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Background
Answers to questions on whether performance is good or bad require relevant, appropriate benchmarks against which the measured results can be compared.  Benchmarking underlies use of measured performance data to answer questions such as:  Is this building (or system or space) performing well or poorly?  Or – Is performance consistent with design objectives?   Or – Are there particular areas that need improvement?   The term “benchmarking” is used broadly here to refer to any comparison approach that serves this purpose, including results from comparable (peer group) buildings, best-practice references, standards, etc.  
The best benchmark to use in any given case will depend on what is being measured (e.g. whole building or system-level performance) and the specific questions to be addressed.  For example:

· Comparing an office building’s energy-use intensity (EUI) to a benchmark from the existing building stock will not necessarily be the helpful in evaluating leading-edge progress toward ultra-low energy buildings.
· Benchmarks intended for accurate comparisons between any two buildings, or for mandatory regulatory compliance, must be much more precise than those used to answer broad categorical questions (e.g. are the results exemplary or with much room for improvement).
For a benchmark to be relevant and appropriate, the comparison should identify and eliminate the effect of neutral variables, those that affect total energy use but are not being evaluated.  Typical examples in this “normalization process” include schedule and climate.  Normalizing for these variables avoids “penalizing” a building in the benchmarking process just because it is more heavily used than average.  Other normalization examples depend more on the context of the comparison:  new construction vs existing building, whole building vs specific system, etc .
Current Practice and Trends
Trends toward increased requirements for energy use disclosure, labeling, and standards are already driving industry towards a higher standard of building performance data collection and information sharing.  [assuming the various labeling & disclosure trends are discussed in other group / sub-group portions]. 
CBECS.  The largest and most widely used basis of EUI comparisons is the U.S. Department of Energy’s (DOE) Commercial Building Energy Consumption Survey (CBECS) database. The most recently published data (from 2003 experience) includes building characteristics and energy usage from a 5,215 site sample, developed to represent the entire U.S. stock of 5 million commercial buildings.  CBECS provides the best-available basis for benchmarking whole building results against past results of the existing building stock, but is less useful in identifying recent trends or evaluating results of new construction.  The total number of surveyed buildings can be insufficient for statistically valid comparisons when parsed by vintage, activity type, climate, schedule, and other characteristics.  And the lag in publication (as of August 2010, the 2003 data is still the most recent available) precludes use as a benchmark among recent construction.  These limitations prevent CBECS from providing meaningful, timely feedback on progress toward very low energy buildings.  Efforts to-date to increase CBECS depth and frequency have been limited by budget constraints.
The most basic CBECS benchmarking simply compares a building’s measured EUI with the published CBECS average for the same activity type. Unfortunately, there is no clear and standardized way to classify commercial building activity types, and these simple comparisons also fail to normalize for neutral variables. The widely used Energy Star rating system addresses that limitation for some common building types.
Energy Star.  The U.S. Environmental Protection Agency and Department of Energy provide a commercial buildings ENERGY STAR program, directed at improving energy performance. A key element is EPA’s national energy performance rating system for buildings, which relies on statistical analysis of CBECS data.  The benchmarking tool, known as Portfolio Manager, supports tracking energy (and water) consumption of buildings. For many building types, the tool also generates an ENERGY STAR rating from 1 to 100, benchmarking one year’s energy use against similar buildings across the country
.  The rating calculation is developed from statistical analysis of the detailed CBECS database, adjusting (normalizing) for weather variations and key occupancy characteristics.  

Energy Star ratings are increasingly being recognized in the commercial real estate industry as an important prerequisite for “green” office space.  Through the end of 2009, more than 100,000 buildings had been voluntarily entered into EPA’s ENERGY STAR Portfolio Manager System by building owners and operators to derive a rating.  Covered floorspace increased from 5 billion square feet at the end of 2006 to 14.7 billion at the end of 2009.  Some activity types are not ratable in Portfolio manager, primarily where CBECS does not have sufficient detail to perform the required statistical analyses.
One limitation of Energy Star ratings from the perspective of moving toward ultra-low energy buildings is its inability to distinguish among the best performance levels.  For example, a 50,000 sq ft office building with typical occupancy and fuel mix may achieve a rating of 99 with a site EUI of about 30 kBtu/sf.  While this accurately reflects the statistical distribution of overall office building experience in 2003, it doesn’t help distinguish among buildings on the leading edge of efficiency.  Charles Eley notes, in Rethinking Percent Savings, that as performance targets get closer to zero net energy, the value of a historic peer group average becomes less significant in benchmarking performance relative to the goal.
Design-Stage benchmarking.  Energy Star has a simplified tool, Target Finder, that calculates the Energy Star rating associated with the modeled energy use and assumed occupancy characteristics, which can be used to benchmark anticipated performance levels.  

Output from an initial design model output may be used as a benchmark for new construction, against which subsequent measured performance is compared.  However, normalization is important here for major differences between design assumptions and actual occupancy schedule and characteristics.  Much more research is needed into ways to facilitate meaningful use of a design model in this fashion.  The COMNET standards for consistent baseline modeling and the recent development of DOE Reference Models (with a consistent set of Energy Plus files covering multiple activity types, climates, existing building vintages and new code levels) have potential to support progress in this area.  Other examples of emerging efforts in this area include ASHRAE plans to develop protocols supporting utilization of design models in measured performance comparisons
  and efforts of individual organizations to use whole building targets as part of their design objectives (examples:  CIEE/UC Merced . . . .)

More granular benchmarking. The whole building benchmarking discussed above is necessary but not sufficient for progress.  A complete suite of benchmarking tools can’t be limited to answering the “good” or “bad” question, but must also help identify potential areas for improvement.  New tool development, such as LBNL’s action-oriented EnergyIQ are just beginning to address this area, and developers of emerging tools such as Building Information Modeling (BIM) are exploring the possibility of linking these design tools to measured data in a way that would support focused system and feature benchmarking.
Other benchmark data sources and tools.  The References and Resources appendix contains additional sources of current benchmark data and developing projects, for whole building and system/component level benchmarking.  In addition to these publically available data sources, an increasing number of commercially available tools provide some benchmarking capability.
Gaps and Barriers

As highlighted above, the barriers to widespread effective use of benchmarking to improve energy performance fall into two categories: 1) the very limited and delayed benchmark data available and 2) the lack of effective connections between basic benchmarking results and clearly actionable information.  Some specific examples include:

· CBECS limitations, as noted above, in number of sampled buildings, frequency of sampling, timeframe for release of results, and inclusion of sufficient data characteristics for complete normalization.
· Lack of widespread availability of good tools:

· to generate appropriate benchmark comparisons
· to facilitate useful comparison of measured results to design models, to better inform owners on improvement potential and designers on future refinement of both efficiency practices and modeling procedures
· to translate the raw benchmarking results to actionable information and express this information in intuitively understandable formats
· The fractured nature of existing programs that impact energy efficiency, with no common protocol or procedures to collect measured performance results.
· Inconsistent nomenclature and imprecise definitions of activity type.   In making peer group comparisons, activity type is a common benchmarking proxy for harder to quantify factors such as average or required schedules, plug loads, lighting levels, ventilation requirements, etc.  However, as benchmarking moves from an optional act to one with results tied to regulatory compliance or financial penalties/incentives, imprecisions of the current activity-based approach will become more apparent.  Even when clearly and consistently defined, different activities that have distinct averages for activity-required factors such as schedule and equipment will still encompass a wide range for the values of these factors within each type.
Recommendations for action 

Effective benchmarking requires more data availability and a suite of tools to create useable feedback from the whole building to the more granular level of occupant, system, and operating characteristics.  Actions to fill the above gaps and circumvent the barriers include:
Increased availability of benchmarking data
Within all the actions below, consider approaches taking advantage of modern smart grid data availability, building management systems, data management and communications technologies.
Fund substantial improvements in CBECS depth of coverage and methodology
Increased timeliness, sample size, coverage of new construction, and recorded building characteristics are needed for individual building benchmarking.
Secure stable funding and prioritization for a national Measured Performance database
Alternatives to CBECS, even if they do not generate a statistically representative picture of all the country or new construction, will be essential to foster competition to be the best and/or achieve more fixed goals such as net-zero energy usage.
The DASH effort (Database for Analyzing Sustainable and High Performance Buildings), led by the Green Building Alliance and ASHRAE, is an example of a broad-based initiative to define a workable approach to such a database.
Gather all Public Building energy data in the next 5 years

Implementing a national standard similar to California’s AB 1103 could provide a useful core dataset, and test the implementation procedures for a broader application to all new construction or all commercial building. 
Untie restrictions on disclosure of existing building energy use data sets 
Examples could include:
· Portfolio Manager characteristics and energy use for all buildings with complete data.  Appropriate options for anonymity and additional screening protocols for reasonability of this self-reported data will be needed.
· Utility companies already store commercial building energy use information.  Facilitated access for research and benchmarking purposes would be a major step forward.
Automatically gather sufficient data for some or all new construction and major renovation to facilitate developing benchmark energy performance data.
California was the first to require utilities to transmit energy usage directly to Portfolio Manager.  If coupled with an automated way to populate the minimum required information (location, gross square footage, activity type) for the same buildings, very timely data could be available.
Use of modern BAS / EMCS equipment could accomplish similar results without the requirement of utility company involvement.
Fund research and market implementation to improve normalization capabilities for occupant-based, activity type factors.

Foster consistent use of a single set of activity types, relevant to required energy use, with unambiguous definitions and protocols for normalization.

Better tools for interpreting and acting on benchmark results

Fund and promote high- level tools to extract actionable insight from readily available whole building data.  and Fund research and development of better tools for interpreting and acting on benchmark results.

Support  easy to use high-level tools and metrics that extract as much useful insight as possible from readily available benchmark data, and automatic translation from basic metrics to usable information.

Support benchmark scales such as zEPI, for credible forward-looking benchmarks

For the ultimate Zero-Energy goal, forward-looking benchmarks are essential, rather than reliance solely on solely historic norms.  Successful implementation will also require better linkage of modeling and real-world measured results.

Fund research into, and promote use of, tools to close the loop between modeling and measured results, refining benchmarking practice with validated technical (e.g. modeling-based) results.
· Expand the validation and use of the DOE reference models, as a bridge between historic and forward-looking benchmarks and a potential basis for normalizing adjustments where truly comparable peer results are not available. 
· Develop Rapid Energy Modeling techniques, to help bridge the gap between quick benchmarking and laborious energy audits.
· Expanded the scope of BIM so that actual performance data can be measured, verified, and compared against the original design and optimization targets.  A scalable solution would require automated linkage between the key design model assumptions and measured points from the building’s Energy Information System.
References and resources
Prior policy papers

LBNL, Commercial Buildings Initiative Action Plan, November 2008.  
Background on current programs
For more information on CBECS, go to http://www.eia.doe.gov/emeu/cbecs/.

For more information on the ASHRAE Building EQ rating system, refer to http://www.buildingEQ.com.

For more information on LEED, refer to http://www.usgbc.org.

For more information on the CMP Capital Markets Partnership rating system, go to http://www.capitalmarketspartnership.com
ASTM Building Energy Performance Assessment Standard WK24707, 2010.   (status?  Web link?)
Canadian Green Building Council Green Up Program, to provide tools, performance standards and resources to help building owners and operators understand, measure and compare on-going performance of their building portfolio.  http://www.cagbc.org/initiatives/green_building_performance/green_up_program.php
COMNET modeling standards.  www.comnet.org
Building Smart Alliance development of ENERGie,  an information exchange protocol to merge design model assumptions and HVAC and control system information in BIM, to facilitate a feedback loop between modeling and actual performance results.  (Being considered by GSA and DOD.) 
http://www.buildingsmartalliance.org/index.php/newsevents/meetingspresentations/energie09/
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Buonicore, A.J., “The Formidable Challenge of Building Energy Performance Benchmarking,” Green Building and Sustainable Development in the Commercial Real Estate Industry: Critical Issues Series, Paper No. 10-001, published in Building Energy Performance News, April 5, 2010.
 

EIA, “State Energy Data Needs Assessment, January 2009”,   SR-EMEU/2009-01.  [a good summary of state CBECS customer/stakeholder data needs beyond the currently available CBECS data, and discussion of some of the challenges or costs that would be involved in meeting those needs]
Eley, C., “Rethinking Percent Savings: The Problem with Percent Savings and the New Scale for a Zero Net-Energy Future”, prepared by Architectural Energy Corporation  for Southern California Edison,  July 2009.  [a good overview of the ways in which performance goal targets have been set and alternatives that may be more applicable as we approach truly low energy goals]
Seidl, R., “A Scalable Approach to Energy Improvements Using Energy Management and Control Systems,” West Coast Energy Management Congress, June, 2009.  [a good example of creative thinking about alternatives to more frequent and abundant data for benchmarking] 
Sharp, T., “Energy Benchmarking in Commercial Office Buildings,” Proceedings of the ACEEE 1996 Summer Study on Energy Efficiency in Buildings (4): 321-329, 1996.

Sharp, T., “Benchmarking Energy Use in Schools,” Proceedings of the ACEEE 1998 Summer Study on Energy Efficiency in Buildings (3): 305-316, 1998.

Regulatory examples

State of Michigan, Executive Order 2005-4, April 2005.

State of Ohio, Executive Order 2007-02, January 2007.

California Assembly Bill (AB) 1103, October 2007, modified in October 2009 by AB 531.

Denver, Colorado Executive Order 123, October 2007.

West Chester, Pennsylvania Borough Ordinance, March 2008.

Clean and Affordable Energy Act of 2008, Washington, D.C., Law No. L17-0250, October 2008.

Washington Bill SB 5854, May 2009.

State of Hawaii, HB 1464, June 2009.

Austin, Texas City Council Energy Conservation Audit and Disclosure Ordinance, Rule No. R161-09.35, September 2009.

New York City Council Bill 476-A, December 2009.

Seattle, Washington Building Energy Disclosure Council Bill (CB) 116731, January 2010.

Benchmark Data Sources

Currently available

Energy Star labeled buildings:  http://www.energystar.gov/index.cfm?fuseaction=labeled_buildings.showResults
CBECS:  Summary tables, documentation, and “microdata” detailed tables. http://www.eia.doe.gov/emeu/cbecs/
California Commercial End Use Survey (CEUS):  

By building type and fuel:  http://capabilities.itron.com/CeusWeb/Chart.aspx

With filterable benchmarks:  http://energyiq.lbl.gov/
Getting to 50 and DOE High Performance Building Databases

LBNL Labs 21:  http://www.labs21century.gov/toolkit/benchmarking.htm
LBNL High Tech benchmarking guide:  http://hightech.lbl.gov/benchmarking-guides/sbg.html
Underway

DASH,  http://www.gbapgh.org/Programs_HPBDP.asp
Canada Green Building Council Green Up program (http://www.cagbc.org/initiatives/green_building_performance/index.php) 

USGBC’s BPP






� This Working Group chapter is being addressed through 4 sub-sections developed by a lead with contributions and review by members: 1) Performance Measurement, 2) Benchmarking, 3) Policies and Ratings, and 4) Performance Assurance.  These 4 topics will merge into the final Chapter on Benchmarking and Performance Assurance.  


.  


� Energy Star ratings are based on Source EUIs, including the off-site losses associated with generation and transmission.  The Portfolio Manager tool applies national average factors to convert site to source energy.


� 2010-2015 Research Strategic Plan, under Goal 1 Needed Research
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