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ABSTRACT 

Since the primary reason for any energy improvement is to save 
money on utility costs, it is imperative that an accurate total 
economic picture of the improvement be available to the consumer 
as well as to designers, builders and lenders. 

This study evaluated the economics of making new houses more 
airtight. The study covered cases where the cost of 
airtightening was borrowed for by increasing the house mortgage 
amount. The methodology was one of out-of-pocket cash flow 
comparison. In the analyses, all of the costs affected by 
alrtightening were evaluated for each house and then compared. 

In the study the "Cash Flow" methodologi was explained in 
detail. Then over 400 cases were evaluated and compiled into 
tables and sensitivity graphs for quick referenc•. Two ·levels 
of airtightening, climates from 6000 to 10,000 DDB.65Fl varying 
occupant loads, house sizes, costs of fuel and mortgage i.n1;erest 
rates were all evaluated. Air-to-air heat exchangers and air
to-water heat pump heat recovery ventilators were also· .. compared 
with the parameters. · 

It was found 
varied greatly 
was very cost 
evaluated. 

that even 
with the 
effective 

though the specific economic return 
above parameters, house airtightening 
for the large majority of cases 
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AlllSVXATXOHS--QLOISARY 

Air-to-air heat exchanger, an HRV ventilation device 
that brings cold fresh air in from outside and pre 
-warms it with heat from a stream of out-going warm 
stale air. 
Air change per hour <the number of times per hour 
that the complete interior air volume is exchanged 
with outside air> 
Air-to-water heat pump ventilator, See Section 3.3. 
British thermal unit 
Conditioner <air> 
Degree Days Base 65 degrees Fahrenheit <climate> 
Efficiency 
Electricity 
Equipment 
Method of airtightening, See Section 3.2. 
Feet squared <square feet> 
Furnace 
Heat Recovery Ventilator 
Kilowatt hour 
Liter 
Meters squared <square meters> 
Mechanical <the ac/h contribution due to the 
mechanical ventilation system> 
Method of airtightening, See Section 3.2. 
Natural air change per hour <also Nat(u)), the 
air change experienced with no OCCUP or MECH 
effects, determined from a blower door test. 
Occupants' effects ac/h, the contribution the 
occupants have on the total air change rate due 
to opening of doors and use of exhaust fans, etc. 
Reference, See References. 
Relative Humidity 
Standard, the base reference House being compared to. 
Therm< 100,000 BTU's> 
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l, %NTRODUCTION--rORMAT 

1.1 INTRODUCTION 

·~"· 

In most cases the primary reason for making a house more 
"airtight" is that by doing so, space heating and cooling costs 
will be reduced at an acceptable rate when compared to the extra 
cost of the airtightening system. Therefore, it is important 
for all those promoting or incorporating airtight housing to be 
familiar with the economic benefits of the techniques they are 
recommending. 

The purpose of this paper is to aide the designer, builder, 
homeowner, lender and appraiser to clearly understand the 
economic impact that house airtightening will have on a 
homeowner'& cash flow. Since most new homes are paid for by 
mortgaging, most airtightening systems will be p~id for by 
increasing that mortgage. It is under that scenario that the 
economics of house airtightening have been evaluated in this 
paper. 

1. 2 FORMAT 

The paper is structured with detailed background information and 
economic analysis methodology in Sections 2 and 3. This 
information will offer the reader a thorough understanding of 
"Cash Flow" . . analysis, including some special information on 
analyzing air-to-water heat pump ventilators. In Section 4, 
Graphs and Tables have been provided that have hundreds of 
worked out cases comparing various scenarios of airtightening 
with a base standard <STD> reference case. The Tables and 
Graphs can be used for quick and accurate reference. Section 5 
outlines the differing factors that can affect the "cost 
effectiveness" of airtightening strategies. Section 6 concludes 
with an overall summary of the economic ramifications of house 
airtightening. 

2. METHODS TO EVALUATE ENERGY SAV~ 

When economically evaluating energy saving products or 
-techniques, the main procedure common to all methods is to 
determine the amount of money saved due to the energy aaving 
feature when compared to a base standard case where the feature 
is not included. Then this dollar savings amount is weighed 
against the installation cost of the feature. 

2.1 SIMPLE PAYBACK METHOD: 

This common method gives a "payback" on the investment <the 
.i .ni tial cost of the energy .. : sa:vJ,:lg system>. It -is calculated by 
dividing ... the-, Ini t ia.l System Cost by the Annua-1. ,.Ot i 1 i ty Savings. 
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The Simple Payback Method is only good when paying cash for the 
energy saving system and does not take into account the changing 
prices in fuel or the time value of money. The results are 
oversimplified and very misleading. 

2.2 SOPHISTICATBD METHODS 

There are more sophisticated methods which are used by 
economists which take all the above factors into account and 
more. However, because the methods are quite complex and 
results of these methods are in terms that consumers will not 
generally understand, they are of little worth for use among 
designers, builders and consumers. 

The method that does offer accuracy by taking all important 
factors into account as well as being easy to understand, is the 
"Cash Flow" analysis. This method analyzes the out-of-pocket 
cash flow on a yearly basis and is discussed in detail in 
Section 3. 

3. CASH FLOW ANALYSIS WHEN BORROWING 

3.1 GENERAL DESCRIPTION 

(Ref. 1, 2; 3) 

The Cash Flow Analysis, sometimes referred to as a Life Cycle 
Cost Analysis is extremely valuable if one is borrowing for the 
airtightening system. Since the borrowing scenario occurs with 
the large majority of new houses it will be emphasized in this 
paper. When borrowing to pay for the energy system, one is 
never at any one time actually spending the total initial system 
cost, but is paying for it over time. This renders the "simple 
payback" method of analysis useless. 

The Cash Flow Analysis evaluates the areas that are affecting 
the Homeowner's out-of-pocket cash flow <that is, the monthly 
or annual expenditures in areas affected by the airtightening 
system). The Cash Flow Analyses are made for a Standard <STD> 
base reference house and also for an airtightened house. The 
annual cash flows <expenditures> for each house are then totaled 
and compared. 

The homeowner's cash flows effected by airtightening are: 
1) The space heating cost, which is added to 
2) the increased annual mortgage payment to finance the 

airtightening system installation, which is added to 
3) the increased property taxes and insurance due to the value 

of the airtightening system, minus •> the value of the interest portion of the mortgage payment as 
a tax deduction. 

S> If using an air-to-water heat pump ventilator <AWHP>, water 
heating and •ummer space cooling costs are also affected. 
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In the Analysis the cash flows for each system type are summed 
for a year and then compared. The affected cash flows change 
each year as fuel costs change, property taxes increase and the 
interest portion of the mortgage payment decreases. 

3.2 DETAILS OF CASH FLOW ANALYSIS WHEN BORROWING 

In order to facilitate the understanding of Cash Flow Analysis, 
Table 3.1 has been prepared using a typical comparison 
scenario. Following will be an explanation of each of the terms 
and areas to be filled out in completing the Cash Flow Analysis 
using the Table. Each numbered column or term will be explained 
in sequence. Refer to the Table as needed, as well as Figures 
3.1 and 3.2 which graphically display the Cash Flows of each 
house. 

The common features of the sample houses in Table 3. 1 are: the 
size, 2000 FT2 < 186M2> one level ranch style, in an 6000 degree 
day base 65 Fahrenheit <DDB.65F> climate, using an 80% efficient 
natural gas furnace for space heating, with gas costs at $.75 
per therm < 100,000 Btu>. The insulation levels are the same in 
both houses and do not affect the airtightening systems. 

The STD base case house experiences a total average air change 
of .5 ac/h. The airtightened house is using a high level of 
airtightening called the "Extreme Method" and experiences a 
natural or unoccupied air change of .08 ac/h. Then a 70% 
efficient air-to-air heat exchanger <AAHE> along with the 
effects of occupants brings the total air change up to .3 ac/h. 
The balance of the parameters are found on the Table. 

ENERGY IMPROVEMENT INSTALLED COST--The Energy Improvement 
In&talled Cost is the initial cost above the STD base case of 
installing the energy conserving feature. This should include 
the cost of airtightening as well as a ventilation system when 
required. In this case it is the cost of the airtightening 
system, plus the additional one-time mortgage related costs 
noted below, less its value in contributing to a smalle~ less 
expensive heating system being required because of a smaller 
heating load. 

When the Conservation system is paid for by borrowing, the "up 
front" costs associated with borrowing must also be included, 
such as points, loa~ origination fees and title insurance. It is 
assumed that these extra one-time costs are borrowed by 
increasing the mortgaged amount. This paper suggests adding 5% 
to the initial feature cost to account for these borrowing 
costs. It is also assumed that the increase in the down payment 
due to the increased borrowed amount is either O or is 
negligible. 
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AMHUAL UTILITY IILL or IYITIM--The Annual Utility Bill is the 
cost to replace heat lost due to air change over a winter's 
period. This applies to both the STD house and to the 
Airtightened House. These costs increase each year by the given 
fuel inflation rate, which is variable with time and location. 

MAINTENANCE AND REPLACEMENT COSTS--Airtightening systems have 
virtually no maintenance and replacement costs unless an AAHE is 
used. But because their life expectancy exceeds, by far, the 
average time any one homeowner will live in the house, and 
because for most homeowners, cleaning a filter twice a year is 
not a big enough inconvenience to attach a dollar value to, the 
Maintenance and Replacement Costs are assumed to be zero. 

ANNUAL MORTGAGE PAYMENT--This value applies to the airtightened 
house only. It is the increase in the mortgage payment of the 
house due to borrowing the extra amount <the Net Conservation 
Feature Cost> for the airtightening system. It is the total of 
an entire year of increased monthly mortgage payments based on 
the given fixed interest rate for the given loan period. This 
value remains constant. 

TAXES AND INSURANCE--The airtightening feature increases 
property values and hence property taxes and insurance costs 
will increase out-of-pocket expenses as shown. This is assumed 
to be 1% of the Improvement Cost and increases yearly with the 
general inflation rate. 

MORTGAGB INTEREST TAX DEDUCTION--When borrowing for the 
airtightening feature, a significant portion of the Annual 
Mortgage Payment is interest, especially during the earlier 
years. This interest can generally be deducted from the 
homeowner's income, subsequently reducing the homeowner's 
income taxes. The cash value to the homeowner is found by 
multiplying the interest, by the homeowner's income tax bracket. 

ANNUAL EXPENSES FOR THE STANDARD HOUSE--The Total 
Expenses or out-of-pocket expenditure of the STD house 
affected by the air change rate is simply the Annual 
Bill. If the comparison is with an AWHP system there 
other costs. See Section 3.3. 

ANNUAL EXPENSES FOR AIRTIGHTENED HOUSE--The total 
expenses affected by airtightening in the airtightened 
the sum of the values, for a given year. In houses 
AWHP there are also other costs. See Section 3.3. 

Annual 
that is 
Utility 
will be 

of all 
house is 
using an 

NET CASH FLOW SAVINGS <ANNUAL>--This is the difference in Total 
Annual Costs of the STD House and the Airtightened House. If 
negative, this means that during that year it is costing more to 
live in the Airtightened House than the STD House and visa
versa. 
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PRBSBNT WORTH F.ACTOR--This factor is used to multiply the Annual 
Net Cash Flow by, to obtain the Discounted Net Cash Savings. 
This factor is used to take inflation into account and to 
account for the lost opportunity of money spent on the 
airtightening system which could have been spent on alternative 
investments. All earning and spending in future years are thus 
discounted to reflect what those future earnings are worth in 
today's dollars. If this factor were not used the airtightening 
features would look even more attractive. 

DISCOUNTED NET CASH SAVINGS--This is the Annual Net Cash Savings 
or flow after it has been multiplied by the Present Worth Factor 
which then makes it "discounted", reflecting its true current 
value. 

ACCUMULATIVE DISCOUNTED CASH SAVINGS--This is the sum, to that 
year, of the Discounted Net Cash Flow Savings. 

RESALE VALUE OF FEATURE--This is the resale value of the Net 
Conservation Feature Cost and applies only to the airtightened 
house. In this case it is assumed to increase yearly at the 
annual inflation rate, as well as be discounted by the Present 
Worth Factor. <See Input Data>. 

PAYBACK OF ALL NEGATIVE CASH FLOWS--This is the years required 
for the Airtightened House to pay back, in savings, all previous 
negative cash flows when compared to the STD House. It is found 
by following the Accumulative Disc. Savings row across until the 
value is positive. 

CASH GAIN ABOVE STD. CASE IF SOLD--This is the cash advantage, 
when the house is sold, of the Airtightened House above the STD 
House. It is found by taking the Accumulative Disc. Savings 
value and adding it to the Resale Value of the feature for a 
given year. 

TOTAL OF ALL NEGATIVE CASH FLOWS--This is the total cash paid 
out-of-pocket in the Airtightened House above that paid in the 
STD House up to the year given. It is found by adding up all 
negative values in the Discounted Net Cash Savings row to the 
year given. 

AVERAGE PERCENT RETURN PER YEAR--This the average return <in net 
cash savings> on the Total Of All Negative Cash Flows value up 
to the given year in the airtightened house. It is found by 
taking the total Accumulative Disc. Savings for the given year, 
dividing by the Total Of All Negative Cash Flows to the same 
year, and then multiplying by 100. It is this figure that can 
be compared to other investmt3nts. In such comparing it is 
noted that these savings are not taxable and thus are worth 20 
to 40~ more than their nominal value if comparing to taxable 
investments <depending on the homeowner's tax bracket). 
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3,3 AllALYZJ:NQ AJ:R-'l'O-WA'l'l:R Hl:A'l' PUMP Vl:N'l'J:LA'l'OR CAWHP> 

An AWHP is an electric tank water heater that is both a domestic 
water heater, ventilator for controlling the house total air 
change, and in summer a water heater, a air conditioner and 
dehumidifier. It has a refrigerant charged heat pump and an 
exhaust fan that draws air from the interior of the house and 
exhausts it outside. Prior to exhausting the stale, warm air 
outside, it extracts heat out of the air and delivers it to the 
domestic hot water tank. When the water is heated to the 
desired temperature the unit then delivers the excess heat from 
the exhaust air to a remote fan coil which heats the indoor 
air. 

In summer a valve is turned in the unit and the flows are 
reversed. Hot outside air is drawn into the unit and its heat 
is extracted by the heat pump and delivered to the domestic hot 
water tank. The cooled fresh air is then delivered to the 
house, assisting in the air-conditioning of the house. Thus the 
water is heated virtually "free". 

When comparing an airtightening system that incorporates an AWHP 
for heat reclaiming ventilation control, the affected areas that 
must be taken into account in both the STD house and the 
airtightened house are: l> The cost for the primary space 
heating system to replace the heat lost during the heating 
season due to the total air change experienced by the house; 
2> The annual cost to heat the domestic hot water. The house 
with the AWHP will also require the evaluation of savings in 
summer space cooling due to the AWHP providing a certain amount 
of . cooling, virtually at no expense. As wel 1, mortgage 
associated expenses, explained in Section 3.2 will need to be 
accounted for. 

4. SIMPLIFIED ANALYSIS USING '!'ABLES AND GRAPHS 

Tables 4.1 through 4.3 have been prepared so that the reader can 
see some typical cases worked out using the methodology outlined 
in this paper. The tables provide a comparison of airtightening 
systems versus STD Base cases and for comparing between 
airtightening systems. Most of the internal analysis components 
are visible in order to quickly see what results can be expected 
for a given scenario and how various factors change the 
results. 

4.l 'l'ABLB 4. l--S'l'D CASB VS NON-HBAT RECOVERY AND 
AIR""".'1'0-AIR HBAT EXCHANGER CAAHB> CASES 

Table 4. 1 compares the STD Base case with a Moderate as well as 
an Extreme Method of airtightening. Both Methods use different 
degrees of a Modified Airtight Drywall Approach <Ref. 4>. The 
Moderate Method of airtightening results in a house that 
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experiences a natural air chanqe of about .2 to .25 ac/h. When 
the occupants' effects on the air change are added in, the total 
air change is about .3 to .4 ac/h. Normally, no added 
ventilation and thus no heat recovery is needed with the 
Moderate Method. The STD base case ac/h rates are as given. 

The Extreme Method of airtightening realizes a natural air 
chanqe of about .08 ac/h. Then, in this Table, along with the 
occupants effects, a 70~ efficient AAHE is used <except in the 
small 1000 FT2 (93M2> house> to bring the total air change rate 
up to .30 ac/h insuring adequate indoor air quality. 

The HOUSE SIZE is given in FT2 and M2. The Table gives the 
typical air change rates <ac/h>: NAT--the natural air change 
rate, OCCUP-the estimated effect that the occupants' opening of 
doors and use of bath fans, dryers etc. has on the air change, 
MECH--the mechanical ventilation rate if any, TOTAL--the sum of 
the natural, the occupants effects and the mechanical ac/h 
values. 

The occupant number does not play a very significant role in the 
cost effectiveness of using an AAHE, unlike an AWHP, and so is 
not parameterized in this Table. 

The SYSTEM COST ABOVE STD is the net cost of the airtightening 
system above the cost of the STD house. Refer to Section 3.2 
for details. The cost of the airtightening system is given for 
a house with an electric heat pump space heating furnace system 
<E> and and for one with a gas forced air system <G>. The gas 
system requires the expense of air sealing the mechanical room 
and providing an outside combustion air duct to the room, which 
is the reason for the cost difference. The seasonal efficiency 
of the gas furnace is 80~ and the electric heat pump has an 
average COP of 2. Various gas and electric rates are given, as 
well as the winter seasonal cost to replace the heat lost due to 
the Total Air Change. 

The final results are the First Year Savings in energy costs of 
the airtightened system compared to the STD house and the Simple 
Percent Return. The Simple Percent Return is the First Year 
Savings divided by the Net System Cost above the STD case and is 
used as a reference when using the the Payback Graph in Section 
4.4. 

It is noted that these savings are not subject to income tax, 
unlike most alternative investments. This makes them actually 
worth 20 to 40% more than their nominal value when comparing to 
other investments. 
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•.2 TABLE •.2--STD CASE COMPARED TO NON-HEAT RECOVERY AND TO 
AIR-TO-WATER HEAT PUMP < AWHP> CASES 

Table 4.2 is based on a large in-depth spread-sheet analysis 
taking into account all applicable parameters outlined in 
Section 3.3. The comparisons are to a STD base house that has 
ac/h rates of .35 to .48 ac/h depending on climate as shown, and 
is heated with an 80~ efficient gas furnace at the given fuel 
rates. The airtightened houses use the same Moderate and 
Extreme Methods of airtightening <See Section 4.1> as those in 
Table 4. 1, except that the added ventilation is achieved by an 
electric AWHP rather than an AAHE <see Section 3.3). Most of 
the headings in Table 4.2 are the same as those in Table 4. 1. 
Refer to it for explanations. It is noted that the houses using 
an AWHP have different Natural air change rates depending on the 
number of occupants. This is, because the optimal air change 
rate is one that is matched with the amount of air flow needed 
by the AWHP to meet the domestic hot water needs of the 
occupants. Other special areas are noted below. 

The table is based on an 
average USA outside RH. All 
air with efficiencies and 
remote fan coil to take 
outgoing air when not needed 

inside RH of 40~ at 68F <20C> and 
space heating is natural gas forced 
gas costs as noted. The AWHP has a 

care of excess heat reclaimed from 
to heat water. 

Cooling loads and hours are as noted. The cooling value& used 
in this Table will generally be high for coastal areas and low 
for sunny mountain or plains climates. This means that the 
cooling advantage of the AWHP will be less in coastal areas than 
in . sunny climates. The cooling parameter can also vary 
considerably from these values, depending on solar orientation. 
The air conditioning summer cooling savings assumes that total 
cooling is less than or equal to the AWHP cooling contribution. 
The primary house cooling system is a refrigerant type. If an 
evaporative type is used the AWHP saving& and returns would be 
slightly less. 

Column 1 gives the house size in FT2 (divided by 1000), the 
climate in DDB.65F <divided by 1000) and the number of 
occupants. The number of ocqupants is critical because their 
number varie& the domestic hot water use (see Figure 5.5). 

Nat<u> is the average natural air change rate under unoccupied 
conditions. Nat<o> is the 24 hr. average natural air change 
rate during occupied conditions. It accounts for the periods 
when the AWHP ventilator's exhaust fan is causing a negative 
interior pressure and subsequently masks part of the natural air 
change. 

To achieve the design 24 hr. average Total Air Change per hour 
rate, as well as obtain the needed domestic hot water from the 
AWHP, while allowing the AWHP to operate at an appropriate flow 
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rate < > 65 CFM>, the AWHP must cyucle on and off •• noted in the 
INPUT and two of the columns. Rarely, if ever, would there be a 
situation when the AWHP would run continuously. This sporadic 
timing of ventilation reduces indoor air quality somewhat, but 
could be timed to occur during sleeping and other heavily 
occupied periods. 

There are two versions of Table 4.2. One is for All-Electric 
areas and the other is for Natural Gas or Oil areas. 

4.3 TABLB 4.3 AIR-TO-AIR HBAT BXCHANGBR VS AIR-TO-WATBR 
HEAT PUMP 

Table 4.3 is a compilation of results from Tables 4. 1 and 4.2. 
It compares the first year Simple Return in energy savings of 
the AWHP and the AAHE over the STD Base case in gas country. 
Refer to Tables 4.1 and 4.2 and the Table Notes for term 
explanation. 

It should be noted that the AWHP has some advantaqe in hot water 
supply convenience as it has an 80 gallon (3001) hot water 
storage tank and the domestic hot water heater used with the 
AAHE system has only a 50 gallon < 1901> tank. Also, for humid 
climates the AWHP helps dehumidify the air in the summer. 

The Table also is based on using an inexpensive AAHE which does 
not necessarily mean quality or efficiency have been 
sacrificed. If for some reason a more expensive AAHE were used 
the results would subsequently change. 

4.3.1 AWHP VS AAHB IN ARBAS WHERE NATURAL GAS 
IS NOT AVAILABLE 

In areas where electricity is the prime space and water heating 
energy source and where there is no natural gas available and 
fuel oil or propane tank leasing and fuel costs are 
prohibitively high, the AWHP rather than the AAHE will in almost 
every case be the better choice for a heat recovering mechanical 
ventilation system. The savi~gs and returns of an AWHP system 
over an electrical resistance water heating system are so great 
that to consider using a resistance water heating system is 
ludicrous, unless the electrical rates are exceptionally low<< 
$.04/KWH>. 

4.4 PAYBACK GRAPH FOR USB WITH THE SIMPLB RATS OF RE'l'URN 

The economic end result of the above tables is the first year 
SIMPLE PERCENT RETURN figure. To evaluate a ca•e: find the 
case on the table that best fits the real one being considered. 
Then view desired data along the row. Now take the Simple 
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Return figure and use it directly with the Payback Graph <Fig. 
4. l> for in-depth economic results. The Graph is based on a 
complete Cash Flow Analysis and will give the same Payback as if 
a complete analysis had been done like Table 3.1, within the 
given parameters of the graph. It is noted that this Payback 
graph can be used directly with any energy conserving measure 
comparison <not just airtightening>. 

S. FACTORS THAT AFFECT THE COST EFFECTIVENESS OF 
ENERGY CONSERVING SYSTEMS 

Evaluating Tables 4. 1 and 4.2 shows 
Return depends on a number of factors. 
other parameters besides the Rate of 
the "Cost Effectiveness" in a homeowner's 

that the Simple Rate of 
In addition, there are 

Return which can change 
mind. 

1. The method of purcha•ing or paying for the •ymtem: 
Under typical parameters, if borrowing for the system 
installation cost, the payback of all out-pocket
expenses will be significantly less than if the system 
were paid for with cash. See Figure 5.5. The income 
taz bracket of the homeowner also affects payback in 
cases where the feature is paid for by borrowing, since 
when in a higher tax bracket a greater portion of the 
mortgage interest becomes cash savings. 

2. Coldn••• of the climate: The more severe the climate 
the more energy dollars will be saved while the cost of 
installing the system remains unchanged. Fig. 5.4 shows 
how significant the cost effectiveness can be affected 
by climate change when using an air-to-air heat 
exchanger <AAHE>. Air-to-water heat pump ventilators 
<AWHP> don't follow the same trend, however. In their 
case, when the climate gets colder the heat loss energy 
savings increases, but the summer cooling savings 
decreases, with the result generally being a net decline 
in cost effectiveness as the climate gets colder. See 
Fig. 5.3. 

3. 

4. 

Size of the hou••= As the size of the house gets larger 
the cost of airtightening per unit area become• less. 
For instance, virtually the same $900 AAHE system that 
is used in a 2000 FT2 < 186M2> house can be used in a 
5000 FT2 (465M2> house, excepting a little more 
ducting. See Figure 5.6. 

Co•t of auziliary fuel: When fuel costs are high, the 
cost of replacing the heat loss increases -which 
increases energy savings. See Figure 5.7. 

5. Fuel inflation rate: The change in the payback period 
is proportional to the change in the rate at which fuel 
costs inflate annually. See Figure 5.4. 
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6. Bff ioiency of th• •pace heatinq equipment: All th• 
efficiency of the space heating equipment increases the 
same heat loss costs less to replace and energy savings 
are likewise lessened. 

7. De•ir•• of th• client for economic payback: Each client 
will have a different figure for what constitutes an 
acceptable payback. 

8. De•ir•• of th• client for •tate-of-the-art technique•: 
Some clients desire the latest and best in energy 
technology regardless of whether it pays back in a 
given time period or not. 

9. De•ir•• of the client for self-sufficiency from 
Utilitie•: Some clients desire more freedom from public 
or utility companies even if the payback is poor. 

10. In addition to the above factors, the cost effectiveness 
of AWHP systems is also dependent on the number of 
occupant• and their hot water u•aqe <see Figure 5.5>. 

11. The •ummer cooling •Y•tem type and load. Since the AWHP 
provides some "free" cooling during the summer, the 
cooling system type and load impact the economic picture 
when analyzing an AWHP system. 

-·· .6. BCONOMIC SUMMARY OF HOUSE AIRTIGHTENING--CONCLUSIONS 

It ·has been shown that the Cost Effectiveness of the same 
airtightening system changes depending on the parameters 
mentioned in Section 5. It is therefore imperative to take all 
applicable parameters into account when analyzing any 
airtightening system for its Cost Effectiveness. The effects of 
the main parameters are: Any given house airtightening system 
generally becomes more cost effective as the system cost 
borrowing rate is lowered, as the size of the house increases, 
and as the cost of fuel and/or its inflation rate increases. It 
becomes less cost effective as the heating system efficiency 
increases. As the climate becomes colder the system using an 
AAHE becomes more cost effective, but the AWHP system generally 
becomes less cost effective. 

When the Extreme Method of airtightening i• used, it is 
generally cost effective to incorporate heat recovery on the 
added ventilation, particularly in larger houses and in colder 
climates. When natural gas is available, the AAHE heat recovery 
•y•tem will currently and in most ca•es yield a higher economic 
return than the AWHP system. However, in many cases the AWHP 
sy•t•m will be equal to or batter economically than the AAHE. 
This i• the case when natural gas is not available and when 
electricity is the prime fuel. 

13 



'The •nalyses in this paper do not account for ••vinq• in •ummer 
cooling from a load reduction due to less air infiltration. 
Accounting for this would make the advantage of airtightening 
even greater. 

Alrtlghtening in almo•t all ca••• i• very oo•t effective. The 
Moderate Method yields higher rates of return, but gross savings 
are less than in the Extreme Method. 

Moderate or Extreme 
u•ing virtually any 
Table 4.1 (90•> and 
po•itlv• oa•h flow. 

When borrowing for th• •ymtem, whether th• 
Method, in 6000 to 10,000 DDB.6~F climate•, 
heating •ymtem~ almo•t all oa•e• of tho•• on 
many on Table 4.2 <40•> •how Payback• or 
from th• very f ir•t year. In addition, 
•aving• are realised along with inorea••4 
without having to •pend any ca•h out-of-pocket! 

•ignlf loant yearly 
re••l• value--all 

This occurs because from the first year the energy aavinga are 
more than the increased mortgage and related co•t• to f -inance 
the system. In essence the energy savings are more than making 
the mortgage payment for the energy system. Alao, at resale 
the homeowner receives, in cash, the total origin•l value of the 
system for which he/she never had to put out any money to get. 
Even before resale, it is l••• expensive to own a "more 
expensive" airtight house. There is no better investment than 
that: no money down, non-taxable high rates of return, 
increased real estate value and increased house comfort and 
structure durability! 

It is the hope of the author that these statistics, which 
overw4~'~'.ming. demonstrate the significant value of house 
a irt igh.t,~~ing,. wil 1 encourage designers, builders and consumers 
to t~~,~-.. ~4v.an~.age of this technology. 

; ! ; 

REFERENCES 

1. Balcomb, Doug. Passive Solar Design Handbook, Vol. 2, 
p. E2-E44, 1980. 

2. Solar Age. August 1982, pp. 59-60; September 1982, 
pp. 57-58; and December 1984, pp. 24-27. 

3. Cowlishaw, R., Builders' Guide to Passive Solar Hornes, 
1980, pp. 77-80. 

4. Sturn, Karl, "Modified Airtight Drywall Methods", 
Proceedings, EEBA International Energy Efficient Building 
Conference, April, 1987. 

14 



TABLE 3.1 

ENERGY IMPROVEMENT CASH FLOW ANALYSIS 

ENVIRO-SUN I KARL R. STUM 
1643 NORTH 645 WEST 

OREM, UTAH 84057 
801/224-1274 

Fuel Inflation Rate: 
8ereral Inflation Rate: 
Laa-. Fees and Points: 
[ncone Tax Bracket: 
Anrual Mortgage Interest Rate (fixed): 
Laa-. Term: 
Dar...n Payment: 
Sta-idard Case, Annual Maintenance 
ard Replacement Costs: 

. Ena-gy Improved Case, Annual 
Maintenance and Replacement Costs: 

Sta-idard Case Annual Utility Bi 11: 
[Rp-oved Case Annual Utility Bill: 
Energy Improvement Installed Cost: 
~eal Estate Appreciation Rate: 

$ 

$ 

$ 
$ 
$ 
$ 

INPUT: 

5 
5 
3 

15 
10 
30 

0 

0 

0 
324 
147 

1490 
5 

;.:: Per 
;.:: Per 
;.:: 
;.:: 
., 
~-

Years 

:;.:: Per 

'I ear 
Year 

'I ear 

Sta-idard Base Case Description: (System, H' . .iAC Effie.; Etc.) 
Total AC/H = .5, 80% Gas Furnace 

Energy Improved Case Description: 
.08 AC/H Natural + A 70i:: Effie. 
Ell! Effie. Gas Furnace. 

Hause Size: 2000 FT2 
Utility Costs Taken Into Account: 
Cast of Fuel: $.75/Therm 

Airtight House Using Modified ADA Method, 
RAHE To Bring Total to .3 AC/H, 

Climate: 8000 DDB.65F 
Space Heating Only (due to air leakage) 

OTHER PARAMETERS 
1. Annual Property Taxes and Insurance Are li:: of the Original 

Improvement Cost and Inflate at the General Rate of Inflation 
2. R--esent Worth Factors = l/[(l+I)AY], Where: 

I = General Rate of Inflation; Y = Year 

FIRSf YEAR UTILITY SAVINGS: 
FIRSf YEAR SIMPLE RETURN: 
raTRL BORROWED AMOUNT: 
ANNJAL MORTGAGE PAYMENT TO 

FCNANCE ENERG'i' IMPROVEMENT: 

$ 

$ 

$ 

177 
11. 9 ;.:: 
1535 

163 



STD 
HOUSE 

CASH FLOW COMPARISON 

[ - Values Denote Expenses; + Values Are Savings (in Dollars)] 

CASH FL0!-15 {$) 

Annual Util. Bill 
Maint. Be Replac. 
Mortgage Payment 

ANNUAL EXPENSES 

-324 
0 

n/a 

·-324 

2 

-;:340 
0 

n/a 

-340 

3 

-357 
0 

n/a 

-357 

4 

-375 
0 

n/a 

-375 

YEAR 
5 

-394 
0 

n/a 

-394 

6 

-414 
0 

n/a 

-414 

7 

-434 
0 

n/a 

-434 

8 

-456 
0 

n/a 

-456 

9 

-479 
0 

n/a 

-479 

10 

-503 
0 

n/a 

-503 

--------Finn~~1-ot:Tf:--sI11-----=147-----:154------162-----=1?a-----=179------1ss-----=197-----=20?-----=217----=220 

Maint. & Replac. 0 0 0 0 0 0 0 0 0 O 
ENERGY Mortgage Payment -163 -163 -163 -163 -163 -163 -163 -163 -163 -163 

IMPROVED Taxes & Insurance -15 -16 -l6 -17 -18 -19 -20 -21 -22 -23 
HOUSE Mort. Int. Tx. Ded 23 23 23 23 -22 22 22 22 21 21 

-------~-------~----- -----------------~------------------------------------------------------------~-

ANNUAL EXPENSES -302 -310 -319 -328 -337 -347 -358 -369 -381 -393 

N~tc~;;;F.-Fi;;~··5~~y;:;9~--------------------------------------------------------------------------------------

oF Improved vs STD Case 22 30 39 47 57 66 76 87 . 98 110 
Present Worth Factor 0.952 0.907 0.864 0.823 0.784 0.746 0.711 0.677 0.645 0.614 

DISCOUNTED NET CASH SAVINGS 21 27 33 39 44 49 54 59 63 67 

RCCUMULRT I \.JE DISC. SmJINGS 21 49 82 121 165 215 269 328 391 459 

RESALE ~!ALLIE OF FEATURE 1,565 1, 643 1, 725 1, 811 1, 902 1, 997 2,097 2,201 2,311 2,427 
------------------------------·-------------------------------~--------------------------·-------------~---------·---

SUMMARIES 

(Negative Cash Flow Means the Energy Improved Case Cost More 
to Live in Than the Standard Base Case and Visa/Versa) 

PAYBACK OF ALL NEGATIVE CASH FLOWS: AFTER 0 YEARS 

ACCUMULATIVE CASH FLOW SAVINGS RT: 5 ~'RS $165 

CASH GRIN ABOVE STD CASE IF SOLD. 
ACCUMULATIVE SAVINGS PLUS RESALE ~!ALLIE: 5 '1

1RS $2, 067 

10 YRS 

TOTAL OF ALL NEGATIVE CASH FLOWS AT: 5 YRS $ 10 YRS $ 

AtJERRGE PERCENT RETURN PER YEAR ON TQTAL 
NEGATIVE CASH FL0!-15 AFTER: 5 YRS ., 

/. 10 'tRS 

$459 

10 YRS $2,886 



:· . 

·' 

... ... 

-... '-' 

~ 

8 
rz. 

= C'll 
..c: 
u 
~ 

~ 
u 
0 
P. 
I 

rz. 
0 
I 
~ 
:::> 
0 

400 

350 

300 

250 

200 

150 

100 

50 

0 

STD 

FIGURE 3.1 

CASH FLOW COMPARISON 
STANDARD HOUSE VS AIRTIGHTENED HOUSE 

AIRTIGHT 

FIRST YF.AR ! 

AIRTIGHT 

FIFTH YEAR : 

BASED ON A STD HOOSE WITH .5 TOTAL AC/H, WITH AN 80% EFFIC. GAS 
FURNACE AND AN AIRTIGHTENED HOUSE WITH A .08 NATURAL AC/H WITH 
A 70% EFFIC. AAHE AND TOTAL AC/HOF .3, AN 80% EFFIC. GAS FURNA 
GAS AT $.75/THERM, A 10%, 30 YEAR MORTGAGE INTEREST RATE AND A 
FUEL INFLATION RATE OF 5%. 
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FIGURE 3.2 

OUT-OF-POCKET CASH FLOW VS TIME 
580 

560 

540 

520 

500 

480 
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440 
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soo 
280 

260 

240 

0 

1 s 

Sl'ANDARD BOUSE 

5 
YEAR 

AIRTIGHTENED HOUSE 

7 

+ AIRl'IGBTENED BOUSE 

Shaded area represents savings of Airtightened House 
over the Standard House 
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TABLE <t.l 

PERFORHRHCE RHO ECOHOHIC SRVIHGS OF HOUSE RIRTIGHTEHIHG 
CUSIHG AH AIR-TO-AIR HERT EMCHAHGER CAAHE) MHEH NECH. VEHTILRTIOH IS REQUIRED> 

: SEASOHAL EHERGY COST TO 
: REPLACE AIR CHAHGE HEAT LOSS : 

:SYSTEH: GAS FURN; 80?. EFFIC. FIRST YEAR DOLLAR SAVIHGS AHO SittPLE PERCEHT 
~ AC/H COST : : ELEC F~H1 COP 2 . RETURH OVER STAHDRRD HOUSE SYSTEN : 
:HOUSE:____________________ ABOVE: _____ ~---------------------------.;-_: ________________ .:_ _____________________________ : 

SIZE: STD. :DEGREE: GAS GAS ELEC ELEC ELEC: SAS HEAT : GAS HEAT :ELEC HEAT :ELEC HEAT !ELEC HEAT : 
SYSTEn : FT2 : . CGAS,: DAYS !$.SOI 5.751 5.06/ 5.08/ 5.10/:S.SOITHRN : 5.75/THRN: 5:06/KMH : 5.08/KMH : 5.10/KMH : 

· ~T~PE : cn2>: HAT DCCI.IP HECH ror: ELEC>:eos.F :THRN THRH KMH KWH KMH : 5 ~ : $ ~ : $ I : $ ~ : s z : 

--------·----- --------------------- ------·------ ------------------------------ ---------- ----------·----------·----------·----------· 1000 6000 585 $127 5120 $160 $200: : : : 
C93> .38 .20 o .s0 0000 s113 5169 5160 s213 5266: 

10000 51"'12 5213 5200 $266 $333: 

: . 
--------1ooo----------------------511s-6-6000---sse--sar--se2---5Iio---si31 -s21--s:7i -515--0.1i -530-10:12 -sso-11:1i -5~3-11:1i' 

C93) .20 .20 0 .10 8000 578 5117 5110 5116 5183 535 7.1?. 552 10.92 550 11.lZ $67 18.9?. 583 23.12 
5355 E 10000 598 5117 5137 5183 5229 511 9.3?. $66 13.9?. 563 17.7Z $83 23.1?. $101 29.3?. ~ 

2000 5610 G 6000 5107 5160 $150 $200 5251 555 8.6?. $83 13.0?. $78 15.0Z 5101 20.0?. $129 21.82 
(186) .22 .13 0 .35 8000 $113 $211 5201 $267 $331 573 11.1:i: 5110 17.2?. $103 19.8Z $139 25.72 $173 33.3?. 

NODERATE 5520 E 10000 5179 $268 5251 $331 $118 591 11.2?. 5137 21.1?. s129 21.0z $173 33.3?. s216 11.5?. 

3000 5770 G 6000 $132 $198 5185 $217 $309 580 10.1?. $120 15.6?. 5113 17.1Z 5119 22.9~ 5186 28.6?. 
(279) .22 .07 0 .29 8000 $176 5261 5217 $330 $113 5106 13.8?. 5159 20.6?. $119 22.9Z 5198 30.5?. $217 38.02 

$650 E 10000 $220 5330 5309 $113 $516 $132 17.l?. 5198 25.7?. $186 28.6Z $218 38.1?. $310 17.7?. 

5000 51065 G 6000 $191 $286 5269 5358 $118 $138 13.0?. $207 19.1?. s191 20.5z 5260 27.5?. 5323 31.2~ 
(165) .25 .02 0 .27 8000 $255 $382 5358 5178 $598 $181 17.3?. 5276 25.9?. $259 27.1Z 5315 36.S?. $130 15.5?. 

$ 915 E 10000 $319 $179 5118 5598 $717 $229 21.5?. 5311 32.2~ $323 31.2Z 5130 15.S?. 5538 56.9?. 

---------1000---------------------51210-6--6ooo ____ s11--s6i---557----577----s96--s11--3.6x-s66--s.Si-T63--s:a~--se3-7:&i""s101-9:5i 
(93) .08 .20 0 .28 8000 555 $82 $77 $102 $128 558 1.8X $87 7.2X $83 7.6z $111 10.2Z $138 12.7X 

$1090 E 10000 569 $103 596 5128 $160 573 6.0?. $110 9.1?. $101 9.5Z $138 12.7?. $173 15.9X 

2000 CAAHE) . 51190 G 6000 $71 $111 5103 $137 $172 see 5.9:1 5132 8.'9?. 5125 9.1?. $167 12.2?. $208 15.2X 
(186) .00 .13 .09 .30 8000 598 5117 5137 $183 $229 $119 7.9X 5177 11.'9X $167 12.2Z $223 16.3X 5278 20.3?. 

EMTRE11E $1370 E 10000 5122 5183 5172 $229 $287 51""8 9.9X 5222 11.92 $208 15.2Z $278 20.3?. 5317 25.3?. 

3000 CRAHE) 51720 G 6000 $88 $132 5123 $159 s2o6 s121 ?.2:1 $186 10.8?. $175 10.9Z 5231 11.1X $289 18.1?. 
(279) .00 .07 .15 .30 8000 $117 $175 5165 $220 $275 $165 9.6:1: $218 11.1X $231 11.1Z $308 1'9.3Z $385 21.lX 

$1600 E 10000 $117 $220 $206 $275 $311 $205 11.9X $308 17.'9X $289 18.11 5386 21.lX $182 30.lZ 

5000 CAAHE) $2080 G 6000 $115 5172 5161 $215 $269 $211 10.3X $321 15.1X $302 15.1Z $102 20.5?. $502 25.6X 
c16s> .00 .02 .20 .30 8000 $153 $229 5215 5287 $358 $286 13.BX 5129 20.6X $102 20.5Z $536 27.3X $670 31.2?. 

51960 E 10000 $191 $286 $26'9 $358 $118 $35? 17.2X ' $S36 25.ez $502 25.61 $670 31.2X $837 12.7X 
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: TABLE 4.2 : 
• PERFOR"ANCE AND ECONonIC SAVINGS OF HOUSE AIRTIOHrENINO • 
• USINO AN AWHP FOR "ECHANICAl. VENrILATION IN AIRrIOHTENED CASES• ...................................................................... 

THIS ANALVSXS rs FOR: 

OAS OR OIL COUNTRY: 
sro HOUSE: WATER HEATER: 

SPACE HEATER: 
AIRTIOHTENED HOUSE: WATER 

SPACE 

OAS <TANK) 
OAS FURNACE 

HEATER: ELEC. AWHP 
HEATER: SAr£ AS STD 

f'tRSr YEAR DOLLAR SAVINGS AND FIRSr YEAR SI"PLE 
PERCENT RETURN OVER STANDARD HOUSE C( ) • - ARE NEGATIVE VALUE~ 

I 
I AIRTIGHT! ACnt OAS: • • O.SO l'THERl1 OAS:: • • O.?S l'THERl1 

I I I: 11ECH I ELEC. RftTE (S) 
I HOUSE (2 ... HR AVERAGE> I SYSTEN 0.06 'l<MH o.oe ,KWH 0.10 n<WH 

ELEC. RATE <•> 
o.oa l'KWH 0.10 /'KWH 0.06 /'Ki.at 

:---------------:---·----~--I SI ZEl'DD'·-----: ·----: A;g~ET 1' ------------' --------1 ------------1 
I OCCUP 
I <>< 1000) HAT <U> l'IECH TOTAL I STD CS> I ti :\:: I S :C I • ~ I ti :t I S :\:: I S '::: 

'-------·---------..----------'--------·--------·-------'--------·--------·-------·-------·--------!-------!-------·-------!--------!------1FT/'6001'' 
1FT/'6DDl'S 0.17 0.21 o.,s •2.2::10 •s& 2.s:i: •ZS 1.1:i: <•T> -o.,:: •1,2 S.'9:\:: •100 .... s~ S6'9 ,.1:i: 
1FTl'8DDI', 00.09 o.,s o ... s •2.2,0 •n 0.6:t <•so -2.,:i: <•115) -5.2:\:: •115 5.1:\:: SS1 2.::1:\:: <•1,) -0.6:t 
1FTl'800/'S .17 0.21 o.,S S2 0 2'0 S27 1.2?. Ct:1') -0.6:\:: <:SS') -2."4:\:: •101 .... 5:\:: $G1 2.7~ S21 0.'9:!1 
1FT,10D,!ll 0.09 0.35 o ... s •2.2,0 <•21) -0.'9:t ($93) - .... 2:\:: <•1GG) -T.4:\:: •TT ,.41:\:: $5 0.2:\:: Ct:G8) _,_o:i: 
1FT,1DD/'5 0.17 0.21 o.,s •2.2,0 . <•24> -1.1:i: Ct:T?> -3.4'::: ($1::10) -s.s:i: .... :3 1.9:\:: (t:9) -o .... :c Ct:G2) -2.s:i: 

0.09 o.::ss o .... 5 •2.2,0 ($76) _,_ ... ;,. CS1G1> -7.2:\:: <•2 ... G) -11.0:: t:1:3 o.G:\:: 072) _,.2:\:: <•157) -r.o:i: 
2FTl'6DD/4' 

0.26 0.1 ... 0.!115 2FT l'&OO/'r, •2.210 
2FT/'8DDI' .. 0.22 0.21 o.,s •2.210 
2FTl'80Dl'I> o.zr. 0.1 ... o.::is •2.210 
2FTl'1001' ... 0.22 0.21 O.!llS •2.210 
2FT I' 1001'&. 0.2G 0.1 ... o.::ss S2,"110 

0.22 0.21 o.::is •2,410 
::IFT/'&001'5 0.29 0.12 o.::is ::IFT/'&00/'T s2 0 ::190 
3FTl'&OD/S 0.27 0.17 o.,s •2.::190 
:::IFTl'SDDl'T 0.29 0.12 O.!llS •2,::190 
'FT I' 100/'S 0.27 0.17 o.::is •2,::190 
:3FT I' 1001'7 0.29 0.12 o.::is $2 0 590 

0.27 0.17 o.::is •2.s90 
SFT/'6001'5 o.::s1 0.07 o.,s •2,750 SFT/'600/7 
SFT/'8001'5 

a.::s1 0.10 0.!115 •2,750 
SFTl'8DDl'T 

0.,1 0.07 o.::is s2.7so 
SFT/'100/S 

o.::u 0.10 o.::is •2,750 
~FT/'1001'7 

0.:31 0.07 o.:ss $2,'950 
o.::s1 0.10 0.!115 •2.'950 

ftIRTIBHTEHED HOUSE TOTAL DESIOH AC/H 
STD HOUSE NATURAL<U> ACl'H: 6000 DO 

8000 DO 
10000 DD 

AWH' Fr!I OF 70F AIR TO HERr 1 GAL &OF 
HOT WATER USE 0 OAL.l'OCCl,IPl'ORY: 

COP FOR ELEC. SPACE HEArf.VA&OOO DD: 
8000 DO: 

DESION filHP ON-OFF CYCLES PER DAV: :!II 

t:G' 
t:::SS 
$28 

•1 
<•37) 
<•& ... ) 

STO 
.... 1 
S2'9 

•2 
(t:SO) 

- <•77> 

•111 
t19!1 
SS'9 
•::12 

<sSO> 
($77) 

o.::ss 
o .... e 
0 .... 2 
O.!IS 

550 
22 

2.00 
1.70 

2.8:t S1S o. n: (t:3:3) 
1.&:i: ($45) -2.0:\:: C:S12S> 
1.,:i: (:S29) -1.::i:i: ($8'4) 

.o:>: (:S87) - .... o~ <•176) 
-1.5:t C:$10G) -...... :: C:S175) 
-2.&:t ($165> -6.8~ ($266.) 

2.9:t •6 0.2:\:: <•58) 
1.n: (SSS> -2.!ll:\:: ($151> 
1.2:i: ( .... ,, -1. 8),: ($115) 
0.1:>: ($102) -.... ,:: <•207) 

-1.'!l:t ($135) -5.2),: <•220) 
_,.o:i: <•1'9"° -T.S:\:: ($:311) 

.... o:i: .... T 1.7'::: ($17) 
!11.0:t <•1,) -0.5!1: ($109) 
2.2::;: ($1,) -o.s:-. CS8S) 
l.2:t <•T'> -2.6'::: ($177) 

-1. 7:t (Sl:!llS> -'4.r.:i: <•220) 
-2.6:t ($1'9"° -6.6?. <•!111) 

DATA lHPUT: 

ORS H20 HEATER BURN EFFIC 
ORS FURNACE EFFIC. CRFUE> 

ANNUAL COP OF AWHP WATER HEATER 
AMHP "INl"U" AIRFLOW <CFl1) 
su""ER COOLING: HONE COJ 

EVAP. C1J 1 REFRIG. C2l: 

10000 DD: 1 ... 0 

' NOTES 

-1.5:\:: 
-5.7:\:: _,_.:,. 
-a.o:i: 
-7.!I:: 

-11.0:: 

-2 .... :\:: 
-G.::I).: 
_.,._e;i: 
-8.6:\:: 
-8.s:: 

-12.o:i: 

-o.6:i: 
-'4.0?. 
_,_1:: 
-& ... :.: 
-7.5:\:: 

-10.s:: 

o.eo 
o.eo 
2.so 

70 

I' 2 

S16& 7.S:\:: · s11a 
S172 T.8:\:: $92 
S127 S.7:\:: $71 
•13 ... &.1:: :f41S 

•41& 2.0:: Cf21) 
SSG 2.3?. ($45) 

$200 8 .... :: •1,6 
S206 8.6?. •110 
S15:3 6 .... :\:: $80 
S160 6.7:\:: :fSS 

t1S2 2.0:-. <•::!::!> 
$60 2.,:: <•S7) 

$262 '9.S:\:: •198 
•2&8 9.7:\:: •172 
$197 7.2:: t:12S 
$20'4 7.41:\:: $100 
•s2 1.s:: (:f!l!ll) 
•GO 2.0:: <•ST> 

AWHP TONS O~ COOLIHG: 
su"nER coouna: 

~OR &000 DD: 
~OR 8000 DD: 

ELEVATION <FT) : 

s .41:\:: 
"1.2?. 
'-2~ 
2.1:\:: 

-0.9?. 
-1.9~ 

S.T?. 
.... G:C 
:3. 41?. 
2.3?. 

-1.!l:C 
-2.2:c 

7.2:\:: 
6 .::s:c 
.... 5:: 
:306).: 

-1.1:: 
-1.'9?. 

0.60 

HRS >a> 
500 
:::soo 

·:sooo 

•71 !II• 2:1: 
•12 o.s::;: 
•1 ... o.&:>: 

<•43) -1.'9;1: 
<•90) _,_7;,. 

<•1 ... 6) -r..1:i: 

ST2 !11.0:>: 
S1'4 0.6:t: 

$8 o.,:i: 
($ ... '9) -2. 17. 

<•118) - .... 6:1: 
(:S17 ... ). -r.. n: 

$1!15 .... 9::;: 
S76 2.e:i: 
t:S3 1.'9:i: 
<•"'> -o.2:i: 

(:S118) -4.0:>: 
($17 ... ) -S.9:t 

0 
N 

TOT. LORD IN 
TONSl'1000FT2 

1.25 
1.00 

AMHP: AIR TO WATER HEAT PU"P WATER HEATER; VEMrIL.ftTIOR 
WATER: ANNUAL DO"ESTIC HOT WATER HEATINO COST 

ABBREVIATIONS: 
<ELEC) I 

AC SAVINGS: SAUINOS IN AIR CONO. OPERATIN8 cosrs DUE TO AWHP 
SPACE: ANNUAL cosr TO REPLACE HEAT LOSS DUE TO roTAL AIR CHAnOE 
COP OF ELEC. ~TER HEArER IN STD. HOUSE ASSUMED TO BE 1.0 

I 
I 

HATCU): RCnf DURING UHOCCUPIED COHO. <NO ftECH. VENT) 
NAT<O>: ACnf DURIMO OCCUPIED COHO. Ml' MECH. VENT. 
OCCUP: OCCUPANr EFFECTS ftCl'H 

I nECH: nECH. UEHTILAr10" ftCl'H 
I ($1'0AL OF 12 OIL) / 1.41 • $l'THERl1 
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IAIRTIGHTI 

: TABLE 4.2 : 
M PERFO~RNCE AND ECONOnIC SAVINGS OF HOUSE RIRTIGHTENIN8 M 
M USINO RN AMHP FOR nECHRNICAL VENTILATION I"N RIRTIOHTENED CASESM 
ICMNNNNNNNNMNNNNNNMNNMMNNNMMNNNMMNNNNNMNMMNNNNMNNMMNNNNMNNMNMMlllNNM 

THIS ANALYSIS IS FOR 

ALL ELECTRIC COUNTRY:. 
STD HOUSE: MATER HEATER: 

SPACE HEATER: 
AIRTIOHTENED HOUSE: MATER 

SPACE 

STD ELEC. <TANK> COP 1 
ELECTRIC MITH COP AS NOTED 
HERTER: ELEC. RUHP 
HERTER: SAnE RS STD. 

FIRST YEAR DOLLAR SRUINOS AND FIRST YEAR SinPLE 
PERCENT RETURN OVER STANDARD HOUSE 

cc:· >. Ot - • ARE NEOATI VE VALUE SJ 

I a ftECH I ELEC. RATE Cs> 
HOUSE I SYSTEn I AC/H (24 HR A~ERAOE) I AMHP AMHP I 0.06 /Kl.IH 0.08 /KUH 0.10 /KMH 

s~~~~D/: R~g~~ :----------------:-- - - - -------------- : H~~:s ~~~~ D : ------ - -----:-- --------------:--------------
(1111000) I STD <•> I HAT (U) OCCUP nECH HAT (0) . TOTAL I C'r'CLE I (CF11) I $ ::>: I t: ::: I S ::: 

iF'f7-----
1 

- -----
1
------- - ------ ----------- --- --------- -

1 
-------

1 
------

1 
- - ----

1 
-------

1 
-------' -------- ' ------- ' --------

1FT /~g~~ s2,2::io 0.11' 0.01' 0.21 o. 10 o.::i5 2.9 70 t::ii 12 · 14.o:o: · :S416 · 18. 7~ · ss20 · 2::i.::i:t 
s2 1 2::io o.o9 0.11 o.::i5 0.04 o.45 4.8 70 ,.427 19• 1:0: t:569 2s.5i: s711 :ii1.9:i: 

~~~~:gg~~ s2 1 2::io 0.11' o.o7 0.21 0.10 o.::is 2.9 70 ,.287 12.9?. s:iia2 17.1:;: S478 21.4::i: 
1FT/10D/::I S2,2!'10 0.09 0.11 o.::is 0.04 o.""5 4.8 70 $:ll91 17.5:0: $522 2::i.""i: S652 29.2::>: 

s2 1 2::io 0.11' o.o7 0.21 0.10 o.::i5 2.9 70 ,.231 10 .::i::: t:::io1' 1::1.8::: s!'l84 17.2:1: 1FT/lOD/s s2 1 2::io o.o9 0.11 o.::is o.o"" o.""s 4.8 70 t:::i21 1 ....... ::: s421' 19.2:;: s5:ll"4 2"1.o::i: 
2FT/&OD/"'I •2,210 0.26 o.o ... 0.1"'1 0.19 o.::i5 !'1.9 70 $"110 1e.5::: s5"46 24.7::: s68::1 !'10.9:'( 2FT/6DD/6 •2.210 0.22 o.oo 0.21 0.11 o.:ii5 s.e 70 

2""- 7:0: $728 :ll:ll.O?. S910 "11. 2?. 2FT/9DO/"I 0.2f> 0.04 0.1 ... 0.19 o.::i5 :ll.9 70 $5"'lo 
2FT/80D/6 s2,210 

0.11 o.::i5 5.e 70 $::181 17.2::: S508 2::1.0~ s6:ll5 28.7:C 
•2.210 0.22 O.Oo 0.21 s520 2::i.s::: $69::1 31."'!:C S866 :ll9 .2;: 2FT/"10D/"I 
S2,410 o.2r. o.o ... 0.1 ... 0.19 o.:ii5 ::i.9 70 16.7:C sSO:ll 20.9:\: 2FT/10D/f> $!102 12.5~ $"'102 
S2 1 "110 0.22 0.06 0.21 0.11 o.::i5 5.a 70 S"l+I 1e ... ::: $591 24.Si: S7!19 :iio.7:i: 

::IFT/&00/5 S2 1 390 0.29 o.o ... 0.12 0.21 o.::i5 "'·a 70 $676 29 .:ii?. $8"'!5 :iis."'l::i: ::IFT/600/7 $507 21. 2?. 
•2,390 0.21' o.os 0.17 0.10 0.35 6.7 70 $859 35.9:C $1.073 ...... 9:t 3FT/"8DD/5 t:f> ...... 2E>.9::: 11:2,::190 0.29 o.o-4 0.12 0.21 o.::is .... e 70 

19.9~ $6!'1:ll 2o.5:C s792 :ll!ll.1:C ::IFT/800/1' $"'175 
S2,390 0.27 0.05 0.17 0.10 0.35 6 .1' 70 $£.1"1 25.7~ 1'919 :li"'I .2?. •1,02;:, ..q2.a:i:: ::l!FT / 1001'5 s2.s90 0.29 0.04 0.12 0.21 o.:iis ... e 70 $:ll7::1 14 .... :'( t:"l91' 19 .2;: SE>21 2"1.0:\: ::IFT/100/7 S2,590 0.27 0.05 0.17 0.1& o.::i5 6.7 70 $515 19.9:C $696 26.5): sese !'13.1~ 

5FT/600/5 •2.750 0.::11 0.02 o . o7 0 . 27 o.35 ... e 70 $50& 20.6:0: $75"1 27."":C S9"":ll ::l"I. ;,;: 5FTl'6DOl'7 11:2.750 0.::11 o.o::i 0.10 0.24 0.35 6.7 70 t:1'02 25.5?. $9!'17 !'l"I. 1:C s1 1 171 ""2.&:C 5FT/8DD/5 
5FT/8DD/7 •2.750 0.::11 0.02 0 . 07 0 . 27 0.::15 "'1.8 70 $52"1 19. 1?. $099 25."'l:C $87 .. :ii1.a::i: 
SFT/100/5 S2 1 750 o.:ii1 o.o:ii 0.10 0.24 o.::i5 6.1' 70 $6E>::I 2""-1:'( $884 ::i2.2:c $1, 106 "'!0.2:\: 
SFT/100/7 •2,950 0.!'11 0.02 0.07 0.27 o.::is '4.8 70 :11:::17::1 12.6::: t:-197 16 .e:c S621 21.o:c 

S2,9SO 0.::11 o.o::i 0.10 0.2 ... o.::i5 6.7 70 .$515 17.~ $686 2::1.!'l:C $858 29.l::i: 

DATA INPUT: 

rl 
N 

AIRTIOHTENED HOUSE TOTAL DESION AC/H 
STD HOUSE NATURAL(U) AC/H: 6000 DD 

9000 DO 
10000 DO 

AMHP FT::I OF TOF AIR TO HEAT 1 GAL 80F 
. HOT MATER USE 1 GAL./OCCUPl'DAY: 

o.::i5 
0.49 
o . ""2 
0.35 

OAS MATER HERTER BURN EFFIC 
OAS FURNACE EFFIC. CAFUE> 

ANNUAL COP OF AMHP MATER HERTER 
Al.IHP nINinun AIRFLOM (CFft) 
sunnER COOLING: NONE COJ 

EVAP. Cll 1 REFRI8. C2J: 

o.oo 
o.oo 
2.50 

70 

AYHP TONS OF COOLINO: 
sunnER COOLING: 

FOR &000 DD: 

O.f>O 

HRS >eo 
500 
::ioo 

TOT. LOAD IN 
TONS/1000FT2 

1.2s 

COP FOR ELEC. SPACE HEAT. 6000 DD: 
. 8000 DD: 

DESI ON FIMHP ON-OFF CYCLES PER DRY: .3 

sso 
22 

2.00 
1.70 10000 DD: 1 .... 0 

ABBREVt ATI OtS / 
AMHP: AIR TO MATER HEAT PUnP MATER HEATER; UENTILATIOR 
MATER: ANNUAL DOnESTIC HOT MATER HEATINO COST 

C:ELEC> I 

AC SAVINGS: SAVINGS IN AIR COND. OPERATING COSTS DUE TO RUHP 
SPACE: ANNUAL cosr TO REPLACE HEAT LOSS DUE TO TOTAL AIR CHANOE 
COP OF ELEC. URTER HERTER IN STD. HOUSE ASSUNED TO BE 1.0 

I 
I 
I 
I 

FOR 8000 DD: 1.00 
2 

ELEUATI ON <FT>: 5000 

NOTES 
NRT<U>: AC/H DURING UNOCCUPIED COND. C:NO ftECH. VENT> 
NAT<O>: AC/H DURINO OCCUPIED COND. M/ MECH. VENT. 
OCCUP: DCC!A>ANT EFFECTS AC/H 
nECH: nECH. VENTILATION AC/H 
($/OAL OF 12 OIL) I' 1.4 • $/THERM 
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TABLE 4.3 

AIR TO AIR HERT E~CHRNGER CRAHE) VS AIR TO WATER HEAT PUMP VENTILATOR CAWHP) 

CECONOMIC FIRST VEAR RETURN COMPARISON) 

FIRST YEAR SIMPLE RETURN OVER STANDARD HOUSE 
CENERGY SAVINGS I' NET ADDED COST) 

.. 

I I GAS SPA~E HEAT Q s 0.50/ THERM GAS SPACE HEAT Q S 0.75/ THERM I 
I I I NET SYSTEM COST ,-------------ELEC7-RATECi) __________ _ 

___________________________________ I, 

ELEC. RATE ($) I 
I HOJSE ABOVE STD I O. 06/KWH O. OB l'KWH O. 10 /KWH 0.06/KWH o.oe /KWH 0.10 /KWH I 
ISIZE/DO I C INCL. SEALING) I ___________ I ___ __________ I ____________ _ I I I 
l (xl000)/: I I I I I I I ------,------1-----,------ 1------,------. 
IDCOJP'S I AWHP I AAHE I AWHP I AAHE I AWHP I RAHE I AWHP I RAHE AWHP I AAHE I AWl-F' I AAHE I AWHP I AAHE I I I 1 ________ 1 ______ 1 ______ 1 ______ 1 ______ 1 ______ 1 _____ _ 
lfl/600/3 -S2ll0-- 51210+ MS.1% 3.6%+ M3.9% 3.6%+ 2.6%· 3.6%+ 

I I I I I I -*9:s?. -s:s?.+ -ia:a?. .-s:s?.+ --7~1?. -5:5%+ 
lfl/800/3 $1510 $1210+ M6.3% "1.8%+ "1.1% "1.9%+ 1.8% "1.8%+ 
Hl/100/3 $2110 Sl210+ 3.4% 6.0%+ 1.1% 6.0%+ -1.1% 6.0%+ 

Ml2.9% 7.2%+ Ml0.7% 7.2%+ M8."'l% 7.2%+ 
8."1% 9.1%+ 6.2% 9.1%+ 3.9% 9.1%+ 

2fl/600/"'l 
2fl/800/"'l 
2fl/100/"'l 

3fl/600/5 
3fl/800/5 
3fl/100/5 

5TT/600/7 
5TT/800/7 
5TT/100/7 

$2290 
$2290 
$2290 

$2270 
$2270 
S2"'l70 

S2630 
S2630 
S2830 

Sl"'l90 
Sl"'l90 
Sl"'l90 

$1720 
$1720 
$1720 

$2080 
$2080 
$2080 

5.7% 5.9% 3.9% 5.'9% 2.2% 5.9% Ml l. 2% 8.'9% lE'3.5% 8.9% 
5.9% 7. 9<! 2.2% 7.9% 0.9% 7.9% Ml3.9% 11. 9% 10.5% 11. 9% 
"'!. 9% 9.9% 2.2% 9.9% -0.5% 9.9% 11.3% 14.9% 8.7% l"'l.9% 

6.7% 7.2% 4.3% 7.2% 1. 8% 7.2% Ml3.6% lo.a::-: Ml 1. 2% 10.8% 
6.9% 9.6::-: "1.1% '9.6% -0.9% 9.6::-: 14.5% l '1. "'l% 11. 7% l"'l. '!% 
6 . 0% 11.9% 3.0% 11. '9% -0.1% 11.9% 13.7% 17.9% 10.6% 17.9% 

7.2% 10.3% '1.1% 10.3% 0.9% 10.3% Ml5.6% 15 • .q(! 12.5% 15."1% 
e. 2r. 13.8% "· 6% 13.8% l. 1% 13.8% 17.3% 20.6% 13.8% 20.6% 
7.8% 17.2% "I. 1% 17.2% 0."1% 17.2%1 17.2% 25.8% 13.5% 25.0% 

NOTES: 

l. 

2. 

3. 

"'I. 

5. 

6. 

DATA COMPILED FROM TABLE 4.1 ANO TABLE 4. 2 

ALL CASES ARE USING THE E8TREME METHOD OF AIRTIGHTENIN6. 
WITH THE NATURAL AIR CHANGE CNAT(U)) = .oe AC/H 

IN ALL CASES .THE RAHE YIELDS HIGHER RATES OF RETURN 
THAN THE AWHP EHCEPT . FOR THOSE TAGGED WITH AN M • 

ALL SYSTEMS ARE USING NATURAL GAS FOR SPACE HEATING 

COLUMN 1 KEY: 1FT/60D/3 = 1000 FT2 HOUSE, 6000 DOB.65F; 3 OCCUPANTS 
. . 

NET SYSTEM COST ABOVE STD INCLUDES CREDITS FOR THE AWHP AS THEY 
ARE ACTING ALSO RS THE WATER HEATER AND PARTIAL AIR CONDITIONE~. 

+ HOUSES OF 1000 FT2 DO NOT HAVE RN ARHE. AS THEY GENERALLY NEED 
NO ADDITIONAL VENTILATION. SEE TABLE 4. 1 ." 

7.7% B. '97. 
7. 1% 11.9% 
6.0% 2.q.g(! 

8.8% 10.8% 
9.0% l"'l. "'!7. 
7.5% 17.'9% 

9.3% 15 • .qr. . 
10.3% 20.6% 

9.'9% 25.8% 

N 
N 

' , 
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FIGURE 4.1 
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5 6 7 8 9 10 11 12 

% FIRST YEAR SIMPLE RETURN2 

1. This is the years required to pay back through energy savings, 
all out-of-pocket expenses incurred above the Standard Base Case ~ 

That is, the sum of all negative cash flows <the Energy Improved 
Case's total expenses including utility bills and mortgage, etc. 
are greater than in the Standard Case> have been made up by 
positive cash flows <the Improved Case is saving money>. 

2. First year utility bill savings divided by the energy feature's 
installed cost, multiplied by 100. No mortgage expenses are 
considered in this computation. 

USE: To use graph: Find the First Year Simple Return, go up to graph 
representing Mortgage Interest Rate, and then go horizontally to 
the left to the Years to Payback for the given Inflation Rate. 

BASIS: Fixed 30 year interest rate, 3% loan fees and points, property 
taxes and insurance are 1% of feature cost, 15% income tax 
bracket, no down payment and no maintenance or replacement costs. 
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FIGURE 5.3 

AWHP % RETURN VS DD & NO. OF OCCUPANT 
14 --,--~~~~~~~~~~~~~~~~~~~~..-.-~-----. 

13 

12 

11 

10 

9 

8 

7 

6 

5 

4 

3 

2 

1 

0 ...L....L...J..4~~--'-J~~~--'--.1......L.<~~--'--L...1.~~~'-'-'......_~~-'-'-.L.Lf---' 

6000/4 6000/6 8000/4 8000/6 10000/4 

DDB.~F I NO. OF OCCUPANTS 
1ZZ1 t.06.IKWB rs:::SJ $.08/KWH ~ $.10/KWH 

BASED ON A 2000 FT2 < 186M2> HOUSE, USING 
THE EXTREME METHOD, AN AWHP, ELEC. RATES 
AS NOTED AND NAT. GAS AT $.75/THERM 
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FIGURE 5.4 

PAYBACK VS FUEL INFLATION RA.TE 
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ANNUAL FUEL INFIATION RATE(~) 

BASED ON AN 8% FIRST YEAR SIMPLE RETURN 
AND A 10%, 30 YEAR MORTGAGE RATE 
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FIGURE 5.5 

PAYBACK VS MORTGAGE INTEREST RATE 
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MORTGAGE INTEREST RATE (';\5) 

BASED ON A 9~ FIRST YEAR SIMPLE RE'I'llRN 
AND A 5% FUEL INFLATION RATE 
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FJ:GURE 5. 6 

SIMPLE RETURN VS CLIMATE AND HOUSE SIZE 
26 -r-~~~~~~~~~~~~~~~~~~~~----:=== 
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1000 FT2 2000 FT2 3000 Fl'2 5000 Fl'2 

IZZJ 6000 DDB.65F 
HOUSE SIZE 

ISSJ 8000 DDB.65F ~ 10000 DDB.65F 

BASED ON EXTREME METHOD, NATURAL GAS AT 
$.75/THERM AND USING AN AAHE FOR 
MECHANICAL VENTILATION 
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FIGURE 5.7 

FIRST YEAR SIMPLE RETURN VS FUEL COST 
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0.25 0.36 0.5 0.63 0.75 0.66 

NATURAL GAS $/THERM 

BASED ON A 2000 FT2 < 186M2> HOUSE IN AN 
8000 DDB.65F CLIMATE USING THE EXTREME 
METHOD OF AIRTIGHTENING 
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