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Why Is the Smart Grid So Dumb?

MISSING INCENTIVES IN REGULATORY
POLICY FOR AN ACTIVE DEMAND SIDE IN
THE ELECTRICITY SECTOR

By Travis Kavulla, NRG Energy

Advanced metering infrastructure was supposed to transform
the retail customer experience, empowering demand to
participate in a genuinely two-sided market across from supply.
But as smart meters become ubiquitous, few retail customers

see time-of-use prices related to the cost elements of electricity
service that vary over timp. Someone, somewhere must face clear
incentives to actively manage demand in order for it to happen.
Yet even the companies that serve retail customers tao often
lack meaningful exposure to these costs.

“This paper examines the incentives facing two different types

of retailers: utility monopolies and competitive retailers. It finds
incomplete incentives to activate demand flexibility throughout their business models. Regulated utilities
under modern amendments to traditional cost-of-service regulation are usually deadened to incentives
altogether, or even perversely incentivized. Competitive retailers typically are faced with incentives around
supply costs, but too often have no role billing for and intermediating other networlk charges. Reforms are
proposed: time-of-use rates as the default retail product for regulated-utility customers, all retailers exposed
to and responsible for billing all relevant grid costs, and public investment and standards for automated
devices. Absent these reforms, transformation of electric grids—increasingly subject to intermittent

supply; volatilely priced fitels, and rising demand—will be costlier and slower.

AWhite Paper from the Energy sd-

Systems Integration Group's

Retail Pricing Task Force ES'G

January 2023 ENERGY SYSTEMS
INTEGRATION GROUP




Prices vs. Programs -

nrg.
. The idea that changing the shape of Ways in which DERs can shape demand on the grid
demand over time is a worthwhile
undertaking for a consumer at all Efficiency Load Shed
depends on supply prices that vary - E |
over time % | g
* Prices in the wholesale market are 8 | a
usually time-variable (e.g., energy g :
& ancillary services) or demand- & @
based (capacity & transmission)
» Prices in retail market are often Hour of the Day Hour of the Day
flat—they don't reflect the
underlying cost characteristics of Load Shift Modulate
the wholesale market. But that is -
slowly changing... E i
« If ADER doesn’t have access to ‘Prices’, a ,_/I-\ A0
then a regulator/utility can 2 =
manufacture an indirect way to convey o 2 }
value for DERS’ dem,and-shaping o
services: A ‘Program Hour of the Day N

Source: U.S. Department of Energy
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“Retail rate design reduces the amount of capacity
procured and triples the capacity contribution of

solar in the electrification scenario.” California’s duck curve hits record lows

- PIM, Energy Transition in PJM: Emerging Characteristics of a Lowest minimuntnstioad day each year it GBS0, 20152023
Decarbonizing Grid (May 17, 2022)

“The Pilot results indicated that customers, both

“neck of the duck”

N\ \ Evening
overall and low- and moderate-income customers a\\Y I =
Y- - Morning \ / /|
specifically, responded to the rate by shifting peak
usage off-peak ... by 9.3 percent to 13.7 percent SN , /
in the summer months and by 4.9 percent to 5.4 N | Evening ramp

percent in the winter months.”
- Staff, MD PSC, Re: PC44 Rate Design Work Group Leader’s

Report and Recommendations on Full-Scale Time of Use Rate

. Midday solar saturation
Offerings (June 3, 2022) “belly of the duck”
0 T

. . . . 23
New York’s Climate Leadership Council estimates a M oW AN SN 2R M 12AM
$ 4 1 B Cost to d ee p d eca rbo n Izatl O n W I t h Note: Net load shown is demand minus utility-scale wind and solar - d Merit Order

‘uncontrolled’ electrification -- $28B with efficient
rate design




Prices:
Retail Rates & Wholesale Markets




So What Are ‘Prices’?

nrg

Retail rates are prices

Ratemaking a process by which to collect a utility’s
embedded cost structure

A century-old problem in utility regulation is how to
align rates more to marginal cost to allow demand to
participate

In places with retail competition, the supply portion of
the bill is not subject to ratemaking & marginal-cost

principles apply

© 2024 NRG Energy, Inc. All rights reserved.
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Wholesale markets set price by
auction, bilateral trade, or ratemaking

RTO energy auctions and bilateral trading usually are
reflective of marginal costs

Transmission rates for wholesale service are based on
embedded cost of service but are usually demand-
based (e.g., billed based on a transmission customer’s
peak demand)



Prices: Time-of-Use Rates nrgz::

« Time-of-use rates have been
theorized for a century, and in
effect in some places for many
decades

Ontario's TOU and Ultra-Low Overnight Rates
on Weekdays

(O8]
o

TOU: 2x 24
ULO: 10x

N
(6]

* TOU rates are evolving to be
peakier, reflective of evolving
cost structure & new sources
of demand (e.g., EVs)

N
o

).2

Cents/kWh
e

-
o

« The deployment of Advanced
Metering Infrastructure allows /

TOU to be billed more 2.4
accurately, at more granular 2.4

intervals, ubiquitously across
the customer base 1 2 3 45 6 7 8 91011121314 151617 18 19 20 21 22 23 24

Hour Ending

(6]

o

TOU =—ULO

Source: Ontario Energy Board, circa May 2022. Link.
© 2024 NRG Energy, Inc. All rights reserved.


https://www.oeb.ca/consumer-information-and-protection/electricity-rates

In USA, Smart Meters Widely Deployed... 2

Only 5 States Use Them for Default Retail Pricing  nrg.

Smart Meters
Installed (%)

0-15%
15 - 50%

50 - 75%
75 - 100%

TOU States
TOU Opt-Out

rad

Adapted from: Cooper and Shuster, “Electric Company Smart Meter Deployments: Foundation for a Smart Grid,” Institute for Electric Innovation, April 2021, p. 3.

© 2024 NRG Energy, Inc. All rights reserved. 8




What Goes Into a Time-of-Use Rate? nrg?'

Illustrative National Grid MA TOU Oil-fired generation as a % of total

Rate supply in ISO-NE 01/21 to 03/23
0]
On-Peak Off-Peak |l supply 12.0%
. Transmission
. 10.0%
. Capacity
(-
9 ‘ 8.0%
c
= * 4 3-month pricing
; seasons and on-peak 6.0%
hours 7am-11 pm.
. » The supply prices
2.7:1 shown based on 4.0%
hourly 5x24 DA ISO-
NE settlement prices
at MASSHB, 2018- 0
s_ 2022 2.0%
o » Capacity prices from
£ ISO-NE and allocated 0.0% ™ I e m_—m__ N m N -
E to on-peak hours. :
S « Transmission prices > i v v 3
wn from National Grid, é’lzg \/’)/Q éflzg \/’)/Q é,bg
but adjusted to apply N) N
4.0:1 to on-peak hours. N K ¥ R ¥

© 2024 NRG Energy, Inc. All rights reserved.




Real-Time Pricing, a.k.a. Dynamic Rate

octopus energy
Monday - ‘ 2
octopus energy st May 2023 ‘
Sunday R ; 2
26th February 2023 0 : £ g
15
2
] 1
0! &
For electricity meter
- 00:00
For:eleciricity imeter ?)o.oo 0660 Boh . o ° — Rebate p / kKWh BWExport KWh e Average daily export {across this bill}
— Unit rate p / kWh M ConsumptionkWh === Average daily consumption (across this bill) I _Period _ Rebstep/Wwh Export kWh Rebate p
Period Rate p / kWh Consumption kWh Costp ﬁg: :?:: ::: ggz g‘xz
Total cost 00:00- 0030 2768 002 0554 E 'O 52 o0 050 s 000 o000
00:30 - 0100 3166 0.02 0633 . - - g
£ 1.05 01:00 - 0130 030 002 0828 01:30 - 0200 887 000 0.000
0130 -0200 2809 001 0281 02:00 - 0230 868 000 0,000
0200 - 0230 2765 001 0277 Total export 02:30 - 0300 836 000 0.000
i 02:30 - 0300 2728 001 0273 03:00 - 0330 8ad 000 0,000
Total consumption 03:00 - 0330 2719 o2 3263 4.76 kWh 0%:30 - 0400 836 000 0.000
417 kWh QEAQ 000 2832 162 37.778 : 04:00 - 04:30 854 000 0.000
Ne = ¢ = e oo
i i 05000530 2473 002 095 Weighted average unit rebate onon-anse o 000 0.000
Weighted average unit rate 05:30 - 06:00 868 000 0.000
0390 0 2473 o0 ol 06:00 - 06130 a6 000 0.000
2514 o) / kW 06:00 - 0630 2420 001 0242 -10.83 p / kWh e e b oo oooe
A 06:30 - 07:00 2420 0.02 0.484 " "
07:00- 0730 2482 002 0.496 07:00 - 07:30 764 001 -0.076
07:30 - 0800 2633 001 0263 07:30 - 08:00 988 001 -0.099
08:00 -+ 0830 2312 0.0 023 08:00 - 08:30 836 oo -0.084
08:30 - 0900 2970 001 0297 08:30 - 09:00 1022 001 -0.l02
09:00 - 0930 2864 028 8019 09:00 - 09:30 841 oo -0.094
09:30 - 10:00 2050 031 Q173 09:30 - 1000 pes ool 0308
10:00 - 1030 1033 001 0103
10:30 - M:00 10.32 000 0.000
mo0 -0 220 007 0644
n30 -1200 a2 on -1058
1200 -1230 899 on -0.989
1230 -1300 854 022 1879
1200 1330 o 013 1184
1230 - 1400 807 030 2421
14:00 - 1430 B35 080 -6.688
1430 - 1500 B6 003 -0.245
© 2024 NRG Energy, Inc. All rights reserved. 10



A Cautionary Tale from Texas nrgf'

« Griddy (not to be confused with Gritty) offers a cautionary tale

! + Griddy, an ERCOT Retail Electric Provider, offered to pass
through wholesale energy pricing directly to retail customers
for a small monthly subscription fee

» Catastrophically failed during
Winter Storm Uri when
wholesale prices =

It's the same ~ $9,000/MWh
electricity, ~— |+ Griddy, an exception that
5 = proves the rule: Intermediaries
why pay more? bear an important role
Wi e oty mlicimncia A provie SN Tarword i standing between wholesale
market & retail customers
© 2024 NRG Energy, Inc. All rights reserved. 11 11



Monthly Subscriptions nrgf'

Stabilizing Element (Hedge) for Both Customers and Utilities

3
« Subscriptions offered by
Ut|||ty 2. Difference between Excess Subscription is
Subscription and Actual credited at dynamic rate
= 2 Consumption is billed at C
. = dynamic rate
« Third party =15
m 0
aggregators/brokers could O
evaluate offers and manage 2 e
risk
* Hedges _ _ 0.5 Subscripfion load shape is biled at OAT
« Comprehensive device (e.g.. TOU) rate.
management (o [ M S S |
0 5 10 15 20
Time [hour)
==5bscribed Actual

Source: California Public Utility Commission, Demand Response and Retail Rates Sections, Energy Division, "Workshop: CalFUSE Whitepaper & Staff Proposal,”
July 21, 2022, slide 48. Link.
© 2024 NRG Energy, Inc. All rights reserved. 12



https://www.cpuc.ca.gov/-/media/cpuc-website/divisions/energy-division/documents/demand-response/demand-response-workshops/workshop-pdfs/slides-calfuse-workshop-21july2022f-publish-pdf.pdf

Device-Specific Dynamic Rates nrg:i:

N:é‘IVI:I’V;AMFSH\RE
Electric CO-OP MY ACCOUNT v OUTAGES & SAFETY v SAVE ENERGY v MY CO-OP ~ CONTACT US Q LOGIN

$0.0272 per kWh Lowest Energy Rate $0.0569 per kWh Highest Energy Rate
Today 4 Previous m {5 Pricing Tables

TRANSACTIVE ENERGY RATES FOR WEEK STARTING SUN, DEC 24

0.06

0.05

0.04

| A
Tue, Dec 26, 3am to 4am
Transactive Energy Rate: 0.0272

Price Per kWh in dollars

0.03

~ 7

0.02

© 2024 NRG Energy, Inc. All rights reserved. 13




Competitive Retailers’ Offerings nrgf'

: : Results from Reliant VPP in Texas on
engage its customers in demand response
through smart thermostats in two ways:
J— - - [— - 4\

« Direct Load Control: Average 20-30% - = -
reduction in customer demand during the
period thermostat is controlled. .

« Behavioral DR: Customers who actively
participate lower their demand by
approximately 10-15%.

+ Reliant’s standalone thermostat ADER _ — M
program has grown 40% in 4 years. 30 o1y 00 ey 30 pag 00 pay 30 pag 00 g 20 g 00 g 30 00 30 3y 00 30 1y 90 oy

| 0ad Reduced == == Baseline Load Actual Load

» Customers are also increasingly adopting
other DERs like battery storage. A
customer in a detached single-family home that has smart HVAC controls paired with
battery storage can reduce demand by up to 40-100% (on average) over a four-hour
period, depending on the size of their battery.

© 2024 NRG Energy, Inc. All rights reserved. 14



So What About Wholesale Pricing?

nrg

« FERC Order 719 (2008) allows Demand -
Response to be aggregated for sale into »
RTOs

* DR aggregators may sell energy,
capacity, ancillary services into RTO
auctions

« FERC allowed states to forbid third-party
aggregators from participating in RTOs

« MO recently lifted its ban, while MN
recently decided not to lift its ban

ARC Participation in Wholesale
Markens MSO & 5PP.

Fall ARC Parmctpation e
Pamal ARC Pamcpescn g

- Ongoing Investigation
mo ASC partopecon T

- Past imvestigation mo -
ARC partcpenion -

- No ARC parmcipation, or

enned 10 retsel Contests

Figure ES - 1. Status of organized wholesale market

participation rules for aggregators of retail customers
in MISO and SPP states

Source: Sydney P. Forrester, Cole Triedman, Sam Kozel, Cameron Brooks, and Peter Cappers, Lawrence Berkeley National Laboratory, Regulation of Third-Party

Aggregation in the MISO and SPP Footprints, p. iv. Link.
© 2024 NRG Energy, Inc. All rights reserved.
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file:///C:/Users/SGafford/AppData/Local/Microsoft/Windows/INetCache/Content.Outlook/KRSXWY2M/LBNL%20Missouri%20PSC%20Aggregated%20DR%20Report%202023.pdf

Declining Wholesale Revenues for Demand Products m.g-:-

.%' Demand Side Response Estimated Revenue
» Participation in eastern <1200
markets dominated by ' mm Capacity
. mmm Ancillary Services
CapaC|ty prOdUCtS mm Emergency Energy
mm Economic Energy
¢ FOHOW the mOﬂey! $900 = Economic Energy Incentives

== Capacity Bonus Payment
== Test Emergency Energy

» “Classic” revenue

$600 ~
streams for demand
products are trending
down as capacity prices 4300 -
fall and energy markets
are tempered I l
$0-

2014 2015 2016 2017 2018 2019 2020 2021 2022 2023

$ Millions

Source: PJM, “Markets Report,” MC Webinar, November 13, 2023, slide 40. Link. Trend-line added.

© 2024 NRG Energy, Inc. All rights reserved. 16


https://www.pjm.com/-/media/committees-groups/committees/mc/2023/20231113-webinar/item-06a---1-market-operations-report.ashx

Order 2222

« Extends Order 719
principles of market
access for DR to ADER

* No state opt-out

« Applies only in RTO
footprints (so not West
or Southeast)

+ RTOs all over the map
on implementation
timeline

© 2024 NRG Energy, Inc. All rights reserved.

Targeting 2026

v1.0: 2023

Targeting 2029 v2222: 2027

Targeting 2026

Part I: 2022
Part II: 2025

Targeting 2025

17




‘ The Price Is Right? m.g?f

» ‘Price’-oriented ADER business models require prices that express marginal cost
and grid needs - rather than being flat and non-time-varying

« Most retail rates continue to be flat

« Requires that prices, collectively, express the full range of value of ADER

- E.g., DER may not earn transmission avoided-cost benefit if regulator sets transmission
retail pricing flat (regardless of upstream demand-related rate design)

. ﬁeDtEFi{l competition and RTOs are useful, if not necessary, for ‘Price’-oriented

« Multiple competitive retailers will evolve to cater to and compete for DER-adopting
customers, and pace of innovation > utility regulation

« RTOs markets present some barriers, but more open than non-RTO, vertically-
integrated utilities

 If Retail ComPetition/RTOs don’t exist to express prices, then diverse and time-varying
utility rate offerings can be a path for “Price”-based ADER

© 2024 NRG Energy, Inc. All rights reserved. 18



Programs




An Alternative or Supplement to Incomplete Prices nrg':'

« So perhaps you don’t think that prices are a good way to efficiently allocate
scarce resources

* You can always stand up a ‘Program’ instead to do what ‘Prices’ do

« May be particularly appropriate where there are specific needs for ADER (like local
distribution system congestion)

« Typically rely on incumbent utilities to finance them with ratepayer subsidies
« Also examples where competitive retailers offer rebates for activating customer DER, or
« Where RTOs solicit (outside the typical markets they run) for particular needs

© 2024 NRG Energy, Inc. All rights reserved. 20



Subsidy for Device in Exchange for Utility Control nrg':'

« The most common type of
‘Program’ which uses

() pepco’ | Energy Wise Rewards

ratepayer funding to AN EXELON COMPANY
incentivize customer
adoption of DER (in this CYCLING TEMPERATURE ANNUAL  INSTALLATION TOTAL
case, a smart thermostat) OPTION INCREASE REWARD* CREDIT** REWARDS
FOR
« Compensation not directly YOUR
aligned to value of energy, FIRST 12
capacity, transmission MONTHS*
« Gives utility right in pre- 50%
specified conditions to
dispatch ADER remotely 75% 2-4 DEGREES $60 $60 UP TO $120
through its DERMS
provider 100%

© 2024 NRG Energy, Inc. All rights reserved. 21



Some Utilities Also Extending this Program to Batteries +

nrg
Cﬁ'\l\,
MOUNTAIN

POWER

Illustrative Payments to Battery DERs under
Different Programs/Prices

Benefiting you and

Vermont
You save money by joining GMP’s BYOD program. If you

. . Ancillary
enroll a battery for ten years, we'll give you an upfront Services
payment of 3850 per kW of storage enrolled for three Avoided
hour discharge, $950 per kW for four hour discharge. If (T:nggmissmn
you're retrofitting an existing solar system in one of Avoided

Capacity Costs

the areas of the state where extra storage will help the

grid most, we’'ll give you an extra $100 per kW. Plus, One-Time Annual Emmehf\

get the benefit of knowing your device is helping to Rebate Incentive  Value to Grid

cut carbon emissions and costs for all GMP customers! Risk to ratepayers Risk to DER owners
_ ﬁ

Source: While the graph is illustrative, the One-Time Rebate column is based on the participation of a Powerwall 3 in Green Mountain Power’s BYOD program (link), and the
Annual Incentive column is based on National Grid’s ConnectedSolutions program. The final column illustrates the different ways a battery could participate on the grid.

© 2024 NRG Energy, Inc. All rights reserved. 22



https://greenmountainpower.com/rebates-programs/home-energy-storage/bring-your-own-device/

Pay for Performance nrgf'

« An alternative to an up-front Connect with a battery storage partner.

Su bS|dy in eXCha nge fO r Energy-sharing events through our ConnectedSolutions program call on your battery system to automatically
ca pac|ty r|g hts to ADE R |s a discharge during peak demand days, which occur as follows:
paY'fO r- perfO rmance mOdeI » From June 1 — September 30
* Between 3pm - 8pm
¢ TO the r|g ht iS an exam p|e » No more than 60 times each summer
from National Gr|d 'S » Amaximum of 3 hours per event
“Con nected SOIUtionS" « You can opt out at any time

« Again, the benefit paid under """
this program is a value Participating customers will receive an incentive every year based on the performance of their battery system at

a rate of $275 per kW performed between June 1 and September 30. On average, customers have received
approved by regulators based 1500 per e
on an approximation, and not

d | reCtly con nected to more TI.1e incentive rate is locked in place for the first five summers the customer .is enrollelrd in (?onr]lectedSolutions
Y . ’ with all new systems. Your battery system performance will vary based on size, configuration, internet
dynamic ‘Prices

connectivity and other factors.

© 2024 NRG Energy, Inc. All rights reserved. 23



Certain RTOs Have '‘Programs’ for DER as Well nrg’

EMERGENCY RESPONSE SERVICE (ERS)

ERCOT offers two types of Emergency Response Service: 10 Minute and 30 Minute.

10 MINUTE DEMAND RESPONSE PROGRAN (ERS 10) | 30 MINUTE DEMAND RESPONSE PROGRAM (ERS 30)
Customars will b netifid of an ewont via amall, phone, tax andior aloctranic Customors will ba notifod of an avent via omail, phone. text and'or aloctranic
E RCOT h a S a S m a I | SiNal DOr CUBLAMETS” NBLNUCHONS and must fully curtail within 10 Minutes of 814N | ignal por CUSIHMOFE” INSIFUCLONS And MUST fully SLLE within 30 minutas of g1an
14 of ovent, of avarn.

Mo minimum size; accounts of under 100 kW curtailmant will be aggregaled,

standalone capacity
market for Demand
Response, known as
Emergency Response
Service (ERS), which
exists outside its
ordinary energy
markets

4 month contrac! periods starling Feoruary, June and Ociobar. Each pariod containg & optonal tima skots; woakdays
S-BAM(TIme Pariod 1), BAM-1PM (Time Perod 2), 1-4PM (Time Pariod 3], 4-7PM (Tima Pencd 4), 7-10PM (Time Pariod 5).
and woaHanda/nightsal othar hours including ERCOT holldays (Time Poenod &)

Ona momk befsns aach contrast paricd [January 150 May 121, Seplomioas 151).

Can participate indesendently or in conjunstion with Load

Eaen acecunt must have ot loast 2 15 minute mnsarval of smart mates {por ERCOT) and may also require CPowet's monitering soluticn,
which previcas ono-minute usage data.

Customen over 1 MW of cunailable load rmugt have DLC via CPower's

monitoring sokstion [CPower's requirament) Mo DL requiremant

Customens may be callsd 1o curtall load for up 10 12 hours per cantract poriod.

At a mirimum, 3 15-30 minute test event wil ba called once paf year absonl successiul event deplayment.

Customers are paid based upon the cleaning price, contract capacity and paricipation howrs,

Cuaiomers receive payments within 60 daya of the end of the condract period.

Cuslomens must meet their sedformance obligations duwing evens and test events, and must mes! their avalabiling
requiremans all a%ar commitied times,

Availabitty and performance faciors are taken into consideration and can reduce paymens.
Nonrperiomanceo

Source: CPower

© 2024 NRG Energy, Inc. All rights reserved. 24



Comparing ‘Programs’ and 'Prices nrgf'

Programs Prices

« Utility subsidies for device adoption > MimEvERiing) EEll s

What «  Wholesale/RTO: Capacity, Energy,
Procurements for targeted needs A/S auctions + Trans. rates

. i i - | = Rate design
How Regulatory process defines avoided g

cost value « Market design
Business | | A\pER a utility vendor - ADER more of a free agent
Model
* More open market
Pros & * A clear value target
. . » Less stable revenue
Cons » Limits to quantity and pace

* Questions on how to monetize

The two can be complementary, especially when *Prices’ fail to convey ADER a particular value

that is not appropriately priced (e.g., distribution or transmission)

© 2024 NRG Energy, Inc. All rights reserved. 25




Travis Kavulla

Vice President, Regulatory Affairs

(406) 788-3419
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