Approaches for the Application of Advanced Meters and Metering Systems on Federal Facilities through Alternatively Financed Contracts

Metering and sub-metering of energy use and equipment operation is critical to optimizing energy, equipment, and overall facility operations.  Data obtained through metering/sub-metering activities is essential to formulating informed decisions in areas such as identifying cost-effective equipment retrofit opportunities, optimizing building and equipment operations, real-time purchasing of energy resources, and planning and allocating of operations and maintenance resources.

Of late, two new terms have worked their way into the metering vernacular:
Advanced Meters. Advanced meters are those which have the capability to: measure and record interval data (at least hourly for electricity), and communicate the data to a remote location in a format that can be easily integrated into an advanced metering system.

 

Advanced Metering System.  An advanced metering system has the capabilities to accept data from one or more advanced meters, and process the data into information on energy use that can be used to develop appropriate management action.  

It is believed that not only do applications of metering equipment across the federal building inventory lag that of the private sector, but that current metering capabilities are widely deficient.  Consider that many DOD installations usually rely on a single master meter to monitor energy use for entire installations.  Clearly, it would be preferred to have (individual) federal buildings metered so that building and equipment data can be obtained, analyzed, and acted upon in a timely manner.  The reality is most Federal facilities’ discretionary resources, both funds and personnel, are severely constrained.  Thus, strategies outside the “normal” procurement process need to be identified if metering technologies are to be optimally applied to the federal building sector. 

One way to increase the application of advanced metering technology in federal facilities is through alternatively financed (energy project) contracting vehicles: energy savings performance contracts (ESPCs) and utility energy services contracts (UESCs).  Since their inception these contracting vehicles have largely concentrated on energy efficiency retrofits.  However, significant energy and energy cost savings can also be achieved through other methods such as improved energy purchasing practices (e.g. real time purchasing and time-of-use schedule) and improved operations and maintenance practices (e.g. modified building and equipment operating hours and on-going commissioning).  But implementing these types of strategies to their fullest cost-effective potential will require the application of advanced metering technologies.  And while these approaches require capital funds to assess metering potential (cost/benefit), design and install, maintain, and “operate” (see figure below), alternative financing contracting vehicles can fill this role by providing the metering equipment (purchase and installation) and the necessary technical support (maintenance and analysis).  
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Figure. Recommended development process for a metering system (AEC 2003)
There are at least five potential approaches to using alternatively financed projects to achieve the benefits of advanced meters and metering systems.  Each of these approaches is described in the attached summaries.  

1. Install as part of other ECMS or the M&V effort of the project – the meters installed as part of other ECMs, such as peak load management, or the M&V plan of an ESPC or the performance assurance plan of a UESC (either just as required for M&V or augmented by additional facility funds) can be used to achieve the benefits of advanced metering. 
2. Install using project savings – a portion of savings from other ECMs can be used to install and use advanced metering.  This approach has been used in relatively large, complex facilities with significant potential for additional supply side savings opportunities.
3. Install as ECM with stipulated savings – This approach has also been used in relatively large facilities with significant potential for follow-on savings.
4. Install as an ECM with stipulated initial savings and follow-on share of savings – This approach is an extension of approach 3 with the application of the GSA’s Award Fee Plan incentive concept which allows a sharing of subsequent savings from actions taken on opportunities identified by the metering system.
5. Install in support of retro-commissioning ECM – the cost effective use of retro-commissioning of relatively large and complex buildings has been repeatedly demonstrated by Texas A&M University.
Critical to the success of advanced metering technologies is the availability of staff that are motivated and trained to use the data.  This includes the ability to gather, analyze, direct, and implement changes that work to optimize performance and energy efficiency.  Remember, metering by itself does not save energy; instead, metering should be viewed as a technology that enables optimized performance and energy efficiency.  The strategies summarized all require dedicated staff capable of affecting changes as a result of the analysis of metered data.  These staff can be in-house, with an energy services company, or even a Resource Efficiency Manager
. 
OTHER CONSIDERATIONS:

Candidate applications: Some sites are better suited than others for advanced metering.  Applications of advanced metering technologies for the purpose of implementing demand management and real-time purchasing ECMs are particularly well suited for alternatively financed projects as energy savings can be directly attributed to their application.  Other favorable circumstances include sites with reimbursable utility accounting/customer billing, complex rate structures, or even combined heat and power applications.
Economics: Overall economics also needs to be addressed when considering the potential for advanced metering applications.  Costs to purchase and install are difficult to pinpoint, but on average appear to run between $1,000 and $2,000 per point or meter (FEMP 2004).  These costs may trend downward as applications become more common.  Less clear is the cost effectiveness of metering applications as analyses based on actual costs and documented savings are not available.  Instead, current cost analyses rely heavily on assumptions of projected energy savings.  FEMP should work to collect data on metering costs and documented savings so the issue of cost effectiveness can be addressed in a more informed manner.
Policies affecting application: Federal application of advanced metering technologies may be driven by legislation, mandate, or agency policy.  The Energy Policy Act of 2003 (pending as of this writing) requires a) that all federal buildings be metered or sub-metered in accordance with guidelines established by the Secretary of Energy and b) that advanced meters or advanced metering devices be used to the maximum extend practicable.  Also, the Navy commissioned in September 2004 a metering study that will be used to help develop a DOD metering policy.  Follow-up pilot projects are expected.
  Agencies voluntarily attempting to achieve LEED-EB certification will likely need to consider advanced metering applications per the draft ballot rating system.

Funding assistance: Sites looking to install advanced metering may also receive funding assistance via utility demand management or state public benefits programs.  Project facilitators should be directed to check with the local utility and state energy offices to determine if such programs are available to the federal sites as funds can be used to reduce the project costs.  Some examples:
· The NYSERDA Peak-Load Reduction Program’s Program Opportunity Notice 835
 (application period closes November 1, 2004) offers financial incentives for approved interval meters and their installation that enable and verify kW demand reductions for demand reduction and load shifting programs.
· A number of demand response programs are available in California
 through statewide and the major investor owned utilities that require interval meters.
REFERENCES: 
· AEC.  2003.  Advanced Utility Metering.  Under contract NREL/SR-710-33539, Architectural Energy Corporation, Boulder, Colorado
· FEMP.  2004.  Operations and Maintenance Best Practices: A Guide to Achieving Optimal Efficiency (Release 2.0). U.S. Department of Energy, Washington, DC.  URL: http://www.eere.energy.gov/femp/operations_maintenance/om_best_practices_guidebook.cfm 
Approach 1:
Install as equipment in support of other ECMs or the M&V effort of the project
Description: Advanced metering equipment supports various ECMs: bill reconciliation, customer billing, peak load management, and real-time purchasing in deregulated market.  In some cases it may be possible to use the metering needed for ECM M&V as is if comprehensive enough or enhanced with additional funds from the facility to achieve the advanced metering capability.  No specific savings are attributed to metering equipment; instead, savings from resulting ECMs are realized.  Data analysis completed by ESCO/utility. 

Benefits of application method:  

· Straight application of ESPC/UESC approach except metering equipment is used as an enabling technology.  Savings attributable to metering equipment do not need to be addressed (stipulated) as these savings appear in other ECMs.  

· Data can be used to identify energy savings beyond initial ECMs improving overall ESPC/UESC energy saving performance. 

· Responds to DESC and OSD desire for centralized energy management in support of natural gas procurement. 

Disadvantages: 

· Must include provision for engineering analysis of data by ESCO/utility.  Strong site resource commitment is necessary in the event the agency/facility staff, not energy services contractors, are assigned to complete the analysis and direct actions.
· Increased task/delivery order capital costs.

· Savings not realized until recommendations are adopted.

Contract considerations (e.g., allowable under ESPC/UESC, savings determination/M&V, other): This approach is deemed as allowable under current authorities and contracts.
Other considerations:  Installation of advanced metering system can allow implementation of a continuous commissioning approach further ensuring efficient and effective
Example:  Fort Bragg – see example “Example: Fort Bragg Advanced Metering Program.” 
Approach 2:
Install using savings from other ECMs
Description:  If the client facility desires advanced metering, it can be installed and expanded with additional savings from other unrelated ECMs under an existing ESPC or UESC.  No specific savings are attributed to the metering equipment; but additional savings are generated from subsequent projects identified by the metering system.  This approach has been used in relatively large, complex facilities with significant potential for additional supply side savings opportunities.
Benefits of application method:  

· Straight application of ESPC/UESC approach except metering equipment is used as an enabling technology.  Savings attributable to metering equipment do not need to be addressed (stipulated) as these savings appear in other ECMs.  

· Data can be used to identify energy savings beyond initial ECMs improving overall ESPC/UESC energy saving performance. 

· Responds to DESC and OSD desire for centralized energy management in support of natural gas procurement. 

Disadvantages: 

· Must include provision for engineering analysis of data by ESCO/utility or commitment of site technical staff.

· Implementation of additional ECMs requires increased task/delivery order capital costs.

· Savings not realized until recommendations are adopted.

Contract considerations (e.g., allowable under ESPC/UESC, savings determination/M&V, other): This approach is deemed as allowable under current authorities and contracts.

Other considerations:  Installation of advanced metering system can assist in developing and applying continuous commissioning.
Example: Fort Bragg – see “Example: Fort Bragg Advanced Metering Program.” 
Approach 3: 
Install as ECM with Stipulated Savings

Description: Site requests installation of advanced metering as an ECM.  Metering systems monitor building/system energy use.  Data analysis identifies energy saving opportunities.  This approach has been used in relatively large, complex facilities with significant potential for additional supply side savings opportunities.

Benefits of application method: 

· Straight application of ESPC/UESC approach.  

· Data can be used to identify energy savings beyond those realized by initial technology retrofits improving overall ESPC/UESC energy saving performance.

Disadvantages: 

· Must include provision for engineering analysis of data by ESCO/utility or commitment of site technical staff.

· Savings not realized until recommendations are adopted.

· Energy savings must be stipulated even though there are not any known accepted energy savings estimates resulting from wide-spread application of advanced metering systems.

Contract considerations (e.g., allowable under ESPC/UESC, savings determination/M&V, other): When employed under a performance contract arrangement the savings attributable to the advanced metering technologies is stipulated.  However, measures identified through data analysis must be implemented for energy savings to be realized.  Also, there is no clear guidance on what degree of savings can be reasonably stipulated for advanced metering systems.

Other considerations: Approach can evolve into a retro-commissioning activity.  Also, stipulated savings are being viewed with increasing suspicion (e.g. AAA and GAO audits) and FEMP has been advising sites to greatly reduce stipulating energy savings.
Examples: GSA’s Denver Federal Center – see “Example: Automated Meter Reading ECM for GSA Denver Federal Center.”
Approach 4: 
Install as ECM with Stipulated Initial Savings and Follow-on Share of Savings

Description: Site requests installation of advanced metering as an ECM.  Metering systems monitor building/system energy use.  Data analysis identifies energy saving opportunities in specific ECMs.  Actions to achieve savings are implemented either by ESCO or utility, or by facility staff.  Negotiated magnitude of ESCO/utility’s share of follow-on savings achieved is determined by level of effort of ESCO/utility to identify and achieve savings.

Benefits of application method: Straight application of ESPC/UESC process with addition of GSA Award Fee Plan contract concept.  Data can be used to identify energy savings beyond those realized by initial technology retrofits improving overall ESPC/UESC energy saving performance.  Contract provisions and share of savings formula could provide ESCO/utility with added incentive to install and use meters in anticipation of follow-on savings.

Disadvantages: 

· Must include provision for engineering analysis of data and implementation action by ESCO/utility or commitment of site technical staff.

· Follow-on savings not realized until recommendations are adopted and action taken.

· Initial energy savings used to finance meter installation must be stipulated even though there are not any known accepted energy savings estimates resulting from wide-spread application of advanced metering systems.

· May inspire significant arguments on the amount of savings and their origin.

Contract considerations (e.g., allowable under ESPC/UESC, savings determination/M&V, other): 
· 10 USC 2865 (c) allows shared energy savings contracts at military installations that allows a share of the savings realized be kept by the contractor.
· Federal Acquisition Regulations (FAR), Subpart 16.404 – Fixed-price with Award Fees allows contractors to receive a portion of the savings realized from actions initiated on their part that are seen as additional to the original contract. 
· When employed under a performance contract arrangement the savings attributable to the advanced metering technologies is stipulated.  However, measures identified through data analysis must be implemented for energy savings to be realized.  Also, there is no clear guidance on what degree of savings can be reasonably stipulated for advanced metering systems.

Other considerations: Approach can evolve into a retro-commissioning activity.  Also, stipulated savings are being viewed with increasing suspicion (e.g. AAA and GAO audits) and FEMP has been advising sites to greatly reduce stipulating energy savings.

Examples:  GSA’s Energy Conservation Award Fee (ECAF) plan intends to allow GSA building managers to tap into the award fee approach by providing incentives for building mechanical services contractors to pursue energy savings.  In theory, these improvements in efficiency will translate into better overall building operating efficiency.  ECAF is a voluntary provision that is contained in most of the GSA building mechanical services contract solicitations.  There are no known examples of this provision being invoked.

Approach 5:
Install in support of retro-commissioning ECMs

Description: Advanced metering equipment supports the application of retro-commissioning of the buildings and equipment usage, operations, and maintenance.  No specific savings are attributed to metering equipment; instead, savings from resulting continuous commissioning the resulting retro-commissioning actions are realized.  The IPMVP Option C is typically used as the methodology to calculate savings.  Data analysis completed by ESCO/utility and opportunities for savings estimates given. 

Benefits of application method:  

· Straight application of ESPC/UESC approach with metering equipment used as an enabling technology.  Savings arise from the ECM and the metering provides the means to determine the savings using IPMVP.  

· Focus of on-going retro-commissioning increases the potential that all ECMs will achieve expected savings over the contract period. 

· Data can be used to identify energy savings from additional ECMs improving overall ESPC/UESC energy saving performance. 

Disadvantages: 

· Must include provision for engineering analysis of data by ESCO/utility or commitment of site technical staff.

· Increased task/delivery order capital costs.

· Savings not realized until recommendations are adopted.

· Persistence is low for retro-commissioning when it is used as a one-time task.  Savings have been found to degrade at a rate of 10 % to 20% per year depending upon the specific ECMs involved.

Contract considerations (e.g., allowable under ESPC/UESC, savings determination/M&V, other): Per the document “Introduction to Including Retro-Commissioning in Federal Energy Savings Performance Contracts” (http://www.dc.lbl.gov/mv/), retro-commissioning can be accomplished via ESPC.  However, it is not clear if an on-going retro-commissioning approach (e.g. Continuous Commissioning®) over the term of the contract is an allowable or practical ECM as retro-commissioning activities would be completed on a one-time basis.
Other considerations:  Installation of advanced metering system and use as an on-going commissioning tool can identify additional ECMs. 

Examples: There are no known examples of retro-commissioning or Continuous Commissioning® activities under a federal ESPC or UESC.
Continuous Commissioning® is a registered trademark of the Texas Engineering Experiment Station, which is part of the Texas A&M University System.  
Example: Fort Bragg Advanced Metering Program
Fort Bragg, located in Fayetteville, North Carolina, is a major U.S. Army installation with nearly 30 million square feet of building floor space.  In 1997, Fort Bragg entered into an ESPC with Honeywell that is now reported to produce savings of over $8.5 million a year.  While a wide range of ECMs has been employed as part of this ESPC, of particular interest is the application of advanced metering to enable energy management activities including customer billing, utility bill reconciliation, budgeting, energy efficiency opportunities identification (resulting in additional delivery orders), and energy performance monitoring and system optimization.  And beyond energy efficiency, this advanced metering system is now becoming a part of the base’s security management program.
Deployment of the Fort Bragg Energy Information System (EIS) began around 2000 as part of the initial ESPC delivery order.  The EIS has continued to grow over subsequent years through energy cost savings that the Fort has chosen to reinvest into additional metering capabilities.  The current metering system is extensive as a result of approximately $3 million in total investments and includes main electrical distribution system meters and loads, gas meters, SCADA (monitor peak shaving), and supporting software (real time price management, load analysis, etc.).  This system is being expanded to include Central Plant CHP optimization and SCADA systems integration.
Unique to this ESPC contract is the partnership relationship between the staff of the Fort and Honeywell that looks for energy and cost savings on the supply side as well as the (traditional) demand side.  These supply side opportunities are identified through the analysis of data obtained from the deployed advanced metering technologies.  Examples include;
· negotiating natural gas and electric distribution contracts and supporting rate intervention actions that the government regulatory attorneys deem appropriate;

· developing a risk management program and budget for purchasing natural gas and working with the government contractor to purchase gas each month or as often as the risk management program dictates;
· optimizing natural gas and electricity consumption costs for building heating and cooling through real-time fuel switching and operating peak shaving generators;
· overseeing and optimizing operations and maintenance of the central energy plants and the energy management center; and 
· monitoring and reconciling utility bills.  
Example: Automated Meter Reading ECM for GSA Denver Federal Center

The Denver Federal Center (DFC) located in Lakewood, Colorado, is a campus of buildings housing a multitude of Federal agencies. The 99 buildings on the facility have a combined gross floor area of about 4,150,000 square feet. Johnson Controls (JCI) has been awarded two Super ESPC Delivery Orders for the DFC; the second DO, awarded in September 2001, was a comprehensive project (10 ECMs, $2.18M investment, 14 year term) including an ECM for automated electric and gas meter reading system to identify anomalous energy use and demand. 

During the development of the second DO at the Denver Federal Center, the GSA indicated a desire to upgrade their metering capability and eventually communicate energy use trends to building tenants. Although many electric and gas meters were already in place, most were out of calibration and no one was tasked with or had the time for manually reading and capturing the data from the meters. The GSA needed to be able to obtain energy use data, detect (and hopefully correct) abnormalities when they occur, identify buildings with energy savings opportunities, and provide feedback to tenants on their energy use on a building-by-building basis. Advanced metering was incorporated into the DO as an ECM.

For this ECM, an automated meter reading system was installed in 38 buildings comprising 96% of the gross square footage of the DFC. A total of 70 electronic socket meters with memory and communications capability were installed, and 47 gas meter heads were modified to provide a pulse output. The meters were connected to data recorders with a phone modem and dedicated phone lines, with usage data downloaded to a front-end computer. JCI reviews the meter data for each building monthly, identifies and investigates anomalies, and recommends operational strategies and/or minor equipment modifications to reduce electric and gas consumption where possible. 

Guaranteed savings for this measure begins in the 2nd performance year, allowing JCI & GSA the opportunity to utilize the new utilization data to identify additional energy saving projects, which would then be implemented by GSA. JCI’s recommendations are to be implemented by the GSA and must require less than 240 hours of the GSA’s O&M contractor labor and $2000 in materials to implement over a 28-month period. JCI will continue to provide data analysis, recommendations, and training for the first two years of the delivery order at which time this task will be turned over to GSA. The GSA is responsible for implementing the recommendations in order to achieve the guaranteed savings proposed by JCI.

The annual energy savings proposed for the automated meter reading are 1.25% of the site-wide baseline for energy and 0.625% for electric demand in the buildings included in this ECM. The GSA understands and has agreed upon the shared risk in achieving the savings in the first two years and accepted the responsibility for the remainder of the performance period. JCI must identify energy savings opportunities, but GSA must implement those recommendations in order to achieve the savings.

The first year Measurement and Verification Report shows that during the first year, JCI has in fact identified several opportunities for the GSA to implement. Recommendations included: 

1. setback for Heating Hot Water perimeter heating system in Bldg. 16

2. eliminating fighting heating/cooling coils in Bldg 40

3. shutting off CHW fan coil unit when chiller is off during winter

4. room exhaust fan controls

5. optimizing mixed air temperatures in Bldg. 53

6. shut down of Bldg. 16 when it is vacated

The potential annual energy savings is over $19,000. 

Discussions with the GSA indicated that considerable time was spent during the first year to ensure the meters worked properly and that the data collected was accurate and useable. They are now comfortable that they have a full year of useable data, and have begun to implement some of the easier items. At this time, the remainder of the recommendations are under consideration. The second-year M&V Report will indicate which items were implemented by the GSA and the associated energy savings, as well as recommendations for energy savings opportunities to be implemented during the following year.

Potential Metering Applications (FEMP 2004)





data recording					-   monitoring and control		


total consumption				-   load control


time-of-use metering				-   load scheduling


peak demand metering			-   leak detection


load series (profile or time-series data)








Federal Acquisition Regulations (FAR), Subpart 16.404 – Fixed-price with Award Fees:  





Subpart 16.404 -- Fixed-Price Contracts With Award Fees.


(a) Award-fee provisions may be used in fixed-price contracts when the Government wishes to motivate a contractor and other incentives cannot be used because contractor performance cannot be measured objectively. Such contracts shall --


(1) Establish a fixed price (including normal profit) for the effort. This price will be paid for satisfactory contract performance. Award fee earned (if any) will be paid in addition to that fixed price; and


(2) Provide for periodic evaluation of the contractor’s performance against an award-fee plan.


(b) A solicitation contemplating award of a fixed-price contract with award fee shall not be issued unless the following conditions exist:


(1) The administrative costs of conducting award-fee evaluations are not expected to exceed the expected benefits; 


(2) Procedures have been established for conducting the award-fee evaluation;


(3) The award-fee board has been established; and


(4) An individual above the level of the contracting officer approved the fixed-price-award-fee incentive.�









� These strategies have been developed by the FEMP sponsored Measurement and Verification Advanced Metering working group.  The objective of this working group was to “Identify opportunities and establish guidance to install advanced metering technologies at federal sites, particularly via existing or new alternative financing vehicles.”  Information on this working group is available at � HYPERLINK "http://www.dc.lbl.gov/mv/AdvancedMetering.php" ��http://www.dc.lbl.gov/mv/AdvancedMetering.php�.  


� While advanced metering technologies are recognized as valuable tools to support M&V of energy conservation measures, this strategy is not addressed within this paper as the capability to install advanced metering in support of M&V efforts is already well understood.  Still, the working group strongly encourages greater application of advanced metering technologies in support of M&V activities.  


� See � HYPERLINK "http://www.energy.wsu.edu/projects/rem/" ��http://www.energy.wsu.edu/projects/rem/� for information on Resource Efficiency Managers.


� David Purcell (ACSIM), Advanced Metering Working Group meeting of September 23, 2004.


� The vote on the LEED-EB draft rating system will close on October 8, 2004.  A copy of the draft can be viewed at http://www.usgbc.org/Docs/LEEDdocs/LEED-EBBallotDraft-final1.pdf


� http://www.nyserda.org/835pon.pdf


� http://www.energy.ca.gov/peakload/





�Regarding the figure, suggestion received to highlight box “implement metering system” with sidebar note that alternative financing can be considered for implantation.  Will work on trying to do this
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