Transactive Controls R&D (Tx-R&D)

Holistic Thinking with Control of Sources to Loads...
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Building to Grid (B2G) is one facet of Tx-R&D

Transactive Controls R&D funding represents an opportunity for BTO’s B2G
program to...

Fully realize whole buildings & Connected Equipment are assets that can
benefit the grid but that will scale at different rates and through different
drivers (and to contribute to GMLC where applicable);

Extend applicable outcomes from a comprehensive Building
Sensors & Controls Roadmap, AOP funding, & merit review

Maintain “no regrets,” but focus BTO activities beyond the meter

- New and existing EE funds are part of but not the entire integrated solution
— focus on system efficiency, operational efficiency and energy market
services that benefit the owner/operator.

- GMLC focuses on grid & energy service apps.

BTO Tx-R&D projects must...

Understand, evaluate, & unlock the characteristics of whole buildings &
Connected Equipment that provide all services/benefits/functionalities.

Balance these B2G characteristics with other EE & RE technologies.

Always be mindful that Connected Equipment can impact ongoing

regulatory issues.
U.S. DEPARTMENT OF Energy Efficiency &
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B2G Definitions (1)

These B2G terms have been established in BTO’s public meetings & reference

documents (through review and comment): “Value” is allocated
. . . . & can be based on
e Transaction — The negotiated exchange of products, services, and rights non-energy criteria

within a structured or unstructured market that enables allocation of expressed as price

. i.e. “green-ness”
value among all parties involved (known as settlement).Transaction require the (ie.g

of the power, asset
exchange of the ...

valuation, comfort,
e Physical (in our case, Energy + Information) etc).

e Logical (in our case, controls or control systems that act on information)
* Financial (in our case, a price to determine value to users)

What we believe in... the Opportunity for Buildings Understanding the Problem
*  Buildings have a large role in helping to enhance grid reliability and . . .

enabling the rapid integration of Renewable Energy and Storage. The lack of ability to transact energy related services with other

BUT buildings or entities (other than the IS0/Utility) impedes
o ha — v with distri

*  Buildings today are limited by existing controls systems that can't easily fnancia mr::';:':::: ;TLEE'"'“E;EE ;Dnt:ju;:;f:l'; distributed

transact at the speed or scale that is required by the grid BY BE.

= High cost to “get it right” with existing technology and economics

*  Currently, facilities are forced to use, store, or (if generating RE) directly
= Currently only implemented in large buildings sellback to the wutility — this maded has financial and physical limitations.

- Components are emerging with greater capabilities of control
* There is currently imited ability or market to share perfarmance information
or transact load//energy services with other surrounding buildings or

*  Building selutions must "think across the meter” surrounding loads (i.e chillers, EV charging stations, elc.),

— Energy Efficiency is at the core, but there are additional value streams i o / i fall ionall ted

§ * erefore, the ownersfoperators aren’t financially or operationally motiv
0/from third party sntrepreneurs to act outside of simply taking advantage of Utility sponsored incentive
— Better control of loads have other benefits programs.
rog
* Thinking Differently will unlock new value streams...
ENERGY s s ' ENERGY iooa e

Fundamentally, to enable transactions we must

commingle energy + information and assign value. ENERCY Cheroy Efficiency &
g gy 9 ENERGY Renewable Energy



Example Opportunity:

- Value of transactive controls on
aggregated rooftop air-conditioning
units on a peak summer day

Fundamentally, to enable transactions we must
commingle energy + information and assign value.



Example Opportunity:

- Value of transactive controls on
aggregated rooftop air-conditioning
units on a peak summer day

ISO communicates that
price is about to increase
from S0.1/KWH to
S1.0/KWH unless 100 MW is
removed from the system.

Fundamentally, to enable transactions we must
commingle energy + information and assign value.



Example Opportunity:

- Value of transactive controls on
aggregated rooftop air-conditioning
units on a peak summer day
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I’m a hotel with a big conference
underway. | need maximum
cooling for my building. I'm
looking to buy your additional
i [oad reduction to avoid price
™ increases.

Fundamentally, to enable transactions we must
commingle energy + information and assign value.



Example Opportunity:

- Value of transactive controls on
aggregated rooftop air-conditioning
units on a peak summer day

I’'m a big box store, with variable speed fans on
my RTUs, and | can run those fans at
somewhat lower speeds for 10 minutes and
“sell” you the load reduction. It will make no
noticeable difference to my customers, and |

can make some money (part of the price
increase the other customer is avoiding).

Fundamentally, to enable transactions we must
commingle energy + information and assign value.



Example Opportunity:

Value of transactive controls on
aggregated rooftop air-conditioning

units on a peak summer day
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(i\x A~ ¢ .

o,

But to reach 100MW, negotiating and controlling across a few RTUs in a few buildings won’t
realize an impact.

However, if all the RTUs in a service territory -- across the national accounts AND the independents
-- could autonomously and automatically aggregate to deliver a solution for the utility, the system
would be optimized and building owners/operators would realize energy and cost savings.

If only the controllers could systematically communicate, transact, and settle amongst
themselves. These solutions are beyond simple Demand Response because they inherently
understand, value, and can act for the owner’s operational needs while simultaneously optimizing
to help the grid.

How can DOE enable this “transaction”-based

¥ ccosystem between end uses and utilities?
: \v e




B2G Definitions (2)

These B2G terms have been established in BTO’s public meetings & reference Fundamental

documents (through review and comment): f;p';,_f:ﬁfh;m,d

within buildings to

. . take advantage of
e Transaction Based Controls — controls that exchange, negotiate, & respond s cbisa ?

to information through information and communication technologies (ICT). ecosystem. “No
—  Most common signal is economics based: “price.” Regrets to EE.”

— Needs advancements in fundamental sensors & controls — like plug-n-play, FDD, auto-mapping,
etc.
Core Controls

e Transactional Platform — a software platform (e.g. ICT & related physical Slatiorm) ihat

hardware) that allow applications to be programmed and negotiate/act on supports whole
the exchange of information. buildings,
— VOLTTRON is fully supported throughout DOE (OE, EERE, others) & is open source. 325:::&;3:‘ be
* Transactive Energy - techniques for managing the generation, consumption applied anywhere.
or flow of electric power within an electric power system through the use
of economic (or market-based) constructs while considering grid reliability Fundamentally
constraints. (GWAC) supports grid &

energy market

— The term “transactive” comes from considering that decisions are made based on a value to :
8 service benefits.

the parties involved. The decisions may be analogous to (or literally) economic transactions.

May opt out of “No
* Transactive Devices or Connected Equipment — consumer products with Regrets to EE” to

ICT that enable them to be exercised through transactions — without LA

Efficiency.”

boundaries.

— Available technologies are typically proprietary (e.g. vendor specific ICT)
U.S. DEPARTMENT OF Energy EffICIenCy &

ENERGY Renewable Energy



B2G Definitions (3)

e Transactive Buildings — buildings that can dynamically respond to
signals or messages from entities outside the building.

— Can provide a measurable response to entities outside the building through the
utilization of building located loads.

— Self-aware (continuously aware of building state such that availability can be
quantified) and continuously interacting with the larger systems they are a part
(e.g. campuses, grid, etc.)

e through ICT, negotiations, etc.

Transactive Equipment and Transactive Buildings are assets to the grid

but will scale at different rates and through different drivers thereby

presenting a range of solutions:

v/ Existing building transactions include Demand Response (DR) triggered
through Automated-DR messaging;

v' “Clunky,” limited transactions could be in the form of existing Building
Automation Systems (BAS) control (until transaction based controls
proliferate into whole buildings);

v' Portfolio-based control of transactive equipment located throughout
distribution feeder (distributed devices across time and spatial boundaries);

10

 Transactive Campuses are the physical locations of fully integrated
collections of transactive equipment, buildings, and other EERE.

— Transactive locations can deliver energy market and grid services
through the management/ interactions of installed assets, .
U.S. DEPARTMENT OF Energy Eﬂ:ICIenCy &

devices, and loads. ENERGY Renewable Energy



Building Controls & Transactive Controls/Energy

B2G: Transactive Controls & Controls for Transactive Energy need...

Transactive En ergy Have ties to external nodes to affect
(across the meter, two way energy/irfformation flows) M Elaeny

S

Cyber-secure Transactional Platform,
Applications that transact Services

{3: (Gnd, Energy Market, Consumer &
_ | y Societal)
0 IR S L) o S Valuation from the utiity to consumer
- Volttron spectrums

ET Transactive Controls R&D
(FY16 line item), GMLC EERE

ot
Y
v
. Specific Funds (EERE FY17)
Controls for Building Efficiency need...
C} * Inner building communication

mechanisms & Interoperability
Algonthm to optimize energy use for the
consumer anly

Valuation from the owner/operate to

Interoperable Building recoup the investment to realize energy
efficiency/savings

Control Systems

T Have ties to intemal systems dnve

bulding efficiency

Interoperable,

connected equipment ET Sensors & Controls subprogram,

RBI and CBI R&D/T2M

Control for Building Efficiency us oEPaRTMENTOF | Energy Efficiency &
11 (within the customer side of the fence) ENERGY Renewable Energy
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SmartGridNews.co.

Get Smart Grid News Updates
News & Analysis for the modernization and automation of electric power Twitter | T R T i Email Address >

Home News Projects Business T&D End Use Technologies Key Players Store Extra

Feature Aricle

Want to get started on transactive energy and LATEST STORIES
nanogrids? Steal this government software Want to get started on transactive energy
Julao, 2014 B Talk Back & Free Alerts £ More On This Topic SHARE =

and nanogrids? Steal this government
software

A grid management solution for today's grid >>

How to keep your smart meters safe from
attack (and not just cyber-attacks)
Thwarting the dangars >>

Smart grid technology roundup: What's
new in metering, analytics and more
New developments in smart grid tech >>

]

;E‘ |

Jui
Jo
HOT TOPICS
. . A, Now utilities can tell customers how
Quick Take: We've been talking for years abouf the need fo move sensing, infelligence and much energy each appliance uses (just
control to the edges of the grid. A centralized approach simply can't achieve the visibility and from the smart meter data)
response time needed in a world where everything is connected. The next step for smart meters? >>

Utilities: If you think solar rooftops are a
pain, wait until solar streets get here
transactive energy lets devices publish their power needs and prioritization. Fine in theory, but Mow In second prototype stage »»

how do you put that info practice?

More recently, we've been talking about transactive energy as a solution. Essentially,

What the race to eontrol the home means

http://www.smartgridnews.com/artman/publish/Delivery Grid Optimization/Want-to-get-started-
on-transactive-energy-and-nanogrids-Steal-this-government-software-6665.html#.U91gCGRdXRc




VOLTTRON Gaining Research Acceptance & Increasing
Commercial Interest

A National User Community Commercial Users

@ transformativewave
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Scalable Transaction Based Controls

Connected Equipment
performs primary functions
as we holistically think
“from sources to loads:”

e SUPPLY (+) - generate power to avoid, minimize,
or shift larger system distortions = FC, PV, Wind,
etc.

e CONSUME (-) —regulate, change, or alternate
operation to optimize or reduce large system
distortions = End use loads

*  REGULATE (rate) - transfers loads between two or
more devices to optimize the larger electricity
system = Transformers, economic dispatch,
dynamic management of loads and generation,
etc.

e  STORE (time) — applications of those functions
necessary to store or stage energy - Batteries,
Virtual Batteries, and thermal storage.

Note: Fundamentally this coordination is beyond one building, and per
building implementation will be custom without fundamental Sensor &
Control (S&C) solution development (e.g. plug-n-play, auto-mapping, auto-
tuning, auto-Cx, auto-etc).

Research, Development and Deployment

EE & RE Grid Integration Spectrums
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Apps, apps, and more apps!!!
Applications using the VOLTTRON platform
help both large and small companies to
develop new solutions, or improve existing
ones, and drive them into the market.




Buildings as an Energy System Asset: Principles (2)

e Connected Equipment must perform those functions while
understanding/monetizing performance losses, lifetime, maintenance,
and service levels potentially over vast time- and spatial-considerations
(similar in concept to “locational marginal pricing”).

— BTO must identify core transactive functions.

— BTO must support the development of transactive energy apps that demonstrate the
transactive functions.

— BTO must work with industry or with stakeholdersidentify, monetize, and demonstrate
value of transactive energy.

e Concurrently, BTO must develop the financial energy
components in coordination with OE & GMLC to .
scale the transactive energy market: ™ ' y 7=

— Financial Settlement Reference Document
(ANL funded in FY14-15)

— Valuation of Transactive Energy
(OE-BTO PNNL funded in FY15-16)

— Market Structures (GMLC?)

U.S. DEPARTMENT OF Energy Eﬁiciency &

ENERGY Renewable Energy
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Buildings as an Energy System Asset: Foundational Items

e BTO must integrate the Connected Equipment cross cut initiatives into the

GMLC so that the BTO defined methods can be scaled across all EE & RE
technologies — as well as be better recognized by OE & their stakeholders.

— Interoperability — EERE should roll up their activities in terms of defining a
roadmap & action plan.

e DOE must collaborate with utilities, other agencies (e.g. NIST, ANSI), and
manufacturers to define a unified plan that can realize results.

— Characterization — from defining frameworks to writing protocols this work
must be scaled across the diversity of EE & RE technologies and with the
representative stakeholders.

e DOE must also understand that each technology is at a different stage with different
stakeholder structures — this diversity must be mapped across DOE.

e DOE must also consider its role in terms of working with utilities to define unified
models that align with the characterization results.

— Cyber Security — buildings and end-uses must be incorporated into OE’s cyber
activities. U.s. DEPARTMENT OF | Engrgy Efficiency &

ENERGY Renewable Energy
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Transactive Controls R&D FY16 Portfolio

PNNL and ORNL are BTO'’s core labs with nationally recognized capabilities in
sensors, controls, and transactive controls/energy.

Tx-R&D at PNNL:

Virtual Batteries

Economic Dispatch

Transformers

Volttron Support to GMLC (and NW Connected Accelerator)

Tx-R&D at ORNL:

Connected Loads
Hybrid Inverters
Connected Homes

Enabling Tx-R&D:

Universal Message Bus (SLAC)

CE 2045 Connector (ORNL)

Mini-split Controller (ORNL, DOE International)
Microgrid controller (LBNL)

Tx-R&D-Campus Project

WA State (OE, BTO, PNNL)

WA State extension at CWU (FY16 Q4) & UTSA
(FY16 Q4) (OE, BTO, PNNL)

Connected Neighborhood with Southern (BTO, ORNL)

All projects were peer reviewed under the

GMLC process across EERE and OE.

Foundational/Cross Cutting

—  Cyber Security = BS-C2M2, Integration into
FEDs, Cyber Security BS-Framework, DOD, DOS
— Interoperability = BTO Vision

—  Characterization = ASRAC Grid Connected
Equipment, Maturity Model, Assistance to
other trade groups

Building Innovators (as applied to
Volttron)

DOE Announces New Projects to Modernize America’s
Electric Grid 1/14/16.

“Today, U.S. Department of Energy Secretary Ernest Moniz
announced up to $220 million in new funding for a
consortium of DOE national laboratories and partners to
support critical research and development over the next
three years to help modernize our nation's electrical power
grid. The secretary also announced the release of DOE's
comprehensive new Grid Modernization Multi-Year
Program Plan (MYPP), a blueprint for the Department's
research, development, and demonstration agenda to
enable a modernized grid."




Four Categories of Exchangeable Services

e End-User Services — energy and energy-related products, services, and
rights that the end user purchases to balance and co-optimize their overall
energy costs, comfort, and convenience.

 Energy Market Services — energy and energy-related products, services,
and rights that the electric power grid offers to reflect the costs of
production and delivery of power and energy to customers in everyday
operations.

e @Grid Services — energy and energy-related products, services, and rights
that the electric power grid purchases or incentivizes because they are
required for its reliable operation.

e Societal Services —energy and energy-related products, services, and rights
that have a value agreed upon and acknowledged by society, monetized by
a governing entity, with benefits provided to all involved or affected
parties.

Source: Transaction-Based Building Controls Framework, Volume 1: Reference
Guide http://www.pnnl.gov/main/publications/external/technical reports/PNNL-

23302.pdf

U.S. DEPARTMENT OF Energy Efficiency &

ENERGY Renewable Energy
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