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Executive Summary

The New England State Program Working Group (SPWG)' contracted with RLW to calculate on-peak
and seasonal peak coincidence factors for residential room Air Conditioner (RAC) measures that could be
consistently applied to energy efficiency programs that may bid into the ISO-NE Forward Capacity
Market (FCM) in any of the New England states, The study covered four of the six New England states
including Massachusetts, New Hampshire, Rhode Island and Vermont. Maine also spoﬁsored the study
although there were no participating units in the state and no on-site metering or survey activity was
conducted in the state. Connecticut did not participate in the study because they no longer offer incentives

for room AC units.

The study utilized interval metered power data from 93 on-site visits that were nested within a sample of
approximately 610 phone surveys. The sample was designed to allocate on-site visi{s and phone surveys -
equally by the six ISO-NE load zones with participating room AC units from program ;years 2005 and
2006. Figure i- 1 shows the actual distribution of data collection activitics by load zanes, the on-site

numbers reflect sites with both a phone survey and site visit.

' Represented by the state regulatory agencies (CT DPUC, Maine PUC, MA DCER, NH PUC, RI PUC, and VT
PSB) and associated encrgy efficiency program administrators (Cape Light Compact, Maine PUC, Efficiency
Vermont, National Grid (MA, NH & RI), Northeast Utilities (CT&MA), NSTAR, PSNH, United Hluminating, and
Unitil (MA&NH)).

? There are no participant sites in Maine, however results will be provided by adjusting the study results io Maine
weather.

RLW Analylics, Inc. June 23, 2008
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Figure i- 1: Distribution of On-sitc and Phone Surveys
The analysis of the primary data utilized a two step approach the first step was to create a regression
model of the operation of the Room AC units using the real year weather data and actual metered data.
The second step was to use the resulting model to predict the operation of the room AC units across the
ISO-NE FCM performance hours for 2007 and typical year after adjusting for any bias in the on-site
sample. The nested on-site sample technique was used to control for potential bias in the on-site sample,
specifically selection bias due to the increased probability thai people who are generally Hume during the
day would be over represented in the on-site sample.” A multi-variant regression model Was constreted
using the metered interval power data (for 114 room AC units) and the survey response data along with

hourly weather data from the appropriate weather station.

There were six survey variables that were found to have statistically significant impact on the regression
madel as follows:

e Type of Area Served (i.c. Bedroom vs. Non-bedroom),

s Home During Day,

» Cooling Capacity per Area Served (BTU/ftY),

¢ Outside Temperature when Cooling Begius,

e Schedule or Continnous Operation, and

» Cooling Setting.

* Phone survey results from surveys conducted during evening and weekend hours were used to establish occupancy
rates for the population.

RLW Analytics, inc. June 23, 2008
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Each of these variables were tested to determine if there was a statistically different distribution of the
variables within a load zone when compared with the mean values for the whole dataset using a T-test
methodology. The largest single change from on-site data occurred in the occupancy variable, which had
on-site customers reporting that 73% were generally home during the day as oppased ta 53% in the larger
survey sample. Both the space type and occupancy variables did not show significant variation between
the overall survey results and the load zone level survey results. Table i - | pravides a summary of the
changes to the four remaining variables, which show that unique results were calculated for the NEMA,
Rl, SEMA and VT load zones. The results for the NH and WCMA load zones were identical to those

provided by the model inputs using the average survey response data for all zones.

Load Zone BTU/sqft Qutside Temp Cont_S8ched Cooling Setpoint

All Zones 328 B2.4 0.28 70.5
NEMA 35.2 83.8 0.28 70.5
NH 32.9 82.4 0.28 70.6

RI 32.9 83.9 0.35 .5
SEMA 329 81.0 0.28 70.5
VT 29.7 824 0.28 70.5
WCMA 3298 824 0.28 70.5

Table i - 1: Summary of Zonal Changes to Survey Variables®

The Coincidence Factors (CFs) and Full Load Equivalent Hours (F1.LEHs) were developed for the 2007
summer season using the operating profiles that had been adjusted for all applicable bias using the phone
survey response data as described above. The calculation of the On-Peak CF was relatively
straightforward since the performance hours are time dependent and can be calculated without having
extreme ambient weather conditions. The calculation of the FLEHs was also straightforward and was
calculated from the bias adjusted operating profiles directly. The weather normalized CFs and FLEHs
were computed by using the bias adjusted regression model and using Typical Meteorological Year
(TMY 2) weather data to calculate the results. Since the results are driven by differences in load zone
variables and weather file data the results are reported out at the weather file level using survey inputs for
the applicable load zones. The results were calculated by holding the survey variables static and then
running the nine different weather files so that the hourly weather variables could be used to provide

hourly results. Table i - 2 provides a summary of the results for all weather files using the average

4 The zone specific responses that are different from the average for all zones are shown in bold font.

RLW Analytics, inc. June 23, 2008
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survey inputs for all Load zones for the On-Peak performance hours 1:00 M to 5:00 PM June through
August using 2007 and TMY2 weather data.

2007 Weather TMY2 Weather )

Average for All Load Zohes Average for All Load Zones Avarage for All Load Zones
Weather Files On-Peak CF Seasonal GF On-Peak CF Seasonal GF 2007 FLEH .| TMY2 FLEH
Albany, NY 0.154 0.276 0.142 NA 224 184
Bosfon, MA 0.134 0.304 0.125 NA 228 175
[Burlington, VT 0.139 0.276 D.119 NA 166 141
Caribou, ME £.080 0.131 0.080 NA 60 42
Concord NH 0.143 0.290 0.134 NA 171 149
Hariford, CT 0.170 0.303 0.171 NA 272 253
Portland, ME 0.111 0.270 0.111 NA 119 102
Providence , Rl 0.159 0.296 0.144 MA 245 204
Worcesier, MA 0.131 0.251 0.113 NA 172 ) 134

Tablei-2: Summary of CF and FLEH by Weather File using Average Load Zone Data

Although there were slight differences in CF and FLEHs due io zonal differences in the madel inputs the
difference in the final results were not much more than + 0.001 for CF and + 3 hours for FLEH.
Therefore although the zonal differences in survey responses for some of the model variables were
statistically significant when these different model input were run the results did not provide numerically
significant differences in the results®  As a result we recommend that the calculation of DRV for each

load zone use the CFs provided in Table i - 2.

The project results are reported out by weather file because the CF and FLEHs were calculated using the
regression model and hourly weather data. The optimum method for determining RAC savings for &
sponsor that operates in multiple load zones and/or has customers that should be modeled using multiple
weather files would be to assign load zones and weather file designations to each rebate based upon the
location of the customer by town and or zip code. Once this has been accomplished then capacity or
demand reduction weighted allocations can be developed for each load zone where multiple weather files
are applicable. If all of the demand reduction within a load zone is associated with one weather file then

the sponsor can simply select the appropriate CF for the weather file as given in Table i - 2.

The Seasonal Peak performance hours were calculated by determining the hours when the real-time
system load meets or exceeds 90% of the 50/50 CELT forecast for the summer 2007 period of 27,360
MW.® There were a total of 24 hours during the summer of 2007 when the real-time system load was
24,624 MW or greater, eight hours during June and 16 hours during August, and the 2007 Seasonal Peak

* This was due 10 a combinatioh of factors primarily the relatively small differences in the variables, and changes in
multiple variables canceling each other out.
% Data taken from ISO-NE 2007 Capacity, Energy, Load and Transmission (CELT) report dated April 20, 2007.

RLW Analyiics, Inc. June 23, 2008
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CFs were calculated during those hours. It was not possible to calculate the TMY 2 Seasonal peak CF
values because of the method used to create TMYY 2 weather data, which uses “typical” months to create
an annual file” The ISO-NE report entitled “Summer 2007 Weather Normal Peak Load” noted that the
weather normalized peak load for 2007 was 27,460 MW, 0.4% (100 MW} higher than the April 2007
forecast of 27,360 MW for the summer of 2007. According to the report “The summer of 2007 can be
characterized as normal with respect to overall temperature and humidity.” Therefore we would defer to
ISO-NE characterization of the summer of 2007 as normal with respect to temperature and humidity and
recommend that both the 2007 On-Peak CFs and 2007 Seasonal Peak CFs be used for future year DRV

calculation by the project sponsors.

Based on ISO-NE characterization of the summer of 2007 as normal with respect to
temperature and humidity, we recommend that both the 2007 On-Peak CFs and 2007 Seasonal
Peak CFs be used for future year estimates of Demand Reduction Values.

The relative precision of the estimated impacts provided from the bias adjusted model could not be
calculated directly because the model used the average inputs from the survey daia and thus provided only
one set of numbers depending upon the load zone and weather file selected. A first order approximation

of the relative precision is provided by the following equations;

Y =f(x)+E = E=Y-flx)
Yad} = f(xu) +E
Yay =Y + [f(x,) - f(x)] Where,

Y = the actual CF for the hour from the metered

fix) = the predicted value from unadjusted model

fix,) = the predicted value after adjusting the model for bias
E = expected error in the adjusted model

Yu = the predicted output from the adjusted model

" For example the June data for Albany could be from 1976, while the Boston data could be from 1980 end Hartford
from 1978, In order to develop an accurate typical regional weather model it will be necessary to sglect typical
months from the same year for all of the regional files. ‘

RLW Anglytics, Inc. ;Iune 23, 2008




Final Report to Develop Residential Room AC Demand impacts : Page vi

Table i - 3 provides the estimated relative precision of the monthly and summer On-Peak CF values using
the methodology explained above. The relative precision ranged from +14.4% for June to +10.4% for the
summer season. Note that the mean value for June was 0.218, which was higher than expected because

most of the June metered data was collected during a heat wave at the end of the month.®

Standard Relative

Month | sample (n) Mean Deviation Cv Precislon
June 82 0.218 0.222 1.02 +14.4%
July 108 0.156 0.15% 0.99 +12.2%
August 108 0.174 0.164 0.94 +11.7%
Summer 114 0.175 0.152 0.87 +10.4%

Table i - 3: Estimated Relative Precision of On-Peak CF

® The adjusted model results reflect the mean coincident vahe during the entire month of June and are therefore
significantly lower,

RLW Analytics, Inc. June 23, 2008
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1 Introduction
The New England State Program Working Group (SPWG)’ contracted with RLW to calculate

coincidence factors for residential room Air Conditioner (AC) measures that could be consistently applied
to energy efficiency programs that may bid into the ISO-NE Forward Capacity Market (FCM) in any of
the New England states. State Program Working Group (SPWG) to determine the demand impacis of
these units. The study will cover five of the six New England states, Maine, Massachusetts, New
Hampshire, Rhode Island and Vermont. Comnecticut will not be included in the study because they no
longer offer incentives for room AC units.'® The focus of the study will be to develop demand impacts
during the performance hours defined by ISO-NE for the Forward Capacity Market (FCM). There are
three different options that can be used to register an “Other Demand Resource™ (ODR) that will results in

slightly different performance hours across which the demand impacts will be measured.

Resulting coincidence factors presented in this report were developed to work as common values accepted
by all New England states for the FCM that can be applied or used as appropriate; they are based on
measures installed by energy efficiency programs in the New England states that bave supported this

research effort,

1.1 Background
For many years the state-funded efficiency programs in New England were separately operated. Each

program had its own set of measurement and verification (M&V) protocols that were used o estimate the
energy and demand savings that were generated by these programs. Recently, the New England
Conference of Public Utility Commissioners (NECPUC) committed their states to work together to
develop common M&V protecols so that these resources can participate in the Independent System
Operator — New England (ISO-NE) Forward Capacity Market (FCM). One type of measure that has not
been evaluated recently is residential room AC units. To our knowledge there has been only one recent
study that collected primary metered data that captures the operating schedules of these units in the New

England region.'!

® Represented by the state regulatory agencies (CT DPUC, Maine PUC, MA DOER, NH PUC, RI PUC, and VT
PSR) and associated energy efficiency program administrators (Cape Light Compact, Efficiency Maine, Efficiency
Verment, National Grid (MA, NH & RI), Northeast Utilities (CT&MA), NSTAR, PSNH, United [lluminating, and
Unitl (MA&NH)).

' There are no participant sites in Maine, however results will be provided by adjusting the study results to Maine
weather,

" National Grid contracted with Quantec to meter and evaluate room AC units during the 2004 summer season and
these data may be available for the analysis as well

RLW Analytics, Inc. Jume 23, 2008
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1.2 Primary Goals and Objectives

The primary goal of this evaluation was to collect enough interval metered power data of room air
conditioners to develop summer peak coincidence factor with a statistical precision of at least £10% at 2
confidence level of 80% using a two-tail confidence interval. Additionally Full Load Equivalent Hours
(FLEHSs) were determined from the metering data so thal sponsors can determine annual energy savings

estimates for room air conditioners,

The defining objective of this study was to develop new and/or revised coincidence factors that can be
used to evaluate the demand impacts of room AC units that are suitable for submission into the ISO-NE
Forward Capacity Market (FCM).

The summer peak hours are defined as follows:

* Summer On-Peak Hours occur weekdays from -3 PM throughout June, July and August.
*+ Seasonal Peak Hours occur when Real Time load is equal to or greater than 90% of the 50/50
seasonal peak load forecast during Summer (June — August).
o Critical Peak Performance Hours occur when the Day Ahead Load forecast is equal to or
greater than 95% of the 50/50 seasonal peak load forecast during Summer (June — EAugust).
> Shortage bours occur during Operating Procedure'” 4 (OP4) level 6 or higher events, at

level 6 the 30-minute operating reserve begins to be depleted.

Coincidence Factors (CFs) are defined in this study as the fractions of the connected (or rated) load AC
rated capacity and efficiency 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 maximum connected
load reductions. Under this definition other issues such as diversity and load factor are automatically
accounted for, and only the coincidence factor is 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.” In the case of residential room AC units the connected kW reduction will be equal to the
capacity of the unit (MBTUh) times the difference of the inverse of the baseline efficiency (1/EERgaseine)
and the inverse of installed efficiency (1/EERpyq). There should be no net adjustments made to these

:i Operating Procedures are from the ISO-NE to address potential capacity shortages.
This is true when the baseline AC unit is assumed to be the same capacity as the installed AC unit. In the case of a
retrofit program differences in capacity between pre and post units would have to be accounted for s well.

RLW Analytics, Inc. June 23, 2008
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numbers that adjust for operating hours however if there are net impacts that adjust for installation rates

these numbers should be used to calculate impacts.

The Coincidence Factors during Critical Peak Performance hours were nat evaluated a5 a part of this
study because none of the project sponsors have defined their energy efficiency resources as a critical
peak resource for the ISO-NE Forward Capacity Market (FCM), and because a different analytical
approach would be required to model critical peak coincidence. Defining the actual critical peak
performance hours is problematic due to the Day Ahead Forecast of system load which is consistently
lower than the real-time load during peak hours. This causes the number of Critical Peak performance
hours to be quite low. Another complication is the somewhat random nature of OP-4 evénts, which can
typically track with temperature, but can also be caused by some other type of system fajlure that is not

related to temperature.

2 Analysis Approach
This evaluation project used four primary data sources to evaluate the residential room AC Coincidence
Factor and savings impacts;

* Regional Room AC Rebate program Tracking Database,

«  15-minute interval power data for the Room AC units,

*  Operating schedule data provided from phone surveys, and

*  Hourly weather data from primary weather sites with TMY 2 weather files available
Figure 1 provides a graphical overview of the evaluation which shows the location 'of the various
components. The nine weather sites are indicated by the airplanes, the 93 on-site locations are shown by

the stars and the 517 phone survey only locations are shown by the circles.

RLW Analytics, Inc. June 23, 2008
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[~
Figure 1: Distribution of On-site and Survey Sample Points

Figure 2 provides an overview of the data analysis process, which shows how the four primary data inputs
were utilized to develop weather normalized aggregate operating profiles for the room AC units as a
function of dry bulb temperature and enthalpy.'® These aggregate operating profiles were adjusted to
account for any on-site sample selection bias by comparing the results of on-site survey responses (93
surveys} to the larger group of phone survey responses (610 surveys). The bias adjusted Aggregate
Weather normalized operating profiles were developed and used to calculate the Coincidence Factors for
the Room AC units during the appropriate performance hours for each of the weather files. These data
were also used to calculate the annual Full Load Equivalent Hours (FLEH) for the room AC units for each
of the TMY2 weather files included in the analysis. The FLEH and CF were established so that the
project sponsors will be able to directly calculate energy and demand impacts by applying these factors to

their total connected kW reduction values. Since these values are free of baseline assumptions and other

" Enthalpy is a measure of the heat content of air and is in units of BTU/’. This should have a better correlation
than just dry bulb temperature or wet bulb temperature.

RLW Analytics, Inc. June 23 2008
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utility specific assumptions like persistence or in-service rates they can be used by all of the project

Sponsers.

Phone Survey
a Data

On-site Hourly
Metered Data Weather Dat

o ——y

Calculate Individual Operating
Profiles as a Function
of Enthalpy

r ™

Develop Aggregate Profiles
by Room Type and
Occupancy Type

!

Compare Frequencies of Key
Schedule Variables (i.e. Room
Type and Oocupancy Type)

Develop Weights to Address
Bias in On-site Metered Data

{

Develop Aggregate Operating Profiles
as a Function of Enthalpy and

Weather

Data e

1 Hourly TMY2 Adjusted for Bias

\_// Develop Aggregate Weather Normalized
Operating Profiles as a Function

of Enthalpy

This evaluation report includes the following:

» For Summer On-Peak Hours, and

» For Summer Seasonal Peak Hours.

Figure 2: Data Analysis Flowchart

¢ Coincidence Factors derived from the aggregate room AC profiles

¢ Equivalent Full Load Hours derived from the aggregate room AC profiles.

* A regression model that can be used calculate new CF values as key input variables change

The following sections discuss the process that was used to collect the primary data inputs as well as

analysis techniques that were used to develop the results and adjust for selection bias.

RLW Anaiytics, Inc.

June 23, 2008
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2.1 Sample Design

The 1SO-NE M&V manual for Demand Resources indicates that for non-homogeneous measures a Cv of
1.0 should be used and for homogeneous measures a Cv of 0.5 is acceptable for the first evaluation.
However, subsequent evaluations should use the calculated Cv from previous evaluations when
determining new sample size requirements'>. Table 1 shows the number of sample sites required to
achieve the overall sampling precision of £10% at a confidence interval of 80%, at various Coefficient of
Variation {Cv) levels. It was decided that a Cv of 0.75 would be a reasonable compromise for planning
purposes given that this is homogeneous measure that is anticipated to have a large amount of variation.

These inputs provide a target sample of 92 sites for the overall gvaluation,

p Confidence Z Cy n
10% B0% 1.282 1.00 164
10% 30% 1.282 |1 0.75 92
10% 80% 1.282 0.5 41

Table I: Sample sites at Various Coefficients of Variation

The sample design was drawn from a regional tracking dataset of customers that participated in the room
AC mail in rebate program. The data were tracked at the rebate level and each row in the dataset
corresponded to one distinct room AC unit. The population data were drawn from progj'am years 2005
and 2006 and the primary classification variable for the customers were those that received single rebates
versus those that received multiple rebates. There were a total of almost 28,000 cusiomers in the
population and almost 35,000 rebated AC units, with 23% of the customers having received multiple

rebates as shown in Table 2.

Customers | Customers
With Multiple | With One | % Multiple| % Single
Load Zone | Customers| Rehatas Rebates Rabate |Customers] Customers
NEMA 3.608 4 444 835 2,773 23%\ 77%
NH 5,351 8,701 1,309 4,042 24% 76%
RI 3,644 4512 848 2,798 23% 7%
SEMA 4,342 5,363 1,019 3,323 23% 7%
VT 5,387 6,863 1,134 4,253 21% 78%
WCMA 5,607 6,888 1,281 4,326 23% 77%
Totals 27.939] 34,771 6,424 21,515 23% T7%

Table 2: Room AC Customers by Load Zone

" ISO-NE Manual M-MVDR scction 7.2.2 Required Sample Size page 7-4 bullet #7.

RLW Analytics, Inc. June 23, 2008
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The sample was selected at the rebate level and then all of the rebated units at a customer home were
included in the on-site metering. By using this technique more multiple unit homes were included in the
on-site sample and more metered profiles were available for analysis. The initial allocation of the sample
was to distribute the sample about equally across all load zones, with 15 sample sites in four load zones
and 16 sample sites in two of the load zones. However, the SEMA load zone proved to be extremely
difficult to schedule on-site visits and only ten on-sites were conducted there, Table 3 provides the

distribution of the sample on-sites by load zone and shows that 93 on-sites were completed.

Load Proposed Actual On-site
Zone On-sites | Scheduled | Difference

NH 15 15 0

VT 15 16 1
NEMA 16 15 -1
WCMA 15 18 3

RI 15 19 4
SEMA 16 10 -6
Total 92 93 1

Table 3: Comparison of On-site Sample Allocation by Load Zone

The on-site sample was analyzed to compare the distribution of the size of the Room AC units in the on-
site sample versus the population to make sure that the on-site sample was representative of the
population. Figure 3 provides a graphical comparison of the sample and population distribution of room

AC units by capacity, which shaws a fairly strong cormrelation.
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Distribution of Room AC by Capacity
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Figure 3: Comparison of On-site Sample and Population by Capacity

2.2 Participant Phone Survey

In order to address any sample selection bias and to provide a broader framework for evaluating and
weighting metered results by various variables a participant phone survey was also conducted. The plan
was to conduct 100 surveys per load zone for a total of 600 surveys. The survey was designed to
determine several key variables that were believed to be drivers for the operating schedule of the room
AC units and the on-site sample was nested within the survey sample. This allowed the survey to be both
a recruitment call and customer information survey until the on-site quotas were filled. in each of the
zones. The following key driver variables for room AC operating schedules were identified:

® The room type or area served by the AC unit,

* The minimum outside air temperature at which the AC unit is turned on,

e  (enera] daily operating schedule,

¢ The daily operating schedule of the unit during a heat wave,

e General Seasonal operating schedule, and

e Fan and temperature setting under the units typical operating conditions in the home.
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Figure 4 provides a distribution of the completed phone surveys and on-sites by load zone, which shows
that a total of 517 phone surveys were completed. Each of the load zones had at least 80 surveys

completed.
Distribution of On-sites and Phone Surveys Completed
!
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Figure 4: Distribution of Surveys by Load Zone

The phone survey document and response rate frequencies for all of the survey questions are presented in
Appendix A. The discussion in this section will be limited to the survey variables that were determined to

have an impact on the operating schedule of the room AC units,

2.3 On-site Data Collection
The on-site audit consisted of four activities;

» Inspection and verification of the make and model number for the rebated unit,

* The installation of an interval plug meter to monitor unit operation,

*  An on-site survey to collect building and major electrical appliance information, and

» Spot power measurements of the AC unit at different cooling and fan speeds,
The on-site auditors confirmed the installation of each rebated room AC unit and verify the room type or
area served as well. The size of the space being cocled by the unit was measured and a ratio of coaling

capacity per unit area (BTUNFT?) was developed. Similar data were also collected in the phone survey.
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This will be an important variable because it defines the degree of over sizing or under sizing for the AC
units. This will directly impact the unit loading because two units of similar size coﬂd have widely
varying cooling loads based upon the amount of space that the unit is cooling. If a unit is extremely
undersized for a space it may run continuously even during relatively mild ambient temperatures, while
an oversized or properly sized unit may barely cycle at all. If all other variables are eqi:al than a RAC
unit that is undersized for the space being cooled would have a higher CF than an oversized or properly
sized RAC.

The on-site auditors installed Electronic Educational Devices (EED) Watts Up Pro Extended Memory
plug meters to monitor the power consumption of the room AC units for 15-minute :intervals. The
metering period for the project was selected to correspond with the summer On-Peak period which runs
from June through August as defined by ISO-NE. The process of starting the project up.and getting the
meters in the field was compressed into a very tight timeframe and the project sponsors wt‘;wrked extremely
hard to expedite and streamline the process. The on-site visits started on June 4, 2007 and 93 sample site
visits were completed by July 3, 2007. Figure 5 provides a graphical presentation of the metering
installation timeline for the sample on-site visits, which shows that by mid-June 25% of the on-site visits
have been completed and by the end of June 35% of the on-site metering was installed.

Figure 5: On-site Sample Metering Installation Timeline
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In addition to collecting and verifying information about the rebated room AC units, the bn-site auditors
also collected data about any other cooling equipment as well as all of the major electrical appliances and
the home configuration and shell features so that in the future optional DOE 2 models of the home could
be created.

3 Data Analysis

As detailed previously in the data analysis flowchart, the data analysis consisted of processing four
primary data inputs, the 15-minute interval metered data for the room AC units, the hourty 2007 weather
files for the New England primary weather sites, the Hourly TMY 2 weather files for the primary weather
sites and the phone survey data. The first three data sets were used to determine the operating profiles for
the room AC units as well as the CFs and FLEHs and the fourth data set was used to insure that the
metered data set was representative of the population and to adjust for sample selection bias in the cn-site
sample and load zones. The data analysis process consisted of the following steps:

» Preparation of Weather Files,

» Metered Data Preparation,

* Repression Analysis and Development of Operating Profiles,

» Phone Survey Data Analysis and Bias Adjustments, and

¢ Calculation of Ceincidence Factors (CFs) and Full Load Equivalent Hours (FLEL).

The following sections will discuss each of these procedures in more detail.

3.1 Preparation of Weather Files
The first step in the analysis process was to obtain 2007 hourly weather file data from regional New

England weather stations that were used to develop operating profiles for the individual room AC units as
a function of real year ambient weather.'® Table 4 provides a listing of the primary weather sites in the
New England region as well as how we envision allocating the weather to the load zones. An exact

mapping of the on-site sample was done using mapping software.

' The analysis mcluded variables like enthalpy, which is the measure of heat content of the air and is in units of
BTU/ft’, because the units are volumetric it requires data for both dry bulb and wet bulb temperature as well as the
air pressure o caleulate using a fairly complex algorithm. This measurement was vsed o provide better regression
analysis results than simply using dry bulb or wet bulb temperature.

RLW Analvtics, Inc. June 23, 2008




Final Repart 1o Develop Residential Room AC Demand Impacts Page 12

Weather Files Load Zones
Albany, NY WCMA (Berkshires)
Boston, MA NEMA, SEMA

Burlington, VT { VT (North), NH (North)

Caribou, ME ME (North)
Concord, NH | NH (South), VT (South)
Hartford, CT WCMA
Portland, ME ME (South)

Providence, RI Rl

Worcester, MA WCMA

Table 4: Primary Weather Sites

A comparison of the 2007 and TMY2 hourly dry bulb, wet bulb and enthalpy values was performed for
the threc summer months (Jung, July and August) during the four summer On-Peak Hours ( 1:00 PM -
5:00 PM) to determine whal type of weather year 2007 was in terms of peak heat and overall scasonal
temperatures, Table S provides the results of a comparison of the mean temperature data during on-peak
hours for the 2007 and TMY2 weather data for Dry Bulb Temperature (°F), Wet Bulb Temperature (°F),""
and Enthalpy (BTU/Ibm)."® The data indicates that for every weather file, but Hartford and Portland the
mean DB Temperature was higher during 2007 than for the TMY2 weather file with an average increase
of about 1.2 °F. However, the mean WB temperature actually decreased on average by about 0.1 °F and
the mezn Enthalpy only increased slightly by about 0.1 BTU/Ibm.

2007 On-Peak Means TMY2 On-Peak Means Difference (2007 - TMYZ)

Weather Files  |DB Temp |WB Temp| Enthalpy | DB Temp | WB Temp | Enthalpy (DB Temp | WB Temp | Enthalpy
Albany, NY 71.8 65.9 .0 76.7 65.6 30.7 1.2 0.3 0.3
Boston, MA 75.5 64.7 0.0 74.4 64.6 287 }.1 0.1 0.3
Burlingion, VT 76.4 64.2 29.8 74.4 63.7 293 2.1 0.5 0.5
Caribou, ME 70.9 60.3 27.0 69.8 61.0 27.6 1.1 -0.8 -0.6
Concord NH 76.8 64.4 0.0 75.9 65.0 30.1 0.9 0.6 -0.2
Hartford, CT 78.9 66.6 .6 789 67.5 32.1 0.0 0.8 0.5
Portland, ME 723 63.5 29.1 724 63.6 29.0 -.2 0.1 0.1
Providence , R] 78.1 66,4 3.3 75.9 66.0 30.7 2.2 0.4 0.6
Worcester, MA 74.0 63.5 29.7 72.0 63.2 29.2 2.0 0.4 0.5
Totals 10.4 0.8 1.0
Average Difference 1.2 -0.1 0.1

Table §: Comparison of 2007 and TMY2 Mean On-Peak Weather Data

" Wet Bulb temperature is an indirect measure of the humidity of air and is defined as the temperature an air parcel
would have if cooled adiabatically to saturation at constant pressure by evaporation of water into it all latent heat
being supplicd by the air parcel. It is the temperature read by a wet bulb thermometer. The closer the wet bulb
temperature is to the dry bulb temperature the higher the humidity content of the air

'* Enthalpy is defined as the thermodynamic function of a system, equivalent to the sum of the intemal energy of the
system plus the product of its volume multiplied by the pressure exerted on it by its surroundings. 1§ is & measure of
the heat content of the air per unit of mass.
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2007 On-Peak Max TMY2 On-Peak Max Difference (2007 - TMY2)

Weather Files  |DB Temp |WB Temp| Enthalpy | DB Temp | WB Temp | Enthalpy |DB Temp | WB Temp | Enthalpy
Albany, NY 93 79 42.8 91 77 41 2.0 2.0 1.8
Boston, MA 96 79 425 92 74 37 4.0 5.0 5.2
Burlington, VT 96 76 39.8 99 73 41 3.0 -2.0 -1.6
Caribou, ME 90 74 18.0 21 73 17 -1.0 1.0 1.0
Concord NH 97 77 40.7 93 78 42 4.0 -1.0 -0.8
Hartford, CT 95 79 429 100 8! 44 -5.0 -2.0 -1.6
Portland, ME 93 77 40.6 90 76 39 3.0 1.0 1.2
Providence , RI 95 79 427 93 77 40 2.0 2.0 2.7
Worcester, MA 0 77 41.3 94 78 42 -4.0 -1.0 0.7
Totals 2.0 5.0 1.2
Average Difference 0.2 0.6 ¢.8

Table 6: Comparisen of 2007 and TMY2 Maximum on-Peak Weather Data
Table 6 provides a comparison of the 2007 and TMY2 maximum weather variables values during the on-
peak hours. In this case almost half of the maximum DB temperatures were lower in 2007 than in the
TMY2 weather files and the same was true for the maximum WB temperaiure and maximum enthalpy. In
all three cases the average maximum values increased by 0.2 °F, 0.6 °F and 0.8 BTU/lbm, for the DB

Temperature, WB Temperature and Enthalpy, respectively.

The data indicates that the 2007 weaiher data was generally slightly hotter in the region than the TMY2
data, but not significantly hotter with an average overall increase of about 1.5% for DB Mean
Temperature, a 0.1% decrease in WB Mean Temperature and about a 0.4% increase in. Enthalpy. This
indicates that 2007 weather data could be used as a reasonable proxy for predicting future year resulis.

3.2 Determination of Seasonal Peak Hours
The Seasonal Peak performance hours occur when the ISO-NE real-time system load meets or exceeds

90% of the 50/50 CELT Peak forecast for the summer 2007 period of 27,360 MW'?. Therg were a total of
24 hours during the summer of 2007 when the real-time system load was 24,624 MW or greater, eight
hours during June and 16 hours during August, and the 2007 Seasonal Peak CFs were calculated during
those hours. Table 7 provides the mean and maximum weather variables for each of the weather stations
during the 24 Seasonal Peak Performance Hours, which shows thai the Boston weather file has the

highest mean and maximum DB Temperature of 92.1 °F and 96 °F, respectively.

* Data taken from 1SO-NE 2007 Capacity, Energy, Load and Transmission (CELT) report dated April 20, 2007
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2007 Seasonal Peak Means 2007 Seasonal Peak Max
Weather Files |DB Temp |WB Temp |Enthalpy [DB Temp [WB Temp  |Enthalpy
Albany, NY 86.7 73.9 37.6 93 17 40.6
Boston, MA 92.1 749 33.3 96 17 403
Burlington, VT 83.8 734 37.2 a5 76 39.7
Caribou, ME 73.3 63.9 29.8 90 74 380
Concord NH 89.7 74.1 378 94 76 39.6
Hartford, CT 89.4 75.1 38.7 a5 77 40.8
Portland, ME 84.5 4.1 37.7 93 78 414
Providence , RI 88.9 75.0 38.4 94 78 41.7
Worcester, MA 85.2 72.9 37.2 91 76 40.1

Table 7: Mean and Maximum Weather Variables during 2007 Seasonal Peak

3.3 Metered Data Preparation
All of the individual 15-minute interval metered data was processed into hourly data so that it could be

analyzed with the hourly weather data. The metered data included maximum, minimum and average
velts, amps and wattage data. The meters also had a duty cycle feature that could be set to monitor the
percent of time during an interval when the average demand exceeded threshold wattage, This value was
determined by setting a threshold of 120 Watts, which represents the maximum estimated power draw of
a large room AC fan operating at the high speed setting. Unfortunately the duty cycle data was not
retiable and we were unable to use the data to determine the percent of time during the interval when the

air conditioner compressor was operating,

The room AC manufacturers do not provide performance data for the room AC Units other than to report
the Energy Efficiency Ratio (EER), which represent the cooling efficiency of the unit at the high cooling
and high fan settings. The interval metered data was converted to average watts per hour and these values
were compared to the maximum watts per unit to develop hourly coincidence factor data.- The maximum

demand was calculated using the following equation;

Max Demand = Cap x I/EER where,

Max Demand = Maximum Demand (Watts)
Cap = Cooling Capacity (BTU)

EER = Energy Efficiency Ratio (BTU/Watt)

The maximum demand per unit was used with the average hourly waitage data io develop an hourly
caincidence factor for each unit during the metering period. There were two types of Rodm AC Units in

the study, ones that had phantom loads and ones that used no power when the units were off but still
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plugged in. The units with phantom loads had average loads of about 1.3 watts and 78% of the room AC
units (89 of 114) had phantom loads that were set to zero percent on during the phantom load time period.
Phaniom loads do not contribute to the energy savings of the room ACs and were set to zero when the

CFs were calculated.

3.4 Regression Analysis and Development of Operating Profiles

A data set was created containing the metered data and hourly 2007 weather data. A regression analysis
was performed on gach of the metered data files to develop operating profiles as a function of weather.
The first regression model was constructed to examine the operation of the Room AC umits as a function
of temperature and the dependent variable (Yapeak} was the ratio of measured Watts to peak Watts™. The
regression was limited to hours where the ratio was equal to or greater than (.15, to ensure that
compressors were actually running and not just the fans.”  This technique was used because the general
operation of the room AC units was highly variable and we wanted to capture the operation of the room
AC units as a function of temperature without the added noise of occupancy schedules, which are difficult
to model. This model was able to achieve a fairly high R-squared and adjusted R-squared of 0.4631 and
0.4623 respectively.

All of the survey variables were included in the initial regression model along with the three weather
variables (DB Temp, WB Temp and Enthalpy) to determine if they had a statistically significant impact

on the regression. The independent variables used in the regression were:

« BTU/SQFT: This is a numeric field representing the cooling capacity per fi’ of area served.

¢ Bed Nonbed: (Area_served is NOT a numeric field, so a dummy variabie for begdrooms(55.26%
of data) was created (if arca_served=bedroom then bdrm=1, atherwise 0). Other areas include —
multi-zone, basement, beauty shop, dining room, kitchen, living room and office. :

e« Home Not Home (This dummy variable, is created from a non-numetic variable —
home_during_day. If home_during_day="Yes"” then home=1, otherwise home=0.

* Schedule (This is a dummy variable that has been derived from field sched_cont. If the unit

operates continuously, then schd=1, otherwise schd=0,

* The measured watts were taken from the metered data and the peak watts were calculated using the AC unit
capacity and the rated efficiency,

*' The 15% cutoff was based upon measured fan power for room AC units relative to the full power when in cooling
mode,
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Outside Temp: This is a numeric field that is the customer reported outside temperature at
which they begin to operate their room AC. |

DB Temp: This is a numeric field that is the hourly Dry-bulb temperature.

Level of Cooling: This is a numeric field that represents the cooling setpoint temperature that
was provided by the cusiomer.

Enthalpy: This is a numeric field that represents the hourly Enthalpy a measure of the heat
content of the air

hr_1,2,...,23: Dummy variables created for every hour 1,2,...,23. That is, if data is for hour I,
then hr_1=1, else 0

Table 8 provides the regression model results for an overall model that looked at the performance of the

units during a monitoring period from June 1, 2007 to August 31, 2007. In order to model the overall

operating schedule there was no minimum %peak and all values were included in the regression.
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Standard

Variable Estimate Error Prob> |T
Intercept 0.45455 0.016138 28.1
BTU/SQFT 0.0004524| 0.00004086 11.071
DB Temp 0.00499| 0.00018408 27.13
Bed Nonbed -0.00635 0.0015 -4.23
Home Not Home -0.02292 0.00157 -14.66
QOutside Temp -0.00060134| 0.00006802 -8.84
Schedule 0.03095 0.00185 18.75
Level of Cooling -0.01252] 0.00017998 -68.56
Enthalpy 0.01047] 0.00029204 35.84
hr 1 -0.01871 0.00478 -3.92
hr 2 0.02197 0.00473 -4.6
hr 3 -0.02577 0.00478 -5.38
hr 4 -0.02746 0.00478 -5.74
hr & -0.033768 0.00478 -7.06
hr 6 -0.05052 0.00478]  -10.57
hr 7 -0.07838 0.00473 -16.4
hr 8 -0.10389 0.0048 -21.63
hr 9 -0.11783 0.00484 -24.33
hr 10 -0.12478 0.00489 -25.5
hr 11 -0.12709 0.00494 -25.7
hr 12 -0.1321 0.005 -26.41
hr 13 -0.12846 0.00503 -25.53
hr 14 -0.11751 0.00504 -23.32
hr 15 -0.105 0.00503 -20.89
hr_16 -0.09153 0.005 -18.31
hr 17 -0.07231 0.00485 -14.62
hr 18 -0.05727 0.00489 -11.7
hr 19 -(.03886 0.00483 -8.04
hr 20 -0.02475 0.0048 -5.16
hr 21 -(.01011 0.00478 -2.12
hr 22 0.00595 0.00477 1.25
hr 23 0.00881 0.00476 1.81

Table 8: Regression Model Results
The estimated coefficients of the independent variables from the regression are listed in the column titled
“Estimate” in Table 8, The standard errors of the coefficients are listed in the “Standard Error” column. If

a coefficient is large compared to its standard error, then it is likely to be different from 0. The t-

statistics™  and the P values® are listed in the last two columns,

% The t statistic tests the hypothesis that a population regressian coefTicient is D when the other predictors are
present in the model. It is the ratio of the sample regression coefficient to its standard ervor. The statistic has the
form (estimate - hypothesized value) / SE. Since the hypothesized value is 0, the statistic reduces to Estimate/SE.
% Prob > [T| labels the P values or the observed significance levels for the t statistics. A P value of 5% or less is the
generally accepted point at which to reject the null hypothesis. With a P value of 5% (or .05) there is only a 3%
chance that results you are seeing would have come up in a random distribution. In other words, one can say with a
95% probability of being correct that the variable is having some effect, assuming the model is specified correctly.
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The regression equation for hour one is as follows:

%Peak = 0.45455 +0.0004524 x BTU/SQFT + 0.00499 x DB Temp -0.00635 x Bed Nonbed
-0.02292 x Home Not Home -0.00060134 x Quiside Temp + 0.03095 x Schedule
—0.01252 x Level of Cooling + 0.01047 x Enthalpy -0.01871 x hr_1 (hr_1 =1)

The equation shows that for each 1 °F increase in DB Temperature there is a 0.005 increase in the %peak
variable or roughly a 0.53% increase, assuming that the other variables do not change. The value of
%Peak also increased with the BTU/SQFT variable, the Schedule and Enthalpy variable at the rate of
about 0.04%, 3.1% and 1.0% respectively per unit increase in the variable. The value of %Peak was
inversely related to the Bed Nonbed, Home Not Home, Outside Temp and Level of Cooling variables at
the rate of -0.6%, -2.3%, -0.06% and -1.3 % respectively.

The hourly variables are dummy variables that take the value of 1 or 0 depending upon ‘the hour of day
and the base profile ts for hour ending 24, which has no y-intercept adjustment factor. The model takes
on a unique value for each hour as the y-intercept adjustment factor is multiplied by 1 for that hour and
the remaining factors are multiplied by zero. The y-intercepts are negative for all but how ending 10 PM
and hour ending 11 PM, which means that with all other variables being equal the last ﬁee hours of the
day have the highest %Peak. It is important 1o note that these adjustments do not account for temperature
changes so the actual %Peak profile will still change as a function of DB temperature and enthalpy.
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3.5 Phone Survey Data Analysis and Bias Adjustments
The results of the phone survey were compiled and frequency distributions of key variables were

compared to the frequencies observed in the on-site sample. As previously menticned there were six
survey gquestion variables that were found to have a statistically significant impact on the regression
model as follows;

» Type of Area Served (1.e. Bedroom vs. Non-bedroom),

¢ Home During Day,

» Cooling Capacity per Area Served (BTU/Y),

* Qutside Temperature when Cooling Begins,

¢  Schedule or Continuous Operation, and

* Cooling Setting.
Each of these variables were tested to determine if there was a statistically different distribution of the
variables within a load zone when compared with the mean values for the whole dataset using a T-test
methodology. The following sections will discuss the results for each of the variables and summarize the

overall findings. A complete discussion of all of the survey results is provided in appendix A.

Type of Area Served

This survey variable captured the type of arca served by the room AC unit, which were classified as one
of eleven different types, as shown in Table 9. The table provides the distribution of the area served room
type for both the phone survey only sample and on-site sample, which shows that the top seven categories
were captured in the on-site sample. Bedrooms were the most prevalent area seryed making up
approximately 55% of the survey sample space types, followed by Living rooms, which made up 22% of
the survey sample. The data shows a good correlation between the on-site and phone survey sample
distributions with respect to the area served and the on-site sample is representative of the larger phone

survey population.
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Space Type Phone Survey |On-site |Survey % |On-site %
Bedroom 369 76 55% 58%
Living Room 150 28 22% 21%
Downstairs Multi-zone 47 7 7% 5%
Office 40 8 6% 6%
Dining Room 33 4 5% 3%
Kitchen 17 6 3% 5%
Basement 4 3 1% 2%
Upstairs Multi-zone 5 1%

Attic 3 0.4%

Appartment 2 0.3%

Whole House 1 0.1%

Total 671 132 100% 100%

Table 9: Distribntion of Area Served
The average load profiles of the on-site metered data were visually examined using RLW’s interval data
analysis tool Visualize-IT ® to create normalized average weekday load profiles that were normalized to
the maximum demand during the metered period. Figure 6 is a graph of the normalized profiles for the
seven different room types captured in the on-site sample, which shows that the bedroom profile has an
inverted “bell-shape”, while the other profiles all have more of a “bell-shape”. It should be noted that
calculation of the normalized values to the maximum demand observed in the profile and not the rated

maximum demand of the units cause the percentage values to be inflated.
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Figure 6: Normalized Profiles by Area Served
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The previous figure shows that in general the bedroom profiles have a uniquely different shape from the
other non-bedroom room types. The regression model was run using cach of the room type as unique
inputs and run with iwo space type variables, Bedroom and Non-Bedroom. The results indicated that two
of the non-bedroom space types (“multi-zone™ and “kitchen”™) were found to be significantly different
from the non-bedroom results, however and the R-sq incteased only marginally to 4646 from 4631.
Given the small sample sizes associated with these space types and small improvement to the model it

was decided that a two space type model would be used.

The distribution of the area served variable was also examined at the zonal level to see if there was
statistically significant variation in the variable 10 warrant changing the mean value from the population
to an individual zonal mean. T-Tests were run to test the null hypothesis that the population mean and the
zonal mean were equal, a probability value (Pr>> I tl) of 0.05 or less means that we must reject the null
hypothesis that the means are equal and therefore the zonal mean is statistically different and should be
used in the regression model. Table 10 provides the T-Test results for the Area served variable, which
indicate that none of the zonal means were statistically significant and therefore the population mean of

55.2% Bedrooms and 44.8% Non-Bedrooms could be used for all zones

Bed Non-Bed
Load Zone Msan Pr>t| | Change |

All Zones 0.5521 NA NA
NEMA 0.5191 0.4818 No
NH 0.5496 0.8577 No

RI 0.5564 | 0.9268 No
SEMA 0.5649 | 0.7853 No
VT 0.5817 | 0.499% No
WCMA 0.5354 0.7259 No

Table 10: T-Test Results for Area Served Variable
Home During The Day

This survey variable captured the type of occupancy at the home. Survey respondents ware asked if they
were generally home during the day or generally not home during the day. As previously discussed this
variable was of some congcern because of the issue of sample bias due to the relative ease of recruiting
customers that are generally home during the versus those that are not generaily home. The results at the
premise level showed that the phone survey distribution is about 50% “Yes' and 50% “No" at the premise
level. The results presented in this section were at the AC unit level and will be slightly different due to

the distribution of multiple units.
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Once again T-test were performed ta test the null hypothesis that the population mean and the zonal mean
were equal, a probability value (Pr>|t|) of 0.05 or less means that we must reject the null hypothesis
that the means are equal and therefore the zonal mean is statistically different and should be used in the
regression model.. Table 11 provides the results of the T-test for the Home vs. not home variable, which
shows that the zonal mean was not statistically significant for any of the load zones and therefore the

population mean of 53% “Yes home ** and 47% generally nat home would be used for all zones.

Home Not Home
Load Zone Mean Pr > |t Change

All Zones 0.5307 NA NA
NEMA 0.4651 0.1671 No
NH 0.5504 0.6773 No

RI 0.5725 0.3738 No
SEMA 0,5906 0.2089 Na
VT 0.5063 0.5761 No
WCMA 0.504 0.5799 No

Table 11: T-Test Results for Home_Not_Home Variable

Cooling Capacity per Area Served

This survey variable captured the cooling capacity of room AC unit per area served and is measured in
terms of BTU/ft". The capacity of the room AC unit was provided in the database and customers onty had
to confirm the capacity, while they had to provide an estimate of the size of the rooms being cooled by the
AC unit. This variable had a considerable amount of variation, because the sizing of raom AC units is
done by the homeowner and often times is limited by the dimensions of the window that the AC unit is

installed in.

ENERGY STAR does offer guidance on the sizing of room AC units and this information is typically
available on the boxes of the Room AC units, so homeowners do have access to the sizing information.
Table 12 provides a summary table of the Energy Star sizing information available at

bttpdwww cnergystar gov/index.efm?c=roomac.pr_properly _sized. Note that the as the size of the unit

increases the ratio of BTUW{t* decreases, which means that larger units are designed to; cool more area
per BTUh of capacity than smaller units,  Analysis of the average capacity of the units showed that the
average capacily ranged from a low of 7,392 BTUh in VT to a high of 8,501 BTUh in NH, with a
population average of 7,829 BTUh. The average overall ratio of capacity per unit area (BTUH/fY) was
33.0 BTUH/f®, which is the expected range of results using the Energy Star sizing guidelines and the low

Square footage recommendation.
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Capacity (BTUh) | SQFT Low | SQFT High | BTUWSQFT Low | BTUNWSQFT High |

5,000 100 150 50.0 33.3
6,000 150 250 40.0 24.0
7,000 200 300 35.0 23.3
8,000 250 350 32.0 259
9,000 300 350 30.0 26.7
10,000 350 400 28.6 25.0
12,000 400 450 30.0 26.7
14,000 450 550 31.1 255
18,000 700 1,000 257 18.0
21,000 1,000 1,200 21.0 17.5
23,000 1,200 1,400 19.2 16.4
24000 1,400 1,500 17.1 16.0)
30,000 1,500 2,000 20.0 15.0
34,000 2,000 2,500 17.0 13.6

If the room is heavily shaded, reduce capacity by 10%

If room is very sunny, increase capaity by 10%

If more than two people regularly occupy the room add 600 BTUs far each additional

If unit is in a kitchen, increase capacity by 4,000 BTUs

Table 12; Energy Star Room AC Sizing Guidelines

The Ratio of cooling capacity per unit area (BTUH/t?) was highly variable in the survey data set and as

expected it did vary significantly when examined by space type (Bedroom vs. Non-bedroom). Since the

bedroom units tended to be smaller units the BTUW/ft tended to be higher which is consistent with the

EnergyStar sizing criteria. Likewise the Non-bedroom uniis tended to be larger and the ratio of BTUW/f

tended to be smaller. Figure 7 provides a graphical comparison of the BTUWfY ratios by space type and

load zone, which shows that the ratic of BTUWfY* for bedrooms is consistently higher than for non-

bedrooms for each load zone as well as the average for all load zones. The average capacity ratio for all
load zones was 37.0 Buuh/ft* for bedrooms and 27.9 Bruh/ft® for Non Bedrooms, with an overall average

ratio of 33.0 Btuh/ft®.
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Comparison of Capacity (BTUWSQFT) by SpaceType

10.0 §5
504
0.0 1%
NEMA | NH RI  SEMA VI | WCMA |All Zones
BNon-Bedroom| 329 1 27.5 | 324 237 : 207 | 300 | 279
MBedroom | 403 337 | 372 412 | 348 | 364 | 370
OBTUWSQFT | 369 309 349 | 353 | 288 136 33.0
L

Figure 7: Average BTUh /ft by Load Zone and Space Type

Based upon the data presented in Figure 7 it appeared obvious that there was a significant difference in
the sizing ratio related to the arca served variable. T-tests were performed to test the null hypothesis that
the means were equal {or the space type variable (bedroom, non-bedroom) and the occupancy variable
(heme, not-home).  Table 13 provides the results of the T-Test, which clearly indicate that the space type

variable has a statistically significant impact on the sizing ratio and the occupancy variable does not.

Non Badroom | Bedroom Not Home | Home
Survey Variables Mean Mean Pr> |t Maan Mean Pr > |t
Capacity BTUNWSQFT 27.909 36.974 <0001 33.08 32.935 0.9128

Table 13: T-test Results for BTUW/E vs. Space type and Occupancy

The T-test was used to test the null hypothesis that the population mean and the zonal mean were equal.
A probability value (Pr> | t | ) of 0.05 or less means that we must reject the null hypothesis that the means
are equal and therefore the zonal mean is statistically different and should be used in the regression
model. Table 14 provides the results of the T-test, which shows that the zonal mean for both the NEMA

and VT load zones for the non-bedroom space type were found to be statistically significant and those
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mean values were used to estimate demand and savings impacts in the model for those zones. The

population mean was used for all other zones.

Capacity BTUNSQFT Capacity BTUhSQFT
Non-Bedroom Bedroom
Load Zone| Mean Pr>t Change | Mean Pr>|t| | Change |

All Zones 27.908 NA NA 36.974 NA NA
NEMA 32.947] 0.0497 Yes 40.326 | 0.1018 No
NH 27.521F  0.87T% No 33,709 | 0.1048 No

RI 32.371]  0.0902 No 37.179 | 0.9248 Na
SEMA 23.698] 0.2283 No 41,247 | 0.0753 Ng
VT 20.725] 0.0016 Yes 34.829 0.2454 No
WCMA 30.004 0.4623 No 36412 0.7958 No

Table 14: T-Test Results for Capacity Ratie Variable by Space Type

Outside Temperature When Cooling Begins

This survey variable captured the customer reported temperature above which they started to operate their
room AC. The results exhibited a fairly high degree of variation with the values ranging from a low of
60°F to a high of 100 °F. However ihe mean reported values were very tightly grouped. Table 15
provides a summary of the mean values reported for when room AC units are starting to operate, which
shows little vartation between bedroom and non-bedroom space types or by load zone. In general the
room AC units are reported to start operating when the temperature is 82.4°F, although there is some
variation by load zone. There was little variation in the means with respect to space type or occupancy

and t-test results confirmed that the variation was not statistically significant.

Outside Temp. when Cooling Begins
Load Zone | Bedrooms | Non-Bedrooms| Average |
NEMA 84.2 83.3 83.8
NH 81.9 82.2 82.0
RI 83.9 83.9 83.9
SEMA 80.7 81.3 81.0
VT 81.6 81.3 81.5
WCMA 82.1 82.5 82.3
All Zones 824 824 824

Table 15: Outside Temperatures When Cooling Begins by Load Zone and Space Type

Once again T-tests were performed to test the null hypothesis that the population mean and the zonal
mean were equal, a probability value (Pr>|t|) of 0.5 or less means that we must reject the null
hypothesis that the means are equal and therefore the zonal mean is statistically different and should be

used in the regression model. Table 16 provide the results of the T-tests, which show that zonal mean

RLWY Analytics, Inc. June 23, 2008




Final Report to Develop Residential Room AC Demand Impacts Page 26

was statistically different from the population mean the NEMA, Rl and SEMA zones and those mean
values were used 1o estimate demand and savings impacts in the model for those zones. The population

mean was used for all other zones.

Outside_Temp
Load Zane Mean Pr>|t] | Change ;

All Zones 82.424 NA NA
NEMA 83.8 0.0138 Yes
NH 82.033 | 0.4976 No

Ri 83.804 | 0.0067 Yes
SEMA 80.991 0.0143 Yes
VT 81.513 0.082 No
WCMA 82.282 0.804 No

Table 16: T-Test Results for Outside Temperaiure Variable

Schedule or Continuous Operation

This survey variable captured the customer reported operating pattern for the room AC units, with the
aption being to report that room AC operating on a daily schedule or continuously. Unizts that operated
continucusly were typically controlled by a thermostat and were set to constant temperature, so that the
room AC would only cycle into cooling mode when the temperature in the space would exceed the
cooling temperature. One of the other response options was to report that the unit operated on some type
of a daily schedule, where the possible operation would be limited to operating during a certain set of
hours during the day. Figure 8 provides a comparison of the percent units that were reperied to operate
continucusly segmented by Space Type variable. The daia shows that on average across all load zones
about 23% of the bedroom room AC units were reported to operate continuously, as opposed to about
34% of the non-bedroom AC units, which indicates a statistically significant difference ﬁetween the two

space types. The average for both in all load zones was about 28%.
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Comparison of Percent Continuous Operation by Space Type
0.600
05004
0.400
0300
0.200
0.100
0.000
NEMA NH Rl SEMA VT WCMA | AllZones
BNon-Bedroom| 0258 | 0362 0.552 0.286 0.297 0.271 0336
& Bzdroom 0.162 0.254 0.243 0219 . 0193 0.324 0}%1
[0 Avg Both . 0208 0.302 0.379 0.248 0.237 6.299 0278

Figure 8: Average Percent Continuous Operation by Load Zone and Space Type

Additionally the continuous operation varigble was examined by the occupancy variable (home, not-

home) to see if this variable had an impact on the percentage of continuous operation for the rcom AC

Units. Figure 9 provides a graphical comparison of the percentage of the room AC units that operate

continuously by occupancy type (Home, Not home). The data indicates that for all load zones about 20%

of the Room ACs operate continuously when the respondent is not generally home during the day as

opposed to about 35% of the units when the respondent is generally home during the day. The average

rate of continuous operation for all respondents was about 28%. As with the sector analysis of this
variable by space type, the occupancy type of the respondent appeared to have a statistically significant

impact on the percentage of room AC units that were reported to operate continnously.
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Comparison of Percent Continuous Operation by Occupancy Type

NEMA  NH i R SEMA VT WCMA | Al Zones
ONotHome| 0032 0246 | 0255 0.137 0219 023 | o203
2 Hore 0305 | 0338 | 0480 | 0347 | 02% | 0350 0347
DAvgBoth| 0213 029 0.385 0.260 0238 0.292 0.280

Figure 9: Average Percent Continuous QOperation by Load Zone and Occupancy Type

T-tests were performed to test the null hypothesis that the means were equal for the space type variable
{bedroom, non-bedroom) and the occupancy variable (home, not-home). Table 17 provides the results of
the T-Test, which clearly indicate that both space type and the occupancy type have a statistically

significant impact on the percent of continuous operation.

Non Badroom | Bedroom Not Home | Home
Survey Variables Mean Mean Pr> |t Mean Mean Pr> [t
Cont Sched 0.3361 0.2308 0.0009 0.2033 0.3549 <0001

Table 17: T-test Results for Percent Continuous vs. Space type and Occupancy

Additionally T-test were perfoermed at the zonal level to see if there was any statistically significant
variation in the Continuous operation variable by load zone after being sepmented by Space type and
Occupancy type. Table 18 provides a summary of the zonal level results of the T-test under the four

different scenarios, which shows that the only significant difference occurred for non-bedroom, home
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during day AC units in the Rhode Island Zone. The rest of the T-test results indicated that the null

hypothesis was valid and the average value for all zones was used.

Cant._Sched Gont._Sched Cont._Schad Lant_Bched
Non-Bedrogm, Not Homa Nen-Bedroom, ¥Yes Home Bedroom, Not Home __Bedroom, Yes Home
Lead Zone| Maean Pr>|t| | Change | Mean Pr > jt| Change Maan Pr>|y | Change | Mean Pr>1t| | Change |

All Zones | 0.2345 NA NA 0.4175 MA [ 0.1826 NA MA, 0.2938 NA MA
NEMA | 0.1563 | 0.3368 No 0.3793 | 06074 No 01111 0.2543 No 07500 ] 04848 ho
NH 0.1538 0.5088 No 0.4419 0.7685 No 0.2727 0.1723 Mg 0.2222 0.4401 N&

Rl 0.3333 | 0.3029 No 0.705¢ | 0.0017 Yos 0.1955 0.884 [ 0.2927 (.3882 No
SEMA 15 0.3989 Mo 0.3524 0.7014 No 0.123 ).4651 [ 0.3158 0.7862 No
VT 03333 | 0.2788 No 0.2703 | 0.0924 No 0.1522 ).6244 [ 02430 1 0.5181 No
WCMA 0.2414 0.9368 No 0.3103 0.273 No 0.2258 1.5667 Na 0.4412 0.08E6 Mo

Table 18: T-test Results Percent Continuous by Load Zone, Space Type and Oecupancy

Cooling Setting

This survey variable captured the customer reported level of cooling (High, Medium, or Low) or
temperature setting at which they typically operated their room AC units. The response rate of numerical
cooling temperature settings was quite high in the survey data, with about 85% of the 830 respondents
(based on number of AC units) providing a numerical value, ranging from a low of 60°F te a high of 80°F.
Figure 10 provides a graphical presentation of the cooling setting analyzed by space type and load zone,
Note that for all load zones but WCMA the bedroom cooling setting was lower than for the non-bedroom
space fype and in WCMA the settings were the same. Across all load zones the average cooling setting
was 70.2 °F for bedrooms and 70.9 °F for non-bedrooms.
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Comparison of Cooling Temperature Setting by Space Type

| NEMA NH Rl | SEMA | VI | WCMA |GrandTotal

ONon-Bedroom 713 706 7ng . M2 | W4 08 09

lmBedoom 07 | 7 | M3 | es  es | w8 | w2 |
" OAvgBoth 710 70.1 75 | 698 | 69 | 708 | 705

Figure 10: Comparison of Cooling Temperature Setting by Load Zone and Space Type

The survey reported cooling temperature setting data were analyzed by space type and occupancy
variables using T-Tests to see if there was any statistically significant variation due to cither variable at
the aggregate level. Table 19 provides the aggregate T-test results, which indicate that difference in mean
values for bedroom and non-bedroom space types is statistically significant and the difference in mean

values for the occupancy variable is not.

Non Bedroom | Bedroom Mot Home | Home
Survey Variahles Mean Mean Pr > |t Mean Mean _ Pr> Jt|
Caooling_Setpoint 70.86 70.248 0.0371 70.653 70.418 0.428

Table 1%: T-Test results for Cooling Setting by Space Type and Occupancy Type

Additionally T-tests were performed at the zonal level to see if the zonal mean values for cooling setting
were significantly different than the average mean value for all zones after segmenting by the Space type
variable. Table 20 provides the results of the T-test, which shows that the mean Cooling Setting of 72.1°F
for the Bedroom Space type in the Rhode Istand Load Zone was statistically significant from the mean
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value of 70.2°F and was used for the Bedroom component of the R Load Zane. The mean value for All

Zones by space type was used as the model input for the remaining load zones.

Cooling_Setpoint Cooling_Setpoint
Non-Bedroom Bedrgom :
Load Zone| Mean | Pr>Jij | Change | Mean | Pr>|t| | Change
All Zanes 70.86 NA NA 70.248 NA MNA
NEMA 71.31 0.385 No 70.651 0.4651 No
NH 70.585 | 0.6046 No 69.707 | 0.3336 No
RI 71,759 | 0.0948 No 72.074 | 0.035% Yot
SEMA 70152 | 0.2426 No 69.516 | 0.1386 No
VT 70423 | 0.4171 No 69.5 0.1339 No.
WCMA 70.769 | 0.8741 No 70.83% | 0.2847 No

Table 20: T-test Results Cooling Setting by Load Zone and Space Type

3.6 Summary of Bias Adjusted Variables

As detailed in the previous sections there were six survey variables that were used to construct the
regression models and these variables were examined to adjust for any bias that may have occurred in the
on-site sample do to selection bias. The largest single change from on-site data occurred in the occupancy
variable, which had on-site customers reporting that 73% were generally home during the day as opposed
to 53% in the larger survey sample. Both the space type and occupancy variables did not show significant
variation between the overall survey results and the load zone level survey results.  Table 21 provides a
summary of the changes to the four remaining variables, which show that unique results will be predicted
for the NEMA, RI, SEMA and VT load zones based on statistically significant survey responses, The
results for the NH and WCMA load zones will be identical to those provided by the model inputs for all

ZONESs.

Load Zone BTU/sqft Qutside Tamp Cant_Sched Coollng' Setpaint

All Zones 329 824 0.28 70.5

NEMA, 35.2 83.8 0.28 70.5

NH 329 82.4 0.28 70.5

RI 329 83.9 0.35 71.5

SEMA 329 81.0 0.28 70.5

VT 29.7 B2.4 0.28 70.5

WCMA 32.9 B2.4 0.28 70.5

Table 21: Summary of Zonal Changes to Survey Variables

3.7 Calculation of Coincidence Factors and FLEH s
The Coincidence Factors (CFs) and Equivalent Full Load Hours (FLEH s) were developed for the 2007

summer season using the operating profiles that have been adjusted for all applicable bias using the phone
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survey response data as described above. The calculation of the On-Peak CF was straightforward since
the performance hours are time dependent and can be calculated without having extreme ambient weather
conditions, The calculation of the FLEHs was also calculated from the bias adjusted operating profiles
directly. The calculation of weather normalized CFs and FLEHs were completed by adjusting the 2007
operating profiles and using Typical Meteorological Year (TMY 2) weather data to calculate the results.

The method for calculating the results involved holding the survey variables static and then running the
nine different weather files so that the hourly weather variable could be used to provide hourly results.
The load zone specific changes 1o the models were also run with each weather file as appropriate and
results are provided on a weather file and load zone specific basis. Table 22 provides a summary of the
On-Peak CF, Seasonal Peak CF and Full Load Equivalent Hours (FLEH) for each of the nine weather
files used in the analysis using the mean value of the survey inputs for all zones. Although there were
stight differences in CF and FLEHs due to zonal differences in the model inputs the difference in the final
results were not much more than + 0.001 for CF and + 3 hours for FLEH. Therefore although the zonal
differences in survey responses for some of the model variables were statistically sigm'ﬁéant when these
different model input were run the results did not provide numerically significant dif"ferencw in the
results,  This was due to a combination of factors primarily the relatively small differences in the
variables, and changes in multiple variables canceling each other out. As a result we recommend that the

calculation of DRV for each load zone use the CFs provided in Table 22.

2007 Weather TMY2 Weather
Average for All |oad Zones Average for All Load Zones AWNMM

[Weather Files On-Peak CF Seasonal GF On-Pesk CF Seasonal CF 2007 FLEH TMY2 FLEH
Albany, NY 0.154 0.276 0,142 NA 224 ‘@_4
Boston, MA 0134 0.304 0.125 NA 228 178
Burlingion, ¥T 0.139 0.276 0.119 NA 166 141
Caribou, ME 0.080 0,131 0.080 NA 60 42
Caoncord NH 0.143 0.290 0.134 NA 171 149
Hartiord, CT 0.170 (.303 0.17% NA 272 253
Partland, ME 0.111 0.270 0.111 NA 119 102
Providence , Rl 0.158 (.298 .144 WA 245 204
Worcesier, MA 0131 0.261 0.113 NA 172 ) 134

Table 22: Summary of CF and FLEH by Weather File using Average Load Zone Data

The Seasonal Peak performance hours were calculated by determining the hours when the real-time
system load meets or exceeds 90% of the 50/50 CELT forecast for the summer 2007 period of 27,360
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MW?*, There were a total of 24 hours during the summer of 2007 when the real-time system load was
24,624 MW or greater, cight hours during June and 16 hours during August, and the 2007 Seasonal Peak
CFs were calculated during those hours. It was not possible to calculate the TMY 2 Seasonal peak CF
valves because of the method used to create TMY 2 weather data, which uses “typical” months to create
an annual file. Since the system load for New England relies on the interaction between all of the weather
in the region and the TMY 2 methodology selects typical months for cach weather site which results in
adjacent sites having typical months from different years and it is impossible to use these data to construct

an accurate model.’

As previously discussed we recommend that the 2007 Seasonal CF values be used
as an esiimate of typical year values as the 2007 summer season was fairly representative of typical year

weather,

[SO-NE uses a statistical regression model that utilizes economic variables as well as weather variables to
forecast the summer and winter peak loads for the New England system. The process alse includes
historic weather data for the eight New England weather stations shown Table 23, which are weighted as
indicated and used to predict the system peak loads. The ISO-NE methodology uses a variable called a
WTHI - a three day Weighted Temperature Humidity Index — to predict the summer system peak
however an exact definition of this variable is elusive. The variable appears to be a daily peak variable
averaged over three days. The reference case value of the WTHI (80.1) is the 50th percentile of the
portion of a WTHI distribution that encompasses the range of WTHI values at which the seasonal peak
would occur. The extreme case value of the WTHI (82.0) is the 90th percentile of that distribution.
Although difficult to characterize a2 "normal" dry bulb temperature and the dew point temperature,
(because the three day weighting of the WTHI can be any number of combinations of temperature and

humidity) a reasonable approximation would be 90 degree F with a dew point of 70.%

* Data taken from ISO-NE 2007 Capacity, Energy, Load and Transmission (CELT) report dated April 20, 2007,
* For example the June data for Albany could be from 1976, while the Boston data could be from 1980 and
[Tartford from 1978. In order to develop an accurate typical regional weather model it will be necessary to select
typical months from the same year for all of the regional files, ‘

**This definition was taken from Northeast Power Coordinating Council Multi-Area Reliability Probability
Assessment Summer 2003 pages 7-8.

RLW Analvtics, Inc. June 23, 2008



Final Report 10 Develop Residential Room AC Demand Impacts Fage 34

Woeather Station Closest NE Summer | NE Winlter
Station State Code Load Zone Woeight Weight
Boston MA BOS | NEMASSBost 0.201 0.214
Bridgeport CT BDR - 0.070 0.07
Burlington VT BTV vT 0.046 0.040
Cancord NH CON NH 0.058 0.055
Portland ME PWM ME 0.085 0.082
Providence RI FVD |RI & SEMASS 0.049 0.048
WindsorLks cT BDOL T 0.277 0.277
Worcester MA ORH WCMASS 0.214 0.209

Table 23: ISQO-NE Weather Stations used for Peak Forecasts

The [SO-NE report entitled “Summer 2007 Weather Normal Peak Load” noted that the weather
normalized peak load for 2007 was 27,460 MW, 0.4% (100 MW) higher than the April 2007 forecast of
27,360 MW for the summer of 2007. According to the report “The summer of 2007 can be characterized
as normal with respect to overall temperature and humidity. There were 3 week days near or above the
expected WTHI of 80.1°, which corresponds to a New England dry bulb temperature of approximately
90° and dew point temperatures in the70s.” The peak day methodology does not lend itself well hourly
regresston models because it lacks the proper level of detail. Therefore we would defer to ISO-NE
characterization of the summer of 2007 as normal with respect to temperature and humidity and

recommend that both the 2007 On-Peak CFs and 2007 Seasonal Peak CFs be used for future year

estimates.

Based on ISO-NE characterization of the summer of 2007 as normal with respect to
temperature and humidity, we recommend that both the 2007 On-Peak CFs and 2007 Seasonal
Peak CFs be used for future year estimates of Demand Reduction Values.

The relative precision of the estimated impacts provided from the bias adjusted model could not be
calculated directly because the model used the average inputs from the survey data and thus provided only
one set of aumbers depending upon the load zone and weather file selected. A first order approximation

of the relative precision is provided by the following equations;

Y=f(x)+E =>E=Y-f(x)
Yag = f(x,) + E
Yo =Y + [f(xo) — f(x)] Where,

Y = the actual CF for the hour from the metered
f(x) = the predicted value from unadjusted model
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f(x,) = ihe predicted value after adjusting the model for bias
E

Y.; = the predicted output from the adjusted model

|

expected error in the adjusted model

Table 24 provides the estimated relative precision of the monthly and summer On-Peak CF values using
the methodology explained above, The relative precision ranged from +14.4% for June to £10.4% for the
summer season. Note that the mean value for June was 0.218, which was higher than expected because

most of the June metered data was collected during a heat wave at the end of the month.”’

Standard Relative |

Month | sample (n) Mean Deviation Cv Pracision
June 82 0.218 0.222 1.02 114.4%
July 108 0.156 0.155 0.99 +12.2%
August 108 0.174 0.164 0.94 +11.7%]
Summer 114 0.175 0.152 0.87 +10.4%

Table 24; Estimated Relative Precision of On-Peak CF

4 Using the Results

The results of this study are meant to be used by the sponsors to determine the Demand Reduction Value
(DRV) for room AC measures in the ISO-NE FCM. The CFs were calculated during the performance
hours defined as follows; |
e Summer On-Peak: average non-holiday weekdays from 1-5 PM June, July and August.
» There were a total of 260 Summer On-Peak performance hours in 2007
« Summer Scasonal Peak hours occur when Real Time load is equal to or greater than 90% of the
30/50 seasonal peak load forecast during Summer (June — August).

»  There were a total of 24 Summer Seasonal Peak performance bowrs in 2007

It is important to understand the time period used to calculate the CFs.  Use of summer On-Peak CF ina
model that is designed to accept demand impacts during a system peak hour would result in
underestimaiing the peak impact of the measure during the system peak hour. This is becaﬁse the summer
On-Pcak CF is calculated over a 260 hour period. The summer Seasonal Peak CF provides a significantly

more accurate estimate of system peak because it was calculated during the 24 hottest hours of 2007.

¥ The adjusted model results reflect the mean coincident value during the entire month of June and are therefore
significantly lower,
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© Summary of Findings

Ongc of the more obvious findings of this study is the fact that the summer On-Peak perfﬂnnance period
tends to greatly reduce the demand impacts of the room AC measure. Defining the coincidence period
across every summer weekday hour from 1 PM to 5 PM regardless of weather conditions; greatly reduces
the value of this measure, which is highly temperature dependent, Comparing the Boston 2007 On-Peak
CF of 0.134 to the Doston 2007 Seasonal Peak CF of 0.304 shows that all things being }aqual a sponsor
that registers their room AC measure as 2 Seasonal Peak resource would have a 227% higher Demand
Reduction Value (DRV) than the same resource registered as an On-Peak resource. Clearly the overall
benelit to the system from room AC measures is greater than the DRV that is determined using On-Peak
performance hours because the demand impact for this measure is maximized during system peak hours
when it is most needed. The decision about how to enroll Room AC measures must be viewed in the
larger context of the entire energy efficiency portfolio and the tradeoff between evaluation costs and the
relative size and interaction between measures within a portfolio. It is important to keep in mind that the
[SO-NE FCM market rules do not allow an ODR project to contain both On-Peak and Seasonal Peak

resources and each project must achieve 10% relative precision at the 80% confidence interval.

RLW Analvtics, Inc. June 23, 2008
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Appendix A: Phone Survey and Results
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NECPUC Residential Room Air Conditioner Participant Telephone Snrvey

Hello, my name is , and [ am calling on behalf of <SPONSOR>. We are evaluating the
ENERGY STAR Room Air Conditioner rebate program that you participated in over the past
two years. We want to find out how much energy is typically saved by ENERGY STAR AC
units so we would like to ask you a few questions about how you use the room air conditioners in
your home. Would you be able to take 5-10 minutes to answer a few questions forus?
Type of Building (Circle One): Residential Commercial

According to our records you received rebates on the following room air conditioners through
the program:

Unit
# Mig Model # Size (Biuh) Store Store City | Rebate Date
1 .
2
3
4
5
1. How many of these room AC units do you currently operate?
2. Do you have any additional room AC units that you currently operate? how

many?

I would like to ask you some questions about the areas that the rebated AC unit(s) is/are)
installed in and the seasonal operation. ‘

8. At
4. Do you useit | 5, What is the approxtmately
to cool a single size of the : what cuiside
3. What type raeom, a zone, room/areait | 6. What month is the unit | 7. What month is the unit temperature do
Unit | ofroomisit | or the whole serves (sq. typically installed/used for typically removedishut you start o use
i# installed in? house? it.) the first time? down for the seagon? the unit?
1 Early, Mid, Late Early, Mid, Late
2 Early, Mid, Late Early, Mid, Late
3 Early, Mid, Late Early, Mid, Late
4 Early, Mid, Late Early, Mid, Late
5 Early, Mid, Late Early, Mid, Late
RLW Analytics, Inc. June 23, 2008
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Now I would like to ask you some questions about the typical daily operating schedule of the

unit(s).

9. Do you useit
continucusly

11. Under normal

12, Under normal

14. Under normal

; when the outside 10. During a conditions what conditions what | 13. Under normal conditions what
l temp is above I heat wave (%0 hour of day is hour of day is conditions what hour of day is
i (Q8 Responsgj or | i ous degrees and the unit typically | the unit typically |  hour of dny I3 the |  the unit typically
. do you operate Skip to ' above) do you turned on turned off unit typically turned off
Unit on a daily Qls: operate the unit during the during the turned on during during

# schedule? otherwise all of the time? week? week? weekends? weekends?

1 Goonto

2 QI0.

3

4

5

16. What fan speed do
15, What level of Cooling (High, you typically nse
§ Unit Med, Low) or Temperature during this time (Jow,
5 # Setting do you typically use? medinm, or high)
: 1
2
: 3
' 4
5
|
)
RLW Analyiics, Inc. e 23, 2008
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This portion of the survey will only be read to customers selected in our on-site sample.

As part of our evaluation we are installing metering equipment to measure when the AC unit(s)
operates. In order to compensate you for your inconvenience we are paying customers a $100
cash incentive in exchange for their participation in the on-site portion of cur study.

We would like to record the actual energy use of some ENERGY STAR AC unmits over the
summer. We would set up a time to visit your home and install monitoring devices on each of the
room air conditioners that were rebated through the program. The devices would stay on for the
entire summer and be removed in early September. We would then call you to set up a time 1o
pick them up and provide you with your incentive.

Does this sound like something that you might be interested in?

The metering device is a small plug meter that is plugged into the power outlet and than the AC
unit is plugged into the plug meter. The plug meter records the interval power consumption of
the AC unit, but does not use any additional power to take these measurements. The dimensions
of the meter are 7” long, 4"“wide and 2” high.

RLW Analvtics, Inc. Jumre 23, 2008
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The telephone survey assessed the operation of 815 room air conditioners that were rebated
through the program. As Table A- | shows almost all (98.8%) of these units were installed and
in-use at the time of the survey, according to the customer.

Is the unit installed?
(n=815)
Yes 08.8%
No 1.2%

Table A- 1: Installation Rate

Table A- 2 presents the areas where customers reported the rebated units were installed. More
than three-quarters (77.4%) of the units were installed in a bedroom or the living room. Table A-
3 shows that more than 60% of the rebated units are serving single rooms that arc approximately
224 square feet in size. The remaining units are serving zones that average about 486 square feet
in size.

% Installed
Room (n=80%5)
Bedroom 55.3%
Living Room 22.1%
Multi-downstairs 7.1%
Office 6.0%
Dining Room 4.6%
Kitchen 2.7%
Basement 0.9%
Upstairs Mulii-zone 0.6%
Attic 0.4%
Apartmeni 0.2%
Whole House 0.1%

Table A- 2: Room Ugit Is Installed In

% Installed Avg. Size of
Area Served (n=805) Area (sq. ft.)
Single Room 61.5% 223.6
Zone 38.3% 485.8
Don't Know 0.2% L ir
Total 100.0% 3211

Table A- 3: Area served by Room Air Conditioner

Each surveved customer was asked to provide the months (and time of month) that they installed
and removed the room air conditioner that was rebated through the program. Figure A- 1
provides the in-service rates by month and time of month. Customers reported installing the
units as early as late April/early May, with the last removal occurring in late December. Almost

RLW Anafvtics, Inc. June 23, 2008
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every unit (99.7%) is in-service between late July and mid-August. More than 90% of the units
are used from late June through mid-August.
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Figure A- 1: Room Air Conditioner In-Service Rates from April to December

Figure A- 2 shows that more than half (55.0%) of the respondents reporied that they start to use
their room air conditioner when the temperature is 80-85 F. An additional 15.3% reported using
it when the temperature is 90-95 °F, while 14.5% do so from 70-75 °F. The average temperature
provided by ail respondents was 82.4 °F.

RLW Analytics, Inc. June 23, 2008
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Figure A- 2: Temperature at which Room Air Conditioner is used

Almost threc-quarters (72.4%) of the respondents reported that they run their room air
conditioner on some type of schedule, with the remainder running it continuously. Of those
running their units on a schedule, 68.5% reported that not even a heat wave (90 °F or higher)
would cause them to run their unit continuously. Approximately 30% would run their unit
continuously during a heat wave, with the remaining 1.4% reporting that it would depend on how
hot it got and for how long.

When asked to provide weekday and weekend operating hours, only about 60% of the
respondents were able to do so. The average operating hours reported by these customers was
9.3 hours per weekday and 10,2 hours per weekend day.

Figure A- 3 presents the distribution of responses relating to the customer reportéd temperature
setting used on the rebated room air conditioners. Almost half (48.2%) of the respondents set
their room air conditioner between 70-73 °F, More than three-quarters (77.9%) set'them between
68-75 'F. -

RLW Analytics, Inc. June 23, 2008
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Figure A- 3: Room Air Condiiloner Temperature Setting

Figure A- 4 shows that almost half (47.9%) of the respondents use the medium fan speed, while
almost one-quarter (24.9%) use the high speed. The remainder use the low (21.4%) and ‘Energy
Saver’ (5.8%) speeds.

50.0%;

40.0%

30.0%;

20.0% /

10.0%

Energy Saver Low Medium High
Fan Speed

Figure A- 4: Room Air Cenditioner Fan Speed
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Appendix B Meter Compliance

Section 10.2 of the ISO-NE M&YV manual contains a list of seventeen requirements for metering
equipment that is used for measuring Demand Reduction Values (DRV) in the Forward Capacity
Market (FCM). The requirements can be divided into four general categories, which are
Standard Conformance, Technical Specifications, Usage & Method and Calibration &

Maintenance, as presented in Table B - 1.

Standard Technical | Usage/ Calibration/
# Application Confermance Specs Method Maintenance
All solid-state measurement X
equipment
2 Equipment directly measuring X
power or demand
3 Instruments measuring volts, X
amps, and phase angle
4 Data recorders that are recording ¥
pulses
5 Equipment exposed to significant X
harmonics
6 True RMS KW measurements and X
accuracy
Measuring imbalanced three-
7 X
phase loads
8 Sampling rate on circuits with X X
significant harmonics
9 Accuracy of demand calculated X X
with proxy variables
10 Demand calculations to use X
power factor of the end-use
11 Data recorders must be X X X
synchronized in time with NIST
12 Equipment calibration to X X
appropriate standards ~
13 Equipment maintenance to X X
appropriate standards
Documentation of calibration and =
14 ; L X
maintenance activities
Availability of calibration and
15 - X
maintenance records
16 Alternative accuracy, calibration, X
and maintenance standards
17 | Interval data collection frequency X X

Table B - 1 ISO-NE M&V Metering Requirements

RLW Analytics, Inc. June 23, 2008
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Some of the requirements listed are clearly not applicable fo the single phase meters used in this
study, including # 4 for pulse meters, # 7 for three phase loads, and #9 for proxy variables.
There are eight requirements (#1, #2, #3, #5, #8, #11, #12, and #13) that refer to some set of
standards, be they ANSI, IEEE, relevant, equivalent, or industry/manufacturer in nature. Five
of the requirements (#6, #8, #9, #11, and #17) indicate a technical specification that must be met.
Six requirements (#4, #7, #9, #10, #11, and #17) involve the methods by which the equipment is
installed or used. Finally, five requirements (#12, #13, #14, #15, and #16) specifically target
calibration and maintenance of M&V equipment. Many of the ANSI and IBEE and other
documents are lengthy and are primarily focused on revenue grade socket meters. The following
sections will discuss the metering compliance with requirement numbers 1, 6, 8, 11, 13 and 17,

which we have deemed to be relevant and reasonable to address.

The metered data used for this study was collected using Educational Electronic Devices (EED)
WattsUP? Pro ES plug meters to measure the True RMS power of the room AC units. The
manufacturer lists the meter accuracy at + 1.5% for true RMS power measurement and all of the
meters were calibrated to that standard prior to shipping. The meters were also checked for
accuracy prior to installation as shown in Figure 11 below. Note that in this case the WatisUP?
Plug meter and the Yokagawa hand held meter were within 3 watts of each other hn a 360 Watt
load, which is less than a 1% difference within the low end of the expected operéting range for
the room AC units. The WattsUP? meters are solid state electronic meters that reqﬁire infrequent
calibration and they should have remained within factory specifications for the duration of the

data collection period for this project. (# 6 and #13).

RLWY Analytics, Inc., June 23, 2008
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Figure 11: Checking the Calibration of WattsUp? Plug Meter

Section 10.2 of the ISO-NE M&V manual specifies that measurement tools must be
synchronized in time within an accuracy of +2 minutes per month with the National Institute of
Standards and Technology (“NIST”™) clock. The EED WattsUP? ES meter contains a solid state
circuit that exceeds the +2 minutes per month standard for time drift. RL'W standard operating
procedurc was to synchronize all of the WattsUP? Plug meters project to a desk top computer
clock that is linked to our network server and maintained in synch with the NIST clock (#11).

The WattsUp? meters are UL rated for safety for indoor use at a temperature range between 43°F
and 117 °F. The meters are also rated to operate up to an elevation of 6,562 feet and at a relative
humidity of up to 80% at 98°F declining linearly to an RH of 50% at 117 °F and we can
reasonably assume that all of the units we operated at these UL rated conditions, UL ratings are

equivalent to the American National Standard Institute (“ANSI”) standards (#1).

RLW Anaivtics, Inc. June 23, 2008
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Requirement 17 of the ISO-NE M&V Manual states that “Interval metering devices shall collect
electricity usage data at a frequency of 15 minutes or less.” Although it is wnclear if this
requircment is ambiguous for failing o differentiate between sampled and integrated values.
The likely intention was to double the Nyquist frequency thus mitigating data aliasing in
equipment that duty cycles such as air conditioning and water heaters. Many interval metering
devices (including the WattsUp? meter) sample data continuously, integrating and Etoring data at
a programmable interval. For data of this nature, rigorous computation of coincident peak
demand impacts requires no more resolution than hourly data. In any event, the Wattstp?
meters were set up ta record data at 15-minute intervals so even under the strictest interpretation

of this requirement the metered data would be in compliance (#17).

Finally the WattsUp? meter’s literature indicates that the meter measures voltage and current
thousands of times per second and is capable of measuring non-sinusoidal wave form power
accurately. The manufacturer has indicated that the sampling rate is in excess of the 2.6 kHz
requirernent for measuring harmonics listed in the ISO-NE M&V manual (#8). Based on the
meter specification data provided by the manufacturer we conclude that the metered data used

for this study is in compliance with the ISO-NE M&V requirements.

RLW Analytics, Inc., ' June 23, 2008
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Appendix C Statistical Sampling Compliance

Section 7.2 of the ISO-NE M&V Manual provides requirements for statistical sampling used for
calculating the Demand Reduction Value (DRV) for an Other Demand Resource (ODR) project
in the Forward Capacity Market (FCM). The manual states that “If the Demand Reduction
Value is estimated from one or more samples, the required sample size(s) must be based upon
targeting 10% relative precision at an 80% confidence level, If a Demand Resource Project
consists of multiple sites and/or measures, and the Project Sponsor uses multiple samples to
estimate the aggregated Demand Reduction Value during the Performance Hours in each Load
Zone as the sum of all individual measured Demand Reduction Values, the sampling
requirements may be met (1) for each sample or combination of samples usdd, (2) for the
combination of all samples, or (3) by using strata as described in Section 7.2.2(2).” We interpret
statement #2 to mean that the Room AC sample as a segment of a larger project would not have
to achieve the target relative precision, as long as the target precision was achieved for the

combined sample for the overall project.

The M&V manual goes on to define Strata in Section 7.2.2(2) as “any subset of the Project’s
population that is based on known information. The concept of strata may include, but is not
limited to: programs in a state sponsored demand side management portfolio orj subsets of an
entire population of affected equipment at a project site that have similar operating
characteristics.” In this case the M&V manual states that “If the Demand Reduction Value is
estimated from a sample drawn from 2 or more strata the overall test sample size must be based
upon targeting 10% relative precision with an 80% confidence interval.” Our inierpretation of
this statement is that as long as the room AC measures are treated as a compdnent or strata
within an overall project, each individual stratum does not need io achieve the 10% relative
precision at the 80% confidence interval, as long as the combined precision fbr the overall

project achieves the target precision.

In the case of the present study the overall relative precision did not achieve the target precision
primarily because the actual Coefficient of Variation (Cv) was higher than the value used in the

sample design. However given that room AC measures are but a small portion of the sponsors

RLW Analytics, Inc. June 23, 2008
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overall ODR projects, the results should not exclude their overall projects from-achieving the

target relative precision of 10% at the 80% confidence interval,

Additionally section 7.4 addresses the issue of “sampling for a population of similar Demand
Resources spanning multiple Load Zones”, by stating that “project sponsor must demonstrate
that the accuracy and precision requirements apply... to the overall population of Demand
Resources being studied, rather than to the Project or Projects within each individual Load Zone”™
and demonstrate the method for controlling any bias attributed to sampling across Load Zones.
We believe that design of this study using a large survey sample with a nested on-site metering
sample and multiple weather files along with running T-test to look for differences across load

zone has adequately addressed the requirements for sampling across load zones.

RLW Analytics, Inc. June 23, 2008
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Appendix D Monitoring Frequency Compliance

Section 11.2 provides the requirements for the monitoring frequency and duration of QDRs for
the purposes of calculating Demand Reduction Values (DRV) as can be summarized as follows:
The duration and frequency of metering and maonitoring must be sufficient to ensure an accurate
representation of the amount of electrical demand consumed or generated both without and after
Project installation and during Performance Hours, while accounting for independent parameters
such temperature, humidity, etc. that impact the DRV. In the case of the present study we feel
that the monitoring period collected data at a sufficient frequency (integrated energy recorded at
15-minute intervals) and that the duration of the monitoring period (Starting June 4™ and running
into September) was sufficient to meet the requirements of this section. Additionally the use of
multiple real year weather files for modeling the results should address the need for accounting

for independent parameters that impact the DRV during the performance hours.

RLW Anaiytics, Inc. June 23, 2008
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Abstract

This document is intended to set out BC Hydro Power Smart's evaluation of a new
energy efficient power bar product calfled Smart Strip. The Smart Strip came to BC
Hydro's attention in about July 2007, by September 2007 a small employee pilot was
carried out on the Smart Strip to determine the electrical energy savings it offered per
computer desktop workstation. During this pilot despite construction causing several
complete building power outages and emplayees being transferred leaving vacant
workstations, a confidence level in the data did support meaningful electrical energy
savings offered by the Smart Strip. At the request of Power Smart to BC Hydro's office of
the CIO BC Hydro’s {T outsource company called Accenture carried out a study on the
Smart Strip working alongside a computer power management software program called
Faronics Power Save. The results of this study are that the two products were
recommended to be installed on every computer workstation at BC Hydro. The Smart
Strip was approved for BC Hydro Power Smart Product Incentive Program in June 2008
which is 7 per power bar and 100 kWh/yr in electrical savings is claimed per Smart
Strip.
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1. Introduction

BC Hydro was the first utility in Canada to identify an energy conservation opportunity by
offering a $7 incentive for the Smart Strip Energy Efficient Power Bar. Almost every
computer in British Columbia is expected to have a power bar surge protector. If this
assumption is correct there are at least 3 million power bars protecting computers in B.C.
Power bars are also used in residential hames for protecting electronic equipment such
as home entertainment centers. We estimate there may be as many as 4 million surge
protector power bars in B.C. alone. If 45% of these power bars uses a Smart Strip and
using our electrical energy saving metric of 100 kWh/yr in savings for this product, the
potential savings for the Smart Strip to B.C. are 180 GWh/yr. This is enough energy
saved each year to supply over 16,000 homes in British Columbia.
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Fig. 1 Smart Strip Potential GWh/yr Energy Savings in British Columbia /1/
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Across Canada the smart strip may offer potential electrical energy savings of about
1,400 GWh/yr and across the USA as much as 12,400 GWh/yr which is enough energy
saved to supply 1 million homes in the USA /2.

Ontario Power Authority was close to follow BC Hydro's lead in offering incentives for the
Smart Strip and in October 2008 offered a $5 incentive /3/. The first Canadian container
load for the Smart Strip arrived in Toronto in the first week of October 2008.

2. Discussion of the Methodology, Assumptions and Data

Sources

This document offers a discussion of methodology, assumptions, data sources,
application reviews, inspections, invoice checks, and any other mechanisms used to
ensure the integrity of the data for assessing the smart strip energy efficient power bar.

2.1 Overview of Smart Strip Technology

The Smart Strip switches off plug load using current sensors and switching devices which
switch off plug load when electrical current drops below threshold low levels. it may be
used on electrical home appliances or in commercial offices, universities, hospitals or
schools,

Smart Strip monitors the flow of electricity to the controlled outlet and when there is a
significant drop, it switches off the power to the controlled outlets. When the controi outlet
goes into sleep or off mode the controlled appliance is also switched into sleep mode or
is shut off automatically saving electrical energy and money,

The primary function of any power bar is to provide some level of power surge protection
to electrical devices plugged into them. The smart strip is different from other power bars
in this respect.

Numbers are estimates based on external information and BC Hydro is  Cclober 27, 2008 Page 7 of 42
not accountable



Smart Strip Electrical Savings- 2. Discussion of the Methodology, Assumptions and Data Sources

Control Qutiet
Plug a computer o+ television into this .

outlet, This outlei conbrols the
Contralled Qutlets,

Always On Qutlets

Plug equipment that should not be
turned oft, such as a fax machina or
cordless phone, irto these outlets, The
powar to thass outlets is always on,

S B e S

o

Controlled Qutlets

Plug peripharals such as a monitor,
printer or DVD player into these outlets.

Fig. 2 Smart Strip Energy Efficient Power Bar

There two types of surge protection power bars;

(1) MOV (Metal Oxide Varistors) based and these work by clamping transients to the
neutral which exceed a design voltage transient threshold, and

(2) LC circuits (coils, transformers & capacitors) work on electric networks that contain
both inductive and capacitive elements. This form of surge protector is often referred to
as a surge suppressor and they essentially protect electronic equipment by swishing
voltage transients through filters.
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2.2 Technical Specifications

The Smart Strip uses the MOV surge protection method. The MOV surge protectors are
disposable & cheap. They are designed to take one hit & then be replaced. Surge
protector companies are naw putting life expectancies on them & suggesting replacement
every few years. This new suggestion comes at the time that sales of surge protectors
are falling quickly this could be nothing more then a marketing ploy to sell more surge
protectors. Some equipment that is 20 years old is still being protected using the original
MOV surge protection & they still function correctly. MOV's have been used as surge
protectors in such applications ranging from entertainment through to full industrial
equipment and for many years. Surge protectors are tuned to pass 50/60 hertz & absorb
a range of higher frequencies.

Table 1. Smart Strip Technical Specifications /4/

Smart Strip 10: the Ten-Outlet Smart Strip 7: the Seven-

Powaer Strip Outlet Power Strip
Energy Saver Specs  ,  gafe Passive Current -« Safe Passive Current
Sensor ' Sensor
« Patent-Pending -« Patent-Pending f
Protective Hysteresis Protective Hysteresis |
Circuit Circuit !
» 2 RC Filters Eliminate + Uses very low power
Numbers are estimates based on external information and BC Hydro Is  Oclober 27, 2008 Page 9 of 42
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Switch
Mount

Plug

Qutlets

uL

Joules

Amps

False Switching

« Uses very low power
when The Switched
Qutlets Are Off

« Uses Less Than 1 Watt
When Fully Energized

| Recessed, lighted power switch

4 way wall mountable

45 degree angled space saver

-plug

i‘fen outlets tdtal: o

1 Control - Always Hot

| 3 Constant Hot: 1 Transformer,
. 2 Standard

'8 Switched: 3 Transformer, 3

| Standard

UL 1449 Rating 120 Volt 50/60
Hz

2225 joules three-way
protection:
1000 joules live to neutral

775 joules live to ground

450 joules neutral to ground

| 84,000 Amp, three-way |

1225 joulee t-l_'n“ree-wnay

‘when The Switched
QOutlets Are Off

+ Uses Less Than 1 Watt
When Fully Energized

Recessed hghted pewer switch |

4 way wall mountable

45 degree angled space saver

“plug

; Seven outlets total: |
"1 Control {Always Hot)
2 Constant Hot

4 Switched (1 Transformer-

“spaced, 3 Standard)

UL 1449 Rating 120 Volt 50/60

sz

protection;

775 joules live to neutral
- 225 joules live to ground
225 joules neutral to ground

48,000 Amp, three-way
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protection: - - protection:
36,000 amps live-neutral 24,000 amps live-neutral
24,000 amps live-ground 12,000 amps live-ground

" 24,000 amps neutral-ground 12,000 amps neutral-ground
Volts 130 volt, ihréé%éyﬁ ‘p‘rbtection - 330 volt, three-way protection

Circuit Breaker 15 amp circuit breaker - 15 amp circuit breaker

Fuses 2 T.Hen.'néI!C.ufréﬁt & ‘2”trarcé | '2 T'hrérrﬁélrlCurrent & 2 trace
“land fuses land fuses

Filtering EMI/RF! fittering: 'EMVRFI filtering:
- 2 Spike Blocking Bar coil " 1ufd film box capacitor
. chokes :

.1ufd film box capacitor

Noise reduction Up to 60db line noi;éé reduction : Up to 40db line noise reduction

Indicator Patent pending status indicator Patent pending status indicator

Cord 6-Foot, 14 gauge, heavy-duty 6-Foot, 14 gauge, heavy-duty
“power cord power cord

2.3 Sources for Determining Plug kW Load

There are a number of primary hardware electrical plug loads which are generally found
in two main areas; (1) the workplace and (2) residential homes. The following section

describes sources for determining IT hardware electrical loads in data centres.
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2.3.1 Plug Load

Electrical plug load hardware includes but is not limited to: battery chargers, desktop
lamps, under desk heaters, desktop fans, copiers and printers and essentially is a term
used to describe any electrical device which is plugged into an electrical wall outlet.
Electrical plug load hardware electrical consumption is normally easy to determine as it is
specified in the general specifications from OEMs. The power consumption for electrical
plug load may be given by simply using the power factor for the single phase and system

can be calculated as follows:

P =V -I-cos(p)
Where:
Preat Power in Watts
\ Voltage in Volts

I Current in Amps

cos(e) Power factor

Plug load electrical demand can be determined by several Measurement and Verification
{(M&V) general protocols. Consumer power meters are available which are easy to use
and may be plugged into an electrical ocutlet and then the power bar simply plugged into
the meter.

Examples of these meters are; the Kill a watt meter, EED Watts up and the Kill a watt
power strip and the PL-100 Power Analyser /5/. These are basically plug and play type
meters which anyone may use and they are readily available from many consumer retail
outlets and from online stores.

Several high profile reports have been written on plug load. Among these /X/ says among
offices only (for which we were able to estimate number of employees, or occupants), the
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average equipment density, in units per employee, was approximately 3 units of office
equipment and 6 units of miscellaneous equipment per employee, for a sum of about 9
electrical plug-load devices per employee; note that this includes equipment found in

common areas such as kitchens, print centers, and utility closets.

The National Renewable Energy Laboratory /6/ report on plug load in a building
suggested daytime total plug load was 19 kW which represented 27% of the entire
buildings’ electrical daytime plug load demand, while at night it fell to 10 kW which was
about 25% of this building nigh time plug load.

On the Energy Star website /7/ they say external power adapters, aiso known as power
supplies, are crucial to the operation of virtually all small electronic devices. As many as
1.5 billion are in use in the U.S. — that's about five for every person.

The total electricity flowing through all types of extemnal and internal power supplies is
about:

« 300 billion kWh/year, and
o 11% of the national electric bill

Translating these figures to British Columbia equates to about 4,350 GWh/yr in electrical
consumption. This is a very significant form of plug load and devices like the smart strip
may help reduce waste associated with it. 27% of the power supplies fall in the sleep and
standby inactive periods so products like smart strip could help reduce this energy. Even
a 20% reduction in the power being wasted when power supplies are in standby and
sleep modes could be as high as 230 GWh/yr in potential energy savings.

A new product which is being planned for release next year called the Green Plug /8/ and
/9 which switches off devices once they have fully charged. This product has another
attractive feature and that is it knows what output voltage to give on each device plugged
into it from iPod’'s to TV's. The essential key component of this new product is an
intelligent chip which enables these features. BC Hydro will look forward to reviewing the
Green Plug once it's commercially available.
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2.3.2 BC Hydro Power Smart Action Conservation Smart Strip Pilot

In July 2007 BC Hydro Action Conservation teams recommended that the new smart strip
product be pilot tested. By September 2007 about 15 volunteers offered to participate in
the smart strip pilot. Kill a Watt meters were used to measure the electrical energy

consumption of computer workstations before and after the smart strip were instalied.

There was construction going on in the main building where this pilot was done in that &
new floors were built onto of the building while regular office work carried on as usual in
it. This lead to a number of power outages which had to be accommodated in the pilot.
Another issue which affected this pilot is that once construction was complete several
members of staff participating in the pilot moved office locations. For this reason the final

number of participants in the pilot fell to nine.

Table 2. BC Hydro Action Conservation Smart Strip Pilot

BC Hydio - Power Smant
Smart Strip Phig Phantem Laad Pilot Central Park and Patterson

Kame  [Flooi| Plug Phantom PreHonitorim Fergy | Energy | Enerqy | Energy
Load | Power | Metel install | Reading Heurd kiWh 5% Funher Readings | BEFORE | AFTER |SAVINGS|SAVINGS

Euiplayee Load Wi W | Facter | Dates 2007 | Daves instolled o WOkh | Dates) Howrs] Wb | Kby | BWhys BB ] %
f CPOB; 10 4 62% | BSep | Z2Bep |TBIAM0Y 1200 {24150 [0ec) 1232 | 908 | 1410 | B4G 7| 82%
2 CPOE| 54 2 % | 6Ben | ZhBep |IB[ 479 120t | 294 | 264 03Der| 1232 1331 | 5 | B 5 8%
3 CFoR, 123 { 5% | BSep | Z2-Se0  331662| 120ci |24 13|03 0ecf 1232 | B|4 | A0E | W0 [ 1B | HEk
1 P 7% B B% | B3 | 2Bep | T4 [FAN4| 12000 | 24 6248 BDecl 1732 | A2 [ 1P%E | 1THE | BB ) W%
£ CP1| &4 4 W% | GSep ; 2Dep LB 608 120 | 294|508 |M30ec) 312 | 32 [ 1456 | 98 % 1B
b CRO7| 194 ! T% | FSep | 223ep | 30| 1080{ 12001 | 297 (11421 Dec| 1232 | 2007 | 258 | 27 | 143 | A0i%
i CRO7| &7 ! N% | BSen | 2Bep [ J6|531| 1200l | 27 [ 452 (BDec| 1232 | 14591 | 12775 | 1060 | 2 | B3%
8 TP 143 2 W% | 65 | 28ep |37B|1473) 1200t |27 (1162103 0ec| 1178 | 4332 | 327 | % | A | 61%
e Pat| 116 3 1% | 14Sep | 228ep | TG 70| 40ct | 743|290 |0Dec] 32 | B4 [ 2080 | 1435 | 7917 | 163%
016 | 057 | 19185 | B

Bage load Estimatad Daskiop and Ping Loait Annual Power Consumptie 3076 ki¥hyr
With Sman Suip Estimated Desktop and Plug Load Aunwal Powen Cons 2757 Kithiyr
Ectiraated Siavt Snip Electieal Eneigy sovings 135155 Kby
Estimated * Elecuical Energy Savings offered by Sman Stiip 2%

The result of this pilot suggested the average power savings per smart strip in this group
was 131.85 kWh/yr which represented about 28% in electrical savings.
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The BC Hydro Power Smart Action Conservation Smart Strip Pilot had 18 volunteer
participants on three floors of our Central Park building and with a few more participants

at a separate building called Patterson.

In terms of the smart strip’s usability the following educational issues were found
necessary to teach participants:

1. The computers and laptops must be plugged into the red colour coded sockets
only. If not they locse network connectivity.

2. It's advisable to tell end users to plug their LCD screens into the blue colour coded
socket. Unless LCD screens actually shut down they will not switch off the plug
load.

3. End users should ensure their LVD screens when in sleep mode go into shut down
mode and not screen saver mode. This may be done in windows — below screen
shot.

4. Never adjust the potentiometer screw on the side of the smart strip as our
experience is that the need to adjust this only means the smart strip is defective
and needs be returned. The first batch we received all needed this adjustment and
we ended up sending them all back and in the second batch on smart strip was
defective. Smart Strip say they have resolved this issue now.

5. The smart strip saves energy only by reducing the on time of plug load.

6. Some end users by-passes the smart strip to leave their under desk heaters on
24/4. We should encourage end users to always have as much and is possible
their entire desktop plug load controlled by the smart strip.

7. Not every workstation has plug load and there is no point adding a smart strip on
these. However future plug load may occur on any workstation and it may be an
idea to deploy them on every workstation.
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3. BC Hydro Power Smart DSM Programs
BC Hydro currently offers three broad Power Smart programs. These are.
1. Power Smart Partners Program
2. Product Incentive Program
3. High Performance Buildings Program

In addition to this there are smaller specialised programs which fall into the Power Smart
Partners Programs such as; The Server Virtualization Program, The High Bay Energy
Efficient Lighting Program and the Continuous Building Optimization Program.

3.1 Power Smart Partners Program

BC Hydro’s Power Smart partners Program is open to its largest business customers
both industrial and commercial (i.e., those who use aver $50,000 of electricity per year),
who are prepared to: Improve overall electrical energy efficiency, sign a Power Smart
Partner (PSP) Program agreement outlining their commitment, energy-efficiency target
and the Energy Champion who will be responsible for carrying out the plan and commit
matching dollars to identify energy-saving opportunities. Generous incentives are paid
out in this program up to 60% of project costs and providing pay back from electrical
energy savings is not much shorter than 2 years or longer than 10 years.

3.2 Product Incentive Program (PIP)

The Power Smart Product Incentive Program provides financial incentives for business
customers to replace existing inefficient technologies with energy-efficient products. The

program has been expanded to include additional technologies eligible for incentives.

This offer is open to BC Hydro commercial business customers. This is also opened to
BC Hydro residential strata customers applying for a project in the common areas of their
property. Businesses and residential strata common areas in the City of New
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Westminster are also eligible for this program. Customers with street lighting accounts
are only eligible for ornamental street lighting technologies.

The PIP project must: meet the minimum criteria of $50 total financial incentives per
application, only use approved products identified in BC Hydre's online e.Catalog and be
installed by qualified installers. New construction projects are not eligible to receive
funding under this program.

3.3 High Performance Buildings Program

The Power Smart High Performance (new) Building (HPB) Program provides incentives
and tools to assist — building owners, developers, architects and their design teams
create high performance, energy efficient buildings with the benefits of lower operational

costs, lower environmental impacts and higher profitability.

There are three cifferent Power Smart offers within the High Performance Building (HPB)

program:

3.3.1 Whole Building Design — intended for new commercial or multi-unit
residential building projects.
Requirements:

» Atleast 50,000 square feet.

- Electricity-intense facilities such as arenas, refrigerated warehouses or
grocery stores.

»  Multi-Unit Residential Buildings.

3.3.2 New multi-unit residential bulldings
~ intended to promote ENERGY STAR® products.

Requirements/Incentives:

To receive a $150 rebate per suite, install the following:
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» ENERGY STAR compact fluorescent lighting in 40 per cent of the suite.
» One ENERGY STAR refrigerator.

= One ENERGY STAR dishwasher.

= One ENERGY STAR ventilation fan.

To receive an additional $50 rebate per suite, install:

» One ENERGY STAR clothes washer.

3.3.3 Energy-Efficient Lighting Design - intended for new commercial
development projects.
Requirements:
= Over 6,000 sq. ft. for energy efficient lighting design.

= New commercial buildings such as warehouses, offices, retail, multi-unit
residential buildings, and government facilities.

Incentives:

= A $1,000 incentive for creating a lighting design that mests or exceeds
ASHRAE/IESNA 90.1 — 2004 code /11/.

= A capital incentive to install the new lighting. The incentive will be based on

the total electrical savings of the energy-efficient design.*™

= An incentive of up to $3,000 will be paid for a daylight study. Limited
number of studies available.
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4. The Smart Strip BC Hydro Power Smart Incentive

The smart strip power bar was seen as an ideal new product for BC Hydro's Praduct
Incentive Program. Metrics were given to Power Smart Marketing by Power Smart
Engineering and it was recommended to use 100 kWh/yr as the average energy savings
per smart strip. This figure was smaller than the approximately 132 kWh/yr savings per
smart strip which was found from the Action Conservation pilot. Several US and
Canadian utilities were approached to comment on this energy saving amount of 100
kWh/yr and from their response BC Hydro Power Smart agreed to use it. Following it's
review process BC Hydro Power Smart decided to give a $7 incentive per smart strip
under it's Product Incentive Program.

In addition to the smart strip incentives were also awarded to digital timer controlled

programmable power bars.
Power Smart Engineering gave the following product criteria for the smart strip /10/:
CRITERIA FOR EFFICIENT POWER BARS FOR COMPUTER WORKSTATIONS

The Program incentive applies to efficient power bars used for commercial computer
waorkstations:

Technical Requirements for Timer Based Smart Power Bars:
1. The timer based power bar must use digital timer and not mechanical controls.
2. The timer power bar must be programmable.
3. The timer power bar must include a digital LED screen.

4. These power bars are not recommended to shut down computers or control
eqguipment.

Technical Requirements for Current Sensor Smart Power Bars:

1. Include Safe Passive Current Sensor based switching.
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2. The current sensor power bar must automatically switch off peripheral plug load

from its control plug outlet.

3. The current sensor power bar must prohibit false switching for example by
incorporating resistor-capacitor circuit filters.

4. Computers should be plugged into the colour coded (often coloured red) power
bar sockets where they will be left powered on.

Additional Technical Requirements for Efficient Power Bars:
1. The smart power bar must be CSA, cUL or UL approved.
2. The smart power bar must have a 3-prong grounded plug outlet.

3. The smart power bar must offer electrical 3-way surge protection as follows: (1)

Live to neutral (2) live to ground and (3) neutral to ground.

5. BC Hydro and Accenture Smart Strip Report

Power Smart Engineering tested the smart strip alongside a desktop power management
software program called Power Save which is produced by a local Vancouver company
called Faronics. These two products complimented themselves. it was observed that one
desktop with plug ioad was consuming about 120W but then Faronics sent the
workstation into a deep sleep mode and through the control offered by the smart strip the
entire workstation desktop fell to 3W of power consumption. Then when a user retuned
to the desk and hit the keys Control, Alt and delete the entire workstation became alive in
just a few seconds to 120W again.

Power Smart Engineering requested to the BC Hydro office of the Chief Information
Officer that they have their IT outsourcing company called Accenture write a technical
report on the compatibility of the smart strip with Faronics Power Save software with BC
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Hydro desktops. Approval was given to complete this report which is attached in
Appendix A entitlted BC Hydro Workstation Power Management Project Product
Evaluation Version 1.6 June 6, 2008, Prepared By: Kevin Ho / Darin Nishi.

This report concluded that Accenture recommend these two products be deployed on
every desktop workstation at BC hydro.

6 Commercial Smart Strip Market

The smart strip has until October 2008 been mainly been marketed by online sales
through the US Distributor Bits. Ltd. In October 2008 the first container of smart strips
arrived in Toronto, Canada with all the Canadian markings and CUL stickers. At the time
of writing this report one retail chain in British Columbia is reported to be selling the smart
strip and this is Zellers.

In terms of the market penetration for the smart strip as of October 2008 it's in the infancy
stage of growth.
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Fig. 3 Market penetration for Smart Strip in British Columbia as of October 2008
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One main barrier which may limit the growth of the smart strip market is education. Many
consumers when they see a smart strip have no idea what it is and perceive it alongside
any other power bar. The second educational barrier this product has is that consumers
don't understand that it saves energy only by switching off plug load. Most consumers
won't even know what the term plug load even means. Educational marksting will be an
essential feature to have this product penetrates into the market place.

BC Hydro and Ontario Power Authority are the only known utilities currently offering

incentives for the smart strip.

The following North American electric utilities are currently reviewing the smart strip for
potential incorporation into their Demand Side Management (DSM) programs;

The Pacific Gas & Electric, San Diego Gas & electric, Southern California Edison, Focus
on Energy (Wisconsin), Long Island Power Autharity, NYSERDA, and Northeast Energy
Efficiency Partnerships, Inc.

T Effective Measure Life of the Smart Strip

Power Smart Engineering is recommending a 4 year Effective Measure Life for the smart
strip. There are no standards governing the life expectancy for power bar surge
protections. Surge protector manufacturers suggest changing their MOV products every 4
years and PSE recommended that the EML for EE MOV Power Bars to be 4 years.
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8 Glossary of Terms

ASHRAE

DSM
ECM
EE

EML

Energy Star

IESNA
KAM
LBNL
M&V
MOV
NSERDA

OEM

Power
Management
Software

American Society of Heating, Refrigerating and Air-Conditioning

Engineers

Demand Side Management
Energy Conservation Measure
Energy Efficient

Effective Measure Life

A United States government program to promote energy efficient
consumer products. Natural Resources Canada purchased the
rights to use the Energy Star program in Canada.

lluminating Engineering Society of North America

BC Hydro Key Account Manager

Lawrence Berkeley National Laboratories.

Measurement and Verification

Metal oxide Varistor

New York State Energy Research and Development Authority

Original equipment manufacturer, or OEM, is a term that refers to
containment-based re-branding, namely where one company uses
a component of another company within its product, or sells the
product of another company under its own brand. OEM refers to
the company that originally manufactured the product.

Enables servers and computers to be powered down during
periods of low or no work loads.
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PS

PSE

QA

BC Hydro Power Smart
Power Smart Engineering

Quality Assurance
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> 3 Flpor
accenture 6900 Southpoln Drive
Business Services Burnaby, B.C.
of British Columbia
Canada V3N 4X8
www.absu.accenture.commn

10 Executive Summary
In its constant effort to reduce energy consumption and conserve the environment, BC Hydro has
requested Accenture to evaluate the henefits and effectiveness of Faronics Power Save and
Smart Strip Power Strip. Faranics Power Save lowers energy consumption and saves money by
effectively managing the power usage on workstations with various inactivity definitions. 5Smart
Strip Power Strips are intelligent power bars that automatically shut down any electrical device

whose power is dependant on a ‘control’ device such as a workstation,
Through our rigorous testing we confirmed that Faronics Power Save is able to:

» Coexist with Microsoft Windows XP Power Options,

» Effectively manage power on Microsoft Windows based systems,

» Configure power options remotely on a workstation,

* Produce energy saving report

* Remotely shut down, reboot, and wake up workstations using Wake-on-LAN technology.

Through our other testing we also confirmed that the Smart Strip Power Strip is able to:

= Control the “automatically switched” outlets with the “control” outlet

* Provide constant power with the “constant hot” outlets

Faronics offers a one-time software license charge which includes the first year's maintenance of
$12 per seat. Additional annual software maintenance charge is $2.40 per seat {20%). The Smart

Strip Power Strips have a MSPR ranging from $30.95 - $43.95 USD.
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Smart Strip Electrical Savings- 10. Executive Summary

Faronics Power Save not only manages power options efficiently on Windows platforms and
provide detailed energy savings reporting, it also offers additional features such as task
scheduling, remote computer restart and shutdown, and Wake on LAN. Although the
management console doesn’t have enough features to keep the operational effort down, it can

still be an effective and easy to use power management tool.

Smart Strip Power Strips would complement Faronics workstation power management by further
reducing power consumption and reducing the environmental impact by automatically turning
off all peripherals associated with the ‘control’ outlet. As the cost to replace every power bar in
BC Hydro would be extensive the Power Strip could be the new standard for BC Hydro and be

ordered as new requests arise.
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11 Background

Currently, a high profile initiative at BC Hydro is their Power Smart program. This program'’s goal
is to develop a conservation culture and teach British Columbians to conserve energy which in
turns saves energy costs and reduces the environmental impact. Although current computers
and LCD panels used in BC Hydro offices have become Energy Star compliant there is still more
that can be done to save energy. Microsoft Windows XP provides power options such as “turn
off monitor”, “turn off hard drive”, and “put system in standby mode” after inactivity, but at this
time the only power option that the BC Hydro desktop has enabled is to “turn off monitar” after

20 minutes due to the lack of efficient and central administration and management.

A third-party software, Faronics Power Save, was recently identified as a potential candidate to
bridge the gap and enable effective power management on the BC Hydro desktop platform. In
addition to Faronics Power Save, an innovative power bhar, Smart Strip Power Strip, was also
identified as another possible means to reduce power consumption even further, BC Hydro has
requested Accenture to evaluate the benefits and effectiveness of the two aforementioned

products.
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12 Product Features

a. Faronics Power Save
Power Save uses intelligent energy management to ensure workstations are available when
system resources are required, while conserving power during productivity downtimes. Power
Save provides organizations with real financial and energy savings on every computer deployed,
as well as centralized workstation power status control. Advanced features include real-time
savings reports, policy scheduling, and customizable activity settings based on CPU, disk, and
application activity. With Faronics’ Power Save, it is possible to make the workstation standby,
hibernate or even shutdown based on customizable inactivity definitions. Computers managed

by Faronics Power Save can also be restarted, shut down, or waken up by Wake on LAN (Wol}.
Key features:

* Intelligent Configuration Settings

o Definitions can be based on CPU, disk, keyboard,
mouse and application activity

o Employ energy saving actions when CPU or disk
activity falls below a defined level

LA A
W e

o Prevent the workstation from employing power saving actions when a particular
application is running
s Enterprise Control
¢ Faronics Core Console provides unified workstation management capabilities

o Workstation grouping makes managing large deployments easy

e Flexible Scheduling

o Options to turn off the monitor, and standby, hibernate or shutdown the
computer

o Schedule Wake-on-LAN, shutdown, or restart events
o Promaotes user needs in tandem with energy conservation

* Savings Reports

o Generate enterprise power consumption and savings reports through Faronics
Core Console '
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o Detaited workstation utilization reporting allows you to see how much power you
are saving based upon your regional electricity cost

b. Smart Strip Power Strip

The Smart Strip Power Strip senses when computer or television turns off and automatically
powers-down all peripheral devices (printers, monitors, speakers, DVD players, anything...). It's
done by plugging the 'control' device into the blue outlet and plugging all peripheral devices
connected to it into the white outlets, When what's in the blue outlet comes on, what's in the
white outlets turns on - when what's in the blue outlet turns off, all power is cut to the white
outlets, There are also some red 'hot’ outlets that always supply electricity to devices plugged

into them, whether the 'control' device is on or off.

Every device that is plugged in is always drawing electricity - whether a lot or a little, it adds up
over 24 hours of every day. This continuous, low-level energy use is called a 'phantom load.' it is
estimated that as much as 43 billion kWh each year is wasted by phantom loads throughout the
United States (no statistics for Canada). The Power Strip Smart Strip can help eliminate the
phantom loads of peripheral devices - most commonly those associated with computers or home

entertainment centers.

LI I I A O |

1
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Smart Strip Electrical Savings- 13. Evaluation Results — Faronics Power Save

13 Evaluation Results — Faronics Power Save

A thorough evaluation of Power Save was conducted against several BC Hydro and Accenture

desktops {see Appendix A for the complete tests).

a. System Requirements

Console Reguirements

The following system requirements must be met to successfully install Faronics Core Console

¢ 32- and 64-bit editions of Windows XP SPZ and Windows Vista
¢  Windows Server 2003

¢  Microsoft .NET 2.0

*  Microsoft MMC 3.0

e  Microsoft SQL Server Express Edition (SP2).

Workstation Reguirements

The Fargnics Core Workstation Agent can be installed on any computer running the following

Microsoft Windows operating systems:

s  Windows 2000 SP4

* 32- or 64-bit editions of Windows XP SP2

® 32- or 64-bit editions of Windows Vista

¢  Windows Server 2003

* Microsoft Internet Explorer 6 (IE6), or greater, be installed

b. Test Environment
The Faronics Core Console with the Power Save Loading was installed on a test server while
several BC Hydro and Accenture workstations were installed with Faronics Core warkstation

agent and Power Save Installer. Windows Performance monitor was used to monitor the
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performance of a workstation after the installation of Faronics client software. The four main

counters of interest were:

* Memory — Pages/second

¢ Physical Disk — Average Disk Queue Length
* Processor - % Processor time

* Network Interface — Bites total/sec

There was no noticeable degradation of performance during the evaluation {(see Appendix B) and

the workstaticn performed normally.

C. Management Console
The Faronics Core Console uses Windows XP’'s Microsoft Management Console {MMC) snap in
and is easy to navigate. Within the console there are three areas to navigate: workstations, tasks
and reports. The workstation option houses all workstations with the agent and the power save
installer installed on it. Any action (e.g. shutdown, wakeup, configure power save) required on
the workstation is done in this option. The tasks option is where any scheduled tasks are viewed.
All task history is found here and can be exported. When a report is generated they can be found
in the Reports option, Just like scheduled tasks, reports can be exparted. Cnce the workstation
agent software was installed on our test workstations all agents successfully checked into the

master censole and were able to be remotely controlled.

While its simple interface is appreciated, the project team also immediately identified three

missing critical pieces, which would definitely lead to higher operational cost.

* No integration with any directory service: instead, it keeps its own database and asset
information and offers the ability to create groups. This means that Faronics Power Save is
not able to leverage existing Organization Units or Groups in the BCHYDRO domain and that it
would add additional workload to its day-to-day administration.

* No search function: it is hard to effectively look for particular targets in a large number of
workstations.
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= No AP| provided to its users for future customization: this means that no administration
work can be automated to save operational costs.

d. Coexistence with Microsoft Windows XP Power Options

Once Faronics Power Save is installed on a workstation it works in combination with Windows’
own power management settings. If both Faronics Power Save and Windows XP Power Options
have set different thresholds for the same setting (e.g. turn off monitor), the lower threshold will

be honoured.

e. Power Management — Monitor
The Faronics Power Save workstation agent was successfully able to manage the workstation
monitor. When set to turn off the monitor after a predetermined amount of time the monitor

successfully turned off and successfully recovered after keyboard/mouse activity.
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f. Power Management — Workstation without Inactivity
Definition
Faronics Power Save successfully managed the workstation without a specific inactivity
definition. The agent was successfully able te put @ workstaticn into standby and hibernation
mode as well as completely shut the workstation down. The workstation was able to recover

from each mode,

g. Power Management — Workstation with Inactivity Definition
The inactivity definitions were successfully run on all test workstations. There are three types of
inactivity definitions: disk utilization, CPU utilization and applications running. When the
workstation usage falls under a predefined percentage the agent will be activated. Also, if a

specific application (e.g. winword.exe) is running Power Save will not be activated.

h. Power Management — Multiple Power Option Configurations
Faronics Power Save is able to manage multiple power option canfigurations at one time, either
individually or by the use of user groups. The best practice would be to put machines with the
same power option requirement into one user group and then assign a configuration to the
group. The ability to manage multiple option configurations can be useful in handling

exceptions.

i. Reporting
Reporting is available on the Faronics Console and can be used to report on a specific
workstation or multiple workstations as well as for a specific time frame. The summary report
displays the power estimates used for the specified time frame, number of hours the monitor
and PC were in standby, and how many hours the PC was turned off. There is also a summary of

the total savings. See Appendix C for a screenshot of a sample report.
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Smart Strip Electrical Savings- 13. Evaluation Results - Faronics Power Save

j- Remote Start, Shutdown, and WOL

Via the console, there is the ability to shutdown, restart and wakeup a specific or group of
computers. During testing we were only able to shutdown the workstation if it was sitting at the
login screen. If a user was logged into the workstation it would start the shutdown process but
then freeze and not completely shutdown. There was also ancther finding that when Wol on a
warkstation was in standby mode we had tec enable “Allow this device to bring the computer out
of standby” option on the NIC card to be able to wake up a workstation in standby mode. Also, if
a workstation goes into standby mode by Power Save and then woken up by Wol the agent still
thinks it’s still in standby mode. When in this scenario Power Save will not react to any inactivity
setting after this point. Only after the keyboard is touched or mouse is moved the machine’s
status will be taken out of standby mode. Again, with tests conducted on an unaltered version of
Windows XP the issues found on our CDS3 build did not occur. Our contacts at Faronics also
mentioned that these behaviours have not been seen at other client sites. They have offered
technical support to do an on-site visit to investigate and resolve the issues before production

implementation.

k. Scheduling

There are five scheduled activities than can be applied to the workstations. They are: shutdown,
restart, wake up, enable Power Save and disable Power Save. All scheduled actions were

successful and worked as expected.,
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14 Evaluation Results - Smart Strip Power Strips

In addition to the Faronics software, Smart Strip Power Strips were also tested {Appendix A).

a. Main Switch
The Power Strip was plugged into a wall outlet and a monitor was plugged into the “constant
hot” outlet. The device was successfully turned off and on and the device also turned off when

the main switch was switched off.

b. Control Outlet & Automatically Switched Qutlets

A workstation was plugged into the “control” outlet and a moniter was plugged into one of the
“automatically switched” outlets. When the workstation attached to the “control” outlet was
powered on with the power button the monitor would automatically power on as well. The
monitor would also turn off when the workstation attached to the “control” outlet was powered

off with the power button.

c. Control Outlet & Constant Hot Outlets

A workstation was plugged into the “control” outlet and a monitor was plugged into the

Ih

“constant hot” outlet. When the workstation plugged into the “control” outlet was powered on
with the power button the monitor plugged into the “constant hot” outlet did not turn on with it.

This was the expected result.

d. Tel / Modem / Fax in & Out Ports

The Tel/Modem/Fax in & out Ports were not tested as our telephone PAX system did not work

with the Power Strip.
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15 Financial Summary

a. Faronics Power Save /Smart Strip Power Strip Cost

Faronics Power Save 512 / seat

52.40 / seat

MSRP $30.95-43.95
usD

Smart Strip Power Strip

{Depending on Model}

N/A

* MSRP may be lower than $20 USD in the near future

* Standard power bars cost between $16 - $29 CDN
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b. Server Hardware
A dedicated Windows 2003 Server box with Microsoft SQL 2005 Server is required to host the
Faronics Console. As there are no specific server hardware reguirements for Power Save,

running a standard IBM System x3650 Quad Core 3.0GHz Server with duai CPUs, three 73GB hard

drives and 4GBs of memory would be acceptable.
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16 Appendices
Appendix A

ipt - i Plengo prodta comments for any itams that fail
Test Sc”m Faronics PowearSave testing. Use the additionsl pages st the end of thin

docu ment if mors apace is nasded.

Tester Name: Darln Nishi
Test Date: 27/052008
Test Machine HY#: HY 133657

Step ¥ [Description Ewpacted Resulis Comments

T L T

Farcnics Core Consnle wf Power Save Loadin with th

CDS3 Machines HY126062 HY) 33653

follewing satting. HY133§57 EUDT Machines M¥133556
- Turn off monitor after 10 min of inactivity HYL33654 Timbuktu usernama/password
|- Reduce powar after 30 minutes of inactivity (Standby) psave:psave

- Noinacbaty definons

TWwa test workstatigns wiih Faronics Core waekstalion  {nia Pow er Save coexists with Windows Power
Agant and Power Savé InEtaller installed management, Basically whaiever
thrashold Is reached Firsy will win,

Toas ] Dt - nner. R L 3 R

Haw Power 3ave manages power forwarkstation

maomtors

Haw monitors reeover fram shutdewn itor tums on after activity X

Ta testart PL Wit kevboard or mouse

How Power Save manages power far werkstations
(standby)

Haw Pawer Save mansges power for werkstations To restart press power butlon x
(hihernate}
Huw Power Save ranages power far warkstations 3
{shutdown)

How workstations recover {rom standby, hibernate, and
|shutdown

T R ey i STagemanit R Er
Huw * aronics Cansole manages pow

warkstations remately

How Power Sawe mana ges power for workslation s with x
inactivity definition on disk activity

How Power Save manages power for wocksiatipns with ¥
nactivity definition on CPU activity

How Power Save mansges power for worksi
redetermined applications

Tested with notepad apen. X

627 Wemmag T oo T T T :
HOow report on energy saving is generated Can repont indiidually o muhlple X
w ork of atioms.
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Test Script - Smart Strip Power Strips

lend of this dacumanl if more apace i

Ploasa pravide comments for any iems that
[fall 1ogting. Usa the additional pages mi the

Nl Sortrchy

Plug the Smart Strip Power Strips power bar re 3 wall
outlet

n/a

|t

Testar Name: Darin Nishi naeded.

Test Date: 05/21/2008

Test Machine HY#: HY133657 (CDS3)

Swp# Dascriplion iﬁupecaad Rasults Commants 3 -
b

1.0.2 Turn the mamn switch on Of it is currently off) the mam switch lights up X
103 Plug the power cord of a elecirony device {&.g. The de e |s tumed on Used imoniter for testing. 4
comaurer manitor] ta one of the "constant hot™ oudats
and turn the device an
104 Twrn the device off the device is turmed off 3
1.0.5 Turn the main switth aff the madm switeh poas oul L3
1.0.8 Twen the d evice on ihe device doe sn't turn on X

Plug the Smart Strip Powet SIrips pewer bar to & wall
ouviet

i

2.0.7 Turn the main switch oo (ifit s currently off) the main switch lghts up_ X
2.0.3 Plug the power cord of 8 com puter to 1he "control” Infa Alse plugged in desktop fan into
autiet and plug the power cord of a monitos 1o one of " automatically switched® plug
the "autgmaticaily switched” outlets
.04 M ake sure the computer and the monitar are both n/a
rurned off now
IG5 Tuzn on the computer byusing Iks power hutton The computer i powwred up *
2.0 a¢e if the meniter & also lurned wn now [The moniter & powered up X
107 Shindown the computer either from Windows or wah  [the shuts down ]
the power button
DB See if the moniter is also urned off naw the manito zurns off X
209 Aepeat step 3 to B with a diffarent *automatically same expecied results X
swithed” outlet
STRLHOL Gutis
e i 2 e ¥ e i3 - ,ﬁé»
3.0.1 Plug the Smart Strip Pawer Strips power har te awell  in/a
outlet
3 0.2 Turn the main switch on (f it is currently off) the main switch lights up X
3.0.3 Flug the power cord of a computar ta the “comrel’ uTH
utlet and plug the power cord of 3 mondtor to one of
the *constant hot" outlers
3.0.4 M ake sure the computer and 1he momtor are both n/a
tuined off now
3.0.5 [Turn on the compufer by using its power hyton The compuber is pawered up X
b.0.6 Sae if the monior i alse turned on now (The monitar i not poweded yp X
anr [Turn the monitar on if it is currently not on nfa
3.08 Shutdown the eomputes either from Windaws or with  [the compuser shuls down X
[the pewer huwtlon
3.09 e H the mon tor is 2lso furned off now the manitor doesn't turn off i
3.0 16 Turn the maonttor off il it s aurrently on n/a
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a. Appendix B

Performance Monitor Results

&

le Bction Wew Favortes Window Heb L P e e TR
1 Console Root T o' ®09 :V 3

;fj Systemn Monkor
+ &) Perfarmance Logs and Alerts 100 . e

80
)

70

50

10 ! L
. 1
Ebrony 4 S— s - ] i

T oza46l Mirmuw 0000 Mawmum: 9,022
buration’ L

115142

IIJ.... Avg. Dl... _Total --- . sic... {iHY
e 1,000 9% Processor... _Total - Praces.., \HY
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b. Appendix C

Sample Single Workstation Report

Power Save Report: 5/15/2008 to 5/20/2008

- Refrort surrreany: ot PoVRIT astites used for this nepoeh -
Starl Time Thu, May 15, 2008 12:00 Akt Monitar On: 60

End Time; Tue, May 20, 2008 11:01 AM Monitor Standby: 15

Repon created. Tue, May 20, 2008 11:01 AM Computer Cn: 150

Number of workstations: 1 Computer Standby: 10

Averade savings: $1.53 Elzctricity cost, $0.07 / kwh
Total power savings: $1.53

" HY behyiro : 4 2281 4 21.93 0 0oo $163
Totalsawngs: ... 8183

The values presented |7 this repodt ae esiimates, Tae In porwer saving modes iz basea on the workstabion solfons that eported fo the goraole. Savings
amountis @ oaitulated based on bre yserselected estimates for power i sape ard electicity cost.

Sample Multiple Workstation Report

Powaer Save Report: 6/1/2008 to 6/2/2008

Repmtsummary: . o 0 % powerestitetes used for this. report:
Start Time: Sun,Jun 04, 2008 12:00 AM Monitor On; 3]

End Time: Mon, Jun 02, 2008 8:25 AM Monitor Standhy: 15

Report created: Mon, Jun 02, 2008 3:25 AM Computer On: 180

Number ofworkstations: 3 Computer Slandby: 10

AvEIGgE SAVINGS: $0.18 Electricity cost, $0.07 I i¥vh

Total power savings: $0.54

HY Jehydro 1 837 1 8.37 0 0.00 $0.43 !
LOHY ‘chydro 1} 0.53 0 0.00 ] 0.13 $000 |
| HY hebwydro 1 .36 0 0.00 0 012 $0.11
! Totalsavings: %054 |

e vatwes presented i this epont ars extiatates. fiare in power saving Aodes is dased on the workstaliun ackions that mpoded to the consola, Savirgs
awouyrly are calcylated haved ar the vswrselocted astinales kor power usage and electicity cost,
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