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Section 1: Performance Measurement

Background

Building energy use performance measurement is a critical step in the nation’s drive toward zero net energy buildings. Without an accurate, standardized, consistent and reliable methodology for measurement, it will not be possible to determine where a building is at any point in time with respect to its energy use. Hence, building energy use measurement is the critical underpinning at the very heart of the zero net energy initiative.

State of the Art/Trends/Opportunities

Building energy performance measurement can involve both an evaluation of the building (the asset) as-designed (for new buildings) or as-built (for existing buildings) and evaluation of the building as operated. An asset evaluation provides an assessment of the physical attributes of the building based on the components specified in the design (such as mechanical systems, building envelope, orientation, etc.) and is evaluated using a building energy model. An operational evaluation provides information on the building’s actual energy use and how it is being operated; it is evaluated based on measured energy use, using utility data supplemented by additional on-site metering. The asset evaluation provides insight into how close a building as-designed or as-built potentially is to the use of zero net energy. The operational evaluation determines how close a building actually is to zero net energy use. 

Performance Measurement for Asset Evaluation

Asset evaluation of buildings is in its infancy.  A few states in the US are beginning to require such an evaluation at the point of sale or lease and programs are in place in the UK and in Europe that require an asset rating.  Since an energy simulation model is required for this evaluation, the first issue is certification of the model itself and the individual doing the modeling (energy modeler).  

Another key issue of an asset rating is the specification of modeling input criteria (assumptions) to appropriately characterize the building design.  Specifically this involves specification of non-regulated, non-fixed variables such as operation and occupancy schedules, occupant density, ventilation rates, and occupant-installed equipment (plug and process loads).  This normalization is typically achieved through standard occupancy, operational, and equipment schedules that reflect a typical or “average” building or occupancy type.  These parameters are under development in the COMNET project for commercial buildings and the RESNET project for residences.(1) These rely heavily on the California Title 24 ACM Manual.(2)  Weather normalization procedures are also needed.

A final issue is the benchmark against which an asset evaluation is to be compared to obtain an asset rating.  This benchmark could be the current energy standard (e.g. ASHRAE Standard 90.1) or a standard prototypical building developed in the Commercial Building Benchmark Model project of the US Department of Energy.  Prototypical buildings for 18 building types have been developed that represent construction characteristics of US building stock of three vintages.     

Performance Measurement for Operational Evaluation

There are a number of measurement issues that must be considered in conducting an operational evaluation of building energy use:

(1) How far back should historical energy data be collected?

(2) How should building renovations that can impact energy use be factored in?

(3) What variables beyond control of the building (such as weather) should be collected?

(4) What energy use metrics should be used (e.g., site vs. source and how are on-site renewable energy sources to be addressed?

(5) How should building energy use be normalized for benchmarking purposes?

(6) What are appropriate benchmarks for comparison?

Each of these issues has been considered as part of the development of ASTM’s standard on building 

energy performance assessment.(3) Standard procedures for measuring and reporting building energy performance have also been documented in ASHRAE Standard 105.(4)  In Europe, standard procedures have been specified in EN 15603(5) and in the UK in CIBSE Technical Manual TM22(6).

In the broader context of building operational performance, energy is but one aspect.  Performance can be assessed relative to real estate/financial, occupant performance/productivity, as well as operation for energy, water use, and indoor environmental quality.  Thus operational evaluation for energy performance should not be achieved while compromising, for example, the efficient use of water and the maintenance of indoor environmental quality.  

The most widely used benchmark for commercial building measured energy performance is EPA’s ENERGY STAR program,(7) which compares a given building’s energy performance with a peer building normalized by building type and climate.  ENERGY STAR is based on whole building energy use statistics from DOE’s CBECS database(8).  

Building energy use information should be collected over a reasonable period of time, preferable three years, to reflect truly representative conditions. If data is collected for only a single year, for example, the energy use data could be unduly influenced by atypical building conditions such as an unusually high vacancy rate or major renovation work. 

In addition to building energy use data, weather data (in the form of heating and cooling degree days), building occupancy information and building operating hours data should be collected. Building characteristics also need to be identified for eventual benchmarking purposes. If the professional collecting the data determines that there are other variables associated with the building that can materially impact its energy use and whose information is available for review over the time period of the investigation, these also should be collected and incorporated into the analysis.

The principal building energy use metric is the building’s energy use intensity (EUI) in kBtu/square foot. The EUI in the standard is derived from normalization of the building’s energy use in kBtu and dividing by the building’s gross floor area in square feet. The gross floor area is defined as “the area within the perimeter of the outside walls of a building as measured from the inside surface of the exterior walls, with no deduction for hallways, stairs, closets, columns, or other interior features, excluding parking area.” Normalization can be accomplished by developing a building energy use equation that relates energy use (dependent variable) to such key independent variables as heating degree days, cooling degree days, occupancy rate and building operating hours. 

Gaps and Barriers

Asset Evaluation

The major barrier impacting the widespread use of an asset evaluation or rating is the lack of a standard methodology for the energy modeling, especially the specification of standard modeling input and weather normalization assumptions as discussed above.  However, such a methodology is well underway in the COMNET project and will be available soon.  Also, an asset benchmarking methodology is nearing completion ASHRAE’s Building Energy Quotient labeling program(9) that should provide a reliable basis for comparison and rating.

Operational Evaluation

The major barrier impacting standardization of building operating energy use data collection has been lack of a national standard. However, ASTM is currently in the final stages of accomplishing this. Anything that can be done to accelerate this effort would be beneficial.

Another barrier is related to the ability to collect building energy use information. Disclosure of energy use information can potentially impact the value of real estate as well as trade secret and other proprietary rights associated with the occupants of a building and their activities therein.  As such, there may be reluctance to share this information unless there is a legal or regulatory requirement to do so. At the same time, care needs to be taken to assure that only those parties with rights to energy use information have access to it. Further, tenants often have directly metered energy use arrangements with local utilities thus requiring that landlords obtain consent from one or multiple tenants in order to obtain all of the required information to fulfill disclosure obligations to third parties.

Also, benchmarking of data using ENERGY STAR and other databases is limited by the paucity of data for certain building types in the CBECS database.  Moreover, a richer database of submetered data, by building type, is needed for benchmarking.
Recommendations for Action

Asset Evaluation

It is recommended that the COMNET normalization procedure for energy modeling input variables be viewed as the standard procedure used in all asset evaluation programs.  Experience gained over the new few years in the asset rating of ASHRAE’s Building Energy Quotient labeling program should provide sufficient information on which to base other asset rating programs and procedures, whether for use in the public or private sector.

DOE should continue the development and maintenance of its Commercial Building Benchmark

Model project to provide prototypical building models for standardized use.

Operational Evaluation

It is recommended that governmental agencies seriously consider industry efforts directed at standardizing data collection methodology. This would result in a level playing field for all building operating energy data collected and reported, and provide a firm and transparent foundation for benchmarking initiatives.

It is also recommended that the release of existing building energy information be encouraged and pursued, not just at the state and local level, but also at the national level. This would go a long way toward removing the confidentiality barrier that may exist in disclosing building operating energy use information.

It is also recommended that the CBECS database be expanded to a greater coverage of the full range of commercial buildings so that statistical significance is achieved for all building types.  Databases of submetered data for all building types should be developed.
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