January 24, 2008
Subject: Energy analysis for various Deltec hom#op

This report summarizes our analysis of variouséedtnergy efficiency options for three represeveati
climates: Miami, Sacramento, and Cleveland.

Results summary:

In all three climates, foam insulation appliedhe walls and roof deck allowed an approximately 50%
reduction in the size of the heat pump requiredterhome. This is because the foam insulation
eliminates the unconditioned attic, bringing dunts conditioned space, and eliminating high attic
temperatures in the summer. The foam insulatidgioeg also showed superior energy performancd in al
three climates, even when compared to wall andhgaihsulation R-values that were much higher.
Thicker applications of foam insulation with higheivalues were more beneficial in colder climatbs.
warmer climates, the primary benefit is more reldateair sealing and closing the attic, and usimgan
foam to achieve higher R-values brings only incretalesavings.

Eliminating duct leakage alone accounted for ar@pmately 25% reduction in the size required foz t
heat pump, and in an annual energy cost savingsvigaroughly equivalent to a system efficiency
upgrade. Options such as geothermal heat pumpsadaudradiant floor heating resulted in substantia
annual savings in colder climates, while high éfiicy heat pumps provided savings in cooling-
dominated climates.

Savings associated with energy efficient windowsevggmall in some cases, primarily because code
requires energy efficient windows in these climatlscode jurisdictions where efficient windows ar
not required, or for homes with larger than uswatpntages of glass, the effect of energy efficient
windows could be much larger.

Switching 75% of light bulbs to compact fluorescsated $68 per year in electricity to operate b
The actual annual energy savings in Miami was highecause using more efficient light bulbs de@eas
the demand for air conditioning. Savings in Clawvel (a heating dominated climate) was lower, bilit st
$53 per year. Switching to energy efficient apmpdies averaged savings of $45 per year. This resslt
not as climate-dependent because the efficientlyeoliot water heater, which costs more to operate i
cold climates, partially offsets the effect of eanditioning impacts.

An 80 square foot solar hot water collector wastbtcally adequate to provide all of the domebtit
water needed in Miami and Sacramento. In Clevel&miovided nearly all of the domestic hot water.
The annual cost savings was approximately $30(ebding on climate, this amounts to 15-20% of the
home’s overall energy cost.

The energy recovery ventilator and air cycler hadrly identical energy use in the various climatékis
is because the energy model included the effedi@noénergy and interaction with natural infiltoati
While ERVs have clear benefits in terms of ventlaiperformance, this analysis does not indicate
significant energy savings in these climates.

Model inputs and assumptions:
Modeling tool, weather, and utilities:Energy modeling was performed using REMrate favsoe tool




designed for home energy rating and used for t&tibn of Energy Star homes. REMrate calculates
peak load system sizes, annual energy use, an@lagamergy cost. Cost estimates are based on@t9 ce
per kWh electricity rate, and a $16/MCF gas rate ¢hses where gas is used in the home). All cases
were simulated for three representative cities ditferent climates: cooling-dominated (Miami),xad
(Sacramento), and heating-dominated (Clevelandl)caes are based on a winter thermostat set pbint
70F and a summer thermostat set point of 75F.

Rectangular base hometn each city, the performance of a rectangular basee was modeled. This
home has 1678 sf conditioned space with a footpfiBB.4 ft by 50.25 ft. The foundation is slab on
grade, and walls and ceilings are insulated usbeydlass batts, with an installation “grade 3”@ding

to RESnet standards. This means that the insalatis gaps and voids amounting to between 2% and
5% of the insulated area. The window to wall r&i@5%, with the glass divided equally between the
four compass directions and no shading overhawalls are 8 ft high. Building envelope infiltratias
estimated at 5 ACH50.

The mechanical system is an air source heat purthptiae federal minimum efficiency (13 SEER, 7.7
HSPF) installed in the attic with ductwork in thié@ The heat pump is sized to the nearest ¥ptahe
cooling load, and backup resistance heat is provifdeeeded to meet the heating load. HVAC system
losses include duct leakage of 10% of the condetibitoor area (168 cfm) into the unconditionedcatti
and thermal conduction through ducts insulatechtR-avalue of 6.5. Ventilation air is provided t@et
ASHRAE Standard 62 using an air cycler. The atleyprovides 150 cfm of ventilation air for 8 heur
each day, utilizing the main system air handling fahich consumes 400 Watts. Air cyclers are
inexpensive to install, and will cycle the air hierdan on days when the heating/cooling load tshagh
enough to achieve the required run time. Instai@dliances include: and 86% efficient 50 gallon
electric hot water heater, standard efficiencyigefiator and dishwasher, electric dryer and raagé,
lighting that is 10% fluorescent and 90% incandesce

Actual insulation levels for the base home areomgliance with the 2004 International Energy Code
(see Table A below). This code is a good basisi@tional comparison, as is arguably the mostgnn
residential energy code that is widely used. Hawew should be noted that not all states havetsdba
code that is as stringent as the 2004 IECC. Blupdisese states could see an even greater savhags
purchasing an energy efficient home package. dhafing web site provides information on the
current energy code for each state:

http://www.energycodes.gov/implement/state_coddefirstm

City Wall R-value Ceiling R- Slab insulation | Window U Window
Value R-value and value SHGC
depth
Miami 11 13 none 0.89* 0.40
Sacramento 13 30 R-4/ 2 ft deep 0.60 0.40
Cleveland 18** 38 R-9/ 4 ft deep 0.35 0.55*

*the code does not have a requirement for thesaegalso the default value given in the code is used
here.
** An R-19 batt was used in the analysis.

Table A. Insulation values used for “base homedigm 2004 IECC).



Deltec base homeThe Deltec base home is identical to the rectamdpsiae home except for its circular
shape. It has the same floor area, which is actisinggl through the use of eighteen 8 ft wide bylddh
wall Deltec wall sections. This decreases the sggavall area from 1338 sf to 1152 sf, and decsease
the exposed floor slab perimeter from 167 ft to ft44The framing factor for a standard 8 ft Delteall
panel is 0.25. The exposed ceiling area increfasas 1678 sf (for a flat roof) to 1730 sf for blovan

batt insulation placed at the bottom chord of tledt&x truss, which has a slope of 3:12. All systemd
appliances otherwise remain the same.

Deltec insulation options:Five energy efficient Deltec insulation optiome anodeled. In many cases,
the increased effectiveness of the insulation pgelelowed for a smaller heat pump to be instaheitie
home. When this was the case, the size of thepupap was decreased to meet the new cooling load.

(a) Deltec Energy Wall with 5.5 inches of foam and éhies of foam at the roof deck: The Deltec
energy wall has continuous R-5 rigid foam appliethe exterior, and its framing factor is 0.14. :
Deltec foam insulation has an R-value of 4.2/irezhthe foam in the wall cavity has an R-value
of 23.1, and the ceiling insulation has an R-vaifig8. Both were modeled with a RESnet
“grade 1”, which means that it uniformly fills eachvity without substantial gaps, voids, or
compressions. The air change rate for this casenwaaleled as 2.0 ACH50, and the roof area
increases to 1876 sf for a 6:12 roof slope. Tha pemp and ducts remain located in the attic,
which is now part of the home’s conditioned spatkerefore, the duct leakage to the outdoors is
now zero.

(b) Deltec Energy Wall with 5.5 inches of foam inswatiand 5.5 inches of foam insulation at the
roof deck. For this case, both wall and ceilingéhan R-value of 23.1, also modeled as grade 1
installation. As in the previous case, the aimgearate is 2.0 ACH50, and the heat pump and
ducts are included in conditioned space.

(c) Standard Deltec wall with 5.5 inches of foam infataand 5.5 inches of foam insulation at the
roof deck. For this case, both wall and ceilingéhan R-value of 23.1, also modeled as grade 1
installation. As in the previous case, the aimgearate is 2.0 ACH50, and the heat pump and
ducts are included in conditioned space.

(d) Standard Deltec wall with 3.5 inches of foam infialaand 5.5 inches of foam insulation at the
roof deck. For this case, the wall insulation 1447 and the ceiling insulation is R-23.1. The ai
change rate is modeled as 2.0 ACH50, and the lap and ducts are included in conditioned
space.

(e) Standard Deltec wall with R-13 fiberglass insulatemd R-30 blown-in insulation in the ceiling.
This case is modeled with installation grade 1, hvedair change rate is modeled at 3.5 ACH50,
which is achievable if good air sealing technigaesused. Both of these conditions are most
likely to be achieved if a third-part verificatiegstem such as Energy Star is part of the
construction process. Like the base case Delteehthe heat pump and ducts are located in the
unconditioned (vented) attic, and duct system losse 18%. Standard roof trusses are used in
this case.

(f) Standard Deltec wall with R-19 fiberglass insulatemd R-48 blown-in insulation in the ceiling.
This case is also modeled with installation grade.3 ACH50, with heat pump and ducts in the
unconditioned attic and with 18% system lossedsdriaheel roof trusses are used.

Mechanical system options:

The location, installation, type, and efficiencyhafating and cooling systems are a key factoren th
overall energy efficiency of a home. Please nod $ince there is no heating load for the Mianmép
all options labeled “heat pump” below are modele@m air conditioner with the same cooling season



efficiency in that climate. Several combinations emodeled.

(@)

(b)

(c)

(d)

(€)

(f)

5% duct leakage: This case is identical to theséb@ase” Deltec home, with the heat pump
located in the unconditioned attic and duct leakageasured in CFM25) equal to 5% of the
home’s conditioned square footage. 5% duct leakagfee outdoors is the maximum allowed for
a home to be certified for the Energy Star progr&or a home with all of its ductwork located
outside conditioned space, 5% leakage is a reagowel-sealed system. Duct systems in many
existing homes exceed this value.

0% duct leakage: This case is also identical éddbltec base home, but assumes that the ducts
are so well sealed that there is no duct leakdds would be impossible to achieve with the air
handler and ducts both located in unconditionedespaut gives an indication of the theoretical
lower limit if a very good sealing job were obtaihne

Geothermal heat pump: This case is identical@édbltec base home, but is heated and cooled
using a geothermal heat pump sized to meet bothaatng and cooling loads of the home. The
analysis is based on a closed loop system thaitrjests the energy star criteria for geothermal
heat pumps, which is 14.1 EER and 3.3 COP. Somiahle geothermal systems exceed these
efficiencies by a significant margin. Some systess provide some hot water heating
capability, but that option has not been includethis analysis. In Miami and Sacramento the
geothermal system is sized to meet the home'sroptitiad. For the Cleveland case, the system
is designed to meet the heating load, since tmecggssary to realize the cost benefits of
installing a geothermal system.

Very high efficiency heat pump: This is the Deltese home with an air-source heat pump with
a cooling season efficiency of 16 SEER and a hgakason efficiency of 9.5 HSPF. Note that
SEER and HSPF values do not necessarily move kadtap with one another, and that this unit
has high efficiencies for both. A high HSPF isexsally important in heating dominated
climates.

Energy Star qualified heat pump: This is the Deliase home with an air-source heat pump that
meets the minimum qualifications to carry the Egestar label. It has a SEER rating of 14 and
an HSPF rating of 8.2. For reference, the fedaraimum efficiency is 13 SEER and 7.7 HSPF.
Solar radiant floor with gas backup and air cooditng: This option includes an 80 sf liquid-
direct, double glazing selective solar collectoremted toward solar south and mounted at a 45
degree angle from horizontal with a 120 gallonagertank. The hot water collected is used for
space heating with a radiant floor. A backup systieat includes a 92% AFUE gas boiler is also
used. The air conditioning system is 13 SEER.additional 1 inch of foam insulation (R-5) is
applied to the underside of the entire floor skebis common practice with radiant floor heating
systems. Note that this case is not modeled inmijiachere there is no heating load.

Energy Efficient glazing:

(@)

Energy efficient windows: This is the Deltec baseise with Marvin Integrity double pane low-
e windows. The Wood Ultrex series double hung wimdhas a U-value of 0.33 and a Solar Heat
Gain Coefficient (SHGC) of 0.32.

(b) Sun-tempered design: This is the Deltec base heilkavindows and roof overhangs designed

to address the solar situation at the site. Iv&#nd and Sacramento, the windows are
distributed with 7% facing south, 2% facing we$ty facing east, and 3% facing north. The total
window area remains unchanged at 15%. South fagimdows have no internal shading in the
winter for this case. All windows have a 2 ft dvang located 1 ft above the top of the window.
In addition, one-third of the floor area is modededsunlit tile installed on a 4 inch thick coneret



slab for thermal mass. In Miami, all windows ha@.75 ft overhang located 1 ft above the top
of the window. Windows in Miami are distributed Z&eing west, 3% facing east, 5% facing
south, and 5% facing north. The reduction in aastwest glazing helps reduce solar gain in the
afternoon, but the south window area is not in@ddmecause Miami has no heating load.

Energy efficient appliances:

(a) Fluorescent lighting: This case is identical te beltec base home with 75% fluorescent
lighting.

(b) Energy star appliances: This is identical to tledt&x base home, with higher efficiency
appliances. Energy star refrigerators must use [€5%energy than a typical refrigerator of the
same size. The refrigerator modeled in the baseehgses 775 kWh/year, so the energy star
equivalent is modeled as 659 kWh/year. To careyihergy Star label, dishwashers must have
an efficiency factor of 0.65. For reference, thgsdohome assumes an efficiency factor of 0.46.
This case also includes a high efficiency eleatidter heater, although water heaters are not
officially rated by Energy Star. A 93% efficierd §allon water electric water heater is used for
this case, compared to an 86% efficient modelHerttase home.

(c) Solar hot water heating: This is identical to Bedtec base home with a solar hot water heating
system. The system option includes an 80 sf ligliielct, double glazing selective solar
collector, oriented toward solar south and mouiatesl 45 degree angle from horizontal with a
120 gallon storage tank.

Ventilation system options:

Outside air ventilation, while not required in mgsbgraphical areas, is becoming more common and is
desirable for homes with tight building envelop#®ghile it does consume some additional energy, the
energy consumed is typically much less than woelddnsumed by infiltration in a very leaky house.
The energy impact of ventilation air can also begated by using an energy recovery ventilator (ERV
or heat recovery ventilator (HRV). The primaryference between the two technologies is that an ERV
transfers both heat and moisture between the mggoid incoming air, while an HRV transfers only
heat.

(&) ERV: This option is the Deltec base home with B0 of ventilation air (approximately the
amount required by ASHRAE Standard 62 for this siame) delivered through an ERV, instead
of using an air cycler. The ERV has a sensiblevery efficiency of 70%, a total recovery
efficiency of 65%, and requires 100W to deliver #ie It operates 24 hours/day.

Energy Analysis Results:

The full set of raw data from the study is avaitainl Appendix A. The data are interpreted below by
comparison to the Deltec base house for each Bibgth energy cost and energy consumption are
compared. Since most of the modeled options arallf@lectric homes, percentage changes in these t
metrics are identical. For each case the changeginred heat pump size is also noted, as mattyeof
cases decrease the required size of HVAC syst@ngisantly, which adds to the cost-effectivenets o
some energy-efficiency options. Both energy efficy and dehumidification are improved when HVAC
systems are properly sized, therefore, homeownkosopt for energy efficient options should makeesur
that the heat pump is sized using a Manual J aisély®e sure that the house and HVAC work together
as an efficient system. Please note that in thledaelow, heat pump downsizing (tons) is basethen
actual size of unit that was needed for the honti®gheat pumps are typically available in ¥ ton
increments). The % downsizing shown in the tabkle percent reduction in cooling load. Thus alkm




percent reduction in the cooling load would likalyt allow the heat pump to be downsized to a smalle
unit.

Cost and energy savings shown are based on tew@icped energy use for the home, including
appliances. Appliances consume a significantifsaaf total energy for the home, thus some options
that significantly impact only one type of energeui.e., space heating), may have a smaller than
expected percentage impact on the home’s totabgnese.

Deltec insulation options:

The three insulation options that included foanulatson installed at the roof deck performed besll

three climates. These options also resulted mifgignt downsizing of the heat pump for the home.
In Miami most of the energy-saving benefit comesrfreliminating the unconditioned attic
(which gets quite hot in the summer) and bringimgducts into conditioned space. When foam
insulation is used at the roof deck, the heat poampbe downsized by approximately 50%. One
comparison to note is that the R-15 standard wishi an R-23 foam insulation ceiling saves over
$100 per year compared with a wall that has RHérfjlass batts plus R-5 rigid insulation and R-
48 blown insulation in the ceiling.
The Sacramento house benefits both from increasedition levels and the elimination of the
attic. Here, the least insulated foam option igyldy equivalent to the most insulated non-foam
option in terms of annual energy cost. Howeveaipfansulation allows the heat pump to be
downsized by 50%, while even a very well insulated-foam house allows only a 5% reduction
in cooling load.
In Cleveland both insulation levels and insulatigpe are important. The foam insulation
options allow a 1 ton reduction in heat pump dizg,there is also a significant difference in
annual energy cost among the foam options. Theygmeall with R-23 foam plus R-5 rigid
insulation and an R-38 foam roof saves $160 per g@apared with R-15 foam standard walls

and R-23 foam roof.

City Insulation combination Cost Savings  Energy Heat pump
Consumption downsize
Deltec Wall Ceiling/roof | $ % MMBtu/ | % tons | %
wall insulation | insulation yr

Miami Energy R-23 foam | R-38 foam 221 | 14% 8.4 | 14% 2 | 55%
Miami Energy R-23 foam | R-23 foam 207 | 13% 79| 13% 2| 52%
Miami Standard | R-23 foam | R-23 foam 201 | 13% 7.7 13% 2| 51%
Miami Standard | R-15 foam | R-23 foam 177 | 11% 6.8 11% 1.5 | 50%
Miami Energy R-19 batts | R-48 blown 66 4% 2.5 4% 05| 11%
Miami Standard | R-13 batts | R-30 blown 45 3% 1.7 3% 0.5 7%
Sacramento | Energy R-23 foam | R-38 foam 178 | 12% 6.8 | 12% 2| 58%
Sacramento | Energy R-23 foam | R-23 foam 149 | 10% 57| 10% 2| 54%
Sacramento | Standard | R-23 foam | R-23 foam 135 9% 5.1 9% 2| 52%
Sacramento | Standard | R-15 foam | R-23 foam 100 7% 3.8 7% 15| 51%
Sacramento | Energy R-19 batts | R-48 blown 94 6% 3.5 6% 0.5 5%
Sacramento | Standard | R-13 batts | R-30 blown 21 1% 0.8 1% 0 1%
Cleveland Energy R-23 foam | R-38 foam 353 | 18% 134 | 18% 1| 51%
Cleveland Energy R-23 foam | R-23 foam 288 | 15% 10.9 | 15% 1| 48%
Cleveland Standard | R-23 foam | R-23 foam 249 | 13% 94| 13% 1] 46%
Cleveland Standard | R-15 foam | R-23 foam 195 | 10% 7.4 10% 1] 45%




Cleveland

o

Energy R-19 batts | R-48 blown 156 8% 5.9 8% 3%

Cleveland

Standard | R-13 batts | R-30 blown -26 -1% -1 -1% 0 0%

Cost savings, energy savings, and heat pump dovimgifor insulation options.

Mechanical system options:
Various changes to mechanical systems, shown itatite below resulted in energy savings for theebas

house.

For all of the climates, reduced duct leakage altve heat pump to be downsized. 5% duct
leakage to unconditioned spaces is the maximunwvatldor homes participating in the Energy
Star program. This level of leakage allows thaesysto be downsized by % ton in the warmer
climates. 0% duct leakage is a theoretical loweit that cannot be reached when ducts remain
in unconditioned spaces. Since 0% duct leakagevalthe system to be downsized by 25-30%,
one can conclude that about half of the downsiaisgpciated with using foam insulation at the
roof deck is associated with duct leakage. Theaieimg half would be attributed to thermal
conduction losses through the ducts and air sebkngfits of foam.

The efficient heat pump options shown all save gneompared with the base case, with
geothermal performing the best, the 16 SEER/9.5FH&Rion second, and the 14 SEER/8.2
HSPF third. However, it is useful to note that éiotual dollar value of the savings is, in many
cases, comparable to the savings achieved withsgiading. Since duct sealing is relatively
inexpensive relative to a system upgrade, the itapoe of sealing ducts in conjunction with
upgrading to a high efficiency system should be leasjzed.

The geothermal heat pump and radiant floor withirsate efficient options for the colder
climates. Because the solar radiant floor case gas as a backup, the cost savings depend on
gas rates are not as directly linked to energy wmpsion savings.

City Mechanical option Cost Savings Energy Heat pump
Consumption downsize
$ % MMBtu/ | % tons | %
yr

Miami 0% duct leakage 86 5% 3.3 5% 1] 23%
Miami 5% duct leakage 38 2% 15 2% 05| 11%
Miami Geothermal heat pump 199 | 13% 76| 13% 0 0%
Miami 14 SEER heat pump 38 2% 15 2% 0 0%
Miami 16 SEER heat pump 99 6% 3.8 6% 0 0%
Sacramento | 0% duct leakage 51 3% 1.9 3% 1] 33%
Sacramento | 5% duct leakage 20 1% 0.7 1% 05| 16%
Sacramento | Geothermal heat pump 177 | 12% 6.7 12% 0 0%
Sacramento | 14 SEER heat pump 33 2% 1.2 2% 0 0%
Sacramento | 16 SEER heat pump 79 5% 3 5% 0 0%
Sacramento | Radiant floor with solar 154 | 10% 3 5% 0 0%
Cleveland 0% duct leakage 152 8% 5.8 8% 05| 28%
Cleveland 5% duct leakage 85 4% 3.2 4% 0| 13%
Cleveland Geothermal heat pump 472 | 25% 179 | 25% 0 0%
Cleveland 14 SEER heat pump 19 1% 0.7 1% 0 0%
Cleveland 16 SEER heat pump 104 5% 3.9 5% 0 0%
Cleveland Radiant floor with solar 319 | 17% 2.7 4% 0 0%

Cost savings, energy savings, and heat pump dowmgitor mechanical system options.



Energy Efficient glazing:
The effect of glazing choices was also investigatElde results and strategy are highly climate coak
dependent. The “energy efficient” window optiondeted for all three climates had a U-value of 0.33
and a solar heat gain coefficient (SHGC) of 0.BR2value indicates how the window will perform with
respect to thermal conduction losses, while SHGIates how much solar gain the window will allow.
In Miami, code requires a low-e window with a SHG{®.4. The $50 annual savings with the
efficient window is primarily due to the furtherdwction in SHGC, and would be much larger in
an area where code did not require a low-e window.
In Sacramento, code also requires a low-e windaiw aiSHGC of 0.4, but it allows a much
higher U-value of 0.6. The $70 annual savingsaor&mento are related both to the lower SHGC
and the lower U-value of the efficient window.
In Cleveland, code requires an insulated windovinaitJ-value of 0.35 (nearly the same as the
efficient window used here), but allows a SHGC &S0 The higher SHGC allows more solar
heat to enter the home, which increases cooling laad decreases heating load. The lower U-
value decreases both heating and cooling loadausecthe code requires a window with low U-
value, and because the SHGC has mixed effectpgettiermance of this window is not
drastically different from the window required byde. Some cold climates have not adopted
codes with window requirements that are this stanotl in that case, a much larger savings would
be seen with the energy efficient window.
The sun-tempered design shows modest savings + &b0yer year in each climate. It is also likislgt
such a design would result in improved thermal artrfbr the occupants. It should be mentioned that
the base case energy model assumes that occupknisersome interior shading year-round. |If
occupants do not use shading on South, East, or fatsg windows, summertime energy impacts could
be higher.

City Glazing option Cost Savings Energy Heat pump
Consumption downsize
$ % MMBtu/ | % tons | %
yr
Miami Energy efficient windows 45 3% 1.7 3% 0.5 7%
Miami Sun-tempered design 43 3% 1.7 3% 0 3%
Sacramento | Energy efficient windows 70 5% 2.7 5% 0.5 5%
Sacramento | Sun-tempered design 46 3% 1.7 3% 0 3%
Cleveland Energy efficient windows 4 0% 0.1 0% 0 7%
Cleveland Sun-tempered design 51 3% 1.9 3% 0 5%

Cost savings, energy savings, and heat pump dowmgior energy efficient glazing options.

Energy efficient appliances:

Changing to 75% compact fluorescent light bulbses&h68 per year in electricity used to operate the
bulbs. The actual overall energy savings for thiad is even higher in Miami, where the more effitie
bulbs also create less heat and lower air condlitipcosts. In Cleveland, the actual savings is $53
annually because switching to more efficient butacseases winter heating demand slightly. In
Sacramento, heating and cooling benefits are dfesimagnitude, and overall savings is $63 per year

Energy Star labeled appliances saved approxim@t&Syper year in all climates. The savings were
slightly higher in hotter climates than cold onddis is because excess heat generated by leseeffi



appliances adds heat to the home, which consumessenergy for air conditioning, but lowers the
heating energy required. It should be noted thagippliance efficiencies modeled here were the
minimum required to qualify for the Energy Stardgtand that even more efficient appliances are
available.

In Miami and Sacramento, solar hot water heatiegtétically provides all of the hot domestic hoteva
heating for the home. Of course, in reality theoeild be an occasional cloudy day or excess derfand
hot water that would likely consume a small amafriiackup water heating. In Cleveland, the spedifi
system provided most of the domestic hot watetlferhome. The cost savings for the warmer climates
is lower, however, due to tank thermal losses.eBam the thermostat settings for summer and winter
the Miami house will spend many more hours at Aekes, while the Cleveland house will spend more
hours at 70 degrees. There will also be highexel®$rom hot water piping in colder climates. lin a
climates, solar hot water provides a savings 020% of the home’s overall energy use.

City Appliance option Cost Savings  Energy Heat pump
Consumption downsize
$ % MMBtu/ | % tons | %
yr
Miami CFL lighting 86 5% 3.3 5% 0 1%
Miami Energy Star appliances 46 3% 1.8 3% 0 0%
Miami Solar hot water heating 249 | 16% 95| 16% 0 0%
Sacramento | CFL lighting 63 4% 2.4 4% 0 1%
Sacramento | Energy Star appliances 44 3% 1.7 3% 0 0%
Sacramento | Solar hot water heating 315 | 21% 11.9 | 21% 0 0%
Cleveland CFL lighting 53 3% 2 3% 0 1%
Cleveland Energy Star appliances 43 2% 1.6 2% 0 0%
Cleveland Solar hot water heating 327 | 17% 124 | 17% 0 0%

Cost savings, energy savings, and heat pump dovmgitor energy efficient appliance options.

Ventilation system options:

Change in energy cost and consumption with theotiae Energy Recovery Ventilator (ERV) is shown
in the table below. In all of the climates, th&fatience in energy use is small compared with #eebne
system that ventilates the home using an air cydiéhnile this may seem counter-intuitive, this lesas
been obtained in other energy studies. Energwtisbutable to a ventilation strategy dependsevesal
factors: energy required to operate the ventitetém, energy required to condition the ventilatmn

and the actual volumes of air that are exchangdtdogtrategy. In this comparison, the air cycler
strategy uses the main air-handling fan, whileBER®&/ has its own dedicated fan that runs contingousl
While the fan used by the air cycler uses signifilgamore electrical power to operate, there arayna
days of the year when the heating or cooling leduigh enough that the main air handling fan wdngld
operating anyway, and the air cycler would not eytbn for very much additional time. In terms of
energy needed to condition the ventilation air,ER/ requires less, since it is recovering energgnf
the exhaust air stream. However, most ERVs caswvezcsensible energy more efficiently than latent
energy, so they will perform more efficiently inld@limates than hot/humid ones. Finally, it skiblé
noted that some ventilation strategies includinigegst fans and supply-only strategies like theater
interact in a complex way with the natural infitican that occurs in a house. Studies have denatesitr
that this interaction actually causes less air argle overall, even when the same volume of veiatiiat
air is used. This effect is accounted for by tlozlel.



The primary benefit of an ERV is that a constanbant of outside ventilation air is introduced te th
house 24 hours a day. It is easy to measure aifyg thee amount of ventilation, and the heat reagve
ensures that it is introduced in a way that isurmtomfortable to occupants and that does not intred
excess moisture to the home. The outside airénfiakan ERV can be placed in a designated locétion
obtain “clean” ventilation air. The various otlstrategies for ventilating a home to satisfy ASHRAE
Standard 62 share some of these benefits, butategy shares all of them. Thus, an ERV might be
more accurately viewed as an excellent ventilatievice, rather than as a device with large energy
efficiency savings.

City Ventilation option Cost Savings Energy Heat pump
Consumption downsize
$ % MMBtu/ | % tons | %
yr
Miami Energy Recovery Ventilator -3 0% -0.1 0% 0 3%
Sacramento | Energy Recovery Ventilator 4 0% 0.1 0% 0 2%
Cleveland Energy Recovery Ventilator 18 1% 0.7 1% 0 2%

Cost savings, energy savings, and heat pump dovmgifor ventilation system options.



Efficient home packages:

The previous section reported savings for eactesfyan isolation. Based on those results, we have
selected an “efficient home” package for each diend he efficiency savings for each strategy ate n
necessarily additive, so this allows us to showsthéngs for each package.

Miami:

The Miami efficient home package included the Staddeltec wall with R-15 foam insulation, R-23
foam insulation at the roof deck, a 16 SEER aiiioner, energy efficient windows, 75% compact
fluorescent light bulbs, energy star applianced,solar hot water.

The Miami efficient home package produces a 40%ctan in overall energy use and cost ($630 per
year). It cuts cooling costs in half, and virtyaliminates hot water heating costs. The sizbefir
conditioner required for the home also drops by 60%e figure below shows energy cost for the base
home and the efficient home package

Miami energy costs
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Sacramento:

The Sacramento efficient home package includeStiedard Deltec wall with R-23 foam insulation, R-
23 foam insulation at the roof deck, a 16 SEER paatp with HSPF=9.5, efficient windows, 75%
compact fluorescent light bulbs, energy star appka, and a solar hot water system.

The Sacramento efficient home package also produoesirly 40% reduction in overall energy use and
cost ($575 per year). It cuts heating and codlimgls by 35%, and virtually eliminates hot wateathrey
costs. The size of heat pump required for the hals®drops by 60%. The figure below shows energy
cost for the base home and the efficient home packa
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Cleveland:

The Cleveland efficient home package includes tekeld Energy Wall with R-23 foam insulation, R-5
rigid foam exterior insulation, R-38 foam insulatiat the roof deck, 75% compact fluorescent light
bulbs, energy star appliances, a 16 SEER/9.5 H8Bfpump, and a solar hot water system.

The Cleveland efficient home package also prodaaesarly 45% reduction in overall energy use and
cost ($840 per year). It cuts heating and codlivgts by nearly 50%, and reduces hot water heatisg
by 90%. The size of the heat pump required fohthrae also drops by 50%. The figure below shows
energy cost for the base home and the efficientehpackage

Cleveland energy coss
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Appendix A. Raw Data.

Annual Energy Cost ($) Annual Energy Consumption (MMBtu/yr) Design Load
(kBtu/hr)
Hot Hot

Heating | Cooling | Water | Appliances | Total | Heating | Cooling | Water | Appliances | Total | Heating | Cooling
Rectangular base
house 0 625 249 718 | 1591 0 23.8 9.4 27.2 | 604 0 35.2
Deltec base house 0 619 249 718 | 1585 0 23.5 9.4 27.2 | 60.2 0 35.1
0% duct leakage 0 532 249 718 | 1499 0 20.2 9.4 27.2 | 56.9 0 26.9
5% duct leakage 0 581 249 718 | 1547 0 22.1 9.4 27.2 | 58.7 0 31.1
Efficient windows 0 574 249 718 | 1540 0 21.8 9.4 27.2 | 585 0 32.8
Solar hot water 0 619 0 718 | 1336 0 23.5 0 27.2 | 50.7 0 35.1
Geothermal heat
pump 0 420 249 718 | 1386 0 15.9 9.4 27.2 | 52.6 0 35.1
14 SEER heat pump 0 581 249 718 | 1547 0 22.1 9.4 27.2 | 58.7 0 35.1
16 SEER heat pump 0 520 249 718 | 1486 0 19.8 9.4 27.2 | 564 0 35.1
Std. wall R-23 foam +
R23 foam roof 0 418 249 718 | 1384 0 15.9 9.4 27.2 | 525 0 17.3
Std. wall R-15 foam +
R-23 foam roof 0 441 249 718 | 1408 0 16.8 9.4 27.2 | 534 0 17.7
Energy wall R-23
wall +R-38 foam roof 0 398 249 718 | 1364 0 15.1 9.4 27.2 | 51.8 0 15.8
Energy wall R-23
wall +R-23 foam roof 0 412 249 718 | 1378 0 15.7 9.4 27.2 | 52.3 0 17
Standard wall R-13
batts + R-30 ceiling 0 574 249 718 | 1540 0 21.8 9.4 27.2 | 58.5 0 32.5
Energy wall R-19
batts _ R-48 ceiling 0 553 249 718 | 1519 0 21 9.4 27.2 | 57.7 0 31.4
ERV 0 615 249 724 | 1588 0 23.4 9.4 275 | 60.3 0 34
CFL lighting 0 601 249 649 | 1499 0 22.8 9.4 24.6 | 56.9 0 34.9
Energy star
appliances 0 615 220 703 | 1539 0 23.4 8.4 26.7 | 58.4 0 35.1
Sun tempered design 0 576 249 718 | 1542 0 21.9 9.4 27.2 | 585 0 34.1
Efficient home
package 0 319 0 635 | 955 0 12.1 0 24.1 | 36.2 0 15

Table. Results for Miami.




Annual Energy Cost ($) Annual Energy Consumption (MMBtu/yr) Design Load
(kBtu/hr)
Hot Hot

Heating | Cooling | Water | Appliances | Total | Heating | Cooling | Water | Appliances | Total | Heating | Cooling
Rectangular base
house 328 222 315 687 | 1552 12.5 8.5 11.9 26.1 | 58.9 355 34.9
Deltec base house 278 215 315 687 | 1494 10.6 8.2 11.9 26.1 | 56.7 34.2 33.6
0% duct leakage 250 192 315 687 | 1443 9.5 7.3 11.9 26.1 | 54.8 20.9 22.4
5% duct leakage 266 206 315 687 | 1474 10.1 7.8 11.9 26.1 56 27.6 28.2
Efficient windows 223 199 315 687 | 1424 8.5 7.6 11.9 26.1 54 32.3 31.8
Solar hot water 278 215 0 687 | 1179 10.6 8.2 0 26.1 | 44.8 34.2 33.6
Geothermal heat
pump 184 131 315 687 | 1317 7 5 11.9 26.1 50 34.2 33.6
14 SEER heat pump 258 202 315 687 | 1461 9.8 7.7 11.9 26.1 | 555 34.2 33.6
16 SEER heat pump 233 181 315 687 | 1415 8.8 6.9 11.9 26.1 | 53.7 34.2 33.6
Std. wall R-23 foam
+ R23 foam roof 195 163 315 687 | 1359 7.4 6.2 11.9 26.1 | 51.6 14.2 16
Std. wall R-15 foam
+ R-23 foam roof 221 172 315 687 | 1394 8.4 6.5 11.9 26.1 | 52.9 15 16.5
Energy wall R-23
wall _R-38 foam roof 161 154 315 687 | 1316 6.1 5.8 11.9 26.1 | 49.9 12.5 14.2
Energy wall R-23
wall _R-38 foam roof 182 161 315 687 | 1345 6.9 6.1 11.9 26.1 51 135 15.5
Standard wall R-13
batts + R-30 ceiling 258 213 315 687 | 1473 9.8 8.1 11.9 26.1 | 55.9 33.8 33.3
Energy wall R-19
batts + R-48 ceiling 198 201 315 687 | 1400 7.5 7.6 11.9 26.1 | 53.2 32 31.9
ERV 268 216 315 692 | 1490 10.2 8.2 11.9 26.2 | 56.6 32.9 32.8
CFL lighting 291 207 315 619 | 1431 11.1 7.9 11.9 235 | 54.3 34.2 334
Energy star
appliances 280 213 283 673 | 1450 10.7 8.1 10.8 25.5 55 34.2 33.6
Solar radiant floor
with gas backup 123 215 315 687 | 1340 7.5 8.2 11.9 26.1 | 53.7 14.7 33.7
Sun tempered design 250 197 315 687 | 1448 9.5 7.5 11.9 26.1 55 34.2 32.7
Efficient home pkg. 169 146 0 604 | 920 6.4 5.6 0 22.9 | 34.9 12.2 13.8

Table. Results for Sacramento.




Annual Energy Cost ($) Annual Energy Consumption (MMBtu/yr) Design Load
(kBtu/hr)
Hot Hot

Heating | Cooling | Water | Appliances | Total | Heating | Cooling | Water | Appliances | Total | Heating | Cooling
Rectangular base
house 791 127 364 682 | 1964 30.1 4.8 13.8 25.9 | 74.6 50 27
Deltec base house 745 128 364 682 | 1918 28.3 4.9 13.8 259 | 72.8 49.3 26.9
0% duct leakage 606 114 364 682 | 1766 23 4.3 13.8 25.9 67 28.2 19.4
5% duct leakage 664 124 364 682 | 1833 25.2 4.7 13.8 25.9 | 69.6 38.3 23.3
Efficient windows 768 100 364 682 | 1914 29.2 3.8 13.8 25.9 | 72.7 49 25.1
Solar hot water 745 128 36 682 | 1591 28.3 4.9 1.4 25.9 | 60.4 49.3 26.9
Geothermal heat
pump 321 80 364 682 | 1446 12.2 3 13.8 25.9 | 54.9 49.3 26.9
14 SEER heat pump 734 120 364 682 | 1899 27.9 4.6 13.8 259 | 721 49.3 26.9
16 SEER heat pump 662 107 364 682 | 1814 25.2 4.1 13.8 25.9 | 68.9 49.3 26.9
Std. wall R-23 foam
+ R23 foam roof 522 101 364 682 | 1669 19.9 3.8 13.8 259 | 634 20.5 14.4
Std. wall R-15 foam
+ R-23 foam roof 576 101 364 682 | 1723 21.9 3.8 13.8 259 | 654 22 14.7
Energy wall R-23
wall _R-38 foam roof 421 99 364 682 | 1565 16 3.8 13.8 25.9 | 594 175 13.1
Energy wall R-23
wall _R-23 foam roof 483 101 364 682 | 1630 18.4 3.8 13.8 259 | 61.9 19.4 14.1
Standard wall R-13
batts + R-30 ceiling 770 129 364 682 | 1944 29.3 4.9 13.8 259 | 73.8 50.2 27
Energy wall R-19
batts _ R-48 ceiling 587 129 364 682 | 1762 22.3 4.9 13.8 25.9 | 66.9 47 26.1
ERV 717 129 364 690 | 1900 27.2 4.9 13.8 26.2 | 721 46.9 26.3
CFL lighting 766 122 364 614 | 1865 29.1 4.6 13.8 23.3 | 70.8 49.3 26.6
Energy star
appliances 749 127 331 667 | 1875 28.5 4.8 12.6 253 | 712 49.3 26.8
Solar radiant floor
with gas backup 424 130 364 682 | 1599 25.5 4.9 13.8 259 | 70.1 20.3 26.9
Sun tempered design 708 113 364 682 | 1867 26.9 4.3 13.8 25.9 | 70.9 49.3 25.6
Efficient home pkg. 368 79 33 599 | 1080 14 3 1.3 22.7 41 17 12.8

Table.

Results for Cleveland.




