1 Multi-Building Systems
When we move outside the building, to the buildings interactions with the energy  sources and markets outside the building, we move away from energy efficiency to energy resilience. Efficiency scenarios anticipate a ready supply of energy at a predictable cost. Site-based generation introduces intermittent energy supplies within the building. Smart grids anticipate swings between scarcity and abundance, with prices to match. It becomes necessary for each building to manage its energy availability as well as energy use.

Every building, and every group of buildings, must become a microgrid. A microgrid is responsible for managing its energy use, generation, storage, and market operations. The purpose of the market operations are to acquire energy from the grid, when it makes sense, and to dispose of surplus, when it makes a profit. Tomorrow’s microgrid will face increase risks from the grid: increased availability risk, and increased price risk. The microgrid will manage these risks by managing its own use, generation and storage.

Microgrids are recursive. A data center, or a suite could be a microgrid inside the building-based microgrid. On office park or a campus could be a microgrid of generating assets, storage assets, and many building-based microgrid. At each level, a microgrid establishes its own context for managing its energy use, generation, storage, and market operations; to the larger grid, those details are hidden. 

Microgrids manage more than electricity use. Local energy uses and local energy sources present opportunities for the inclusion of a more diverse set of energy cycles than supported by the commodity grid. A direct connection between energy source and energy use eliminates conversion loss. Thermal capture, storage, use, and recycling are energy cycles managed as part of the microgrid. Energy can be stored in a form close to its final use, increasing the range of storage technologies. Direct Current (DC) distribution can efficiently match site-based electricity and its final use.

The site based microgrid is the organizing concepts for systems design and systems management in net zero buildings. Greater knowledge of local needs and local assets enables better management. Smaller spans of integration and of control allow more diversity. Local decision-making and tolerance of diversity enables markets that accept faster technological change. Internal management of systems and reliability supports greater privacy and autonomy for the building occupants.
1.1 Continuous Commissioning
1.1.1 Continuous Diagnostics / FDD
Continuous diagnostic systems are mandatory in a net-zero environment.  Inefficient equipment operation attributed to inadequate commissioning, operational issues, and real-time performance degradation increases energy consumption by 15-30%.  Aside from identifying and predicting equipment failures, CD is ensuring your system is optimized for its given environment.  There is no way a building is going to be net-zero if its zone setpoints are 67 degrees in the middle of July.  A CD system needs to be able to detect these changes and maintain the building in an optimal state of control.
There are a few different methodologies when developing a continuous diagnostic system.  One implementation is a rule-based approach, where a fault is indicated when a simple set of logic is satisfied.  Rule-based systems are easy to develop and understand, however historically they have been very difficult to implement without getting false alarms.  They also must be designed correctly or the number of rules can become unsustainable.  This leads system operators to become frustrated and disable these systems, instantly devaluing them entirely.
A better approach is to utilize statistical methods to analyze and identify outlying data.  One implementation is to simply detect abnormal meter consumption.  Cluster analysis can be used to automatically identify days with fundamentally different consumption patterns, and we can then employ Generalized Extreme Studentized Deviate (GESD) outlier method to identify specific days with abnormal meter consumption.  Once we identify the outlying consumption data, we can simply filter out the “expected outliers” (ie, abnormally high consumption on an abnormally hot day) to provide a robust and statistically accurate way of monitoring meter consumption.  It’s important to note that this method self-adopts to seasonal changes and can be used with any type of meter (kW, water, gas, etc).
Statistical peer-based analyses can also be used to identify faults in a large number of like-type equipment.  Performance indicators are calculated for control effort and accuracy for each piece of equipment, and GESD is again used to find abnormal indicators and present them to the building operator.  When there is a small number of peers involved or if we are trying to analyze a primary or critical piece of equipment, temporal analysis and control charting methods can be used to track the data point over time.
A 3rd method for identifying energy-wasting equipment would be to use a model-based approach.  This involves developing a mathematical model from defect-free equipment data, which we can get from either recently commissioned equipment or the manufacturer’s specifications.  We can then calculate the difference between the measured and predicted models and use control charts to tell us when current operating performance is statistically different than defect-free operation.
1.1.2 Automated M&V – Ensure ROI
Energy efficiency is generally a capital expenditure.  Advanced lighting systems, chiller upgrades, and renewable energy installations all require large upfront investments.  What’s more, the payback period on these investments is variable – returns are based on savings of your energy bill.  These savings are typically dependant on a number of uncontrollable and unforcastable parameters, making these investments a tough sell to management.
Measurement and Verification is the critical link between energy savings and return.  Currently each ISO handles M&V differently, and there are usually many different reporting options.  This makes it incredibly hard to automate and nationalize M&V products.
FERC is currently in the process of standardizing M&V for Demand Response.  While this is necessary, there are even more challenges when you want to move toward more active and aggressive building management strategies.  Current demand response programs are only a few hours a year and they are generally spaced out within the season.  This makes it easy to develop a current baseline of the buildings’ load to estimate savings because you can look at the historical meter data.  However, if you are executing more frequent energy efficiency measures, the base load is harder to define.   This makes it extremely difficult to establish a definitive savings estimate.
A completely different direction to M&V would be to eliminate it entirely by establishing nationwide real-time price structures.  Under this scenario building operators understand the upcoming cost and it’s their responsibility to execute demand-limiting strategies.  This way there are no settlement periods or base-line calculations because there is nothing to settle; energy costs what it costs and you use what you use. 
1.1.3 Predictive Commissioning / Weather forecasting (e.g.  weather markup language shortfalls)
1.2 Whole Systems Approach
1.2.1 Efficiency in Steps

1.2.2 Integration of Systems

Disparate systems that have industry-specific and often proprietary communications protocols are useless in a net-zero environment.  Systems that are individually optimized have no flexibility to work with other systems when advanced building management strategies are trying to optimize a building as a whole. 
1.2.3 Capital planning integration
1.2.4 Load shaping
Management of load shape will become a new source of value in Net Zero buildings. Smaller operating margins will increase the cost of overshooting energy budgets even briefly. New market models will create costs for undershooting as well as over-shooting energy use. Off-grid facilities will want to fix energy use to supply precisely. Storage management and even privacy create new incentives to precise energy use. 

Load shape is the chart over time of how much energy is used. Each system in a building has a load shape. A refrigerator has a simple recurring load shape. An air conditioning system cycle has a load shape that will vary based on outside temperature and room occupancy. The building’s load shape is the sum of all the load shapes of the systems within the building.

It is easiest to consider the value of managing load shape when considering an off-grid scenario. There is a knowable and fixed amount of electricity available. The building load is dynamic, composed of many systems each on its own cycle. The peak load used by each system is less than available power. If the peak loads from two or more systems coincide, they can exceed the available power, and damage the other systems on the internal grid. Top shape load, one system can be delayed for a few minutes, or another can be accelerated, maintaining service while never exceeding supply.

The electricity source is solar PEV providing a predictable yet intermittent energy supply. It is necessary to store energy while the sun shines for times when it does not. Storage management may involve managing battery charging, or it may require pre-use. Pre-use may involve a variety of physical processes, such as pre-cooling or pre-pumping water. Each pre-use scenario has its own load profile.

Load shaping manages the existing electrical supply for maximum utility while storing all excess supply in some form or another. It avoids peaks, and uses the troughs in energy use. Load shaping prioritizes energy use by prioritizing systems, matching demand to supply within the microgrid.

As energy markets become dynamic, the most valuable customer is one whose load is predictable. Today, load variance is statistical noise within the grids operating margins. As we reduce the operating margins of our smart grids, they will have less ability to absorb variability. Customers may have to purchase variability on energy spot markets. 

Some consumers today already protect themselves from price variability by making committed purchases of energy. Customers using more than the committed load can incur substantial costs. Using any less than a committed purchase is leaving money on the table. Site-based storage as a complement to load shaping supports customers on both sides of the committed load. Customers in more dynamic markets with higher prices will benefit from load shaping just as do consumers in off-grid facilities.

The approaches and technologies that enable a facility to manage its load shape adapt naturally to shortages and outages. Facilities managers increase their demand response capabilities when they know each load, how to move it in time, and how to shape load for each level of use. 

In today’s world, load shape arbitrage is a service provided by the energy supplier. Under smart grids, the cost of that arbitrage will be unbundled and it will increase. Many facilities will see opportunity in bringing that arbitrage in-house.
1.3 Enterprise-wide reporting
1.3.1.1 Identify main energy “losers”
Owners with large real estate portfolios have their own interesting challenges when it comes to energy efficiency.  The obvious question is – “How do I optimize my capital investments?”  The ability to collect an entire portfolio of energy data allows owners to quickly and easily identify where there needs to be improvement.
The optimal approach to increasing energy efficiency will vary from building to building. In some sites, a comprehensive retrofit project will produce the most energy efficient building system—reducing energy consumption by 25-50%. In other buildings, technical and financial constraints may prevent a retrofit project in the near term. In these cases, it is often desirable to implement low-cost and no-cost maintenance and behavioral changes.
1.3.1.2 Cloud Building Management

Once we have end devices that can communicate on and with the grid, cloud building management becomes an attractive alternative to distributed control.  Advanced building control and continuous diagnostic systems are CPU-heavy and are better suited for a server platform.
2 Grid Integration
As the grid incorporates intermittent energy sources, large intra-day swings in supply will be reflected in large swings in price for electricity. As distributed energy puts strains on the distribution infrastructure, congestion charges may raise prices even when electricity is available. Building owners must plan to manage the risk of volatile availability and price previously managed by electricity providers.

Building-based generation cannot fully ameliorate grid-based shortages. Limits on the use of fossil fuels to generate electricity for the grid, whether economic or regulatory, will impose matching limits on technologies for site-based generation. Re-sale if site-generated electricity back to the grid will become less valuable as true markets develop and true costs are covered. Strategies that consume energy when available, to provide service when it is not, will be critical. 

To understand this market problem consider intermittent site-based generation of solar power. Surplus power from site based generation will enter the market at the same time as surplus power from your neighbors; the sun shines on all alike. Whole neighborhoods selling power to the next creates distribution bottlenecks, which will be reflected in congestion charges. Once every office in the office park has solar power, sales to the grid will be like trying to give away home-garden zucchini in August.

For the same reasons, local scarcities will also re-enforce themselves. The wind will die down, and the rain clouds will cover the sky for a region at a time. Failure of one building to generate site-based power will align with its neighbors. Distributed renewable generation, if designed for simple net metering, will only make grid-based markets more volatile. Buildings will always be subject to the downside of the market risk.

Market conditions will reward the building able to balance its energy use within it site. Load shaping and load management will be used to mitigate risk. Controllable temporal shifts in energy purchases will be as important as energy efficiency. Anything that can buffer between energy acquisition and energy use we become more valuable. Storage technologies of all kinds will be valuable.
Pre-consumption will grow in import as a buffering technology. Thermal storage that chills when electricity is cheap for use when electricity is expensive will become the norm. Volatile prices will reward pre-consumption of all kinds. Pre-pumping that stores energy in high water tanks is as useful as exotic battery technologies. 

As storage and pre-consumption capabilities grow, they will improve as alternatives to sales back to the grid. It may be better to use wind-generated energy for even inefficient storage rather than to sell electricity at the bottom of the market and buy later at the peak.
This price volatility is likely to be associated with reduce power quality from the grid. The power quality of the local distribution loop can be no better than the quality of the poorest performing, least maintained generation system of your neighbors. Poor voltage regulation, unbalanced power, out-of-phase noise, and other ailments will dirty the local loop. Minimal operating margins will reduce the capability of the grid to compensate. Power conditioning will raise the costs of using power from the grid.

The Net Zero building will be responsible for a growing amount of it power supply. Site based generation will find greater value through intra-site load shifting. Responsibility for power quality will devolve onto the site.

2.1 Demand Response
The most expensive electricity comes from the dirtiest generating facilities used for only a few hours a year. If consumers would use less energy, i.e., reduce demand, in just those few periods, then those expensive dirty plants could be turned off permanently. To do this, electricity suppliers need to anticipate when those moments are coming and take steps to reduce demand. We call this Demand Response.

At its simplest, DR is just turning things off. Rolling brown-outs are the simplest but least satisfactory  form of DR. Utilities have worked for years to improve on this model through direct load control. They have been installing remote switches on customer systems for decades. More recently, energy suppliers have begun to economic rewards to “buy back” previously committed power from their customers. This approach is sometimes referred to as “nega-watts”.
The nega-watts approach to demand response addresses only half of critical problems of the grid. Regional installations of intermittent electricity generation create problems of super-abundance that are as critical as shortages. One of the most successful wind farms today is reported to be able to sell less than 40% of the power it generates. It is as important to use electricity when it is there, as to not use it when it is not.

Demand response will grow as a technology in the short term. Economic incentives for nega-watts will be the dominant mode during this period. In the mid-term, as volatile energy drives the migration to more efficient market pricing. Demand response is a bridge to future energy markets that will be important as a business process for five to ten years.
2.1.1 Technologies

Today’s demand-response is a hodge-podge of vendor-specific communications and integrations. The California Energy Commission (CEC) and Lawrence Berkeley Labs (LBL) have developed a specification OpenADR (Automated Demand Response) which has drawn considerable interest. It is a national priority to develop standards for the market interactions between electricity supplier and consumer. This work is underway in the OASIS
 Energy Interoperation Technical Committee. The CEC and LBL have contributed OpenADR to the Energy Interoperation effort. 

Energy Interoperation will include OpenADR as a standard profile re-factored to sit on the longer term market interactions for transactional energy. A number of utilities and energy marketers have committed to using the OpenADR standard when it arrives.

2.1.2 Barriers and Challenges

Energy requirements in a building are today drawn on assumptions that are not revisited often. It can be hard to know where services are being over or under provisioned. A focus on efficiency alone may eliminate the margin of performance needed for dynamic energy. Systems are installed and maintained for years rather than upgraded in part because of all or nothing integration strategies. 
2.1.2.1 Tariffs

Today’s tariffs and today’s market rules were defined assuming once-per-month meter readings. This means that even when they do not align well with the peaks and troughs of the electricity supply. Flat and block tariffs minimize the risk of non-participation. Tiered pricing provides risk without ameliorating peaks. Traditional tariffs have limited participation in responsive markets. Without wide participation, DR programs fail. Today’s tariffs discourage participation.
2.1.2.2 Situation Awareness

Today’s building systems do not share usable information with the enterprise. Building operators are not able to verify easily the quality of current service provision. Standards for measuring the quality of service provided by buildings are not defined for dynamic measurement. Until owners can see in real time how changing system performance, then changes are a business risk. Buildings are optimized for static operation.

Preparing for dynamic changes in energy use to respond to changing markets will require methodologies that increase the situation awareness of building operators. They must be aware of tenants and building processes, to understand what response can be tolerated today. They must be aware of system performance and quality of service, so they can understand how that quality will be degraded during demand response. They must be aware of weather, and weather reports as weather is the best predictor of short-term markets for energy.

2.1.2.3 Market Restrictions

Distributed energy faces substantial regulatory barriers. The greatest barriers are market restrictions.

In most jurisdictions, and entity that resells electricity becomes a regulated utility. This limits the ability of the landlord, who may control capital improvements, to use energy re-sale to fund technology purchases. It may affect the ability of a landlord to provide charging stations for Plug-in Electric Vehicles (PEVs).It limits the inside the building use of site-generated power.
As microgrids grow beyond a single building, the regulatory hurdles grow. In many states, any power that crosses a public right-of-way becomes subject to utility regulation. This is a barrier to campus and office park distribution. It may pose a growing barrier to energy recapture or “recycling”.

2.1.2.4 Two way communication
National standards for grid-to-building communication are needed to jump-start building systems that are grid-aware. Without them, the cost of building grid-ready building systems is too great for manufacturers. With clear standard for such communication, building owners can automate building responses to market signals.

Two way communications would enable negotiations between the building and the grid. Perhaps a fixed day –ahead purchase makes the most sense for some sites. Others may want to speculate minute-by-minute in energy markets.  Still others may wish to sell back previous committed purchases back to the grid. In whatever form the markets develop, they will create premiums for the building owner who understands energy use in his building well. These premiums will then encourage involvement in technology innovations.

2.1.3 Micro-Grid Interoperation

One way to define microgrids is that each is a shared distribution zone with a common market for energy inside it. Each such market can have its own market rules. These rules may be more intimate and trusting or they can be arms-length, sharing only minimal market information.

Market rules will determine the choice of communication standards used in each microgrid. For example, the wider grid will use OASIS Energy Interoperation standard to operate energy markets. An office park could choose to buy only wind energy, and support storage and additional generation within its microgrid. It might still support only arms-length negotiations within the Park, and so use Energy Interoperation for its internal market operations. 

Because all electricity in the Park is none to meet the Green standards agreed to by the building tenants, warrants about electricity source could be stripped from market communications inside-the-park, reducing bandwidth and complexity. Full privacy would still be maintained for each building.
Another similarly sized office park or campus could choose to manage its microgrid using the developing intra-building energy management specifications. These standards are focused on detailed load management between peers and share more intimate information about business process and energy demands.

Whichever model is favored, microgrids should not reach beyond the lower boundaries of the grid. Nodes on a microgrid are autonomous systems with internal processes hidden. Knowledge of these processes creates projections about future energy use. These projections are the basis of either market operations or autonomous load balancing, as appropriate.

To any higher level grid, the lower grid is a black box. This principle can go down as well as up. A building microgrid could allocate its internal energy to tenants and suites using the market rules used on a commodity grid. Choosing to do so, does not change how it presents itself as a market actor in the neighborhood microgrid.

2.1.4 Plug-In Electric Vehicle (PEV)

Plug-in vehicles are best thought of as mobile microgrids. The make purchases to support their needs based upon internal knowledge of upcoming travel requirements. They do not share those requirements with the building.
The building (or parking garage, or whatever structure the vehicle plugs into)  uses market principles and market interactions to control charging. If the building microgrid faces time of use surcharges, they should be shared with the PEV. The building microgrid must ensue that its own market decisions make economic sense. In today’s markets, a building could face a one year increase in electricity prices for a small peak in energy use. The PEV must bear the full costs of a decision to purchase at such a time.

If site-based wind generation is creating a local surplus, that market information must flow to the PEV. It is likely that a microgrid with fully charged cars is a more valuable asset than any re-sale to the larger grid.
PEVs have particular need to communicate schedules. PEVs must be charged by drive-home time. PEVs may need to distinguish between the charge needed to drive home and the charge needed Friday afternoon before a long weekend. 

Commercial building owners should be cautious about rosy scenarios that see PEVs as an energy source. Scenarios that interfere with employees going home or going on vacation at the end of shift have implications far beyond energy pricing. A more likely scenario is that PEVs provide internal markets for surplus generated power, improving payback for site-based renewable generation.

PEVs may see limited use in short term scenarios as a back-up power supply, particularly in disaster recovery scenarios. 
2.1.5 Policy Implications of Microgrid

Wide-spread deployment of microgrids will substantially change the role of the commodity retail distributors of electricity. We already see a renewed interest in the formation of municipal utilities as communities seek more local control and support of local values. These municipal utilities then become themselves a barrier to microgrids as they seek to assert their new-found control. Distributed energy will create further pressure on regional electricity providers and marketers.
Distributed energy will put pressure on tariff structures as well. Distributed generation based on renewables will cause swings in power availability that will require sometimes encouraging consumption, sometimes reducing consumption. This may lead to decoupling of electricity rates from costs, changing the way generation is financed. 

As a greater number of buildings are able to re-allocate energy use, responsive energy consumption will begin to balance swings in energy availability. While this will reduce energy price swings, it cannot eliminate them. Early markets in dynamic energy will face greater risks to obtain short term greater gains.

Rules that define regulated energy entities based upon re-sale or geographic features will slow the transition to distributed energy. Microgrids will flourish only if retail resale of energy becomes easier. In particular, the anticipated growth of PEVs will require liberalization of resale rules. 

Rules that create regulated entities whenever electric distribution crosses a property line or a public right-of-way present particular challenges to distributed energy. Consider a hypothetical “Green Garage” that rents parking spaces with charging stations. It business model includes being off-grid and selling only renewables-based energy. As it grows, it wishes to install Solar Power upon the houses across the street. Public policy should encourage this sort of innovation; current regulatory policy discourages it.

At the same time, new markets will require auditing structures to ensure honest sales. Market-based energy purchases let the consumer choose energy sources. If wind-based bird-kill-free energy demands a premium on the market, then here will be gray markets to inflate the supply. Market certifications and market rules to enable source audits may replace current regulatory needs.

a) Further Research

i) New and emerging technologies

ii) Gaps and exploration topics

2.2 Emerging Trends in Microgrid Topologies

It is important to understand that microgrids can be configured and incorporated at a number of different levels within the power infrastructure.  Figure 1 suggests a version of this ‘layering’ strategy where each layer would have a set of inter-level interface/integration rules to integrate with layers above and below itself in the network architecture.  The lowest level microgrid is somewhat analogous to a device area network in the data networking world.  Perhaps the highest level microgrid layer would be a campus or community wide power network.  Above that, the macrogrid layers would remain essentially as they are today in the publically regulated Smart grid domain.

In any case, each layer would have unique operating characteristics.  Again, the key unifying premise to allow the overall network to operate successfully is the set of standardized interface rules governing the exchange of electrical power between layers.  For all intents and purposes, each layer would see the adjoining layers (grids) as a single source or consumer of electrical power.  This greatly simplifies management and security issues within the network structure.  It also significantly reduces the need for highly intrusive and overly complicated monitoring and control by upper level publically regulated grid layers of lower level privately owned and operated grid layers.  Finally, it provides the prospect that technology innovation is easiest to accomplish at the lowest microgrid layer due to the ability to partition (firewall) risk at the grid to grid interfaces.   This in turn provides that despite the overall increasing size and complexity of the system over time, one should expect an inverse reduction in the propensity for the kind of linear dynamic that characterize failures in today’s power grid.  
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This ‘layering’ concept, as applied to an interconnected microgrid architecture, will allow the technologies used within a given layer to be significantly less restrictive than if the same task were to be accomplished in a less layered macrogrid architecture. Each microgrid layer would allow isolation of its power generation/consumption structure under a variety of conditions whether for protective or opportunistic reasons.  It can be expected that layers closest to the traditional AC based macrogrid would be more hybridized to include both AC and DC power technologies.  Layers closest to the end-point consumption could be expected to become more DC power centric as the trend in end devices moves heavily in the direction of digital and other solid-state electronic technology platforms.
The conversion of electrical power from one form to another, i.e. AC to DC or DC to AC comes at the significant cost of some energy loss.  The continued growth in the use of DC based end use equipment continues to result the growth of such undesirable power losses.  It is generally understood that the smaller the increments of power conversion (lower voltage and amperage), the higher the typical loss factor.  This leads to a desire to make as few conversions as possible between the source generation/storage of electricity to the point of final use/consumption.  Given this situation, if the sources of electrical power generation or storage in a microgrid are natively DC, then the desire to distribute and use the power in this native DC form is high.  This leads one to conclude that the use of electrical power in the DC form is most likely to be increasingly the technology of choice for site based power generation, storage and use. 
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