;y‘,OAK RIDGE

- National Laboratory

Ongoing VOLTTRON Projects at OOK R|dge
National Laboratory

10y
6116101611 %
XQlQXQLXDQXSESX —Sloggy
lel&%lxslulaxsqu(\ry

\XQXQ&Q&XQ&Q\Q&

Michael Starke, PhD

Electric Energy Systems Integration Group

Oak Ridge National Laboratory

ORNL is managed by UT-Battelle, LLC for the US Department of Energy # 2% U.8. DEPARTMENT OF

(v ENERGY




VOLTTRON Implementation

° ProjecTs: Ar’ri_ﬁciol Clouc! In’remefr_
Inteligence Computing Connectivity

— Utilized as software layers to
support power electronic @
integration and intelligence.

— Used to perform neighborhood \
level optimization and control.
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« Primary Applications: ,g: \/‘;\
— Inter/external communication of 7 |
systems NN )
— Provides agent platform for ~
multiple parallel program
operations
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Neighborhood Projects N

Southern Company: -
Utility provider, host of developed Southern
software, API developer, historian. Company

Alabama Power:
Centralized
Rheem: Water Heater
1'4: H!.. “

and Device API provider

Carrier: HVAC and L Carrier
Device API provider

MICROGRID:
Samsung: Energy
Storage
PowerSecure: Power
Electronics and

Integration
ORNL.: Microgrid gi%{GE

CO ntro I I er National Laboratory

PowerSecure
I

O Oak Ridge National Laboratory:
AK Transactive platform architect,
RIDGE

optimization, data evaluator, dashboard
National Laboratory

Georgia Power:
Decentralized
AoSmith: Water Heater

provider @Smlth@ @

SkyCentrics: Water Heater ;
AP LENNOX ), LG Chem
K ecobee

Lennox: HVAC provider

Ecobee: HVAC API

provider oo,
Delta: Power Electronics  SkyCentrics

System and API

LG Chem: Energy Storage A
NELTA

QJ/ eMotorWerks

Provider
An Enel Group Company

eMotor Works: EV
Charger




Connected Communities in Alabama

Alabama Power:

Alabama Power:

Neighborhood

Alabama Power:
Microgrid

PV System: 420kW

Energy Storage System: 250kW, 681kWh
Generator: 400kW

Timeline

October 2017: Construction began

December 2017: Entire Microgrid Completed
May 2018: Entire Neighborhood Completed

Auqgust 2018: Deployment of Full
Neighborhood Water Heater Control

October 2018: Deployment of Full
Neighborhood HVAC Control

November 2018: Integration of CSEISMIC
Price Signal as Driver

February 2019: Started running alternating on
and off weekly against different study use
cases.

OAK RIDGE
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Approach: General Transactive (Alabama Centralized)

« Microgrid controller and
VOLTTRON ‘negotiate/transact’
a load/price

« Microgrid controller optimizes
resources and creates 24-hour
pricing offer.

 VOLITTRON allocates price
signals to resources (loads)
which optimize and provide
total load projection
» This process iterates until
Microgrid conftroller meefs REF: M. Starke, J. Munk, H. Zandi, T. Kuruganti, H. Buckberry, J. Hall, J. Leverette, *Agent-
Based System for Transactive Control of Smart Residential Neighborhoods,” IEEE Power and

miﬂimU M CO I’Wel’geﬂce Energy General Meeting, 2019.
criteria.

Optimize Optimize
Price Signal A/B/C Price Signal A/B/C

_Acceptance_ _ _ _
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Approach — Agent Framework (Alabama, Cenftralized)

Agent based framework to support autonomous
Integration and negotiation of load resources with a
microgrid controller.

| Agemt [ Pupose |

Service-Bus
redentials, APl Signi

Credentials
| Aggregator (Cloud VM) |\—/\_/\=—/I

ISON AGENT

Service-Bus
fredentials, APl Sign
redentials, CPR

Single Home (Cloud VM) |

Home Interface Data Pass through and collector of optimization and AGENT WH
electrical consumption projections for Aggregator m‘i‘f'{'?p - SiekdinlF<l
} ce
agent -

AGENT
Visualization

f )

(owz) g3l

HVAC Interface Translates HVAC decisions and status to vendor API
. . AGENT Home

Water Heater Interface Translates Water Heater decisions and status to vendor Microgrid DT A(_EENT ) Interface

LHosHIu Aggregator = —

API Interface AGENT

HVAC Optimizer Utilizes building specifications, forecasted weather Learning
o e . Interface
data, building parameter data, price forecast, and
HVAC status data to optimally schedule HYAC and
provide expected electrical consumption.

.

Water Heater Optimizer Utilizes predicted water consumption, price forecast,
and Water Heater status data to optimally schedule Hot Water
Water Heater and provide expected electrical Predictor
consumption.

SoColnterface Pulls data from Southern Company APl which includes Building
weather, building specifications, historical load LIS ¢
measurements by circuit, device credentials, and
historical data. HP;::: ‘E;?‘.Ii and
Utilizes data collected from SoCo stored data to _
perform predictions on hot water usage, internal heat ] ?I';‘? SE‘TF',ICSF.’R'.
loads, building parameters, etc. e e

REF: Helia Zandi, Michael Starke, Jeffrey Munk, Teja Kuruganti, James Leverette and Jens Gregor, “An Automatic Learning
Framework for Smart Residential Communities,” 3rd International Conference on Smart Grid and Smart Cities, June 2019

OAK R REF: M. Starke, J. Munk, H. Zandi, T. Kuruganti, H. Buckberry, J. Hall, J. Leverette, “*Agent-Based System for Transactive Control of Smart
% AK RIDGE  paiqential Neighborhoods,” IEEE Power and Energy General Meeting, 2019.
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b398b - Iteration 659 - Mode Heat Pump - Override False
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Power Electronic System Layers

Responsible for actuating the

Gate Driver j
semiconductors

Utilizes local measurements
and input from computation
node to issue reference
signals; responsible for
synchronization, control, and
automatic fault detection.

ORNL-Developed
Universal Inverter Interface

Signal Processor

i Decision making for overall
ORNL-Developed Computational Node converter functionality
Commercialized DSP . .

based on ouftside inpuft;

Controller Employing
Ethernet Port

S_QOAK RIDGE
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Computer Layer (Agent Framework)

SOURCELOAD INTELLIGENCE

MESSAGE BUS

CONVERTER

____Agemt | Pupose

Communicates with the PEC, sends control,
receives status and data, and converts the
data to communicate over a local message
bus for sharing with other agents.

Communicates to the source or load interface,

sends conftrol, receives status and data, and
Source/lLoad .

converts the data fo communicate over a local

message bus for sharing with other agents.

Converter

-
S5

=

>

\ INTERFACE

Raspberry Pi 3

AGENT Converter

/ Interface
AGENT Interface . AGENT Intelligent

Agent Decision \
AGENT Source/
Load Interface
S_QOAK RIDGE
National Laboratory

Communicates to the outside, sends status
information, receives either control commands

Interface or tfransactive signal references, and converts
data to communicate over a local message
bus for sharing with other agents.
System Decision Making:

:  Orchestrate sub-systems

Intelligence ) ] ) . . ]
* Provide intelligent decision making
 Utilize optimization




Orchestrate Sub-systems

Physical Hardware

- Energy storage is a secondary
use system with Nissan Leaf
(Spiers New Technologies)

- Inverter (ORNL developed
inverter)

Battery System cunh
i
l! ‘

Inverter System

%OAK RIDGE

National Laboratory

_ &
ENERGY STORAGE INVERTER

SOURCE CONVERTER
AGENT AGENT

AGENT
PLATEORM
MESSAGE BUS
INTERFACE [ INTELLIGENCE —

COMPUTER

REF: M. Starke, R. Zeng, S. Zheng, M. Smith, M. Chinthavali, Z. Wang, B. Dean, L.M.
Tolbert, “A Multi-Agent System Concept for Rapid Energy Storage Development,”
IEEE Innovative Smart Grid Technologies, 2019.
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Deployment of Technology

Building
Loads -

Residential
Panel

_ Z

Disconnect Batteries
Soviteh Inverter [

INDOORS OUTDOORS

REF: Michael Starke, Madhu Chinthavali, Zeng Rong, Zheng Sheng, Steven Campbell, Mitch Smith, Ben Dean, Residential (secondary use batteries
based) energy storage system with modular software and hardware power electronic interfaces, Energy Conversion Congress and Expo, 2019.
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Added Tweaks For Economic Gains

Communication/Agent Framework Closed Loop Control to Negate
Net Load

7
!

:_ﬂ T T
\ o
T~ ack V., SOC o el VSO
! ~~ . Pack V. 5 = Pacl V. SOC Battery
1 L . i
[ = ek Siafos é 3 — Grid
] Check States 5|
< = —— Load
b fx Check Lumits Z,
EFJ m —
= = 2+ i
E z Status Status
& 2 Ptarget —_
= < =
; Pinv ) Pmeasurced Pmeasured == 1
r~ inverter = L |
= =
“ &
INVERTER AGENT PLATEFORN

(o]
Pmeter Pmeter V

0 5 10 15 20 25 30 35 40
Time (Minutes)

-
o
<
&
m
=
&

METER AGENT PLATFORM

Michael Starke, Madhu Chinthavali, Zeng Rong, Zheng Sheng, Steven Campbell, Mitch Smith, Ben Dean, Residential (secondary use batteries based)
energy storage system with modular software and hardware power electronic interfaces, Energy Conversion Congress and Expo, 2019.
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Provide intelligent decision making
Decision Making

- Allow inverter to automatically decide operational modes based on
current measured condifions.

Intelligence Layer

SOURCELOAD INTELLIGENCE MEASUREMENT DATA/
STATUS

¢ W/ F/MODE

1 e -':"."r ISLANDING CAPABILITY/
MESSAGE BUS { i S ISLANDED
| ) -. ; NO ¢ NO
INTERFACE L R FREQUENCY
4 IN RANGE
Raspberry Pi 3 ¢¥E S VES
VOLTAGE
Michael Starke, Madhu Chinthavali, Chris Winstead, Z. Sheng, Steven Campbell, IN RANGE
Rong Zeng, Teja Kuruganti, Yaosuo Xue, Chuck Thomas, Networked Control and
Optimization for Widescale Integration of Power Electronic Devices in Residential v NO l ¢ YES v
Homes, Energy Conversion Congress and Expo, 2019.
PF QvV/PV PQ ISLAND

S_QOAK RIDGE
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Provide intelligent decision making

—

4

C

i -
Eunction Role of Proposed hybrid Bl—
interface
Grid-tied Adaptive grid voltage 4 4 Grid-connected ¢jreuit Breaker
operation tracking I I I Switch S0
. - 50,
PQ/PV/FQ Power flow management Y 1 t ="
R I TS
Islanding . . T = Cr a
operation Reconstruct a virtual grid 250V ;;gcur- T wj _
Anti-islanding |Seamless mode transfer 1 1 Fuse i&ﬂh\:“[:g?_:m
i i i i _ 60A 20V/60Hz
protection through islanding detection AC Load
Fault ride (1207300 W)
through Fault tolerant control
Voltage Drop Causes Automatic Change in Mode: Frequency Increase Causes Automatic Change in Mode:
Transition from PQ to QV (automatically increases power) Transition from PQ to PF (automatically decreases power)
TekpPrevu [ 4+ 1 | Tek Prevu [ [ : : = |
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Michael Starke, Madhu Chinthavali, Chris Winstead, Z. Sheng, Steven Campbell, Rong Zeng, Teja Kuruganti, Yaosuo Xue, Chuck Thomas, Networked
Control and Optimization for Widescale Integration of Power Electronic Devices in Residential Homes, Energy Conversion Congress and Expo, 2019.
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Utilize Optimization: Economic / Transactive Capabillifies
Objective

AGENT Converter

min(Wp Xi-o Pe> * pr + Wsoc Lt=o SOCH™))

/ Interface
AGENT Interface - AGENT Intelligent

Agent Decision \ .
AGENT Source Constraints

Load Interface
SOC,,, = SOC, + (Pt n—-—L Ploss) At/E,
Battery Model

Intelligence Layer:.
- Optimization of asset against

economic signal. Prinbt < P{ < Braxbg Power limits for
Optimize P4 bt < p? <pd, b battery system
_Price Signal___ Binary

il teration _ _ _ _ c d < _
SRl Accertence_ I by + by <1 charge/discharge
§ %ﬁ Optimize SOCtaux 2 O |
Rl Load Signal A/B/C _ IS L Soft constraints for
O eration______ > SO0C™ 2 50C; —S0Cmax  state of charge

-
fu
O

SOCAY* > SOC,piy — SOC,

s_QOAK RIDGE

National Laboratory




System Setup and Demonstration

IPrice Signal, Iteration |

. [ENERGY STORAGE SYSTEM |
Demonstration Setup : Adjust price Signal

« Used Models to perform
long-runs.

« Agent Framework does not
change from hardware
implementation.

¢ DOTG iS nged GT The Server- Response Bid, Iteration, ES Capacity ]
(All ES data is also posted to
the server along with

transactive negofiation). ¢ ot () M

Price Signal = OB e Energy
(Master) Server \’ Storage

Simulation

- — — —

MASTER CONTROLLER

(INVERTER)

Simulation

CONVERTER

% OAK RIDGE saL
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Transactive Energy Storage System

) __0.20
Results: E oas
« Energy storage system self £ 0.16 |
optimizes to dispatch £ 0.1
according to economic S o012
signal. 3 0.10
15 20 25 30 35 40
Hour
4000+ \ Dlscharging
2000 - oystom
= 0
8 Charging
—2000 1 Battery
System
—4000 -
15 20 25 30 35 40
Hour
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Questions?e

Michael Starke, PhD
Electric Energy Systems Integration Group
starkemr@ornl.gov
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