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About Today’s Session «

The BIG PICTURE — Why Care?
3 Key Factors for Calculating Loads

Design Considerations (15-18 min.)

The Thermal Enclosure (10 min.)

Internal Loads (5 min.)

What Happens When You “Fudge” the Numbers?

IBACOS | Alliance 1



Q&A: How to Participate

Microsoft Office Live Meeting - livemeeting.com - Instant Met Conference

] Manage

JQ&A

sk 4 __
.5. DEPARTMENT OF Energy EfﬂClency &

Type question in this box, select “Ask” ENERGY | renewable Energy
(not the symbol of the raised hand

Mo questions have been answered yet.

HVAC Right-Sizing Part 1: Calculating Loads

Welcome to the Webinar! We will start at 11:00 AM Eastern Time

Be sure that you are also dialed into the telephone conference call:
Dial-in number: 800-857-960 ; Pass code: 849250
(If asked for a PIN #, press *0)

IBACOS | Alliance 1
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The BIG Picture

brought toyouby: TRACIOS' | AlliaTice filiaBRas



What is HVAC supposed to,do?

« Keep the occupants of a home
more comfortable by

— Adjusting internal temperatures
— Mixing air in rooms
— Maintaining humidity levels

e Operate unnoticed

* Be energy efficient

IBACOS | Alliaiice i SR~z



Big Picture: Market Demand:

« New construction — Residential State Energy Code Status
15% less energy \5 OF JANUARY 1, 201
each code cycle

e Existing homes —
Homeowners
updating with
insulation, windows
and more

B MA
M Rl

WCT
N
I DE
B MD
M DC

meets or exceeds 2009 IECC or
M cquivalent

meets or exceeds 2006 IECC or
L equivalent

meets or exceeds 1998-2003
[ IECC or equivalent

no statewide code or precedes
1998 IECC

GU BV

v ol state has adopted a new code
- MP to be effective at a later date
: : : ; NOTE:
HHHH BCAP Dedicated to the adoption, implementation, These maps reflect only
“r and advancement of building energy codes mandatory statewide codes
currently in effect.

Get all the most up-to-date code status maps and other valuable resources at www.hbcap-ocean.org

s Pracicos Rosasch BulDing T
IBACOS | Alliance i SR
| Home Quality + Performance | U-3: Daphciant er Faray



Big Picture: Simplistic Design Appreach

HVAC Sizing Chart

Instructions
1. Print this page.

2.  Carefully cut out
the holes.

3. Stand on curb across
the street and hold
page 1 foot from your
face.

4. Find the hole that's the
closest match.

5. Size HVAC accordingly

21/2TO 3 1/2 TON

oy

4TO S5 TON

s Pracicos Rosasch BulDing T
IBACOS | Allianice i SR
| Home Quality + Performance | s



Big Picture: JUStt0 be safe...

How many
fingers do you
put on the scale?

ACCA says NONE.
EXxperience bears
this out.

s Pracicos Rosasch BulDing T
IBACOS | Alliance R R
| Home Quality + Performance | s



Big Picture: Why,isright-sizingiSoimpostant?s

Enclosures are Improving
Rules of Thumb Haven't

* Rooms have much lower loads
e More moisture is retained

e Less infiltration —
or “natural ventilation”

W Bost Practices Resoarch Buillding TS
IBACOS | Allianice fiiic Bz
Home Quality + Performance U-3: Daphciant er Faray



Big Picture:

lterative Process
1. Load calculations

2. Equipment selection
and sizing

3. Duct and register
sizing

IBACOS | Allianice

Best-Practice for.Right-Sizing HVAC

BIENINEAcEN Manual J

Construction
Details

Entire House
Loads

Manual S

Type of HVAC Size HVAC Blower
System Equipment Performance

/7
Manual D, T/

Total External
Static Pressure

Duct Sizing
Procedure

Type of Duct
System

Register Geometry and

Performance Fitting Data
[BACOS

Bulldin,
ANERICH 82
U.S. Department of Energy



Big Picture: What'Is the Load?«

 The measure of energy the HVAC system needs to

add or remove from a space to provide the desired
level of comfort

— Btu/h
* Not the size of the HVAC system

— First piece of information needed
— 12,000 Btu/h = 1 Ton Cooling

e Can be highly variable

IBACOS | Alliaiice i SR~z



Big Picture: . 4 H&dting Lod I

o Loss Through Exposed Walls
e Roof-Ceiling Loss

o L O S S e S to th e o Loss Through Basement Floors

- o Infiltration Loss at all
O u tS I d e Windows, Doors and Cracks in Envelope

o Heating may be Required

environment ook

° Loss Through Below Grade Walls

0 Loss Through Windows and Doars

o Loss Through Attic Knee Wall

 No credit is taken
for solar gains or
Internal loads
because the peak
heat loss occurs at
night during periods
of occupant
Inactivity

IBACOS | Allianice iR~



Big Picture: Coaling Loads:

o Gain Through Exposed Walls

o Conduction Through

e Gains from the

e Solar Gain at Glass

O u tS i d e o Sensible and Latent Infiltration

Gain at all Windows, Doors and Cracks
enVi ron ment a Sensible and Latent Gains for
Lights, Equipment and People

© ceiling Gain

° SOIar Gal ns @ Gain Through Attic Knee Wall

e Sensible and Latent
Appliance Loads

 Internal Gains © Cooing oy beRequred

for Ventilation

e Sensible and Latent
Components

[BACOS

IBACOS | Alliaiice i SR~z



Big Picture: How to Approach Manualids

* Designer should
— Walk a house in production
— Look at plans

— Ask for all specifications

 Builder doesn’t have the info?
Get the homes tested!

— Duct leakage

— Air tightness

W Bost Practices Resoarch Buillding TS
IBACOS | Allianice fiiic Bz
Home Quality + Performance U-3: Daphciant er Faray



HVAC Design
Impacts

e 1stconstruction costs
e Comfort

e Indoor air quality

« Building durability

« Energy efficiency

e Higher customer
satisfaction/
lower call backs

IBACOS | Alliance -



Key Factor #1.:
Design Considerations

nnnnnnnnnnnnnnnnnn
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Design Considerations

* Location of the House
e Size of the House
 Indoor Design Conditions

IBACOS | Alliaiice i SR~z



Location’ofthe LHouse«

Outdoor Design Conditions for the United States

Location Elevation Latitude Winter Summer
.

[ ) L at I tu d e Feet Degrees Heating Cooling Coincident Design Design Design Daily

Neorth 1% 1% Wet Bulb Grains Grains Grains Range

Dry Bulb Dry Bulb 55% RH 50% RH 45% RH (DR)

. Florida

. E | evatl O n Apalachicola 20 29 35 a0 78 57 64 70 M
Belle Glade 17 26 44 a1 76 42 49 85 M
Cape Kennedy AP 10 28 42 a0 78 57 64 70 L
° O d Daytona Beach AP 31 29 37 a0 77 51 58 64 L
u t O O r Fort Lauderdale 10 26 50 a0 78 57 G4 70 L
Fort Myers AP 15 26 47 a3 7 46 53 59 M
te m e ratu re an d Fort Pierce 25 27 42 90 78 57 64 70 M
p Gainsville AP 162 29 33 a2 77 47 54 60 M
- - - Homestead, AFB 7 25 52 a0 76 57 64 70 L
re I atlve h u m I d Ity Jacksonville AP 26 20 22 93 77 48 53 59 M
Jacksonville/Cecil Field NAS a0 30 34 95 7% 35 43 49 M
Jacksonville, Mayport Naval 16 30 39 a2 8 54 a1 67 M
Key West AP 4 24 58 89 79 66 73 79 L
Lakeland CO 214 23 41 a1 76 42 49 55 M
Melbourne 15 23 43 91 79 62 69 75 M
Miami AP 11 25 50 a0 7 51 58 G4 L
Miami Beach CO 8 25 48 89 77 52 59 85 L
Miami, New Tamiami AP 10 25 49 a1 78 56 59 65 L
Miltan, Whiting Field NAS 200 30 31 a3 7 46 53 529 M
QOcala 90 29 34 a3 7 46 53 59 i
Orlando AP 100 28 _ 76 39 46 52 M
Panama City, Tyndall AFB 18 30 37 89 79 66 73 79 L
Pensacola CO 30 30 32 a2 78 54 61 67 L

Source: ACCA Manual J Version 8, Table 1A

IBACOS | Alliaiice fiio SR~

U.S. Department of Energ
Home Quality + Performance P ay



Location’ofthe LHouse«

Orientation

The orientation of the
house must be
considered in the
cooling load
calculation due to
changing solar heat
gains at various times
of the day.

IBACOS | Alliance




Locationofthe House-

Building Orientation Cooling Load

50000
= 40000 -
S5
-
1t}
T 30000
3 N Worst Case = North West
- Best Case = East 41,000 Btu/h
£ 36,000 Btu/h
S 20000
O .
o 5,000 Btu/h difference
©
2 10000

O T T T T T T 1
N NE E SE S SW W NW
Direction Front Door Faces

IBACOS | Alliance

Bulldin,
ANERICH S8
U.S. Department of Energy



« Square footage
 Volume

* Number of
bedrooms

IBACOS | Alliance

Size"ofthe HQU_Se'" 4

II MASTER
L BEDROOM
'
' <]

KITCHEN | 3!

FAMILY
ROOM

B
=

i .-.'_1
[

BEDROOM 2

COVERED

1 CAR GARAGE

COURTYARD

Bulldin,
ANERICH S8
U.S. Department of Energy



Indoor, Design“Conditions-+

e [ndoor
temperature

e Relative
humidity

IBACOS | Alliance

B0

E

SPACE RELAIVE HUMIDTY

A%

E

20%

 J € T0 TS &0
SPACE DRY BULB TEMPERATURE

Cooling Season =
75 F, 50% RH

Source: MJ8 and ASHRAE Comfort Zone Chart

WINTER COMFORT 2018 Eﬁ“

B0%

?

s 5
£ F
SPACE RE LATVE HMDITY

i
F=
*

*F 65 o 75 80
SPACE DRY BULB TEMPERATURE

Heating Season =
70 F, 30% RH

Bulldin,
AMERICH GG
U.S. Department of Energy



Fudge Factor #1

What happens when you fudge

heating and cooling set points?

Chicago Outdoor/indoor Design Conditions

Baseline

Manipulated

Outdoor Design Conditions
89°F g 73°F,; Temp Cooling
2°F Temp Heating

Outdoor Design Conditions
97°F 4 78°F. Temp Cooling
-11°F Temp Heating

Indoor Design Conditions
75°F Temp 50% RH Cooling
70°F Temp 30% RH Heating

Indoor Design Conditions
70°F Temp 30% RH Cooling
73°F Temp 50% RH Heating

Table 3 Chicage Manipulated Outdoor/Indoor Design Conditions

IBACOS | Alliance

Bulldin, m
ANERICA
U.S. Department of Energy



Fudge Factor #1

Results - Chicago

FUdg | ng set Manipulated Outdoor/Indoor Design Conditions
points = 10,400
.- 70000 -

Btu/h additional emmesd i
cooling load, 50000 —7

: £ 40000 -
pote nt!a_lly 2 30000 N
over-sizing the 20000 8 —7 |~ =Chicago Baseline
cooling system 10000 I-ff" - &

T | W | W '~ @EChicago Manipulated

by 1 ton Design Cond

IBACOS | Alliance iRz
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Key Factor#2.
Thermal Enclosure

brought to you by: IB _XCOS ‘ Allieance E@ﬁjﬁmE%s



Evolution with Code Changes

IECC 2009

Ductwork
0%

IECC 2006

Ductwork lnf_ll_
6% tration

12%

Code House

Internal
8%

B 8t Pracicos Rosa arch Buling TR
IBACOS | Alliatice i SR
| Home Quality + Performance | VRRERELEN



Insulation values

* Window specification

AlIr tightness
External and internal shading

IBACOS | Alisnce

Key Factors'td Congider”

Bulldin,
ANERICH S8
U.S. Department of Energy
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Windows:

0 U-Factor measures how well a product prevents heat from
escaping a home or building. U-Factor ratings generally fall 1
between 0.20 and 1.20. The lower the U-Factor, the better WO rld 5 BE"St
a product is at keeping heat in. U-Factor is particularly NEF H c :
impartant during the winter heating season. This label WI ndﬂw Cﬂ
displays U-Factor in U.S. units. Labels on products sold in Millennium 2000+

markets outsicle the United States may display U-Factor in

e Haticral Fanestation VinyClad Wood Frame
metric units. Ratng Counal® Doublke Glazing + Argon Fill - Low E
e Solar Heat Gain Coefficient (SHGC) meastires how well a CERTIFIED Product Type: Vertical Slider

praduct blocks heat from the sun., SHGC is expressed as a
number between 0 and 1. The lower the SHGC, the better

a product is at blocking unwanted heat gain. Blocking solar E N E HGY P E H FGHM A N CE HA'TI N G 5
heat gain is particularly important during the summer U F aCtﬂT U 5 ."Il SDIEI" HE"H[ Gain EGEﬁiCi ent

COOJ'I.T'IQ 588500,

e Visible Transmittance (VT) measures how much light e 0 3 5 9 0 3 2
comes through a praduct. VT is expressed as a number L

between 0 and 1. The higher the VT, the higher the

potential for daylighting. hDDITlﬂNﬁL PERFﬂRMﬁ.NCE HATINGS
@ Air Leakage (AL) measures how much outside air comes l".l'IISIbI'E Transmittance Air LEakagE U 5/ F

into a home ar building through a product. AL rates
typically fall in a range between 0.1 and 0.3. The lower the
AL, the better a product is at keeping air out, Al is an & @

optional rating, and manufacturers can choose not to

include it on their labels. This label displays AL in U.S. units. C[}ﬂde nsation Rasistance

Labels on products sold in markets outside the United
States may display AL in metric units, G 5 1

Condensation Resistance (CR) measures how well a
praduct resists the formation of condensation. CR is
expressed as a number between 1 and 100. The higher the
number, the better a product is able to resist condensation.
CR is an optional rating, and manufacturers can choose not
to include it on their NFRC labels.

IBACOS | Allisiice fitio Rz

Home Quality + Performance

Manufacturer stipulaes that these ratings conform fo applicable NFRC procedures for desermining whole

product perfarmanie. NERD ratngs are determined for 2 feed set of environmenizl eonditions and &

specific poduct size, Consult manufaciures's Ierature for other product performance infoemation,
wwwoadne. orp




WindO.WS"

Orientation
Size

Thermal
conductivity

Solar Heat Gain
Coefficient (SHGC)

IBACOS | Allianice




Windows"

12,000
Impact of Window 11,00 7 R
Specification on 10000 . \
Peak Cooling Load 0000 s R
« U=0.35SHGC= 8000 e
0.30 versus U=0.28 | SrafRE NERS
SHGC =0.26 L ; b
6,000 =
 When buildings are o T 5
well insulated and
: : 4,000 +
alr Sealed WlndOWS v === [J=0.35,SHGC=0.30 West
are more critical 3,000 o racng e ot
e | J=(.28,SHGC=0.26 West
2000 U=0.28,SHGC=0.26 - Back of
House Facing West
------ U=0.35,SHGC=0.30 - AED
1,000 Limit
0
8:00 9:00 10:00 11:.00 12:00 13:00 14:.00 15:00 16:00 17:00 18:00 19:00 20:00

IBACOS | Alliafice iR



VAir Tightness.

The target ventilation
and infiltration rate
must be accurately
represented in the data
Input

In humid climates, the
Impact on the latent
cooling load can be
significant.

[BACOS | Alliafice



Blower Door is a

HVAC contractors
need proof

IBACOS | Alliance

JAF Tightness.

am
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Questions?




Key Factor #3:

Internal ltoads

brought toyouby: TRACIOS' | AlliaTice filiaBRas



Internal Loads

# of occupants
* Electronics
e Lighting

 Appliances

IBACOS | Alliatice fitio SR~



Internal Loads

e System location
e Ductwork
— Location
— Insulation value

- Leakage

IBACOS | Alliatice fitio SR~



What Happens When You “Fudge” the Numbers?

Intentional or
accidental
manipulation of the
design parameters can
lead to large variations
In the load

b L

IBACOS | Alliance



Case Study: Examples of Numbers Gone Wrong

IBACOS | Alliance

Two Climate Zones
— CZ2 Orlando FL
— CZ5 Chicago IL

Two Houses

— 2223 ft? slab-on-grade

— 2223 ft? on full basement

Multiple runs through WrightSoft with
common errors/safety factors

— Altered outdoor/indoor design conditions

— De-rated insulation, window performance,
shading characteristics

— Exaggerated infiltration and ventilation

— Combined all safety factors for a grossly
exaggerated load

Bulldin, m
ANGERICh s
U.S. Department of Energy



Fudge Factor #1 — Design Conditions

Baseline Manipulated
Outdoor Design Conditions QOutdoor Design Conditions
93°Fdb 76°Fwb Temp Cooling 96°Fdb 79°Fwb Temp Cooling
42°F Temp Heating 30°F Heating
Indoor Design Conditions Indoor Design Conditions
75°F Temp 50%RH Cooling 70°F Temp 30% RH Cooling ; A \
70°F Temp 30% RH Heating 75°F Temp 50%RH Heating ".. w& Rl D
Results - Orlando Manipulated Outdoor/Indoor Design Conditions
??{E SHNSH!NE STATE
e e
. Manipulated Change In Load Change In Load %

Baseline Load Load Btu/h
Heating Load 23,600 Btu/h 37,800 Btu/h 14,100 Btu/h 60 %
Sensible Cooling 16,600 Btu/h 22,900 Btu'h 6,300 Btu/h 38 %
Latent Cooing 4 100 Btu/h 7,100 Btufh 3.000 Btu/h 73 %
Total Cooling 20,700 Btu/h 30,100 Btu/h 9,400 Btu/h 43 %

IBACOS | Alliance i ¥R



Fudge Factor #2 — Manipulating Thermal Enclosure Design

Chicago Building Component Manipulations

Baseline Manipulated

Windows U =033, SHGC = 0.5
Walls R19
Attic R38

Windows U = 0.45 SHGC = 0.3
Walls R17

Attic R30
Full credit for eaves, 30% exterior bug screens, light colored blinds at

45 degrees closed Mo credit for eaves, no bug screens, no blinds

IBACOS | Allianice iR



Fudge Factor #2 — Manipulating Thermal Enclosure Design

Results - Chicago Building Component Manipulations

Baseline Load Manipulated Change In Change In Load %
Load Load Btuh
Heating Load 41,700 Btu/h 46,300 Btu/h 4,600 Btu/h 11%
Sensible Cooling 17,400 Btu/h 22 400 Btumh 5,000 Btu/h 28 %
Latent Cooing 2,200 Btu/h 2,200 Btu/h 0 Btu/h 0 %%
Total Cooling 20,600 Btu/h 25 700 Btumh 5,100 Btu/h 24 %

IBW@% Alliance

fitiio SR




Fudge Factor #2 — Manipulating Thermal Enclosure Design

Results - Chicago
Building Component Manipulations

70000 - + 4,600 Btu/h
60000 Heating
>0000 +5,600 Btu/h

40000 -
30000 -
20000 -
10000 -

Total Cooling

Btu/h

m Chicago Baseline
Load

® Chicago Manipulated
Building Components

IBACOS | Alliance



Fudge Factor #3 — Ductwork Conditions

Orlando Ductwork Conditions Manipulations

Baseline Manipulated

Tightness level Supply = 0.06 cfm/ft Tightness level Supply = 0.12 cfm/ft
Tightness level Return = 0.06 cfm/ft Tightness level Return = 0. 24cfmifts
insulation= Ra insulation= RE

IBACOS | Alliafice iR



Fudge Factor #3 — Ductwork Conditions

Results - Orlando
Ductwork Conditions Manipulations

F0000
P0000 + 3,500 Btu/h
50000 i
40000 Total cooling
3
m 30000
20000 - ® Orlando Baseline
10000 - Load
0 - ® Orlando Manipulated
Duct Conditions
R N \
¥ F F ©
2@ o> N
& ¥ K
Y
Loads

IBACOS | Alliance i ¥R



Fudge Factor #4 — Ventilation / Air Infiltration

Baseline Manipulated

Heating season infiltration = 0.19 ACHn (5.04 | Heating season infiltration = 0.43 ACHn
ACHS50) (11.39 ACH50)

Cooling season infiltration = 0.10 ACHn (2.65 | Cooling season infiltration = 0.23 ACHn
ACHS50) (6.09 ACH50)

Ventilation balanced 60 cfim to meet ASHRAE | Ventilation exhaust only 100 cfm
standard 62.2 without energy or heat recovery

IBACOS | Alliance iRz



Fudge Factor #4 — Ventilation / Air Infiltration

Results - Orlando
Ventilation/Infiltration Manipulations

70000
60000 - -+ 1,900 Btu/h Total cooling
but 1,100 of that is Latent
50000
£ 40000
=
m
SRR ¥ Orlando Baseline
20000 Loads
10000
2 Orlando Manipulated
Infiltration /
VVentilation

IBACOS | Alliance




Combined “ Safety Factors” - Chicago

Baseline Manipulated Change In Change In

Load Load Load Btu/h Load %
Heating ILoad 41,700 Btu/h 64,700 Btu/h 23,000 Btw/h 55 %
Sensible Cooling 17.400 Btu/h 31,600 Btu/h 14.200 Btuw/h 82 %
Latent Cooing 3,200 Btu/h 9.100 Btu/h 5,900 Btuw/h 184 %
Total Cooling 20.600 Btu/h 40,600 Btu/h 20,000 Btu/h 97 %

Results - Chicago
Combined Manipulations

70000 -

60000 1/

50000 .

40000 B

Btuh

30000
20000
10000

® Chicago Baseline
Loads

B Chicago Combined
Manipulations

IBACOS | Alliance




Combined “ Safety Factors” - Orlando

Baseline Manipulated Change In Change In

Load Load Load Btu/h Load %
Heating Load 23,600 Btu/h 57,200 Btu/h 33,600 Btu/h 142 %
Sensible Cooling 16,600 Btu/h 40,200 Btuw/h 23,600 Btw'h 142 %
Latent Cooing 4.100 Btu/h 13.900 Btuw/h 9.800 Btuw/h 239%
Total Cooling 20,700 Btu/h 54,000 Btuw/h 33,300 Btwh

161 %

IBACOS | Allisniés

Results - Orlando

Combined Manipulations

Btuh

B Orlando Baseline

Loads

B Orlando Combined
Manipulations




Questions?
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Resources

 IBACOS - Building America “Guide to Heating and Cooling
Load Calculations for High Performance Homes”

« Air Conditioning Contractors of America —
Manual J Residential Load Calculation Eighth Edition

W Bost Practices Resoarch Buillding TS
IBACOS | Allianice fiiic Bz
Home Quality + Performance U-3: Daphciant er Faray



Big Picture:

lterative Process

2. Equipment selection
and sizing

3. Duct and register
sizing

IBACOS | Allianice

We Just Covered'Step nofs

BIENINEAcEN Manual J

Construction
Details

Entire House
Loads

Manual S

Type of HVAC Size HVAC Blower
System Equipment Performance

/7
Manual D, T/

Total External
Static Pressure

Duct Sizing
Procedure

Type of Duct
System

[BACOS

Register Geometry and
Performance Fitting Data

Bulldin,
ANERICH 82
U.S. Department of Energy



W East Practices Ressarch

3

Builder Members

Beazer Homes
Charter Homes
Cobblestone Homes
Darling Homes
Dominion Homes
Doucette Communities
DSLD Homes

e-co lab

EQA Communities
Harvard Communities
Highland Homes

IBACOS

[ Home Quality + Performance |

- |
k&
U.S. Department of Energy

S LUTRON. Panasonic

History Maker Homes
Hubbell Homes
Imagine Homes
Insight Homes

K. Hovnanian

KB Home

Keystone Custom Homes

Landmark Renovation
Meritage Homes
Mistick Construction
Orleans Homes

Supported by:

HROGRESS

Pine Mountain Builders
Pulte Homes
Richmond American
S&A Homes

Shea Homes
studio26 homes
Tindall Homes
Veridian Homes
Wathen-Castanos
Wayne Homes
Winchester Homes

T buildia |



Thank.you forjoining us!

More Questions?

Arlan Burdick

Building Performance Specialist
406-548-7472
aburdick@ibacos.com

Anthony Grisolia
M Services Manager
D)), 412-915-4061

WA agrisolia@ibacos.com

Interested in Innovation? Join the A ]lliance

www.theresearchalliance.org


mailto:aburdick@ibacos.com�
mailto:agrisolia@ibacos.com�

U.S. DEPARTMENT OF Energy Efficiency &

Building Technologies Program ENERGY | rencwable Energy

Thank you for attending the webinar

If you have any comments or ideas for future webinars, please email
webmasterbtp@nrel.gov

Visit www.buildings.energy.gov/webinars.html to download

today’s presentation and to register for announcements of upcoming webinars.

Building Technologies Program eere.energy.gov
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