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Meeting Objectives/Background

On behalf of DOE/BTO, PNNL held the meetings to:

Increase awareness of VOLTTRON and the Transactional
Network concept by convening stakeholders - including
industry members, researchers, software developers and
practitioners - to build a community of early adopters.

Present overview and current/future applications of
VOLTTRON, outline use cases, and showcase its potential to
address several optimizations, such as buildings’ energy
efficiency, EV charging, and renewables integration.

Get frank feedback from VOLTTRON users on strengths and

weakness of the platform.
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Meeting Agenda — July 23

e DOE/BTO Purpose and Context

 Motivation for Transaction-Based Reference Platform
e VOLTTRON Introduction /History

e VOLTTRON Technical Overview/Features

Developing Applications of VOLTTRON: Experience and Lessons
Learned

e ORNL - Use of VOLTTRON Platform for Advanced Control of
Building Equipment

e LBNL - Using VOLTTRON Platform for Measuring Savings/Fault
Detection in Lighting Systems

e PNNL - Experience in Developing Apps/Agents for VOLTTRON
Platform

e VA Tech - VOLTTRON as Platform for Building Energy

Management Open Source (BEMOSS) Appus oeeasruent or | Eneray Efficienc
g p ppENERGY II:E%enegv%aiflfe Enerés



Meeting Agenda — July 24

e VOLTTRON Development Primer: How to create an
application, how to use services

e Demonstration: Virginia Tech Operating System (OS) built on
VOLTTRON for Energy Management in Buildings

e A Community of VOLTTRON Users: An Introduction

e A Community of VOLTTRON Users: Suggestions for
Development

e The Case Western Reserve University Campus Grid

e Suggestions for DOE/BTO Proposed Future Development and
Commercialization of VOLTTRON Platform
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Industry and Academic Participants
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Key Meeting Takeaways - Programmatic

1. Need to increase VOLTTRON outreach efforts

a. |EEE and ACM (Virginia Tech Professor S. Rahman offered to host Volttron
session at Feb IEEE meeting in DC if desired by DOE)

b. Sponsor Annual User Development meeting piggybacking on existing
meetings/conferences

2. Need detailed roadmap for VOLTTRON development, with public input

3. Need to present a straw man for VOLTTRON community structure, and then
get public input on it.

4. Need to define scope of VOLTTRON Nation. Is it very broad (Transactive
Energy), narrower (Buildings to Grid) or narrower still (Building Controls).

5. Need to quantify the potential economic value (business case) of services
VOLTTRON would create

6. DOE should always support foundational development but industry will
drive future enhancements and specialized/proprietary agents

7. Clarify VOLTTRON licensing models. DOE intent is open source.

8. Need VOLTTRON security enhancement plan (Agent-to-agent security as
they are added; Consider how/where implemente% ocearTenT 0 | Enaray Efficiency &
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http://sites.ieee.org/isgt2013/

Key Meeting Takeaways — Technical (1 of 2)

1. VOLTTRON has been developed to be very general-purpose, but standards
would help application developers. Some of these standards may fall out of
other ongoing research. Including apps to platform services, app to app, and
common data/representation models.

2. Set of simple, clear, specific agents (including a non-Python agent) which
demonstrate how to work with platform services. These agents could also
serve as templates for building more complex agents.

3. The contributed applications need more documentation to understand what
they are doing. These complex applications provide more realistic examples of
operation than the simple example agents.

4. Re-examination of publish/subscribe with a scalable methodology. As part of
this, seek comments and peer review and test alternative methods.

5. Allow agents to communicate peer-to-peer in cases where data (especially
large amounts) does not need to be shared with other agents on the message
bus.

6. Implement a Directory Service for capability discovery so that it is easier for
apps to discover devices, services, and other apps.
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Key Meeting Takeaways — Technical (2 of 2)

7. Robust developer tool suite needed
7. Unit Tests
8. Ability to easily debug agent communication

9. Library of simulated devices to facilitate running apps w/o access to real
devices

10. Algorithm Toolbox for common algorithms benefitting multiple apps

8. Provide a clear distinction between capabilities of the base platform
and applications which are built on top of it, e.g. Virginia Tech’s system.

9. There is market interest in embedding VOLTTRON in consumer
products and routers. Investigate how this might be done.

10. Determine how to distribute products built on VOLTTRON (Appstore
concept). First instance would be VA Tech OS

11. Build an automated configuration capability to enable:
7. Plug and Play

8. Auto discovery and configuration
9. Auto mapping of device points to a common data format
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Presentations at the Meeting
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DOE/BTO Purpose and Context (Hernandez, PNNL)

Technology Solution Attributes VOLTTRON™ Platform

* Open, flexible and modular software platform » VOLTTRON is a software platform for next generation distributed

* Ease of application development . . . . - .
°P ° - control applications for integrating buildings and power grid
* Interoperable across vendors and applications

*» Hides power and control system complexities from developers * Proven through simulation, prototypes and field deployments

* Object oriented, modern software development environment

* Llanguage agnostic. Does not tie the applications to a specific language such as Java

* Broad device and control systems protocols support built-in * Open-source, easy to extend, already being used by external
— ModBUS, BACNet, DNP3, and others collaborators

*  Multiple types of controllers and sensors

* Low CPU, memory and storage footprint requirements

* Flexible, modular and language-agnostic

* Maintain security and manage platform resources

+  Supports non-Intel CPUs * Services for applications to find each other
+ Secure 0%
*  Security libraries and cryptography built-in 7}1-* 3 2
* Manage applications to prevent resource exhaustion (CPU, memory, storage) | kL J 3_ g
*+ Robust against denial-of-service (e.g., does not crash when scanned via network Agent Execution Environment 2 g
o =
mapper) Capability Discovery Resource Monitoring and Control 5 Z
* Supports modern application development environments s Multi tE tion Plath =
ecure ulti-agen Xecution Flatrorm =8

Enurgy Effcinncy &
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» The group recognized challenges associated with integrating variable renewable generation with
existing control solutions

» Group acknowledged VOLTTRON solution attributes were correct if truly open-source/agent-based
» Afinancial settlement capability is an additional necessary component
» An appropriate long term management plan for software platform is critical for market adoption
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VOLTTRON Introduction & History (Haack, PNNL)

What is VOLTTRON?

» VOLTTRON is an application
platform (e.g. Android, iOS) for
distributed sensing and control
applications

» VOLTTRON is not a protocol

m A protocol, such as SEP2.0. or
OpenADR, are implemented as
applications

» VOLTTRON is not an application
such as demand response

m Demand response can be
implemented as an application on
top of VOLTTRON

» VOLTTRON is open, flexible and =
already benefits from community
support and development

wwwww
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Transactional Network

» Components

B Researcher control
algorithms

» Integrating platform for DOE funded
demonstration

m Coordinate behavior of rooftop

HVAC units B Cloud applications and
m Deploy researcher control resources
algorithms B HVAC and other appliances

m Provide single point of contact for
» Appliances
» Data historian
» External resources

» Open Source Requirement
B Re-implementation of
platform omitting patented
features

Pacific Northwest
NATIONAL LABORATORY

Proudly Operated by Battelle Since 1965

* Project History

— Started as internal PNNL R&D aimed at enabling distributed sensing and control

— Demonstrated in simulation, hardware testbed, and deployment at instrumented home
— Re-implemented and released open source for Transactional Network project

— Integrating platform for applications, devices, and remote resources

* Project Future

— Integrate PNNL IP features into current version of softwarg, ..., ruexs or
— Enhance capability of software

11
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VOLTTRON Technical Overview & Features (Carpenter, PNNL)

Platform Components Drivers

» Drivers
_________________________ - m Utilizes sMAP driver framework

Command ‘ Authentication
Module m Runs off a csv file
Comm

|
I
: m Publishes data to message bus
|
Actuator

Agent Instantiation
g and Packaging

as well as historian

m Allows applications to interact
with devices without dealing with
specific protocols

) MODBUS Actuator

> BACnet

m Configuration detection for easy
configuration file construction

» Custom driver

m Custom device interface
Pacific Northwest supported as long as it publishes Pacific Northwest
e to the message bus e m——

Drivers
- T —

W v1.2 [ v2.0 (licensed)
W v3.0 [ v3.0 (licensed)

3 Proudly Operated by Battelle Since 1965 Proudly Operated by Battelle Since 1965

Objectives
e Lower barrier of entry for app developers to work w/ devices to achieve TE goals

* Provide platform - allows apps to receive data from devices, perform analysis, and send control
signals regardless of underlying protocol used by those resources

e Utility classes and examples to ease app development

Needs

* Need standardization on data/agent communication

 Management console for ease of platform management

* Residential deployment to demonstrate capabilities Us. DEPARTMENT OF | Enargy Efficiency &
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Developing Applications of VOLTTRON: LBNL (Brown)

Integration of Volttron with Real Energy Effiiency &

Lighting Diagnostic Agent ENERGY | ronsra troy Building Lighting Control System  ENERGY  renouave energy

+ Detect faults in lighting control systems where manual or scheduled control is ransacive et _ _ _
wasting energy (e.g., lights left on at night). || . :Tsﬁtilr?g;ag;?;f;;’s‘?e'r’:]‘ilﬁrdag?;n‘;;‘c’;imal
* Suggest improvements to schedules to be_tter match lighting tc_) ocqupant needs. vt Network platiorm and.agents
* The FDD models operate on usage data like relay state, override times, prro® pecscion WO
programmed lighting schedule and lighting power load. = Bottom left and right: floor plan and
Inputs Outouts 1l 0 e m ‘ E photograph of occupied office
P R d | 2 demonstration space

3 | Building Technologies Office

» Demonstrated fault detection and diagnostics for lighting control systems
» Demonstrated automated measurement and verification in Volttron platform
» Focus on integration of Volttron with lighting systems and whole-building metering

» Offered suggestions for future transactional network improvements in standard
Interfaces to building systems and utility communications

U.S. DEPARTMENT OF Energy Efficiency &
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Developing Applications of VOLTTRON: ORNL (Kuruganti)

Application Focus

+ Develop control techniques for
reducing peak demand and improve
energy efficiency of rooftop units and
supermarket refrigeration systems and
integrate photovoltaic sources

+ Low-cost, “low-touch” retrofit of control
technology into buildings and
refrigeration systems to facilitate
transactive opportunities for energy
efficiency and with the electric grid

« Demonstrate applications using
Volttron platform

Deployment Architecture #2

W PC w/ Volttron
*  Supermarket Volttron Applications Identified

AT 1. Smart Defrost
TCP/IP. Bacnet A. Demand Response
LNl B. Intelligent Defrost
E2 RX300 (sensing, algorithms,
Controller . © etc.)
ﬁé’i’;':‘ﬁ; 2. Peak Reduction

A. Coordination of Defrost

and operation of all
cases.

B. Capacity Modulation for

Refrigeration
Equipment and Cases

Peak Reduction
3. Equipment Prognostics

¥ OAK RIDGE
National Laboratory

» Demonstrated peak reduction of multi-RTU using retrofit control app
» Prototyped demand defrost of refrigeration system
» Focus on advanced control techniques via low-touch retrofits for adding transactive

capability to building equipment

o Summarized ORNL experience re VOLTTRON plusses and minuses

14
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Developing Applications of VOLTTRON: PNNL (Katipamula)

PNNL VOLLTTRON Applications

» Demand Response Agent

m Make rooftop units (RTUs) grid
responsive

» Automatically Detect and ’_L

Diagnose Faults for RTUs

m Detect economizer and ventilation
failures as they occur and notify building
operator to correct them

® Smart monitoring and diagnostics —

system for conditioned-based

maintenance service t
> Intelligent Duty Cycling g FFJ

» Embedded Advanced RTU
Controls — Partner Solution
m Improve operational efficiency of RTUs
through use of advanced RTU controls

leading to energy and carbon emission
reductions over 50%

Pacific Northwest

Proudly Operated by Battelle Since 1965

How do we to Handle Multiple RTUs?

> Each RTU has a
b Separate instance
> Each instance is configured to monitor, control, and
produce diagnostic results for one RTU

> Some diagnostics are contingent on earlier
diagnostics being fault free

b If each instance was configured to run on multiple @gﬁﬁ
RTUs the application would have to manage these , & & H
contingencies P NI

» Applications are not limited ; :
to one device per instance,
especially if an application’s

interactions with a

device are S

passive

» Demonstrated how apps/agents built to work with VOLTTRON

» Highlighted integration development tools and plug-ins necessary to develop apps

» Conducted walk down on app development using Automated Fault Detection/Diagnostics app
o Listed VOLTTRON services the AFDD app uses and how those services used

» QOutlined lessons learned in development/deployment of apps

o Summarized PNNL experience re VOLTTRON plusses and minuses

15
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Developing Applications on VOLTTRON: VA Tech (Rahman)

VOLTTRON™ as an Open Source Platform for Energy || Virginia Tech’s Agent Development on VOLTTRON™

Management Applications

Plug Load Controllers Sensor/PowerMeter
Cret) (ZigBee/BACnetModbus)

July 23, 2014 NH‘!;;C "lh'mlr\:llersl ;

Software Framework for Transactive Energy Saifur Rahman

Case Western Reserve University (srahman@vt.edu)
Cleveland, OH Virginia Tech

Open Source, open architecture for third party developer contribution
Plug-and-Play feature allows the discovery of diverse sensors/controllers
Interoperability allows working with different communication protocols
Scalability allows expansion of the system as needs grow in the building

U.S. DEPARTMENT OF Energy Eﬁiciency &
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VOLTTRON Development Primer: How to create an application,

how to use services (Haack & Carpenter, PNNL)

Installing the Platform Scheduler

def publish_schedule(self):

headers = {

» Clone project from Git: hitps://github.com/VOLTTRON/volttron.git
» Run: ./bootstrap
B Can take some time
» Launch platform eel
» Build and deploy ListenerAgent
B volttron/scripts/build-agent.sh ListenerAgent

B chmod +x Agents/listeneragent-0.1-py2.7.egg
B bin/volttron-ctrl install-executable Agents/listeneragent-0.1-py2.7.egg ]
B bin/volttron-ctrl load-agent Agents/ListenerAgent/listeneragent.launch.json L bk ren(topics ACTUCTOR SEHERMLE SEQUERT, pesders, sl
B bin/volttron-ctrl start-agent listeneragent.launch.json » Steps for using Scheduler
B To see that it's running: bin/volttron-ctrl list-agents ® Publish schedule request
B Publishes a heartbeat message B Get success/error
B Subscribes to all messages B If success, wait for schedule announce and then take action via Actuator
» Priorties
B High, Low, Low_Preempt
https:/github.com/VOLTTRON/volttron/wiki/BuildingTheProject Juy30,2014 | 2 https:#/github.com/VOLT TRON/valttron/wiki/ActuatorAgent Juyan, 2014 | &

 Development Walkthrough
— Starting platform, building, deploying agents
— Overview of example agent
— Examination of Base Agent
— Service interaction example
* Next steps
— Follow-up webinars for topics of interest u.s. oEPARTMENT OF | Enargy Efficiency &
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Virginia Tech OS built on VOLTTRON for Building Energy Management
(Pipattanasomporn and Kuzlu, VA Tech)

System Architecture — VT OS Software Architecture — VT OS
Controllers Web UI Mobile UI
— 1
. User interface layer ’ ’

m
- u
Application & data response management scheduling - Preference settings
management layer , 2 D
t

Load Alarm/
management notifications

¢

g A G —
v o | User management |
S L g - rren o Application & data management
N o . 2 Demand Price-based Planning and - User profile
V.- N .e/ information
N
| ) >

: &

Volttron — Linux-Ubuntu

Connectivity layer [l = 3 ) - -

Operating system Resource Authentication & | Communication Directory
———q Tt and framework Manager Authorization Services Services
7 R 23 Agent services
[ 7S 4 T :
I ]
1 I
_r _ll Te=" P Jmv="

Communication Technologies (ZigBee, WiFi, Ethernet)

Data exchange protocols (BACnet, Modbus, SEP, ZigBee AP, web)

e VT OSis an open source, open architecture platform built on VOLTTRON™,

« VT OS allows all supported devices to be discovered automatically as they are
deployed in buildings.

« VT OS allows integration of different load controllers from different vendors, using
different communication technologies and data exchange protocols.

U.S. DEPARTMENT OF Energy Efficiency &
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A Community of VOLITRON Users: Suggestions tor
Development (Katipamula, PNNL)

Examples of Technology Communities Desired Outcomes for the Transactive
» The Eclipse Project Energy (TE) Community

m Enables collaboration on commercially-friendly open source software

m Created by IBM in November 2001; focus on vendor neutrality and > A Catalog of real-world TE appllcatlons related to

transparency buildings
> The Scrum Alliance » A reference TE platform supported by the community
m Supports adoption and practice of Scrum, a process management tool participants
" Eiikfg’eﬂ%";‘?,rdp£°$ggtkss§ma'”'*’ software) in very short turnaround times > TE applicationg developed on the reference TE platform
» The Wi-Fi Alliance® for demonstration purposes.
m Goal to provide collaboration forum to grow the Wi-Fi industry, deliver P An interoperabi"ty testing and certification suite to ensure
product connectivity o _ multi-vendor interoperability
m Certification organization for Wi-Fi label for 802.11-based devices that . . A .
conform to certain standards of interoperability. b Multiple demonstration facilities to help evangelize TE
» Better Buildings Alliance applications for buildings

m Goal to increase energy efficiency in U.S. commercial buildings

m DOE driven community brought together in 2009 including members from
various commercial building sectors - -~

Pacific Northwest Pacific Northwest

4 Proudly Operated by Battelle Since 1965 10 Proudly Operated by Battelle Since 1965

 Qutlined what a technology community does, including various examples and
possible structures of technology community

 Listed desired outcomes of Transactive Energy community
 Listed potential initial actions for community, if formed

» Provided an example community that PNNL recently created — GridLab-D (Grid
Analytics Association that is managed by NRECA)
U.S. DEPARTMENT OF Energy Eﬂ-‘lolency &
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