2

$1000.00

Marginal
Enorgy Coat




(MW)

PROBLEM: Did Demand Response Fall Short?
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Credited 10U Demand Response: Preliminary Estimated RDRR Response and

PDR Dispatch vs, CPUC August 2020 DR Credit

http://www.caiso.com/Documents/Preliminary-Root-Cause-Analysis-Rotating-Outages-August-2020.pdf
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CAISO Dispatch of Non-IOU PDR (Actual Load Drop Not Yet Avolwlo)


http://www.caiso.com/Documents/Preliminary-Root-Cause-Analysis-Rotating-Outages-August-2020.pdf

PROBLEM: Measurement Uncertainty
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PROBLEM: Outdated Methods = Flawed Results
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SOLUTION: Open-Source Meter-Based Telemetry

Unified Field Theory of
Demand Flexibility:

-> Measure all BTM DERs based
on grid impacts at the meter

- FLEXwatt = hourly NMEC
site-baseline A population e
stratified comparison group

- Attribute impacts to

appropriate contract
(EE/DR)

-> Revenue-grade open source
I V4 —
and verifiab om raw data
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365 day CalTRACK model

Demand Response
60 day CalTRACK model
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SOLUTION: Open-Source NMEC

Open-Source

Methods and Code

i, CALTRACK
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OpenEEmeter: open-source code
implementation of CalTRACK methods

GRIDmeter: code and methods for

automated stratified comparison groups

FLEXvalue: hourly avoided cost

calculations and cost-effectiveness tool

Energy Differential Privacy:

mathematically robust privacy protection
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SOLUTION: Revenue-Grade Verification

Recurve Platform
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Revenue-Grade open-source,
auditable, reproducible

Verifiable standard for demand

flexibility calculations

Scalable to every meter on the grid

/

Automated from meter data to

settlement-quality transaction

/

Secure single tenancy, SOC2 certified
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SOLUTION: Revenue-Grade Verification

Applying Energy Differential Privacy To Enable

e Analysis of OhmConnect’s response in MCE territory PRASSUCURINIL OF the ORNCURONCY Virtue! Powey Pt
DUring the 2020 blackout remand response events A study of Demand Response dwing the California August 2020 blackouts.
o Sample of 1,500 residential MCE participating customers S i, Wi S it W
’.—
o CalTRACK baselines for all population meters i
LS. DEFARTMENT OF
@ENERGY

o GRIDmeter open-source advanced non-participant

i:NREL -

comparison groups

o Energy Differential Privacy protection

i RECURVE |
—

https://www.recurve.com/blog/revenue-grade-analysis-of-the-ohmconnect-virtual-power-plant-during-the-california-blackouts // /



https://www.recurve.com/blog/revenue-grade-analysis-of-the-ohmconnect-virtual-power-plant-during-the-california-blackouts

OhmConnect’'s VPP During the 2020 Blackouts

TREATED: CalTRACK Hourly Demand Flexibility
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OhmConnect’'s VPP During the 2020 Blackouts

NET LOAD IMPACT
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CAISO Advanced Methods

&> California 1SO

CAISO funded Recurve
Analysis to enable revenue- e e A et e

ppeines estsbished for $s study will be applcabie 1o further expansion of OR impact analysis
in 2021, Recunve Wikl Ao provide & peint-by-paint review of the contol group methad curmently

grade methods for supply- i
side demand response. i s e R

o Uncarstand $w 2020 hest siorm events based on the baseine snd companson group
methods Imglemeanted by Recurve 10 Infarm and suppon decision making; and

o Unarstand mmpatts of demand sesponss avents o 2021 and opsrationalize meods o
seale /—'

As a result of this effort, the CAISO hopes a DR provider or resource(s) can use this
methodology as a performance methodology for settlement of market dispatches in summer  —
2021, conditional to the methodology’s compliance with the CAISO tariff. Following this, the
CAISO hopes the methodology will be applied broadly amongst the DR community to measure
performance.
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=5 FLEXMARKET

:’E Peak FLEXmarket

EXEEl Utility Procurement

Additional Flex as a Energy Market Hedge, and
Load Modifying Resource (LMR)

. Seasonal Summer Peak Savings at $150 a MWh
e Day ahead signal based on CAISO price

Voer Oy

~$150/MWh during peak: June 1 - September 30, Weekdays

MCE Commercial Grid-Responsive Peak :E Commercial Efficiency Market

Efficiency Market FLEXmarket Exxxl CPUC Program / /

Market for Cost Effective Long-Term Savings
(Population NMEC + P4P)

—_—

e  Paid for at the rate that makes every project cost
effective (TRC=1)

R Use
thas will alow MCE to




Making Markets for Demand Flexibility

=> Energy savings
-> Peak Reduction
-> Carbon Reduction

-> Business Models
- Technology
= Consumer Finance

DEMAND

FLEXMARKET

Recurve Platform: Cash Flow for Grid Value

i Aggregators
gty - Metered Performance

- Payment for Grid Value Stack
=> Project Finance



FLEXMARKET Aggregators
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Resource
Planning

Forecasting Virtual
Power Plant potential
by highest value

customers
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Fleet
Management

SMB Controls / HVAC NorCal

Selected Projects

2.5x Energy Savings
4.5x Peak Reductions
3x Grid Value

2.5X GHG Savings
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What Does Stuff Do In The Real World?
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Averages Trap Us In Mediocrity

From CalTRACK Hourly Measurements:

Sum of Electric Avaided Costs by Component and Hour of Day

Measured Value: . $447Kk Grid Value

Using DEER Load Shape: A S48,000

Sum of Blectnc Avaidged Costs by Companent and Hour af Day
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RESOURCE CURVE: Smart Thermostat

-167 kWh .008 kW -$12.5 -$19.6
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RESOURCE CURVE: Heat Pump
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Program Design — Market Design

____________________________________

--------- Marginal Cost of DERs = = = . L
e ' Carbon

Advanced v |
Technolo : . i
Subsigies Microgrids Market Support

+ 1

Low Income Equity
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Open Market Electrificatio (EoS
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Price

Resource
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The Foundation for Flexibility as a Resource

Data Access
& Privacy

v Secure
v Functional

v/ Risk-Based

N\~

Meter-Based Performance
Quantification Payment

v/ Transparent v/ Accountable
v Open-Source v/ Flexible

v/ Accessible v/ Financeable

Competitive
Procurement

.-

v/ Standard
/

v Inte?ra}ed

v Open Market
M
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Optimizing
Energy Efficiency
to Serve Small
Businesses in
Disadvantaged
Communities
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Recurve’s Arﬁren' Platform

T;_Ln g Vi

¥
Helping Sr}(a‘ll‘Businesses

During the Time of COVID
| RECUIRAE


http://www.youtube.com/watch?v=CIDGP1d0Q2Y
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