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Compressed Air Roadmap                                                              Measurement & Verification                                                   Protocol Template                                                              July 2006
The Bonneville Power Administration’s (BPA) measurement and verification (M&V) requirements will be performed prior to and following completion of installed compressed air energy efficiency measures, where the total electric motor nameplate size is 100 HP or greater.  While it is recognized that industrial compressed air systems and energy efficiency projects vary from facility to facility, the following is a summary of general M&V requirements that, when applied, can provide a methodology towards acquiring accurate energy savings.
Summary of Monitoring Requirements

In order for a utility’s commercial or industrial customer to qualify for energy efficiency incentives, the M&V plan shall include baseline and post-project time period. In general, a two week period of pre and past metering is required. However, a one week period of pre-metering  is acceptable if such data reflects a typical production period.  Such data collection is described later in this document.  Should the monitoring be required for more than the minimum time period, the facility, utility and contractor shall all agree to a time period that is sufficient to meet the requirement of measuring across the entire range of operating parameters while capturing a complete production cycle.  Should interactive effects beyond the control of the facility prove this approach too cumbersome and time-intensive, an alternative conservative approach can be proposed to account for these (e.g., wide seasonal swings in weather that affects the inlet air temperature conditions to the air compressors, and hence their power usage - a conservative approach could be to perform a two week minimum M&V time period that captures a typical production cycle and then apply the ideal gas law with local annual bin weather data to compare a compressed air systems kW power to outside air conditions, and extrapolate the systems kWh usage to an annual basis.).  A complete production cycle is recognized as a typical and repeatable duration of time in which a facility’s product output varies and affects air demand requirements within the facility, where adequate compressed air is supplied, thereby confirmed with the metered data.

A typical production time period may be less than two weeks, and if so, it shall be confirmed with the collect metered data, and not assumed.  A baseline production time period can be verified by documenting plant operating hours and worker shift hours for daily, weekly, and monthly operation.

Baseline Metering

It is assumed that a system-wide compressed air system walk-through audit shall take place prior to the baseline M&V time period.  Major air leaks and misuses/inappropriate uses, and pressure reduction opportunities (if possible) within the compressed air system should be addressed and if possible, corrected prior to performing the baseline M&V.

After these adjustments and corrections are made, a baseline is developed from a one or two week minimum metering time period.  Air compressor and other applicable system electrical energy consuming equipment (dryers and/or cooling fans), electrical input power and system pressures shall be data logged in addition to any other variables mutually agreed upon by all parties to determine an air load profile, including:

· Compressor and dryers (where applicable) electrical power input with a true RMS kW meter (preferred), at a maximum 1-minute interval.  BPA recommends a 3-second interval be used to obtain the necessary resolution to fully understand the operational nature of the existing system.  Amp metering at a maximum 5-minute interval - with one-time measured or assumed voltage and power factor values - can be acceptable on a case by case basis, due to safety issues and/or metering cost constraints.  Note that US Department of Energy (USDOE) software – e.g., AirMaster+, MotorMaster+ and PSAT – have fairly capable tools available to calculate kW based upon motor amp input measurements.

· Calculated flow of each compressor (through inlet and discharge pressure measurement), at a maximum 1-minute interval.

· Pressure data logging at multiple locations (e.g., the compressor, dryer, and other critical systems), at a maximum 1-minute interval.

The compressed air systems baseline kWh energy usage will be determined by the metered data.  An air flow and kWh load profile will be entered into AirMaster+ (or equivalent modeling software) to provide a baseline kWh usage.

Post-Project Metering

Following installation of energy efficiency measures and commissioning of equipment and the compressed air system, post-project metering may begin.  For post-project M&V, a two week minimum metering time period will be repeated and includes all applicable existing and new equipment.  The metering time period may be extended, with the facility, utility and contractor agreeing to a time period necessary to capture a complete production cycle.

The post-project compressed air systems kWh energy usage shall be determined by the metered data.

The new air flow load profile shall be entered into AirMaster+ (or equivalent modeling software) to provide a post-project kWh usage.

Modified Baseline, or +/- Adjustments

If there are significant changes in compressed air operations from post-project to baseline system conditions for each operating cycle (used to best represent a year of normal operation), the baseline monitoring data shall be adjusted.  If hours are different, calculations projecting annual energy savings are adjusted.  If flow rates are different, the former existing baseline compressed air system is analyzed (re-analyzed and modeled) with post-installation flow rates in order to establish a new existing baseline.  Energy savings are then derived from this new “existing” baseline.

New Construction

New construction shall require M&V upon completion of installed compressed air energy efficiency equipment, following post-project M&V described above.  Baseline energy usage will be determined by modeling standard or typical efficiency equipment based upon the actual air demands verified during post-installation metering, using AirMaster+ or equivalent modeling software.

It may be applicable to use baseline measurements of comparable equipment within the same facility, where there is mutual agreement by all parties that this is a reasonable approach.

Verified Annual Energy Savings

With the information above the baseline and post-project energy usage shall be extrapolated to an annual basis.  The following equation shall be used:

Verified Annual Energy Savings (kWh/yr) = Baseline Compressed Air System’s Annual Energy Usage (kWh/yr) – New Compressed Air System’s Annual Energy Usage (kWh/yr)
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