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Executive Summary

This report describes the analytical results and conclusions for the two analytical base bid Tasks 1 and 4 of the United Illuminating Company (UI) and Connecticut Light and Power Company (CL&P) (the Companies) 2005 Coincidence Factor Study.  Following review of the results of these tasks, it was decided that other optional tasks would not be necessary.

Task 1 involved two primary functions, one of searching the extensive collection of on-site logging and end-use metering files obtained by RLW over the past several years for applicable load shapes, and the other of searching the internet for reports and papers that address the issue of coincidence factors directly or indirectly.

After some clarification through an early project meeting and subsequent telephone conversations with utility program staff, RLW was able to identify the overlapping measures among the C&I programs and group them into the following specific and unique measure categories:

· Lighting fixtures

· Lighting occupancy sensors

· Unitary AC

· Unitary heat pumps

· Water and ground source heat pumps

· Dual enthalpy controls

· HVAC: VFD

· High/Premium efficiency and ECM motors

· Dry type transformers

Based on available data and observations regarding the effects of occupancy sensors on CF, RLW subdivided the lighting measure, while still maintaining the desired precision.  Following the preliminary data collection and analyses, the project staff decided to subdivide the HVAC: VFD measure, with the resulting loss of precision, due to the fact that different applications were known to yield significantly different coincidence factors.

The list of measures not fully analyzed in this study due to lack of existing data is as follows:

· Unitary heat pumps

· Water and ground source heat pumps

· Dual enthalpy controls

· Dry type transformers

The section entitled “Comments on Measures not Fully Evaluated” on page 22 offers some insights into demand reductions and coincidence factors for these measures.

It was difficult to define the summer and winter utility peak demand windows to the satisfaction of the two utility companies and the ISO simultaneously, so numerous peak window definitions were analyzed in this study.  The complete list of these is as follows:

· Average Summer Peak: average weekday from 1-5 PM throughout June, July and August.

· Average Winter Peak: average weekday from 5-7 PM throughout December, January and February.

· 4 Hour Summer Peak: “Hottest” weekday from 1-5 PM throughout June, July and August.

· 2 Hour Extreme Summer Peak: “Hottest” weekday from 3-5 PM throughout June, July and August.

· 2 Hour Extreme Winter Peak: “Coldest” weekday from 5-7 PM throughout December and February.

· ISO Average Summer Peak: average weekday from 1-5 PM throughout July and August only.

· ISO 4 Hour Summer Peak: “Hottest” weekday from 1-5 PM throughout July and August only.

It was anticipated that the ISO may reduce the summer months over which the average and peak CF are calculated to July and August only.  Therefore, RLW examined the impact of this change in this study.  These periods are defined by the last two bullets above.

The hottest and coldest days are defined as follows:

· “Hottest” means the weekday during which the average of the enthalpies within the 4-hour summer peak window is the highest.

· “Coldest” means the weekday during which the average of the two temperatures within the 2-hour winter peak window is the lowest.

These two extreme days apply to all weather-sensitive measures, but have no direct meaning for non-weather sensitive measures like lighting.  Hence, the seasonal averages of the weekdays for lighting yield the same CF as those of the “Hottest” and “Coldest” days during the same two or four hour daily windows of coincidence.

Coincidence factors are defined in this study as the fractions of the connected (or rated) load (based on actual lighting Watts, motor nameplate horsepower and efficiency, AC rated capacity and efficiency, etc.) reductions that actually occur during each of the seasonal demand windows.  They are the ratio of the demand reductions during the coincident windows to the connected load reductions.  Under this definition other issues such as diversity and load factor are automatically accounted for, and only the coincidence factor will be necessary to determine coincident demand reductions from readily observable equipment nameplate (rated) information.  In other words, coincident demand reduction will simply be the product of the coincidence factor and the connected equipment load kW reduction.

The original scope of Task 1 was directed at program measures, as listed above, but in recognition of the fact that some of these measures performed very differently from one application to another and/or from one facility to another, RLW decided to explore these measures in more detail.  As a result, lighting and occupancy sensors were subdivided by building type and HVAC measures were subdivided by application.  RLW found enough lighting logger profiles (1095) to maintain the 10% precision for 10 different building types without occupancy sensors.  On the other hand, RLW could identify only 76 suitable HVAC and motor measure profiles, and the error bounds on the resulting seven subcategories of measures exceeded 10%, with the exception of efficient motors for cooling applications.

Commercial Lighting Coincidence Factor Analyses

To summarize the Task 1 lighting coincidence factor analysis results, the following table shows CF for savings due to uncontrolled and occupancy sensor controlled lighting fixtures for all building types except schools, then all schools and all buildings combined.
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0.76 2.6% 0.29 8.8%

All Schools

0.47 4.3% 0.15 13.6%

All Building Types 0.68 2.3% 0.26 7.5%
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0.72 2.9% 0.28 9.2%

All Schools

0.39 6.5% 0.19 24.1%

All Building Types 0.63 2.8% 0.26 8.8%
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Coincidence factors for the table above were calculated by first averaging the appropriate groups of 24-hour logger profiles by hour to create an average hourly load profile for each group.  Then the 4-hour or 2-hour peak windows of each average profile were averaged to calculate the respective CF.  For the occupancy sensor savings CF the averaged load shapes for each group were the savings load shapes, and not simply the post-retrofit logger profiles.  These logger profiles were not sorted by season of the year because these are non-weather sensitive loads.  A more recent school database, however, contained significant numbers of both summer and winter season logger profiles, and RLW utilized these to derive adjustment factors to account for the seasonal differences in occupancy schedules that are typical of schools.

As an addendum to this study, RLW was asked to examine the results of demand-averaging logger data for two important building types, hospitals and office buildings.  These building types are assumed to operate the same throughout the year with little or no seasonal variation.

The results of this analysis are described in the addendum at the end of this report, and the summary table is Error! Reference source not found..  Results indicate that logger kW weighted averages yield slightly higher CF for both building types.  Summer peak day CF for hospitals (0.71) is 1.18 times that of the simple average result (0.60).  Similarly, for offices, the increase is 1.15 (0.75 / 0.65).

RLW recommends that the higher CF results be applied to these building types for estimating coincident conservation program demand peak reductions, but that the simple average results for the other building types be kept.  The results of this study represent the averages of what happened due to lighting conservation retrofits over the past several years, but do not necessarily represent with accuracy what may happen with future program participants.

On the other hand, they are grounded in measured data, and, therefore, represent the best estimates that are currently available.  If past program trends with regard to the mixes of buildings and spaces that are retrofitted with high efficiency lighting fixtures continue, these results will continue to be reliable.  

Commercial Non-Lighting Measure Coincidence Factor Analyses

The non-lighting coincidence factors of this study are based on savings, and not usage load profiles, whenever these load profiles differ.  In the case of unitary AC and efficient motors (as with uncontrolled lighting fixtures), the usage and savings load profiles are nearly proportional, reflecting only changes in operating efficiencies.

With the lighting occupancy sensors and VFD measures, the applicable load profiles had to be based on hourly savings because these are not proportional to hourly usage.  Hence, the applicable load profiles for this study came from project evaluations that utilized metered post-installation data and estimated baseline equipment operating loads to calculate hourly demand reductions for the CF analyses.

In the following table, HVAC: VFD has been subdivided into VFD Pumps (Cooling and Other) and Fans (AHU and CT) because of significant differences observed in their respective coincidence factors.  The results of combining all VFDs, however, are also included in the table.

Efficient Motors for all projects were subdivided between cooling and heating applications due to the extreme differences in their summer and winter coincidence factors.
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Count of Load Profiles

8 4 28 3 43 7 24 2

2 Hr CF, "Hottest" Day 0.38 0.71 0.40 0.16 0.44 0.82 0.73 0.00

Error Bound @ 90% Confidence 41% 48% 16% 108% 14% 15% 10%

Avg. 2 Hr CF, June- August

0.38 0.72 0.44 0.18 0.47 0.69 0.66 0.00

Avg. 2 Hr CF, July- August

0.38 0.72 0.44 0.19 0.46 0.70 0.66 0.00

4 Hr CF, "Hottest" Day 0.37 0.71 0.40 0.14 0.44 0.82 0.72 0.00

Error Bound @ 90% Confidence 41% 48% 14% 112% 13% 15% 11%

Avg. 4 Hr CF, June- August

0.38 0.71 0.44 0.24 0.46 0.71 0.70 0.00

Avg. 4 Hr CF, July- August

0.38 0.71 0.44 0.23 0.46 0.72 0.70 0.00

2 Hr CF, "Coldest" Day 0.13 0.72 0.44 0.00 0.36 0.00 0.60 0.80

Error Bound @ 90% Confidence 139% 48% 17% 0% 19% 19% 33%

Avg. 2 Hr CF, Dec-Feb

0.24 0.72 0.48 0.01 0.42 0.01 0.62 0.65

2-hour Winter Coincidence Factors, 5-7 PM

Efficient Motors

2-hour Summer Coincidence Factors, 3-5 PM

HVAC: VFD

4-hour Summer Coincidence Factors, 1-5 PM


This is a copy of Error! Reference source not found., in the body of this report.

The “Count of load profiles” (row 1) do not reliably represent relative proportions of these measures in any program mix of projects, because many of the projects done by RLW over the past few years employed bin table analyses or other approaches that did not provide useful load shapes for this study.  A total of 76 applicable load profiles were found and processed for this study.

Residential Measure Coincidence Factor Analyses

Task 4 involved a search for end-use metered data on residential air-conditioning, as well as a search for single family housing characteristics and demographics for the state of Connecticut.  With this information RLW created and executed DOE2.1E models to calculate the desired hourly impact load shapes for SEER 14 central AC units and Energy Star room AC units.
Two types of AC systems were analyzed, a central system with distribution ductwork, and individual room (or window) units.  The impact CF for the central AC system were based on a baseline efficiency of SEER 11 and a high efficiency unit with an SEER of 14.  Results of this system are shown in the next table, with the more important summer and winter extreme day coincidence factors highlighted in bold text.  Parameters that are shown in the upper (2 hour peak window) section of the table that are not shown in the lower (4 hour window) section do not change.  The upper table includes the connected load kW and the maximum annual hourly kW demand of the AC system.

RLW did not calculate CF for the blank (gray) cells, but they are theoretically the same as the savings CF.
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Connected Load kW 3.80 3.09 0.71

Maximum Annual Load kW 2.87 2.34 0.54

Summer Coinc. Load kW 2.85 2.32 0.53

Summer "Hottest Day" CF 0.75 0.75 0.75

Avg. 2 Hr CF, June-August. 0.27

Avg. 2 Hr CF, July-August. 0.33

Winter Coinc. Load kW 0.05 0.05 0.00

Winter "Coldest Day" CF

0.01 0.02 0.00

Avg. 2 Hr CF, Dec - Feb 0.00

2 Hr Extreme Peaks, Summer 3-5 PM, Winter 5-7PM
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Summer Coinc. Load kW 2.73 2.22 0.51

Summer "Hottest Day" CF 0.72 0.72 0.72

Avg. 4 Hr CF, June-August. 0.24

Avg. 4 Hr CF, July-August. 0.29

4 Hr Summer Peak = 1-5 PM
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The savings CF for the individual room or window AC units were based on a baseline efficiency of EER 8.2 and an Energy Star efficiency of EER 9.7.  Results are shown in the following table, which is a copy of Error! Reference source not found., in the body of this report.

The significant increase in window unit CF over central system CF is due to the fact that window units are, on average, not oversized as much, so they tend to operate longer, yielding flatter hourly usage and savings load profiles.  This leads to higher CF.
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Connected Load kW 3.31 2.79 0.52

Maximum Annual Load kW 2.94 2.48 0.46

Summer Coinc. Load kW 2.93 2.47 0.46

Summer "Hottest Day" CF 0.89 0.89 0.89

Avg. 2 Hr CF, June-August. 0.33

Avg. 2 Hr CF, July-August. 0.40

Winter Coinc. Load kW 0.04 0.04 0.00

Winter "Coldest Day" CF

0.01 0.02 0.00

Avg. 2 Hr CF, Dec - Feb 0.00

2 Hr Extreme Peaks, Summer 3-5 PM, Winter 5-7PM
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Summer Coinc. Load kW 2.87 2.42 0.45

Summer "Hottest Day" CF 0.87 0.87 0.88

Avg. 4 Hr CF, June-August. 0.32

Avg. 4 Hr CF, July-August. 0.39

4 Hr Summer Peak = 1-5 PM
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