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Abstract

The conservation of energy is an increasingly important isSigeraise awareness of
energy conservation, the State of Kansas initiated the Take Chargeng@kailhich focuses on
energy conservation in homes across Kansas. The program pits city against city in a competition
to determine which city can conserve tm@st energy in one year. In the spirit of friendly
competition, Manhattan, Kansas, home of the Kansas State University Wildcats, and Lawrence,
Kansas, home of the University of Kansas Jayhawks, competed in the Challenge during 2011.
At the end of the CHignge, Kansas State was victorious saving a twitdd, 783 million Btu
(MMBTUS).

In the Spring of 2011, Noel Shultz, first lady of Kansas State Universitg@aotair d
the Take Charge Challenge in Manhattan, set an example for other area rdsideviag an
energy audit performed on her home, tioric Kansas State University President's Residence.
Theauthor used thaudit,which was performed by an independent compé#rrmal imagesa
lighting survey and various performance calculations kamine energy use in the building
The audit results include suggested improvements in order of import&hesuggestions were
to install programmable thermostats, reduce air infiltration, and increase insulation. These
improvenents have the potentido provide a return on investmentlthough not all the
suggestions are applicable to the hdmeause of its historic naturé®ther improvemenisuch
as replacingamps and insulating windowsvere also researched by the author aseansto
reduce engy use.

This paper compares the audit results and the author's calculations to verify whether the
suggestions are feasible and would provide a return on investivierials were donated by
Kansas State Uni ver s iotthedirmprofemmds BStudentseand fdowdtyp ar t me
volunteers participated in a work project to install the donated material. Only days after the
insulation was installed, Mrs. Shultz mentioned that the family could feel an improvement in
comfort. Thermal images of the roof rilBed that the insulation lthreducedhe heat losslt is

hoped that the improvements will alsmluceenergyconsumptiorduring the winter months.
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Chapter 1 - Residential Energy Consumption in America

Climate change and global warming are highly debated:gopi the world today. In
some instances, scientists can already measure the problems associated with these issues; in other
instances, moddlased predictions forecast where problems will occur. Whether or not these
issues are real and measurable, ige&neral knowledge that the practices of industry and
consumers today could be more environmentaigndly. Our reliance on fossil fuels and the
associated generation of green house gasses is impacting the environment.

Having identified the problem, theext step is to determine how to fix the problem.
Terms such as 6égreend and O6sustainabl ed are o
However, to the ordinary consumer, these issues seem so monumental that they do not see how
making small chages will impact the world. The effect of these changes cannot be readily seen
and are almost impossible to measure. If a family buys an electric car, the green house gases
donot decrease by a measurabl e amouedttthe |t [
perceived lack of improvement. Why spend money when there is essentially no pay back? Such
an attitude ignores the cumulative impact of individual actions. If one person buys an electric
car, and then everyone on their street buys an ele@rjcand everyone in the next town and
next state and next country all buy and begin to drive electric cars, a measurable decrease in
emissions would occur.

Unfortunately, expecting immediate, whole scale changes is not realistic. Even if
everyone wereducated on the environmental benefits of driving an electric car, everyone would
not buy such a car, whether due to the price of the car or fears of untested technologies. So,
although one family may buy an electric car for its environmental benefitgtysomust
determine appropriate incentives for others to pursue actions that benefit the environment. The
persuasion generally comes from a personal level instead of a global level. In many cases, by
being environmentally friendly you can save moneynergy costs money so being energy
efficient also means being efficient with money. Enesgying measures will cost money
initially but will save money as time goes on. So the payback on the investment is what will
entice the common consumer. They aned by the claim that even though they spend a few
thousand dollars to install insulation, in the winter their heating bill will be reduced by hundreds



of dollars. Additionally, by using less energy to heat their home they are also doing their part to
hdp the environment.

A key component of getting the information to the consumer is marketing. If consumers
can determine the payback of their investment before they buy a product, they will be more
likely to purchase that product. Also, having multipleergry efficient choices is essential.
EnergyStar is a company that has done well in marketing. Their home appliance seal has
become essential to many consumers when buying a new refrigerator or television. Even the
uninformed consumer may not know theesifics of a product, but if they see the EnergyStar
seal they know that the product could save them money.

Companies like EnergyStar are relatively new to the consumer marketplace. Although
EnergyStar began as a small company, as popular demand fogy&tee products has grown,
the company has expanded. An increasing awareness of energy usage can also affect all aspects
of energy savings, not only appliances. For the residential market, people are becoming
increasingly aware of energy efficiency atigtir home's energy efficiency. Even with energy
efficient appliances, the focus may turn to making the energy efficient boiler work less by
improving the shell of the house. The Take Charge Challenge competition in Kansas has
undertaken such a goal aisdteaching communities across Kansas how to save both energy and

money by making their houses more energy efficient.

Take Charge Challenge

AAs part of the American Recovery and Rei
Energy Office received approximagel$b47.7 million in additional funding from the U.S.
Department of Energy (DOEhttp://www.kcc.state.ks.us). $38,284,000 of the
the State Energy Program (SEP). The SEP used part of the funding to establish the Efficiency
Kansas Loan pgram. The purpose of the loan program was to help train energy auditors and to
market their services to the population of Kansas. Ultimately, the program would assist Kansans
through loans needed to implement energy efficiency updates. The prografunaled an
extension of the Take Charge Challenge, another energy program, from the previous year.

AThe Take Charge Challenge is an initiati:
(www.takedargdansas.org) 0 The CEP is a nonpstofeduce or gart

emissions in the Midwest. The goal of the challenge was to prove that any area in Kansas, from



rural to urban, could reduce energy use significantly by implementing energy éefficetices.

Towns were chosen from across Kansas to paatieipn the Take Charge Challenge. Towns

ranged from rural to urban and small to large. A leadership team of approximately fifty people

was formed in each town. The leaders were to meet once a month. Each quarter they were
responsible for hosting a pgrto engage the community and share the results of the previous
mont hés energy savings. The competition and
make it successful.

The competition compared two categories to determine the energy saved. First, it
examined the actual kilowatt hours (kWh) savings of the town. A kWh is the amount of energy,
or watts, consumed over the space of an hour. At the beginning of the program the local utility
providers were informed about the project and were forthcomiily tve required energy
information. Comparing the energy consumption of a town to its energy consumption during the
previous year was not reasonable because of the national economic do\iitera.was some
thought that families would already be tryittgsave energy to decrease their electric and heating
bills when the economy was rough (Driving Demantierefore, towns were compared to other
towns of similar size and demographics not competing in the Take Charge Challenge as the first
assessment medd.

The second method used to measure energy
prescriptive measures installed. o0 lampsfrese pr e:
incandescent to compact fluorescent (CFL), replacing old appliances with Btarggted
appliances, installing programmable thermostats, and participating in home energy assessments,
such as energy audits. Because these prescriptive measures have a payback period of multiple
years, the forecast cost savings were used for the ¢ibimpe Otherwise, the challenge would
finish before the actual savings could be tallied.

After one year, the wning town for the first method reduced kWh by 5.5% compared to
their baseline town, and the winning town for the second method reduced thétew el ect r i
usage by 2.5%. The challenge was deemed a sueitbsan estimateof at least 10,000 people
actively involved in the processAdditionally, the challenge was highlighted as a best practice
by the Lawrence Berkeley National LalLBNL) Eledricity Markets and Policy Group
(eetd.lbl.gov).



Following these efforts andasing the funds from th8tate Energy Programanother Take
Charge Challengeras initiated in 2011 The 2011 Ghallenge hoped toapitalizeon the friendly
competition of the prawus year and specifically choose towns with long seated rivdlies
compete against each otheHaving an established rivalryjylanhattan, Kansas, home of the
Kansas State University Wildcats, and Lawrence, Kansas, home of the University of Kansas
Jayhawks, were choseffor the University Regiorcomponent of the Take Charge Challenge.
The competition commencead January 2011 and contied through September2011. The
challengeincludedthree categoriethat each measured different ways to save energyegGry
1 included home weatherization, Categorfp@used orswitching lamps to compact fluorescent
from incandescentind Category 3 measured community involvemeiitthe conclusion of the
competition the city who antwo out of three of the categoriemuld win the Challenge. In the
event of a tiet h eategories woulde weighted: five points for Category 1, three points for
Category2, and two points for Categoryo3 (t akechargekansas. org) .
on a per capita basis so thasmall city making the same number of changes as a larger city
could win if the percentage of changes made to the sritglis larger. For the University
Region, Lawrence has a population of 92,048 and Manhattan has a population of 52,836
(takechargekanasrg). The winner of te Take Charge Challenge receinae®&100,000 grant to
fund other energy efficiency projects.

Figure 1.1 Take Charge Challenge University Region

MANHATTAN
L

/ LAWRENCE
UNIVERSITY REGION




Category 1

Category 1 of the Challendecuseal on energy efficiency retrofits made to homes and
small businesses. Category 1 includefficiency Kansas audits, completed Efficiency Kansas
energy saving projects, Leimcome Weatherization Assistance Program (WAP) audits, and
completed WAP progs. 50% of the estimated gas and electric savings from the Efficiency
Kansas auditevere awarded points once an auditsweerformed. 100% of the estimated savings
in the auditwere awarded points once the projects recommended in thevearditcompleted
Pointswere awarded by the amount of energy saved. Energy is measured in British Thermal
Units (BTUs) and one point equates to one million BTUs (MMBTUS) saved. A city may, as an
example, replace inefficient lamps in light fixtures with hafhiciency lamps to save energy.
The BTUs saved will gain points for that city. A completed Efficiency Kansas project will
supersede the Efficiency Kansas audit performed so that only 100% of the estimated savings
were counted and not 150% (takechargekansas.oftpe Efficiency Kansas retrofits and other
energy efficiency measures must be completed within a year of the energy audit. The savings
will be converted into MMBTUs by the CEP. The WAP audits and projects function in the same

manner in that the energyvéags are converted into MMBTUS.

Efficiency Kansas

Efficiency Kansas is a loan program developed by the Kansas Energy Office. It assists
property owners in completing energy audits of their properties and then helps them finance
loans to make the necesgahanges listed in the energy audit in order to decrease their utility
bills. Each audit lists the recommended energy saving projects in order of importance. Audits
also includeauditor estimatesor the recommended projects. To be approved for fingnci
property owners must complete the projects starting with the first on the list. The rationale for
requiring that the projects be completed 1in
houseo approach (Efficiency &&fachthad mgny differehth e ap
factors affect the energy performance of a home and it addresses the most critical needs first,
which are not necessarily the most obvious By way of illustration, if a house is cold it does not
immediately mean that a new fureashould be purchased. Instead, by completing an energy
audit, it could be found that the furnace works well, but that air is escaping through an

improperly sealed attic or chimney. Therefore, before a furnace is upgraded, sealing the attic or



chimney must be completed first. Additionally, financing must be done though lenders or
utilities that are partners with Efficiency Kansas. After the energy projects are completed on a
property, the energy auditor will perform another inspection to ensure thagvely installed

systems are working properly.

Weatherization Assistance Program (WAP)

The U. S. Department of Energyds Weatheriza
income households make energy efficiency changes to reduce their energy bills. iffcaqual
| ow income household, the household i ncome mu
than 40 million households are eligible for the weatherization semices
(wwwl.eere.energgov). If a household qualifies, a trained weatherization crew will audit the
house and determine solutions for improving its energy efficiency. During the audit, tools such
as a blower door, manometer, and thermal camera are used for detailed aedps=rgations.
The weatherization crew also performs safety checks of the household energy systems and looks
for gas leaks and carbon monoxide. The program takes a whole house approach to decide which
measures will be most cost effective. Common waysnprove the weatherization of a home
are to install insulation, seal ductwork, decrease infiltration, and repair heating and cooling
systems. A scale is used to determine how much money can be spent to upgrade a property and
is dependent on the incométbe residents. The services provided up to a scaled limit are free
to the property owners. The calculated savings for the audit and associated upgrades are
converted into MMBTUs when used in the Take Charge Challenge.

Category 2

Category 2 of e Talke Charge Challenge focusesh small scale energy efficiency
measures rather than whole house renovations. These measureslirghlagng light bulbs,
installing programmable thermostats, performing energy efficiency retrofits, and implementing
measuressuggested on the audit but not financed through Efficiency Kansas. For example,
switching light bulbs from incandescent to compact fluorescent (CFL), or frda {0 T-8
fluorescent lamps, gaaal 0.12 points per lamp. A-I2 lamp is older and less efnt than a
newer, smaller B lamp. Each programmable thermostat edrnl.81 points
(takechargeKS.org). These changese required tde recorded on the Take Charge website by

the homeowner to count toward the competition. Such small energy efficieeasures are

6


http://www1.eere.energy.gov/wip/weatherization.html

perhaps the easiest and least expensive way for community members to make energy efficiency

changes to their homes.

Category 3

Category 3 of the Challengess related to community involvement. The leadership team
of each community sponsd community outreach events. Involvement at these eweags
measured based on the number of participants per capita. Wéreréhree levels of community
involvement. The first level includepresentations, trade show booths, and community
challenge eveas. These eventak the number of participants and muligd by 0.1 to
determine the number of points. The second level indludacher training by the Kansas
Association Conservation Energy Educators (KACEE), KACEE activities in schools, real estate
energy classes, and home energy audit classes. The mulvpdetO times the number of
participants for the second level.

The third and last level of community involvememas building operator certification
classes, holding meetings leading to tisdumtary adoption of energy efficient building codes,
and holding Facility Conservation Improvement Program (FCIP) meetings. Only two meetings
per quarter wuld count toward points but thermas no limit to the points thatoald be earned
through certifiation classes. Each of these eventsashpoints equal to 100 times the number
of participants. All events related to each of these lewel® required tesubmit a record of

attendance to the Regional Coordinator.

Results

After September 30, 2011,eh r esul t s were talliedebdbndr t he
Take Charge Challenge and the winners were announced. Kansas State University and the City
of Manhattan beat The University of Kansas and the City of Lawrence to win the University
Region rivdry. Challenge winners, including Manhattan, Baldwin City, Colby, and Fort Scott,
each received $100,000 grant to use fenergy efficiency projects in their towns.

Manhattan, Kansas individually savB/83 MMBTUsover all categories. They saved
$243,642 in energy by switching 40,413 incandescent lamps to compact fluorescent lamps. That
is enoughenergyt o power 331 households for 4l031éar ('t
MMBTUs of gas and electricitywere saved, with a totafalue of $2,341,25. This equates to



19,002 barrels of oil not imported, taking 3,300 cars off the road, or enough energy to power 985

Kansas homes for a year. o (Green victory).



Chapter 2 - Residential Energy Audit

The first step to home energy improvement is having a professaodébrperform an
energy audit. This will reveal the main areas where the house is losing energy. A qualified
auditor can be found by |l ooking on a stateos
companies. Additionally, local utility providemay perform audits.

When an audit is performed, the auditor examaé | areas of a house a
utility bills from previous years.Evaluatingprevious utility bills may pinpoint when the most
energy is used. If the energy billuausualy high in the summer compared to the winter, there
may be a problem ith the cooling equipment. The auditill evaluatehe outside of the house
and take measurements inside to determine the size and volume of the home and the number of
windows. Theauditor will also examine the appliances in the kitchen and the heating and
cooling equipment in the basememitticc and outdoors. The residents of the home are
encouraged tadvisethe auditor if a room is cold, damp, or drafty. Such observations help th
auditor focus on that room and determine the cause of the problem. All of the information is
amassed to assess how well the home performs. At some point during the audit, the auditor will

perform a calibrated blower door test.

Blower Door Test

Ablower door test is used to measure the infi
uncontrolled flow of outdoor air into a build
(Principles of HVAC). Air will flow into a house if there is a press differential between the
inside and outside. Using the principle of a pressure differential, a blower door can measure how
much air is infiltrating into a house. As a first step, a trained energy auditor attaches a blower
door frame to a door in tHeouse. All other doors and windows in the house marsainclosed
throughout the test. A fan in the blower door blows air out of the house reducing the pressure
inside the housantil the pressure differential between the iesid the home and the oids is
50Pascal Air is constantly seeking equilibrium, so as the air pressure in the house decreases, air
migrates into the house through cracks to equalize the inside and outside pressures. The rate of
the air flowing into the house is measured byaarpressure gaugan the blower door when the

pressure differential reaches 50 Pas@iis air flow is listed as CFM50, or the rate of air blown



by the fan in cubic feet per minute when the pressure differential?a&€al If the blower door

is calbrated, it willdeterminehow tight the overall construction of the house The lower the

amount of air coming into a homgthe bettet he homeds e.n&kblogerdoerf fi ci e
cannot determine the exact locationledks in a homet can only detrminethe totalair thatis

leaking. Therefore, to determine where the leaks are occurring, either blower dsantest
individual rooms or fog testan beperformed

A blower door test done for aegfic room canbetter pinpointwhere air infiltraton is
occuring. For example, a blower door test performed on a room wiimgle window can
determine if thatvindow is leaking The windowcan then be sealedThe whole house test
cannotpinpoint which windowsareleaking Testing each room individlly showsmore clearly
the locations of the leaksA blower door test for an individual room is also beneficial because it
tells the rate of air infiltration from that specific roonConsequentlyyooms that show the
highestrate of ar infiltration canbe addressefirst.

An even more accurate waydetermire thelocation ofair leaks in a house is to perform
a fog test. To conduct a fog telse housenustbe pressurized, but in a different way than when
performing a blower door test.A blower doortest depressurizes the houkeougha fanthat
blows air out of the home tdetermine the amount of aioming into the home. A fog test does
the opposite, bloimg air into the homandmakingthe insidemore pressurized than the outside.

Once thehomeis pressurized it idilled entirely with fogproduced by a simple fog machine.

The fog isa nontoxic glycol-based solutionwhich will not harm the houser ¢he inhabitants
(www.greenbuildigadvisor.com).Once the home is filled with fog the pressingde the home

will push the air out through any availaldpening Observers standing outside the home can
see where the fog is escaping and identify the positions of leaks in the building shell. Common
areas for leaks are around windows or under #ives However, &og test cannot determine the

rate of air leaving a specific opening.

AThe Ameri can Soci ety of Heating Refri gel
(ASHRAE) recommends that we have approximately 0.35 air changes per hour (ACH) in our
hous and buil dings in order to maintain health
infiltration brings unconditioned air into a space and makes the heating and cooling equipment
work harder to heat or cool the air. As the unconditioned air eateosne through cracks, the

air that has already been conditioned is pushed out of the house. In essence the exchange results
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in the Heating Ventilation and Air Conditioning (HVAC) equipment performing twice the work

and is highly inefficient. Having tolittle infiltration is also undesirable. If a house simply re

circulates the same air, the number of allergens and germs in the air stream would continuously

gr ow. Mo st residenti al homes, Il ncluding th
equipment hat provides for outside air to be incorporated into the air delivery. Therefore, it is
important that the house allow some air to enter through infiltration.

Figure 2.1 Blower Door Test(http://www.energysavers.gov/your_home/)

Diagnostic Tools

Testing the airtightness of a home using a special fan
called a blower door can help to ensure that air sealing
waork is effective. Often, energy efficiency incentive
programs, such as the DOES EPA ENERGY STAR Program,
require a blower door test {usually performed in less than
an hour) te confirm the tightness of the house,
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door frame

Termporary covering
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R
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Fan
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Figure 2.2 Chad Robinson Conducting a Blower Door Test

President 6s Residence Energy

When the Take Charge Challenge was announced for Kansas State University, Noel
Shultz, thefirst lady of the university and echair of the local campaign, was the first to have
her home audited. She wanted to set an example for the rest of the community. So in March
2011 Chad Robinson from Building Performance Company visited the PresRlesitience to
compl ete an energy audit. Mrs. Shultz ment.i
in the area when it comes to energy efficiency. The first step is to find out where we can make
i mprovements to save Dbtartalility.lsmesu).g $inceathedhonmeoisn e y 0
comparable in age and construction to other homes in the area, the audit could be a good
indicator of changes that other homes in the community could make to improve their energy
efficiency.

Mr. Robinson firstinstalleda blower door test on the door to the sunroom to measure the
house's infiltration rateHe thenwalked through the residencaking detailed measurements of
each area. The measurements were used to determine the volume of the house, whigh, in turn
wasused to calculate the infiltration rate of the residence. He also examined the appliances both

in the upstairs kitchen, the downstairs kitchen, and the laundry room on the first floor. The
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heating and cooling equipment in the basement mechanimal, ria the third floor mechanical
room, and in the new attic over the garageeinventoried as well.
When performing the blower door test, even without the final calculations, it was evident
that the residence had a problem with infiltration. So whadmmeting an inventory of the
homeds r ooms, Mr . Robinson also | ooked for ar

and cited as places that needed improvement in the audit results.

Audit Software

Once the necessary data was collected, Mr. Robirsaaredit into a REM/Rate
software program. The REM/Rate software program is a home energy rating tool that
Acal cul ates heating, cooling, hot water, i gf
costs for new and existing single and médtnily h o m e Ht://wgw.archenergy.com Mr.
Robinson used the information gathered at t he
was using the most enerdiiroughthe use ofyraphs and tables. The audit also included a list of
improvements to be made the residence in order of most cost effective to least cost effective.
Cost effectiveness is determined by the monetary payback of a project. Simple payback is the
"initial i nvest ment wvivwenerdysaversigyv Thersimpleaddyack a v i n g ¢
gives the payback period in total years before the homeowner will see a return on their
investment. Smaller items may have a faster payback period because of a small initial
investment, but if a large investment has a high predicted return on imvesttrcould also be
listed as one of the most cost effective improvements. The filill iswattached in Appendix A.

Along with the areas to improve, the audit report contains numerous graphs and charts
that visually depict the monetary savings a homesmwcould realize by making the
recommended upgrade#uditor estimates on the cost of upgrades factored into the simple
payback and total savings calculationg.he savings calculations are not accurate for the
residence, though, because the homeasof typical residential construction.The graphs
charts and savings estimates from the software all assume that a home is built using current
construction standards. Since tAesident'sResidence was built 88 years ago, the suggested
upgrades areither not applicable or more costly than stated in the report.

The scope of the upgrades wasterminedusing the Efficiency Kansas Material and

Installation Manual (EKMIM), but the estimated cost was generated by the REM/Rate software.
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The actualcosb f t he updates may vary fAtremendousl! vy,
residenceds | ocation and the availability and
carefully examine these numbers before applying for loans or deciding whiclctproge
undertake. Contractors are encouraged to examine the EKMIM when offering bids on the
project to fully gauge the actions involved in the upgrade process.

Mr. Robinson mée clear,however that the purpose of some items in the audit report
wasto act as an examelfor other homewners in the area. While thli&esident'sResidence
might not recognize the savings from a certain upgrade, other resideigbé®enefit from that
same upgradeTherefore,in the spirit of using th@resident'sResidenceas an example for the
community, all upgrades were considerel is important to review the audit repodietermine
which upgrades are applicablend determinéhe estimated paybacksth consideationthat the
software is designed for @ntemporary hme TheAuthor's intent inthis paper is to compare
the calculations of the audit report with personal calculations that reflect the age and construction

of the home.

Restrictions of the Audit

The full audit report contained many suggestions for impgpthe energy efficiency of
the Presidentds Residence. However, the aud
residence, so that certain recommendations were not practicable. At one point in the audit when
referring to wall insulation Mr. Robsnon st ated that fAthe O6insul ati
purposes of this report. The intent is to show what the savings would be if the walls were
insulated. Although we understand that implementing this suggestion would be quite difficult
and morecostly than stated, a house that could easily be retrofitted to insulate the walls would
realize this savingso (Audit, Cost Effective
performed by Mr. Robinson showed where specific improvements coulthdoke to the
President's Residencthe auditcould also be used more generally as an example for others
considering a retrofit of their homes.

In addition to various recommendations that might not be practicable for the President's
Residence, the audit re$ on particular inputs and factors contained within the REM/Rate
software that mi ght not completely conform tc

The software requires the auditor to isuil do
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The auditor inputs the house's location, construction details, insulation details, window details,
and the type of heating and cooling system. Using these inputs, the program assesses where
energy is lost and identifies solutions to improve theasion.

Probl ems first arise when i1nputting data
Residence features are not listed in the software libraries. For example, the heating and cooling
system in the President 6s dRasshownemFgere 28daai r ha
split system air conditioning uréts shown in Figure 2.4There are two AHUs in the homeane
serves the basement and the first floor while the other serves the second and third floors.
Becauselhtere was not space availatior ductwork to be routed throughout the home from one
unit, two AHUs were installed.Steam from the power plant on campigsprovided to the
President'sResidence where it is sent to a heat exchangére heat exchangersesthe heat
from the steanto heat the water in the hot water coil in the air handling unit. Chilled water is
provided to the AHU$ chilled water coilfor air conditioning. The 1998 garage addition
discussed in Chapter 3 is served by the split system air conditioning TUmgt.aud software
does not have aoption for an AHU; the only choice is a gied furnace. Also, the window
choices in the software program do not include the historic windows that are used throughout
most of the President 6s nawirglowd ia theresidenceare singlet h o u
panewith an exterior storm windowtheir insulating properties are not the same as the single
pane window referenced in the software. More testing would be needed to determine an
equivalent in the REM/Rate software
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Figure 2.3 Attic AHU

Aside from the problems inputting data, there are also issues with some recommendations
generatedy the software. As stated by Mr. Robinson when discussing wall insulation, not all
the suggestions for i mprovements are compat.i
Residence. The software suggests improvements based on assumed construdicatispsgi
which do not al ways coincide with the actual
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Presidentds Residence was built in 1923 and
cooling equipment. The house was constructed with walisick stone to keep the house cool

in the summer and fireplaces in the main rooms to heat the house in the winter. The stone walls
were covered with plaster on the inside and have no insulafihren the wall construction was

input into the software thenmediate response was to add insulation to amsmated wall,

which makes sense for a current home but not a historic héwding insulation to the walls

without consideration of the historic construction methods and materials might cause more harm
than good. Fully interpreting the energy audit results and ascertaining how they can be applied

t o t he President 6s Resi dence requires a ful
construction materials, construction methods, and system functiong@hig.understanding of a

house is necessary before decisions about upgrades can be made.
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Chapter3-Pr esi dent 6s Resi dence H

Beginning in 1923, the presidents chosen to serve the Kansas State University
community had a permanent home on the campus. Lodai®d &Vilson Court, the thregtory,
limestone dwelling was built to blend with the surrounding campus buildings while acting as a
private residence for the Universityos first
came from Mrs. Mehitable C.GQVilson in honor of her late husband, David Wilson, one of
Manhattands original founders.

Before the house was built, the presidents lived off campus in a number of different
places. When President Dennison was in office and before the campus wed sititstcurrent
location, he lived on Hylton Heights Road. President Anderson lived in Junction City but moved
into Preston Houswvhen the campus moved to its present location (see Figures 3.1 and 3.2).
Preston House was built by the widow of Profed2mston in 1866. President Anderson and
President Fairchild lived here until President Fairchild constructed an actual residence for the
president of the University. After President Fairchild moved into the new house in 1885, Preston
house was used fother purposes on campus. In 1920 it was turned into the college hospital. It
had a barracks attached to it in World War 1l. It was later used for storage and subsequently
demolished to construct Lafene Student Health Center.

Figure3.1Pr esi dent 6 s -BB85Wildrd)nce 1875

[RESIDENCE OF THE PRESIDENT, 1875 TO 1885

18



Figure 3.2 Preston House RenderingWillard)

President Fairchild lived in the newly
3.4), from 1885 until 1895. Unfortunately, in 1895 the house was struck by lighting and burnt to
the ground. Following the destruction of the house, University Presidents Will, Nichols, and
Waters all lived in houses of their choosing. President i/dueilt his own house, which was
subsequently purchased by Kappa Kappa Gamma for their sorority house after his term ended.

Figure3.3Pr esi dent 6 s -RBexWildrd)nce 1885
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Figure 3.4 Campus in 1886(Willard)

LT

CAMPUS IN 1886

100 Wilson Court

Figure 3.5 100 Wilson Court September 2011

President Jardine was next in office. He lived on Houston Street for the beginhisg of
term but had construction started on 100 Wilson Court using funds left to the college by Margret

Wilson, widow of David Wilson and a friend of the college. The new residence was built among
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trees where the former arboretum was once situated. 108bWCourt has housed seven
University presidents since its completion in 1923. It has also changed over time to stay current
in its utilities and amenitieir handling units and a split system air conditioning unit serve the
home and keep it cool in tteummer and warm in the winter. The appliances in the kitchen
areas have been updated and the lighting is primarily compact fluorescent. The original floor
plans from 1923 are shown in Figures 3.6, 3.7, 3.8, and 3.9.

Figure 3.6 Basement Floor Plan
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Figure 3.7 First Floor Plan
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Figure 3.8 Second Floor Plan
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The cost of the original structure was $31,000. Additions and renovations have been
done to the property since that time. The most recent addition was a garage built during the
Wefald tenure in 1998 that included the repurposihthe old garage into a living room shown
in Figure 310 and Figure 31 Currently, the home has seven bedrooms, four full bathrooms,
two half bathrooms, a front living room, a sunken living room, a dining room, a sun parlor, an
enclosed terrace, two miganical rooms, an edat kitchen on the ground level, a finished
basement, a second kitchen in the basement, and a two car garage. The mechanical rooms in the
basement and in the third floor attic both contain a Trar®ekles air handling unit. Steam i
delivered to these two units from the campus power fanheating and chilled water is used
for air conditioning The attic in the new garage addition houses a split system air conditioner
with the condensing unit behind the garage.

Figure 3.101998 First Floor Living Room Addition
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Figure 3.11. 1998 Second Floor Living Room Addition
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Historic Property

The President 6s Re swvhichenakesghe Woause 8&yaarsloltl. When 1 9 2

starting any major renovation project, the age of the home should be taken into account with
consideration of the features that make the house unique. Unsympathetic renovation could
permanently damage or destrthose features. A building over 50 years of age can also be
considered for listing in the National Register of Historic Places if it meets certain criteria of
being historically, architecturally, and culturally significant to the country.

AThe wapgrty gets flisted in the National Register of Historic Places is that the
forms and documentation go to the State Historic Preservation Office (SHPO) of the state where
the property is located. The SHPO can take one of several options: reject the pegbefty
more information, list the property just with the state, or send the forms to the National Register
for listing in the National Register of Historic Places. Once the National Register receives the
forms, they conduct a similar review procesww.nps.goy. The goal of both the state and the
federal government is to ensure that the architectural, archeological, and cultural history of the
country is preserved as a living part of our community life. Buildings significant to time periods,
architectural styles, and people or places represent an irreplaceable heritage and should be
protected for future generations.
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The Presidentdéds Residence is architectur al
Kansas State University academic bimggs and uses Kansas limestone. It is culturally
significant in that many influential people have lived in and visited the house. Buildings can
become historically significant by having an historically significant person reside in them, such
as a formePresident of the United States. In such situations, it would be important to maintain
the same | ayout of the home and document i n
Residence is also culturally important to the Kansas State University as a catigabnent of
the larger campus.

The Presidentds Residence is not current |
Places. However, the home may be eligible for listing. Given the historical significance of the
house, there are a number of issuesotasider when renovating to preserve the historic character
of the home. The Secretary of the I nterioro
Major renovations should keep as close to the original floor plan as possible by avoiding
subdividingspaces and interrupting flow. The installation of drop ceilings should be avoided
where they would cover intricate moldings on the ceiling or partially cover tall windows. Stairs
should be kept in their original locations. Interior features such anermidings, cornices, and
fireplace mantels should be retained. Refurbishing is allowed if necessary, but mechanical,
electrical, and plumbing features original to the house such as radiators, plumbing hardware, and
light fixtures should be retained. ltBs caution should be used when considering insulation of
original masonry walls (Preservation Brief 18). Keeping these principles in mind will help
preserve the historic character of the Presic¢

make the buse more energy efficient and comfortable.
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Chapter 4 - Energy Audit Results

Once the data from the audit was entered into the REM/Rate software program and the
results generated, Mr. Robinson presented a final audit, which is attached as Appendix A. The
audit incled graphs of potential energy savings that could be achieved once changes were
made to the residence from a list of suggested improvemekgsdiscussed previously, the
energy savings are estimates but the graphs do show which updates have the foosentahe
most energy if implementedThe primary focus of the suggested improvements was to combat
air leakage. Based on the results of the audit and its recommendations, student and faculty
volunteers from the Kansas State University Architecturgiigering and Construction Science

Department completed a service project to address some of the issues.

Programmable Thermostats

The first item on the list of upgrades contained in the audit is the installation of
programmable thermostats. The new garag@ition has a programmable thermostat, but the
original section of the house does not. Programmable thermostats allow the house to be
conditioned for different occupancies at different times of the day. The installation of a
programmable thermostat @lis temperatures to be adjusted to reduce the need for heating or
cooling during nofpeak hours, avoids the need to manually change the temperature, and avoids
the risk of forgetting to change the thermostat to desired temperatures. The thermostat
placemat was also cited as a problem by Mrs. Shultz. She said that the placement of a
thermostat in the upper hallway did not alléer an accurate reflection of the temperature
conditions in the other rooms. The discrepancies between the set temperature aculdl
temperatures throughout the affected rooms indicated that the thermostat should be moved to a

different location.
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Air Leakage

Air leakage in a home oaoccur in many different places. Often, air leaks into a house
through seams between building materials and holes, such as exhaust vents in the attic.
Generally, sealing these cracks takes minimal effort and helps save energy, increase the comfort
of the occupants, and avoid allowing moisture into the home.

The second item on the upgrade list was to reduce the air leakage in the rdsyo@bite
to 5,000CFM50 or 5,000 cubic feet per minute (CFM) atB@scal(Pg. This means thatio
create a pressurdff@rential of 50 Pascalbetween the home and the outsittee fan in the
blower door frame would have to be blowing air at a rate, @G CFM. A 50 Pascal pressure
difference is much higher than normal pressure and would never occur naturally. Dmetoeas
use such a high pressure differential is to make the test repedtabiies way the results are not
subject to changes in differing weather conditionsther climatic and geographic changes seen
in different areas of the countryThis also allavs the same blower door tesi be performed
across the entire country no matter the home's locafioG FM50 i s t he airfl ow
door fan needed to create a change in building pressure Bastal A 50 Pascal pressure is
roughly equivalentd the pressure generated by a 20mph wind blowing from all directions.
CFM50 is the most commonly used measure of buildungtightnessand gives a quick
indication of the total air |l eakage in the

Using the equation in Figure 4.2nd the information provided in theresident'sResidence
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energy auditit can be determined that the CFM50 rate currently is 14(2B8I50. This

indicates an extremely leaky house.

Figure 4.2 Percent Reduction in CFM50 (www.energyconservatory.com)

% Reduction =

CFMS50 (before) - CFMS50 (after)

CFMS50 (before)

x 100

Using the CFM50 number thaar changes per houACH50) can be determined. ACH50
is the number of air changes per hour thauoet a pressure differentiaf 50 Pascabetween

the hous and the exterior. ACldescribeshow many times the total volume of air inside the

home is replaced every houilhe first step in calculating home's ACHO is to multiply the

CFM50 by 60 minutes per houiThe second step is thvide that number by ghvolume of the

home in cubic feet. This equation is shown in FiguB #rom this number the home's natural

ventilation rate can be estimated in ACH.

Figure 4.3 ACH50 Equation

ACH50= CEM50 x 60 Min/hr

CFM50 = cubic feet per minute (ft*/min) at 50 Pa
ACHS0 = air changes per hour at 50 Pa

Volume (ft?)

A blower door test creas an artificial pressure difference between the home's interior

and exterior. Essentially, a blower door test takes the air that was naturally infiltrating the home

and amplifies it The ACH50 is not the ventilation thatcurs when the blower door tas not

running. To determinehe rate of infiltration when a blower door test is not being perfoythed

location of the homehe height of thdvome, andhe degree that the home is sheltered from the

wind mustbe taken into accountLawrence BerkleyLaboratory at the Unersity of California

hascombinedall of these factorsnto a LBL factor. A table based on the area code of a home is
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availableto find the LBL factor for a homévww.energystar.gov).The natural ventilation of a
home in ACHis found by dividingthe ACH50 by the LBL factgras shown in Figure 4.4.
Figure 4.4 ACHnat Equation

ACH so
LBL Factor

fi (_T natr —

The estimated natural ventilation rate from the energy audit in air changes per hour
(ACH) was 1.17, as showim Figure 45. Mr. Robinson arrived at this number using the
calculated CFM50 and multipliers obtained from ASHRAE standards to account for wind,
building location, and building height. 1.17 AQRdicates a high leakage and a building of
loose construatin. The natural ventilation is only an estimate and can vary by redidsiower
door test cannotlirectly indicate the infiltration rate of the home. Based on the equation in
Figure 46 from the Principles of HVAC book, the volume of 64,342 #&nd arinfiltration rate
of 1.17ACH from the energy audit, the infiltration rate would be 1,255CFM. Using FigGre 4.
assuming loose construction, and assuming a design temperature of 0°F, the infiltration rate
would be 1,395CFM.

Figure 4.5 Energy Audit Natural Ventilation

Air Tight Home Leaky Home
Estimated MNatural Ventilation Rate in Air Changes per Hour (ACH)
0.25 0.5 075 10 < Lz
Building Tightness limits without Moderate air-sealing effort should
Whaole-house ventilation produce significant savings.

Carefully Targeted air sealing should

produce some energy savings Thorough air-sealing effort should

produce impressive energy savings
=

‘Whole-house ventilation
recommended or Required

Figure 4.6 Infiltration Rate (Principles of HVAC, 2005)

G = ACH x VOL&0

O = infiltration rate, cfm
VOL = gross space volume, ft°
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Table 4.1 Air Changes per Hour Basedon Airtightness (Principles of HVAC, 2005)

ACH
Outdoor Design Temperature, °F
Class 50 40 30 20 10 0 -10 -20 -30 -40
Tight 041 043 045 047 049 051 053 055 057 0.59
Medium 069 073 077 081 08 089 093 0.97 1 1.05
Loose 111 115 1.2 123 127 1.3 1.35 14 143 147

As stated previously, some amount of natural ventilation is beneficial for a space. With
no natural ventilation the occupants of a building could be sickened as germs and pathogens
from sneezing, coughing, and other occurrences gatirealated throughout the home.
However, while some outside air should be introduced into living spaces, the President's
Residence introduces too much air into the house. The house has sufficientveatiedion to
preclude the house from-oérculating stale air but unconditioned air from the outside is making
its way inside and putting an extra load on the heating and cooling equipment.

The goal of the audit is to reduce air leakage and infiltrdijo65% and make the house
comparable to a house with tight construction. A 65% reduction goal for the blower door test is
5,000CFM50. It is unclear how this percent reduction would affect the natural ventilation since
the calculations are not relatedjtba 65% reduction in the natural ventilation rate would

decrease the infiltration to 0.726CH.

How to Fix the Infiltration
To deal with the large problem of infiltration, Mr. Robinson went through the house and
detailed ten areas of concern. The firgtaawas in the attic above the second floor. The picture
in Figure 47 shows a gap between the outside stone and the inside plaster wall in which air is
moving into the home. When insulating the attic during the service project, this gap was sealed.
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Figure 4.7 Exterior Wall Air Leakage (Energy Audit)

T

The next area of concern was the furnace room walls and ceiling. The furnace room is
located in what was originally attic space. Installing air handlimits un the basement to serve
the upstairs would have been impossible given that there was no practical way to run the
ductwork through the home. Therefore, a portion of the attic was finished and now houses an air
handling unit, not a furnace as assunmedhe audit report. Figure & depicts an area of air
infiltration. During the service project, tteecessible areas around tgic mechanical room
wereinsulated.

Figure 4.8 Third Floor Mechanical Room Air Leakage
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32



The third area of concern dealt with the kneewall spaces outside the third floor walls. A
kneewall space describes an area in an attic where the ceiling is sloped and the walls are only
three to four feet tall, as shown in Figur@ Knee wal | spaces i n the Presi
adjacent to the mechanical room in the attic. From the triangular area outside the mechanical
room, unconditioned air entered the home. Blocking the air was achieved by installing insulation
in accessible aesduring the service project.

Figure 4.9 Attic Space with Kneewall (EKMIM)

sloped roof

collar heams

kneewalls

ouler ceiling joists

Next on the list of areas of concern were the access doors to the kneewall spaces. Again,
unconditioned air from the kneewapiace came into the house through cracks around the access
doors. Additionally, an access door was missing completely, as shown in FigdxreDuring
the service project, the missing door was insulated antstalled to cover the opening and the

one acessible kneewall space was insulated.
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Figure 4.10 Missing Door to Kneewall Space

The chimney damper was the next area of concern. It was old and was stuck open, as
shown in Figure 41 The damper codl not be closed completely even when the service
volunteers attempted to close it. The chimney provides needed venting for the gas fireplace.
When the home was originally built the fireplaces were wood burning fireplaces located in the
master bedroom arttie formal living room on the west side of the home. They have since been
converted to gas fireplaces. Fireplaces require a flue so that gases can vent to the outdoors.
With the chimney damper stuck open, there is always a vent for the fireplace. véipae
damper should be able to open when the fireplace is in use and close when the fireplace is
inactive. Otherwise, air will readilieak out ofthe house through the chimney. Repairing the

flue and damper will require a professional.

34



Figure 4.11 Open Chimney Damper

The next area of air leakage on the audit list was around the doors. The weather stripping
was old and brittle and in some cases was missing, as shown in FigBre ldstead of
expandhg to fill gaps when the doors are shut, the old stripping remained contracted and allowed
air to infiltrate. Figuret.13 is a thermal image taken in April 2011 in which the darkest color
indicates the location of the warmest air. It is obvious froenitiage that warm air from inside
the house is escaping from around the front door. During the service project, new weather
stripping was added to the front door and the door to the kitchen. Hdisrehows the new
thermal image of the front door takafter the new weather stripping was installed and Figure
4.14 shows the installation process. The thermal image shows a great reduction in the amount of

heat escaping around the door.
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Figure 4.12 Old Weather Stripping

Figure 4.13 Front Door Thermal Image with Old Weather Stripping
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Figure 4.14 Installing New Weather Stripping

In the new garage addition completed in 1998, there was a gap where the wall meets the
floor in the attic over the garage, as shown in Figui8. Air was also observetb beentering
the new living room through a crack above the bookshelf and around the can lights shown in
Figure4.17. The gap in the attic was sealed during the service project along with the crack
above the bookshelf, as shown in Figdr#&8. However,t was not necessary to insulate the can
lights, due to the sealing of the gap in the attic.
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Figure 4.16 Gap in New Garage Attic

Figure 4.17 Can Lights in New Living Room
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Figure 4.18 Sealing the Crack Above Bookshelf
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The next corrective item on the list was to insulate and seal the rim joists and crawl
space. The issue was taken care of during the seprgject. The final item on the air
infiltration list was to seal an open conduit in the basement wall, as shown in FiglireThd
steel conduit penetrated the basement wall and formerly carried wires into the house. Because
the conduit no longer had$ any electrical wiring, it is safe to seal the conduit and stop the air
leakage or to remove the conduit and repair the wall. The conduit item was not addressed during
the service project.

Figure 4.19 Open Conduit in Basement
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Above Grade Walls

After addressing air leakage in the home, the next most cost effective measure on the list
was to insulate the above grade walls. When the audit was run, the exterior walls were entered
into the software programsauninsulated The wall construction consists of -ich thick
blocks of limestone and 2 inches of furring to attach 2 inches of plaster to the stone. At the time
of the construction of the PresidentoddnotResi de
exist. The thick walls were used as a means to keep the house cool during the summer months.
During the day the stone would absorb heat from the sun, and at night the stone would slowly
release the stored heat and cool downuring the day, the she would keep the home cool as it
slowly warmed under the heat of the sumthe day progressedt was not an ideal situation, but
it wasone ofthe only optios availableand it worked reasonably wedeeping the interior of the
home noticeably coolghan the exterior During the winter months the fireplaces were used to
heat the home. Knowledge of the wall construction is necessary to assess whether current
insulation techniques for frame construction could be applied to the President's Residence.

The audit's suggested upgrade to correct the lack of insulation on the above grade walls is
to blow cellulose insulation densely into exterior walls. Insulation is typically blown into walls
by removing some of the siding on an exteriosinsulated walland inserting a hose into the
hole, which blows insulation into the cavity created by the studs in the wall. The process is
shown in Figuret.20
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Figure 4.20 Blown Wall Insulation (EKMIM)

Although ths process was given as an example of insulatinrghaulated walls in a
moder n home, it was not appropriate for wuse
for avoiding this technique, is that it would be difficult to drill through 18 inchesooiesbn the
exterior of the house. Additionally, drilling through the interior plaster walls would ruin the
walls. Both of these methods would harm the historic character of the home. However, the most
important reason for not insulating the walls usihg method is mold. The reason the thick
stone is good for keeping the home cool is the same reason it will not perform well with
insulation. If insulation is added between the exterior stone wall and the interior plaster wall, the
insulation slows thdransfer of the coldness out of the stone. In the winter this could be
considered good, but it may actually cause significant problems. The longer the stone stays cold,
the longer the process of evaporatiakes which allows the stone to stay damp &or extended
period. When a stone is damp for an extensive amount of time, especially in the wintas, there
a potential for mold if the moisture is transferred to the insulation. Also, water on the stone can
freeze if the temperature drops low enoudfreezing water expands and can cause structural
issues \Www.preservationnation.oyg For these reasons, insulating an exterior masonry wall is a
debatablepractice andshould be performed only when absolutely necessary and with full

understanding of itgnplications for an historibome renovation.
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Ceiling

Much of a home's heat escapes through the attic. Hot air rises and naturally flows
towards cooler air as it expands. Therefore, an attic with cracks or openings from improper
sealing can experience aeasurable amount of heat loss as air escapes to the outside. To
alleviate the heat loss, insulation can either be added directly on the ceiling directly below the
attic, onto the interior of the roof, or in both places. Most homeowners choose to insulate
directly on top of the ceiling of the top floor of their home, as this method prevents them from
having to use their heating equipment to heat the entire attic space, which is normally an unused
space. If the attic is used for storage of temperaturdatisengems, it is better to install
insulation on the underside of the roof. Insulation on the underside of the roof will keep the attic
cooler in the summer and warmer in the winter, protecting any valuable items.

The next item on the audit's list ofgnades was to insulate the ceiling, specifically of the
mechanical room on the third floor and the attic space next to the mechanical room. These areas
had insulation in some places but it was strewn about the attic and did not fully cover the full
area 6 the roof. Other areas had no insulation, as shown in Figute 4 Be audit suggested
blowing insulation into cavities because the EKMIM says that it provides a more even coverage
of insulation. When the volunteers insulated the attic during thecegowoject, they used rolled
batt insulation with an 8 insulating value, the samevRlue suggested in the audit. An R
value is a mat er i alwing.energysavers.gpa mhe bigher the Ratue,t f | o v
the less heat will flow through it, drthe better the insulating quality. Batt insulation was used
for various reasons, including that the difference in iefficy between the blown insulation and
batt insulation is not significant f dardesst he at
labor intensive to install, and batt insulation was donated by the Facilities Department. A portion

of the finished, insulated space is showkFigure 422.
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Figure 4.21 Un-Insulated Ceiling

Before and after the service project, the
thermal images of the roof covering the attic. The Department of Architectural Emginaed

Construction Science has a FLIR ThermaCAMB1 Thermal Imaging Camera donated to the
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department by Johnston Burkholder Associates. The author used the camera to examine the
potenti al sources of ener gy | gradent€totorscatehthe Pr e s
camera captures colored images depicting which objects in the photo are hot and which are cool.
The images were taken from the outside, so that the warm areas of the photos are areas where
heat is escaping from the residence.

The back of the residence provides an unimpeded view of the roof over the attic on the
third floor. Figure 4.2 shows the area in a typical picture. FigureddsBow the same portion
of the home, but the image is a thermal image. The gradient scale oghthef the image
shows that white is the warmest area of the image and black is the coldest. Fiduteatl®
indicates heat loss through the roof in the attic. Figureid.another thermal image of the same
area, but the thermal image was takgrthe author after the attic had been insulated during the
service project. There is a marked difference between the heat loss shown in Figare4te
heat loss shown in Figure &.2Figure 4.8 shows the roof as a grebtue color, which means it
is a cooler temperature than in Figuredvehich shows the roof as red and whit€he cooler
temperature indicates that less heat is escaping through the attic due to the added insulation.

A

Figure 4.23Presdent 0s Resi dence Exterior
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Figure424Pr esi dent 6s Resi dence Ther mal | mage

Figure 425Pr esi dent 6 s Resi dence Thmer mal | mage
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Above Grade Kneewalls
On the third floor next to the attic and mechanical room, the audit suggests installing

insulation in both accessible and non accessible kneewall areas. Insulation of kneewall areas
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was discussed previously in the air infiltcat section.

The accessible areas were insulated

during the service project, but the volunteers decided against cutting into the walls to reach the

inaccessible kneewalls.

Basement Walls

For a modern home, a traditional basement space is made of ponceetedor the walls

and floor. To insulate the walls, 2x4 stud framing is typically attached to the outer wall and batt

insulation is installed between the studs. Drywall is then installed, covering the insulation and

the studs. For historic homes, thsulation process is different, given that many historic homes

feature brick or masonry walls, which are difficult to insulate with batt insuldtemause of

moisture retention in the insulationRather than use Wainsulation, a layer of rigid foam

insulation is laid against the brick and drywall is attached on top of thevib@h is resistant to

moisture penetrationBoth methods of insulation are showrFigure 4.5.

Figure 4.26 Basement Insulation(energysavers.gov)

Interior Basement Wall Insulation Strategies

a—— Stue wall with
batt insulation

1x2 furring strips
with 2 layers of foam ———s
insulation

= Drywall ——=

It is important for the insulation to be vapor permeable in

damp. nThe

abi

ity of a

mater i

a basement, which is often

a l to retard

known as "perms" or permeability. A perm at 73.42B°C) is a measure of the number of

grains of water vapor passing through a square foot of material per hour at a differential vapor

pressure equal to one inch of mercury (1" W.C.) Any material with a perm rating of less than 1.0

is considered a vaportrea r dvenw.@nergysavers.gov
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Basement walls in historic buildings do not have the same preservation restrictions placed
on them as exterior and finished interior spaces. In many cases, a basement was used for storage
and its appearance has no bearimgtioe historical integrity of the home. Therefore, it is
acceptable to upgrade a basement to be as energy efficient as possible without impacting the
historic character of the home.

The basement walls of the Presi dHowavdels,s Resi
rather than limestone, as was used for the above grade walls, these walls are constructed of brick.
The exterior basement walls in the living room, bathroom, and kitchen are finished, while the
walls in the storage area and mechanical roonegpesed brick. Since these exposed walls are
in service areas, are of a limited size, do not significantly impact the energy efficiency of the
house, and are not areas of moisture concern, energy efficiency upgraelemin@mpleted for
the wallsand ugrade resources and efforts were focused elsewhere.

Crawl Space

A crawl space is an unconditioned area below the home. It is not considered a room and
is generallyonly a few feet high and sloped. Crawl spaces are used primarily for storage and
accessdé t he homeds wutilities. Al t hough the craw
insulated to guard against heat loss and moisture damage. Like the basement walls mentioned
above, a crawl space has no value to the historic character of aamohean be upgraded to
address a homeds energy needs without i mpacts

The 560square foot crawl space in the President's Residence is situated directly beneath
the main living room. The crawl space had nsuiation and was unconditioned, as shown in
Figure 4.Z. Heat expands and naturally flows from a warmer space to a cooler space. The
temperature differential between the living room and the crawl space was great enough that heat
flowed from the warmerniving room into the cooler crawl space. With no insulation, the floor
joists below the living room did n@reventthe heat transfer.

To address the problem, rigid foam insulation was added to the exterior walls and spray
foam insulation was applied betere the floor joists during the service project. The finished,
insulated crawl space is shown in Figure84.Z'he rigid insulation used for the exterior walls

had an Rvalue of R10. The insulation was cut to fit around piping and attached to the walls.
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The spray foam insulation required the volunteers to don full protective gear including gloves,
face mask, and coveralls, also shown in Figur&.4Phe foam was sprayed between the floor
joists in a layer about an inch thick. The spray foam insuldtazhanapproximateR-value of

R-6.7.

Figure 4.27 Un-Insulated Crawl Space

Figure 4.28 Finished Insulated Crawl Space
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Rim Joist
A rim joist is a supportingimber or beam that runs along the perimeter of a room onto
which all the other floor joists attach. Because it is installed along the perimeter of a room, the
rim joist is the closest joist to the exterior of the home. Insulating a rim joist is oiteloaked,
but insulating the joist can help prevent the infiltration of cold air into a residence. In the
Presi dent 0s -Rsulateddim joist eas insukatedumth spray foam insulation during

the service project.

Crawl Space Floor
Many residetial crawl spaces have dirt floors. It is suggested that crawl space floors be

covered with plastic membranes to prevent moisture from seeping through the ground and
impacting the structures. Since crawl spaces are dark, enclosed, and unconditioreedaegace
moisture in a crawl space will not evaporate quickly and can seep into the wood of the floor
above potentially causing rot and compromising the structure. Mr. Robinson suggested installing

a 6 mil plastic sheet on the floor of the crawl spaceenthPr esi dent 6 s Resi dence
the volunteers were in the crawl space to install the new insulation during the service project they

found the dirt floor to be completely dry and chose not to install the plastic sheet.
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Chapter 5 - Windows

R-values are used tdescribe walls antl-factors areused to describevindows. Both
measure the insulating value of a product. The 8l ue measures a materi al
flow. The Ufactor is the reciprocal of the-falue and measures thate of heat flow thnagh
the glass of a window The higher the Ralue and the lower the -tactor the better the
insulating value of the window. When insulating a home, both wall insulation and the insulating
value of windows should be considered. Essentially, windowsaage holes cut into the air
barrier. Because glass is a poor insulator, each window has a higher heat loss than a wall.
Subsequently, the more windows in a home, the more opportunities for heat loss.

The Ufactor of a windowmay be improved in several y& Individually, a pane of
glass will have a Walue of approximately vhen the inside and outside air films are taken into
account The 1/4 inch architectural glass will have afv&ue of 0.1, the outside air film i
have an Rvalue of 0.17, and #hinside air film will have an Ralue of 0.68. Adding the R
values together and ddingthe sum inb one willresult ina U-factor of 1.

Adding U-factors is not as straightforward as determiningalRiesbecause Hactorsare
not additive R-values areadditive, meaning that these values can be added to determine a total
value The Ufactor is the reciprocal of the totaledvglue, in which 1 iglivided by the sum of
the Rvalues to determine the-factor. Table 5.1 details how each component of tiredews at
t he Pr esi de oontdbates tR the Rvdleen cThe first pane of glass is the storm
window, the air cavity is the space between the storm window and the original window, and the
second pane of glass is the original window. The totedlRe is divided into 1 and the-tactor
is determined.

Table5.1R-Val ue of President s Resi dence Wi ndoyv

R-Value of Original Windows
Cutside Air Film 017
Glass Pane 0.1
Air Cavity 0584
Glass Pane 0.1
Inside Air Film 0R3
R-Value= 1.99
U -Value= 050
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Using the Uvalue, it is possible to determine the heat loss through the windbieat
loss occurs when there is a temperature differential across a material. Heat on one side of a pane
of glass will attempt to transfer to the cold side of the glass. |GWer the U-value of the
window, thelower the rate of heat transfer through mdow (Kinney and Elsworth). The
equation for heat loss is shown in Figure 5.1. The heat loss is based on the area of the material
that the heat is transferring through, thevdJue of the material, and the temperature differential
between the outside drthe inside. A smaller tempeua¢ differential will result ina smaller
heat loss.

Figure 5.1 Heat Loss Equation (ASHRAE Principles)

O=AxUxaT

( = Heat transfer in Btu'h
A= Areain SF
U= U-value in Btu/h*sF*F
AT = Indoor - Qutdoor Air temperature in °F

To reduce heat | oss t hivauaghouldvencreasedwsheRt he w
value of a wall can be readily increased by adding insulation. Increasing-vhkidRof a
window is more difficult because the matesi#that insulatethe window must be clear. New
windows, called insulated glass units (IGUs), have panes of glass placed closely together but
not touching. These panes of glass have films adhered to them and an inert gas between them
that increase the-Ralueas shown in Figure 5&inney and Elsworth). Both the films and the
gas are clear and i ipossible to see through them. However, not all windows are IGUs, and

insulating single pane glass windows, such as historic windows, poses a different challenge.
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Figure 5.2 Energy Efficient Window

¢+ QUALITY FRAME MATERIALS

i Avariety of durable, low-maintenance
! framing materials reduce heat transfer
and help insulate better.

TIPLE PANES

¢ Two panes of glass, with an air-or

¢ gas-filled space in the middle, insulate
i much better than a single pane of glass.
¢ Some ENERGY STAR qualified windows
i include three or more panes for even

i greater energy-efficiency, increased

i impact resistance, and sound insulation

WHAT MAKES A WINDOW ENERGY-EFFICIENT? P

Today, manufacturers use an array of technologies to make ENERGY STAR qualified windows.

LEARN MORE AT
energystar.gov

5

LOW-E GLASS

i Special coatings reflect infrared light,

.+** keeping heat inside in winter and outside

: in summer. They also reflect damaging
t ultraviolet light, which helps protect
+ interior furnishings from fading.

«=**1 argon, krypton, or other gases between

: the panes. These odorless, colorless,
i non-toxic gases insulate better than
: regular air.

WARM EDGE SPACERS

: A spacer keeps a window's glass panes
i the correct distance apart. Non-metallic
+ and metal/non-metal hybrid spacers also
+ insulate pane edges, reducing heat

: transfer through the window.

i GASFILLS
Some energy-efficient windows have

Historic Windows

Historic windows are often viewed as the root of most of the energy problems within

a home. Window vendors are the first to advise that old windows be replaced with new energy

efficient windows and that the energy savings will be shel the windows practically pay for

themselves.

However, the window itself is not always the root of the problem in regards to

energy efficiency. Often, the sealing around the window has aged and is no longer functioning

properly.
infiltration.
energy and <can

Gotthelf). Often, people replace functional windows in the name of energy efficiency, when

resealing is all that is needed to prevent air infiltration. The energy efficiency of a retrofitted
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In these instances,sealing around the window will often stop heat loss due to

an
50%

window can meet or exceed the energy efficiency of a new windbmfortunately, when

hea
of

historic windows are replaced, the character and craftsmanship that went into originally

producing that window are lost forever.

Historic windows are made from wood and single glass panes. Surprisingly, wood from

historic windows if higher quality than wood used to produce window frames today. Historic
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windows used hardwoods and softwoods from unfertilized, early growth trees. The wood is
denser and has a more naturally occurring grain structure than the wood harvestedifized fert
tree farms today (Sedovic and Gotthelf). Windows were also hand crafted without nail guns and
adhesives so that the joints in the historic windows are sturdy enough to hold the window
together by themselves. Historic windows constructed in thisnerahave lasted for long

periods and many are still functional 100 or more years after they first were installed.

Current Windows

Window technology isonstantly changing asare and more manufactureri Yor the
prestige of producing the most energyiaént window. Current EnergyStar standards for new
windows require a Wactor of 0.3 in the North region of the country (energystar.gov). Regions
and associated “factors for EnergyStar are show in Appendix Thesefactors are the
maximum values thatan becorsidered EnergyStar rated. Many manufacturers are exceeding
these values. Pella®, for example, recently debuted a triple pane glass wshdem in Figure
5.3 with argon gas between each panbich has aJ-factorof 0.17 (pella.com). The {fhctor
equates to an Ralue of 5.88, which is extremely good for a windowVhen comparing
windows, it is important to note that thefaktor that is listed is thealuethrough the center of
the glass. tfactors can differ at the edges of the glassaedypically vorse tharatthe center
meaning that avindow as a wholenight not beas energy efficient abe advertised valueould
indicate

Figure 5.3 Pella 350 Series Window (pella.com)

Exclusive energy-saving system.

Choose Pella 350 Series vinyl products, with an exclusive energy-
saving systemn, are rated 31 for energy ef’ﬂciencyq.

@ InsulShield® Advanced Low-E triple-pane glass with argnn2

# |ndustry-leading protection from extrame temperatures
* Blocks 96% of sun's rays.

G Frames have up to 18 insulating air chamhers—three times maore
than typical vinyl—far improved energy perfarmance.

@ Optional foam insulation increases energy perfarmance.

Wiew foothotes
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Properly nstalling new energy efficient windows in a home can decrease a

homeds heat | os s, but the costs of the window

the best energy efficient windows on the market can be expensive depending on how many
windows are being replaced. Standard EnergyStar rated windows, which can be purchased at a
home improvement store, will each cost approximately $200. The price does not include the
installation cosbr the demolition costlowes.com). For higher quality wdows sold in show

rooms, the prices will vary per home. The cost also increases fataogard sized windows

historic replicas Quality installation is essential when installing new windows. Often a window
opening will not be perfectly square. $hiequires the contractor to correctly seal around the
new windowto prevent air infiltration. Everhé most energy efficient window will not save
energy if it is installed incorrectly. Also, the monetary cost is not the onlyt@asinsidemwhen

instaling new windows.

In addition to monetarycost, other factors should be considered when determining
whetherdo repl ace a structur eds resourcednpuiss productibrh e s e
costs, transportation, disposal, and the loss of irreplaceasbeirces. The total window unit,
typically made up of aluminum, vinyl, and glass, requires energy to produce. Energy is needed
to produce the materials and to assemble the materials. Sometimes the manufacturing process
for window materials, includingrinyl and PVC, produces toxic khyroducts (Sedovic and
Gotthelf). When considered comprehensively, the energy cost of manufacturing and installing a
new window might be higher than retrofitting an old window. Production costs might also be
incurred mordrequently for a contemporary window than an historic window. The warranty of
a new window is generally-20 years (Sedovic and Gotthelf), which is indicative of the fact that
an energy efficient aluminum window is not expected to last 100 years, as lveoeighected of
a high-quality historic window. Products degrade over time, particularly plastic components; the
lifetime of a synthetic material is relatively short. IGUs fail regularly because the seal that keeps
the gas between the panes of glasskraak over timeas the sealant around the window edge
degrades Without the gas between the glass panes, the insulating properties of the window are
greatly reduced. Everyimndow thatis replaced translates into energy outlays to produce and
install a nev window. Additionally, the windows that are being replaced often go directly to

landfills, adding to the burden of municipal waste.
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Insulating an Existing Window
Window replacement is sometimes unavoidable. When a window is in such a condition
that no aount of restoration can repair the original, then it is time to replace the window.
However, certain options should be considered before replacing a window. Homeowners have

various options to improve the energy efficiency of a window without replacaugipletely.

Storm Windows

A storm window is essentially another window that is installed in front of an existing
wi ndow. Hi storicall vy, storm windows were use
windows by providing another layer of protectifrom the outside elements. Storm windows
al so protect the interior window from damage
without storm windows. The single pane construction hadfactér of 1.0. By installing a
storm window the Walue wasdecreased by 50%, to 0.5. Unlike contemporary windows, storm
windows have no special gas inserted between the panes. Nonetheless, the addition of the single
pane of glass greatly increased the energy efficiency of the windows.

Window Films

The instdiation of window films is another means to improve the energy efficiency of an
existing window. The application of a window film is the most popular and least invasive way to
insulate a window. The film acts as @xterior coating on the glasdts composition is shown in
Figure 54. The window film itself is made of layers of vinyl and includes adhesivedalgsv
emissivity layers, and scratch resistant layefide film has an associatd®value and can
prevent heat from leaving the hopas shownn Figure 55. These films can be found at home
i mprovement stores and can also be found in
home improvemensgtorescan be cut to size andstalled by the homeowner. Other brands are
more expensive, are made size, and are installed by a contractaVindow films are also
beneficialfor energy savings in the summer. While they keep heat inside the house during the
winter, they also keep heat out of the house in the sumbmwr-emissivity window filns also
prevent fading of interior furnishings and reduce glakdditionally, ome window films protect
against vandalism by keeping glass shards together after a window is biidleewindow films
can be applied to every type of glass from historic to conbeanp and can be removed if

necessary.
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Figure 5.4 Window Film Composition (energystar.gov)

Adhesive

Release liner
Palyester film (clear/UV inhibitors)
Optional reflective layer

Scrateh resistant coating

Glass

Courtesy: E souace; adapted from ERA

Figure 5.5 Thermal Camera Image of Window (energyfilm.com)
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Repir

All windows run the risk of being broken, whether by objects such as baseballs or other
uncontrollable factorsuch as debris However, even if broken, a historic window does not
necessarily need to be replaced. Various subcontractors specializedowwrestoration.
Window frames can be disassembled, the broken pieces, such as a pane of glass, replaced, and
the window reconstructed and reinstalled without impacting the historic character of the window.
If a window is beyond saving, salvage windofsem other historic properties can be used to
replace it, or a new replica of the original window can be manufactured. Historically correct
repairs can be costly depending on their extent, but the historic window is irreplaceable so every
option should b considered before installing new windows in a historic home.

Presidentds Residence Retrofit

The | ast item on the |1ist of energy updat
replace the windows. The estimated cost for that item was $25u8thea payback would be
56.4 years. Mr. Robinson detailed in the audit that the item concerning window replacement was
added for educational purposes. To compare the cost of replacing the windows to the cost of
other solutions, the author calculated tienple payback of Enerlogic window film, Gila
window film, and a new window. The price per square foot of Enerlogic window film, including
installation, was found on their website, www.enerlogicfilm.com, as well as Waug. Gila
window film can be prchased at Lowes and was priced from the website/.lowes.com The
price data for a new window was taken from the RSMeans 2006 Building Construction Cost
Data. The price includes installation but not demolition.

The comparison is shown in Table 5.2. eThriginal window and term window
combination at thePe s i dResiddnde fias a-tactorof 0.5. Adding Enerlogic window film
to the windowdecreasethe U-factorto 0.275, making the window the most energy efficient of
the options considered. It ist@mesting to note that adding a window film can reduce the U
factor to a value lower than that of a new windowecreasing the actor is achieved by
adding layers of insulating materials. In new windowdtiple panes of glass, air spaces, and
low-emissivity coatings increase the insulating properties of a windeéaer. existing windows, a

window film is anappropriatensulating layer While dass is a poor insulator, the vingf the
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window film is a good insulator. Lowmissivity window films servéhe same purpesas the
low-emissivity coatings on a new window, but the window film is thicker than the coating and
a better insulator.

To calculate the energy saved, the author totaled the window square footage and
determined the temperature difatial from inside of the house to the outside using the design
conditions found in the ASHRAE Principles book. The heat loss was calculated in British
thermal wits per hour (Btuh), buthe author changed Btuh into 1,000 cubic feet, or MCF, of
energyto compare to the energy audithich was calculated in MCRMCE is the typical unit of
measurement for determining the amount of natural gas used in a residdmeresident's
Residence is heated using steam that transfers heat to a heating coAltith® use of a heat
exchanger. Residential homesost oftenuse a gas fired furnace for heahich isthe reason
thatthe energy audit calculated the amount of energy needed to heat the home.inTRECF
audit essentially estimated the amount of MCFdeeeto heat th€resident'sResidence if the
President'sResidence was heated using a gas fired furnace. To compare the research of the
author to the estimated MCF stated in the audit, the energy savasg®nverted from Btuh to
MCF. These numbers weraultiplied by the $9.50/MCF rate found in the energy audit and the
savings per yeawerecalculated. Becausahe Enerlogic film saved the most energy, it is shown
to save thenost money in the tahle

In addition to theenergy savings andssociatednonetry savings the author also
examined the simple payback of purchasing and installing window films and new windows. The
Enerlogic window film cost the most to install likely because it is mipally a commercial
product. The film has some residentigiphcations but the prices for those projects are not
public. The new windows were the second most expensiwéuctto purchase andnstall.

Since the Gila window films installed by the homeowner,hasno labor cosandwas theleast
expensiveoverdl. The Gila window film hadraimpressivgpayback of less than a year, making

it the best option, in the aut hortlesfimbgve ni on,
similar insulating properties when compared to the other options, but it wagféasive and

could be installed at the homeowseteisure. The data shows that twndows in the

Presi dent 0s leRa the neweastarestill pevforming well and do not ee to be

replaced butthatadding window film could improve tireperformance Additionally, heat loss

throughwindow glass is not the only wathat windows are energy inefficient Air leakage
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around the window frammayaccount also fosignificantenergy loss.Regardless of the type of
window, window frames shoultde inspectedo ensurethatthey are sealed properandthat no
air can infiltrate around the frameéNindowsshould alsde checked tersure that they function

properly.
Table 5.2 Window Retrofit Comparison

Window Retrofit
R-Value of | Film Film | Total R- | Total U- | Total Window Heat Loss Savings/yr
Type Window |U-Value| R-Value| Value Value Area (SF) 2T ( (Btu/h) MCF/hr | MCFiyr | $9.50MCF (%)
Original 2 n.a. n.a 2 0.5 968 71 34364 | 0.033 |293.400( $2,787.30 $0.00
Enerlogic Film 2 0.61 1.64 3.64 0.275 968 71 18900.2 | 0.018 | 161.370| $1,533.02 | $1,254.29
Gila Film 2 0.82 1.22 3.22 0.3115 968 71 | 21408.77| 0.021 |182.788| $1,736.49 | $1,050.81
New Window 3.33 n.a. n.a 3.33 0.3 968 71 20618.4 | 0.020 |176.040| $1,672.38 | $1,114.92
Table 5.3 Payback Comparison
Payback
Cost Payback
Type Area (SF Cost
P ($/SF) (5F) ® 1 yrs)
Enerlogic 25 968 $24,200.00 19.3
Gila 1 968 $968.00 0.9
New Window 18.23 968 $17,655.00 15.8

While only heat can transfer through the glass, air can infiltrate through openings in and
around the window frame. If a wind is not properly sealed air infiltration cgreatly decrease
the efficiency of the windows. Air infiltration can be a problem for new homes with new
windows, historic homes with old windows, or historic homes with new winddws.degree of
air infiltrationdepends on how well the windows were installed and sealed. Historic homes with
old windows will probably have air leaks around the window frame because the materials used to
seal the window when first installed have degraded over time. Histormmies with new
windows can also have the same problems with air leakage ihahewindows were not
installed correctly. Additionally, in historic homes the window openings are not always square
and the size of the openmgay differ from window to windowwhich makesnstalling and
completely sealingnew windowsdifficult. Consequentlyjnstalling a new windowmay not
necessarilysolve all the energy problems associated aithHeakage.Iln many casest is more

cost effective to rseal an existing widow than to install a new windowMaintaining the
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existing windows also ensures thdtet historic characteof the original windowsis not
diminished.
Determining how much air is leaking around a window is difficult unless a blower

door test is perforntkaround one window. A blower door test for a home will not identify
where the air infiltration is coming from or how much air infiltration is coming from one area. A
fog test carbetter determine the location of the infiltratiohhe windows inthe Peei dent 6 s
Residence are quite loose and it is assumed that they lose at least 0.6 CFM per square foot, which
is twice the U.S. Department of Energy recommended maximum leakage rate of 0.3 CFM per
square foot for new windows.

In the President'Residenceif each window was leaking at a rateG06 CFM per square
foot it would equateo 45,163 Btuh, or386 MCF. At a rate of $9.50/MCF, the windows in the
President'sResidence would cost3$%63.22per year because of air leakagH.the windows
were seale@nd the air leakage rate was reduced to 0.3 CFM per square foot of window area it
would equate to 22,550 Btuh, or 192 MCF. This amount totaB28106 spent on heating due to
air leakagewhich is asavings 0f51,834.16
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Chapter 6 - Heat Loss

AHeat i ng e wantedaevayrtosrelateeach day's temperatures to the demand for
fuel to heat buildings developed the concept of heating degree days. To calculate the heating
degree days for a particular day, find the day's average temperature by adding the dayt high an
low temperatures and dividing by two. If the number is above 65, there are no heating degree
days that day. If the number is less than 65, subtract it from 65 to find the number of heating
degree dayso (noaa.gov). T xgressedoim theeeguatioroifh h e a-
Figure 6.1. Using degree days of a building to estimate the energy use can help building owners
estimate and compare different heating and cooling systems for a building. The equation shows
the amount of energy a system wieueach month depending on how hot or cold it is expected
to be. The more extreme the temperature difference between the inside of the building and the
outside, the more energy will be spent conditioning the interior spBlce.equation also takes
into account the efficiency of a piece of equipment so that different pieces of equipment can be
compared for the same location or the same piece of equipment can be compared in different
applications.

Figure 6.1. Degree Day Equation

£-4 {DD) 24 C
n (HV) At
E = fuelor energy consumption for the estimate period, units of fuel
g, = design heat loss, including infiltration and ventilation, Btu/h
DD = number of degree-days for the estimate period
At = design temperature difference, °F
= efficiency of a heating system, also designated on an annual basis
asthe annual fuel utilization efficiency (AFLIE)
HVY = heating value of fuel, Btufunit of fuel

C o= 77 if B5°F iz arbitraryily assumed as the balance temperature

For t he President 6s Re s i de nbay Calctlatiom toaut hor
determine the heat |l oss from the building an
heating. According to ASHRing @asd AP Canditioning,| es o
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degree day <calculations are one of t he fAsi mp
depends on the concept that energy use depends only on the temperature difference between the
inside and outside of the building. Thiencept makes the degree day method work well for

smal | Sstructures but It is not relevant for
Residence is a smaller structure, it was appropriate to use a degree day calculation instead of a
computeried model to evaluate the heat loss.

The energy audit results showed that there was a large amount of infiltration into the
Presidentds Residence, which contributed to |
harder. Using a spreadsheet developedgusint he concepts from ASHRA
HVAC, the total heating load of the building was estimated. The spreadsheets can be found in
Appendix B. The calculations included heat loss through walls, windows, doors, floors, and
roof. The infiltration ra@ used in the spreadsheet was the calculated infiltration rate from the
blower door test.

Four spreadsheets were created. One used the original data gather from the audit. The
second spreadsheet used the same data for the residence, but the infitratimed was 0.41
ACH instead of the calculated 1.17 ACH. In the audit, Mr. Robinson explained that the goal of
the energy audit was to reduce the infiltration rate by 65%, which equals 0.41 ACH. There was
not an opportunity to conduct another bloweodtest after the service project was completed,
so an actual ACH rate could not be determined. The third spreadsheet incorporates the window
U-value change from Chapter 5. Using the Gila window air film reduces the heating load of the
windows and ultimiely the overall heating load of the residence. The final spreadsheet
incorporates both the new windowvadlue and the goal ACH rate.

After these spreadsheets were created, another spreadsheet was developed by the author
using the equation in Figure 6.This spreadsheet incorporated the different heating loads and,
with the degree days and the temperature differential, calculated the MCF needed for each month
and a total MCF savings for the year. The results of this spreadsheet are shown in tie graph
Figure 6.2 Figure 6.3 Table 6.1 and Table 6.2 The full spreadsheet is shown in Appendix C.

The graph of the final results shows that reducing the infiltration by 65% made the largest
difference in reducing the MCF consumption. It is interestingdie that adding the window
film barely reduced the total MCF used. So while Table 5.2 shows that adding a Gila window
film will reduce the total MCF by 110.6 MCF pgear, AppendixC showsthat the total MCF
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will only be reduced by 18.4 MCF per yearhelreason the numbers vary so greatly between
tables is that there is not a 72°F temperature difference between the outside and the inside of a
building throughout the entire year. The degree day method takes the average temperatures of
the months into aount when calculating the total MCF. Inadvertently, the degree day method
demonstrates that replacing windows because-wélues is even more unadvisable than stated
in Chapter 5.

The heat loss values were calculated as MCF even though the AHUs thide e
house with heat do not use gas hd&¢sidential homesommonlyuse gas fired furnacesd n
the audit report Mr. Robinson calculated free s i dResiéndenergy usage for the year in
MCF. To verify his numbers, the authperformedthe cédculations in MCF toallow a
compaison of the two loads. It is also impossible to chart how much energy is used by the
AHUs in the Pr e s i dResidéndesbecause they are unmetered. The energy use for the

residence is tied in with all the buildings omgaus and powered by the power plant.

Figure6.2Pr esi dent 6 s Resi dence Heating MCEF
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Figure 6.3 Degree Days $ Comparison
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Table 6.1 Degree DaysMCF Comparison

Degree Days
Jan. Feb. | March | April May June July Aug. Sept. | Oct. Nov. Dec.
MCF Before 107.61| 80.64| 59.45| 29.40( 9.89 0.65] 0.00 0.37] 448 24.73| 65.05] 97.25
MCF After Stop Infil. 67.07| 50.26| 37.06] 1832 6.17 0.41] 0.00 0.23| 2.79| 15.42| 40.55| 60.62
MCF After Wind. Film 103.48| 7755 57.17| 2827 951 0.63]  0.00 0.36| 4.31| 23.78| 62.56] 93.52
MCF After Both 65.04| 4874 3594 1777 5098 0.39] 0.00 023 271 1495 39.32| 58.78
Table 6.2 Degree Days $ Comparison
Jan. Feb. March April May | June | July | Aug. | Sept. Oct. Nov. Dec.
$ Before $1,042.84 | $781.45 | $576.14 | $284.90 | $95.87 [ $6.33 | $- | $3.62 | $43.41 | $239.68 | $630.40 | $942.44

$ After Stop Infil. $ 854.29 | $640.16 | $471.97 | $233.39 | $78.54 | $5.19 $2.96 | $35.56 | $196.35 | $516.43 | $772.05

$-
$ After Wind. Film | $1,003.65 | $752.08 | $554.49 | $274.20 [ $92.27 | $6.09 | $- $3.48 | $41.78 | $230.67 | $606.71 | $907.02
$ After Both $ 815.11 | $610.80 | $450.32 | $222.69 | $74.94 [ $4.95 | $ $2.83 | $33.93 | $187.34 | $492.74 | $736.64
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Chapter 7 - Other Energy Saving Methods

Many means fosaving energy were listed in the audit and discussed in previous chapters,
but there are other opportunities to save energy without performing an energy audit. Some ideas
are basic behavioral changes, such as turning off a light when leaving a roctineybsave
energy. Switching the lamps in a home from incandescent to compact fluorescent is another
straightforward way to save energy. Switching lamps was largely supported by the Take Charge

Challenge and was one of the ways the program determineis pai the competition.

Basic Energy Saving ldeas

Various energy saving methods have been considered for many years and are still
valuable recommendations. Some common and effective methods to save electricity include the
following: turn off lights whemot in a room; put lights on a timer when on vacation so that the
lights are not on constantly; unplug electronics when not in use; recognize that even though the
television or other electronics are off, they are still drawing power; turn the thermostabdo
off when no one is home; keep the set point low on the thermostat in the winter and use a space
heater if the temperature gets too cold; instead of heating the entire house, heat only used spaces;
use fireplaces and recognize that modern and propetglled and maintained gas and wood
burning fireplaces can efficiently heat a room.

Other ways to save energy are to protect against the elements: use foam rollers to block
the space under doors so that cold air from outside cannot get in the honeewinter, apply a
plastic cover to windows so that cold wind does not blow into the house; install thick curtains
over windows to keep out drafts and insulate against the cold in the winter; in the summer, use

thick curtains to pevengpthem fitom hdatngtheshaomeds r ays and

Lighting
The Take Charge Challenge focused on energy audits for many homes but they also
strongly promoted switching incandescent lamps to fluorescent as a cost effective way for
homeowners to score points for theirycitEach switch gained the city 0.12 points. Although
each switch earned only a small amount of points, when added together, these switches generated
many points for participating cities. Homeowners were encouraged to replace their lamps and

then registethe total number of lamps they replaced on the Take Charge website so their points
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could be counted. In total over all the regions, 320,181 lamps were switched from incandescent
to compact fluorescent, which equates to $1,269,365 in energy savinghéi@aekansas.org).

Compact fluorescent lamps are more energy efficient than incandescent lamps due to the
way they are made. Incandescent lamps produce light by heating a metal filament enclosed
inside the glass bulb. This metal filament produces ligien it reaches a certain temperature,
but it also produces heat. Only 10% of the energy used in an incandescent lamp is used to
produce light; the other 90% of the energy is converted into heat, making these lamps very
inefficient (popularmechanics.comNot only is the hot lamp dangerous if touched, it also raises
the temperature in a home and can increase the work load of the cooling equipment.
Comparatively, compact fluorescent lamps require only 25% of the energy of an incandescent
lamp to producée he same | i ght, making them much mor e
each U.S. home replaced just one of its incandescent lamps with a CFL, the electricity saved
each year could light 3 million homes and prevent greenhouse gas emissions equabfto tha
800,000 carso (popularmechanics. com).

To test these potential energy savings, the author inventoried all the lamps in the
Presidentds Residence. Many of the | amps 1in
had already been switcheddompact fluorescent. The lights that still used incandescent lamps
were mainly decorative fixtures such as chandeliers or light fixtures with exposed lamps. In the
renovated section of the house there were a large number of track fixtures and carsiinghts
parabolic reflector (PAR) lampslThe author also estimated the hours of operation for each room
to arrive at a total amount of hours per year that the lamp would be using energy. For example,
no lights were anticipated to be in use during the siotimidnight to 6am.

The complete inventory of lights for each room is listed in Appendix D. Changing every
lamp in the household to energy efficient compact fluorescent would save 10,704 kWh per year,
as shown in Table 7.1. The reduced energy usagilwesult in a savings of $1,177.44 per year
using a utility rate of $0.11 per kWh. The graph of the wattage comparison is shown in Figure
7.1.
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Figure 7.1 Wattage Comparison
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Table 7.1 Wattage Comparison

Watts Before | Watts After |Wattage Savings
Basement] 1471 1009 462
1st Floor 4957 1991 2966
2nd Floor 1433 894 539
3rd Floor 1102 726 376

The housekeeping staff and the presidenté
incandescent lamps with compact fluorescent lamps in many of the light fixtures. Almost all of
the ceiling fixtures have been changed to fluorescent or compact fluorescent lamps and a
majority of the table lamps have been changed to compact fluorescent as well. The replacement
of the lamps means that there is not as much of an energy savings pagefitist anticipated.

The area with the most room for improvement is the decorative fixtures. Throughout the
residence there are many historic sconces and chandeliers that use incandescent lamps. As the
technology for lamps has improved, there are mptions to change from an incandescent,
decorative lamp to a fluorescent, decorative lamp. However, there are a few issues to reconcile
when using compact fluorescent lamps. Among these is that CFLs contain mercury in trace
amounts. Instead of throwirthese lamps in the trash like a regular incandescent lamp, they

should be recycled.
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Another opportunity to increase lighting efficiency beyond the use of CFLs is the use of
light emitting diodes (LEDs). CFLs solved many of the problems with incanddaogrg when
they were introduced. LEDs are now poised to solve some of the problems associated with
CFLs. LEDs perform well in most lighting applications, including recessed lighting, and are
di mmabl e. They are al so molree, elfifghctiiemg S chiaenn
Definity LED delivers 112 | umens per watt co
(popularmechanics.com), demonstrating that LEDs produce more light using less wattage than
CFLs. One prohibitive aspect of LED lamps isittprice. Even though the life span of an LED
is 25,000 hours, or a total of three years, the price of the individual lamp is approximately $30 to
$50. The price is expected to drop in the next few years as more manufacturers produce the
product (populemechanics.com), allowing LEDs to challenge CFLs in regards to energy

efficiency.
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Chapter 8 - Conclusion

Energy conservation has emerged as one means to address regional and global
environmental challenges. At times it can be difficult to see how the actions pemwn can
impact energyonsumption or address regional and world challenges. However, the actions of
many individuals can collectively achieve significant results. The Take Charge Challenge is
designed to showcase such results to the people who medttoesee them, the energy
consumers. The goal of the Take Charge Challenge in Kansas is to motivate families across the
state to save as much energy as possible in their homes while engaging in a friendly competition
with other cities. Through energyfiefency updates to their homes, the Challenge shows
residents how to reduce energy consumption, increase the comfort and functionality of their
homes, and achieve cost savings.

To determine areas of potential energy savings in each home, an energysaudit i
performed to pinpoint areas of energy loss. An audit report summarizes the results and provides
a list of energy efficient upgrades. The items on the list are organized from most cost effective
to least cost effective based on a whole house approdmth focuses on the fact that many
different factors affect the energy performance of a home. The approach addresses the most
critical needs first, which are not always the most obvious. Noel Shultz, the first lady of Kansas
State University, participat in the Take Charge Challenge and had her home, the President's
Residence, audited to improve the energy efficiency of the building and set an example for the
community.

The Kansas St at e Universityos President 0s
Although it was built to the standards of the early 1900s and has been updated since that time,
many of the original features of the building are now contributing to energy loss. A summary of
the energy problems of the house was compiled in the enedity ahich detailed problem
areas and proposed solutions to these problems.

Some of the solutions detailed in the audit would be costly to implement due to the scope
of the work and would require outside aid through loans. Other improvements could be
undertaken at a relatively minimal cost. Minimal cost items include the replacement of
incandescent lamps with compact fluorescent lamps in light fixtures and the sealing of cracks

around windows and doors to prevent air infiltration and leakage. Thes¢espday at first
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appear small and insignificant but can result in significant savings. The Take Charge Challenge
recognizes the cumulative impact of numerous minor improvements and awards points for such
actions, such as changing individual lamps in enéddo compact fluorescent. The program
demonstrates that even small measures make a
when a family does not have the funds to make more costly improvements.

The results of the Pr ssnecmplidatiors diRéoshedgeafc e a
the home. The software used to compute the energy savings of the house assumed that the
structure was built using contemporary materials and products. Such an assumpbton is
accuratefor the President's Residenard other older structures on the Kansas State University
campus and within the State of Kansas. One of the most significant differences between the
President's Residence and the model was t he
Residence areonstructed of thick stone, unlike the wood frame walls of contemporary homes.
Additionally, the heating and cooling equipment in the President's Residence is different than the
gas fired furnace used in the energy audit software. Given the diffetestoesen the house and
certain model assumptions, various results and recommendations contained in the audit should
be qualified.

Additionally, as an historic property, alterations should respect the architectural integrity
of the house antderesearchedh depth. There are many historic features to a home that could
be damaged if not considered properly, such as exterior masonry walls, plaster interior walls,
windows, and joists. The same technique used to upgrade a common, residential home might not
be appropriate for an historic property. For example, blowing insulation between an exterior
masonry wall and interior plaster might damage the plaster irreparably and create the potential
for mold. Such a process, while effective for a suburban home,dwwate far reaching
consequences if performed on an historic home. While certain types of updates could be
performed, all projects should be carefully researched before being starting.

The authoperformed an in depth analysis of #eergy audit and conaped its estimated
energy savings tdhe author'scalculations. The author looked at the energy savings of
replacement windows and found that replacing the historic windows would not only destroy the
historic character of the windows but would not be st effective solution. Instead, installing a
low-emissivity window film and properly sealing any cracks around the windows would improve

the energy efficiency of the old windows @olevelcomparable to a new window. The author

70



alsoanalyzed the replaceant ofincandesceniamps in the residencgith compact fluorescent
lamps. Compact fluorescent lamps are now produced in decorative stytbatdostoric light
fixtures as well asontemporaryixtures can use compact fluorescent lamps and save energy.

To begin the updates on tRe e s i dResidende smaterial was donated by Kansas State

Universityés Facilities Department. Vol unt ec¢

Engineering Institute (AEIl) and Associated General Contractors (AGGgrstichapters, along

with faculty, installed the donated material in some of the problem meigfied in the energy

audit. These service projects helped students gain practical experience and offered the
University a cost effective means to realizgndicant energy and monetary savingfter the

service project was completed, the author took thermal images of the residence and compared
them to thermal images taken before the service project. There was a marked reduction in heat
loss through the af when comparing the two images.

Based on the success of the Take Charge Challenge and the improvements to the
President's Residence, the University should consider the expansion of these efforts. One of the
first steps in an expansion should be aeysitic and comprehensive assessment of campus
buildings to determine where improvements would be most cost effective. The assessment
should consider the age of the buildings. Model parameters could be modified to more
accurately reflect historic consttian materials and techniques. Historic buildings could be
inventoried in coordinationwith the SHPO. Monitoring should also be completed to
demonstrate the effectiveness and the savings over time for the chosen improvements. Service
projects should cdimue, as a means for students to gain field experience.

Already the benefits of the improvements to the President's Residence, including new
insulation, sealant, and weather stripping, can be seen in thermal images and felt by the family.
It is the exjectation that these improvements and others will improve the efficiency of the
President's Residence and reduce energy costs. Such improvements can then serve as an
example to the campus and the surrounding community of the difference that energy

improvenents can make.
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Appendix A - Energy Audit

© BuildingPerformanceCo.

EnergySolutions

Energy Audit Report
KSU, Division of Facilities, C/O Casey Lauer
100 Wilson Ct
Manhattan, KS 646506

Tuesday, March 08, 2017
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e 5990 E. Mentor Rd.
@ BuildingPerformanceCo. Gypsum, KS 67448

(785) 787-0180

EnergySolutions www.buildingperform.com

Dear KSU, Division of Facilifies, C/O Casey Laver,

Thank you for the opportunity to audit your home. | hope you will find the following report informative and
helpful for any future plans you may have for your home.

There are many scienfific calculations, theories, and test results that support the data for a comprehensive energy
audit. We have fried to disfill that information info a short synopsis that shows the results clearly. If you would
like additional information on how we arrived at our conclusions, please feel free to contact your
BuildingPerformanceCo. analyst any fime.

In order to provide you with a complete picture of your home, BuildingPerformeanceCo. considers the following
four categories: safety, durability, energy, and global environment. The first three categories deal directly with
our immediate environment and indirectly with the global environment. If BuildingPerformanceCo. can
increase your quality of life or work by increasing your safety, increasing the longevity of your building, and save
you money through energy savings we will help you do your part for global sustainability and the environment.
Safety includes issues that do, or could, make your home unsafe to reside in, including indoor air quality and
moisture/mold. Durability includes variables that will make your home last as long as possible. Energy pertains
to opportunities that will enable your home to be more efficient, operating more cost effectively. Environment
shows how your home affects the global environment through emissions from energy consumption.

We would also like to stress the importance of acting on the informafion contained in this report. The money you
spend on obtaining this information and the effort we collectively put into producing this information is wasted
unless it is acted upon. If you would like help implementing the following recommendations we would be glad to
help. In the greater Salina area we provide General Contractor services as well as contractor referrals. If you
are outside the Salina area or you prefer to act as your own contractor we would be glad to help guide you in
your decision making processes.

The following bullets summarize the results of the energy audit pedformed at 100 Wilson Ct, Manhattan, KS

* Safety - None Noted

* Durability — None Noted
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* Energy - You will find our recommendations for energy efficiency upgrades on the "Cost Effective Energy
Upgrade" Table. Air sealing measures and a discussion about air infiltration in your home can be found on the
"Air Sealing Action Areas" Sheet.

See "General Notes" below and "Efficiency Kansas Loan Calculations” Sheet for more information conceming the
Efficiency Kansas loan program.

The following charts summarize energy savings based on current energy consumption and after suggested
improvements.

Energy Costs per Year by Individual Building System
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KSU, Division of Facilities, C/O Casey Laver, 100 Wilson Ct, Manhattan, KS 66506
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Refrigerator and Freezer Information

Current Model | ENERGY STAR
Model KWH/yr Model KWH/yr | Savings ' §/yr
Refrig 1 Subzero 56 945 518 $47
Refrig 2 Kenmore No tag 5
Refrig 3 True soda cooler No Tag 3
Refrig 4 Wine Cooler No Tag $
Freezer 1 Kenmore 198.8185380 955 427 $58
Freezer 2 3
Freezer 3 3

Refrigerators and other energy consuming products not physically tied to the building do not
quality for Efficiency Kansas loan funds. 1 Savings based on difference in energy usage from
current model to ENERGY STAR model and your average electric rate over the last year.

The following table outlines the specifications of 100 Wilson Ct, Manhattan, KS 66506:

Area: 7200
Yolume: 64342
Year Built: 1910
Number of bedrooms: 5
R-value of walls: Unins

R-value of ceiling: 13&25
Efficiency of furnace/Boiler:]| 90 & 80 AFUE
Efficiency of a/c: 10 SEER
AFUE:  Annual Fuel Utilization Efficiency
SEER:  Seasonal Energy Efficiency Ratio

* Environment — The following chart summarize the current emissions of your building before and after

suggested improvements. These emissions are produced as a byproduct of combusfion when burning carbon
based fuels such as natural gas, propane, and coal.

Emissions
300
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KSU, Division of Facilities, C/O Casey Lager, 100 Wilson Ct, Manhattan, KS 66506
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