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Test Plan

« Background

 Problem Statement

 Experiment

« Expected Results and Follow-on Work

Research Question

What are the achievable energy savings from common
modifications to existing residential HVAC equipment?
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Background

U.S. DEPARTMENT OF

ENERGY

Energy Efficiency &
Renewable Energy

We've Been Here Before

“".-N?ﬂ N IR ble E Lab
g4’ IIS==  National Renewable Energy Laboratory

Ducts in the Attic? What Were e e
They Thinking? Sugust 2010
Preprint

David Roberts and Jon Winkler

National Renewable Energy Laboratory

wanam Summer Study

AUQUS? 15-20, 2010

We Learned.:

e Ducts matter

* Ducts outside conditioned space
are a problem

Green Production
Building—Moving
Ducts Inside

Savvy builders can finance green features with the money

homeowners would have sper

by Ryan Kerr

he green prodocuon budder s
responding to dhents’ wishes
1o buatld with the new goal of
promoting betier occupant health and
envircamental siewardship. The best
part? Savy butlders can finance green
features with the money homeownen
would have spent on higher tility bells.
The utsity bill savings are penerated by
what 1 possibiy the greenes buding
practice of all —emenyy efficiency.

The Batlding Industry Research
Alliance (BIRA) s focused oo
spporung the destgn and construction:
of near zero energy bomes s part of
DOE's Buliding Amena program (see
“About the Butlding Amenica Program
and BIRA"). As a member of BIRA,

Besldimg Americals sdeal of net zero
encrgy homes Frem when enempy.
saving featares do m fact save encrgy.,
addwsonal work s needed to make
them cost-effective in prodociics home
construction. The first step 15 to move
from destgn to practice. The second
siep is market inngformatie. Azd
market ransformation 1 taking kold
In Washington Stale, 25 two production
bralders impilement 3 highly eficient,

t on higher utility bills

imterice spaces. From the theoretical
pervpectves of techology and desgn.
this technique is netther new nor
advazced From the comstruction
pervpective, however, it is hardly 3
matmstream peactice, and R represents 3
very significans siep toward imcreasing
2 home's heating and cooling eaergy
effickency. I the world of production
butlding, chunge means tme, hability,

iz they dustribute These losses can be
lmon cntirely clminaed by smply
locating ducis m the coadrioned space
(malated bdding cavelope), which 15
2 cost-effective way Lo increase heating
1nd cooling equipment efficikency and
lower utdty bill. (Modera, cied 1
ASHRAE 2004, p. tk)

Let's soe how each of cur two butlder

has

and moeey. reloctant
1o adopt any new Lechaique—but now
that home buyers are beginatng 1o
recognize the valoe of energy eficieacy.
change can mean profit. The techasques
used by our two batlder partners are
briflunt = their semplicaty. And they

moving the HVAC system tnside, and
Lays the groundweek. fof other buzlders
10 do the same.

Moving Ducts Inside.
So What?

ASHRAE suggess that butldizg
profesyeals calaboratc to bring duscts
nside-

Ductwork costs a5d sysem

yet underutiitred, design conarpt: energy use an be reduaed whes
moving ducts made pac the home deng

Ona trip to vist BIRA rescarch buthder, subcontractons, and HVAC
partoens 15 the Pacthc Northwest, I met | installer collsborate to place docts
with two prodizction home butkders In conditsonsd spaces and mintmize
who were moving all their homes™ duct runs. Residentul dudt systems
HVAC systems out of unconditicaed in uncoedstioned spaces can lose a

attics, crawlspaces, and garages and into

synthicnt percent of the energy = the

- www homees ergy.org

et a g
Then we'll look at some caveats., as well
s some alternatrve tochniques.

Quadrant Homes: Advanced
Energy for the Beginning
Homeowner

Quadrant Homes began butiding
homes in the Seattle area in the 1960s.
Today # builds moee than 1,000 homes
2 yeaz, mainly for entry level bayers.
Quadrant s the largest butider 1n 23
peogrzphuc regroe and boasts mdasry.
leading anmwl proft margins

Quadrant |Homes has cbained
notable market results using an even-
flow predicuable schediziry scheme,
which 2 begins seven homes per day
and fintshes cach house 1 preciscly
54 days. Quadrant follows recognized
lean prnciples (as used by compunics
like Toyota), in which completion ts
achseved by manimeng cecineness
tn both the product design and
manafactunng 2ages This includes
balandiag work 50 all stages fow
evenly, and contimaoasy Improving R
design and manafacturing lechniques
for efficiency and good desgn, while
meeting customer aeeds.

Muy/June 2008 + Besma Enaryy

e There are cost-effective solutions for new construction

But What if Ducts Are Inside...

buildingamerica.gov



U.S. DEPARTMENT OF

Energy Efficiency &
PrObIem Statement ENERGY Renegv{able Eneréy

HVAC equipment is not performing as efficiently as
expected when installed in the field

o Oversized equipment

e Poorly performing & undersized distribution systems
 Low airflow

 Equipment cycling

e High static pressures

o System not meeting the load profile of the building
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U.S. DEPARTMENT OF Ener Efficiency &
PrObIem Statement ENERGY Renegv{able Eneréy

Background
e Typical air distribution systems only 60-75% efficient!
e More than half of all equipment may be oversized?

« Traditional utility programs only incentivize replacing the
equipment

How do we fix this?

o Collect field data on which modifications have the most
energy savings potential and are the most cost effective.

1. Improving the Efficiency of your duct system, US DOE

2. Pigg, Scott, 2008. “Central air conditioning in Wisconsin — a compilation of recent field research”, Energy Center of Wisconsin
Report No. 241-1
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Problem Statement ENERGY | oreroy Efficiency &

Renewable Energy

Estimated Costs & Energy Savings

Measure Cost Gross Annual Gross Annual Simple
Therm Savings | kWh Savmgs Payback

Total system $2500 11.6 yrs
efficiency

upgrade

Duct renovation  $2000 155 465 13.9 yrs
Combustion $175 50 100 4.3 yrs
tune-up

Air balancing $325 25 135 10.9 yrs

« Based on data collected from work done in lowa, average costs and
energy savings from sample homes.

 Duct renovation includes an additional or larger return and larger filter
rack

 Payback based on $0.60/therm gas; $0.11/kWh electric
e Costs should go down as market grows.
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U.S. DEPARTMENT OF Energy Efficiency &

EXperlment ENERGY Renewable Energy

Project has two parts:

1. Uses trained HVAC contractors to identify:
— Which system deficiencies are most common
— What costs are associated with correcting these deficiencies

2. Collects energy use data on homes that have undergone
recommended modifications to determine
— What level of energy savings was achieved
— Which modifications are the most cost effective
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EXpe rl ment Eﬁ"“ER”"REEFY Energy Efficiency &

Renewable Energy

Scope, Part 1

* [nvolves HVAC contractors trained
through MEEA/ESI's SAVE
certification program.

« Conducted throughout the state of
lowa

e Cold climate zone

« HVAC Contractors identifying which
system deficiencies are most
common and what level of energy
savings can be expected.

MEEA's network of trained contractors
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EXpe rl ment Eﬁ"“ER”"REEFY Energy Efficiency &

Renewable Energy

Examples of Common System Modifications

SCO p e, Part 1 Modification Examples
. Duct Renovation Increase size of return or supply
 Contractors taking system A .
eplace restrictive transitions
m eaS U I'e m e ﬂtS tO n aI‘I’OW Straighten/extend flexible ducts
d Own Wh e re d efl C | e n C | eS Replace restrictive transitions
Repair damaged or poorly installed duct joints
OCCuUr.
— StatIC PreSSU res Adding Duct Insulation Install or increase duct insulation
— Airflows Test and Balance System Adjust airflow delivered to each room

Combustion/Refrigerant Adjustment] Test and adjust combustion efficiency

—  System Temperatures

Test and adjust refrigerant charge

¢ CO ntraCtor measureme ntS Clean Coils and Heat Exchangers Clean or replace cooling coils
N Ot used to q u antlfy SaV| N g S Clean heat exchangers and heating coils
for th |S p I‘Oj eCt - Add or Replace Filte Replace restrictive or dirty filter
) Add return air filter grille/housing
d Homeowner Wl” e|eCt tO Adjust Fan Increase fan speed to required air flow
make Some Or a” Of the Clean and repair fan motor

Repair/Remove Grills Remove/Replace grilles/register

recommended corrections.

Tighten connections at boots/grilles
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EXpe rl ment Eﬁ"‘ER”"REEFY Energy Efficiency &

Renewable Energy

Scope, Part 2

« Post modification energy
savings will be determined on
four homes.

— Homes identified based on part 1
— Conduct a weather normalized
utility bill analysis

 From this we can determine:

— Which modifications have the
most energy savings potential

— Which modifications are the most
cost effective
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EXpe rl ment Eﬁ"“ER”"REEFY Energy Efficiency &

Renewable Energy

Technical Approach  Airflows
e Measurements will be taken — Most appropriatpT method based on
using industry accepted the system/location
standards — Flow Plate, Duct-
ASHRAE 152 Pressurization/Flow Measurement
N Device, Traverse
— ASHRAE 111

_ _ e Combustion
— Calibrated and having

recommended levels of accuracy © Y€l Co.nsumptlorl
- Temperatures — Fuel input to eqL_lemen_t. |
_ Supply/Return — Weather normalized utility bill

_ analysis
e Static Pressures . o
o « Housing Characteristics
— Digital pressure transducer

« Nameplate data
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Expected Results and Follow On ENERGY | Rororatle Eromy

Expected Results Follow-on testing

 Energy savings associated e Detailed energy savings tests
with common system on a select number of homes
modifications (entire heating/cooling season)

— Utility bill analysis — Sub metering

« Costs associated with common — Long term monitoring
system modifications « Compare results with lab tests

« Data to be used by utilities in on same equipment

program design
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