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1. Why coordinate distributed grid assets? (And why now?)
2. What is transactive energy?

3. What have been PNNL’s contributions in the advancement of transactive

energy? (And distribution system coordination in general)
4. What is the current state of progress and deployment?

5. How can you learn more about our work and resources”?
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« Use market mechanisms to perform distributed
optimization
» Reflect value in exchangeable terms to

effectively allocate available resources and
services in real-time and future time periods

* Deploy communications and automation of
devices and systems with real-time agents for
market interaction

= Agents convey preferences and perform local Controls
control actions, engage in one or more markets

to trade for services, e.g., real-time energy,
peak-shaving, system reserves

* Schweppe, FC, RD Tabors, JL Kirtley, Jr., HROuthred, FH Pickel, AJ Cox, “ Homeostatic Utility Control,” IEEE Transactions on Power Apparatus and
Systems, Vol. PAS-99,No. 3 May/June 1980
** See GridWise® Architecture Council, “Transactive Energy Framework,” https://www.gridwiseac.org/pdfs/te framework report pnnl-22946.pdf

19 Apr 2022


https://www.gridwiseac.org/pdfs/te_framework_report_pnnl-22946.pdf
https://www.gridwiseac.org/pdfs/te_framework_report_pnnl-22946.pdf
https://www.gridwiseac.org/pdfs/te_framework_report_pnnl-22946.pdf
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TIME - VARYING CUSTDMER
RETAIL RATES @ LOAD SHIFTS

REDUCED LDWER
REVENUE NEEDS GRID COSTS
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1. Automated, price-responsive device controls express
consumer’s flexibility (based on current needs)
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» Centralized approaches can becide | TN P N
have privacy, autonomy, and ocal [ e\ [ tensmve
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« Distributed, market-based o o
control approaches address One-way Two-way
these iSSUGS communications communications

Slide produced with permission from Dr. Koen Kok, The PowerMatcher Smart
Coordination for the Smart Electricity Grid, published by TNO, The Netherlands, 2013.
www.tinyurl.com/PowerMatcherBook
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PNNL’s GridWise .
Reid Smith develops explores price-based _ DSO + Transactive
contract networks coordination for AEP gridSMART™ @ Design/Simulation/
smart grids Demonstration Valuation Study
Vernon Smith I
proposes using Us Wholeea! ! GridWise ey
economics in .S. Wholesale Olympic Pacific NW Smart
power grids Power Markets Peninsula Grid Demonstration

Established Demonstration
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______________________________
____________________________
———————————————

Distributed |
: B Unity Initiative .

Fred Schweppe
proposes homeostatic
control for power grids

Jesse Berst uses GridWise Architecture E
label “transactive '
re PNNL approach :

First Transactive

Council’s Transactive
Energy Conference

Systems Framework

1
1
1
1
1
ETI |
1
1
1
1
1

Congressional
Budget for DOE
has Transactive
Line item

Vernon Smith’s Nobel
Prize for Experimental
Economics

GridLAB-D Simulates
Transactive Smart Grids

Transactive Systems
Framework Council

https://www.pnnl.gov/projects/transactive-systems-program/history
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Hansen J., T.D. Hardy, and L.D. Marinovici. 2019.Transactive Energy: Stabilizing Oscillations in Integrated Wholesale-Retail Energy Markets.
In 2019 IEEE Power & Energy Society Innovative Smart Grid Technologies Conference (ISGT), 1 - 5. Washington, District Of Columbia:I[EEE.PNNL-SA-138094.d0i:10.1109/ISGT.2019.8791658
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Olympic Peninsula, 2006-07 (arket |
I 4—b$

Established viability of transactive, %‘

deC|S|On-mak|ng MW Clallam Gounty

Internet bro. db ,g Water Supply District
Mmmummno 0.2 MW DR

Clallam PUD
City of Port Angeles
n =112 homes

 Peak load, distribution constraints, °s"*
wholesale prices

I
. 05 MW DG

 Double auction market

 Residential, commercial, & water
pumping loads, DG

AEP gridSMART®, 2010-14

Home energy

PUC-approved RTP tariff developed management Real-time feeder
system double-auction
* Dynamic, real-time incentive to “‘IT market
F P
respond %
P B oy
* Real-time prices from PJM energy Prices  Bids §
market
. Manages AEP T&D constraints and sy E— -
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PNNL Transactive Energy Field Experience

Pacific NW Smart Grid, 2010-15
Key advancements made by PNWSGD

/A o s = B ey
= e B i\ﬂm

Wind balancing 0= @@= B
« Consensus-based look ahead signals  Real-time &

forward energy
exchange with
neighbors 3

)

 Formalized definition of transactive
node

» Integrated legacy direct load control
systems within a transactive network

Transactive Campus, 2015-2022 “egﬁl,‘;;‘/
Flexibility in buildings, storage, and ol
generation

« Manage peak demand charges,
smooth local PV generation

« Enhance energy efficiency

3 research locations: PNNL, WA
State Univ, Univ of Toledo, OH

https://www.pnnl.qgov/projects/transactive-systems-program/history
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Distribution System Modeling Co-simulation
-',:.'=‘- TESP: Transactive Energy Simulation Platform
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(Framework for Networked
Co -Simulation)

FNCS )
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Simulations Are Better Together

Value Stream Mapping Large-Scale Computation
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Figure 2. Example Value Mode|
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Transmission Distribution Customers Assets
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Individual

Co-Simulation: Integrated System Model

Building Models

Customer Populations
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DSO+T Study Key Finding

Customer Participation
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GRIDWISE Architecture Council
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Kudos to the Winners

Time
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https://gridwiseac.orqg/
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More Proof Points

A growing number of utility pilots
have shown feasibility

Fixed Cost Subscriptions
with Forward & Real-time,
ice Scarcity Priced Tenders

Generator Battery

Aggregators and retailers have
demonstrated the value in
coordinating customer assets in
response to grid costs

International Progress

Reqgulatory Movement

Migration to TOU and machine-
readable dynamic prices

ourn [ e
|

USCA-PGPG-TOU4-0000000000

Do e

Texas outlaws wholesale
indexing of retail rates

Emerging Offerings

Growing adoption of dynamic
pricing in Europe

Current Tariff Offering in Europe S
[ vo b @
952 @ g .

tariffs analysed

147

retailers covered

Standard Fixed ®
Standard Variable ®
Variable ToU @
Fixed ToU @
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4 mﬁm Legacy and emerging
K. N options for dynamic-
L | N price tariffs in some
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* Program website summarizes key capabilities and Systems

contributions:
https://www.pnnl.gov/projects/transactive-systems-
program

« DSO+T and PAVER studies encapsulate the latest
techno-economic and rates impact analysis e

» The Gridwise Architecture Council (GWAC) has e L
key grid architecture and roadmap resources

* Global Observatory on Peer-to-Peer (GO-P2P)
has a catalog of global transactive energy and
similar demonstrations

/7 ] )
GRIDWISE Architecture Council
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