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Summary 

 

Heat Loss Sources 

 

There are primarily two methods of heat loss in a building. One is convective heat loss and the other is 

conductive heat loss.  

 

Convective Heat Loss 

 

Convective heat loss is caused by air exiting the building through an opening in the thermal barrier. 

Convective heat loss areas can be a poorly insulated chimney bypass, electrical wiring thermal boundary 

gap, a plumbing vent, poorly air sealed windows and doors, or an inadequately air sealed attic which 

allows warm air to leak out of the perimeter of the attic. This leakage can result in ice dams. The air 

leakage can account for half of your heat loss in a building. Merely insulating without properly air 

sealing severely impacts the possible efficiency gains of the insulation. 

 

Homes need to have roughly 1/3 of the volume of their air replaced each hour. This rate is measured in 

air changes per hour (ach). The ach rate is higher in the winter than the summer due to the greater 

difference between the inside and outside temperatures. The target ach for winter time is 0.35 ach. Your 

home has a winter time ach of 0.74. For a home of this size it is a fairly tight home. This number can be 

decreased by properly air sealing and insulating the basement and the garage sloped roof areas. 

 

The winter time number is the most important because combustion devices are running and the home is 

sealed up. If the home is not well ventilated you can run into safety problems. These problems range 

from increased moisture which can cause mold or, in the worst case scenario, a back drafting of the boiler 

when bathroom or kitchen exhaust fans are turned on. If there is not sufficient air leaking into the home 

to make up for the exhausted volume of air the flue gas in the chimney can be pulled into the living space 

which creates a carbon monoxide poisoning hazard. If the home is tighter than 0.35 ach in the winter my 

boiler zone pressure test will determine if there is a potential for back drafting of the boiler. If this is an 

issue there are several solutions that can be done to introduce air into the home to solve the back drafting 

risk. 

 

During the summer in Maine most people have windows open so there is ample fresh air. If you keep 

your house closed and use air conditioners to cool the home then the summer ach becomes equally 

important. To ensure that efficiency improvements do not pose any risk a post work air exchange rate and 

a pressure test of the heating system room should be done. 

 

Installing a chimney balloon in the fireplace flue when it is not in use will keep the heat in your home. 

 

Conductive Heat Loss 

 

Conductive heat loss is the heat transfer through a solid barrier. These barriers include but are not limited 

to foundation walls, living space walls, roofs, and windows. If insulation is poorly air sealed the 

conductive heat retention of insulation is severely impaired. High conductive heat loss contributes to ice 



 

 

dams as well.  R-value is used to measure the capacity of a material, such as insulation, to impede heat 

flow, with increasing values indicating a greater capacity. R-value = resistance value. 

 

The greatest conductive heat loss is in the attic. Since heat rises the attic is the most important thermal 

boundary for a home. Poorly insulated attics can greatly reduce the effectiveness of well insulated walls. 

The target is an R-49 of properly air sealed insulation for attics flat ceilings and R-25 for attics with 

sloped sides ending in flat ceilings. Not only will properly insulating your attic keep your home warmer 

in the winter it will keep the home much cooler in the summer. 

 

The master bedroom ceiling and the garage 2
nd

 floor would be areas of the house that would gain the 

most conductive heat loss efficiency. The piano room could be improved as well but the cost of the work 

would probably be prohibitive. It would be worth getting an estimate of properly insulating this area. 

 

I am assuming that there is 12ò of fiberglass in the flat areas of the thermal shell ceilings and that the 

sloped ceilings have 6ò of fiberglass batts. Insulation in the knee wall storage areas of the garage are an 

indication of what the rest of the home might have. My assumption of the flat ceiling insulation is based 

on what is probable. Insulation companies can remove the gable vents to get a better look at the existing 

conditions. 

 

Walls make up the next highest conductive heat loss area.  It is not always the most cost effective 

strategy to improve the insulation of the walls if there are a high percentage of windows in the walls. 

Glass has a low R-value and the heat retention gains of the walls can be greatly reduced by the heat loss 

through the window glass. Your walls are in good shape. 

  

The basement rim joists and walls also can account for up to 8% of your efficiency loss. There is quite a 

bit of heat generated by a heating system and without proper air sealing and insulation that heat is going 

outside rather than up into your building. Also, as the heated air exits it pulls cold air in to replace it. 

Properly improving the thermal efficiency of basement walls decreases the infiltration of cold air into 

your home.  

Reduction of Thermostat Temperatures and Savings 

The direct answer to the question of how much energy can be saved by reducing thermostat settings, is 

roughly 2.5% per 1 degree drop in space temperature.  

Heating System 

 

Your heating system is in excellent condition and does not need any upgrades. 

 

Domestic Hot Water System 

 

You have an indirect fired hot water system which is in no need of upgrading at this point. There are 

more efficient options that you can have priced for you. I have a name of an excellent heating person that 

can give you an idea of what your savings may be with an upgrade. I did not calculate savings here but 

can when and if you decide that you would like to change your system. There are too many hot water 



 

 

systems out there for me to make a guess at what would be the best option for you. The heating specialist 

is better suited for that work. 

Ventilation Issues 

 

There are dangers associated with making a home too air tight. There needs to be an adequate amount of 

fresh air to prevent what is called ñSick House Syndromeò. Houses that are too tight build up excessive 

moisture which can lead to mold growth. They also can have a buildup of carbon dioxide and odors 

associated with cooking and heating.  

 

The worst case scenario for too tight houses is that there can be a back drafting of carbon monoxide from 

the combustion heating devices. This can occur when internal ventilation fans are turned on and fresh 

make up air is not readily available to replace the air that is being pulled out of the home. The makeup air 

that becomes the replacement source is the exhaust gas from furnaces, boilers, woodstoves, and water 

heating devices. Essentially, the exhaust fumes are pulled out of the chimney and into the living space of 

the home. This can be fatal. Additional air can be introduced into the home in several different ways to 

help prevent back drafting problems. 

 

Generally, the range exhaust hood draws the most air out of a home. The bathroom fans also draw a 

significant amount of air out of a home. The exhaust volume of air is measured in cubic feet per minute 

(cfm).  

 

Air Sealing Information 

 

You should not limit the air sealing of a home to avoid making the house too air tight because there are 

many solutions for getting additional air into a home. These include the installation of an outdoor air kit 

on the boiler or furnace, supplemental air intakes that are tied to the thermostatic control of the 

combustion devices, a supplemental air intake system that is triggered by the activation of the exhaust 

hood range of the stove, or by installing separate ventilation intake pipes. The goal for a well air sealed 

home is to have the cfm of air that is being drawn out of the house be replaced with the same amount of 

incoming air. 

 

Quality Assurance Pledge 

 

The potential for real energy savings is directly linked to the installation contractor's ability to implement 

the final recommendations I have made.  I have listed contractors who have agreed to my ñQuality 

Assurance Pledgeò and thus will hold off on the final payment until I have completed a satisfactory 

inspection. In order to expedite the payment process, I will (if given sufficient prior notification) be 

happy to schedule my close-out inspection on the final day of your project. Many installation contractors 

insist on being paid the day they do the work (regardless of the quality of the work), making it difficult to 

bring them back to the project, if the test-out inspection reveals problems.  

 

 

 

 

 



 

 

 

 

 

 

 

 

 

Efficiency Upgrades 

 

Priority One: 

Since heat rises the first priority for improving your energy efficiency is properly airs sealing and 

insulating the master bedroom ceiling and the garage ceiling. Removing the fiberglass insulation in the 

garage slope rafter bays and installing dense pack cellulose and adding cellulose to the flat ceiling areas 

of the mentioned areas should increase your efficiency by an estimated 5-8%. Installing dense pack 

cellulose in the 3
rd

 floor flat and slopes could increase the efficiency by another 2-4%. 

 

Priority Two: 

The second priority for improving your energy efficiency is insulating and air sealing the basement and 

crawlspace areas. The main basement areas should have closed cell foam, or perimeter wrap applied from 

the floor joist cavities to 2 feet below the exterior surface of the ground. The crawlspaces should be 

insulated to the full depth of the walls. The walls below the master bedroom that have fiberglass should 

have the fiberglass removed and dense pack cellulose installed in its place. This should increase your 

efficiency by an estimated 6-8%. The exterior basement door should have foam sprayed in around the 

door frame to block air infiltration. 

 

The efficiency improvements are based on fuel consumption not cost savings. Fuel consumption will 

drop but fuel prices may vary. 

 

Any thermal shell efficiency improvements must be accompanied by proper air sealing. The air sealing 

should include, but not be limited to the following procedures: 

¶ Seal  off chimney bypass (e.g. sheet metal and temperature safe caulk) 

¶ Air -seal  all ceiling penetrations into attic (e.g. stack vents, ceiling fixtures, interior  

walls which have cavities open to the attic) 

¶ Cellulose can be applied to an attic if the existing fiberglass insulation is removed 

from within 2 feet of the perimeter and replaced with cellulose to the depth of the 

existing insulation. Then the cellulose can be added to the entire attic. The existing 

fiberglass insulation can also be completely removed prior to the addition of the 

cellulose, which may make for easier air sealing. 

¶ When insulating with cellulose install rigid foam blocks between the top plates of 

the exterior walls and the roof decking.  If soffit ventilation must be maintained, 

the rigid foam blocks must be cut out and foam sealed to the proper vents 



 

 

¶ When installing attic floor cellulose, attic hatches should have side wall extensions 

made of wood to prevent insulation from falling out of the hatch or uneven filling 

around the hatch opening 

Current Insulation Conditions 

 

Location Type Amount 

(inches) 

Estimated True R-value 

Cellar Rim Joist Pockets Fiberglass 6 6*  

Cellar  Walls None - 1.1*  

Crawlspace Rim Joist Pockets Fiberglass 6 6*  

Crawlspace Walls None - 1.1*  

Thermal Envelope  Walls 

(exterior walls) 

Fiberglass 5.5 11*  

Attic Flat Fiberglass 

(projected) 

12 22**  

Attic Slopes Fiberglass 6 11***  

* Maineôs recommended standard R-value for exterior walls, rim joist pockets, and cellar                           

 walls is R-19 

** Maineôs recommended standard R-value for attic flat ceilings is R-49 properly air sealed 

***My recommended slope insulation when an uninsulated ceiling exists is > R-25. If slopes go to the 

peak of the roof >R-35 is recommended. 

 

 

Interior Temperature (F): 66 

Exterior Temperature (F): 78  

CFM@50 pascals: 5459 

Home ACH (complete home outside to inside air changes per hour):  

Winter: 0.74* 

Summer: 0.37 

Annual: 0.34 

Recommended Winter ACH: 0.35 

 

*  Improving the air sealing and insulation may create ventilation problems that can result in mold and 

back drafting of carbon monoxide from combustion appliances. Installing an outside air source may be 

needed to deal with these issues. Performance testing is key to ensuring combustion safety. The winter 

number is most important because it reflects worst case sealed house conditions in Maineôs climate. 

 

Required annual ventilation according to ASHRAE 62.2 (2010): 55.8cfm 

(The addition of this extra air can be avoided if the winter time ACH is above 0.35 and the home is not 

sealed up during the non heating season months) 

 

Estimated cost of annual heat loss due to air leakage: $1222@$3.50 per gallon 

 



 

 

 

 

 

 

CO monitor  

(Necessary to have one in the following locations) 

Location 

Kitchen 

CAZ (Combustion Air Zone- boiler/furnace room) 

Main Living Space 

Hall outside Bedrooms 

Rooms adjacent to the Garage 

*Installing combination smoke and carbon monoxide alarms is suggested 

 

Heating System Evaluation  

System Type   

Tested Item Results Recommended Results 

Stack Temperature (F) 401 NA 

Efficiency 86.1% >83% 

Ambient Temperature (F) 77.3 NA 

CO Air Free 44ppm <50 ppm 

CO 34ppm <25 ppm 

O2 4.9% 4.0-7.0 % 

CO2 (Excess Air Screen) 11.9% 11.0-13.5 % 

Excess Air 28.4% 20-40 % 

Model: Biasi B Series  

Fuel Type #2 Heating Oil  

Number of Zones 8  

Type of Water Heater: Indirect Fired   

 

Acceptable Appliance Spillage Periods 

Appliance Type Spillage Test Period 

(minutes) 

Pass/Fail 

Water Heater, Gravity Furnace, Boiler 1.0 Pass 

 

Infrared Imaging, Digital Photographs, and Recommendations 

 

How to Interpret the Infrared Images 

Blue = Coldest temperatures 

White = Hottest temperatures 

 

In the summer you do not want high temperatures (red/white) infiltrating the building. In the winter you 

do not want cold temperatures (blue) infiltrating the building. Often times air leaking from the attic into 

the living space will appear red, even in the winter, because it is warmer air than what is in the living 



 

 

space. There is a thermometer on the infrared image photo to use as a reference for the associated colors.  

The photographs are shown in pairs. The infrared picture is a closer image than the digital; therefore 

some of the digital image is not in the infrared photograph. The arrows point to areas of poor air sealing 

and insulating 



 

 



 

 



 

 

The top of the recessed 

lights should be covered 

with a fire rated can prior to 

adding cellulose insulation 



 

 



 

 



 

 

These slope ceilings are 

allowing heat to radiate into the 

home in the summer out in the 

winter 



 

 



 

 



 

 



 

 



 

 



 

 



 

 



 

 



 

 



 

 


