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In the United States there are hundreds of energy efficiency and demand response comprehensive commercial energy efficiency programs that include lighting, cooling, heating, motors, controls and other measures; most of these programs have some form of evaluation activities. The evaluation approaches are varied but in general follow those defined in various guidelines including the IPMVP
 and the NAPEE Impact Evaluation Guide
 as well as state specific guidance such as the California Energy Efficiency Evaluation Protocols
. This example indicates a basic, relatively low cost, evaluation completed for a commercial program conducted for a New Mexico investor owed utility. The program had 81 projects at 73 sites during 2009.

All the information, in some cases text was copied exactly, in this template report is from the following report:
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1. Summary of the Program

Public Service Company of New Mexico (PNM) implements the Commercial Comprehensive Program (CCP).  The CCP offers financial incentives for electric energy-efficiency measures to qualifying commercial applicants.  Funding for Commercial Comprehensive Program is provided by PNM as approved by the New Mexico Public Regulation Commission (NMPRC).  The program year covered by the information in this template is 2009.

Under this program, prescriptive incentives are available for electric energy efficiency equipment upgrades and improvements including lighting, cooling, motors, refrigeration and miscellaneous measures. Incentives are provided for qualified equipment commonly installed in a retrofit or equipment replacement.  The program also offers incentives for custom measures, including most measures that reduce electric energy use that are not included in the prescriptive application. Custom measure incentives are paid based on the expected energy savings.  Examples of custom measures rebated through the 2009 CCP include LED lighting in non-exit lighting applications and energy management systems designed to link control of lighting and HVAC systems.  

While not a demand response program, the CCP did have reported demand as well as energy savings.

Data provided by PNM showed that during 2009, there were projects at 73 sites for the program, which were expected to provide savings of 10,492,981 kWh.   

The impact evaluation report was completed by ADM Associates, Inc. (ADM) and accepted by PNM and its regulator the Public Service Commission of New Mexico. The overall objectives for the impact evaluation of the CCP was to determine the gross energy savings and demand (kW) reductions resulting from participation in the program during 2009, estimate net savings through accounting for free-ridership, and conduct a Total Resource Cost (TRC) test in order to assess program cost-effectiveness. 

2. Formula for Calculation of Annual Energy Savings

2.1 Formula used for the calculation of annual energy savings

A wide range of formula were used for the impact evaluation. The approach for the impact evaluation had the following main features:

· Available documentation (e.g., audit reports, savings calculation work papers, etc.) was reviewed for a sample of sites, with particular attention given to the calculation procedures and documentation for savings estimates.

· On-site data collection was conducted at a sample of sites to provide the information needed for estimating savings and demand reductions.

· Gross savings were estimated using proven techniques:

· Analysis of lighting savings was accomplished using a custom-designed Lighting Evaluation Model with system parameters (fixture wattage, etc.) based on information on operating parameters collected on-site and, if appropriate, industry standards. 

· For HVAC and Whole-Building New Construction measures, the original analyses used to calculate the expected savings were reviewed and the operating and structural parameters of the analysis were verified.  For custom measures or relatively more complex measures, simulations with the computer simulation energy analysis model program, DOE-2, were used to develop estimates of energy use and savings from the installed measures.

The sample design for the evaluation of the program was developed based upon tracking data provided by PNM after completion of the 2009 program year. The design variable used in developing the sampling plan was ex-ante gross kWh savings. Sample strata were defined by applying the Dalenius-Hodges stratification procedure to the data on ex ante kWh savings. The efficacy of different allocations of sample points across strata was examined by considering the precision with which total kWh savings could be estimated at the 90% confidence level, with 10% precision being the target. 

The distribution of kWh savings for projects in the program was highly skewed, with the projects with the largest savings, at over 210,000 kWh per year each, accounting for a relatively small percentage of the total number of projects but for much higher percentages of the total program-level savings.  All of these project sites were included in the sample. In total, the sample sites account for approximately 77% of the total program expected energy savings.

2.1.1 Documentation Review

After the sample of sites was selected, PNM and its implementation contractor provided documentation on the energy efficiency projects undertaken at these sites.

The first step in the evaluation effort was to review this documentation and other program materials that were relevant to the evaluation effort. For each site, the available documentation (e.g., audit reports, savings calculation work papers, etc.) for each rebated measure was reviewed, with particular attention given to the calculation procedures and documentation for savings estimates. Documentation that was reviewed for all sites selected for the sample included program forms, data bases, reports, billing system data, weather data, and any other potentially useful data. Each application was reviewed to see whether the following types of information had been provided:

· Documentation for the equipment changed, including (1) descriptions, (2) schematics, (3) performance data, and (4) other supporting information

· Documentation for the new equipment installed, including (1) descriptions, (2) schematics, (3) performance data, and (4) other supporting information

· Information about the savings calculation methodology, including (1) what methodology was used, (2) specifications of assumptions and sources for these specifications, and (3) correctness of calculations

2.1.2 On-Site Data Collection Procedures

On-site visits were used to collect data that were used in calculating savings impacts. The on-site visits to the sampled sites were used to collect primary data on the facilities participating in the program. 

During an on-site visit, the evaluation field staff accomplished three major things: 

· First, they verified the implementation status of all measures for which customers received incentives. They verified that the energy efficiency measures were indeed installed, that they were installed correctly and that they still functioned properly. 

· Second, they collected the physical data needed to analyze the energy savings that have been realized from the installed improvements and measures.  Data were collected using a form that was prepared specifically for the project in question after an in-house review of the project file. 

· Third, they interviewed the contact personnel at a facility to obtain additional information on the installed system to complement the data collected from other sources.

At some sites, monitoring was conducted to gather more information on the operating hours of the installed measures. Monitoring was conducted at sites where it was judged that the monitored data would be useful for further refinement and higher accuracy of savings calculations. Monitoring was not considered necessary for sites where project documentation allowed for sufficiently detailed calculations. 

2.2 Specification of the Parameters in the Calculation 
The procedures used to estimate savings resulting from CCP projects depended on the type of measure being analyzed. The different types of measures included the following:

· Lighting measures, and

· HVAC measures.

2.2.1 Lighting Measures Calculations

The lighting measures that were examined in this evaluation study included retrofits of existing fixtures, lamps and/or ballasts with energy efficient fixtures, lamps and/or ballasts. These types of measures reduce demand, but operating hours for fixtures are the same pre- and post-retrofit.

Analyzing the savings from such lighting measures required data for retrofitted fixtures on three parameters: (1) wattages before and after retrofit, (2) hours of operation before and after the retrofit and (3) number of fixtures affected by the measure. The PNM documentation file was reviewed for these parameters.

The fixture wattages as claimed in the documentation were verified against existing databases and industry sources based on the rated power of the original lamps. These claimed wattages were used for the purpose of calculations unless they deviated significantly from published databases or manufacturers’ claims.  The hours of operations were also evaluated for the type of facility and functionality of the areas where the measures were installed.  

For the sites chosen for site visits, the three parameters listed above were verified during the onsite visit. An interview was conducted with the facility personnel to verify the operating hours and determine the areas where the measures were applied.  In general, the operating hours provided by facility personnel correlated very well with the hours originally provided during incentive application.   The field engineer then collected the lamp information and count of fixtures, including the quantity of fixtures affected by lighting control systems such as motion sensors and daylighting control. 

During the visit, the field staff also installed time-of-use loggers to obtain some important items of data needed for the analysis of energy savings.  These loggers monitored the hours of operation as the basis for calculating lighting efficiency allowed the calculation of kWh usage according to peak/off-peak periods.  The loggers sense when a fixture is on by detecting the light emitted from a fixture when it is operating.

For monitoring data successfully obtained, after the on-site data were entered into a database, they went through several stages of error-checking to detect errors that might have been introduced through the data entry process, to detect errors and/or inconsistencies that may exist within the data for a given facility, and to detect any internal inconsistencies within the database.

2.2.2 HVAC Measures Calculations

For sites with HVAC measures, the model used in the calculations of savings was evaluated. The emphasis of the savings verification was on the Equivalent Full Load Hours (EFLH) of the affected equipment with regards to its geographical location and type of operations. 

For the projects whereby the energy savings calculations were modeled using DOE-2 or other simulation models, the input values and assumptions made for the model were analyzed and verified.  In the event that no modeling information was available, ADM contacted the engineering firms to obtain more information for the site in question and then ADM performed simulation using building simulation software.  Simulation models were calibrated using current-year weather data for Albuquerque or Santa Fe NM (where appropriate).  When extrapolating annual kWh savings, Typical Meteorological Year (TMY) data for the appropriate region was applied, as this provides a better estimate of what annual savings would be on average over the life of the measure.  

The facility inspection and verification was focused primarily on the proper installation of equipment and operating hours from interview with the site contact. The characteristics for the equipment installed were also verified. For example, where a VFD was installed on supply fans, data on the operating parameters of the motor were obtained, and it was verified that the VFD was fully functional at the time of inspection. For projects where additional control components were added, the programming inputs were checked and verified to make sure that they were consistent with those provided in the original calculations.

For sites where HVAC or custom VFD measures had been installed, monitoring was conducted to obtain more accurate information on the hours of operation for the equipment. The HVAC and Custom VFD monitoring data have been used to verify that the VFD is functioning as designed (exhibiting fluctuations based on changing input conditions). In most cases, the data have not been used to perform the savings calculations because the two-week data may not reflect the operation of the HVAC system year round.  Instead, saving calculations rely more on energy simulation based on the operating parameters collected year round (such as building schedule, construction and occupancy). It should be noted that in general, a large majority of the Custom VFD projects involve HVAC applications.  All monitored Custom VFD projects involved HVAC applications. 

2.3 Specification of the Unit for the Calculation 

The energy savings is specified per object of assessment, per project. 

2.4 Baseline Issues

For early replacement lighting retrofit measures, the baseline lamp wattage and operating hours were determined as the existing conditions.  For normal replacement lighting retrofits or lighting measures in new construction applications, baselines were determined via minimum code as defined in IECC 2006 (which derives values from ASHRAE 2004).

For HVAC measures, IECC 2006 was applied across all retrofits as there were no instances of early replacement, and as with lighting, this code was used for new construction measures.

2.5 Normalization

The annual savings determined were expanded to life-cycle values by using project measure life estimates.  ADM obtained effective useful life (EUL) values from the California DEER 2008 database
. 

2.6 Energy Savings Corrections

Corrections using a net to gross savings factor were applied to the calculation of gross energy savings. Analysis of net savings focused on four main aspects of free-ridership:

1. Financial ability;

2. Prior planning;

3. Importance of the rebate in the decision making process; and

4. Likelihood of equipment installation without rebate.

These four aspects were addressed in the telephone surveys, with questions asked about each of the four elements. Based upon the answers to the questions, the respondents are placed in Free-Ridership Terciles, with scores of 0%, 33%, 67%, and 100% Free-Ridership.  The scoring is based upon all possible interactions between the four questions.  Part 1 of free-ridership, Financial Ability, essentially serves as a gateway; if it does not equal “Yes” then other aspects of free-ridership are irrelevant.  
Table 3: Free-Ridership Scoring

	Financial Ability
	Prior Planning
	Rebate Was Important
	Likely to Install w/o Rebate
	Aggregated Category
	Free-Ridership Score

	Y
	N
	N
	Y
	YNNY
	.67

	Y
	N
	N
	N
	YNNN
	.33

	Y
	N
	Y
	Y
	YNYY
	.33

	Y
	N
	Y
	N
	YNYN
	0

	Y
	Y
	N
	Y
	YYNY
	1

	Y
	Y
	N
	N
	YYNN
	.67

	Y
	Y
	Y
	Y
	YYYY
	.67

	Y
	Y
	Y
	N
	YYYN
	.33

	N
	N
	N
	Y
	NNNY
	0

	N
	N
	N
	N
	NNNN
	0

	N
	N
	Y
	Y
	NNYY
	0

	N
	N
	Y
	N
	NNYN
	0

	N
	Y
	N
	Y
	NYNY
	0

	N
	Y
	N
	N
	NYNN
	0

	N
	Y
	Y
	Y
	NYYY
	0

	N
	Y
	Y
	N
	NYYN
	0


3. Input Data and Calculations

3.1 Parameter Operationalisation

See Sections 2.1 and 2.2.

3.2 Calculation of the Annual Savings as Applied






To estimate gross program kWh savings and kW reductions, data were collected and analyzed for a sample of 27 facilities, covering 29 total project applications. The data were analyzed using the methods described in Section 2 to estimate project energy savings and peak demand savings and to determine realization rates (comparison of reported versus evaluated savings). See Table 1.

Table 1: Program Gross and Net Annual Savings

	Savings
	Peak Demand Savings, kW
	Annual Energy Savings, kWh

	
	Ex Ante
	Ex Post
	Ex Ante
	Ex Post

	Gross Savings
	1,890
	1,966
	10,492,981
	8,914,348

	Net Savings
	1,388
	1,055
	8,422,135
	6,707,095


3.3 Total Savings Over Lifetime

Measure lives were estimated to prepare the follow lifetime estimates, with measure lives derived from California DEER 2008 values.
Table 2: Program Gross and Net Lifetime Savings

	Savings
	Lifetime Energy Savings, kWh

	
	Ex Ante
	Ex Post

	Gross Savings
	104,478,913
	93,651,054

	Net Savings
	87,469,297
	70,454,329


4.  GHG savings
There was no calculation of GHG savings
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� International Performance Measurement and Verification Protocol (� HYPERLINK "http://www.evo-world.org" ��www.evo-world.org�) 


� National Action Plan for Energy Efficiency (2007). Model Energy Efficiency Program Impact Evaluation Guide. Prepared by Steven R. Schiller, Schiller Consulting, Inc (� HYPERLINK "http://www.epa.gov/cleanenergy/documents/suca/evaluation_guide.pdf" ��http://www.epa.gov/cleanenergy/documents/suca/evaluation_guide.pdf� )


� http://www.cpuc.ca.gov/PUC/energy/Energy+Efficiency/EM+and+V/


� http://www.energy.ca.gov/deer/





USA Example Evaluation for Comprehensive Commercial Building Program      January 31, 2011    Page 1 of 8

