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Background 

Figure 1: The Five Stages for Commercial Adoption of DR Technologies 

 



Related Activities 

Table 2: Examples of Key U.S. Labs for Smart Grid Research and Demonstration 

Name Research & Demonstration Areas Location Website 
California Smart Grid Center, 
California State University, 
Sacramento 

Security, sensors, home area networks, and 
transmission and distribution Sacramento, CA http://www.ecs.csus.edu/csgc 

EnerNex Smart Grid Labs 
Communications, power systems, compliance, 
and metering infrastructure Knoxville, TN www.smartgridlabs.com 

National Renewable Energy 
Laboratory Energy Systems 
Integration Facility (ESIF) 

Renewable integration, electric vehicles, 
appliances, smart meter, storage, and energy 
management systems 

Golden, CO www.nrel.gov/esi 

EPRI IntelliGrid Smart Grid 
Resource Center 

Interoperability, communications, planning, 
and distributed energy resources (DER) Palo Alto, CA http://smartgrid.epri.com 

KEMA Smart Grid Interop Lab 
Standards and interoperability testing, meters, 
appliances, EV chargers, performance testing, 
low-voltage automation devices, and storage  

Erlanger, KY 
http://www.dnvkema.com/inn
ovations/smart-grids/smart-
grid-interop  

Pecan Street, Inc. 
Storage technologies, appliances, EVs, smart 
meters, home energy management, and pricing 
models 

Austin, TX http://www.pecanstreet.org/ 

University of California, Los 
Angeles, Smart Grid Energy 
Research Center (SMERC) 

Automation, EV integration, microgrids, 
distributed resources, renewable integration, 
and cyber-security 

Los Angeles, CA http://smartgrid.ucla.edu 

Pacific Gas & Electric Emerging 
Technology Lab 

Smart meters, HAN radio, (e.g., ZigBee), 
vehicle charger, and SEP 1.x testing, IHDs, 
thermostats, and related HAN equipment 

San Ramon, CA http://www.pge.com/smartgrid  

Pacific Northwest National 
Laboratory Electricity 
Infrastructure Operations Center 
(EIOC) 

Electricity transmission and distribution, real-
time grid data, and simulation Richland, WA http://eioc.pnnl.gov  

Energy Efficient Buildings Hub at 
the Navy Yard 

Modelling and simulation; building energy 
informatics; intelligent building operations; 
building energy systems, markets, and 
behavior; education and training  

Philadelphia, PA http://www.eebhub.org/project
s-list/navy-yard-building-661  

University of Delaware/NRG Energy 
eV2g project 
 

Electric vehicle-to-grid capability 
demonstration with 30 EV cars with bi-
directional power flow. The cars participate as 
an aggregated resource in PJM’s wholesale 
markets. 

Newark, DE http://www.udel.edu/V2G/ 
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Table 3: Summary of the Original D2G Lab Plans: Phase 1 and Phase 2 
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The Technical Advisory Group (TAG)  

 
 
 
 
 
 



CHAPTER 3.0: Test Environments and Equipment 

 

 

 

 

Figure 2: Planned D2G Lab Communication Architecture for Test Environment 

 

 



Figure 3: D2G Lab Electrical Distribution Circuits 

 
 
 
 
 

 
 
 
 
 
 

 
 

 
 

Table 4: Summary of First-Year Equipment and Donating Vendors 
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OpenADR 1.0 Open Source Toolkit and Commercial Servers 

Residential Appliances and HAN Integration 



OpenADR Technologies, Systems, and Strategies for End-Uses 

Electric Vehicle Charger 

DR and Auto-DR Simulation Systems 



Industrial, Agriculture, and Water Systems 



 

CHAPTER 4.0: Phase 1 Demonstration Activities 

Interoperability Framework 

Figure 4 (a), 4 (b): Current and Future DR Communication Interoperability Concepts 

 

Demonstration Activities 



Table 5: Demonstration Areas and Partners 

 

1. Residential Appliances, Thermostats, Plug-Load Meters, and HAN 

 



Table 6: Summary of Residential Appliances and HAN Gateway 

 

Figure 5: User-Defined Price Cluster (a) Example of Rate Levels, and (b) Critical DR Event  
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Table 7: Pre-Programmed DR Strategies for GE Appliances 

 
Table 8: Power Reduction in Various DR Modes 

 

 
Communicating Thermostats 

 
 



Figure 6: Thermostats, Mobile Apps, In-Home-Displays, and Analysis 

   
 

Table 9: Summary of Communicating Thermostats Demonstration 

 

 

 

 

 

 
 

 
Smart Plug Load Meters 



Figure 7: Cloudbeam Smart Plug and Web-Based Control Widget 

 
 

Table 10: Summary of Smart Plugs Demonstration 

 

 

 

 

 

 

 

 

 
 

2. OpenADR Technologies and Auto-DR Systems for End-Uses and Strategies 



Figure 8: OpenADR 2.0 Architecture for Service Providers and Customers 

 
 

Table 11: Summary of OpenADR Servers Demonstration 

 

 

 

 

 



3. Lighting Controls, Communication, and Technologies 

Figure 9: Correlation between Power and Lumen Output of LED Lights at the D2G Lab 

 
 

Table 12: Dimmable Lighting Technologies Demonstration 

 

 

 

 

 



Figure 10: Akuacom’s DRAS Client Control Module 

 

Table 13: Summary of Power and Lumen Reduction Due to a DR Event 

 

4. Vehicle to Grid and Electric Vehicle Chargers 



Figure 11: Communication Architecture of the EV Charger Demonstration 

 
Table 14: Summary of EV Charger Demonstration 

 

 

 

 

 



 
5. Analytics and Visualization 

Table 15: Summary of Visualization Tools at the D2G Lab 
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Table 16: FLEXLAB Test Capabilities and Performance Parameters and Benefits 
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APPENDIX A: 
TAG Members and Organizations 

Table A-1: List of Organizations and Individuals that Served as TAG Members 

Representative Organization 

Ron Hofmann CaRon Energy Strategies 
Anish Gautam California Energy Commission (CEC) 
Golam Kibrya California Energy Commission (CEC) 
Raquel Kravitz California Energy Commission (CEC) 
David Hungerford California Energy Commission (CEC) 
Steve Ghadiri California Energy Commission (CEC) 
Rob Neenan California League of Food Processors (CLPF) 
Konstantinos Papamichael California Lighting Technology Center – UC Davis 
Aloke Gupta California Public Utilities Commission (CPUC) 
Walt Johnson DNV KEMA 
Aaron Snyder EnerNex 
Matt Wakefield Electric Power Research Institute (EPRI) 
Robert Burke ISO New England 
David Holmberg National Institute of Standards and Technology (NIST) 
Tony Abate New York State Energy Research and Development Authority (NYSERDA) 
Barry Haaser OpenADR Alliance 
Rolf Bienert OpenADR Alliance 
Jonathan Burrows Pacific Gas and Electric Company (PG&E) 
Osman Sezgen Pacific Gas and Electric Company (PG&E) 
Susan Covino PJM Interconnection, LLC 
Carl Besaw Southern California Edison (SCE) 
Vikki Wood Sacramento Municipal Utility District (SMUD) 
Jim Parks Sacramento Municipal Utility District (SMUD) 
Anne Smart Silicon Valley Leadership Group (SVLG) 
Eric Lightener U.S. Department of Energy (DOE) 
Dan Ton U.S. Department of Energy (DOE) 
David Lee U.S. Department of Energy (DOE) 
Rajit Gadh University of California – Los Angeles 
Byron Washom University of California – San Diego 
 
 



APPENDIX B:  
TAG Members and Organizations 

Table B-1: List of Key Organizations Visiting the D2G Lab for Year 1.5 

CEC Aduratech AEP Ohio CEPRI, China 

Arizona State University AECOM Con Edison Delegation of Regulators, 
India 

BPA Buro Happold Idaho Power Energa, Poland 
CPUC Cascade Energy NV Energy HRI, Japan 

LBNL Consortium for Energy 
Efficiency 

Omaha Public 
Power District 

Industrial Manufacturer 
Association, China 

Northwest Energy 
Efficiency Alliance Daikin PG&E NEC, Japan 

NREL EchoLabs Portland Gas and 
Electric NTT, Japan 

Penn State University Energy Connect SCE SEARI, China 

PNNL EnerNOC SMUD State Grid Corporation of 
China 

SF Public Utilities 
Commission Fujitsu Labs Union Gas, Toronto TEPCO, Japan 

Tennessee Valley 
Authority GE Xcel Energy UK House of Commons 

UC Berkeley Honeywell   
U.S. DOE Itron    
  OpenADR Alliance    
  O’Reilly Media, Inc.    
  Z-Wave Alliance     
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APPENDIX C: Hardware and Software Demonstrations at D2G Lab 

 

Table C-1: Hardware Demonstrations at the D2G Lab 

GE Nucleus 

GE’s HAN Gateway is capable of communicating 
with the utility smart meter ZigBee radio. It can 
collect energy consumption data from GE’s smart 
appliances over ZigBee and display on a PC or 
mobile device. The GE Nucleus can receive energy 
prices from the Internet or smart meter AMI network 
and relay them to the GE appliances and thermostats. 

ZigBee SEP 1.0, Wi-Fi, and 
Ethernet 

• Communication with smart meter and 
appliances 

• Energy consumption data collection and 
analytics 

GE In-Home Display (IHD) 

GE’s IHD device communicates with the GE 
Nucleus and displays time-of-use energy prices and 
demand response event messages. It also allows 
users to visualize the historical energy consumption 
of smart appliances.  

ZigBee SEP 1.0 
• Small and easy to install  
• High-resolution color LCD screen 
• Scroll wheel for navigation 

GE Appliances and 
Thermostats 

GE’s suite of smart appliances includes a washer, 
dryer, water heater, and refrigerator. In addition to 
these, the D2G lab demonstration includes a GE 
communicating thermostat.  

ZigBee SEP 1.0 

• Pre-programmed DR modes for appliances 
• Customizable temperature setpoints for 

thermostats based on TOU rates 
• Report energy consumption and usage data 

to GE nucleus 

Cloudbeam Smart Plugs 

Wireless smart plugs to monitor, control, and 
automate plug-in electronic devices. Cloudbeam 
smart plugs can collect and report energy 
consumption data every five seconds. These smart 
plugs can poll any OpenADR-enabled DR 
automation server every minute and respond to DR 
signals. Cloudbeam’s portal can be used to pre-
program a response on/off strategy.  

OpenADR 1.0, Wi-Fi 
• Highly granular energy consumption data  
• Does not require additional gateway 
• Control using PC and mobile apps 

NEXT LED Lights (with 
Cloudbeam Light Controller) 

The lighting fixtures installed at the D2G lab include 
4' LED lamps, a specially designed dimming ballast, 
and a Wi-Fi lighting controller developed by 
Cloudbeam. The Wi-Fi control module allows the 

OpenADR 1.0, Wi-Fi 
• High-efficiency LED lights and ballast 
• Built-in OpenADR client 
• Dimming ballast 



lighting fixture to respond to OpenADR signals and 
dim to a pre-programmed level. These components 
are available as a direct retrofit kit to standard T8 
fixtures. 

• Packaged retrofit kit 
• 10-second granular data 
• On/off and dim using PC and Mobile App 

 

Radio Thermostats (with 
Cloudbeam USNAP module) 

Thermostats manufactured by Radio Thermostat 
Company of America (RTCOA) with a 
compatible OpenADR-enabled USNAP module 
developed by Cloudbeam. This thermostat is 
capable of receiving OpenADR signals and 
change temperature setpoints based on the pre-
programmed strategy.  

OpenADR 1.0, Wi-Fi 

• 2 hot-swappable USNAP module slots 
• Compatible with OpenADR, ZigBee, or 

Z-wave USNAP modules 
• Control using a PC and Mobile App 
 

Cloudbeam Demonstration 
Suitcase 

The demonstration suitcase includes thermostat, 
an LED Light, and a smart plug, all connected to 
a preconfigured Wi-Fi router. This suitcase can 
be used to conduct off-site demonstrations. 
Demand response tests can be displayed in real 
time by triggering an event using a DR 
automation server from Akuacom or AutoGrid.  

OpenADR, Wi-Fi 
• All-inclusive demonstration suitcase 
• Requires an Internet connection to display 

analytics and cloud access 

NEST Thermostat 

A programmable communicating thermostat 
manufactured by NEST. This thermostat has a 
Wi-Fi radio which allows communication with a 
NEST cloud platform and mobile app.  

ZigBee, Wi-Fi 

• High-resolution LED display with intuitive 
user interface 

• iOS and Android App 
• ZigBee radio for smart meter 

communication  
• Occupancy and humidity sensors 
•  automated updates over Wi-Fi 

Coulomb EV Charger 

Coulomb CT 500 Level II EV charger connected 
to Coulomb’s ChargePoint network. This EV 
charger is capable of receiving demand response 
signals from AutoGrid’s DROMS system and 
delaying the charging cycle time.  

Cellular (CDMA/GPRS) 
• AutoGrid’s integration of ChargePoint API 

into DROMS 
• The user defines the DR strategy in DROMS  

OpenADR-enabled Z-Wave 
Gateway 

BuLogics Z-Wave Gateway with OpenADR 2.0 
client built in. This gateway can receive 
OpenADR signals over Wi-Fi, translate them to 
Z-Wave message, and sent to Z-Wave-enabled 
devices to achieve load shed. The current 
demonstration at the D2G Lab includes a 
Z-Wave gateway, Z-Wave thermostats, and 
wireless on/off switches.  

Z-Wave, OpenADR 2.0, Wi-Fi, 
Ethernet 

• Demonstration of interoperability of 
OpenADR and Z-Wave standards 

• Z-Wave is a widely adopted home 
automation standard with many of products. 



 

 

Table C-2: Software Demonstrations at the D2G Lab 

Cloudbeam Portal 

Cloudbeam’s Web portal allows users to control devices 
and visualize real-time and historical energy consumption 
trends. It also allows users to program each device with a 
demand response strategy. 

iOS Apps, Web 
Browser 

• Device commissioning 
• Monitor and control  
• OpenADR strategy page 
• Energy analytics 

AutoGrid DROMS 

The Demand Response Optimization and Management 
System (DROMS) is a DR automation server with 
multiprotocol support. It features direct application level 
communication and control. 

Web Browser 

• Cloud-based DR server 
• OpenADR 2.0-certified 
• Deploy and enroll customers 
• Supports simple and smart client 

communication  

Akuacom DRAS 

The Demand Response Automation Server (DRAS) by 
Akuacom is at the D2G Lab for DR tests and 
demonstrations. The DRAD development portal allows 
same user interface as the production server to be 
replicated.  

Web Browser 

• OpenADR 1.0 compliant 
• Simple set up and Web-based 

control 
• Test signals can be sent to simulate 

DR events 

OpenADR Toolkit 
The OpenADR 1.0 toolkit was developed and released by 
LBNL. This tool is currently being demonstrated to 
simulate a demand response server and client.  

Windows OS, 
development 
environment 

• Codebase with development kit for 
simple client/server demonstration 

• Command line tool 

OpenADR Compliance Test Suite 

Developed by Quality Logic, this tool is used to test the 
compliance of any OpenADR 2.0 server or client. It is used 
by Quality Logic to certify OpenADR 2.0 servers and 
client devices. Several test scenarios have been predefined 
in the test suite.  

Windows OS, 
development 
environment 

• Developed and executed in Eclipse 
• Device compliance to OpenADR 

2.0 profiles 
• More than 200 individual test cases 

GE Nucleus Software 

GE Nucleus PC-based software allows users to monitor 
and visualize energy usage and TOU price information. 
This application is used to commission new devices with 
the GE Nucleus gateway as well as to communicate with a 
smart meter. This application allows users to choose the 
TOU price source (smart meter, GE Price server, or user 
defined). User-defined TOU rates are being used for 
testing and demonstration at the D2G Lab. 

iOS, Windows OS, 
and Mac Applications 

• Intuitive Adobe Air-based 
applications for Mac and PC 

• Configurable widgets for 
personalized user experience 

• View historical energy 
consumption 

• Thermostat programming and 
control from PC and mobile apps 



APPENDIX D: Appliance Load Shapes 

 

Figure D-1: Power Consumption of the GE Clothes Washer 

 

Figure D-2: Power Consumption of the GE Clothes Dryer 

 



Figure D-3: Power Consumption of the GE Refrigerator 

 
 

Figure D-4: Power Consumption of an LED Light Fixture 

 



Figure D-5: Aggregate Power Draw of the D2G Lab Appliances 




