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Energy Analysis of Residence

Introduction

The following report is an extension of the energy audit conducted on your
home 2/11/09. Data collected on that day has been used to asses the
structural integrity of your home, the equipment used for heat and hot water,
and how these all affect the air quality in your home.

Data pertaining to the building envelope and equipment gives us information
on flaws, deficiencies, and other potential areas of improvement. Information
derived from your utility bills tells us how your house is performing. All of
these data are incorporated into our comprehensive, holistic approach to the
evaluation of your home as a system.

Ultimately, this process points us in the direction of high impact remediation
options for you to evaluate.

Solar Analysis: Available Resource

Reference Data:

Hypothetical Best Case Scenario:
An ideal site for solar power in our region excluding all obstructions and with
panels mounted at an angle equal to our latitude (≈47°) yields 3.75 
kWh/m2/day. We will consider this 100% of the available resource.

Standard Minimally Acceptable Scenario:
Generally, a site is not considered appropriate for solar power if the sun path
is not clear of shadows between the hours of 9am and 3 pm. Such a site,
clear of obstructions or shadows, would yield 2.84 kWh/m2/day. This is 76%
of the best case scenario laid out above.

Measurements at Your Site:

Measurements were taken at one location on the south side of your home
using a Solar Pathfinder tool. This location was estimated to be as close to
ideal as possible with respect to the avoidance of shading in the southern sky.
It is assumed that panels will be mounted at an angle ≈47°. This location, 
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including all shading obstructions, would yield 1.23 kWh/m2/day of direct solar
energy. This is only 33% of the best case scenario laid out above.

It is important to note that the above assessment is geared towards solar
electric systems and does not consider solar energy filtered through
obstructions such as tree branches. This partially obstructed sunlight can be
absorbed effectively by solar hot water systems. Unfortunately, even if we
were to double the amount of useful sunlight, in consideration of a hot water
system, your site would still capture only 66% of the available resource.

Since the amount of available solar energy at your home is well below the
minimally acceptable scenario I do not recommend that you consider using
solar power at your home.

Summary:
kWh/m2/day % of Available Solar Energy

Best Case Scenario 3.75 100%
Minimally Acceptable 2.84 76%
Your Home Site 1.23 33% (66%)

Structural Evaluation of Your Home

Air Leakage with Blower Door test: Controlling infiltration is really the first
step to improve the energy efficiency of your home as it is quite common for
infiltration to be the single largest component of heat loss from your home. It
is best to seal leaks at the attic and foundation first followed by areas in
between. In homes utilizing duct work, the air sealing of this system is a top
priority as well. Minimizing air leakage will not only positively affect your
heating bills but also the quality of the air circulating in your home.

The blower door is a tool that measures and identifies air leakage in your
house. While the blower door is running, air will rush through every leak in the
structure. This tool can also be used to find leaky areas of duct work in need
of sealing and is an integral part of ANY well intentioned air sealing effort.

The blower door test, at a pressure of 50 pascals, resulted in a CFM50 value
of 3350. This number when adjusted for the volume of your home (17,824 ft3)
becomes the air changes per hour (ACH50) for the building. The ACH50 of
your home is 11.3. To put this value in context, the average home which is
relatively leaky has an ACH50 of between 9.0 and 13.0. In contrast,
exceptionally well sealed homes can achieve an ACH50 of 2.0 or better.
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Perspective on your home ACH50:

ACH50 Rating
< 2.0 “best”
3.5 “better”
5.0 “good”
11.0 existing home median
11.3 Your Home
12< very leaky older homes

Your home is average with respect to air infiltration rates. This average ACH50

is a good indication that a well executed air sealing strategy could result in
significant reductions in infiltration.

Recommendations-Structural Air Leakage: Pressure diagnostics indicate a
relatively high leakage amount coming from the attic. Your home was
inspected while under negative pressure using an infrared camera to locate
air leakage sites. Primary areas of air leakage identified were:

Attic Areas:
Recessed ceiling fixtures
Attic walls
Access hatch

Crawlspace Areas:
Plumbing penetrations
Access hatch

Exterior Walls:
Chimney

Recommendations-Heating Duct Leakage: The amount of air leakage from
the heating duct system was assessed by measuring the pressure at each
supply register while the home was depressurized. A heating system with an
average duct pressure below 1.0 Pascal, and no single duct pressure above 2
Pascals, is considered a reasonably tight system. The average pressure
measured in your duct system was 3.7, and the highest pressure was 7.7 in
the south west duct (closest to fireplace at window) of the living room.
Another relatively high pressure (5.7) was found in the first floor bathroom. It
should be noted that he large return duct in the attic also needs air sealing
work.
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In light of these findings, we recommend a full day of air sealing work
targeting both structure and duct work. A two man crew utilizing blower door
diagnostic testing should begin by targeting the attic and duct weaknesses
described above.

Cathedral Ceilings: Cathedral ceilings pose the greatest challenge of all the
structures to be sealed and insulated in the home. This is primarily due to the
fact that there is very limited space in which to work and the cavity to be
insulated is extremely difficult to access.

At considerable expense, the area can be insulated from above if reroofing is
necessary or from below if it is acceptable to drill holes in the ceiling material
(drywall). The latter insulating technique must be done very carefully so as
not to create moisture problems from condensation due to inadequate
ventilation.

Recommendations: IR imaging of this roof structure showed that fiberglass
insulation has not migrated toward the periphery. With this in mind, cathedral
ceiling insulation is estimated to be approximately R19 and the invasive
strategies described above are not warranted. When the roof is to be
replaced improvements should be explored to increase insulation R value up
to R30 or better. This can be achieved by adding rigid foam insulation below
the new roofing material and sealing roof ventilation.

Other Ceilings and Attic Walls: Any ceilings in your home that are adjacent
to the attic are generally the most important areas to seal and insulate. A
reduction in air leakage between the interior and the attic both conserves
energy and protects the attic and roof structure from potentially serious
moisture damage. For this reason, air sealing and insulation work should be
done thoroughly in this part of the house. Some priority areas include:
dropped ceilings, chimney chaseways, plumbing and electrical penetrations,
tops of walls, attic hatches, recessed lighting and other ceiling fixtures.

Whatever changes are ultimately recommended, this is often and area where
excellent improvements in energy efficiency and comfort can be realized.

Recommendations: The wall in your attic separating the conditioned space
at the cathedral ceiling from the unconditioned attic is currently insulated but
not air sealed. As mentioned above, air sealing of this wall should be
addressed. Similarly, the walls of the sky light chase should be sealed.



Energy Ecostrategies, LLC

15254 Greenwood Ave. N
Shoreline, WA 98133

P: 206.632.2140
fred@energyecostrategies.com

5

Another weakness in the air barrier between conditioned and unconditioned
space is the recessed light fixtures in the attic. Such fixtures typically allow
direct passage of air into the attic. If possible, these fixtures should be
enclosed in sealed, fire resistant boxes.

Additionally, the attic access hatches should be air sealed using weather strip
and latches.

Also, the duct system in the attic connecting your bathroom ventilation fan to
the outdoors is of poor quality and potentially leaky. The “flex duct” in place
should be replaced with rigid, sheet metal duct work. This new conduit should
be then be well insulated to prevent condensation.

Windows: Windows are a significant source of transmission heat loss in our
climate. In typical homes with double pane windows, the challenge is that
most strategies to appreciably decrease window heat loss are quite
expensive with respect to pay back and entail the replacement of the window.
In older homes with single pane windows replacement with double pane, low-
e windows is a more effective strategy for reducing heat loss thereby
achieving a shorter pay back period. In some cases the addition of storm
windows may also be appropriate.

Recommendations: Your windows are double pane and of good construction
and proper installation. There is no need for improvement. The windows in
your home account for 23% of the heat loss from your home.

You did mention that the master bed room can feel chilly. The night time
comfort level could be enhanced by the addition of thermal shades.
Properly constructed insulating curtains or shades (www.windowquilt.com) could
be an effective way to reduce heat loss from this space.

Walls: If the surface of the interior wall is in good condition and the wall
contains some insulation, then it is generally not cost effective to further
insulate the wall.

In cases where the wall is devoid of insulation or if the insulation is incomplete
or otherwise inadequate then a program of insulation should be explored. If
the interior wall surface is in good condition, the best strategy is to blow
insulation from outside the structure. Siding materials dictate the feasibility of
this practice. Cellulose is a product that can be added to the wall cavity at
high density to provide excellent insulation with the added benefit of reducing
infiltration.
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Recommendations: Based on our inspection and evaluation of IR images we
estimate the insulating value of your walls to be approximately R10.
Improving your wall insulation beyond the current levels will not be cost
effective.

Crawl Space: There are several strategies for improving the insulation value
of this area of the home. Much depends on whether or not the space is
ventilated, moisture levels, structural issues or building failures, equipment
and plumbing location, as well as level and location of existing insulation.

Whatever changes are ultimately recommended, this is often an area where
excellent improvements in efficiency, comfort, and air quality can be realized.

Recommendations: The insulation recently installed in the crawl space is in
good condition. In addition, the furnace is not located in the crawl space.
With these two key points in mind, we do not recommend insulating the
perimeter walls of the crawl space. Instead, time and energy should be
focused on the sealing of duct work.

Plenums and main trunks should be sealed and special attention should be
paid to the ducts running to the living room and first floor bathroom that are
particularly leaky.

In addition, the ductwork added as part of your kitchen remodel needs to be
rebuilt. The existing sheet-metal ductwork in this run should be cut, a 90°
elbow added, and the remainder of the sheet-metal duct attached. This new
run could be connected to the remainder of the duct run using a minimum of
flex duct. We recommend that any insulation removed from the ducts during
air sealing efforts be reused and attached with twine not duct tape.

Equipment Assessment and Recommendations:

Recommendations: Air source heat pump technologies have developed
rapidly. There are now several companies producing heat pumps that can
heat effectively (without resorting to electric resistance backup) at
temperatures as low as 15°F. This makes any of these systems more than
adequate for our marine climate. Hallowell international Inc. has a good
product and has distribution in our area. Their system would cost
approximately $16,000 to install at your home. This is a system that would
replace your electric furnace and utilize the existing duct work.
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Alternatively, you could install a mini split heat pump system (www.mrslim.com)

to work with the existing system. One outdoor compressor could provide heat
to the main living areas on the first and second floors. The compressor would
be connected to at least two wall mounted blowers. These components are
relatively easy to install and the complete system would cost about $6000.
There is however, a rebate available through PSE that covers $1200 of the
cost as long as you make available your electric bills for analysis.

Either of these system upgrades could reduce your heating costs by 50 to
60%!

As indicated by the blower door test, your chimney damper is quite leaky. I
recommend the installation of a device at the top of a chimney for the purpose
of sealing the flue shut when the fireplace is not in use. This chimney top
damper can be as much as 90% more efficient than your current damper
because it incorporates a silicone gasket seal rather than a metal to metal
seal.
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Evaluation of Energy Use in Your Home

The Home Heating Index (HHI): Your utility bills give us valuable information
about the energy consumption in your home. These data, divided by the area
(sq. ft.) of the home give us an indication of energy intensity in your home.
The HHI takes this evaluation one step further correcting for temperature and
climate differences in different parts of the U.S. The resulting score allows us
to directly compare the efficiency of houses throughout the region.

The Home Heating Index for your home is: 4.64

Below is the HHI for your home put in some context:

HHI:
12+ Least Efficient

Generally older home with poor insulation, highest air leakage

9
Home more inefficient than average, minimal insulation, high
air leakage

6

Home of average efficiency: average insulation, average air
leakage

4.64 The HHI puts your home in this group:

4

Home of above average efficiency: adequate insulation,
relatively low air leakage

2.5

Home of exceptional efficiency: well insulated, low air leakage,
efficient heating system

1

Home of superior efficiency: airtight, super-insulated, highest heating
efficiency, heat recovery ventilation, small window
area, high window R-value

0 Most Efficient
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Comments: Due to the age and design of your home we would expect the
HHI number to be average at best and this was indeed the case. This
average performance rating indicates that there are basic inefficiencies in
your home. A well planned remediation effort should noticeably improve
comfort and reduce energy costs.

Heat Loss Calculations: The heat loss calculation is a measure of how
much heat flows out of your home. Two major components of this heating
load are transmission through building materials and air leakage. Heating
load is based in part on worst-case indoor/outdoor temperature difference
derived from local weather statistics. This measure provides data on the
maximum hourly heating capacity you will need. From this data, we can
extrapolate to give you an estimate of annual heating needs for your home.

Annual Energy Use for Space Heating
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Percentage of Annual Heat Loss from Each Component:

Walls 24.5%
Windows 23.2%
Air infiltration 21.5%
Duct Losses 10.0%
Attic 8.3%
Floor 6.4%
Cathedral Ceiling 4.9%
Doors 1.2%
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Cost-effectiveness of Recommendations

Summary of Recommendations:

Location: Recommendation: Est. Cost:
Attic Insulate deficient areas $90
Attic Air seal walls and skylight $600
Heating System Upgrade to Heat Pump $4800
Chimney Add Top Damper $500
Duct Work Air Seal $900

Mstr Bedroom Add insulating Shades $800
Attic Properly vent bath fan $100
Attic Air Seal/ box recessed lights $650

Note: the last three above listed recommendations are not relevant to the following financial analysis.

Projected First Year Savings: As part of our evaluation of energy use we
have calculated the heat loss due to infiltration as well as transmission
through the various building components. With this information we can
calculate the annual cost of this heat loss for each component. Similarly,
knowing the reduction in heat loss expected due to corrective efforts, we can
calculate the annual cost savings due to those changes. This first year
savings is represented in the following graph:

Projected First Year Savings for Improvements
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Payback Period: The payback period is the number of years a home
improvement takes to pay its initial cost back in savings. The paybacks for our
recommendations are listed below:

Payback Period for Recommendations
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Benefit to Cost Ratio (BCR): The benefit to cost ratio is a direct measure of
the relative priority of a home improvement. Specifically, this ratio represents
the number of times the improvement will pay for itself over its lifetime. After
calculating the benefits and costs of all relevant improvements, we have
compiled this priority list starting with proposals having the highest BCR.
Spending money in order of priority will achieve the greatest return on
investment:

BCR:
Insulate Attic Areas 35.3
Seal Ducts 14.7
Reduce Infiltration by 15% 14.2
Add Chimney-top Damper 10.2
Heat Pump 2.8
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Human Factor: To ensure the success of any program aimed at increasing
the efficiency of their home, the owner must be willing to make a viable and
visible commitment to the program. This commitment can be thought of as a
household energy management strategy and is based on changes in behavior
that will reduce your energy costs beyond what is achievable from home
improvements alone.

Begin with a discussion of intentions and why they are so important to you
and your family. Next, develop energy savings goals and general actions to
be taken to get there. Working together, decide on the different roles and
contributions that each family member can make. Everyone living in the home
needs to be familiar with the strategy and, ideally, should be involved in its
development.

With a plan in place it is then important to come up with an evaluation
procedure. A great tool for this is an appliance called a home energy monitor*
that shows you, at a glance, how much energy is being used in the home;
alternatively, utility bills can be evaluated.

Most importantly, come up with a plan of incentives or rewards to make these
new behavioral changes satisfying and fun. By all means, be realistic about
goals. A 10% reduction in electricity use is a good start. Changes too drastic
or uncomfortable are destined to fail. Incremental changes are more likely to
get you to your goals.

Good luck!

Please feel free to contact me if you have any questions relating to this report.

Fred Mitchell
Sustainable Building Advisor
Energy Ecostrategies, LLC

fred@energyecostrategies.com
206.632.2140

* As a starting point www.energymonitor.com & www.theenergydetective.com will introduce you to the technology.
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Appendix A

Infrared Photographs:


