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Challenges & Opportunities Facing the
Power Grid e e

The challenges we face are significant ...
* Increase asset utilization
* Integrate renewables and low-carbon sources

Maintain and increase reliability

Keep costs as low as possible

Accommodate potential electrification of transportation (& other end uses)

So is the opportunity presented by smart grid ...

* Fully engage all resources at all levels of the system to meet these challenges:
the fundamental purpose of transactive control & coordination

— Coordinate new distributed smart grid assets (demand response, distributed
generation & storage)

— Seamlessly integrate their use in conjunction
with traditional grid assets



Managing Stochasticity of Loads & Renewables
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* Historically, the power grid:
— had deterministic control of supply assets

— responded to varying & stochastic
fluctuations from demand

e With renewables, it is now

variable & stochastic on both sides
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ransactive control & coordination (TC2) K h‘
acific Northwest
Uses economic or market-like constructs ... SMART GRID

OOOOOOOOOOOOOOOOOOOO

* to manage generation, consumption, & flow of
electric power including reliability constraints

* by coordinating assets from generation to end
use.

* TC2 blends elements power

markets and energy control Markets

systems (5-min — day)

» To form a transactive network

« organizing millions of smart grid assets

* into a virtual control system, with
distributed decision making

 that respects natural enterprise boundaries
between the grid, customers & 3rd-parties.

Control

(msec — min)
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TC2 Nodes, Feedback & Incentive

* Uses local conditions and global information to make local control
decisions at points (nodes) where the flow of power can be affected.

* Nodes indicate their response to the network

— In the form of a feedback signal as a forecast of their projected net flow of
electricity (production, delivery, or consumption)

— As a function of the incentive signal from the node(s) that serve them

* Node can then set the incentive signal with precision to obtain the
desired response from nodes they serve

* Node’s responsiveness is voluntary (set by the node owner)

* Node’s response will be typically be automated by considering local

needs vs. the incentive signal and reflected in the feedback signal
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What Problems or Issues is
Transactive Control and
Coordination

Designed to Address?




» Centralized optimization is
unworkable

m for such large numbers of controllable
assets, e.g. ~10° for full demand
response participation

» Interoperability

» Privacy & security

B due to sensitivity of the data required
by centralized techniques

» Scalability
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» Distributed approach with self-organizing, self-
optimizing properties of market-like constructs

» Simple information protocol, common between all
nodes at all levels of system:

quantity, price or value, & time

» Minimizes risks & sensitivities by limiting content of
data exchange to simple transactions

» Self-similar at all scales in the grid

» Common paradigm for control & communication
among nodes of all types

» Ratio of supply node to served nodes to ~103
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» Level playing field for all assets of all  » Market-like construct provides equal opportunity
types: for all assets
W existing infrastructure & new » Selects lowest cost, most willing assets to “get the
distributed assets of all types job done”
» Maintain customer autonomy » Incentive-based construct maintains free will
m “Act locally but think globally” B customers & 3rd-parties fully control their assets

W yet collaborate (and get paid for it)

» Achieving multiple objectives with » Allows (but does not require) distribution utility to
assets needed to be cost effective act as natural aggregation point

B addressing local constraints while representing their
capabilities to the bulk grid

» Stability & controllability » Feedback provides predictable, smooth, stable
response from distributed assets

» Creates what is effectively closed loop control
needed by grid operators
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Links All Values/Benefits in Multi-

Objective Control SMART GRID

Long-term objective for TC2 is to simultaneously
achieve combined benefits

* Reduce peak loads (minimize new capacity, maximize asset
utilization) — generation, transmission, & distribution

* Minimize wholesale prices/production costs
 Reduce transmission congestion costs

* Provide stabilizing services on dynamically-constrained
transmission lines to free up capacity for renewables

* Provide ancillary services, ramping, & balancing (especially in
light of renewables)

* Managing distribution voltages in light of rapid
fluctuations in rooftop solar PV system output

10
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Pacific Northwest Demonstration Project

What:

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

* 60,000 metered customers in 5 states

Why:

* Quantify costs and benefits

* Develop communications protocol
* Develop standards

* Facilitate integration of wind
and other renewables

Who:

Led by Battelle and partners including
BPA, 11 utilities,

2 universities, and

5 vendors

L KEY

Plug-in Smart
@m‘u i -
Pacific Northwest
* Energy Renewables Tech/Data Reliability &
B Storage Integration Testing Qutage Recavery 0 UL bl Sy
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U.S. Department of Energy

# Federal funding authority

Project Structure / Roles

+ Establishes federal assistance
reporting and American Recowery
and Reinvestment Act reporting
requiremants

y‘c AR DEFARTMENT OF

%/ ENERGY

B Battelle Memorial Institute,
Pacific Northwest Division

Battelle Memoria

Pacific Northwest Divisio

Bonneville
Power Administration

= Coordinate with utilities

Project Review Board

Senior Managment From \ .
Senior Managment From: * Project management and integration

B Bonneville Power Administration

= DOE reporting and financial track ing ® Public outreach and communication

Provide strategic guidance
+ Federal funds management

Battelle PNWD # Lead research, analysis, and results

M 11 utilities (and University of peseaton o o

* Research and infrastructure design

* Integrate BPA operating units

= Coordinate with Battelle on

= Administer contracts cost-benefit analysis
. . U!ill!:y Subproject * Manage project level infrastructure team
Participants BONNEVILLE
a S I n g 0 n a n e I r Ve n O rS * Administer project management plan
Project-Level and configuration management plan

Infrastructure Participants

) i Batielie

y 4 x
The Business of Innovation

M 5 technology infrastructure
partners
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Project-Level
Infrastructure Participants

* Design and instal
project level infrastructure

* DOE reporting through Battelle

55 3TIER ALSTOM o

NEFTEZZA

& auaiityt g

Utility Subproject
Participants

* Design and install
utility site specific infrastructure

» Collect and share data

= DOE reporting through Battelle

Alwista aﬁﬂ
WR Flathead Electric
T statio Psts Powor Mmrﬁ,

Nlfoerfreewaler NorthWestern

ks Lisht O /P;:ompmm

Peniniuto Light Ca ~ F
G Seattle Clty Light W dinsnindton
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Project Basics

Operational objectives

m Manage peak demand

m Facilitate renewable
resources

m Address constrained
resources

B Improve system
reliability and
efficiency

m Select economical
resources (optimize
the system)

SITE DISTRIBUTION DISTRIBUTION
LOADS SITES TRANSFORMER SUBSTATION TRANSMISSION GENERATION

\id -
| E ﬁT =
/ .
- '- A
| a“a — @T |
3
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STATUS AND OPPORTUNITIES

—

Aggregation of Power and Signals Occurs
Through a Hierarchy of Interfaces
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What is it?
— Transactive control is a distributed method for coordinating responsive grid
assets wherever they may reside in the power system.
Incentive and feedback signals
— The incentive signal sends a synthetic price forecast to electricity assets
— The feedback signal sends a consumption pattern in response to the incentive.

Upstream Downstream
(toward generation) (toward demand)
. Modified
Incentive .
R Incentive
Signal Signal
Modified Feedback
Feedback .
Signal Signal




16

S

An Incentive Signal P ART CRID

DEMONSTRATION PROJECT

Predict and share a dynamic, price-like signal—the unit cost of
energy needed to supply demand at this node using the least costly
local generation resources and imported energy. May include

— Fuel cost (consider wind vs. fossil vs. hydropower generation)

— Amortized infrastructure cost

— Cost impacts of capacity constraints

— Existing costs from rates, markets, demand charges, etc.

— Green preferences?

— Profirt?

— FEtc. Example “Resource Functions”: Wind farm, fossil
generation, hydropower, demand charges,
transmission constraint, infrastructure, transactive
energy, imported energy
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A Feedback Signal SRS
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Predict and send dynamic feedback signal—power predicted
between this node and a neighbor node based on local price-like
signal and other local conditions. May include

— Inelastic and elastic load components

— Weather impacts (e.g., ambient temperature, wind, insolation)

— Occupancy impacts

— Energy storage control = —
Example "Load Functions :

— Local practices, policies, and preferences Battery storage, bulk

inelastic load, building
thermostats, water heaters,
— Customer preferences dynamic voltage control,

— Predicted behavioral responses (e.g., to portals ot HP—’B%%&”d]Qﬂlﬁﬂiplays

— Real-time, time-of-use, or event-driven demand responses alike

— Effects of demand response actions

— Distributed generation

17
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Transactive Node Inputs & Outputs A

Input
Incentive Signal Series

Qutput
> Incentive Signal Series

Supply Node
r1| f{L: L) // >

O i

-\ .

T @{E
J | AL, .. |

l

=

.

L *
Output
Load Estimate Series \
4%
Load Estimate Series

Supply Control Local Situational
Signals Information

7

The system is distributed, predictive, scalable, and
its signals track the energy that it represents.

18
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Simple Example - Local Electric Vehicle
Charging e

* Imagine the following situation:

— Three neighbors with electric vehicles and different charging strategies

— All three fed by same distribution transformer
— All three come home and want to do a fast charge at the same time!

* Problem — transformer is overloaded if all three fast charge at
the same time

* Transactive control solution —
— Transformer sees in feedback signal that all three plan to fast charge

— Transformer raises value of incentive signal during planned charging
time to reflect decreased transformer life

— Smart chargers and transformer “negotiate” through TIS and TFS until
an acceptable solution is found

20
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Our Example P ART CRID

House 1: House 2: House 3:
I'm flexible | want it now!  I'm a bargain hunter
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Start — house loads R PeficNorthwest
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esswTotal Load (kW)
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House 1 plan revealed

Kilowatts

70

60

50

30

esmmHousel-1 (kW)
es=»Total Load (kW)

esmwTransformer Limit (kW)

e T|S-1 ($/kWh)

20 +

10

Time of Day

$0.200
$0.180
$0.160
$0.140
$0.120
$0.100
$0.080
$0.060
$0.040
$0.020

$0.000

$/Kilowatt-hour
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House 2 plan revealed

Kilowatts
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Y
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House 3 plan revealed

Kilowatts
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TIS changed in response
plans

to charging

$$9!

70
/ emmmHousel-4 (kW)
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House 1 responds to TIS change PR
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House 1:
I’m flexible
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House 3 responds to TIS change - shift PaciChCHeS
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House 3:
I’'m a bargain hunter
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TIS responds to new plans —agreement G
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House 2:

| want it now!

| didn’t make any change.
| will pay the higher price.

70 $0.200
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NW Region “Influence Map”--Topology et Negthwes

SMART GRID
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Cut Plane

Flowgate

| Re ras
31 Boufidary 17 August 2010
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Regional Modeling P ONART GRID

Alstom MMS

BPA
Load Forecast

Future state Transmission Zone

Generation Schedules Estimationby  TC Node Inputs
optimization

Outages

ation

Gen. schedules
Load forecasts

Alstom EMS

32
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Project Nodes PacEoNer s
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Alstom Grid Models

“Local Conditions” for
Transmission Zone Nodes

Transmission Transmission Zone
eoo Zone 5 Node ooe 14 Node
TIS — down arrow

. TFS —up arrow 5 5

Portland Lower Valley Idaho Falls
General Node Node Node

Lower Valley Idaho Falls
Asset System(s) Asset System(s)

Asset system input —
down arrow

Salem Site Local inputs — up

Asset Systems BCHAY
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Formalizing Transactive Control e

* A formal model of transactive control has been designed with
the following features:
— Scalable
— Algorithmic
— Support for interoperability
* A standardized approach is being promoted through design
and implementation of a toolkit
— Well defined interfaces for utility asset systems

— Simple, common, algorithms for updating transactive signals and
determining “control” signals to responsive asset systems

34
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Project Objectives P ONART GRID
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Lay the foundation for

a regional Smart Grid for interoperable

Smart Grid

Measure and
validate costs and
benefits

Integrate renewable
Energy

Develop and validate two-
36 way communication
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Subproject Test Case Summary Pacific Northwest
Transactive Conservation
Control Reliability [Efficiency Social Totals

Avista Utilities 4 3 5 3 15
Benton PUD 1 1 1 0 3
City of Ellensburg 1 0 8 0 9
Flathead Electric 6 2 0 0 8
Idaho Falls Power 8 2 3 3 16
Lower Valley Energy 3 2 6 1 12
Milton-Freewater 3 0 0 0 3
NorthWestern Energy 4 1 3 1 9
Peninsula Light 2 1 1 0 4
Portland General

Electric 4 1 1 2 8
UW/Seattle City Light 5 0 3 0 8
Totals 41 13 31 10 95
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2013 2014 2015
Phase 4 -
Phase 1 - Phase 2 - Detailed Design; Subproject and - Technical
Concept Design Project-level Infrastructure Installation, c;?::;;’;?;ﬁ:fe Eﬁlglgzhg:id Reporting
and Baseline | Testing, and Implementation; and Test Case Rele::es: and

Functionality Design Project

Closeout
| :

Objective 1: Create foundation of a sustainable regional
smart grid

Objective 2: Develop an interoperable communication
and control infrastructure

Objective 3: Measure and

validate smart grid cost and benefit

Objective 4: Contribute to the development of standards for transactive control

Objective 5: Integrate with renewable resources in the region

38
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* Opportunity to leverage smart grid assets installed by regional
utilities using an innovative incentive structure

* Extend and validate the concepts demonstrated in Oly-Pen
project
— Flexible approach to integrating BPA’s and Utilities’ operational objectives
and I'CSpOﬂSiVC Iresources

— Standardized, interoperable approach to facilitate broad application

* Prove and refine the transactive approach
— Gather regional cost-benefit information

— Understand scale-up challenges and opportunities

* Continue the region’s legacy of national leadership in power
system innovation

39
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* At the end of the demo project:

— ~ 100 Megawatts of distributed responsive assets engaged

— Transactive control validated as a means of balancing intermittent
renewable resources

— Base of smart grid equipment installed at 11 utilities

* Beyond the demo project
— Scale up to engage additional responsive assets
— 'Transition from R&D to operations
— Operationalize for balancing authorities (regional value)

— Further deployment with energy service providers to enhance value to
their operations (local value)

40
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* Acknowledgment: "This material is based upon work supported by
the Department of Energy under Award Number DE-OE0000190.”

e Disclaimer: "This report was prepared as an account of work
sponsored by an agency of the United States Government. Neither
the United States Government nor any agency thereof, nor any of
their employees, makes any warranty, express or implied, or
assumes any legal liability or responsibility for the accuracy,
completeness, or usefulness of any information, apparatus, product,
or process disclosed, or represents that its use would not infringe
privately owned rights. Reference herein to any specific commercial
product, process, or service by trade name, trademark,
manufacturer, or otherwise does not necessarily constitute or imply
its endorsement, recommendation, or favoring by the United States
Government or any agency thereof. The views and opinions of
authors expressed herein do not necessarily state or reflect those of
the United States Government or any agency thereof.”
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For further information FacChC s

Dr. Ron Melton
ron.melton@battelle.org

509-372-6777

www.pnwsmartgrid.org

— “Annual Report”
— Quarterly newsletters
— Participant summaries

— Background on technology

42
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