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Executive Summary

This study summarizes the first six months of detailed data collected about a single-family home
that experienced a series of retrofits targeting reductions in energy use. The project was designed
to develop data about how envelope modifications in heating, ventilation, and air conditioning
and domestic hot water and renewable measures can result in considerable energy reductions and
potentially net zero energy for an existing home. Using utility billing records and recent detailed
monitoring data, this study was also able to chronicle the progress of energy reduction over a 22-
year period

The home featured in this report was built in 1958. The original structure was 1300 ft* and
comprised two bedrooms and two baths. At some point, a 15,000-gal pool was installed by the
original owners. When the current homeowner initially occupied the house, several changes were
immediately implemented that substantially cut energy consumption. This resulted in a first year
energy use of about 10,000 kWh. These immediate changes had a very large impact on
consumption—about half the electricity use of a typical home with similar characteristics.

e Removal of carpet to expose tile floor for earth contact cooling

¢ Insulation of attic to approximately R-19

e Natural ventilation for cooling during spring and fall

e Limiting air conditioning from June to September

e Use of ceiling fans and a cooling thermostat setting of 79°F

¢ Nighttime setback in winter months

e Lower hot water set temperature, tank wrap, and low-flow showerheads

e Reduction of pool pump operation from 8 h/day to 4 h/days in summer and 3 h/day in
other months.

The current homeowner purchased the house in 1989. Initial occupancy was two adults.' In
1998, the house was expanded to 2,000 ft*, and occupancy grew to four as the family expanded.
Since the purchase in 1989, many improvements and retrofits were installed (detailed in Table 6
in the report). Recently, these included the installation of a 4.9-kW photovoltaic (PV) system
(Figure ES-1), high-efficiency windows, exterior wall insulation, and a supplemental ultra-high
efficiency mini-split heat pump.

! Unfortunately, utility records for the home were not available from the former occupants.
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Figure ES-1. 4.9-kW rooftop PV system is connected in February 2009. The white metal roof was
part of house improvements in the 1998 remodel.

When the new owners took possession of the house, the envelope was grossly inefficient, even
lacking ceiling insulation. Statistics show that with a family of four in a home built before 1960
with a pool, the average electricity use in Florida is about 20,000 kWh/year (Parker, 2002). The
net use of electricity (consumption less PV power production) has been less than zero for the last
12 months.

In 2010, the output of the 4.92-kW PV system totaled 7,415 kWh (20.3 kWh/day), which was
190 kWh more than the house used (7,225 kWh). Given the large drop seen in natural gas
consumption in winter 2011 with the improved windows and wall insulation and the use of the
mini-split for heating, gas consumption in the preceding 12 months has been cut to only 107
therms versus 221 therms in previous years.

Figure ES-2 shows that the 12-month moving average of source energy consumption in the home
had been reduced by 90% to only 1 million Btu/month. Comparing to average homes of the same
type and vintage, the reduction is more than 95%. Based on early data from summer 2011 with
the mini-split heat pump and thermal improvements, the home appears to be on track to achieve
zero net source energy in the calendar year.

xiil
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triangles are the 12-month moving averages. Source energy use has dropped by about 90% over
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1 Introduction

This report summarizes the first six months of detailed data collection about a single-family
home in Cocoa Beach, Florida (Figure 1). The study is intended to demonstrate the potential of
deep retrofits for achieving zero net annual energy with an existing house. We also analyze the
22-year utility bill history over the long period when retrofits were made to the home. This
project was designed to develop data to evaluate how efficiency and renewable measures can
result in deep energy reductions and potentially zero energy for an existing home. Results
demonstrate that useful verification of deep energy reductions can be obtained from the detailed
monitoring as well as from utility records.

Figure 1. The home as it appeared when purchased in 1989
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2 Importance of Improving Existing Florida Housing

Currently, the residential sector in the Florida uses approximately 1.025 quadrillion Btu of site
energy per year; this amounts to fully 5% of all residential energy use in the United States.
Florida’s residential electricity demand per capita is among the highest in the country, largely
because of high air-conditioning (A/C) use during the hot summer months and the widespread
use of electricity for winter heating.

Based on 2008 data, total summer electrical generation capacity exceeds 59,000 MW and annual
consumption exceeds 218 million MWh. Both are the third highest of any state in the nation,
surpassed only by California and Texas (U.S. Energy Information Administration, 2009a).
Florida households consumed fully 52% of all state electricity production and strongly depend
on increasing cooling electricity use (U.S. Energy Information Administration, 2009b). Further,
supplying energy to the residential sector in Florida is responsible for most of its annual
greenhouse gas emissions (115 million metric tons from electric generation alone). Despite
technological improvements in refrigerators, A/C efficiency, and energy codes improving
insulation, Florida lifestyle changes have placed higher demands on appliance and cooling
resources. The reasons are numerous.

Homes built in Florida have increased significantly in size, from an average 1500 ft* in 1970 to
approximately 1900 ft* in 1993 and 2300 ft* in 2006 (Shimberg Center for Housing Studies,
2009). The two-person household in a large home has become more common, as has central A/C.
In 1960 only 18% of Florida households had A/C, although this increased to 60% by the 1970
census. Moreover, more of the home is being conditioned: just 3% of Florida households had
central A/C in 1960 against 38% of Florida households in 1973 at the beginning of the first
energy crisis (Schrock et. al., 1975). However, by 1993, that figure rose to more than 98%
(Shimberg Center for Housing Studies, 1994). Against that trend, recent analysis of the U.S.
Department of Energy’s (DOE) Residential Energy Consumption Survey data has shown that
central cooling and heat pump systems (as opposed to zoned window or wall systems) are
correlated with considerably higher space conditioning energy use in spite of higher machine
efficiencies (Steemers & Yun, 2009). Almost 95% of the supply cooling ducts are located in the
attic space, leading to large cooling leakage and conduction losses for central systems.

Moreover, the state’s housing is very dependent on electricity for nearly all residential energy
needs. Fully 87% of the state’s homes are electrically heated and about 90% of water heating is
electric as well (U.S. Census Bureau, 2011a). The saturation of electric cooking and clothes
drying is even greater.

Also, miscellaneous electric end uses in Florida households since 2000 have been rapidly
expanding, largely offsetting efficiency gains in the conventional end uses of heating, cooling,
and water heating (U.S. Energy Information Administration, 2011). Although not existing before
1978, home computers are now ubiquitous in American households. For instance, the first high-
definition digital video recorder (DVR) shipped in 1999; by 2009, 43% of U.S. households had
them—an appliance that draws approximately 20-32 W even when off and uses half as much
electricity as a modern refrigerator (Natural Resources Defense Council, 2011 June). Similarly,
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in 1978, the average household had one television. By 2009, the average home had three and
often with much larger screen sizes and power levels (Parker & Fairey, 2009).

There are approximately 8 million residential dwellings in Florida—6 million of them detached
single-family homes—with many of the structures of varying vintages (U.S. Census Bureau,
2011b).% For instance, about half of these homes were built before 1990 when building codes
began to be significantly improved. Since the construction slowdown in 2007, the emphasis on
improving existing homes to realize energy savings has been emphasized. One question that
emerges, however, is how energy use in existing Florida homes, particularly older ones, can be
realistically reduced through energy efficiency. As newer homes have been thermally improved
with better machines and appliances—in most cases due to the energy codes (with the notable
exception of windows)—older existing buildings in Florida represent an attractive resource for
potential statewide energy reductions.

Over the last 22 years the Florida Solar Energy Center (FSEC) has emphasized finding ways to
dramatically improve the energy efficiency of homes in the United States, particularly those in
Florida’s challenging hot-humid climate. Given FSEC’s emphasis on practical empirical
research, much has been learned about how to reduce residential energy consumption using a
variety of technologies and techniques (e.g., reducing duct losses, high performance fenestration
products, reflective roof/wall surfaces, and advanced HVAC equipment). However, a detailed
investigation into the cumulative effects of these measures has not been performed.

In 1991, FSEC began simulation work to see if it might be possible to design extremely efficient
homes and match them with residential PV to realize an imagined apex of efficiency with
renewable resources—houses that produced as much energy as they used (Parker & Dunlop,
1994). In 1998, an attempt to realize that goal resulted in the construction of a “zero energy
home” (before the moniker existed) in Lakeland, Florida. The house received much attention,
which led to questions about whether this level of performance could be achieved in existing
homes. Accordingly, a primary research goal for this project was to develop expertise in the
evaluation of such potential in an existing home. Other goals included:

e (Gain experience with the processes involved in residential monitoring of an occupied
existing home in a cooling-dominated climate to demonstrate the ability to dramatically
drop loads.

e Demonstrate the ability to use either utility bills or detailed monitoring data to show
progress from improvements.

e Acquire cooling, heating, and appliance load shape data and examine how these are
modified by retrofits.

e Investigate other aspects affecting residential energy use in an occupied home and what
they might reveal about efficiency improvements for existing Florida housing.

e Document deep energy reductions for the Affordable Comfort Inc. Thousand Home
Challenge.’

% The six million total includes manufactured homes.

? This project’s energy use for the period April 2010-March 2011 meets its Thousand Home Challenge threshold
allowance (OPTION B). It will officially meet the Thousand Home Challenge when the application is completed.
For additional information www.ThousandHomeChallenge.org,
www.affordablecomfort.org/initiatives.php?PagelD=16 .
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3 Building Description

The monitored building is a single-family detached structure with a rectangular footprint totaling
approximately 1800 ft*; of that total area, 1300 was conditioned living area, The house has an
attached single car garage (200 ft*) and an enclosed south porch or Florida room (300 ft?).

In 1998, the house underwent a remodel that added 660 ft* living space and converted the Florida
room to conditioned area. This brought the total conditioned area to 2000 ft*. Figure 2 illustrates
the residence’s general configuration and orientation. The house faces north-south and is located
two blocks from the Atlantic Ocean in Cocoa Beach, Florida. The floor consists of slab on grade
without carpeting (terrazzo). Built in 1958, the building was highly representative of construction
techniques and practices of that era (wall and ceilings are devoid of insulation and windows were
single glazed, awning style).
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Figure 2. Lot and floor plan schematic for house in 1989

Approximately 7 in. of fiberglass insulation was blown into the attic immediately after
occupancy. The attic space was ventilated by soffit vents and two rooftop rotary ventilators. The
garage does not have a ceiling and is directly exposed to the roof decking. It is also directly
connected to the attic space over the living area. The house was fairly well shaded by a tree on
the east face; a 15,000-gal outdoor swimming pool is situated on the south side of the building.
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4 Initial Measures: Exposure of Tile Floor, Ceiling Insulation,
and Reduction of Pool Pumping

When the house was purchased, all carpet was removed to expose terrazzo flooring underneath
in an attempt to take advantage of the slab’s thermal mass cooling effect (Figure 3). Benefits to
terrazzo or tile flooring include:

e Tile flooring typically is 4°-5°F cooler than the space in the spring months, providing
free cooling (Figure 3). Given standard heat transfer rates, this results in a free cooling
rate of approximately 0.5 tons (5000—8000 Btu/h) under spring conditions.*

e Reduced exposure to indoor allergens, dust mites, and fleas (Chandra & Beal, 2002).

e Given the subtropical location, bulk moisture is more readily removed. This greatly
reduces the incidence of mold and mildew issues.

Figure 3. Thermographic image of the thermal influence of the floor on space cooling needs. Color
is proportional to temperature with the furniture at approximately 79°F. The tile floor is about 5°
cooler with the throw rug surface between.

Within two weeks of taking occupancy of the home, insulation was added to the attic of the
home. The existing attic floor was completely uninsulated. Seven inches of blown fiberglass was
blown into the attic in February 1989 at a cost of $254. This achieved an R-value of
approximately R-19/h/ft*/Btu.

Pool pumping hours (Figure 4) were reduced by more than 50% (3—4 h/day seasonally versus 8
h/day), based on research showing this is an adequate time for pool circulation (Messenger &
Hays, 1982).

* However, later summer warmer soil temperature conditions argue for more detailed full year data.
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Figure 4. Pool pump timer. Immediately after taking over the house, this was set from 8 h/day to
only 3-4 h/day, saving an estimated 2000 kWh annually.

One apparent question from examining the early utility data for the home was the low level of
electric energy consumption—only about 10,000 kWh in the first year of occupancy. How can a
consumption level, half of that typical, be understood? A partial explanation comes from
evaluating how the home was operated differently from a standard home and the collection of
measures that were instituted immediately upon taking occupancy.

To illustrate, a building energy simulation model was created for the home using EnergyGauge
USA. The predicted consumption of the home with its initial characteristics prior to occupancy
was 20,598 kWh. The model was then altered to reflect the actual energy reduction strategies
incorporated by the new homeowners. Those strategies and their cumulative effects are as
follows:

e Reduce pool pump hours by two thirds: 18,598 kWh.

e Reduce hot water consumption to 45 gal to reflect a two-person household with low-flow
shower heads, external tank wrap: 17,826 kWh.

o Use natural ventilation and limit cooling season to June—August, inclusive: 14,506 kWh.

o Set back thermostat at night in winter: 14,111 kWh.

o Remove all carpet to expose tile floor: 13,824 kWh.

e Add R-19 ceiling insulation: 13,110 kWh.

e Alter cooling setting to average 79°F from 78°F: 12,843 kWh.

Although still somewhat higher than the first year utility billed consumption, the evaluation
clearly shows that the change in pool pump operation and the comfort-related compromise to
limit the cooling season had very large impacts on the consumption in the first year. Some of the
overprediction is likely associated with less dryer, dishwasher, range, and miscellaneous electric
use with a two-person household as well a conservative behavior relative to lighting and other
such loads.
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This evaluation also suggests that homeowner adoption of an energy-conserving lifestyle (or
conversely unwillingness to adapt) can have major impacts on real home electricity use. Such
adaptation can often compromise the reputation of efficiency, because comfort can be adversely
affected. Also, some effort and vigilance is required to achieve the best results.
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5 Audit Evaluation and Infiltration Characteristics

Because a single building is monitored, a before-and-after experimental design was used to
evaluate the impact of retrofits. The prime advantage of the before-and-after design is that there
is little introduced variation due to occupancy behavior, assuming that lifestyle remains constant
during the monitoring period. However, it must be admitted that the addition of two additional
occupants (children) provided strong upward pressure on consumption levels. Thus, stable
energy use during this period can be looked on as a favorable result. Detailed monitoring began
in November 2010. Monthly utility bill data collection has been ongoing since the house was
occupied in 1989.

The house was audited according to an established protocol for existing residential buildings
(Ternes, 1987). The audit examines all the characteristics of the building that may be related to
energy use along with the contained equipment that uses electricity or other fuels.

In 1990 and 1991, detailed submetered data were obtained about interior temperatures and
weather conditions to evaluate replacement of the old, pre-existing refrigerator, to examine the
potential of duct sealing and to examine how a whole-house (WH) fan might help reduce
household cooling needs.

A series of tests was also completed to establish the airtightness of the structure, before and after
duct leakage repair. This consisted of blower door fan-pressurization tests and sulfur
hexafluoride (SFg) tracer gas tests to determine the house air infiltration characteristics. The
latter test was completed, both with the house exposed to local weather only as well as with the
air handler powered. The infiltration test results are described in Table 1.

Table 1. Infiltration Tests of the Monitored House

Test Test Results
Blower Door Air Change Rate @ 50 Pa 9.3 ACH*
% of Leakage in Duct 18.2%
Tracer Gas Tests
Natural Air Infiltration 0.58 ACH
Air Handler Operating 0.86 ACH
Return Leak Fraction 9.7%

* Air changes per hour

In 2010, the blower door tests were repeated for the home, which had become much leakier in
the meantime—growing to 24 ACH @ 50 Pa pressure. The large increase in house envelope

leakages were subjectively observed to be associated with:

e Awning windows that no longer closed properly
e Added recessed can lights in the kitchen area that leak
e Bathroom fans that are undampered.

As will be seen, the retrofit of the windows done in the summer of 2010, made very large

changes to the building overall leakage.
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6 Space Conditioning Equipment

The original space conditioning system in 1989 consisted of an aging seasonal energy efficiency
ratio (SEER) 10.0 2.0 ton Sears Climate Master water-to-air heat pump using aquifer well water.
The A/C and air handler was located in the west-facing single-car garage. The air distribution
system consisted of approximately 60 ft of R-5 rigid-fiberglass ducts passing through the
unconditioned attic. A total of seven supply registers provided conditioned air to the house
interior.

The relative performance of this cooling system was poor compared to newer, more efficient
units. Maximum compressor current power draws approximately 4,370 W. The measured
cooling capacity under minimum capacity conditions (67.4°F dry bulb) was 20,884 Btu/h,
corresponding to an energy efficiency ratio (EER) of 5.2 Btu/W. The measured before and after
coil enthalpy showed a 18°F temperature drop across the evaporator when in cooling mode under
normal summer conditions. Capacity at 88°F outside temperature was measured at 28,478 Btu/h
or an EER of 6.5 Btu/W.

A four-day test of the A/C thermostat performance was performed in 1991 beginning on July 16
with a separate data logger to characterize its operation. The tests revealed an average summer
A/C runtime of 27% and an average interior relative humidity of 60%.

In June 1995, a new SEER 10, two-ton air conditioner was installed (Figure 5). Air handler and
outdoor unit power were approximately 2,800 W at 92°F and constant run. For two years prior,
the household had used a WH fan for summer cooling and suffered through the cooling season in
a failed effort to see if comfort could be achieved without A/C. An AFUE 78% natural gas
furnace was installed in January 1993.

u i

Figure 5. Outdoor unit for SEER 10, 2-ton A/C installed in 1995 and still in use

In October and November 2010 a 0.75-ton SEER 26.0 mini-split heat pump was centrally
installed for experimental evaluation.
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7 Instrumentation

There have been two periods when the house was instrumented: in 1991-1993 and then in much
greater detail in November 2010. Below, we describe the more recent instrumentation effort.

The installed instrumentation in September—October 2010 consisted of a total of 29
measurements considered important to document research results (Table 2). Site weather data are
gathered on temperatures, relative humidity, and insolation. Temperature, humidity, and power
consumption measurements are taken on the interior of the building.

Table 2. Monitoring Dataset

Monitoring Data Parameter Units
Outside air temperature °F
Garage air temperature °F
Return air temperature °F
Supply register temperature °F
Slab floor temperature °F
Attic air temperature °F
PV array temperature °F
Indoor temperature by thermostat °F
Indoor temperature in kitchen 7
Ground temperature (1 ft depth) °F
Tile surface temperature 7
Water inlet temperature °F
Solar hot water outlet temperature °F
Outlet water temperature from instantaneous gas water heater °F

Single-Ended Voltage Measurements
Pyranometer (horizontal rooftop) W/m?2
Pyranometer (plane of PV array) W/m?
Ambient relative humidity %
Interior relative humidity (thermostat) %
Interior relative humidity (by kitchen) %
Electric Power Measurements
Household total power Wh
Central A/C Watt-hours Wh
Mini-split Watt hours Wh
Refrigerator Watt-hours (kitchen refrigerator) Wh
Refrigerator Watt hours (2" refrigerator in garage) Wh
Whole house fan power Wh
Gas Measurements

Furnace (ft°) ft3
Clothes dryer (3ft ft?
Oven/range (ft”) ) ft®
Instantaneous tankless water heater (ft°); auxiliary for solar ft?

Type-T copper-constantan thermocouples were used to record air and surface temperatures.
Vaisala resistance temperature detector probes were used to measure interior temperatures and
relative humidities. Measurements of tile and earth temperatures were made using double-ended
thermocouples. Single-ended thermocouples were used for most other measurements. Insolation
was measured using a silicon-cell pyranometer with a current output. Electrical consumption was

10
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recorded using pulse-initiating power meters. Gas consumption was measured using four positive
displacement pulse-initiating gas meters (Figure 6).

Figure 6. Multiple pulse initiation gas meters to measure gas end use

11
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8 Analysis of Savings From Duct Repair

An objective of the early monitoring in 1990-1992 was to ascertain the effect of duct repair on
the house A/C demand. The experiment began in July 1992. Two weeks of 15-minute data were
collected with the A/C and duct system in an as-is configuration.

After another three weeks, the duct system was sealed with mastic on August 27, 1992 (Figure
7). The initial 18.2% duct leakage was reduced to 5.3% measured leakage. Blower door testing
before and after the duct repair showed that 71% of the measured duct leakage area was sealed.
The A/C consumption was then monitored for another two weeks. Data showed that the garage

temperature where the duct plenum was located had the most pronounced influence on hourly
A/C demand.

Figure 7. A/IC evaporator and plenum showing segments sealed with mastic

The duct repair did show major savings in A/C energy use. The strongest correlation of cooling
compared the interior temperature to that in the garage where the air handler was located. As
shown in Figure 8, the duct repairs reduced A/C use by about 19% for a group of days with
similar interior-exterior temperature differences (interior temperature was measured by the
thermostat).

12
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Figure 8. Hourly A/C demand before and after duct leakage repair, plotted against interior to

garage temperature difference in 1992

This result compares favorably with the 17% savings realized in 46 homes with duct systems that
were repaired in a similar climate (Cummings, Tooley, & Moyer, 1991). The data collected for
the single house are summarized in Table 3.

Table 3. Daily A/C Electricity Consumption Before and After Duct System Repair in 1992

Case Number of Days kWh/Day dT (°F)
Before Repair 6 45.5 5.15
After Repair 4 36.7 5.83
Difference 8.8 (19% reduction)

13
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9 Refrigerator Retrofits

A total of four refrigerators have been utilized in the home over the 22-year period of
monitoring. Part of the high turnover rate comes from the beach environment, which promotes
rust. However, a larger explanation was the growing household size in the 1990s.

The original kitchen refrigerator (Figure 9) was in service for approximately 15 years before the
house was purchased. The unit was a 19.2-ft’ frost-free Sears Coldspot refrigerator-freezer with
an automatic ice maker and a water dispenser. Monitoring showed its summertime utility peak
hour (5:00 p.m. to 6:00 p.m.) electricity demand to average approximately 303 W with annual
consumption of about 2,510 kWh—a very substantial end-use of electricity in the home. Based
on monthly utility bills from the monitored house when occupied, the initial refrigerator
represented more than 25% of the total annual electrical use in the home.

Figure 9. Original kitchen refrigerator in 1990

This estimate is in line with another monitoring study in Florida in the 1980s, which found the
average annual use for each monitored refrigerator-freezer was 2,361 kWh (Messenger et al.,
1982). Refrigeration in that study accounted for 15% of overall residential electrical
consumption.

Refrigeration electricity consumption was measured in detail prior to replacement. Consumption
was metered for an entire year from June 1990 to June 1991 at a 15-minute resolution. Both
kitchen refrigerator and freezer temperatures were collected as well as recorded door openings.
The existing refrigerator was replaced in July 1991 with the most energy-efficient model of its
size possessing the consumer desirable amenities (automatic ice maker, automatic defrost), a
1991 Frigidaire FPES19TIP (Figure 10). This model had a DOE estimated annual energy use of
760 kWh.

14
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Figure 10. Replacement refrigerator in August 1991

The upper plot in Figure 11 depicts the electricity demand of the original refrigerator over the
month of June 1990. Even with the scatter, a time-of-day use pattern for the refrigerator is
apparent; electricity demand is highest at 6:00 p.m. after dinner preparation. The lower plot in
Figure 11 plots the load shape for the first month of data collected on the more efficient
refrigerator. The average electricity demand is reduced by more than half (287 versus 122 W),
although the newer refrigerator appears to use more electricity (300 kWh/year) than the DOE test
predicts. Parker and Stedman (1992) provide a full description of the original replacement study.

15
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Figure 11. Month of June 1990, showing the measured 15 minute W of the original refrigerator. The
lower plot month of August 1991 shows the power of the replacement more efficient refrigerator.
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10 Impact of Cleaning Refrigerator Coils

In 1998 during the house remodel, a side-by-side 25-ft’ unit, with an Energy Guide label of 777
kWh (2.12 kWh/day) was installed. Coils are in the bottom of the refrigerator and discharge out
the front. Figure 12 shows an infrared image of the front discharge. In the initial data stream, we
had about five days pre and post the coils being vacuumed on September 22 at 5:00 p.m. It took
about half an hour to clean the cg)ils, which were completely faced over with dust and dirt.

Figure 12. Infrared image of 25-ft refrigerator showing heat rejection at the base of the unit, but
also warm temperatures near through the wall ice and water access. The unit was using 4.4
kWh/day prior to replacement in January 2011.

Prior to cleaning, consumption was 4.37 kWh/day, which was quite high. After cleaning,
consumption was better, but still high: 3.90 kWh/day—a reduction of 0.44/ kWh/day or 11%, but
far from the rated performance for this unit (2.12 kWh/day). This is virtually identical to the 12%
saving (0.36 kWh/day) we measured from coil cleaning in eight Habitat homes in 1997 (Parker
et al., 1997). Still the kitchen refrigerator needed replacing as there are several units available
today with similar features that use less than 1.5 kWh/day.

In the plot below (Figure 13), we can see that the unit has shorter compressor run times after
cleaning, as one would expect. The vertical red line at Julian Date 265.75 is the point where the
coils were cleaned. The values around 200 W show the compressor power; the occasional 500 W
values are the activation of the resistance heaters for the periodic freezer section defrost cycle.

17
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Impact of Coil Cleaning

25 cubic foot side by side refrigerator
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Figure 13. Kitchen refrigerator power before and after coil cleaning on September 22, 2010.
Orange line is average power in days before cleaning (182 Watts); green line is average power
after (165 W). Energy reduction is about 10%, but daily power use (3.96 kWh) is far above rated

performance for the refrigerator (2.12 kWh/day) later replaced in January 2011.

10.1 New Kitchen Refrigerator

The side-by-side kitchen refrigerator was replaced with a GE Profile 22.2 ft* French Door
Bottom Freezer Refrigerator (PFSS2MJY) on January 8, 2011 (Figure 14). The unit has an
estimated annual energy use of 463 kWh/year (1.3 kWh/day). Figures 14 and 15 show the unit

and Energy Guide label, respectively.

265
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Figure 14. Kitchen refrigerator installed in January 2011

U.S Ge.emment [Fadaral law prohibits removal of this label before consumer purchase
Refrigerator-Freezer Model(s).
« Automatic Defrost PFMUI'I FF*“;
- Bottom-Mounted Freezer
PFW PFEWZMY
« Without Through-the-Door lce Copaeity: 2210 Cabie Feel

Estimated Yearly Operating Cost

I T T T 1
o Cost Range of Similar Models il

463 KWh

Estimated Yearly Electricity Use |

Your cost will depend on your uiility rates and use.

- Cost range based only on models of similar capacity with automatic defrost
botiom -mounted freezer, and without through-the-door ice

« Estimated operating cost based on a 2007 national average elecincity cost
of 10,65 cants per kWh

- For more inf visit www.fic gov

Figure 15. Energy Guide Label for new bottom freezer ENERGY STAR GE refrigerator
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10.2 Detailed Monitoring of Refrigerators in 2011

In early shakedown monitoring from September 17-23, 2010, we saw that the new kitchen and
garage refrigerators were using substantial electricity. For example, it looked like spending
$3000 on two new refrigerators could save more than the anticipated insulation and window
retrofits. Estimated savings from this would be about 1500 kWh/year or ~$180.

The garage and kitchen refrigerators in autumn 2010 were measured to use almost exactly the
same electric power at 4.3 kWh/day each (>1,500 kWh/year). These were judged ripe for
replacement as there are now models of 26-ft* models now using less than 500 kWh/year.

The kitchen refrigerator that was replaced in 1991 used considerable electricity: 2510 kWh/year.
There are certain to be many of those in Florida in need of replacement. Many of them have
compressors that run constantly at 200 W (which is about 2600 kWh), and a simple test with a
Kill A Watt meter over a two-day period may be the single most important retrofit test to be
conducted in homes by auditors. The potential for savings by replacing such units is illustrated
by what we found at a comprehensive retrofit site in 1995—an existing indoor refrigerator that
was measured to use 3,040 kWh/year (Parker et al., 1997). We replaced it with an efficient unit
using 849 kWh—the single largest saving measure in the project.

In our climate the consumption is certain to be 20%—-30% more than the DOE label value (higher
kitchen temperatures in Florida directly increase consumption). Note too that these refrigerators
are not the worst possible models. The unit in the garage of this report’s study home was the
interior refrigerator (1991) vintage. Located inside in that year, it was measured to use about 2.1
kWh/day or 760 kWh in 1991-1992. Now almost 20 years later and located in the garage, the
same refrigerator is using 4.4 kWh/day in summer or 1600 kWh over the year if that continued
(Parker & Stedman, 1992).

The newer indoor refrigerator—installed in 1998 (Kenmore 5756079)—has a DOE label
estimated energy use of 777 kWh/year. Over the week of September16-23, it used 4.3 kWh/day.
Although consumption is certain to be less in winter, before replacement, both of the
refrigerators would likely use about 1300-1400 kWh/year each, which is largely
disadvantageous for an effort to reach a zero energy home design. As a first step, the kitchen
refrigerator was replaced in January 2011.

Figure 16 shows detailed monitoring of the new refrigerator compared with the older unit in the
garage in April of 2011. Figure 17 shows the average power demand profile of the two
refrigerators over the 24-hour cycle from January through May 2011. Note that the new kitchen
replacement unit uses only half the electric power of the garage refrigerator despite being 10%
larger in interior volume.
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DPR Experiment Database

X and Y axis labels apply to each plot cell
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Figure 16. Calendar plot of measured garage refrigerator power (red) and new kitchen refrigerator
(green) in April 2011 showing power and periodic defrost cycles. Y-axis is Watts (0-1000).
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Figure 17. Average measured garage refrigerator power (red) and new kitchen refrigerator (green)
draw profile by time of day (January 15-May 15 2011). Y-axis is Watts (0—200). Average daily
power seen was 3.25 kWh/day for the garage refrigerator and 1.59 kWh/day for the new ENERGY
STAR kitchen model.
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Because refrigeration is so important in Florida homes (and arguably extremely important for
energy reducing retrofits), how they interact with thermostat set point, refrigerator location, and
their internal gains is important to understand and account for. Also, their electricity use will
vary with the season whether cooling or heating (something we eventually need to model).

A common id