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Significant demand response was obtained:

» 15% reduction of peak load

Up to 50% reduction in total load during shoulder periods
Manage local distribution constraint

Potential to provide regulation, other ancillary services
Same signals integrate distributed generation and storage

vvyyvyy

Customers will respond to dynamic pricing schemes if they are offered:

» Opportunity for significant savings (~10% was suggested)

» A“no-lose” proposition compared to a fixed rate

» Control over how much they choose to respond, with override
» Technology that automates their desired level of response

» A simple, intuitive interface to automate their response
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gridSMART® RTPda Demo

» First real-time market at distribution feeder level
with a tariff approved by the PUC of Ohio
» Value streams
B Energy purchase benefit: function of PJM LMP

B Capacity benefits: distribution feeder and system
gen/trans limitations, e.g., peak shaving

B Ancillary services benefits: characterized, but not

part of the tariff
» Uses market bidding mechanism to perform
distributed optimization — transactive energy
B ~200 homes bidding on 4 feeders
B Separate market run on each feeder
B “Double auction” with 5 minute clearing

» HVAC automated bidding
B Smart thermostat and home energy manager
B Homeowner sets comfort/economy preference

B Can view real-time and historical prices to make
personal choices

o
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Notes.
*Plotted "Must Run’ includes "Must Run 0" Feeder 180 Power

*Difference between plotted 'RTP Load" and ‘Inactive’ 09/12/2013 00:40
is 'Over Satisfied'

160
140 W
120 pnpglirtgy T e
5].DU
Ng
LS
o8 09 10 11 12 13 14 15 16 17 18 19 20 21 22 23 oo 01
Hour

Rated Cap. 9.426 My Must Run 79 Ku Inactive 6.3 KU # HEM's 98

a

Cong. Lim. &.9547 MW Must Run O 1.5 KW Over Sat. 15 Ku # Bidding Devices 90
Total Power 3.0293 MW  Active 22.6 KW RTP Load 124.4 KW




gridSMART® RTP in Action

Notes:
*Plotted "Must Run' includes '"Must Run 0'.
*Difference between plotted "RTP Load" and 'Inactive’
is "Owver Satisfied".

Feeder 180 Power
07/16/2013 23:45

7

Pacific Northwest
NATIONAL LABORATORY

Proudly Operated by Baffelle Since 1965

— Total Feeder Power — Rated Capacity
- Congestion Limit

e R ) Reduce feeder |-
8 .
> Ca paCIty to
5
. engage end-use
HVAC units 4 neage enc-u = |
drop-off Units rebound when
TS .
ey _ i capacity returns to normal
= . - f —=
& 100 l " a . . p -
snn:r o8 09 10 11 12 13 14 15 16 17 18 1% =20 =21 22 23 00 01 02 03 | 04 0S5 -:: ‘.r
Howr
Rated Cap. 9.4265 MW Must Run TS.6 KW Inactive oO.d4 KW # HEM s 133 Ower Satisfied m Inactive
Cong. Lim. B5.9547 MW Must Run O 1.5 KW Dver Sat. 3.3 Ku # Bidding Devices &7 ?:I‘:EFITPL 5 | MustRun
Total Power ¢.5562 MW Active 35.18 KW RTP Load 123.98 KW - ° e

Feeder 180 Price
07/16/2013 23:45

— RTPclear

- RTPbase

N T WA M A e P N

400
=
= 200
0
9 o
Price rises to
price cap 1 12 13 14 15 16 17 18 19 20 21 22
2.May-2014 Hour

RTPclear 69.26 $/MWh RTPhase 69.2631 $/Mwh Sigma RTPclear -0.4949

e

23 00 01 02 03 04 0s 06 o7

— o RTPclear 6



Summary of RTP Demo Analysis Relicportves:
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» Experiments analyzed Jun — Sep 2013
» Electric system impacts

B Wholesale purchases: energy use and cost reduced by ~5%

B System peak shaving: ~6.5% peak load reduction at 50% simulated RTP
household penetration

B Feeder peak management: ~10% peak feeder load reduction at 50%
simulated household penetration

» Household impacts

B Bills: ~5% average reduction (includes peak management incentive)
B Thermostat overrides over 4 month duration

® 2 hr events < 10 overrides

@ 4 hr or greater events < 20 overrides
B Customer satisfaction

® Over 75% satisfied (40% very satisfied)

® Perceived monthly bill impact: 51% savings, 39% same, 10% increase
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:P_acific Northwest Demonstration Project

S

What:

* S$178M, ARRA-funded, 5-year
demonstration

* 60,000 metered customersin5
states

Why:

* Develop communications and
control infrastructure using incentive
signals to engage responsive assets

* Quantify costs and benefits

* Contribute to standards
development

* Facilitate integration of wind KEY

and other renewables
(PN e =
Only project of its kind integrating

resources across multiple utilities to e Gmmu.. @ —
. . . 0 Storage Integration ﬁ]l Testing
achieve regional benefits.

Smart
Appliances

Reliability &
Outage Recovery
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Aggregation of Power and Signals Occurs
Through a Hierarchy of Interfaces

2 May 2014 9



Generic Transactive Control Node 7
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Realizing Transactive Grid Control bt vl
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Purpose

» Transactional frameworks are established to incentivize and coordinate
the response of millions of smart energy assets

Characteristics of a Good Solution
» Privacy, free will, and cyber-security concerns are mitigated

» Simple cyber-interaction paradigm, applicable at all levels of the
system and supported by standards

» Offers a viable transition path that co-exists with traditional approaches
» Smooth stable, predictable, and graceful failure
QOutcomes

» Accepted by business and policy decision-makers as a valid, equitable,
and advantageous revenue/investment recovery mechanism

» Vibrant vendor community supplies transactional products and
services, e.g., operating systems and system- & device-level controls
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GridWise Architecture Council’s
ransactive Energy Activities

Transactive
Energy
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GWAC'’s mission: formed by the DOE to promote and enable
Interoperability among the many entities that interact with the nation's
electric power system

Interoperability Context-Setting Framework: provide context for
iIdentifying and debating interoperability issues to simplify the
Integration of devices and systems that support smart grid capabilities

Transactive Energy Framework: provide context for identifying and
debating transactive issues to simplify the integration and participation
of distributed energy resources in the electric system (drafted)

Transactive Energy Roadmap: provide broad direction to evolve the
electric system toward a highly interactive, self-organizing, efficient,
and reliable energy grid that enables and respects the participation of
all stakeholders (in discussion)

Energy
2 May 2014 Framework
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