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Those of us who are no longer young remember how
easy it was going to be to save energy by caulking and
insulating. Stop me if you heard this before. It was
anything but easy when we tried this the last time.1 Not
because it was hard, but because we didn’t know what we
were doing.
It is amazing to me that most folks no longer remember
the 1973 Oil Crisis. In October of that year Egypt and
Syria attacked Israel on Yom Kippur. The Soviet Union
got into the act by supplying replacement weapons and
supplies to the Arabs. The United States responded by
supplying replacement weapons and supplies to Israel.
The Arab nations then responded with an embargo on
oil exports to the United States. You youngsters can
imagine what that did to the price of oil. What made
things worse was that we were also in the middle of a
stock market crash. It took a decade to recover, and then
we were whacked again in 1979 when oil shot through
the roof with the fall of the Shah and the Iranian
Revolution. The only good news at the time2 was that by
1 In Canada we had CHIP (Canadian Home Insulation Program) and COSP
(Canadian Oil Substitution Program). It was the 70’s, bad hair, bad clothes,
but good music. Under CHIP everyone who wanted could get some cash to
insulate their attic. Under COSP everyone who wanted could get some cash
to replace their oil furnace with a gas furnace. These were huge national
programs that were designed to touch every house. The houses we rotted
and other wise screwed up under these programs in the 70’s we learned to
fix in the 80’s. We discovered building science. It resulted in building
science moving mainstream and the development of a whole generation of
building scientists.
2 There was also this hockey game played in Lake Placid, carried live on
Canadian television, but not on US television, where some American
college kids beat a team of professionals from the Soviet Union in a roundrobin tournament at something called the Olympic Games.
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then Prudhoe Bay and the North Sea had come online so
that the second shock was not as bad. Bad is a relative
term here as interest rates were at 20 percent at the time
and the construction industry tanked.
You would think that we would have all learned
something from the experience. All that I can say is that
it was an interesting time that proceeded to get even
more interesting. A young physicist by the name of
Amory Lovins wrote a seminal piece for the journal
Foreign Affairs, in October, 1976 called “Energy
Strategy: The Road Not Taken.” It sent policy shock
waves through the establishment. Until then no one had
considered energy conservation as a serious strategy.
It soon became a very serious strategy in Canada very
quickly. We began to insulate every roof in the country
and replace oil furnaces with gas furnaces like there was
no tomorrow. The hangover from all this activity hit in
the early 80’s. Rot and mold joined bad music as the
signature symbols for that decade.3
What happened? How could anyone screw up energy
conservation? It was supposed to be easy, a piece of
cake, a lead pipe cinch. In retrospect, the obvious
happened. When you change one thing it changes
something else. And when you change that something
else the law of unintended consequences rears its ugly
head. We discovered that buildings, houses in particular,
are interrelated systems.
In cold climates in the 1970’s most houses were
constructed of poorly insulated attics. Some attics were
vented, some were not. The houses were also leaky by
today’s standards. And many of these houses were
heated with oil furnaces connected to masonry chimneys.
Let’s look at how a poorly insulated attic over a leaky
house heated with an oil furnace works. For the time
being let us assume that that attic is vented. Air from the
outside enters the attic through soffit vents located down
at the eaves and leaves the attic up high at ridge vents or
gable vents or “mushroom” vents. This airflow also
mixes with air entering the attic from the house through
3 Enjoy the symmetry and irony, Amory Lovins’ energy conservation ideas
came north to Canada - the net result of which building science knowledge
moved south to the United States. The movement wasn’t pretty or easy in
either direction. I remember as an impressionable idealistic 25 year old
listening to Amory Lovins in the rotunda of the Toronto City Hall thinking
that the world was going to change. It did of course, because the world
always does, but not in the way that I thought it would. Some things did
change but many other things did not change at all. It seems we are asking
many of the same questions 30 years later.
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a leaky ceiling. So, the air entering the attic is a
combination of air entering from the outside through the
soffit vents and air entering from the inside through a
leaky attic ceiling. What leaves the attic at the ridge is a
combination of air from the outside (from the soffit
vents) and the air from the inside (through the leaky
ceiling).4
The key to making all of this work – and it did work for
a very long time – was the lack of moisture in the interior
air (the air leaking into the attic from the house was
“dry”), the heat transfer from the house to the attic was
high (low levels of insulation made attics warmer than
they are today and vented attics tend to work better
when they are warmer), and not too much air flowed
from the house into the attic because of the stack effect
being mitigated by the presence of chimneys (neutral
pressure planes were high due to the exhaust action of
the “chimney fan”).

migrating into an attic – and the attic being warm to boot
– there was not much of a problem with moisture
accumulation in the roof sheathing.
The final bit of good news for the old leaky poorly
insulated attic was the presence of a chimney. And not
just any chimney, a big, hulking masonry chimney
connected to a big oil furnace. Lots and lots of air was
sucked out of houses with these chimneys. Think of this
old type of chimney as a powerful exhaust fan that
served to depressurize the enclosure and provide air
change. The air change diluted interior moisture levels
and the depressurization raised the neutral pressure plane
reducing the amount of exfiltration into the attic. Many
old timers viewed these chimneys as the ultimate
ventilation system – an exhaust fan that never burned
out.

In the good old days when attics were poorly insulated
and when it was cold outside the attic temperature was
somewhere between the inside temperature and the
outside temperature. Any moisture that migrated from
the interior into the attic was able to be removed from
the attic by the incoming exterior air entering through
the soffit vents because this incoming air was warmed by
the escaping heat from the house. This heat loss gave the
attic ventilation air the ability to remove the moisture.
Life was good. What came into the attic was flushed out
by attic ventilation driven by heat loss.
Things were even better when you considered that the
house under the attic was also leaky and therefore was
subject to high air change. This meant that the interior
air was also very dry. High air change in a leaky house
that is heated in the winter makes for a very dry house.
Most houses were so leaky and so dry that folks in those
days actually bought humidifiers and added water. I
mean how crazy was that?5 With relatively dry air
4 Handegord, G.O. and Giroux, G., 1984. An Attic Condensation Model,
Division of Building Research, National Research Council of Canada.
Simple, elegant, beautiful. Written down in things called words. But who
reads published papers and books and stuff anymore? Especially old stuff
with good grammar and logic.
5 This is meant to be “ironic.” It was not a crazy idea. Energy was cheap back
then. Houses could be made comfortable by adding a humidifier and
keeping the heat cranked up. The fact that you could get to a similar place
by making the enclosure tighter and reducing air change did not become
obvious until much later. It is still easier to install a humidifier than it is to
tighten a building enclosure. And in the City of Chicago there still is an
ordinance that actually makes you install a humidifier in house even if you
don’t need one. OK, not sure about this anymore. This was the case in the
late 90’s. Anyone out there in ASHRAE land know if this is still true?
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Photograph 1: Moldy and Decaying Attic – Notice the frost
on the nails penetrating the roof sheathing. Moisture ends up
on the coldest surfaces first. The sheathing is taking a
beating, but the top chords of the roof trusses are doing fine
because they are just a little bit warmer.

Now let’s remove the attic ventilation and see what
happens? With low levels of insulation, a leaky house and
a big chimney, it still all works. No moisture in the air in
the house and lots of heat relatively speaking in the attic
means no problem.
Let’s now disturb the system. Let’s now add a whole
bunch of insulation. Nothing else, just add the insulation.
The attic gets cold. Not much else changes. Airflow does
not increase into the attic – or decrease.6 Insulation is not
6 If, when adding insulation, you block soffit ventilation, the problem gets
much worse much more quickly.
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an air barrier (except the spray foam stuff, but I digress).
But the attic becoming colder is enough to cause grief.
The sheathing does not dry as quickly if it gets wet. We
get moldy sheathing and even rot (Photograph 1).
So what to do? Today, the answer is an easy one. Air seal
the attic and vent the attic. Make sure that moisture laden
air does not get into the attic from inside the house and
make sure that if any moisture does get into the attic you
remove it by ventilation. But the precedence is important
– air sealing is more important than the ventilation. We
didn’t know that in the Great White North at first. Well,
not all of us. We just vented at first. This lead to some
interesting outcomes.
Sometimes adding the ventilation to the attic made the
moisture problem go away, sometimes it made the
moisture problem worse, and sometimes it solved the
moisture problem but increased energy consumption.7
The last outcome was particularly not a happy one
considering the entire exercise was due to a government
program designed to save energy.
Having the addition of attic ventilation make a moisture
problem go away seems pretty obvious. But adding attic
ventilation to make the moisture problem worse is not
that obvious. It is if the attic ceiling is leaky and the attic
vents that are added are added “high.” This makes it easy
for air in the attic to get out. It also makes it easy for air
to now enter the attic from the house if the ceiling is
leaky. If that air entering from the house is carrying
moisture the roof rots faster. We want replacement air
(make-up air) for attic ventilation to come from the
outside via the soffits, not from the inside via a leaky
ceiling.
But if we get a lot of air from the house and we also a get
lot of heat as well, the attic actually gets warmer, the
moisture problem goes away but the energy bill goes up.
Bottom line: you always want much more air entering the
attic from the outside through the soffits than from the
inside through a leaky ceiling. The strategy to make this
work is pretty basic: make the ceiling as airtight as you
can and add as much soffit venting as you can.
7 Tamura, G.T., Kuester, G.H. and Handegord, G.O., Condensation Problems
in Flat Wood-Frame Roofs, Division of Building Research, National
Research Council of Canada, NRCC 14589, September, 1974. Important
paper. Explained what happened before it happened. I love papers that do
stuff like that.
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It took a while but by the end of the 70’s we got the attic
part working. Air-tighten the ceiling plane, provide attic
ventilation where the make-up attic ventilation air is
provided by soffit vents and add lots of insulation. But
we were not done by any stretch of the imagination. The
problem was that the attic sits on top of something called
a house. When we changed the leaky attic ceiling into a
nice beautiful tight ceiling we reduced the air change in
the house. Oops.
This is both good and bad. The good part is that we
saved a pile of energy and the attics no longer rotted.
The bad part was that sometimes we got mold on
interior surfaces (Photograph 2 and Photograph 3),
sometimes we got window condensation (Photograph
4), sometimes we condensed flue gases and froze up
chimneys (Photograph 5 and Photograph 6) and
sometimes we back-drafted furnaces (Photograph 7). I
don’t think we killed too many people. I do think we
made quite a few folks sick. No one really knows what
the numbers are. All we did was move the problems
from the attic into the house.
We were running a giant nationwide uncontrolled
experiment with people and their houses as the guinea
pigs. Out of this came the two fundamental mottos of
building science: no good deed shall go unpunished and
the road to hell is paved with good intentions. Good
thing that there were no lawyers in Canada, a looser pay
system, no contingency fee litigation and sovereign
immunity.8 Took the fun and profit out of misery.
What we finally learned from the experiment was that
combustion appliances need air for them to function
properly. We also learned that when you replaced
combustion appliances you better make sure you get the
chimneys sized right. We also learned that it was much
easier to replace the natural draft combustion appliances
with sealed combustion power vented appliances than
figure out how provide combustion air and how to size a
natural draft chimney. And we learned that houses can
8 In Canada we did have lawyers but we did not have a trial bar like that in
the United States that has turned litigation into a huge adversarial business.
In Canada the system was and is “looser pay.” If you took someone to court
and lost you also had to pay the other side’s bill. Tends to limit frivolous
suits. Also lawyers could not take cases on speculation and collect their fee
based on a percentage of a successful claim. If you could not afford to pay
a lawyer you could apply for “legal aid.” Tends to limit lawyers trolling for
clients and jackpot justice. Finally, you could not sue the “Crown.” That
meant the government was not liable for mistakes caused by the
government. That last part sucked – it was finally breached with a ruling
from the Law Lords. And a good thing too – the Crown had been acting
mighty uppity over the last century.
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Photograph 2: Mold on Interior Surfaces – Interior moisture
levels go up due to reduced air change and relative humidity
adjacent cold surfaces rises sufficiently to support mold
growth. Compare this mold growth pattern to the temperature
profile in Photograph 3.

Photograph 4: Window Condensation - Interior moisture
levels go up due to reduced air change and relative humidity
adjacent cold window surfaces rises sufficiently to condense
water. How to fix this problem? Lower the moisture content of
the interior air with dilution ventilation or warm up the surface
of the windows by replacing the windows with better windows
or do both.

Photograph 3: Temperature Profile – IR scan of a corner
illustrates cold surfaces. Mold growth tracks the cold surfaces.
Compare this temperature profile to the mold growth pattern in
Photograph 2. A cynic with a sense of humor – the best kind
of cynic – would say that mold growth is a cheap and more
accurate method of surface temperature profiling compared to
an IR camera. How to fix this problem? Lower the moisture
content of the interior air with dilution ventilation or warm up
the surfaces or do both.

never be built too tight – but they can be and often are
under ventilated. The Canadian motto became: build
tight, ventilate right.
So here we are 30 years later. Different country. Same
physics. Amory Lovins will finally get to make his mark
in the country of his birth. Energy conservation in
existing homes is about to become serious business in
the United States. We now know how to do it right. We
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Photograph 5: Condensate Exiting Chimney Clean Out –
Big danger here. Old oil furnace is replaced with a new gas
furnace. New gas furnace uses existing chimney. Existing
chimney is too big. Flue gases cool too quickly leading to
condensation of flue gases and freeze up. How to fix this
problem? Line the chimney – See Photograph 8.
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spent the last 30 years learning and I am betting we won’t
blow it.
How to stay out of trouble? It will be easy this time if we
work from our experience. Here is what experience tells
us to do – in order of priority:
1. Make sure all combustion appliances have combustion
air. This is easy to do. The best way is to replace all
natural draft appliances with sealed combustion power
vented appliances. If you don’t do this follow the
International Mechanical Code for ducted outside
combustion air and assume that the house is tight and
test for backdrafting. Note the test for backdrafting
requirement. This should be done with all fans and air
handlers operating with interior doors closed. Are you
sure you don’t want to just replace the natural draft
appliances with the good stuff and not worry?
2. Make sure that all combustion appliances are vented
correctly. This is easy to do – just follow the International
Mechanical Code and the manufacturers installation
instructions. The code and the manufacturers do have it
right this time. Really. But don’t forget about testing for
backdrafting. Once again, are you sure you don’t want to
just replace the natural draft appliances with the good
stuff?
3. Make sure that all houses have controlled mechanical
ventilation. This is easy to do – just follow ASHRAE
Standard 62.2.

Photograph 6: Flue Condensate Damage – Big danger
here. Condensate from flue gases from replacement gas
furnace leaching through wall assembly. How to fix this
problem? Line the chimney – See Photograph 8.

4. Make sure that all houses that are going to have their
attics insulated have their attics ventilated. This is easy to
do – just follow the International Residential Code. If
you choose an unventilated attic approach also follow the
International Residential Code. The code does have it
right there too.
Then air-tighten and insulate to your hearts (and
budgets) content. Notice the order. We do the stay out
of trouble part first. Then we caulk. Then we insulate. All
this sets the stage for what will inevitably come later.
There will be more energy conservation to follow, not
less. If we get these first priorities out of the way, there is
no way that we will screw up what comes later. The later
order and the later technologies won’t matter. Think of
the outcome. No houses rot this time. No one gets sick.
We save energy. Life is good.
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Photograph 7: Spillage of Flue Products – Notice the soot
stains at the draft hood of this replacement gas furnace. How
to fix this problem? Provide combustion air – See Photograph
9. What are all those tubes and toys you ask? I was once a
young graduate student who thought you could measure
pretty much anything. Boy was I wrong – and I will leave it at
that.
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Photograph 8: New Chimney Liner – notice the new smaller
sheet metal flue installed inside the larger original masonry
chimney that served the older oil furnace that got replaced.

Photograph 9: Combustion Air Supply – Handsome guy with
sunglasses (not me, but an ex classical concert musician who
knows stuff about buildings) is pointing at a ducted (to the
outside) combustion air supply duct. As handsome as he is
wouldn’t it be better to have sealed combustion power vented
appliances and not have to worry about providing a duct like
this?
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