Residential Energy Retrofits —
Cost Effective Strategies

Presented by
Nathan Yost, M.D.



Energy Retrofits are subject to the first
law of building science:

No Good Deed Goes Unpunished



Session 1 - Content

House as a system — unintended consequences
A “brief” discussion of building science
Analyzing energy consumption

Getting to know your house

Selecting cost effective energy retrofit options
for your house



Session 2 - Content

e Examples of how energy retrofits cause
problems

e Indoor air quality and the impact of energy
retrofit activities

e Questions



Defining terms

What is a house?

Does a house need to “breathe?”

W
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nat is relative humidity?
nat is dew point temperature?
nat is permeability of water vapor?

nat are the components of energy

consumption?



A House iIs a System
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Buildings as environmental separators

“Brief” history of housing

We expect more of our houses today than we did
in the past

The greater the difference between interior and
exterior conditions, the greater the demands on
the building enclosure

The building enclosure (envelope) consists of all
the materials or components in the walls, roof
and foundation that separate the interior from
the exterior



Breathing and buildings

Animals need to breathe buildings do NOT

Buildings need to be ventilated — preferably in
a controlled manner

Building assemblies (walls, roofs and
foundations) should be designed to DRY to
either the interior, the exterior or both

Drying requires energy and is dependent on
the permeability of materials to water vapor




Relative Humidity

The amount of moisture in a sample of air as a
percentage of the maximum amount of
moisture that air can “hold” at that temperature

Water vapor refers to molecules of water in the
gaseous or gas state

Relative humidity changes as the temperature
changes even though the amount of moisture
(water vapor) does not change



Dew Point Temperature

e The temperature at which condensation appears

e When the relative humidity is 100% the ambient
or sensible temperature (measured with a
thermometer) equals the dew point temperature

e Dew point temperature is difficult to measure
accurately but can be calculated from the sensible
temperature and the relative humidity (measured
with a hygrometer)



Importance of Dew Point Temperature

* |t provides information regarding when
condensation may occur on materials within
building assemblies

e Ok, who cares anyway!

 Many of our building materials are moisture
sensitive (think mold and rot)

e So it matters a lot if water condenses and
accumulates in wall and roof assemblies



Permeability vs. Air Leakage

 Permeability is a property of materials — the rate
at which water vapor (gas phase) moves through
materials — rate for a given material is affected by
moisture concentration (vapor pressure) and
temperature

e Air leakage —the movement of air through holes
and cracks due to an air pressure gradient or
difference



Diffusion vs. Air Leakage
Moisture Migration Over 3 Months
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Effects of Air Sealing and Insulation

Decreased energy flow through walls =
decreased drying

This is a big deal, especially for energy retrofits
of existing buildings

Until recently designers and builders did not
need to consider the effects of insulation

Some (? many) old buildings may literally fall
apart as a result of energy retrofits



Functions of the Building Enclosure

e Control the flow of energy (heat)
e Control the flow of air

e Control the flow of moisture (water in vapor,
liquid and solid states)

e Control the flow of insects and other
unwanted guests

e Control the flow of radiation (uv light)



How have our buildings changed?

Insulated building enclosure (envelope)
Cold surfaces due to air conditioning
More processed organic material

» Engineered wood
» Paper faced gypsum

New products — e.g.. House wraps, sheathing
Tighter building enclosure



Consequences of building changes

e Buildings do not dry as easily
» Less energy flows through walls
»Vapor impermeable sheathings, plastics

e More materials that are susceptible to
damage by water and mold

e Less natural ventilation results in more interior
moisture accumulation during winter in
heating climates



Why More Moisture Problems?

Changes in construction methods

Changes in construction materials

Changes in building use
Installation of more central air conditioning

Failure to integrate these changes or change
methods to accommodate material changes



Building Science Summary

A house is a system composed of assemblies,
systems and materials

A change in any system or material may lead
to a significant change in the performance of
another part of the building



Just tell me how to decrease my
energy bills

e Ok, then turn off the tv, the computer, etc and
lower the thermostat

e If you don’t evaluate the consequences of any
energy retrofit you might spend a lot of
money to save some money and then have to
deal with expensive repairs caused by the
retrofit

 Oh, your home owner’s insurance probably
won’t cover the cost of the repairs



Analyzing Energy Consumption

e Obtain utility data for at least one full year but
preferably for 2 or more years

* Plot monthly expenditures for each utility —
using a spreadsheet allows manipulation and
graphing of the data

 This method can identify the approximate cost
of each of the segments or types of energy
consumption



Breakdown of Energy Use

Space heating
Space cooling

Heating water
Lighting and “plug” load

Which of these is significantly increasing for
most families?
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Analyzing Energy Consumption

 What important information was omitted
from the energy consumption?

e This information can be critically important in
the actual savings that will be achieved by
energy retrofits.



The thermostat set point.
People want to be comfortable.

If the current cost of space heating produces
uncomfortable interior temperature energy
retrofits may improve comfort but not reduce
energy costs.

Potential changes to thermostat set point
must be considered if the anticipated savings
are to pay for the cost of the energy retrofit.



Getting to Know Your House

Equipment type, efficiencies and age
Methods & materials of construction

» Details of wall construction
» Types and amount of insulation

Window specifications — frame and glazing values
Window area as % of wall or floor area

Leakiness of enclosure
» Qualitative analysis — look for the big holes
» Quantitative — blower door testing



What’s most cost effective?

Depends on the initial findings
Depends on other plans or needs

Will vary from house to house
There are some general rules



The “Home Energy Saver”

Online program developed by Lawrence
Berkeley National Laboratory

Provides information on average energy
consumption for houses in a specific area

Provides an assessment of an individual house
based on inputs such as size, age, number of
stories and more

Provides estimate of savings from retrofits
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Typical Order of Energy Retrofits - 1

* Air sealing — eliminate the big holes especially
at the top of the building

 Reducing leakage to the exterior from forced
air duct systems

»When ducts and air handlers are located outside
the conditioned space — move the enclosure to
“relocate” the HVAC within the conditioned space

» Eliminating panned “duct” returns in exterior walls
e Adding insulation



Typical Order of Energy Retrofits - 2

 Improving equipment efficiency
» Furnace

» AC — usually minimal benefit in our climate to
going much beyond 13 SEER

» Air handler fans — DC commutated motors
» Refrigerators, freezers, washing machines
e Replacing windows — usually has the longest

payback period of any energy retrofit
Intervention



Fiberglass does not stop airflow

12/6/2009 CGBF - Home Fair

35



Avoiding the Unintended Uglies

e Combustion safety

» When air sealing and insulating need to do worst case
scenario testing if there are open combustion
appliances in the house

> Add carbon monoxide monitor

e Condensation on interior surfaces

» Need effective exhaust fans in bathrooms, kitchens
and possible laundry rooms to remove moisture

 Condensation in the building enclosure or roof
deck — turning the warm, dry attic into the cold
wet attic (more in session 2)



Session 2 - Content

e Examples of how energy retrofits cause
problems

e Indoor air quality and the impact of energy
retrofit activities

e Questions



Answer these questions before
installing insulation in attics or walls

Is the foundation (basement, crawl space) wet?

Are pathways present that connect the moisture
source to the attic?

s a vapor barrier present in the wall assembly?
s a drainage plane present behind the siding?

s there evidence of moisture accumulation or
damage under windows?



Case 1 - History

 Apartments outside New York City

e Cellulose insulation added to attics in 34
buildings

 Approximately 8 of these buildings developed
extensive wetting of the underside of the roof
deck during the first winter after the
insulation was installed



Case 1 - Questions

e What is the source of the moisture?

 Why is the problem occurring in only 8
buildings?

e What is the pathway between the moisture
source and the attic?



Temperature and RH Readings

>

Location Temp °F % RH Dew Point °F
Ambient — Exterior 40 28 9
HH 15 — Hallway 64 50 45
HH 15 — Crawl Space 59 60 45
HH 16 — Basement 56 29 24
HH 12 — Basement 59 32 27
TV 3 — Apartment H 69 33 39
TV 3 — Crawl Space 66 38 40




Wet Attics - Conclusions

 The source of the water that is wetting the
roof sheathing is moisture in the crawl
spaces and basements

 The pathways from foundation to attic are
plumbing chases and the 2 inch gap
between fire walls and wood framing

 The insulation played a role in the wetting
process, but what was it?



The Effect of Attic Insulation

e |t reduced the flow of heat from the
ouildings into the attics

e |t reduced (but did not stop) the flow of air
(moisture laden in the buildings with wet
foundations)

e |t did not stop the flow of water vapor by
diffusion from buildings to attic



Is the Insulation or the Insulating
Contractor the Culprit?

 The insulation changed some of the attics from

warm and dry (at least not mold) to cold and
wet

e But the problem occurred in only 8 out of 30+
buildings (only in the ones with wet
foundations)

* Should the insulating contractor have known
better?



Smart Insulating Contractors
Smart Building Owners

Know that stopping air flow is as important
and reducing heat flow

Think of the building as a system
Know that no good deed goes unpunished

Know that the last guy in the building gets
olamed (asked to pay) for whatever
nappens next




Drainage plane behind the siding?
e Why is this important?
e Water gets behind all claddings!

e With a drainage plane (building paper, house
wrap, or membrane and flashing) this water
will safely drain to the exterior.

 Without a drainage plane the wall cavities
may (will) get wet.

e Can the wall cavity dry?
» Probably without insulation in wall cavity?
» Unlikely if insulation in wall cavity.



Vapor barrier in exterior walls

Brick veneer, wood frame 2-story apartments
in Cincinnati — built in mid 1950’s

Permeable exterior sheathing — fiberboard

No insulation in exterior walls although
present in walls between apartments

Modifications to include addition of space
cooling

Surprise finding in wall cavities



Why is the foil a problem?

When wet brick is heated by solar radiation,
moisture is driven inward

Water vapor flows easily through permeable
sheathing (fiberboard) into wall cavities

Water vapor cannot go through foil leading to
condensation on foil

Interior cooling will reduce temperature of foil
further increasing condensation

No problem without AC and insulation because
wetting is less and is followed by drying



Energy Retrofits and IAQ

* In addition to problems already discussed,
tightening of the building enclosure may lead
to other IAQ problems

 Reduced air exchange may lead to higher
levels of pollutants and toxins such as radon

e Solutions include
> Sub slab ventilation for radon reduction

» Adequate exhaust ventilation at source of
production

> Dilutional ventilation



e EXx
e Su
e Ba

Ventilation Strategies

naust only
oply only

anced — supply equals exhaust



Sub slab ventilation

e Recommended by US EPA if radon levels are
consistently > 4.0 pCi/L
e Effectively reduction usually easy to achieve
»Sub slab crushed stone is present

» Perimeter drain tile is present and patent

* Continuously operating fan installed in attic or
on the exterior
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Useful Meters & Monitors

e Thermometer with hygrometer

e Watts Up — measure energy consumption of
appliances

e TED — the energy detective — measure energy
consumption of individual electrical circuit or
entire electrical panel
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