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August 3, 2010 Draft content for Benchmarking Section Working Group Conference Call

Benchmark Section Editing Notes 
Topics assumed covered in other sections:

-  under Performance Measurement:  measurement standards and metrics definitions, including alternatives to square footage basis used in EUIs as the primary normalizing factor.
-  regulatory use of benchmarks under Disclosure and Policy

Items to cover in working group comments and call and pursue additional input:
· Confirm or clarify our use of the term “benchmarking”

· Gather broader input into:

· State of the art:  what else is being used or developed now?  Is inclusion of modeling-based benchmarking for new construction appropriate here?
Barriers:  other major impediments to continued future growth of this practice

Recommendations:  particularly for DOE actions and further CBC exploration

CBC Benchmarking and Performance Assurance Working Group Report
DRAFT – 8/2/2010
Section 2:  Benchmarking – “ Strawperson” draft
Background
Measured performance data is useful only if it can 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 particularly areas that need improvement?   Answers to these questions typically require relevant, appropriate benchmarks against which the measured results can be compared.  The term “benchmarking” is used broadly here to refer to any standard 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 are being measured (e.g. whole building or system-level performance) and the specific questions that are to be addressed.  For a few examples:

· benchmarks constructed for comparing an office building’s energy-use intensity (EUI) to all existing office buildings will not necessarily be the most useful for determining leading-edge progress toward ultra-low energy buildings.  (Olympic athletes compare their performance with previous records, not to average population performance.)
· benchmarks relied on to provide accurate comparisons between any two buildings or to demonstrate regulatory compliance must be much more precise than those used to answer broad categorical questions (e.g. are the results good or bad).
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 adjustment for operating schedule or climate; a building operating 120 hours/week in Duluth would be expected to use more energy than a 50 hours/week building in San Diego.   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.  For a few examples: 
· To evaluate an existing building it may be reasonable to normalize for factors such as orientation and basic structure, to avoid “penalizing” a building with these hard-to-change characteristics.  
· To evaluate the effectiveness of an overall integrated design process for a new structure, all design decisions should be allowed to affect the results.  In this case, however, the design engineer may still want to see benchmarks based on performance in other buildings using the same systems or orientation, for more focused feedback on whether specific design aspects are contributing as effectively as possible.
 State of the Art (current practice and trends)
A.  For existing building benchmarking
1.  CBECS.  The largest and most widely used basis of peer group EUI comparisons is the U.S. Department of Energy’s (DOE) Commercial Building Energy Consumption Survey (CBECS) database.  The most recent data available for this quadrennial survey are from 2003.  The survey includes actual building characteristics and energy usage from a sample population of 5,215 buildings chosen to represent the entire U.S. stock of approximately 5 million commercial buildings.  While the total number of surveyed buildings may appear large, it can become insufficient for statistically valid comparisons when parsed too finely by activity type, climate, schedule, and other characteristics.
Another limitation of the CBECS data for individual building benchmarking is the lag time in its availability. The data for 2003 experience was not released until 2006, and post-2000 construction represented only about 1% of the total buildings samples.  As of July 2010, this was still the most recent CBECS data available.  The results of the 2007 survey still did not have a scheduled release date.  The combination of the lag in availability and the relatively small sample size for recent construction prevents CBECS from providing meaningful, usable feedback on national progress toward higher efficiency in new construction.
[   include something here and/or in the conclusions about CBECS plans / budget requests / outlook.  Cliff may have the best current handle on status.  ]
Basic CBECS benchmarking is often done simply by comparing a building’s measured EUI with the published CBECS average for the same activity type.  The database is categorized into 12 major “principal building activities,” and finer break-downs are also available. 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.
2.  Energy Star.  The U.S. Environmental Protection Agency (EPA) and U.S. Department of Energy have partnered to develop a joint program called ENERGY STAR, which is directed at improving energy performance in commercial buildings, and which relies on CBECS for its underlying benchmarking system. A key element of the program is EPA’s national energy performance rating system for buildings. The benchmarking tool, known as Portfolio Manager, allows building owners and managers to track the energy (and water) consumption of their buildings, hours of operation, number of occupants, location and other building characteristics. For many building types, the tool also generates an ENERGY STAR rating from 1 to 100 based on one year’s energy consumption data compared to similar buildings across the country
.  The rating calculation is developed from statistical analysis of the detailed CBECS database, adjusting (normalizing) for weather variations and basic operating conditions, including occupancy, operating hours, and energy-using equipment and features.  The normalizing factors are generally limited to climate and occupancy-based characteristics.  No adjustments are made for factors such as building age, condition, or HVAC equipment type.
Through the end of 2009, more than 100,000 buildings have been voluntarily entered into EPA’s ENERGY STAR Portfolio Manager System by building owners and operators to derive a rating.  Of those, 8,700 had earned an Energy Star label, with certified ratings of 75 or higher, indicating energy use in the best quartile relative to comparable national building stock.
The expansion of Energy Star ratings to more activity types has been limited in part by its reliance on the data collected by CBECS.  Normalization is done only for characteristics included in CBECS, and most of the non-rated types do not have sufficient CBECS detail to perform the required statistical analyses.  In recent years, EPA has been supplementing CBECS data with independent studies.  The newly added rating for Data Centers was developed entirely from an EPA study and pilot program.
One limitation of Energy Star ratings that is particularly significant from the perspective of move 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.
3.  Other benchmark data sources and tools.  The References and Resources appendix contains additional sources of current benchmark data and developing projects.  In addition to these publically available data sources, an increasing number of commercially available tools provide some benchmarking capability, sometimes based on comparisons with CBECS data and sometimes using proprietary data (such as results from all subscribers to the software or utility company customer averages).  Some have observed that any peer-group benchmarked feedback is sufficient to motivate participants to strive to improve their relative ranking.  (e.g. Canada Green Building Council Green-Up program.)
B.  New construction

For an early evaluation of how a new building is expected to perform, EUIs from design models can be compared with the benchmarks described above for existing buildings.  Energy Star has a simplified tool, Target Finder, which can be used to calculate the Energy Star rating associated with the modeled energy use and assumed occupancy characteristics.  

Initial design model output is also sometimes used as a benchmark against which subsequent measured performance is compared.  In this case, normalization is important for major differences between design assumptions and actual occupancy schedule and characteristics.  Building modeling has traditionally been done to compare alternatives rather than predict absolute whole building energy use, and more research is needed into ways to facilitate meaningful use of a design model in this fashion.  Examples of emerging efforts in this area include:

ASHRAE plans to develop protocols supporting utilization of design models in measured performance comparisons (for example: 2010-2015 Research Strategic Plan (in Goal 1 Needed Research list) )
Efforts of individual organizations to use whole building targets as part of their design objectives (examples:  CIEE/UC Merced . . . .)

DOE Reference Model development to help provide a consistent basis of comparison

Gaps and Barriers

Broadly, 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 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.   Activity type is widely used to characterize commercial buildings, and it can be a handy 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 activity to one with results tied to regulatory compliance or financial penalties/incentives, the imprecisions of this activity-based approach will become more apparent.  There are two basic problems with the reliance on activity type:

· Activities are not precisely defined and different organizations (CBECS, USGBC, IECC, etc) use different lists.  The increasing number of multi-use buildings adds further complexity.

· While different activities may have distinct averages for activity-required factors such as schedule and equipment, there is a wide range for the values of these factors within any type.  It may be more effective substantially reduce the activity types to broader categories, and then rely on measures or benchmarks of actual requirements as the first cut in normalizing benchmark use.
Recommendations for action 

Actions to fill the above gaps and circumvent the barriers can fall into several categories:

Improvements to CBECS
Fund substantial improvements in CBECS depth of coverage and methodology
· Increased frequency, faster data availability, larger sample, more new construction, etc – get Cliff’s input from recent work in DC

Non-CBECS benchmark data  
CBECS was devised primarily to gauge total commercial building energy use and trends, not as a tool for benchmarking individual buildings at the local level.  A massive quadrennial (or even triennial) study may not be the most effective way to accomplish the latter.  Some alternative sources may not generate a statistically representative picture of all the country or new construction.  But that may not be essential where the goal is to foster competition to be the best and/or achieve more fixed goals such as net-zero energy usage.
Secure stable funding and prioritization for a national Measured Performance database
· 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.  To avoid an unintended effect of discouraging PM use, some level of anonymity might be required, at least initially.  It is also true that this user-entered information with no third party review is not necessarily accurate.  Screening protocols applied to the monthly energy data and entered building characteristics could limit some questionable data, and could even be a useful feedback tool for those entering data, suggesting numbers that needed checking.
· Utility company energy use information.
Automatically gather sufficient data for some or all new construction and major renovation to facilitate developing benchmark energy performance data.
· California is one example of requiring utilities to transmit energy usage directly to Portfolio Manager.  If coupled with an automatic or easy way to populate the minimum required information (location, gross square footage, activity type) for the same buildings, data could be available with minimal lag
· 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.

· Fund research to explore feasibility, data availability, and metrics that would facilitate more direct identification of the energy requirements of building occupants’ activities, to support proper normalization.
· Foster the consistent use of a single set of activity types that are relevant to required energy use, with unambiguous definitions of those types and protocols for normalization by type in mixed use buildings. 
· Promote better tools – easy to use, metrics that extract as much useful insight as possible from readily available benchmark data, and automatic translation from basic metrics to usable information.

· Identify ways to foster increased applicability and use of whole building design targets.
References and resources

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?)
Benchmarking and related articles
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:  

CBECS:  Summary tables, documentation, and “microdata” detailed tables. http://www.eia.doe.gov/emeu/cbecs/
CEUS:  links to Itron and to LBNL Energy IQ sites
Getting to 50 and DOE High Performance Building Databases

Labs 21
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






� Energy Star ratings are based on Source EUIs, including the off-site losses associated with generation and transmission of energy.  Building owners enter their on-site usage, and the Portfolio Manager tool applies national average conversion factors to determine source energy usage.
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