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Abstract
Building Science Innovators will create, user-test, and introduce to the market, software which will enable utility companies, regulators, building owner/investors, architects and builders, photovoltaic system installers, energy consultants, and others to understand and quantify the benefits of combining photovoltaic generation of electricity with energy storage devices and integrating such installations to the grid, and will make it more likely that they will actually build and integrate such systems, realize the cost savings they offer, and share the benefits.
No such software exists at present, nor, as far as we can determine, is any such software being developed. This is a deep system intervention in the complex adaptive market system by which electricity is generated, bought, sold, and distributed. Members of this team have successfully introduced market-changing software before (the REM/rate™ product of Architectural Energy in 1982) and are well-qualified to create this intervention.
Classically each participant in such a market seeks to maximize his economic benefits and is enabled to do so in part by timely information. Each participant’s need and desire for information is particular to that participant, but the market as a whole functions best as the flow of information approaches transparency.
This innovation will neutralize developing market dynamics which otherwise will make realizing the goals of the SunShot Initiative unlikely or even impossible, and further it will enable and encourage a lower cost of photovoltaic electrical generation and ever greater penetration of photovoltaic generation into the grid. 
The software has an essential functionality — it addresses costs on both sides of the meter.

Project Overview
Background
At present, a number of  electric utilities are resisting net-metering for new PV installations, for technical and economic reasons. Connecting PV installations to the grid adds value for the consumer (PV producer) in two ways: i) by providing greater reliability than a stand-alone PV installation and ii) lets that consumer have an effectively-free energy storage system because future electricity consumption is offset by past PV-production with no discount on the buyback and has therefore been growing. However at the same time, with each PV installation, significant costs are externalized to the grid and thus the utility companies and through increased electricity rates, to all of the non-participating customers. 
The root cause of the high externalized costs associated with net-metered PV without integral energy storage derives from the two facts: 1) PV generation is not dispatchable or adequately predictable and 2) the standard, first-world, AC electricity grid depends precariously upon maintaining a very small tolerance between the supplied power and the simultaneous demand for it.  PV is highly variable in output: at best, PV will produce energy based on time-of-day, orientation and location, but at worst, fail to produce, or produce intermittently, based upon inherently unpredictable, weather conditions.  PV is not a “dispatchable” energy source and net-metering requires the absorption of non-dispatchable power into an electricity grid that has heretofore been almost exclusively powered by dispatchable “fuels”.  PV may provide power to the grid at times when it is not needed because demand is low; if this happens at high enough PV penetration, the utility may be forced to curtail absorption of PV-produced energy in order to avoid upsetting the delicate power/demand balance; this threatens the reliability of electricity for all customers and also undermines the economic value of a PV investment.  Furthermore, unpredictable, short-term variations commonly create even more costs.  Since variations can occur quickly, the utility company may be unable to startup dormant fossil fuel (FF) power stations fast enough to meet demand, and may have, instead, to maintain spinning reserves, such as a large gas turbine or even coal power stations running without interruption, in order to achieve reliability.  
The above situation has already occurred in Germany, to the extent that Germans pay twice as much for electricity as their neighbors in France significantly because Germany’s intermittent, almost 60% PV penetration must be “protected” by running more coal plants. DOE researchers point out that this problem seldom occurs below 10% PV penetration, although some utility companies lobby regulators to permit them to refuse PV-generated electricity at much lower levels, and some regulators do so. Currently, in Louisiana, for instance, PV penetration with net-metering is capped at 0.5% of installed capacity, the lowest in the nation.  Furthermore, the Minnesota Commission is currently considering “value of solar” (VOS) rates where utilities may be allowed to pay for PV-produced energy below the retail rate based on the penetration % of PV and PV’s incremental value to the utility.  All of this seems to indicate that above 10% penetration some curtailment (and higher overall costs of PV) is almost guaranteed, and it increases with increasing penetration.  But curtailment can be completely avoided with adequate grid-integrated energy storage, even at 30% penetration, and with appropriate innovations, at still higher levels.  The response to this problem in Puerto Rico allows the utility to require integral energy storage and a specification of its functionality for all future net-metering customers.
Growing PV penetration on the grid is also threatened by a paradoxical situation.  On the one hand, the marginal value of PV installations without Energy Storage Devices (ESD) is falling, as described by the DOE in a workshop for the SunShot Initiative on 1/13/14 — simply because curtailment increases with increasing PV penetration.  On the other hand, the market is approaching a situation in which stand-alone PV installations with ESD may equal or exceed in performance and reliability pure PV installations connected to the grid, allowing or even encouraging grid defection and threatening the business model of utility companies.  This generates a feedback effect whereby loss of customers encourages increased connection fees which encourages more defections.  Increases in off-grid, PV / ESD combined systems seems inevitable given the market economics, but could actually frustrate increased distributed PV generation as part of the grid.   The Edison Electric Institute (EEI) recognized this threat as early as January 2013 in a report on disruptive changes.  System threats can be countered only by systems tools, such as the software we will build.
According to a new report by the Rocky Mountain Institute (RMI) (with CohnReznick and Homer Energy) “Solar-plus-battery grid-parity is here already or coming soon for a rapidly growing minority of utility customers, raising the prospect of widespread grid defection.”  They go on to say that grid-parity may arrive as soon as 2020 for “tens of millions of commercial and residential customers,” and under more aggressive assumptions about the falling cost of ESD will arrive even sooner.  The decision of Tesla Motors to invest in a $5 Billion “Gigafactory” to produce lithium ion batteries of the sort that are used in electric automobiles could accelerate the reduction of battery costs.  CEO Elon Musk predicts he can lower the price of lithium ion batteries 30% within three years and 50% by the end of the decade.  It is no coincidence that this investment is also planned to furnish batteries for his cousin, Lyndon Rive’s, SolarCity business: which installs batteries in most of their commercial and residential PV installations.
The RMI report predicts that revenue decay to utilities from solar-plus-battery systems could help to create “the infamous, utility death-spiral—self-reinforcing upward rate-pressures, making further self-generation or total defection” arrive faster.  It concludes that this trend “foretells the eventual demise of traditional utility business models,” perhaps well within the 30-year economic life of typical utility power assets. 
The distributed energy storage market in the United States is nascent, but growing.  Solar City, the leading solar installer, has started offering solar paired with storage to commercial customers, and providers such as Solar Grid Storage, Stem, Intelligent Generation, and Green Charge Networks are reaching out to solar developers to form partnerships. 
According to the RMI report, "In the Southwest, as many as 20 million residential customers could find economic advantage by 2024 with solar-plus-battery systems under our combined improvement scenario.  In the Mid-Atlantic, roughly 8 million customers will find favorable economics for solar-plus-battery hybrid systems by 2024 given the same combined improvements.  Between the two geographies, this represents over $34 billion in annual utility revenues." 
“Utilities operate on a long time horizon, and concerns about grid defection should be creeping toward the forefront of utilities' minds now," said Shayle Kann, senior VP of GTM Research.  "In addition, this should be a prime factor in utility considerations regarding changes to net energy metering programs.  The more utilities move toward rate structures that impose fixed charges which cannot be reduced through net metering, the greater the incentive for customers to defect."
Some utilities or utility regulators already provide economic tools to encourage distributed storage.  Examples include dynamic pricing structures such as critical-peak-pricing and peak-time-rebate programs.  Members of our team have been involved in designing these pricing tools at utilities.  These tools will enable a PV with ESD to capture benefits that flow directly from avoided power supply costs on the utility side of the cost equation.
Our team is in discussions with multiple utilities that have an interest in evaluating the benefits of ESDs.  These utilities believe there is a strong potential for utility-side cost-reductions from molding the kilowatt hours produced by PV systems and stored by ESDs to flatten their hourly load-curves.  ESDs enable PV-generated energy to be far more valuable because of this molding ability.  Our software will quantify this value, thus providing incentives and the tool to utilities to share benefits with customers who install PV with ESD systems.  This sharing of benefits should enable the overall costs of the PV system to be reduced.
A similar need for a software tool to create deep systems change in energy consumption existed in 1982 in regard to the economics of energy efficiency in homes, which could be achieved through a host of choices including the amount and type of insulation, attention to weather-stripping, choice and quality of installation of heating and cooling equipment, etc.  It was already widely known that each of these choices affected energy consumption but two problems muddied the water: 1) the energy-savings provided by each energy-saving improvement was almost always dependent upon the set of prior choices because the marginal value of a retrofit decreases if it is evaluated after other retrofits and 2) there was no reliable way to easily calculate an estimate of the annual energy bill resulting from such a complex set of inputs.  
Easily understood business practices were available which were immediately cost-effective in reducing the demand for electric power, but their energy cost-savings were not widely realized until software programs became available which allowed analysis of the energy savings that could be achieved with each such practice, and the means and time of payback to investors.  That informational tool, first introduced by Architectural Energy Corporation as REM/Rate™, made it possible for energy-efficiency consultants to design new homes or retrofits of existing homes so that insulation, weather-stripping and HVAC contractors could be hired by building owner/investors and mortgage brokers in a manner which prioritizes which practices should be adopted first and which choices were not deemed worthy of investment. 
The founding president of Architectural Energy Corporation (and principal owner until less than 5 years  ago) was Michael J Holtz.  The principal developer of REM/Rate was Russell Derickson.  Both of these are members of this team.  It was not until around 2003 that a version of REM/Rate™ included PV installations into the calculation of the annual energy bill for a home.  This was consistent with the fact that REM/Rate™ was focused upon providing tools to energy-efficiency consultants on a priority basis: with items most commonly used in homes found in the earliest versions; less commonly installed features of homes only found their way into REM/Rate™ in later versions.  
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]It is noteworthy that the current version, number 14.x, still does not account for battery storage as a feature of a home that could affect its annual energy bill.  Moreover, although the REM/Rate™ tool, and all of the competing, certified software subsequently created to meet the same need, have been adopted by RESNET, DOE, EPA and the US Green Building Council, as well as used for Building Code Compliance in most of the US, none of these computer programs or national performance standards provide any recognition for buildings that have battery storage or otherwise lower peak demand.  The time has come for an entirely new software tool which the energy conservation as well as the energy supply industries can adopt, and when it is available, it will drive significant change.
Members of our team are actively working with most of the categories of potential users of REM/Rate™ and its competitors.  These activities enable us to use real-world scenarios to design the software.  We can model the actual results when, for instance, a utility company adopts an experimental pricing structure.  We can confront actual problems encountered by builders and installers, and develop model cases.  We can design regulatory or utility management policies, find willing users and model them in use.
Moreover, energy storage is not just an asset for a building with PV, there are hundreds of thousands of buildings that have bought and many more will buy some sort of backup power system.  It is already documented by two LNBL reports that commercial buildings commonly suffer gross economic loss from even very transient power events.  A 2009 LNBL report estimates the average cost of an 8-hour outage for a large commercial/industrial customer to be $93,890.  For a small commercial/industrial customer an 8-hour outage creates an estimated $4,768 worth of economic damage.  Additionally, with the growing number and intensity of major storms week long power outages are far too common for many homeowners.  For people that are working out of their homesteads, for example farmers or start-up entrepreneurs, an extended outage can have devastating economic consequences.
In the past, to solve the reliability problem, the option of choice has been dominated by local, FF-fired generators, however, our team believes that given the rapidly decreasing cost and increasing durability of current and predictable battery technology coupled with Federal and state tax credits, PV in tandem with energy storage is more economic.  This is the case even if that building cannot benefit from sharing costs with its utility.  A properly sized PV with ESD system can assure a reliable electricity source even during a catastrophic event when attaining diesel fuel or natural gas may not be possible.  Including the ESD significantly increases the value of PV to the end-use electricity customer when the grid is down and also to the grid when there is no outage.  What better symbiotic future can we attain if the calculus of decision making were properly integrated with the full set of options?  Less CO2 and CO produced, less noise, safer, cleaner, more reliability, less first cost, major subsidy, cost-sharing with the grid and no grid defection!
It should be noted that some pure energy storage installations actually provide return on investment at four times that produced by a PV system even if such a PV system can be promised to enjoy net-metering without curtailment.  This is demonstrated by the V2G and Intelligent Generation’s business models.  For example, at V2G’s site a BMW with a utility-controlled 18 kW inverter/charger containing a 24 kWh battery bank receives $5/day compensation from a utility in Delaware.  Delaware is within the PJM consortium of utilities, the wholesale marketplace for electricity servicing PA, NJ, MD and many places further west including parts of Chicago.  PJM provides a market for Frequency Regulation, i.e., a utility service that is focused upon precisely matching supply to demand.  If you do your math, you can check that the $1500+ annual income for about a $10,000 investment cannot be matched with a similar PV installation!
Once the software exists, what we can do, others can also do, so innovation will be enabled everywhere.
An example of a new utility policy or regulatory framework that could be modeled is an approach we call Inverted Demand Compliant Construction, a concept which was created by a member of our team.  An inverted demand customer of a utility company is one who enters into a contract to use power in a pattern exactly opposite to the norm.  By not using power during peak demand periods, that customer reduces peak demand and reduces the need for increased generating capacity.  This saves money for the utility that can be passed on to all customers of that utility.  Similarly, by using power when demand is low, that customer takes advantage of power that would otherwise be surplus, and gives it more economic value.   In this way, inverted demand adds value to wind-generated electricity and the transmission lines that often sit almost dormant at night.  Much more economic value to the utility derives from a combination of Demand Response and Supply Response: with energy storage devices coupled with grid-operator-controlled inverter/chargers, such a customer’s battery bank could be directed to actually provide power to the grid during peak-demand periods as well as not using power, and when demand is low, the same battery bank could be directed to store power.  (We have coined the term “Supply Response” to complement the commonly used utility pricing scheme called Demand Response.)  If modeling and experience show that such a pattern has measurable benefits, we envision that utility-paid incentives might be created which can be utilized by designers and builders to create buildings that are ready for Inverted Demand and Response, much as in an earlier era incentives rewarded utility customers for buying efficient appliances.  This will have multiple benefits including: i) substantially more reliability for the building and utility — keys to a sustainable energy future, ii) arresting grid defection, iii) lowering the price of energy for non-participants, and iv) a new utility-consumer paradigm where reliability for each electricity outlet is shared by the utility and the building in a cooperative fashion that actually lowers total societal cost.  Moreover, such a paradigm is much easier to export to developing countries that have yet to invest in the costly infrastructure of a first-world, AC electricity grid.  In fact, an experiment on exactly this track is currently in serious consideration by a utility in the heart of the US and the initiating consultant on that project is a member of our team.
We envision that as our software becomes widely available, it will enable a period of increased creativity in imagining alternative policies and relationships.  We will constantly update the software to incorporate new scenarios, evolving technology, and to reflect new experiences.
Rather than just being a static tool that can enable rational decision-making, our software will be a dynamic tool for innovation. 
DOE funding of the BSI team is essential to create the needed software to solve the deteriorating buildings-to-utility-grid design problem, the PV penetration problem and to promote the broadly-effected sale and installation of ESDs in buildings because this team has the unique perspective that allows it to fully appreciate the economics from both sides of the meter.  The reason BSI and its consultants are in a position to create this tool is that the members of our team are actively engaged in these industries: i.e., we are consultants on energy conservation and consultants to utilities.  We serve clients across the spectrum of potential electricity consumers as well as the utilities that serve them.  What makes this team unique contradicts what is common about a consultant who works on either side of the meter: the “hammer” each of us swings only drives nails on the side of the meter in which we consult.  Our team breaks that mold, because our energy consulting experience has roots from working on both sides of the meter.  This perspective is critical to addressing the problems already discussed in this project overview.    
In the January 13, 2014, Integrated PV with Energy Storage Workshop hosted by the SunShot Initiative in Berkeley, CA, we learned that SunShot Initiative’s goal of increasing PV penetration by driving down the costs to $1 per installed Watt was hampered by a variety of challenges.  Solar energy must contribute more than 35% of our power to allow the US to have a zero-carbon footprint.  Many challenges to these goals were presented by DOE personnel.  But few had solutions, save the business like SolarCity, which might drive the necessary market transformation.  As we see it, the purpose of that workshop was to find some new approaches, whether technical or economic, which could fundamentally reshuffle the deck and speed-up effective marketing of a deeply distributed energy storage system.  BSI’s proposal in this funding application is directly responsive to the greater goal of the SunShot Initiative as well as the particular reason for the January workshop.  The BSI team, both individually and collectively, wants to avail ourselves of this business opportunity and support the public policy benefit that DOE is hoping to achieve.  BSI’s PV systems with Energy Storage Devices (ESD) project should be funded.

Business Plan    
BSI will create the software in our offices in Louisiana, California, Colorado and Wisconsin.
The primary and first target market for this software are PV installers. According to the Solar Energy Industries Association (SEIA), which does an actual count annually, there are roughly 3000 NACEP-certified PV installers working within roughly 6100 solar companies. The discrepancy between the number of self-identified installers and self-identified solar companies is explained by lax regulation or enforcement combined with unfettered right to install granted to general contractors and electricians in some states. Almost half of these installers are in California and New Jersey. The disproportional share in New Jersey derives from that state’s very proactive utility regulatory environment. We can leverage this opportunity to help other states. It is interesting to note that the number of installers has hardly changed over the last few years even though many older companies are falling out, because they cannot compete with companies like SolarCity which has a very competitive business plan, is growing rapidly and already has 10% of market share. The reason why the number of installers has hardly changed is the fact that every year there is a new influx of small companies such as small electrician companies expanding into this marketplace as other companies fall out; these non-experts will appreciate how our products help them look good. This means that there is a persistent need for information and reeducation in this industry. The fact that we serve both sides of the meter is our competitive advantage. 
[image: ]As measured in MW of PV installed per year, this industry has experienced an average growth of 74% per year over the last 5 years. This is derived from the graph published by SEIA by considering the growth from 298 MW in 2008 to 4,751 in 2013; i.e., 4 751 ~= 298 * (1.74)5.
http://www.seia.org/research-resources/solar-market-insight-report-2013-year-review
As pointed out in the Project Overview, despite this trend, few to no building owners, the ultimate consumer, whether residential or commercial, are receiving a clear economic signal from their energy consultants or architects that installing batteries or other energy storage devices is profitable to them. The National Council of Architectural Registration Boards (NCARB) estimates the number of architects licensed in the United States at 105,847. The certified energy-efficiency professionals serving the new and existing homes market is 2,000 — according to RESNET’s staff. However, since none of the national building performance standards including those promulgated by DOE, EPA, USBGC, or RESNET, nor the International Building Code, provide any merit derived by adding batteries or lowering peak demand, one can hardly expect either energy raters or architects to promote energy storage devices to their clients.
If a building owner gets any kind of professional advice encouraging the purchase of batteries, that conclusion is often accompanied with a recommendation to build off-grid. If one simply accesses one of the very few software tools that will actually quantify the economics of adding energy storage, like HOMER, (www.HomerEnergy.com), one finds a calculator readily available to minimize first-costs plus operating-costs in the design of an off-grid home‘; but there are no tools available to design an on-grid home that minimizes the TOTAL cost of energy when costs are aggregated from both sides of the meter. THIS IS OUR COMPETITIVE ADVANTAGE. The authors of this funding opportunity application assert that the latter design approach generates a cost to build and operate a home that is far lower. Thus, it is no wonder that there have been a growing number of new homes built to be operated off-grid even though they are located within established utility districts. Hence the projections of RMI report quoted in the Project Overview.
From the same quoted source at SEIA: “The solar industry also became a major part of a much larger discussion in 2013 concerning the future of electricity and electric utilities. As distributed solar increases, and as adjacent technologies such as energy storage become economically viable, the traditional utility business model is increasingly called into question. Throughout the electricity industry, 2013 was the year of catchphrases such as “utility 2.0” and “utility of the future.”  Utilities themselves began to stake out positions on all sides of the issue, some seeking to protect their current territory and others investing in distributed generation – capitalizing on the opportunity that comes with change.”
Thus a major market for our software is the set of the utilities themselves. Our software will be virtually the only game in town. Whereas a license to use our software by a PV installer may be $100, a fair price for a utility could be $10,000 to $100,000. This price point makes sense because of the much higher program leverage, opportunity; utilities can sub-license out software to their sub-contractors and subsidiaries.
According to http://www.publicpower.org/files/PDFs/NumberofElectricProvidersCustomers.pdf,
The number of electricity providers in the US is 3269 of which roughly 61% are public, 6% are investor owned (IOU), 27% are cooperatives, 0.3% is Federal Power Agencies and 5% are Power Marketers. However, most of the utility customers are served by IOUs. Of the 140 million US electricity customers, 68% are served by IOUs, 14.5% by publicly-owned, 13% by cooperatives, less than 0.01% by Federal Power Agencies and 4.4% by Power Marketers. 
Our software will foster a major expansion of equipment sales by inverter, battery and equipment manufacturers. For example, it is already well known that Outback Systems of Arlington, Washington, is a major supplier for PV systems partly because it sells inverters with exceptionally clean sine waves. However, it is not well known that they also sell an “axis port” addition to their equipment which will communicate with a utility-grid operator through SCADA, the most common and standard communications protocol. Power Systems Engineering, the place of employment of one of our team members, is a leading company for advising utilities in the deployment of SCADA. At less than $150, the axis port can change a simple battery plus inverter system into an ESD that can implement Supply Response.
The same battery system that can produce utility bill savings at the rate of 25% to 50% can economically displace tens of millions of on-site generators. According to William Pentland’s April, 2013 article at Forbes.com entitled Backup Generators are the Bad and Ugly of Decentralized Energy by “2007 an estimated 12 million generators had been installed across the U.S. with a total capacity of 200 GigaWatt”—with ¾ of these simply devoted to backup power. “Backup generators are filthy, wasteful and prone to performance problems depending on the frequency and duration of electric grid outages. Backup or standby generators cost an order of magnitude less than generators designed to provide primary power. The cost differential is driven by air pollution, interconnection and the economics of fuel efficiency; simply put: it is cheap and easy to build products that almost never get used. They are also easy to sell, which is why companies like Generac, Cummins and Caterpillar are selling huge amounts of them in parts of the US. Quindlen compares homeowners who claim they don’t need backup generators with teenagers who ignore the risks of unprotected sex.”  “In the event of a prolonged power blackout, backup generators frequently run out of fuel or suffer performance problems when they operate continuously for more than a few days.”We are well positioned to market to both major and smaller market players.
The goal of the proposal is to provide a service for a fee. The licensing is the fee.
The applicant anticipates applying for a Tier 2S grant at the conclusion of this cycle, to allow rollout of the software to market. HOMER software has one hundred thousand users employing both the free and licensed products. Their current annual licensing fee is $99. HOMER addresses a much smaller market. We estimate that if we can reach only ten thousand users in the first year, at a similar price point (for substantially more competent software) this will be a viable business with annual revenues in excess of costs. (Compared to our first year’s development plan, that income would be roughly 150% of cost.) Higher levels of penetration will enable constant upgrades and improvements. Our marketing will be based on contacting key players in PV, utilities, software reviewers, other relevant stakeholders and providing them beta versions for initial use. Their feedback and advocacy in the market place will be a significant element of our marketing approach, supplemented by other marketing avenues. Our team is well-connected in the world of energy and renewables.
This is not a capital-intensive enterprise. The challenge is in creating the software and launching it into the market, because the product itself is digital and does not have heavy per-unit manufacturing costs. Most of the costs after launch will be in sales and service. In time the software will be web-based for ease of access, version and licensing control. Service needs are relatively modest by comparison with the hard costs of manufacturing a physical product. Each of us already provides the kind of information and advisory services that users of this software are likely to need, and we are very familiar with how to provide it. To the extent possible we intend to build support into the product, and to create a culture and expectations of constant updating and upgrading so that this product is always the freshest, most current software available in the field. Support needs will be minimized by design from the beginning; that is, the software will be designed to be robust and facilitate self-learning and thereby generate negligible support personnel time.
Without exception, the principals of this enterprise have long shaped both their personal and professional lives around having a positive impact on the environment. All relevant operations will be designed to operate in an environmentally safe and even beneficial way.
Software does not pollute, but the electricity to run the software may, depending upon how it is generated, so the ultimate goal is have the operation served by PV-generated energy to ensure a zero-carbon footprint.
Significant market dynamics are already beginning to limit increased PV penetration of the grid, and the direction is not encouraging. This software has the potential to be a powerful system influence, to align the interest of owner/builders, architects and contractors, PV installers, utility companies, regulators, and others in greater penetration of PV plus ESD into the grid. This will be the only software product that works on both sides of the meter.
Two kinds of expertise are necessary for success in this venture: mastery of the technology and business practices of solar installations with ESD, and the ability to write and troubleshoot the software. Principals of this enterprise have demonstrated both of those skill sets at a very high level, as evidenced by their accomplishments and credentials, detailed elsewhere in this application.



Technical Qualifications and Resources
Team Qualifications
Excellent technical qualifications are vital to the completion of a project — for no matter how good the concept — it has to be brought to completion. BSI has assembled an outstanding team to develop and market its novel concept of developing software that will calculate the economic advantages of adding ESDs to increase the income to the customer and the penetration of PV on the Grid, and help arrest the reduction in grid defection while alleviating the utilities’ need to limit PV penetration. 

To bring such a concept to fruition, the project team needs individuals who have proven:
1. Extensive knowledge of PVs’, ESD, engineering, numerical analysis skills and conceptual insight needed to develop the algorithms which drive code development
2. Computer science expertise and experience in turning these algorithms into smoothly running code
3. Marketing Experience in developing new applications that will require both 
a. obtaining customer feedback, and in
b. marketing that software culminating in creating a profitable enterprise
4. Experience in working with utilities, both to understand their legitimate concerns and to be able to constructively and cooperatively interact with them
5. Extensive technical competence and experience for interacting with utility regulators on new developments affecting utility costs, and in writing new/altering current rate Regulations, and
6. Extensive expertise within the building science of energy conservation.

BSI carefully chose each team member to optimally fill these needs and this project goal because of its importance to the future of Renewable Energy Generation as well as for its inherent profitability.  Each team member has excellent qualifications and commercial experience in his multiple fields of expertise, and complements the qualifications of other team members.

With pride, we present (brief summaries) our team (alphabetically; please see the more extensive qualifications in their resumes):

A. Dr. Russell Derickson, a scientist and Engineer with broad training and experience in multiple fields including building science, and computational fluid dynamics, computational modeling and software development. He is conversant in management, strategic planning, and marketing of products and services. He conceived and developed energy analysis software, sold and marketed the software known as REM, very successfully (profitably)at Architectural Energy Corporation. This product is extensively used and marketed internationally, has won two national awards for excellence and been evaluated as the best of its kind by NREL). He has also been a PI on academic, research grants, and on several SBIR Phase I, Phase II, and Phase III projects.

B. Steven Fenrick, a mathematical economist, with a background in Economics and Market Research, conducting research for the electric utility industry, regulatory commissions, consumer advocates and national trade organizations.  He has recently (2010-2013) led study teams for grants involving over 20 electric utilities across the country and is an expert on multiple fields including  benchmarking and economic studies, value of reliability and cost benefit evaluation, rebate demand response programs, and Innovative Regulation programs. He has multiple publications and presentations on energy issues.


C. Michael Holtz, FAIA is a registered architect and internationally recognized leader in the field of energy and architecture. He was the Founder and President of Architectural Energy Corporation (AEC), a highly successful energy and environmental research and consulting firm, Founder and Principal of LightLouver, LLC, Chief of the Building Systems Research Branch and as Acting Director of the Buildings Division of the precursor of NREL, and conceived and implemented major national programs for the DOE in manufactured buildings, commercial buildings, building energy designed tools, and performance analysis and testing. Michael has managed numerous software development efforts, including REM/DesignTM, REM/RateTM, ENFORMATM, and Earth ExplorerTM.

D. Dr. Myron Katz, a consultant who has worked on both sides of the meter. He is an applied mathematician and consults as a Moisture, Energy-Conservation and Building Scientist, with a background in building science/energy-efficiency, a Certified Energy Rater Trainer, regularly invited presenter of Building Science and Energy Conservation technologies at the Louisiana Engineering Society conferences, technical consultant on over $500,000 of DOE Energy Efficiency grants, a university professor teaching Math, and Computer Science, at one time the Energy Consultant to the Louisiana Attorney General’s Utility Regulatory Group in their efforts to protect consumers from imprudent costs of construction of a nuclear powered electricity generator, published a peer-reviewed journal on an alternative duct and house leakage testing protocol, and Co-Founder of BSI, LLC.  Myron invented the Inverted Demand Compliant Construction paradigm which will be the subject of Task 8.

E. Richard Troy, a computer scientist, pragmatic technologist and entrepreneur brings an extremely broad computer-science skill-set with deep experience in scientific computing. He ran a 43 person team at UC Berkeley focused on the Earth science challenges of the Mission to Planet Earth, commercialized his work to help other scientists to improve their own research, and has moved into life science computing. He has been co-investigator on NASA funded research, and created the patient health record data bank at EHealthTrust Corporation. His specialties are in high-performance computing and database systems with a special interest in mobile computing.

F. Dr. Norman Witriol, a  Physicist and Building Scientist with a background in both building science/energy efficiency theory and experiment, including many years of writing and running code for computational modeling of physical systems, and being PI on over $500,000 of DOE energy efficiency grants, with 5 patents, 37 publications, 8 Awards, 61 Lectures, Papers Presented, Reports, as well as being a University Professor of Physics for decades, and a consultant to 9 governmental and industrial organizations, with 2 appointments at the National Research Council, and Co-Founder of BSI, LLC
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Other Sources of Funding: None. Because this is the case, the Project Narrative will have vacuous separate document entitled: Other Sources of Funding Disclosure 

Letters of Support Attached

Scope of Project Objectives

Building Science Innovators (BSI) will create, user-test, and introduce to the market software to enable PV system installers, building owners/investors, architects, builders, energy consultants, utility companies, regulators, and others to quantify profits and other benefits of combining PV generation with ESDs — thereby making it more likely that these industry players will integrate these systems into their building construction plans, build such systems, and connect such buildings to the grid.

The software will quantify the economic benefits that can be achieved by adding ESD to PV installations in three forms: the resultant income for installers, payback of investment for owner/users, and avoided costs to utility companies. On the scale of the individual installer or building owner, the goal of this enterprise is to do for designing ESD into PV installations what REM/Rate™ did for designing energy efficiency for homes: i.e., to enable rational, self-interested decision-makers to understand the advantages to them of investing in ESD systems. On a larger scale, the goal is to remove significant obstacles to ever greater percentages of PV installations into the electrical power grid, thus enabling system-changes that will otherwise be blocked by market dynamics.

Cases, Tasks and Deliverables

To address a significant and growing percentage of the market, the software must have many varied functions chosen wherein the most commonly needed functions are developed first; thus software development will progress through the cumulative analysis of a carefully ordered study of archetypical cases — starting with those most common. The software for each successive case builds upon preceding work — with the functionality of each successive release ("version") constituting a deliverable. 

All of these cases provide at least one conclusion in common: the addition of an ESD makes economic sense to the building owner. Most cases will result in a recommendation that the ESD should be coupled with PV. Some of the problems presuppose a PV system; some do not. None presuppose that an ESD is already installed in the building. The cases all share the conclusion that a grid-tied home will have lower first costs and operating costs than the same home off-grid. Unlike software that has preceded our effort, OUR SOFTWARE WILL ALWAYS CONSIDER COSTS ON BOTH SIDES OF THE METER. 

Each of these cases is studied as a “Task”. Except for the first deliverable, each primary deliverable (i.e. each new-feature release) demonstrates new functionality of the software: namely, the ability to solve the problem presented in each successive particular case — and to perform that task in an automated fashion. 

Starting two pages hence, we provide two tables that document the relationships between Tasks and Deliverables in summary form for easy reference and provide a canonical identifier for each. Following both tables, we describe the first deliverable as a series of three preliminary subtasks. Thereafter, a description of the primary deliverable associated with each Task is found just after the Task description and within the list of Tasks. In addition to summarizing Tasks and Deliverables, the two tables enumerate the relationship of Tasks to deliverables from either perspective: Tasks whose completion is required in support of and define each Deliverable and Deliverables which confirm the completion of each Task. 

BSI has a road-map (articulated in the Task Table below) which includes more functionality than can be delivered via this grant, seven (7) of which are committed to in eight (8) tasks (and their corresponding Deliverables). An additional four (4) are likely beyond what we can accomplish in the time allotted, but we may attempt them; these are described as Tasks 9 through 12. BSI intends that upon the completion of Tasks 1 & 2, then 3 through 8, respectively, DOE shall make corresponding payments to BSI of 20%, 10%, 10%, 10%, 10%, 10% and 30% of the total.

We have chosen to use a simple variant of the most common software-industry versioning nomenclature as a convenient mechanism for conveying which level of functionality is provided by any particular version. This nomenclature is called "dot notation", using the period, ".", as a delimiter. Our variant defines the second-most entry – to the right of the left-most dot – as specifying the most advanced (highest number) algorithm implemented as it also specifies the specific corresponding Task’s integer identifier; the definition of that task specifies the latest algorithm implemented within it. In our nomenclature, the left-most value (left of the left-most dot) denotes progression in the architectural structure of the program, while the right-most value (right of the second dot from the left), if any, denotes a bug-fix version, as needed. Thus, versions 0.4 is known to implement all algorithms up to and including that described in Task 4, and 1.5.2 would be understood to be the second bug-fix release implementing all algorithms through that described in Task 5. Thus, delivery of releases confirms the performance of Tasks.

One reason for a versioning paradigm with a clear association with Tasks (e.g. Task 2 resulting in version 1.2 as Deliverable D2) was to assertively respond to the requirement within the DE-FOA document that Deliverables should develop across Tasks. The software is developing across all the Tasks in a cumulative manner. Component parts of the software (as opposed to executable code) are also developing across Tasks: examples include the development of the database structure and its content.

A component part of each delivery will be Release Notes for the version, and a User Survey Report that pertains to release production, both described in detail below. (Release Notes, text documents, are software-industry standard practice for each release.) 

As with every software project of merit, we shall immediately begin an iterative development loop wherein the following steps are repeated after the very first executable code is created:

1. Implement fixes and new features
2. Validate work with actual users
3. Gain insights from users
4. Devise fixes, improvements, etc, and go back to step 1 and again implement what you've learned.

Notably, software similar to our proposal endeavors to assist decision-makers regarding the installation of energy storage systems within buildings, named HOMER, is owned by NREL. Although HOMER is quite useful, its analysis approach ignores costs borne by other parties affected by decisions made based on its analysis: HOMER does not consider the economics of the utility or the effects of the activities of the construction decisions for one building has on other utility customers. While HOMER does not address the same challenges addressed by this proposal, HOMER's source code would be a good starting point for our work. Although NREL retains ownership, NREL has licensed the software to HOMER Energy LLC; therefore, we believe that securing a license agreement for access to the source is unlikely to occur in a useful timeframe. However, we will seek such access, and if secured, we will substitute the effort of securing this access for our Tasks and Deliverables T1.1, T1.2 and D1, respectively, and shall follow through the rest of our Tasks and Deliverables with our work based on the secured software instead of our own base code. This will have an unknowable-in-advance impact on our performance under this grant in the timeframe and for the budget originally envisioned, however, we expect that in that instance the grantor will work with us in sorting out any issues.


DELIVERABLES 

The following Deliverables Table denotes and provides an identifier for tracking each of the deliverables of our team to DOE, and within the Tasks section are descriptions of each. As noted above, the description of Tasks references these Deliverables according to which they are in support of and whose delivery constitutes confirmation of their performance.

	Deliverables Table

	Identifier
	Description
	Tasks Required For Completion

	D1
	Initial "Release" (version) of software
	T1 (all parts)

	D2
	Version with "Off-Grid" support (see Task 2)
	T2

	D3
	Version with "Net Metering" support (see Task 3)
	T3

	D4
	Version with "On-Grid but Cannot Net Meter" support (see Task 4)
	T4

	D5
	Version with "Avoiding Demand Charges" support (see Task 5)
	T5

	D6
	Version with "Electrical Reliability: Residential & Commercial” support (see Task 6)
	T6

	D7
	Version with "Critical-Peak-Pricing" & "Traditional Demand Response Rate" support  (see Task 7)
	T7

	D8
	Version with "Inverted Demand" & "Supply Response" support 
(see Task 8)
	T8




Releases, Release Notes and User Survey Reports are all Deliverables

Because we are proposing to create a software product that evolves over time, there is an initial software release, and updates, each called either a "release" or, collectively, "releases", and there are supporting materials called Release Notes which describe them. Additionally, to orient the initial development and then keep the team on-track in solving the problems that need to be solved in a quality way, user metrics and surveys are used, the results of which and related attributes of the project's status are collectively reported in "User Survey Reports". Thus, there are three aspects to all our deliverables. These are:
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1. 
                 Releases
2. Release Notes
3. User Survey Reports

· A "Release" is a software product which performs certain functions. In our case, each release is directly coupled with an incremental improvement in capability associated with a Task that pushes innovation forward. The specific Task associated with each specific release is indicated in the tables above.
· Release Notes are a standard feature of software products in the computer industry and provide users with all the "meta-data" pertaining to a release, including bug-fixes, known problems and their workarounds, expectations on installation and use, and lists of new features.
· User Survey Reports are text documents containing the results of a continuing periodic exercise in obtaining initial perceptions and viewpoints and later also feedback. The following are some of the information to be obtained from User Survey Reports: 
1. Information about the user communities we have solicited / are soliciting and are asking for commitments to participation in joining our effort.
2. What specific users have responded in the affirmative.
3. What questions we have asked of participants and what their aggregated responses were pertaining to every aspect of our project that seems pertinent.
· 
	Tasks Table

	Identifier
	Description
	Deliverables Which Confirm Completion

	T1
	All of Task 1 (T1.1, T1.2, and T1.3)
	D1

	T1.1
	Establish a Data Schema
	D1

	T1.2
	Establish Initial Program Structure / Instance
	D13

	T1.3
	Secure commitments for validating work with actual-end users
	D1

	T2
	Off-Grid
	D2

	T3
	Net Metering
	D3

	T4
	On-Grid but Cannot Net Meter
	D4

	T5
	Avoiding Demand Charges
	D5

	T6
	Electrical Reliability, Residential & Commercial
	D6

	T7
	Critical-Peak-Pricing & Traditional Demand Response 
	D7

	T8
	Inverted Demand & Supply Response 
	D8

	"Stretch Goals" follow. These are items on our road-map that due to time constraints cannot be included in this grant but will be included in a further proposal for funding.

	T9
	Maximizing PV value: PV curtailment & Precipitous drops
	

	T10
	Sell Demand & Supply Response in various ISOs
	

	T11
	Sell Frequency Regulation in PJM
	

	T12
	Homeowner control of ESDs
	



The preceding Tasks Table denotes and provides an identifier for tracking each of the Tasks for our team, and below the table are descriptions of each. As noted above, the description of Deliverables (within the Tasks section) references these Tasks whose delivery constitutes confirmation of their performance.


TASKS

Task 1 - Preliminary Steps

Timeframe: 1 Month (September 2014)

Task 1 is unique among our tasks since here is where we set up our environs and circumstances prior to providing any innovative solutions. There are no "barriers" to describe. Rather, we are setting up three elements for further work:

1. 
2. Data Schema
3. Initial Program Structure
4. Relationships with Users


Task 1.1 - Data Schema

A Data Schema (sometimes called Data Model) describes the significant data elements that are to be managed by a computer program. Major elements are called Entities, and the data describing each is called an Attribute. Some of the Entities (and some of their attributes) involved in this work include:

· ESD systems - The notion of an ESD will be generalized to include baseline characteristics that can describe all foreseeable ESDs, including known quirks that impact economic performance. For example, drawing down even deep discharge (chemical) batteries below a particular percentage of their theoretical total charge will damage them and impact their future performance and useful service life. Novel systems must also be anticipated.
· Building types, condition, location and economic use
· Rate Structure variations
· Distribution systems
· Independent System Operator (ISO) marketplaces
· Energy consumption: past use, bills, including time-of-day information, hourly kWs of demand.
· Interconnection systems - PV to grid to ESD
· User "specifications" e.g., how many watts are desired / required, etc -

It is wise to begin software projects by investing adequate time anticipating the necessary as well as potential requirements of the Data Schema.

Task 1.2 - Initial Program Structure

Our implementation strategy is as a stand-alone application with interactive, textual interface and complementary infrastructure such as data files which contain information pertaining to the Data Schema. Some future release, not contemplated herein, will upgrade the interface to "GUI" (Graphical User Interface) format; here, our primary focus is on correct answers, not glitzy user interface.

There are a number of architectural issues to be addressed, including:
· Data Schema: Data needs will become more complex over time. For example battery weight is not important for some projects but may be important for others. It is certain that the Data Schema will need to change with time, so a key attribute here is to implement in a way that can adapt to all that comes without breaking all that went before.
· Data Acquisition: The program needs a simple, effective way to add to a growing knowledge base of data of all types. For example: Pb-Acid, Lithium-Ion, Li-Sulfur, Flywheel are all different types of batteries; Trojan is battery brand-name; using it with model numbers facilitates ease of use and improved accuracy. The initial program structure will provide an easy, extensible mechanism for adding to all data types.
· Algorithm flexibility:  Will the software only be able to calculate the answer to a specific set of design inputs or can it do a host of simulations within a range of design conditions?  Which problems have design solutions?  How do battery specifications need to be more deeply described in order to deal with some design solutions?  How does a battery help provide reactive power?  The program needs to have an extensible approach to handling algorithms. The initial program structure will anticipate all the algorithms that can easily be foreseen with placeholders, and will be designed such that new additions are relatively easily implemented.
· Keeping up-to-date: Closely related to Data Acquisition, keeping up-to-date involves the ability of the program, when used "in the field," to obtain the most recent information available. Here, the idea is to have a distribution mechanism for updating the software and its related Data Schema and data sets. This feature is not required, but is on our list to implement.
· Usage Data: It is important to know what people are trying to do, where their focus is, etc, and it is also important for qualified humans to evaluate solutions to ensure they are of high quality. Therefore another goal of the base system is to capture usage-data in a format useful for these purposes and a mechanism by which said data can be returned to the developers, with permission of the user, of course. Again, this is not required, but it is our intent to implement it in our first release.
At each successive stage of the program, the requisite data sets, including both structure and content, will be augmented as needed for them to be sufficiently rich to allow the software to demonstrate the functionality described at that level.

Task 1.3 - End-Users

We must initiate and cultivate developing relationships with our primary customers (users), including photovoltaic system installers, building owners/investors, architects, builders, energy consultants, utility companies and regulators. As the code develops, we need to ensure adequate communication regarding the advantages of the program's features to our customers and incorporate their input.

In particular, we need to secure commitments for validating work with actual end-users for these purposes:

· Interview to gain their insights into our problem space and get answers to questions including "What do you think you need?", "Would you like this feature?", etc.
· Establish actual (accurate) use-cases (details)
· Validate assumptions
· Alpha and Beta testing / feedback.

From this point forward, all tasks are directly related to the SunShot Initiative's goals and are the most accessible and/or most common cases in the spanning set of the range of design problems facing buildings which can benefit from an ESD. Each of the following tasks represents a relatively narrow class of problems best studied as a single archetypal problem via a "scientific" sample of buildings.

Task 2 - Off-Grid

Timeframe: 1.5 Months (October 1, 2014 — November 15, 2014)

Problem: Some homeowners are planning or considering living off-grid and are looking to store energy for later use, thereby having access to reliable power over essentially unlimited time periods. When the home is far from a utility grid’s power line, i.e., more than 500 feet away, a good answer may be provided by HOMER software. However, many customers are choosing to go off-grid even though access to the grid may be less than 50 feet away. Our software will present a more complete answer to the full economic consequences of the second question.

Deliverable: Our challenge for such customers is to both answer their direct questions and complement those answers with information which will explain to them that not only are they taking on more first costs and operating costs while buying less reliability, but are actually raising the cost of energy and decreasing system reliability for the customers in the grid they are abandoning. If there is a significant migration of users from the grid, utilities will experience large “stranded costs” that will need to be borne by non-participating grid users. Thus, "going off-grid" raises cost for the participant and non-participant and increases the footprint of that building upon the environment. The objective of our software is to provide a functionality which will optimize the choice of ESDs for off-grid customers and provide a calculated estimate to the customer of the externalized costs they are creating. The setup and organization of the algorithm for this case will be the format for and the basis of all the subsequent deliverables. 

Barriers include the initially small but potentially rapidly-growing market of electricity consumers who are willing to incur significant up-front costs in order to "cut the cord" from the grid. 

Task 3 - Net-Metering

Timeframe: 1.5 Months (November 16, 2014 – December 31, 2015)

Building owners can contract with a PV installer and expect to finance the capital cost of installation by the stream of energy bill savings over the 20-year life of the investment. To sweeten the deal, regulators in almost all of the country have required electricity utilities to accept reverse-flowing electricity which runs the meter backwards. This makes the utility-grid a free energy-storage device for every Net-Metering customer. In effect, energy is sold to the utility and later repurchased at retail rates but not for a profit because the cash flow cannot exceed zero, i.e., not to exceed the consumption at that building. The standard analysis for this decision assumes that there are no externalized costs to the utility and no prospect of PV curtailment; however, as the Project Overview explains, this is far from reality. 

Deliverable: At this level of development, our software will estimate the challenges to the expectation of financing all of the costs of ownership out of future cash-flows from promised net-metering. It will project into the future what is known today about the efforts of utilities to renege on past promises to allow net-metering and the subsequent costs that had been externalized and may flow backwards. These are to be evaluated as new costs. Examples include: a $10/month fee imposed by the Arizona PUC on all net-metering customers installed after some date in early 2014; a depressed Value of PV calculation in Wisconsin for energy purchased from a PV-generation site; a pending decision in the CA PUC on the same subject; a pending decision by the LA PSC on a related subject. However, curtailment is also a threat in the future, especially as PV penetration increases and PV’s value to the utility diminishes. To hedge against these potential considerations we can PRESUME that a PV system with an ESD that functions like the recent regulation in Puerto Rico will protect a PV system from any of these onerous effects. In that case, the ESD is integrated into the system against future negative effects.

Barriers: Regulatory commissions, along with utilities, are examining new policies and changing current ones. Some states are moving towards "value of solar" (VOS) rates, which may be more lucrative than net-metering rates, while others are moving in the opposite direction. For example, the Louisiana Public Service Commission postponed a scheduled to vote on 3/12/14 on a motion to abandon net-metering for new customers and instead pay for electricity at avoided cost rates which are typically less than ¼ retail rates. Predicting and anticipating these changes will be both a benefit of the software tool but also a barrier.

Task 4 - On-Grid But Cannot Net-Meter

Timeframe: 1.5 Months (January 1, 2015 – February 15, 2015)

Problem: Some customers are On-Grid but unable to sell PV-generated energy to the grid at retail rates, that is, they cannot net-meter. This task falls into two subtask cases: 

· T4.1 Building will be served by the utility grid which precludes the backwards flow of electricity because it is located within a central business district of a major city that prohibits it. 
· T4.2 Because the PV installer is facing the ceiling for net-metering allowed/mandated by the utility regulator, the business model of that installer must adapt or go out of business.

Deliverable: In this situation, the issue is how to provide attributes in a manner similar to what was done for an off-grid customer in that energy storage will allow the temporal movement of currently-generated energy to later use on the same day. A problem is that the magnitude of both ESD and PV required may be much more than desired, noting that a PV system big enough to handle the whole load on a summer day is far larger than that required for a spring day. Thus, a balancing act must be performed and a PV system and an ESD must be sized together to optimize economic value. 

The solution of this problem will at first be done from a more narrow perspective than that used in later tasks when optimizing the ESD utilizes more complex, utility-side economic parameters.

Barriers: The inability to net-meter will likely create an increased need for ESDs, thus increasing the up-front costs for the user.

Task 5 - Avoiding Demand Charges

Timeframe: 1.5 Months (February 15, 2015 – March 31, 2015)

[image: ]Problem: Commercial buildings pay for electricity as a combination of energy (kWh) and demand (kW); these are charged separately. Demand is billed as the greatest rate of energy consumption in any 15-minute period of a month. The customer wants to lower demand charges; this is especially the case if the demand charges exceed $15 or more per kW — common in California. SolarCity found a business solution for commercial buildings that works in some areas of the country where demand charges are high. Their approach is to integrate PV with ESD so that the peak demand is optimally reduced. 

Deliverable is as follows:

The adjacent graphic from the SolarCity website shows consumption of the building before any PV or ESD is installed. The Demand in kW of the customer before any new equipment is installed, as a function of time-of-day, is represented as the top curve of the gray, black and green shaded areas. The gray area depicts the drop in demand caused by the recommended PV generation. Note that the residual, black area is not erased by the PV alone. However, by storing energy in the ESD during periods of low demand, like in the AM, the ESD can discharge in the late afternoon to erase the demand of the black area — thereby leaving a residual green area that will be the resultant usage. In this way, demand charges are decreased. The SolarCity customer pays less for this service than the avoided demand charges.

BSI’s software will build and improve this model. To minimize a commercial customer’s bill, our software needs to forecast and anticipate load shapes for every 15-minute period, in each month. This requires inputting and estimating the influence of weather, weekday types, and specific operating factors. By including these factors we can help the commercial customer determine the proper ESD-sizing that minimizes their monthly demand charges. 

A barrier to the opportunity to sell “Avoiding Demand Charges” is the fact that in most utility districts the rate set for demand is not actually based upon the actual or current “marginal” costs of adding more capacity perceived by the utility. The regulator often sets these charges for other reasons like: “What demand charge will attract businesses to relocate in our state?” Thus, the current demand charge rate may not be the future demand rate. For example, a more appropriate logic for setting the demand charge would be one that is based upon the cost borne by the utility needed to meet the utility's coincident peak rather than the customer's non-coincident peak. As more customers use ESDs to minimize demand charges, utilities will be forced to modify these charges away from their current non-coincident demand charge structure. And, any “avoiding demand charge solution” for a particular customer is highly dependent upon the current size of the demand charge and can be expected to be recommend too little or too much energy storage when the size of the demand charge changes in the future.

Task 6 - Electrical Reliability

Timeframe: 1.5 Months (April 1, 2015 – May 15, 2015)

Some customers are looking for resiliency against short or long-term power outages. This problem falls into two sub-tasks:       Electrical Reliability, Home (ERH) Electrical      Reliability, Commercial (ERC)

Subtask 6.1 - ERH (Electrical Reliability, Home) is responsive to the problem of a residential customer who has a justified fear of an extended power outage. Consider California's infamous rolling blackout. Homeowners who have experienced Hurricane Katrina or Sandy have a justifiable fear that another storm will turn off the lights for 7 days in a row another time in their lifetimes and perhaps (probably?) within a decade. The benefit of avoiding this problem is the goal. We have calculated that a 7-day power outage can easily cause over $20,000 in damages to a home even if the home is not directly damaged by the storm. These damages are associated with rotten food in a refrigerator which causes loss of refrigerator, loss of food, need for mold remediation, and / or independently, loss of hardwood flooring, etc. Moreover, these losses do not include the cost of displacement to another city, rent / hotel bills, and loss of income, etc. The economic loss of an extended power outage is exacerbated even more for people that work from home, elderly, or are dependent on electricity to power medical devices. We will develop an algorithm that can be used to determine the economic costs of reliability given different housing characteristics. This will be done by conducting value-of-service surveys to electricity customers throughout the country.
Deliverable: We are considering withstanding a 7-day service interruption. The cost of the ESD will not be "Funded" by a flow of cash from avoided energy purchases or incentive payments in reduced rates from the utility. Instead, following the survey recommended and already partially spelled-out above, a better metric of the value of backup power can be established to help such a customer make the purchase.

Barriers: This is not a universal means to sell batteries. It is location-specific. The value of the potential loss is not as measurable or predictable if it occurs only a few times a decade or less frequent — as has been the case for these deadly storms.  But global climate change driven by global warming has brought predictions of more frequent and more severe storms than has traditionally been the case for these deadly storms. However, Lawrence Berkeley National Laboratory (LBNL) has produced reports on the economics of the US electricity reliability two times in the last ten years; in each case, residential losses are estimated to be much lower ON AVERAGE than what is perceived by the people who have concerns.

Subtask 6.2 - ERC (Electrical Reliability, Commercial) considers the class of commercial customers who can suffer major economic loss from an outage of much shorter duration. In the past, these customers have been served by on-site generators, but the combination of:

1. favorable solar tax credits,
2. decreasing cost and improved durability of batteries, and
3. utility interest to provide favorable tariffs to keep these buildings on grid and garner benefits from the on-site batteries, 
has made it either economically competitive, or clearly favorable to choose an ESD instead of a generator.

Deliverable:  At this level of development, the cost of service interruptions as short as a few seconds to a few hours has been estimated by the LBNL in two reports, one published in 2004 and one in 2009. Each gives a high quality argument that the cost to avoid outage is well worth paying to avoid the downside of being caught without power.

A barrier to this Task will be that commercial customers have the option of using fossil-fuel (FF) generators to assure reliability and provide backup power. In essence, the ESD is competing with FF generators in the reliability provision area.

Task 7 - Critical Peak Pricing & Tradition Demand Response

Timeframe: 1.5 Months (May 16, 2015 – June 30, 2015)

This Task reflects the opportunity for customers who are already served by utilities who are actively soliciting some type of Demand Response. Critical Peak Pricing (CPP) and Peak Time Rebates (PTR) are rate structures that provide strong incentives for electricity users to curtail electricity usage during specific events and hours. The utility typically signals the participants of an impending critical peak time. Within the CPP rate structure, the utility will then charge the user a far higher electricity rate during the event hours, but charge a lower rate during non-event hours. In the PTR structure, the utility will provide a rebate for curtailing demand during the event hours. Rebates or electricity costs are usually 5 to 20 times higher than the off-peak rates. Members of our team have helped one utility set up a PTR of $1.00 for each kWh-reduced during signaled peak-events. In either the CPP or PTR structure, there are significant incentives for reducing electricity use, or even delivering power back to the grid by discharging the ESD. 

Deliverable: This task involves quantifying the value of the ESD when used to lower electricity costs within a CPP rate structure or to maximize rebate amounts under a PTR structure. We will survey the full deployment rate structures within the industry that provide the consumer economic value and develop an algorithm, implemented in our software, that will allow an automated solution for these rates. 

Barriers to this task are that not all utilities have large CPP or PTR programs. Most do have modest time-of-use pricing but not all have CPP or PTR programs; but this is changing. CA utilities have been experimenting with these rate designs for years; Baltimore Gas & Electric now has a fully deployed PTR program. We are also aware of a full deployment from a utility in Kansas and our team members are working with another utility in Kansas who plans to pilot a PTR in the next year or two. 

Task 8 - Inverted Demand & Supply Response

Timeframe: 2 Months (July 1, 2015 – August 30, 2015)

This is derived from the two, new and related ideas within IDCC as described in the Project Overview:
1. Tariff for Inverted Demand
2. Tariff for Supply Response


Subtask 8.1 - A proposed tariff for Inverted Demand: A utility can afford to offer as much as a 25% discount on electricity if the customer uses energy when others are hardly using it and refrains from buying during peak demand times. The non-participating customers can get lower-priced electricity because the utility can avoid the very expensive wholesale purchases needed to meet peak demands. 

Subtask 8.2 - A proposed tariff for Supply Response: A complement to Inverted Demand is the technology we call Supply Response. In this case, the grid operator controls when batteries within the customer’s building store and sell energy to the grid. Our utility consultant believes that a 50% discount may be warranted for such customers. In these two cases, the size of the discount is dependent upon variables beyond the size of the battery bank and the inverter/charger’s kW rating, it also depends upon the utility’s local power-production and storage capabilities. A utility that is more capacity-constrained or having difficulties meeting peak demand because of overloaded transmission substations, will have more need and should offer more discount. Consequently, as more and more customers take advantage of such incentives, the economic value of this incentive should decline. As it declines, the cost of staying on the grid also declines; moreover, it will decrease the probability of dealing with the concern in the next Task.

A barrier to this task will be getting the utilities "on-board" in both recognizing the potential value of this and then paying for it.  However, one of our team members is negotiating with a Midwestern utility to create an experimental rate for a sample of its distribution system.
_____________________________________________________________________________________

STRETCH GOALS

Tasks Projected to be Included in a Subsequent Grant Submission

We do not anticipate having time to perform these during the grant period, though we would like to.

Task 9 - Maximizing the value of PV 

This task maximizes PV value. There are two ways this happens; one from the consumer and another from the utility’s perspective which we address as two sub-tasks:  

Subtask 9.1: Curtailment of PV affects the income of the PV owner. In this case, the problem is that at PV penetrations greater than 10%, there is already a 1% probability that during some days of the year, for some utilities, PV-generated power simply cannot be accepted by the grid operator without jeopardizing grid stability. As PV penetration increases, the need and probability for a utility to implement curtailment increases. E.g., batteries can shift energy sales to peak time: produced at 11 AM can be sold at 3 PM.

Subtask 9.2: Precipitous fall of PV generation affects the utility's reliability. To preserve reliability, the utility often has to waste lots of energy. (This task addresses a similar problem as T9.1 but from the utility’s perspective.) In this case, oversupply is not the problem — the problem derives from a precipitous drop in supply: when unexpected cloudiness or even predictable sunsets cause a large percent of PV energy production to shut down almost simultaneously. In that case, the utility cannot meet the same demand with power plants that were off moments before and instead, spinning reserve must be employed. As is clearly observed in Germany, it is very expensive to accommodate this kind of event. 

Barrier(s): The vital need for the ESD is highly dependent upon the current PV penetration. Thus, in many places the argument doesn’t apply. However, in the long term, this problem will tend to become ubiquitous. Can an ESD be sold to a customer in advance of this problem?

Task 10 - Sell Demand & Supply Response in various ISOs

Subtask 10.1 - Form a partnership with a utility in the MISO footprint and develop algorithm parameters for this use case. Given the lack of a well-defined capacity-market, 

Subtask 10.2 - Form a partnership with a utility in the PJM or NYISO footprint. Calculate utility-avoided-capacity-costs from forecasted capacity-prices. 

Task 11 - Sale of Frequency Regulation services addresses an opportunity within the PJM wholesale marketplace. Develop both of the Intelligent Generation and the V2G business models.

Task 12 – What algorithm determines how a homeowner controls the use of an ESD?  
Unlike the previous 11 tasks, Task 12 is not based upon a particular case; it may be that the most cases can not be modeled without a presumption of some kind automated control of the ESD, set by the building owner.  That issue may come up in the first tier but may not be resolved in the first year.  Another way to handle the issue is to presume that the equipment that comes with an ESD also controls the battery; if so, the resolution of this problem may be as simple as adding that presumption to the structure of the ESD database and filling in another field value. 
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SolarCity’s Business Model
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Abstract


 


Building Science Innovators will


 


create, user


-


test, and introduce to the market, software which will enable 


utility companies, regulators, building owner/investors, architects and builders, photovoltaic system 


installers, energy consultants, and others to understand and quantify the bene


fits of combining 


photovoltaic generation of electricity with energy storage devices and integrating such installations to the 


grid, and will make it more likely that they will actually build and integrate such systems, realize the cost 


savings they offer,


 


and share the benefits.


 


No such software exists at present, nor, as far as we can determine, is any such software being developed. 


This is a deep system intervention in the complex adaptive market system by which electricity is 


generated, bought, sold, an


d distributed. Members of this team have successfully introduced market


-


changing software before (the REM/rate™ product of Architectural Energy in 1982) and are well


-


qualified to create this intervention.


 


Classically each participant in such a market seeks


 


to maximize his economic benefits and is enabled to 


do so in part by timely information. Each participant


’


s need and desire for information is particular to that 


participant, but the market as a whole functions best as the flow of information approaches t


ransparency.


 


This innovation will neutralize developing market dynamics which otherwise will make realizing the 


goals of the SunShot Initiative unlikely or even impossible, and further it will enable and encourage a 


lower cost of photovoltaic electrical ge


neration and ever greater penetration of photovoltaic generation 


into the grid. 


 


The software has an essential functionality


 


—


 


it addresses costs on both sides of the meter.
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