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* 70, stay. out of troubie:

S When doing retrofits,

& you have to look at
- “The House As A System,”
m_ with its interconnected

components and subsystems.




|t takes power
10 move moisture;

_move the moisture problem
before you save the heat loss.
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A retrofit that solves
= system problems

_ WI|| ikely save more energy
than one that simply does
mindless conservation.
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If 'you do'nt deal with
the feal-world problems,

~ both you and your client
will' & pay, & pay & pay.
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_ House As A System
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gilie House As A System

2l J"r‘r” 22lWeNd, 2SS 0pPeSsEd te  the |2l
SVENS thing afifects everything else.

> Tl kltchen island fan can backdraft the flue,

2l idtthe flue can make a weak fan hood

|II When the furnace Is running.

'Dlﬂ energy-efficient houses
~ internal gains are often quite significant,

but usually ignored when sizing equipment.

s A wet basement can result in condensation
and mold growth in upstairs bedroom closets.
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mportant Interactionss

2 A biohiIcUse it exhaustVentiation..
sAlINOE d ETLEN CiImMNEY tham mest chimneys.
- Les r' y gUcting can totally change
Jr ended air flows to spaces:;

can also lead to wet walls,
;_ @r splllage from flues.
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= & Qversized HVAC appliances
- can result in reduced comfort & be too noisy.

* \Wind acting on leaky walls or ceilings
can dramatically change flows into rooms.
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Interactions, Contds -—

o UIISELHINOLNExt IOHASEMENTS, OF CliaWwl SPACES
Celf) esult I Sereus indeor moisture problems.

iiiyAlbedroems can draw combustion spillage
) e'n e wind sucks on open windows.

= c“ tcupants Who do not understand
| _:i‘- = CGan (& often do) make matters worse,

=Sl
\
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== _|f youido not make It right in the first place.
—® [Leaky ceilings make houses better chimneys.

e | eaky floors over crawl spaces
turn the crawl spaces into the air supply.




S\/stem Processes in Houses
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.s:tem Processes In, FOUSEST s

S IyINING that MeVES 2l E——
IIOVES ENErgy, moisture and pollutants.

r\ﬂj hlng that supplies or uses energy.
celiNIBYe air, moisture and pollutants.

=g %e tweroff these, in combination,
= make everything connected inside the house.

J They also connect the Inside to the outside,
usually when we don’t want that to happen.

e | earn to think like moving power, moving water
and moving air, especially moving air!
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Moeving Allr

ANINNoVEs Trom NIgherpressure..

WENGWEN PIESSUIE,

goNmeter What caused the pressure difference.
SMIINIPUSES| that can be wind, stack effect, flues
EcIdiiens (even when we want an other result).
Elﬂ g laeuse withi a decent HRV (or equivalent)
= there are no good cracks or openings.

= \When the house is properly ventilated,

we know all of the desired air flow paths;

hidden flow paths are usually dirty ones!
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Moying| MoIsture.

> Vols Sl EMOVES IMANY el
o2 ‘ grav|ty (aS cl |IqU|d)
i byAwicking (often against gravity);
it air flows; and,

by dlffusmn

IR —

“air barriers (usually at least two)
are always needed in a healthy home.

® Many houses really need a quality dehumidifier!




_ Ventilation That Works




S
entilation That VWORKSE =SS

NI e 0t canturyA/enti atino hBUSES WaSs; an ait;
SN omg i rght took a Iot of time and effiort.

- \/\/M Retwilling to learn the craft,
ok swerstill need good ventilation
S(reating fresh air and removing stale air

= f_a;lre peth geod things).
= & Sjale air should be removed from all spaces
-~ that are occupied by people and pets,

& fresh air should be delivered to those spaces.
* Not making that happen is poor workmanship.




Ventilation Processess

JJrrr:Jr NINKAIIBUL Jlatien.as,. .
rou sets of elated, |mportant processes
"‘f Air exchange (inflow and outflow);
== alirdistribution (to and from all spaces);

; ';' air circulation within spaces; and,

“* air treatment.

s All ofi the above must be done well enough
In a healthy home.
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Allr Exchange,

SIS sibest. done,. p——
If) 21 jay that ensures balanced flows.

> E_Of afdeat Recovery Ventilator (HRV)
SRSwelly the best and most cost-effective
/8y tol perform this task
= _‘E’ mclude all of the costs In your analysis).

= & Sfale air must be collected and removed.

—® Eresher air must be supplied,
preferably to all healing rooms
(bedreoms and ‘resting’ rooms).
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Al Distripution.

NGl INLO.GNE 00N S—
zlficl femoving| it from' just one other room

15 ionoeed enough.
- rr E approxmately -correct amount of air flow
= mi AUst get to all occupied spaces.
EI have never seen a ‘natural’ flow method

T

" ~ that really did this well enough.

s Spme sort of powered flow system is needed,
but efficient systems use only a few Watts.

® Remember to provide the return flow paths!
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Alr Circulation. ... —

L e =
S

_ b emeyed fiom all reems,and
alr must be supplied
o nr occupled Spaces In those rooms.

[9Bleat the possibility of using distribution

ioiperform this task, using no more power.
= S SUpplying low on an internal wall

—
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—"'_ “and removing high on the same wall
- may do a good-enough job, most of the time.

® Really' good windows do not drive flows
the way that poor windows used to do.




Alr Treatment.

> Al ireeligsn ez OIISIStL ol tine felloWINOE

e Emovall of fine & very-fine dust;

upply eff moisture in very cold weather;
gemoval of moisture in hot, humid weather;
5 remoeval of VOC for sensitized occupants.

- 4ne and very-fine dust may prove to be
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= -'_' = an efficient way of delivering toxins to the blood.

~ e Central humidifiers are almost always so dirty
that they make occupants ill.

® Dehumidifiers are needed in some/many climates.
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Salancing AllAIr Elows

2 Ungelfzlgleere iiliGWSiaresselden 2. 0eea JCeR:

= Suoa IYing more: air than'Is removed,
fidNINEreom or larger space,
[EBUliSHn pressurization that can drive air
it leakage paths
?:Fand fesult in hidden mold during cold weather.
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—"'_ SEEXhausting more air than in supplied
: depressurizes spaces, sometime significantly.

® This Is bad in any space, If air conditioned,
and can cause fatalities If done In furnace rooms.
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sglancing Using| ForcedwAlT s

WHEN Using traditional ferced' air systems,

Iiless:

atchead supplies and returns are provided;
& diicting is well-enough sealed: and,

> Faw rgdpfs i dig gl ozl gl

= registers are not used to unbalance flows.

‘May not matter much,
nigher differences can lead to serious problems.

® |t does not take long to check differences.
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selgnced Flows — INo EorceaFAlRSS
SVHENMEANNGL NG COOJINOESYSIEMS]
clo s Ot UISe fiorced-air,
OcL ﬂced allr exchange flows to and frem roems
e ties a well-trained HVAC person.

pplles are usually powered,
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:)
;‘" ut returns seldom are.
.

rowde adeguate returns,
but solve the acoustic problems in bedrooms
(or the occupants will thwart the flows).

* A loud radio in one room is a good test device.
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sonelling Moisture MoyemeEnass

R CONOIINGUNOISLUEIMOVEMENT .

v ves many steps:

EpIevent wet soil next to the foundation;

="emoving Excess humidity from indoor air;
removmg moist air locally;
‘Sealing air leaks and controlling
pressure differences;

= keeping the roof leak-free, continuously;

* providing drainage from all wall cavities
(especially behind siding);

* etc.
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0EELSII & Soll Surface Diaifagess

R ke —

SVl AR thelong term — wet pasements
rlmr WWet crawl spaces make for sick occupants.

B ot alWways necessary
‘ -'orowde Waterproof basements
=i the soil never gets saturated
At next to the foundation.

- Waterproofing basement and crawl space walls
may be necessary in some soils
and where rains can be heavy for days on end.

> ProvidiplefefggelfSe| st fizlgeNe]celpelefe
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Kee Jng Indoor Alr Dy EneU@nsss

SNiuh-EE dehumidifier E VAStalsratea)
|5 2l needed appllance In many regions,
ou_,,[_ only desirable in others.

2 Wl JEn outdoor Dew Point Temperatures (DPTs)
_ __-_...-A much above 10 ©C (50 ° F)
-:me-*ﬂ IS usually impossible

—
..—-.-—_|
= - __—u—
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= {0 keep indoor RH low enough
“to avoid dust mite growth in bedding.

® An outdoor DPT above 13° C (55 ° F)
allows some molds to grow Iindoors.




" Sizing HVAC Systems
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m—
izing HVAC Systemss

> Meast EXisting HIVAC Sy stens are oVersized;
rrw flirace and air conditioner are OVErsized,
our the dlcts are undersized.

= OVve rSIZ|ng eguipment reduces comfort
-_...-A URdersized ducting Increases noise.

‘”Your energy-efficient retrofit activities
= will'reduce the size of all existing components,
even the ducting in most cases.

® Proper resizing will be required
and Is needed for optimum savings on energy.
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LS;0f Too-Small EUJIaCES s

—

> Uglel2 Sized unaces, aielavelded at alli costs,
BIERSIIONT OVErSIZING IS not deadly.
SN0l coldest day is -40 and your indoor: is 70F,
2Elyouundersize for this condition by 10%,
__ __-_._.-r-' erindoeor temperature will drift on down
S ewards 59 F, If there are no internal gains.
=3 In energy-efficient houses, the time to cool
; IS measured in many hours,

usually 10’s of hours.
® |nternal gains often overcome the drop.




Effects ofi Oversizinoy

o O)yars|Zae NAaCe

~

2N ai cenditieners
clo t iR long enough tor become efficient.
> Trle furnace also delivers air
rf 2b1s cooler: than it could be,
— | the R time: Increased.
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he air conditioner removes less moisture
tqan it will when properly sized;
denumidification Is more important

than reduced air temperature

In determining comfort in hot, muggy weather.




& Jhsulation That Works
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nsulation That Woerks

2 |pgrel n Rsulatien: 1926
ey oL Save much energyl

> Mo Nhsulation relies on kKeeping includead’ air
Viruiially'motionless and keeping insulation dry.
B RVost fibrous insulation is installed
;:i = So that It is subject to air flow-through

= at rates that decrease its effectiveness.

~® Providing an effective air barrier
both Inside and outside of insulation
it not just a good idea; it Is a vital requirement.
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Wind Barriers.. .

—_—
S

S ONEIOIWE aIhaNiers that s necded.
IROST all'sticcessiiul;, energy-efficient nNouses,
5 2l Nvmd Paier that Is outside the insulation.

- rr sharrer should really be rigid enough

| = (O EsISt movement in blustery wind conditions.

—"'_' .WI|| do a fair job for some length of time;
' iff 1t Is well fastened down, it will work better.

® |t Is most Important at corners
and should cover the headers.
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lndoor Al Barriers

EENNGNNC 00 AIEMPIStuE OUE BinNSUlation
5 0 e ieguirement of the radoor air barrier.

o Kade mg pollutants that exist, or ocecur over time,
f

UYArtie insulation layer
= _- the second reason for air barriers indoors.

= SEAS second air barrier helps prevent air flow
‘threugh the insulation to the indoors,
Or to the outdoors (with wind barrier flaws).

® Youl cannot have too many air barriers,
as long as they are not vapor retarders as well.
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& Inspection/Verification

.
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diaspection / Verification

AN eSO IECAUSEN/OU SA)/. SO,
t1s _K pEcaUse youl have shown that it is!

SRVET| fication that each step was well done
el 'be the best verification.

2 o Af mspectlon of critical steps
| ;:if__: s almost as good:;

= {lae inspector should really be independent.

s Will your crew do better work
if they know that you take pictures often,
and also have an inspection performed?
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e 2Costs? Of INSPECLIEMST s

- JO rJJ ECIONS/VENTICAIBICOST 01 [0aY.YOUZ;
UERAASWET TS MOt as simple as you think!
SRIIIE Cost ofi redoing things not done well
Eomes youiand your best workers
Biiercould be doing the next job well instead.

| E"étﬁit does not take much time on recalls

_F'_ -

~ te eat up the ?savings? of doing things poorly.

~® Selling costs, when you do good work,
and your clients can confirm that,
IS a much shorter (and less expensive) process.
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Vihat to Verfy/lnspects

SN Blilyaenvelope aintightness eveny time...
L VerTy sl stiace slopes all around the house
(z u Elpsettling| or after compacting).

- \/,4 fy emperature rise during heating,
trthe furnace and at the registers.

“-T'—Verlfy temperature drop during cooling
: (@t the registers, not just at the air handler).

e Only: omit inspections that you know
do not have to be done (no guessing allowed).
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m——
Conclusions;,

~In 3 _ro c P
el g rformance depends on everythmg else.

- r\n_j. that depends onienergy flows (power)
williitiuence all other processes
Siidell thiey, are connected with, directly or not.

= ﬂ%ﬂythlng that invelves air movement
“can move a lot of:

energy,

moisture; and,

pollutant.

J
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Conclusions, Cont'de

SHIRVEURN ant to,00 geoowerk, ...
zflel ave work during slew times,
ek e slire that you knew what has te be done,
rr Shde it well.

= a&)u ‘cannot understand what has to be done
‘_‘""'*‘E”Hﬂtll you understand interactions

—  of power flows, air flows, moisture movement
and pollutant flows.

® You have done a good job
when you have proven that you have done so.

- ard
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RecommenoationsSys

(0,00 HEIBIELLIEN
anyone else.

C|aIIy learn hew: everything is linked.

/rs fy At you have done a good job,
= C and gilve that proof to your clients.

--... .'_

| -"‘ste that trail of proof
- 1o convince your workers/trades
that you believe the proof Is in the pudding.

e Assemble a list of jobs well done.

P —— . —




REcommendations, Contia™ s

iem mistakes, ysyounself,
ARV AOUI WOIKENS/trades.
- F]ri}" Way ter aveld making the same mistakes
(Lherewill-usually be new ones to learn from).
: __ 'your work for all that it is worth.

&
e

3§Xplain why you do things the better way,
e your workers and trades,
as well as your next clients.

e Know that you are the best,
because you can prove It.
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Jim H. White.

SIS a scientist, T
rrrur ediinran engineering aculty
IGNIOVE NEVW SCIENCE INto practice.

- rls‘ﬂ e system design of the Canadarm
gi thier US Space Shuttle.
e invented the term “The House As A System”

He started the investigation of why
some houses make occupants ill (at cMHC in 1981).

e He did original research into how much power
and energy housing processes really need.

® He owns System Science Consulting.




