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Summary

This paper describes an opportunity to extend net metering to renewable energy generation remote from a building.  It describes the effects of an extension of the Net Metering for PVs concept to wheeled power from renewable energy sources located at a distance.  This can lead to an increase in renewable energy including solar PV.  The paper suggests implementation models and describes the implications for the distribution utility, individuals, housing design, and Title 24.  It addresses a major conservation opportunity created by Title 24, and it concludes with a discussion of the costs and benefits to our society as a whole such as large increases in renewables and increases in energy conservation.

ZEN Housing

A Method to Promote Homes that Consume No Net Energy

Energy conservation and renewable energy are both necessary for achieving California's desire to promote housing that consumes zero energy over a modest time frame.  Recently, this has generated a RFP from the CEC to promote zero energy homes.  This paper proposes a business model that accomplishes this goal, ZEN: Zero Energy Net.  The ZEN housing model has two elements:

· The house obtains all of its energy from renewable energy. 

· The renewable energy source is not necessarily located at the house.

This paper will show how these two tenets, together with a minor change in California regulations, could lead to an explosion in zero net energy consumption housing.  A business model is described below that includes some new features in housing regulations and electric utility tariffs that will produce new and remodeled ZEN housing.

Zero Energy Net Housing

Each new house, condominium, multifamily dwelling, or commercial building can be built to have a zero annual net electric energy consumption.  The definition of ZEN encompasses housing where the energy source is not necessarily on or adjacent to the physical building.  The energy source must be renewable, and is considered part of the house.  If remote, the power is physically brought to the house (wheeled) by the local utility under a conventional wheeling tariff.

For a house to be defined as ZEN under this rubric, its energy source must be renewable, but the requirement for the energy source to be at or on the house is relaxed.  This frees the house to acquire energy from a large geographic area from more economical sources than if all the energy has to be generated on site.  The remote energy sources may be types that are not possible, on a housing site, such as wind.  Remote sites, typically cause fewer installation conflicts, and have lower costs per kWh generated.  Allowing separation of housing from its energy source will increase market acceptance and enable homes or communities of all types to become ZEN.

Since the electric distribution utility plays a central role, its regulated tariffs should be structured to encourage these developments.  The electric utility is directly involved in:

· Wheeling the power from a point to each house and providing reliable service to all customers at all times.  This should include promulgation of a wheeling tariff that will cover the utility company's infrastructure costs?

· Providing traditional power and ancillary services so as to maintain quality of service for all customers.

· The utility or unregulated alternate actors may also be involved in:

· Providing ancillary services (e.g., electric capacity reserves).  This would require a careful analysis of each customer.

· Providing billing and accounting services for all market actors.  This would entail insuring that for each customer the appropriate wheeling charges are applied.

· Developing distributed power sources.

The costs of wheeling power would engender utility charges that reflect the marginal associated line losses and incremental utility infrastructure service costs.  The further the energy source is from the house, the higher will be these wheeling charges.  The charges will encourage local renewable energy sources but not eliminate supply from remote sources.  The underlying logic of the rate-making model is that the farther the resource is from the house, the greater are the utility transmission resources required to service the load, and the more the customer should pay for wheeling the remote renewable generation.  This will encourage renewable resources to be placed near loads.  Specifically, it will encourage PVs on rooftops, trellises, walkways, and shopping malls more than it will favor more remote generation such as wind or hydropower, thereby reducing transmission requirements and line losses.

Benefits of ZEN


Inclusivity:  This approach is equally applicable to all building types: new and old buildings, residential, multi-family, including high-rises with no solar exposure, caves, metered yachts in marinas, and RVs when not plugged in to power or moving down highways. The penetration of this program is not limited by the resources of the customers, since over the long run it will pay back in reduced electric bills.  Likewise, the program should not be limited by the distribution utilities because they will have a role in supplying power quality, ancillary and accounting services.  This program is limited only by the willingness of individuals, communities, and the state to promote solar energy specifically and renewable energy.



Concentration of generation near load:  Large groups of solar panels are cheaper to buy and easier to maintain and operate than individual panels on the roofs of individual houses.  Thus, there are many economies of scale enabled by moving solar panels (and their maintainers) off roofs.  The solar panels could be over pedestrian walkways, malls, or parking lots.  This level of aggregation is simpler for metering, O&M, zoning, and solar access, and provides a solid role for utilities or other operators into the future.



Micro separation from Load:  Some other forms of distributed generation (wind power, for example) are not compatible with residences.  For wind, larger is better, but 200-300 foot windmills simply are not appropriate in residential areas.  Micro-hydro cannot be moved from its water source, and biogas is unacceptable close to housing.  While distributed generation is a laudable goal, there are good reasons for "near by" generation rather than insisting that it be within or even next to the property. The "Zen" of this proposal is to ask if we as a society should construct housing with associated renewable but off-site distributed generation.


Implementation of Direct Access to Small Customers:  This plan permits all residential and commercial buildings to access renewable energy directly.  It makes no difference if the building is a house, a single high-rise apartment, or a 10-acre rural shopping mall.  The ZEN designation can be met simply by purchasing energy resources adequate to cover the energy needs of the building users.  This makes direct access instantly available for all in California, but limits it to renewable sources.


Overcoming Objections: Objections to PVs on buildings, especially on homes, include:

· Architectural:  People want more ecologically sound energy, but do not want "ugly, mechanical" panels on roofs.  Nor do they want the wires, leaky feed-throughs and increased structural support required to support the panels.
· Complexity:  PV panels generate high voltage DC electricity which is dangerous to people and is not easily maintained by untrained electricians.  Solar installations are fundamentally different from any other electrical work done by the residential and commercial trade electricians.  For example, they are always "hot" during the day and "hottest" when disconnected.  Most home owners are unable to maintain this equipment.
· Initial Cost: With each different type of generation there is an associated set of risks including initial costs, performance, and O&M.  For the utility, these costs are passed on the to rate-payers.  For the homeowner, a significant barrier is the initial cost of installing PV or other equipment at the time of construction and uncertainty of return on the investment due to site tenure, performance, and demand.

· O&M:  PVs do require maintenance.  PV panels need to be washed after dust storms; have trash removed from them; and be replaced when broken by baseballs, branches, or bullets.


· Generation/Demand Matching:  The normal model of a roof solar array is that there is a fixed relationship between the physical house and the physical array, and a transient relationship of the amount of electricity generated to the electrical demand of the house at the time of installation.  Generally the demand for electricity within the house may vary widely depending on who is living there.  For one family of seven people with four TV sets, two refrigerators and a freezer, a 4 kW DG system is appropriate.  In later years, with no children at home and the same adults being less mobile, the matched DG size might be less than 1 kW.

The ZEN solution to the varying demand problem by individual homeowners – or businesses – is to allow a capital market for PV equipment such that each year one purchases as much solar energy equipment as is needed to meet individual establishment needs.  Household generation would be balanced monthly with the account demands, and the house owner's plan adjusted accordingly – much like purchasing minutes on cell phones.  While complicated, it is no more so than current charge-by-the-minute phone rates, term life insurance, health insurance options, and similar service related purchases.  Having a ZEN DG market assures that the capital and distribution costs of all generation equipment are correctly and efficiently allocated.  The effect of this is to greatly reduce the homeowner risks of load matching and provides portability of house "greenness."

· Renewable Funding:  Homeowner financing for renewable energy projects suffers in California from difficult, intermittent funding and contracting opportunities.  Linking the user through the building to the energy source funds those resources directly, without any taxpayer dollars, incentives, or overheads.  At the same time, having the renewable equipment separate from the building makes it a liquid asset that can collateralize a loan for the equipment that is independent from the house.

If the house is required to have renewable generation as in a ZEN house, the generation may be connected to the house.  Alternatively, under the ZEN approach the required generation could be remote renewable distributed generation.  Should the individual wish to be green independent of the house, having the DG off-site makes it portable from house to house: allowing the user to transport his greenness to another structure, and seek independent funding independent of the house.

Societal Features of the Model

Direct Access Opportunity for All
Each ZEN customer, no matter how large or small, can choose how they will meet their renewable energy requirements, or personal greenness goals.  They can choose any combination of generation assets, or aggregate assets, offered by merchant providers, the distribution utilities or other renewable power aggregators.  The balance of energy, as in Zen, is in the individual known his or her own energy needs and supplying them from renewable resources.

Power Market Structure Improvement

Recently, California deregulated its power markets with disastrous results.  There was little deregulation; rather unregulated oligopoly power was created in a limited number of generators who took turns manipulating the market for their benefit.  This concentration of power was used to benefit the holders of that power.  Market deregulation failed solely due to market structure.  If there were 300-400,000 generators competing to sell power, no market power would have existed, and no excess profits would have been made.  Markets without easy entry and exit are not competitive markets.  By providing a path to market entry by many thousands, if not millions, of independent generators, the electricity market will be distorted from perfect competition only by the physics of transmission limitations and Ohmic resistance rather than by the market power of any one or group of actors.  The ZEN plan will encourage, permit, and fund distributed generation from many renewable generators, helping to solve California's short and longer term power problems not only by supplying renewable generation close to the loads, but also by changing the market structure.

Architectural Design Freedom 

California used to be at the forefront of architectural design.  People were free to build interesting buildings with natural cooling and heating, pleasant to the consumer and closely matched to the needs of the user.  However, this was changed by Title 24 and energy conservation regulations, which actively or passively required designs to be "energy efficient".  This led to a collapse of innovative energy efficient designs in California and left in its wake only tightly sealed insulated housing designs that effectively require air conditioning.  The resulting recent saturation of Air conditioning and its use might be compared to residential and commercial architecture and energy use in other tropical countries.

Under a ZEN initiative, Title 24 can be modified to permit any safe architecture, as long as the building supplies all of its energy from renewable resources.  The freedom created will allow for buildings that heat and cool themselves in response to user needs.  It will allow for buildings to be open and use natural cooling and breezes rather than the tightly closed designed-for-AC designs derived from Title 24 compliance.  It is not the intent here to speculate about the energy savings that might result from freeing people from Title 24 AC-oriented design.  If this benefit is correctly realized, energy will be saved.  If it is incorrect, at least fossil energy will have been replaced with renewable energy for space conditioning.

National Security 

A utility system with a few generators and large, visible important transmission lines provides an easy sabotage target.  Conversely, a utility system comprised of hundreds of thousands of generators embedded in the load, with the load fully able to island and restart, provides no strategic targets for terrorists and is less vulnerable to a natural disaster.  During recent disasters power, water, gas, and virtually all municipal services failed, but the fully distributed Internet was unaffected.

Role of the Distribution Utility

In California and across the USA, electric utilities have large human capital resource assets and resource commitments.  A reasonable question is what the ZEN business model offers them.  On first pass, this direction could be thought of as threatening to the kWh oriented revenue stream of the distribution utilities, but the opposite is true.  The simple answer is that instead of taking care of 1 million customers and 200 generator interconnections, they will have to service 1 million customers and tens of thousands of generator interconnections.  This is a large and complex job.  The annual accounting of each house and balancing it against its renewable energy supply is a challenge.  Rate making for imbalances, including the fair allocation of distribution capital costs, is a challenge.  The utility has a complex load growth and management challenge.  Their first task is to integrate the generation relaying and the distribution engineering departments, as under ZEN they become one and the same.

Utility Engineering 

For the distribution utility engineer, there are new challenges in managing not 20 generators and ties but 100,000, all with different characteristics.  On the engineering side, currently most electricity flows one way: from generators and transmission through substations and out through the distribution system.  In the ZEN model electricity will flow in many different ways at different times, not only at the transmission level, but within a distribution radial.  This provides relaying and fault clearing challenges, islanding management restart, and reclosure procedures that do not currently exist.  Under this robust new model, islanding, which is now a transient mode of operation during distribution faults or during black-start conditions, is considered a normal mode of operation, not a problem.

In a traditional model, when the "grid" goes down all generators are expected to drop off line and allow the utility to black-start generation and blocks of the load.  Traditional thinking is that the distribution system has to be robust enough to black-start large blocks of load with no assist for distributed generation.  That is true given today's relaying.  However with embedded generation having black-start capability, utility engineering may take on the challenge of designing continuous autonomous island operation and restart capability – independent of any central grid. The islands would connect and form a central grid as and when advisable much like synchronous generators.  Under a new ZEN model with fully embedded generation, island restart and block restart may be quite possible to implement.  This requires new distribution design, new engineering, and new relaying.  These relays exist from the generation side of the utility business but are uncommon on the distribution side.  These traditional internal utility barriers will have to be overcome.  
FERC has started down this path under its current Order # 661 concerning low voltage ride through requirements for certain distributed generation (Docket RM05-4-000).

Utility Revenue 

A core consideration of any utility is how to survive as a long term business.  To achieve this, the following functions must be permitted and encouraged:

· Supplying reliable, high quality power to meet load at all times

· Designing a robust reliable system capable of islanding as needed

· Keeping accounts of usage- by peak/off-peak, by month. 

Under the ZEN model of generation, utility revenue will change.  The factors that will create a similar or increased revenue stream are:

· Permitted charges for system changes to meet power quality goals

· Energy related wheeling charges for moving remote generation

· Demand related distribution line charges

· Accounting charges for doing monthly and annual energy balances 

· CIS charges to service the renewable energy accounts

· Metering charges on all new generation

· Imbalance power charges

Other factors will create a decrease in revenue, such as net kWh sales of electricity from utility 

owned fossil generation.

State Revenue Changes

States use electric utility rates to effect social goals and to collect taxes.  The taxes on electricity are consumption taxes and contribute to state tax revenues.  Putting PVs on roofs eliminates the exposure of this electricity to taxation.  By separating the generation from the consumer, even though the consumer may own the generation, the wheeling and utility service creates taxation points.

ZEN Implementation

Associating the energy source with the house can be instituted in a number of ways.  Three implementation models are discussed below, each with its advantages and disadvantages:

· Local Code Compliance Model

· Utility Accounting Business Model

· Legislative Model

These models are representative, not exhaustive.  They show that it is possible to have different structures, and that the initiatives for these structures can come from any sector of the building industry.

Local Code Model

Communities may require homes to be ZEN in order to obtain a construction, utility interconnect, and occupancy permit.  A renewable energy source would be considered to be part of the house and may not be considered separately from the house.  Just as a house cannot be built without a toilet, it must have an ZEN energy supply.  A house must have an energy source capable of supplying its annual energy needs, which must be purchased and connected to the house prior to occupancy or utility interconnection.  The house might also not be sellable unless a substitute renewable energy source is made available.

If a house is sold under this community ZEN model, it must have a renewable electric energy source that is certified as capable of supporting the house energy usage on an annual basis – similar to the requirement that the house must have water, waste disposal and other local zoning requirements.  The energy resource balance can be applied to all housing and commercial building types.  If, in the normal course of business, an energy source becomes unavailable (due to fire or flood, for example) then that house will bear the cost of replacement capacity on the spot market until it acquires new renewable generation.

Local enforcement could be by local code compliance:  All property not in compliance with this requirement will be denied occupancy and electrical and gas service in the town.  In essence, for a house to comply with the town code for habitation, it must have an associated renewable energy source.  The town or its agent would be informed of building status by the distribution utility.

Benefits of the Local Code Model


· Simple Process

· No taxes or state legislation required.

· Existing town personnel can handle compliance through a local ordinance.

· Homeowner has numerous energy supply options.

· Condominiums, multifamily, and urban houses are allowed to participate.

· New and existing residential as well as commercial users can participate equally.

· Allows architectural freedom on natural cooling and heating.

· Problems of maintenance, appearance, and rooftop mountings re-eliminated.

Utility ZEN Model 

In this model, the utility keeps monthly track of a building's peak and off-peak energy balance, including all contracted external sources, and calculates running monthly and annual balances.  Where there is a monthly imbalance between what some homes use and what its use should be, given its annual usage patterns and renewable energy sources available, the household will be paid for monthly surplus peak and off-peak capacity and billed for any shortfall in capacity.  If they use the correct predetermined amount of renewable resources, they should be revenue neutral at year's end.

Societal enforcement/encouragement might be soft in this model with the household energy imbalance charged at a very high and taxed rate that would include all of the utility's acquisition costs as well as appropriate taxes and charges.  These high energy costs would be the primary motivator for the building owner to come into ZEN balance and can be effected simply through tariff creation.

Benefits of the Utility Accounting Business Model

Process Benefits

· Very low cost: It is simply an elaborate electricity bill, similar to monthly minutes and roving charges on a cell-phone bill.  

· No household inspections or need for training

· No taxes or costs to government

· Applicable to all building types: condominiums, houses, commercial buildings, garages, and government buildings

· Strong accounting, delivery, and power quality roles for distribution utilities

Homeowner Benefits

· With third party financing, no up-front capital costs.

· Freedom to choose energy sources including natural cooling and solar heating

· Strong monthly dollar incentive to conserve or fund generation

· Incentive to put an energy source on or near housing (due to line loss reduction)

Legislative Model

Putting a ZEN plan in Title 24 and directing the CPUC to create tariffs and electricity markets that encourage renewable exchanges of capacity are legislative acts.  The legislature would change Title 24.  New legislation would mandate that, as an option in Title 24, a building may be built in any manner that is safe, with no regard to electric or gas energy conservation so long as the building, along with its extended renewable energy supply, is for peak and off peak periods in energy balance or surplus on an annual basis.  Energy shortfalls are not punishable by state-mandated fines but simply billed at appropriately high tax rates for imbalances in resources and usage.  Thus, societal enforcement is not in how the building is built, but how it is used.  This can be seen as a zero net energy performance plank in Title 24.  This incidentally addresses the behavioral deficiencies of Title 24.

Benefits of the Legislative Model 

· State-wide uniformity

· Single decision

· No taxes or implementation costs

· Freedom of choice in building design

· Lower energy consumption through natural cooling

Costs and opponents

The major opposition will come from the large industry of HVAC equipment suppliers who make a money supplying air conditioning equipment to houses that do not want or need it.  Opposition will be from utilities who have a business model based on the sale of kWh.  Without the large electrical power sales, there will be less power over which to spread fixed costs.  This kWh base is seen as the basic carrier of their fixed corporate expenses.  The ZEN model changes their role from that of a seller of electricity that of a market maker and carrier of electricity.  In this role, the allocation of fixed costs is less easy.  It is less easy because:

· There are fewer kWh generated as less air conditioning is needed,

· There is less being sold as people own their own power plants or shares in them. 

The offsetting factor for the distribution utilities is that there is a huge increase in wheeling income from off-site renewables. 

Benefit Summary

All ZEN models share similar benefits:

· Supply of Capital for Renewables: This program provides immediate funding for renewable projects by tying the house to one or more renewable energy generators.

· Lower Line Losses:  Distributed renewable generation will tend to be near loads if distribution utilities impose distance-related wheeling charges.  This will have several effects including a general lowering of transmission losses.

· Increased Demand for Renewable Energy: Increased demand and a predictable solid market for green power will encourage entrepreneurship and hasten the introduction of renewable generation at all levels.
· Energy Conservation: ZEN has large benefits for energy conservation.  The concept behind Title 24 is that we in California must build all houses to a very tight standard in case someone who moves into an open, airy (leaky) house wants to keep it air-conditioned.

Currently, however, some people prefer living in open, airy, naturally cooled houses that are very difficult to implement under Title 24.  Typically, residents of these houses use little or no AC and/or have a lifestyle that allows them to use little energy.  Thus, there is a demonstrable conflict between some older non-Title 24 houses that are naturally cooled and use little energy, and neighboring Title 24 compliant houses that use large amounts of energy.  The difficulty is that the legislation does not account for varying preferences on natural cooling and tolerable temperatures.  ZEN does, thus allowing energy efficiency not possible under Title 24.

Under ZEN, if a resident who prefers to keep his house open, uses little energy, and owns a limited amount of renewable generation is succeeded by a resident who likes air conditioning, the latter will have to supply an increase in renewable generation.  The amount of renewable generation becomes tied to the habits of the persons occupying the building rather than the characteristics of the building.  Choice is enhanced, building variability increases, and energy use goes down through the widespread use of natural cooling, and investment in renewable energy sources goes up.  In summary:

· Human behavior is introduced into Title 24 as energy consumption is as much related to behavior as it is to building features.

· A strong market and capital source are created for renewable energy sources.

· There is potential reduction in the need for air conditioning as people can choose natural cooling.

A New Title 24 Provision

An interesting feature of this model it that it provides freedom to build any house as long as it has a renewable energy source associated with it.  Specifically, we as a society might require all homes to have their own renewable energy source.  Society may not care how a home is built or whether it is insulated, as long as it observes energy balance and creates no externalities.  People may choose how they live and build.  This choice will permit greater personal and architectural freedom than is practical under Title 24.  It will enable people to choose their personal energy balance.  Some houses may, for example, be open and use no air conditioning, choosing purely natural cooling.  The next occupant would then either follow suit, close in, insulate, or need additional renewable generation.

Q & A 

Q:  Why call it ZEN?  

The core of Zen is to know thyself as part of the whole.  In this ZEN model, the consumer knows her energy demands and from her understanding of herself, as part of the Whole, acquires just enough renewable energy to survive: no more.
Q:  How does a ZEN Renewable program differ from a Green Power Program?
A ZEN building must, on average, consume no non-renewable energy. A normal building must comply with Title 24. 

· A ZEN building must have wheeling access to any renewable energy source. A normal building cannot directly buy renewable energy in much of California.

· A ZEN building may be built with no insulation (or walls), but must have a ZEN renewable energy source.  A normal building must comply with Title 24.

· Utility-sponsored renewable energy programs offer few choices and little flexibility:


· They neither interact with building design nor match to actual load;

· There is no sense of ownership between the energy source and the user or ability of the owner to invest in a remote renewable energy source; and

· There is no incentive to build generation facilities close to the load.

Q:  Doesn't this program favor the wealthy who can afford to buy into renewable energy sources?
· Yes, unless financing or mortgage channels develop that will fund the renewable energy source through the household mortgage.  This is a revenue neutral program for homeowners.  There should be no total increase in a bill other than that attributed to the higher cost of renewable energy over fossil energy.  Effectively requiring each home to have its own renewable energy source makes the home initially more expensive by the capital cost of the renewable energy source.  

However, by mortgaging the cost of the energy features either into the house or the electric bill, the cost increase is minimal.  For example, assuming a house uses 8766 kWh per year (this is about 1 kW of capacity), in various forms that might equate to:


	Renewable Source
	Capital Cost per 8766 kWh per year

	Micro Hydro, 94 % availability
	10 kW system component at $3,000/kW is about $30,000

	Wind, 25 % availability
	25 kW system at $ 1,200/ kW is $30,000

	Solar at 10% EAF
	For 9-10 kW, cost is $6-7,000/kW or $30,000 including rebates


These numbers clearly ignore various tax incentives and other economics such as property taxes and maintenance.  Nevertheless, $30,000 is not an unreasonable addition to a $200,000 house, especially when it might be financed through utility bills or third party financing.

Q:  Is the accounting difficult?
Cell phone minutes are similar and easily understood.  The building's ZEN accounting will be very similar.  The analogy is as follows.  You own 8,000 KWH of generation this year, and you used 8,300 kWh.  The last 300 kWh are very expensive especially if they are on peak, just like extra minutes on a cell phone.  They may be taxed heavily for societal externality costs and the cost of reserves maintained by the utility.  Monthly accounting is suggested t match reserve costs and consumer shortages.  Accounting, which would normally be done by the utility, could be done by an agent (e.g., the town, or a billing agency), who would match load and generation.

Q:  The distribution utilities will have to keep track of complex wheeling charges.  Will this be very expensive?

A charge per peak kW and a charge per kWh per mile should be sufficient and fairly simple.  If, however, the utility doesn't want to handle the "complexities" of calculating these charges, a separate billing agency can do so.

Q:  Who will provide the reserves or ancillary services such as black-start capability? 


A system with thousands of generators, many of which might be price sensitive, will need minimal reserves.  Clearly, the distribution utility is required for load matching, organized black-start provisions, and various reserves, which should be charged in the kW utility billing.  The role of the utility expands from "seller of power" to radial customers to "manager" of a complex mesh of generators and consumers.

