[image: image2.jpg]Northwest
L=,/ Power and
&

)}

/= Conservation
Council



                                [image: image3.png]




Commercial Rooftop HVAC Energy Savings Research Program

Proposal for Research July 2006

Invitation

The Regional Technical Forum (RTF) is seeking interested parties to collaboratively fund research to develop energy and demand savings verification protocols for improving the energy efficiency and performance of small rooftop HVAC systems typical in commercial buildings.  

Background

Small roof top HVAC systems provide the lion’s share of cooling and heating loads in commercial buildings in the Northwest.  The Council estimates about 75 average megawatts of savings potential is available by 2025 at a cost of about 3.2 cents per kWh, most of it in reduced cooling energy.  The savings are from better use of outside air for cooling through economizer operations and better control of heating and cooling.  The Council’s plan identified both technical and market issues that need to be resolved to assure reliable cost-effective savings from programs deploying these measures.  This research project is the next step at resolving key issues. 

In 2004, the Power Planning Council sponsored the first part of a three-phase framework related to small commercial packaged rooftop unit (RTU) pilot and service programs sponsored by Northwest utilities and the Northwest Energy Efficiency Alliance.  In Phase 1, the Power Council staff commissioned an assessment of existing information on the extent of operational, control and set-up problems of commercial-sector rooftop HVAC units as reported in several studies regionally and nationally. That report, “Review Of Commercial Roof Top Unit Field Studies,” made a recommendation for a Phase 2 component to identify and prioritize a research program to develop repeatable service and repair protocols and reliable methods to estimate energy savings.  In December 2005, the PNW Regional Technical Forum approved support for Phase 2 and a regional working group of Northwest HVAC experts (Attachment A) was convened to develop a research program proposal to establish next steps.  New Buildings Institute staff managed the development of the research program proposal.

The research program proposal has been completed and is reported in this document.  The Phase 2 research program itself is staged with initial activities starting during the 2006 cooling season.  Pending successful findings from Phase 2, a follow-on phase, Phase 3, would include an expanded field test, develop a specification and protocols for rooftop unit service programs that could be widely used by Pacific Northwest utilities and consider an additional set of research questions noted below.  A budget estimate of $191,000 was made for Phase 2.  No budget estimate has been made for Phase 3 since the need for and design of follow-on work is contingent on findings from Phase 2.

Research Program Overview

Based on the Phase 1 report and a thorough review of programs and available evaluation studies on commercial rooftop HVAC units from the Pacific Northwest, the Northeast and California, the working group determined two key pieces of information are missing.  First, while there is much evidence of problems, there is no documented evidence of the actual performance and functionality of sensors, economizer controllers, and thermostat operations and interactions.  Performance and functionality of these components are the key unknown factors that influence service and repair specifications, and energy and capacity savings.  Second, there is limited useful data from programs or in-field studies to verify savings of measures and repairs applied in the field.  

The rooftop unit working group has devised the following research program to provide these missing pieces.   Phases two and three of the research have been prioritized based on analysis and thorough discussion of the working group.  The second phase includes lab testing, a pilot field test and development of savings methodology as described below.  Contingent on promising results from the second phase, a third phase would include larger scale field tests and development of specifications and protocols for rooftop unit service programs that could be widely used by Pacific Northwest utilities.

Research Program Phase 2: Bench Test, Pilot Field Test, and Savings Methodology

These next research activities are focused on the need to establish a method to measure the impact of field service repair measures aimed at thermostat and economizer controls, where savings potential is thought to be highest.  This research will also validate the system operations and savings due to fixes with a small sample field test.  Total estimated cost is $191,000.  The second phase includes several activities:

Activity 1, Bench Test: A bench-testing platform will be built to perform the equipment and repair protocol testing for verifying sensor, economizer controller and thermostat operations prior to the fieldwork in Activity 2. The bench test activity will also assess the implementation of repair protocols or fixes to known problems.

Activity 2, Pilot Test of Measurement Protocol: The short term measurement protocol will be pilot-tested in the field employing measures that have been bench tested.

Activity 3, Develop Savings Methodology: A method of annualizing field-measured savings estimates from thermostats/controls, economizer restoration, and refrigeration charge adjustments will be developed.

Activity 4: Review of existing, but not yet analyzed, data from at least one Northwest program, and perhaps one in the Northeast to determine if that data can advise the development of protocols and savings estimates. 

Phase 2 Research Details:  Bench Test, Pilot Field Test, and Savings Methodology
The essential concept is to proceed from substantial understanding of RTU operation to a reasonably simple and transparent means of estimating the energy and demand savings to be expected from various RTU service measures.  This task consists of three primary activities, 1) bench testing, 2) specification and field verification of an ‘RTU performance test,’ and 3) specification of a method for estimating annual impacts from relatively short-term test results. The three activities are interdependent: the annual estimation method will depend on the bench test results and the specification of the short-term test method may include site observations necessary to annualize the estimates. 
Activity 1:  Bench Testing

Objective: This activity will establish the functionality and characteristics of the most common combinations of controllers, sensors, and thermostats now on the market by operating them under controlled conditions and documenting performance. This functionality underlies a number of basic operational questions that play a role in understanding and estimating the annual energy use or savings associated with RTU improvements. A secondary objective is to establish the capability to test common RTU controls, especially including replacement thermostats. 

Deliverables: A test plan and test results leading to understanding real-world economizer control and thermostat operation. The plan should include at least:

· Tests on economizer control mock ups, especially with respect to changeover dead band. 

· Test results on single-sensor changeover point compared with differential (two sensor) changeover control strategies

· Test results from various temperature sensors especially including the range of economizer control selections. 

A secondary deliverable is the construction of a working test bench for refinements to controls understanding. It is the working group’s intent that the bench test set-up be maintained to a degree that allows additional use of its capabilities as needed in the future.

Budget Estimate:  The budget estimate for the Bench Testing and associated work is $52,000.  The estimate is based on equipment purchase and test bench set-up; testing of new and as-found sensors ($12,000); testing and analysis for common sensor/controller/thermostat combinations ($25,000); additional analysis for other widely used controllers ($10,000); and analysis and testing on several additional thermostats for compatibility with the protocols ($5000). 

The time frame is August 15- December 2006.

Discussion: This activity is intended to reveal and confirm the operating characteristics of the tested control combinations.  In order to estimate annual energy savings for various RTU savings measures, the bench testing is also intended to inform modeling approaches for estimating annual energy savings from the RTU performance test. 

It is anticipated that this testing can be confined to an exercise of the control elements alone in a controlled temperature environment, such as a small insulated test chamber.  It is further anticipated that this controlled bench test environment will greatly reduce the costs and testing effort relative to testing on in field, operating RTU’s. This bench test capability should be maintained for contingency testing as necessary. 

A number of basic questions about various components remain, including:

1. How accurate are the sensors?  How can accuracy be improved?

2. How much variation is there in the actual controller changeover operating temperature and the apparent setting?  

3. What are the work arounds to provide better operation and how successful are they? 

4. Which thermostats and controllers will provide reliable control of the economizer?

5. What are the ramping and inter-stage differential characteristics of the most common thermostats?

Related to these questions, the bench testing should include but not be limited to the following:

6. Single changeover vs. differential controller strategies

7. Testing of introduced changeover temperature biases in the controller

8. Compare 2-4 thermostat types in how they call for various cooling stages under different set point strategies, interstage differential and ramping effects

9. Testing of economizer changeover dead band and the as-controlled dead band.

An interim report will provide the findings on these issues from the bench tests and analysis.  This report will also recommend field measures to optimize rooftop efficiency to be tested during Activity 2.

Activity 2:  Specification and Verification of the RTU Performance Test Protocol

Objective: Develop a monitoring protocol and verify it through in-field testing and monitoring.  This monitoring activity is a test of the protocol for detecting changes in RTU energy use due to the efficiency measures that may be implemented in a retrofit program.  Pre- and post-retrofit monitoring on nine (9) individual RTU’s between 4-10 tons of capacity will be conducted.  This monitoring is to be done at a high level of detail in order to support possible refinements or revisions to the protocol.  The monitoring will capture at least an hourly log of the activity of each operating mode, including operating temperatures, compressor and fan input power, output thermal energy, and other descriptive variables such as thermostat temperature and outdoor air temperature.  On five of the monitoring sites, the post-retrofit monitoring will be extended for at least six months as a study of measure persistence and winter performance including gas usage. 

Deliverables: The first deliverable is a monitoring test plan specifying the variables to be monitored and the measurement objectives, and an initial reporting format. The most significant deliverable is a measurement protocol applicable to individual RTU’s for measuring the energy use changes due to a retrofit or repair. The measurement protocol should include a recommended screening technique for selecting appropriate monitoring sites.  The monitored data from the sites is also included as a deliverable.  Logged data should be cleaned and archived in Excel spreadsheets in a form suitable for analysis by others. 

Budget Estimate: The budget estimate for the Specification and Verification of the RTU Performance Test Protocol and associated work is $75,000.  The budget is based on an estimated cost of about $8300 per unit.  First four units will be installed September 15, 2006 and with monitoring ongoing through September 2007. The remaining five units would be installed and monitored April 1, 2007 through July 2007.

Discussion: The performance test will be applied to an individual RTU, rather than a whole building savings analysis. The test is intended to include operating data for approximately 2 weeks prior to and after the retrofit.  The field test of the specification should include at least nine sites, three of which include RTU’s requiring significant economizer restoration. It will be desirable at several sites to extend the duration of monitoring to several months in order to examine performance during swing seasons. Baseline site conditions have to be established prior to site identification.
The issue of modeling RTU energy use under economizer operation is quite complex and involves understanding the internal operations of the whole building, which is very expensive.  A simplified approach to this problem is based on average daily temperatures and has been selected as a reasonable starting point for analysis.  It is summarized below and discussed in detail in Attachment B. Recognizing that the seasonal variations in economizer operation may be complex, a higher resolution data analysis approach based on average hourly temperatures should be tested with the same data to see how it compares to an expedited approach. To accommodate the possibility of using either approach, the specified monitoring is to be carried out with hourly data intervals, and with local solar insolation measurements.

Average Daily Temperature Approach

Program savings are most likely to come primarily from economizer and thermostat testing, adjustment, repair or replacement.  The savings from economizer measures are dependent on the cooling load in the building as well as the degree of compressor run time reduction.  While the relationship between cooling load and compressor runtime is affected by many complicating factors, research shows that the actions of the thermostat in response to building internal gains and transient thermal loads are the primary confounding variables.  In buildings where internal gains and thermal transients are highly repeatable from day to day and week to week, they can be removed from consideration as influential variables.  This leaves daily average outdoor temperature as a reliable predictor of unit energy use.  Findings from previous research confirm this behavior and are described in Attachment B.  The simplified test approach relies on analyzing average daily RTU energy use and average daily temperature on a small sample of buildings with repeatable daily internal gains for two-week periods pre- and post-measure application.  Hourly data logging of external and internal temperatures and unit energy use is required. 

Average Hourly Temperature Approach

An alternative approach is to use the same short-term data from two-week periods pre- and post-measure application, but extrapolate the data with a temperature bin method using hourly average outside temperature as a predicting variable.  Past attempts to do this have been difficult, possibly because the impact of solar gain was not included.  Using a pyronometer to determine if an hour was “sunny” or “cloudy” and correcting results based on solar impact may well result in a better correlation of energy use to hourly outside air temperature.  If this were found to be true, the ability to extrapolate data from a brief two-week period to other times during the year would be clearly supported.  Hourly data would provide about 100 data points pre- and post-measure instead of the 10 data points provided by average daily temperature groupings.  Because there is a much greater diurnal swing of outside temperatures on an hourly basis, the ability to extrapolate to other seasons using temperature bin hours may support better estimates of the benefit of economizer measures, even if the monitoring does not occur through the full seasonal range.  The comparison of this analysis method to the average daily temperature method used in the past would require only one more measurement point per site and a reasonable amount of analysis time.  Then the comparison would inform us about the best analysis method to use in an extended field test. 

Activity 3:  Estimating Annual Savings from Short Term Test Results 

Objective: Based on the short-term test results, devise a means of estimating annual savings for the most significant RTU measures, including at least economizer repairs, thermostats, and refrigeration charge adjustments.  In addition, “morning warm-up (preconditioning),” which impacts both heat pump systems and gas heating, will be included as a quantifiable measure.

Deliverables: A method to estimate annual savings from the most significant measures including description of required inputs.  This includes analysis of the key uncertainties in the methodology and sources of error and range of accuracy and precision.  

Budget Estimate:  The budget estimate for Estimating Annual Savings from Short Term Test Results is $20,000.  The time frame is August 1, 2006-October 30, 2007.

Discussion: In the end, savings estimates will be used both for program design elements such as incentive payments and for characterizing utility or region-wide savings potential.  Therefore, seasonal effects must be included.  In addition key input assumptions, such as baseline equipment type that may differ geographically, must be taken into account in the methodology.  

As noted above, an expedited measurement approach based on a simple function of average daily temperature has shown the capability of indicating clearly that energy savings occurred from a retrofit. In a simple ideal case, the savings function could be used with an annual histogram of daily or hourly average temperatures to give an annual estimate of the savings.  However, in prior monitoring, it has been observed that equipment operates differently in different seasons, perhaps as functions of economizer dead band or seasonal changes in set points or internal gains.  Therefore, the assumption that a savings function derived from a few weeks’ measurements can be applied to a whole year operation needs validation. 

This validation can come from two sources:

1. For economizers, bench testing of controls can reveal dead band issues that may be seasonal, and

2. Pre- or post-retrofit monitoring can be extended for several months to verify that the daily points will fall on the expected function line. 

High quality, short-term test results are expected to lead to coherent temperature dependent functions as noted in Attachment B. While these test results may clearly show a change caused by the retrofit, they do not directly indicate the annual savings due to the retrofit or measure. The calculation trail from the short-term test measurements to the annual savings should be identified.  It is expected that for some measures the temperature binned annual hours may be used with the short-term test results. But for other measures, such as economizers in the swing season, may be more complex to analyze. If possible, reconciliation with billing data using a simplified billing simulation tool should be conducted, in cases where a number of RTU’s on a single facility are being monitored.

Morning warm up or pre-conditioning is generally associated with a need to warm up the conditioned space prior to morning occupancy. Potential energy savings come from carefully controlling outside air during this period to avoid over ventilation with outside air. This is a potentially complex measure for savings analysis since in part it will require fuel use and duty cycle measurements, as well as a number control variations. The energy savings that accrue to gas and heat pump heating systems from this level of control will be examined.

Activity 4: Data Review

Objective: This task will characterize airflows and thermostat conditions as found in a large sample of PNW rooftop units for which data have been collected but not analyzed.  These characteristics will provide an assessment of the range of existing conditions, which is important to estimate programmatic savings potential.  In particular, airflow in cfm/ton, minimum outside air, and maximum outside air observations (though actual flow measurements of outside air were not made), will be derived from the program records for about 300 completed participating economizer sites that have participated in the Puget Sound Energy Premium Service Program.

An additional data set, the RLW Analytics work on the National Grid rooftop program, may also provide some useful information.  If possible, this data set should be reviewed for its applicability to the overall research needs and an analysis completed if warranted.

The data review task recognizes that much useful data has been collected in the course of program operations or other research. This task is intended to organize or refine the data into a form specifically useful to the design and execution of an RTU retrofit program. There are several potential data sources, but the near term effort has been limited to reviewing RTU airflow measurement and thermostat data from the Premium Service pilot RTU retrofit program. 

Deliverable: The first deliverable is a data analysis plan itemizing the available data, the analysis methodologies, and the report format. The outcome of this task is to develop tables describing the as-found airflows to be expected in RTU’s with economizers, and tables describing the as-found thermostat conditions. 

Budget Estimate:  The budget estimate for the data collation and review is estimated at $5000.  The time frame is August 15-October 31, 2006.

Discussion: The operation of the as-found and retrofit economizer will be strongly dependent on the maximum outside air that can be admitted by the economizer. Prior measurements have showed that the maximum outside air that can be admitted will be limited by specifics of the HVAC cabinet. The Premium Service program has made total airflow measurements as well as some observations regarding the maximum and minimum outside air conditions.  The actual measurement of outside airflow is more complex and was not made, but the observation data will be useful.  Program records also include notes on thermostat types and set points which will be compiled for the final report. 

Project Management

Objective:  A Project Manager will be selected to perform both contract administration and analytical participation in the project due to its complicated technical nature.  The Project Manager will participate in the development of the test plan in collaboration with the contractor and with review from an advisory committee made up of representatives of the sponsoring agencies and selected members of the regional working group.  The Project Manager will be responsible for the development of the deliverables described.  In addition, the Project Manager will develop the scope of work and budget for the expanded field testing of the measurement protocol on 60 or more rooftop units in 2007.

Deliverable:  The deliverable is project management including the selection and management of contractor(s), completed and reviewed test plan, management of contractors’ bench, field-testing and analysis, reporting to and getting feedback from to the RTF advisory committee on interim findings, delivery of final report to the RTF, and development of a scope of work for expanded field test and follow-on work if warranted.   

Budget Estimate:  The budget estimate for project management is based on 240 hours of technical, scientific, analytic and engineering oversight plus 170 hours of contract administration over a 16-month time frame.  This is a total estimated management cost of approximately $39,000 at $95 per hour.

Discussion:  Technical, scientific and engineering expertise is required to oversee contractor selection and performance of bench and field testing, as well as development and review of the measurement protocols and annualized savings estimates.  The Project Manager is expected to conduct intensive analytical review of preliminary results and draft reports, engage in follow up discussions with contractors, and preparation of the final report and recommendations.  Field visits to the test bench facility and the protocol test sites will be required.  About one third of the 240 hours of analytical participation will occur in the first two or three months of the project to develop adequate bench and field test protocols.  The remainder of analytic work will be spread out over the duration of the contract.

Contract administration is expected to include development of specifications for bench and field testing, selection of contractors, periodic communications with the RTF advisory committee and funders, and ongoing management oversight of research contractors.  Development of bid specification for contractors to perform both the bench and field testing as well as the data mining and selecting the contractors will require about half the anticipated administrative budget and will occur in the fist two months.  The remaining administrative work is budgeted at about 6 hours per month for the duration of the project.

Schedule and Budget

It is critical that the Bench Testing, and refinement of the field test protocols be initiated in time to inform the monitoring of the first four field test verification units (or more if appropriate) that should go in by mid-September (or earlier if possible) to catch some of the 2006 economizer season.  Interim reports on the initial monitoring activity in the 4th quarter of 2006 and the first two quarters in 2007 will be produced. The Annual Savings Estimate deliverable is dependent on the completion of Bench Testing and Field Verification activities that extend into the summer of 2007, although work on the savings methodology will begin at the startup of the project. Some results should be available prior to completion of the 60 unit measurement activity.  Data Review will take place in parallel to the other activities. The final report will be due 3rd quarter of 2007.

Phase 2:  Summary Budget and Schedule-

	Research Activity
	Budget
	Timeline

	1- Bench Test and Protocol Refinement
	$52,000
	August 1- December 15, 2006

	2- Field Verification of Protocol
	$75,000
	September 15, 2006- September of 2007

	3- Annual Savings Estimate Activity
	$20,000
	August 1, 2006- December 2007

	4- Compilation and Analysis of As-Found Air Flow and Thermostat Data
	$  5,000
	August 1-December 15, 2006

	5- Project Management
	$39,000
	August 1, 2006 - December 2007

	Total
	$191,000
	


Phase 3:  Large-scale field-test, development of program-level specifications and protocols.   

Contingent on promising results in the second phase and supportive funders, measurement and verification (M&V) protocols will be extended to a sample of 60 or more applications of repair protocols.  This M&V work is intended to provide the quantity of observations and equipment and building combinations to establish energy savings estimates with sufficient certainty and detail to be used for Bonneville Power Administration and utility programs in the Pacific Northwest.  A budget for this second phase will be established based on the results of the Phase 2 bench testing and field protocol development as well as the related activities on additional research questions described below.  The decision to proceed with Phase 3, and its ultimate research design will be contingent on approval of the Regional Technical Forum’s advisory committee for this project.  

This expanded measurement activity would be initiated in the first quarter of 2007 with site identification.  Measurement would begin no later than June 1, 2007 and continue through September 2007.  A separate budget and detailed research scope will be prepared in the 4th quarter of 2006.  There is acknowledged overlap between the initial field verification monitoring and the M&V measurement activity with the 60 RTU’s that should take place in the summer and fall of 2007.  The interim reports produced in Phase 2 described above should provide sufficient refinement and validation of the protocols to permit the startup of the 60-unit measurement activity as scheduled by the summer of 2007. 

In addition, several other research questions emerged through the working group but were not considered urgent priority.  These additional research activities may be addressed at any time parallel with, or following the priority tasks in Phases 2 and 3, as funding becomes available.  These questions are:

· Market-, product- and user-based research on thermostats including features, use of the installed products, and new technology options such as direct digital control. This activity is primarily survey oriented and is distinguished from the measurement objectives in Activity 1.

· The potential for automated, embedded system diagnostics to provide ongoing commissioning/optimization functionality for the RTU, as well as the capability for ongoing monitoring and persistence of savings verification.

· Deeper market research aimed at building owners and managers, and HVAC contractors to inform program delivery strategies. 

· An early replacement program for rooftop units.

Attachment A: Regional Rooftop Unit Work Plan Working Group (RTUG)

	Name
	Organization

	Jack
	Callahan
	Bonneville Power Administration

	Mark
	Cherniack
	New Buildings Institute

	Bob
	Davis
	Ecotope

	Fred
	Gordon
	Energy Trust of Oregon

	Charlie
	Grist
	NW Power & Conservation Council

	Jeff
	Harris
	NW Energy Efficiency Alliance

	Reid
	Hart
	Eugene Water & Electric Board

	Don
	Jones
	PacifiCorp

	Ken
	Keating
	Bonneville Power Administration

	Diane
	Levin
	Portland Energy Conservation, Inc.

	Mike
	Lubliner
	WSU Energy Program

	Peter
	Meyer
	Tacoma Public Utilities

	Curt
	Nichols
	Idaho Power

	Elmar
	Niewerth
	Portland Energy Conservation, Inc.

	Steve
	Ottenbreit
	Snohomish County PUD

	John
	Palmer-Williams
	Tacoma Public Utilities

	Elaine
	Prause 
	Energy Trust of Oregon

	Stan
	Price
	Putnam Price Group

	Howdy
	Reichmuth
	New Buildings Institute

	Dave
	Robison
	Stellar Processes

	Bob
	Stolarski
	Puget Sound Energy


Attachment B: Modeling Approaches

Choices must be made regarding the level of detail, and the cost effectiveness, of potential approaches to end use monitoring for the purposes of estimating the savings of any efficiency related measure. Although certain factors such as weather, internal gains, and solar gain are recognized as key drivers in commercial building energy savings analysis, the relative complexity of field measurement and the related data collection and analysis is often notably compounded by the collection of ‘reams’ of data that are inherently difficult to manage and analyze, regardless of the computational power of analysts computers.

Given the reality of these complications, the path usually chosen is research level monitoring on case studies. In research level performance monitoring, the objective of the monitoring is usually to develop an RTU performance model that can be used with annual building models to predict normalized annual energy use or savings. The practical minimum objective is to describe the energy balance at the unit: the energy input, thermal output, and duty cycle of each operating cycle along with several auxiliary variables including outdoor and indoor temperatures. This approach results in large quantities of data and a great deal of associated analysis work with associated high costs. In fact, research level monitoring is too expensive to use on the large sample sizes necessary to validate RTU program energy savings.

Regardless of the level of detail on the RTU afforded by the detailed monitoring, the larger determinant of energy use usually involves the actions of the thermostat in response to building internal gains. Since RTU operations are very strongly linked to operations inside the building that need to be described with even more monitoring. From a research perspective, it is then necessary to monitor and model the whole building in order to capture the effect of a thermostat change.

However, prior monitoring in a research context has shown that there is a special favorable situation where the general research problem can be simplified: in cases where the internal gain is highly repeatable from day to day and week to week, it can be removed from consideration as an influential variable. In these specific cases and during the cooling season, the energy use change due to a broad package of rooftop measures, including thermostat strategies, will be most evident.  

A review of data from current RTU programs showed that the most significant program savings are likely to be due to economizers (test/adjust/repair) and thermostat/controls restoration or replacement. These measures are straightforward in one sense, but a useful estimate of the normalized annual savings from such measures is complex.  

Energy savings measures such as economizers and thermostat reset ultimately save energy by reducing the RTU compressor run time.  However, it is important to recognize that more than half the run time of a unit may be due to the internal heat gain originating in the building and removed by the RTU. In addition, the unit run time is also significantly dependent on the temperature control program set in the thermostat. Finally, and further complicating the issue are thermal transients with a duration of a few hours associated with the beginning and ending of occupancy, and with thermostat setback and recovery. 

Fortunately, this is common in many commercial buildings, especially in the retail and office sectors. In these favorable cases, the internal gain is from occupants, from lighting and plug loads. Even the unoccupied days will likely have a different but repeatable internal gain profile. In these favorable cases, with almost equal internal gain from day to day, the observed changes in the daily RTU energy use will not be due to changes in internal gain, but will be related principally to weather changes and to changes in the control measures. However, even with well-behaved internal gain, the thermal transients can (and typically do) significantly complicate any analysis undertaken at short data logging intervals such as a few minutes or up to several hours. 

Analysis based on 24-hour intervals of the same day type (weekday, weekend, etc.) will usually net out the thermal transients, and will form a coherent linear or slightly quadratic plot with respect to the daily average outdoor temperature as shown in Figure 1. The graph portrays the actual results of a multifaceted, RTU service program in the PNW on a fast food restaurant. Note that the post-retrofit period has been characterized with only seven days of data.
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Figure 1 - Daily RTU Energy vs. Mean Daily Temperature. Stellar Processes, Initial Monitoring & Verification, Phase II Pilot (AirCare Plus Program), Northwest Energy Efficiency Alliance
The pre- and post-retrofit functions shown in Figure 1 can then be used with daily temperature bin data for the normal year cooling season to estimate pre- and post-annual energy use as well as annual savings.

Note that the temperature driver is simply the average daily dry bulb temperature. The more precise driver in this situation is typically cooling degree hours with the addition of an interior temperature sensor. The points should plot well with cooling degree-hours as the driver. However, a driver defined as cooling-degree hours would include and absorb most of the effect of a thermostat reset, and therefore would not show thermostat savings. 

The simplified approach to be tested in the monitoring involves 1) a carefully selected sample for constant internal gain. Eligible sites should be screened by reviewing the last year utility bills with EZ SIM or equivalent, 2) a few weeks pre/post-retrofit monitoring during cooling season, 3) creation of a simple pre/post-retrofit performance comparison function such as is illustrated in Fig 1. Specifically, the data to be collected should be as follows: For each day, for a minimum of 2 weeks pre- and post retrofit: 

1. Daily Average Temperature driver from outdoor air sensor.

2. Daily unit energy (kWh) from a 3-phase power logger (‘Elite’ or equivalent) installed on the unit disconnect. If the energy effects of refrigerant charge or airflow are not important, then the power logger could be replaced by the simpler and lower cost runtime event logger. A single-phase logger could be used but often it takes more time to calibrate a single-phase logger to a three-phase load than to install the 3-phase logger.

3. Optional interior temperature logger. The M&V effort should include comparisons of hourly interior and exterior temperatures to provide some insight into changes seen in the daily energy use. These would explicitly show the thermostat operations and may be used in an alternate thermostat-only savings estimates.

________________________________________
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