Lyons Solar-plus-storage demonstration project

Overview

The purpose of this proposed volunteer-based project is to demonstrate and measure the effectiveness of combining some amount of battery storage and smart inverter/charger technology with conventional rooftop solar PV systems in residential and light commercial installations.  The project will install and integrate batteries, smart inverters, solar PV, and an energy management system in volunteer residential and small commercial sites.  It will also construct and calibrate computer models using HOMER™ software. The project can also include a solar-plus-storage installation to demonstrate peak demand limitation and PEV charging with solar.

The project is expected to demonstrate the ability of these technologies to improve local grid instability from solar variability, as well as the benefits of automatic fast demand response/dispatch, premises-based supply/demand balancing, smart appliance demand response, power management and efficiency, the integration of plug-in electric vehicles (PEV) charging with solar PV, and premises use of solar for back-up power.

Project Name: Lyons Solar-plus-storage demonstration project
Summary description of project

The project purpose is to reduce carbon emissions by expanding the possibilities for a higher penetration of rooftop solar PV.  The project will construct up to 10 home and/or small business demonstration sites for premises-based “solar-plus-storage” installations. The sites can include advanced grid/battery inverter/chargers, solar arrays, batteries, an electric car charger, and smart appliances integrated and managed using an on-site energy management gateway application platform.  The sites will demonstrate and quantify the benefits of solar-plus-storage systems combined with advanced automatic and/or utility demand response or new transactive energy supply/demand balancing and grid support.

A.
Detailed description of project

The problem and solution—the benefit to Lyons
Electricity is undergoing a basic paradigm shift toward distributed renewable sources driven in part by new technologies and business models—particularly dramatic PV cost reduction.  Past technical limitations of solar PV penetration due to variability causing grid instability are yielding to new technical solutions offered by a new generation of storage batteries, advanced inverters and power electronics, premises energy management systems, and grid communication protocols. 

Purpose and motivation

The purpose and motivation of the proposed project is to demonstrate the feasibility of consumer-scale distributed renewable energy and decentralization in the form of emerging rooftop PV combined with battery storage using advanced inverters.  This approach is envisioned within the larger context of an evolving grid architecture toward a decentralized model organized around microgrids (with “islanding” capability) as a path to electricity system de-carbonization, security, reliability, resiliency, and long term sustainability. This work will assist utilities in developing metrics and quantifying the value that these technologies and systems offer to the grid, and it will provide a technically-sound foundation for policy as solar-plus-storage systems become more ubiquitous.

The project also seeks to continue and expand on previous work by the principal participants by applying their experience to the Town of Lyons such that it might serve as a model for wider deployment on a statewide, national and international scale in order to deal with global climate change and environmental challenges.

The project participants believe that the technical approach being taken (solar-plus-storage with premises smart energy management) can be effectively demonstrated both with and without municipal electricity authority.  It can show the comparative feasibility operating in both conventional net metering (in coordination with utility) or entirely “behind-the-meter” (independent of utility) modes.  It can also provide a platform to test new rates and tariffs (i.e., such as time-of-use (ToU) rates or more advanced future dynamic rate systems such as “transactive energy” (TE)).
A collaborative effort

The proposed project is a collaborative effort among three principal participants bringing together several key areas of expertise:

· Smarthome Laboratories, Ltd—Premises gateway and energy management application platform based on embedded Linux OS, Java™, and open source application libraries

· Lightly Treading, LLC—Renewable energy and building energy efficiency consulting, project management, system design and sales
· HOMER Energy, LLC—HOMER® hybrid renewable power system modeling software

Background of project

The technical approach to be taken in the project is framed around a standards-based premises system gateway, energy management model, and open-source application platform known as the HES Gateway
  platform.  This platform is a prototype that was developed during 2012, in part with funding provided under a Department of Energy SBIR grant.
  The architecture of the platform, the standards, and the open source approach are described in technical papers from the Grid-Inerop 2010 
 and Grid-Interop 2012 
 conferences.  The general home/building system architecture employing the platform is depicted in Figure 1 below.
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Figure 1 — General architecture for home/building energy system

The system provides premises-based electricity supply/demand balancing and coordination with external grid resources or utilities.  An important feature is plug-in electric vehicle (PEV) and building systems integration to optimize vehicle charging, improved grid support, and avoidance of demand billing charges (where applicable), and emergency backup during grid outages.

A subset version of the system depicted in figure 1 is presently installed and operating in Boulder County at the Evolution7 Labs Sunshine test site.
  A screenshot of the control dashboard website for the test site system is shown in figure 2.
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Figure 2 — Evolution7 energy management system dashboard
Computer modeling of a Grid-tied/Off-Grid Inverter equipped home was carried out using the HOMER® software, and a technical paper describing the model was presented at the Grid-Interop 2011 conference.
 This paper found that PV plays an important role for reducing costs for utility grid customers. The proposed project will build upon this previous modeling by revisiting the role of storage in these systems. These modeling results will then be compared against real data from two separate installations.  An expanded report focusing on solar-plus-storage systems will be prepared as a sequel to the 2011 report.  The design of the HOMER model is part of the proposed project but the scope of the final data analysis and report may depend on additional support.

Proposed equipment configuration and rationale
Depending on the project volunteers, sites will be installed implementing two different cases:
· Small storage case—net metering scenario plus small battery (with grid support
)

· Large storage case—conventional metering scenario entirely “behind the meter” plus larger battery (and also using grid-as-battery) 

Two grid strategies will be applied:

· With net metering (with utility cooperation and grid support functions)

· With conventional metering (without utility cooperation or grid support functions)

The project will also have the option to determine feasibility/benefit of other variables:

· battery size

· grid feed or not

· demand response (DR) methods

Configuration of installation site-equipment

· PV arrays
· Grid-tied and off-grid Inverters
· Battery banks 

· Energy Management System
· Energy Monitoring Sensors
· EVSE device

· Water heater (TBD)

· HVAC equipment (TBD)

· Internet access (via cable or DSL modem)

B.
Project benefits

The principle benefit offered by the proposed project is the creation of a demonstration and evaluation platform for a key set of emerging solar-plus-storage technologies that can bring carbon-free electricity into community homes and businesses and into the local electricity distribution grid, providing a way for solar to enhance grid stability, rather than cause instability.

Conventional rooftop solar installations and solar gardens are somewhat familiar to Boulder County residents, but their benefits to buildings and to the local grid can be multiplied by combining solar PV with even a modest amount of premises storage (e.g., battery) combined with advanced intelligent inverter/chargers and energy management systems.  These benefits can be substantial either with or without the net metering/grid feed arrangement employed in most local solar installations with the presently existing electricity utility.

The proposed project will provide the experience and data necessary to more fully evaluate and quantify the potential feasibility for clean energy and greenhouse gas reduction across the entire community, either in concert with the local utility or entirely “behind-the-meter”.  It could show Lyons the way to high-penetration solar PV and create a model for what healthy forward-looking solar technology development should look like.  The HES gateway/app platform will provide a way to get information in and out of homes and form a basis for local innovation.  It could also offer a way to deliver on the failed promise of the previous “smart grid”.

The project also builds on technical work already accomplished under both locally and federally supported research and standardization activities by some of the project participants.  The technologies to be demonstrated in the project are highly scalable and amenable to rapid commercialization by local hardware and software developers, local manufacturers, local builders, local suppliers, and local installer/dealers.

The potential benefits to be derived from systems such as those implemented in the project are expected to be significant.  Quantification of the energy and greenhouse gas reduction benefits expected from the project is a basic purpose of the project.

B.1
Benefits of new advanced UL/IEEE 1547.8 inverter capabilities

In the past, one of the limitations of high solar penetration has been intermittency.  A conventional solution has been to install natural gas peaking plants to compensate for the intermittency.  However, a better solution has emerged in the form of a new generation of smart inverters that enable and facilitate premises-localized grid balancing and stabilization.  The technical standard for premises solar inverters, IEEE 1547, is being upgraded to provide additional features.  IEEE 1547.8 improves safety and stability of grid disconnect functions.  Other features already offered and now being standardized include VAR control
, low voltage ride-through, grid frequency stabilization, and power factor compensation.  Combined with even a small amount of premises storage (battery), power support/surge assist can be provided with dramatic effects. 
 These inverter features obviate the need to provide such functions in the distribution grid.  These inverters can provide local grid voltage and frequency stabilization (i.e., VAR control) even at night.  They also change the basic nature of premises demand response strategies.  UL began certifying IEEE 1547-compliant inverters in late 2013.

A recently issued 73-page study by the Rocky Mountain Institute, The Economics of grid defection: When and where distributed solar-plus-storage competes with traditional utility service, provides a detailed analysis of the potential economic impact of combining rooftop solar PV, advanced inverter/chargers, and battery storage, as described above. 

B.2
Benefits of premises-based energy management systems

One important element of the proposed project is the premises gateway that provides communication interoperability among all home networks and appliances and an application service platform for energy management “plug-in” apps.  It provides communication with external networks, such as the Internet or cloud-based services, as well as with utilities and local grid resources. It also provides a premises firewall that protects consumer data security and privacy.  Premises-based networks and controls can provide the real-time responsiveness and reliability needed for a rich array of existing or evolving energy management applications. 
B.3
Summary of overall benefits of the proposed project to the community

If Lyons can establish a clear value and product mix for solar-plus-storage, it can introduce this element into its community energy system, in parallel with its present efforts to update its own electricity service utility.  The following benefits can be added to the existing system.

· Substantial greenhouse gas reduction through: 

· Higher penetration of solar PV

· Increased energy efficiency through premises-based energy management (generation, use, and storage) coordination

· Increased grid efficiency through localized supply/demand balancing

· Automatic limitation of electricity demand charges from MEAN.
· Reduced need for utility generation and transmission facilities

· Reduced need for outside power purchase arrangements/dependency

· Reduced need for large capital projects and financing

· Reduced vulnerability to interruption of electricity grid service due to severe weather or other disruptions

· Improved integration of electric vehicles with local homes and businesses

The project could also provide knowledge and direction for planning future microgrid installations. It could also provide a platform for experimentation and testing of distributed energy management control protocols such as advanced utility demand response (DR) or advanced “transactive controls” (i.e., TE—Transactive Energy) for autonomous or microgrids and local community sharing of electricity.
B.4
Summary of overall benefits of the proposed project to the volunteers
· Substantial greenhouse gas reduction through: 

· Higher penetration of solar PV

· Increased energy efficiency through premises-based energy management (generation, use, and storage) coordination

· Increased grid efficiency through localized supply/demand balancing

· Fixed and reduced energy costs over the long term. 
· Reduced vulnerability to interruption of electricity grid service due to severe weather or other disruptions
· Improved integration of electric vehicles with local homes and businesses
C
Installation plan

The plan for the small battery site is to implement a PV installation, install inverter (grid-feed/off-grid mode), batteries, and other equipment.  For the larger battery site, the plan is to acquire a new PV installation in cooperation with a PV installer/dealer for the large site.

D.
Key team members and roles 

Tim Schoechle, Smarthome Laboratories, Ltd—technology, engineering, and standards developer 

Steve Dedrick, Smarthome Laboratories, Ltd—field engineering and implementer of solar PV systems
Tom Asprey, Smarthome Laboratories, Ltd—data analysis and building system modeling
Diane Dandeneau, Lightly Treading, LLC—energy efficiency, community organizing, and solar design and implementation.

Paul Kriescher, Lightly Treading, LLC—building science and energy efficiency, community education, and policy development.

Note: See annex for more detailed qualifications.

E.
An explanation of any regulatory barriers to implementing the project. 

No regulatory requirements other than those of a conventional solar rooftop PV installation are anticipated.  The net metered installation requires selection of a site where an existing net metering arrangement with the utility is already in place.

F.
A description of other funding (past or present) supporting the project.

A grant was awarded by the U.S. Department of Energy (DoE) for solar PV/EV integration to Infotility, LLC (dba Evolution7 Labs, LLC).
  Approximately $200,000 of those funds were expended on prototype platform and test site development during 2012. 

A grant for $60,000 was awarded to Evolution7 Labs, LLC and Smarthome Laboratories, Ltd by the City of Boulder Boulder Energy Challenge program in late 2014 for the “Solar-plus-storage Demonstration Project” to demonstrate and measure the feasibility and benefits of adding batteries to solar PV systems.

G.
Project workplan and outcomes anticipated. 

Project quarterly milestones and responsibilities are shown in Project Work Plan.  Primary project activities include:

Q1 2016
Site selection, materials procurement, model specification, software development

Q2 2016
Site installation and testing, model design, software development

Q3 2016
Data collection and site software modification, model operation, 

Q4 2016 
Data analysis and evaluation, model evaluation, final report preparation

The ultimate project outcome will be a final report showing the comparative feasibility of the tested approaches to solar-with-storage and a comparison of the actual data with the modeling results.  This report will include recommendations regarding optimal system configurations, and estimated quantification of energy savings potential, greenhouse gas reduction potential, and grid stabilization contribution for Lyons.  The project is expected to suggest directions for further development and related policies for expansion of rooftop solar PV and solar PV gardens within the Town as part of the overall Boulder County clean energy mix.

H.
Name of the Project Liaison 

Principal Investigator—Timothy Schoechle, PhD 

Project Administrator—Smarthome Laboratories, Ltd. 
303-443-5490; mobile: 303-818-8760; email: timothy@schoechle.org

ANNEXES AND SUPPLEMENTARY MATERIAL

ANNEX A—Qualifications

Timothy Schoechle, Ph.D., CEO, Project Administrator and Principal Investigator
Smarthome Laboratories, Ltd. 

Dr. Schoechle is an international consultant in computer and communications engineering and in technical standards development. He presently serves as Secretary of ISO/IEC SC25 Working Group 1, the international standards committee for Home Electronic System, and is a technical co-editor of several new international standards related to the smart grid and home and building systems. He also served for the past decade as Secretariat of ISO/IEC SC32 Data Management and Interchange, and he currently participates in a range of national and international standards bodies related to smart grid technology and policy issues. 

As an entrepreneur, he has engineered the development of electric utility gateways and energy management systems for over 25 years and has played a role in the development of standards for home networks and for advanced metering infrastructure (AMI). He is a former faculty member of the University of Colorado College of Engineering and Applied Science.  He is considered an expert on the international standards system, the topic of his 2009 book, Standardization and Digital Enclosure.  Dr. Schoechle was a co-founder of BI Incorporated, a pioneer developer of RFID technology.  He holds an M.S. in telecommunications engineering (1995) and a Ph.D. in communication policy (2004) from the University of Colorado, Boulder. 
Steve Dedrick, Applications Engineer & Integrated Solutions Architect, 
Smarthome Laboratories, Ltd.
Mr. Dedrick has over 12 years of experience in the clean-tech industry and brings a diverse background of technical skills to the project team. He is proficient in designing and installing renewable energy systems with integrated battery storage, smart load management, and data acquisition. He also designs and implements integrated automation/control systems promoting energy efficiency, saving resources, and encouraging an optimal human experience through intuitive graphical user interfaces. At the broadest level, Steve is a technologist with the skill sets to assess and implement solutions on a wide array of technical scenarios.  He has served as a Technical Advisor to Evolution7 Labs and Smarthome Laboratories since 2010 and has extensive experience with solar PV installations, advanced inverters and other power electronics.
Tom Asprey, Software Consultant,  Smarthome Laboratories, Ltd.

Mr. Asprey is an electrical engineer specializing in hardware and software design and development.  Until his recent retirement, he was on the research and development staff of Intel working primarily on modeling of electrical systems and integrated circuit devices. Prior to Intel, he spent 26 years on the R&D staff of Hewlett Packard working in the same technical area.  Over the past several years, Mr. Asprey has served as a volunteer developing computer models using the National Renewable Energy Laboratory’s HOMER® (Hybrid Optimization of Multiple Energy Resources) hybrid power optimization software for modeling the electricity grid for Boulder, Colorado, to assess the feasibility of moving the Boulder grid to renewable energy.  He is now assisting Smarthome Laboratories in the Boulder solar-plus-storage demonstration project.  Mr. Asprey holds a B.S. in Electrical Engineering from New Mexico State University.
Joe Callahan, Design Consultant, energiesimple, LLC

Mr. Callahan is an international expert and consultant in solar energy system design. In 1997 he launched Simple Solar, LLC, a Boulder-based solar PV sales, design and installation firm, and served as CEO until 2013. Previously, from 1992 he pursued studies toward a degree in Electrical Engineering at the University of Colorado, Boulder, in the College of Engineering and Applied Science, where he combined his Electrical Engineering curriculum with a Civil Engineering degree studies in building energy management. In 1997, he parked his CU studies three semesters short of graduation to devote full time to Simple Solar in order to manage the rapidly growing demands of the business.   In 2013 Mr. Callahan founded energisimple, LLC, an energy consulting venture focused on distributed generation, renewable energy, and energy educational tools. He recently co-launched a Nepal initiative to build an energy services company focused on scaling up renewable energy in businesses and homes through the use of an energy purchase model. He can often be found at local schools and events tweaking his solar bubble machine, baking cookies in a solar oven, or making electricity with human-powered devices.  Mr, Callahan is a serial entrepreneur with a passion for all aspects of energy, from technology and research, to education and installation. He is committed to empowering individuals through education, to understand all aspects of energy through the hands-on use of tools and games. 
Diane Dardeneau Director of Sales, Lightly Treading

Ms. Dandeneau is a renewable energy specialist and community organizer.  She was a co-founder the Green Heart Institute, which provided education on energy and climate solutions in Boulder County and the Colorado Front Range from 2005-2008.  She then served as the Director of Sales and Marketing with Bella Energy, one of Colorado’s largest Solar Integrators, from 2008 to 2010.  She most recently worked with HOMER Energy, LLC, the developer of the HOMER® microgrid modeling software, as the Director of Product Management and Sales. While with HOMER she worked with clients to expand the software’s use in markets throughout the world. She is providing solar design and sales, and project management in cooperation with Smarthome Laboratories in the Lyons project.

Paul Kriescher CEO, Lightly Treading, LLC

Paul Kriescher is the Principal of Lightly Treading. Paul is certified through BPI as a Building Analyst Professional, Envelope Professional and Residential Building Envelope Whole House Air Leakage Control Installer; as well as through RESNET as a Certified Rater. He has served on the board of the Colorado Renewable Energy Society and on the Habitat for Humanity for Metro Denver's Plan Review committee, and he is a founding member of the Energy Efficiency Business Coalition. Mr. Kriescher has a Master of Science degree in Energy Analysis & Policy from the University of Wisconsin, Madison.
ADVISOR TO PROJECT

Peter Lilienthal, Ph.D., CEO, HOMER Energy LLC

Dr. Peter Lilienthal is the President/CEO of Boulder-based HOMER Energy, LLC.  Since 1993, he was the developer of the National Renewable Energy Laboratory (NREL) HOMER® (Hybrid Optimization of Multiple Energy Resources) hybrid power optimization software, which has been used by over 107,000 energy practitioners in 193 countries. NREL licensed HOMER Energy to be their sole world-wide commercialization licensee for distributing and enhancing the HOMER modeling software.

Dr. Lilienthal was the Senior Economist with the International Programs Office at NREL from 1990–2007. He has been active in the field of renewable energy and energy efficiency since 1978.  This has included designing and teaching courses at the university level, project development of independent power projects, and consulting to industry and regulators.  His technical expertise is in utility modeling and the economic and financial analysis of renewable and micro-grid projects.  He was the lead analyst and one of the creators of NREL’s International and Village Power Programs. Dr. Lilienthal has a Ph.D. in Management Science and Engineering from Stanford University.
� The HES Gateway is based on set of ISO/IEC international standards known as “Home Electronic System”.


� The prototype was based on several international standards that were developed over the past several years—growing in part from research conducted by the Pacific Northwest National Laboratories, by IBM Watson Research, by Telcordia Technologies (formerly Bell Communications Research, Inc. or Bellcore), by the principals of Evolution7 Labs, Smarthome Laboratories, and by many others.


� Timothy Schoechle, 2010. “Modular power manager and gateway: an approach to home-to-grid energy management and demand response.” Grid-Interop 2010, Chicago, Illinois, November 16.


� Dave Cohen, Ben Kroposki, and Tim Schoechle, 2012. “The Energy Systems Integration Facility (ESIF): A Smart Power Platform for Product Interoperability Development, Test, and Evaluation.” Grid-Interop 2012, Irving, Texas, December 4.


� Sunshine test site: 4296 Sunshine Canyon Drive, Boulder, CO 80302


� Nathan Johnson, Peter Lilienthal, and Tim Schoechle, 2011. “Modeling distributed premises-based renewables integration using HOMER.” Grid-Interop 2011, Phoenix, Arizona, December 8.


� The term “grid support” refers to such inverter/power conditioning functions as fast automatic demand/supply response, frequency and VAR support, power factor compensation, etc.


� VAR means “volt-ampere reactive”—a measure of the electrical energy (capacitive or inductive reactive power) that is needed to energize the portions of the power system, depending on types of loads.


� See video presentation by inverter designer Heart Akerson at a conference of OSIsoft.  A synopsis of the presentation is provided here as Annex A. Heart Akerson, (2013). “Heart Transverter: OSIsoft Presentation for High-density Solar Integration,” September 6 <http://www.youtube.com/watch?v=go0sHowaYMI>


� DE-SC0003695 “Developing an agent-based distributed smart controller for plug-in electric vehicles and distributed energy resources.”


� Dr. Schoehle also serves as CTO of Evolution7 Labs, LLC, an allied venture in the field of distributed renewable energy and electric vehicle charging systems.
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