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Challenges with Low Load Houses
(Energy Star and the universe beyond it)

Comfort —what is it and why is it
Important?

Process Issues

Advanced Thermal Enclosure Mechanical
Systems

— Loads

— Equipment

— Ducts

— Supply outlets
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4 IBACOS .. CHALLENGES

e More efficient enclosure

 Lower and lower heating and cooling
oads

 Higher latent to sensible load ratios
(especially in south)

« More emphasis on “Right Sizing”
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< IBACOS - TOP FIVE SOLUTIONS

i

e
b

Buy a Flux Capacitor and go back to the
50’s

Get out of the business

Blame it on someone else

Rethink how the space conditioning
system is designed and installed

Process needs to change

fiio SR
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Energy Efficiency # Comfort

Builders typically have more comfort
complaints than high bill complaints

If it ain’t comfortable, energy efficiency
will be set back 20 years (maybe we don'’t
need a Flux Capacitor...)

Need to understand comfort
fundamentals

fiio SR
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Thermal Comfort Criteria — ASHRAE Std 55

ltems that determine human thermal comfort
Metabolic Rate

Clothing Insulation

Air Temperature

Mean Radiant Temperature (MRT)
Air Speed

Humidity
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< EXAMPLES OF POOR COMFEORT
1BAC D Lk

e Cold floor - Hot head
— stratification

e Air blowing on person

— poor supply outlet location, selection,
temperature, or throw

 Cold or Hot Surfaces = Low / High MRT
— poor choice of thermal enclosure elements

 Floor to floor or room to room
temperature variations

— beyond +/- 2°F = poor design of distribution
system, high variance in thermal characteristics of

various rooms fitio 3R
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Predicted % Dissatisfied as a Function of Predicted
Mean Vote
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IB{COS\ THERMAL COMFORT
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THERMAL COMFORT

IBACOS

Up to 20% are
dissatisfied
because they are
too cold

Humidity Ratio

A different 10%
are dissatisfied
because they are
too hot
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IBACOS THERMAL COMFORT

If all rooms within a home are within the thermal
comfort zone, up to 30% of individuals may be
uncomfortable in every room.
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BEFORE YOU BEGIN —

S Iy, PROCESS, PROCESS, PROCESS

« Set performance goals and responsibilities
« What is acceptable and what is not?

« What is the energy and system performance
criteria?
« What are the aesthetic criteria?

 Determine expectations - builder, trades,
manufacturers, consumer

« What is the process for accountability

e Testing and verification process
(Commissioning)

fiio SR
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INTEGRATED DESIGN

f IBACOS PROCESS/IMAP

Product Design

Marketing determines
need for new or refined
product

=4
o

Design is tested -
focus group or
internally

- Design
Design is evaluated Approved

Consumer Focus Group Develop program for for constructability

on Designs at closeout house - size, square
of product Line footage, style

Design is reviewed
for cost

Design is evaluated
relative to program

z
D

P

Design is tested -

focus group or
internally

Design
Approved

Design is reviewed
for cost

oo

Design is evaluated
relative to program




< IBACOS... SCHEMATIC DESIGN PHASE

Product Design
Process

ikt /arcririow [T e vam<eTin

NO

Develop program for
¢ house - size, square
footage, style




WHAT DOES AN IDEAL

IB{COS\ ' FORCED AIR SYSTEM DO?

ﬁ\\b,.
55&?

Delivers or removes energy from space
(heats or cools)

Mixes air in room to maintain temperature
and fresh air uniformity

Maintains humidity levels in comfort zone
Is unnoticed by the occupants
Is energy efficient

fiio SR
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SIZING TRENDS
i

System Air flow Air exchange rate
sSize cfm/sf ACH nat
sf/ton
Historic “Rule of 400 1.0 0.5-0.75
Thumb”
Energy Star — Cold 1107 0.35 0.31
Climate
Energy Star — Mixed 1124 0.34 0.34
Humid Climate
40% BA — Cold Climate 1476 0.26 0.10
40% BA — Mixed 1311 0.27 0.19
Humid Climate
Qﬁﬁ fifoSR=2Z
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IB—XCO&_;M WHAT’S IT ALL{ MEAN 2
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Lower loads, lower airflow (cfm) per room

L ower airflow = less air available to mix
for the same volume room

Same size house, same length ducts,
lower airflow, duct tightness critical

Long runs, less airflow, takes time to heat
up duct mass, lower outlet temperatures
at long runs on short cycles

Register selection is critical

fiio SR
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DENVER CO HOUSE

\

Building America 40%

Energy Star Specs

Foundation R-10 Basement & Crawlspace
R-18 Basement & Crawlspace walls walls

Above Grade Walls R-21 - Exterior Sheathing R-5 R-18

Floors Over Unconditioned

Space R-46 R-21

Roof Insulation R-Value R-54 & Vaulted Ceilings @ R-40 R-38

Windows U-value 0.30 & SHGC 0.30 U-value 0.35 & SHGC 0.60
Exterior Doors U-value 0.20 U-value 0.50
Building Air tightness ACH nat 0.10 ACH nat 0.31

Mechanical Ventilation

HRV: supply 84 cfm, exhaust 84
cfm, run-time 50%, power 100 watts,
& efficiency 82%

84 cfm Fresh air intake only

Furnace

94.1 AFUE

92.1 AFUE

18.1 SEER

13.0 SEER

/y%
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CoLUMBUS GA HOUSE

i

Building America 40%

Energy Star Specs

Foundation Slab-on-grade no insulation Slab-on-grade no insulation
Above Grade Walls R-13 — Cavity, R-5 Sheathing R-13

Floors Over Unconditioned

Space N/A N/A

Roof Insulation R-Value

R-29 Unvented attic

R-30 Unvented attic

Windows U-value 0.38 & SHGC 0.35 U-value 0.65 & SHGC 0.50
Exterior Doors U-value 0.20 U-value 0.50
Building Air tightness ACH nat 0.19 ACH nnat 0.34

Mechanical Ventilation

ERV: supply 60 cfm, exhaust 60
cfm, run-time 50%, power 90
watts, & efficiency 80%

60 cfm Fresh air intake only

Heat Pump

9.3 HSPF

7.7 HSPF

18.6 SEER

13.5 SEER

/y%
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/ HEATING AND COOLING
IBACOS .. BIN HOURS
Boulder, CO Columbus GA
DB (°F) | Total Hrs DB (°F) TO;?L

e
b
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CoLD CLIMATE HOUSE

/

MANUAL J PEA[(. LOADS

Building America 40%

Energy Star

Area | Htg load | Clg load Htg load | Clg load

(ft2) (Btuh) (Btuh) (Btuh) (Btuh)
First Floor & 3,492 26,112 21,554 42,436 33,397
Basement
Upper Bedrooms 936 8,928 6,387 13,004 10,367
Entire House 4,428 35,040 25,423 55,440 38,952
Other equip loads 2,007 558 5,017 1,139
Equip. @ 0.98 RSM 25,409 39,209
Latent cooling 0 0
TOTALS 4,428 37,047 25,409 60,457 39,209
Je= ooy e ot a7 SR
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CoLD CLIMATE HOUSE
MANUAL J PARlT.LOADS

/

Building America 40% Energy Star
Area | Htg load |Clg load Htg Clg load
(ft2) | (Btuh) (Btuh) load (Btuh)
(Btuh)

First Floor & Basement | 3,492 13,762 20,686 22,365 31,911
Upper Bedrooms 936 4,705 6,049 6,853 9,887
Entire House 4,428 18,467 24,217 29,218 36,985
Other equip loads 1,058 482 2,644 949
Equip. @ 0.98 RSM 23,464 36,038
Latent cooling 0 0
TOTALS 4,428 19,525 23,464 31,862 36,038

A

Outdoor Design Temps: 32 °F & 90°F
Indoor Design Temps 71°F & 76°F

ifiaFR==2
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CoLD CLIMATE HOUSE

. PEAK AIRFLOW. (CFM) /
Building America 40% Energy Star

Area Htg AVF Clg AVF Htg AVF | Clg AVF

(ft2) (cfm) (cfm) (cfm) (cfm)
Entry 212 31 25 50 43
Dining 168 70 100 93 159
Pantry 36 8 3 13 4
Powder 36 0 2 0 2
Master Bathroom 174 35 58 48 74
Master Bedroom 306 130 223 158 294
Kitchen / Nook 300 71 127 95 172
Laundry 68 32 19 37 27
Family 304 84 145 103 156
Bedroom 225 83 80 118 83

A%}.. indoor Design Temps 718 76 0 SRAe
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L MIXED HUMID HOUSE

IB—XCOS\ MANUAL J PEAI§ LOADS

Peak Building America 40% Energy Star

Area | Htg load Clg load Htg load | Clg load

(ft2) (Btuh) (Btuh) (Btuh) (Btuh)
Entire House 3,934 27,730 22,880 4,8015 34,307
Other equip loads 1,107 535 2,362 923
Equip. @ 0.95 RSM 22,993 34,596
Latent cooling 4,134 6,890
TOTALS 3,934 28,838 27,128 50,377 41,486

;_i,__,g Outdoor Design Temps: 27°F & 93°F )

A@m Indoor Design Temps 71°F & 76°F Wﬂﬁ%

%_) .8, Dapariment of Energy
Rossarch Toward Zevo Enevgy Hovmes
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MIXED HUMID HOUSE
MANUAL J PAR:I‘ LLOADS

Building America 40%

Energy Star

Area Htg load | Clg load Htg load | Clg load
(ft2) (Btuh) (Btuh) (Btuh) (Btuh)
Entire House 3,934 24,579 21,678 42,559 31,630
Other equip loads 081 455 2,093 751
Equip. @ 0.95 RSM 21,026 30,763
Latent cooling 4,555 7,705
TOTALS 3,934 25,561 25,581 44,652 38,467
;_i,__,g Outdoor Design Temps: 32°F & 90°F )
é)i%@ Indoor Design Temps 71°F & 76°F mﬂ_ﬁg
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MIXED HUMID HOUSE

/
IB—XCOS\%L PEAK AIRFLOW. (CFM)

Building America 40% Energy Star
Area (ft) | Htg AVF | Clg AVF Htg AVF | Clg AVF
(cfm) (cfm) (cfm) (cfm)
Laundry 63 91 121 81 95
Office 150 95 158 119 166
Mstr Bed 265 186 164 198 176
Mstr Bath 182 90 77 64 75
Bedroom 2 195 166 111 139 101
Bedroom 3 209 132 130 217 175
Family-Dining 650 277 404 400 448
Je= SR
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‘. SINGLE UNIT, ZONED
IBACOS .. orUNZONED SOLUTION

 Fan cycling unit incorporated into simple
T-stat.

 Master — With Remote Slave(s)
« Maybe back to two systems....
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: IBACOS MECHANICAL DESIGN

« Advanced Thermal Enclosure Mechanical
Systems
— Loads & cfm (done)
— Equipment
— Ducts
— Supply outlets



IBACOS ... EQUIPMENT OPTIONS

\

e Single Speed Challenges
— Poor dehumidification
— Room to room temperature differences
— Longest duct run may not heat up or cool down
— Zoning and matching part load performance

 Multi-Speed Benefits
— Part load performance

— Assists in meeting heating and cooling flow
variations

— Can accommodate combinations of flow and
resistance

fiio SR
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GENERIC EXTERNAL

IBACOSy, | SYSTEM PRESSURE DROPS

DEVICE PRESSURE DROP
Standard Filter .10 Clean
High Efficiency Filter .20 Clean
Humidifiers/Electric Heaters .10 to .20
Supply Outlet .03
Return Grille .03
Balancing Damper .03 Open
Coil .15 to .45 wet coll
Duct System ........

fiio SR
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: IBACOS EXAMPLE PRESSURE DROP

PRESSURE
DEVICE DROP

Supply Register .03
Return Grille .03
Balancing Damper .03

Coil .33 wet coil

Total EXCLUDING 42
DUCTS



Ny

c IBACOS FQUIPMENT PRE

AIR DELIVERY—CFM {With Filter)®

SSURE GAIN

i

EXTERMAL STATIC PRESSURE (In. wc)

UNIT SIZE RETURMN-AIR
CARRIER SUPPLY SPEED 0.1 0.2 0.3 0.4 0.5 06 i 0.8
High 1450 1450 1400 1345 1275 1190 1080 G0

} sicg Sled:High 115 1180 1155 1120 1070 1005 815 B10

060-12 o Pl 1015 1010 095 oh S5 92 875 B0 715
kaltam Med-Low 870 BED B4D B20 TED 735 670 SRD

Lerw BAS B70 £45 620 495 420

High 1605 1560 1510 1450 1360 1300 1185 1045

{ gida Med-High 1305 1290 1265 1225 {75 1100 a5 BOS

080-12 or M 1135 1125 1110 1080 10 BAS B00
bt Moad-Low G0 SR 65 530 B a25 76D GHS

Lo B 7B 745 700 i) G2 ETh 41kh

High 1810 1755 1550 1640 1555 1495 1410 13

i B iy l"'h"l 1':|il= i L0 1"H'|-|: 5 7 = 4 T % LEF.TA ll"l“"l

0.55 IWC at 1200 cfm

* N
* W

Research Townrd Zevo Energy Homes



For 1200 cfm System
External System Pressure Drop

Equipment Pressure Gain

What's left for the duct system?

For 1200 cfm System
External System Pressure Drop

Equipment Pressure Gain

What's left for the duct system?

0.55 IWC
-0.42 IWC (for Devices)

0.13 IWC ASP

0.50 IWC
-0.42 IWC (for Devices)

0.08 IWC ASP

fiio SR
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: IBACOS FROM HERE TO THERE

i

e Duct Design — Critical Factors
— Assume Tight Ducts
— Avallable Static Pressure & CFM
— Determine Equivalent Lengths

— Design using “Variable Friction” (Combination of
Static Regain & Constant Velocity)

— Iterate Design (Duct sizes & Routing)

fiio SR
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< IBACOS.,. \DUCT SIZING PROCEDURE

System Airflow at Duct
Static Pressure

Fan Curve

< \

\ 4

Duct Curve

Static Pressure

Cubic Feet per Minute
fiio SR
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IBACO

f' L

BA 40% CoOLD CLIMATE

% & 1
* %
0.8, Dapariment ol Energy
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Research Townrd Zevo Energy Homes

< 2
=
—
O
a h T
ol | |
O
O
>
>, o
>
!
m
- N
-
ae
| —




IBACOS 40% BA MIXED HUMID

e e —1
!
[
M= o e .
| & 1 "l (] | =
o | e - — —eoy = |
S —=—4L | o | S| T
# | W N e W
el \ | A -
o = H < gt £l i Pk | =
= |8 . B | - | ©
.-'.'|—"- . |
|

:Tk{f??T”—T_ _ E?Jj”ﬂln i é

¢
f
]

-

=1
A .
u

i O PET— ] T — — - L i =,
- T T P = 1t &y N |
1} - e ;_ | LS [ ™ s ™ G P g —
| T - —1laga e e e - .- ) -;T_ 4 . )

&

1

ot

B AP ALLL PP PP APLPPPPPPS

._.\_E.
- | o

| I - - 1 "
Hi i | E ;
[ = ] ik
l . [

i
|
5
~g
;
i
|

|_oralalV B .
1 | =1 i | | - -
{_, = — \ | —= mpp— | Sah
. = : - U.E. Depariment of Energy

Research Townrd Zevo Energy Homes



i

o Static Regain and Constant Velocity

— Every duct run in the system needs to be
calculated

— Maintain constant static pressure throughout the
air distribution system

— Design to ensure constant air velocity in trunk and
branches.
 If you loose velocity, can’t get it back

— Ensure volume and velocity at supply outlets
— (ASHRAE HVAC and Fundamentals Handbooks)

fiio SR
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: IBACOS SUPPLY AIR TEMPERATURE

e Terminal outlet
temperature

 Less margin for
error

« Compact vs. —_—
perimeter
distribution =

« High mass vs.
low mass

J== it 3R
%J u.g. Dep af Eneigy



100

. TERMINAL AIR TEMPERATURE

Syst

Oow MASS, comﬁ*r

...............................................................................................................................................

B Kitchen_Duct
B Dining_Duct
| |Great Room
B Nook

| |[Master Bed
P Bedroom?

B Bedroom3

B Bedroom4

B Prienum

214 120PM  2-14130PM  2-14 140 PM  2-14 1:50 PM




. TERMINAL AIR TEMPERATURE

IGH MASS, PERIWR

Svs 7

14 1:00 AM 214110 AM  2-14 120 AM  2-14 1:30 AM 2-14 1:40 AM

B Kitchen
[INook

[ ]Living
B Dining

[ |IMaster Bed

HlBed 2
WBed 3
BlBed 4
B Plenum




SUPPLY AIR OUTLET

IBACOS B DESIGN & SEEECTION

« Once again — Peak vs. Part Load
e Throw

 Face Velocity

 Terminal Velocity

e Air volume (cfm)

 Pressure drop

 Noise

 Location, Location, Location

b

fiio SR
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ROOM AIR DISTRIBUTION

IBACOS

X Manufacturer 1

14
Register 0 Manufacturer 2 /VA
. o A Manufacturer 3
Selection Criteria 12 o //
= + Manufacturer 4
e Throw € 10 e Manufacturer 5 /‘//./‘
o
3 8
e Pressure Drop = " <
. S 6
* Noise =
4 - A
2 T T T T T T T
40 60 80 100 120 140 160 180 200

Airflow Rate (cfm)

Floor Register Performance (10x4)

e o
*
U.8. Bapartment o Enargy
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SELECTION AND DESIGN

1. Calculate adjustment
CFM
Ak
K
Vi
Throw
Adjustment

2. Enter design parameters
CFM
K
Terminal
Velocity
50
100
150

ﬁ\x e
i/

/-

80
0.118
3.3
75

0.777

48
3.3
Throw
(feet)
6.5
4.1
2.7

o O

Recommended K Values

Life is never simple:

Most registers are rated at 75fpm

throw boundary and tested at
100 plus cfm.

Qutlet Type Discharge Pattern K
High sidewall grille  |0° deflection 2.0
High sidewall grille Jwide deflection 3.1
High sidewall linear |core < 4" high 3.9
High sidewall linear _|core > 4" high 44
Low sidewall up wall, no spread 44
Low sidewall wide spread 2.6
Baseboard up wall, no spread 39
Baseboard wide spread 1.8
Floor no spread 41
Floor wide spread 14
Ceiling circular 360° 1.0
Ceiling square 4-way, little spread 3.3
Ceiling square 1-way, little spread 44
Ceiling linear 1-way, horizontal 4.8

fii SR =2
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DlFFUSER SELECTION AND

Diffuser Comparisons
Room Throw CEM Desired Selection | Contractor Selection | Generic Selection
Designation | Desired VHO & HVO 6" x 10" & 6" x 12" RZ682
Size Throw Size Throw Size Throw
Laundry 4 55 8 x4 6.6' 6x10 3.6 8 x4 6.6

Bedroom/Study | 4.5 110 8x4 13.3° 6 x 10 9.6 6 x 10 9.1

Family Rm 16 142 10 x 4 19.8° 6x 10 12.4° 6 x 10 9.1
Family Rm 16 142 10 x 4 19.6° 6x12 10.9° 6 x 10 9.1
Mstr. Bath 7.9 72 6x4 9.7 6 x 10 6.3 6x6 8.1
Mstr. Bed 7.8 142 10x4 123 6x 10 9.6 8x8 11.2

Office 7 120 10x4 13.4 6 x 10 10.5° 12x4 11.9

IE3im _* * -
U.8. Bapartment o Enargy

Research Townrd Zevo Energy Homes



IBACOS 40% BA MIXED HUMID
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DlFFUSER SELECTION AND

Diffuser Comparisons
Room Throw CEM Desired Selection | Contractor Selection | Generic Selection
Designation | Desired VHO & HVO 6" x 10" & 6" x 12" RZ682
Size Throw Size Throw Size Throw
Laundry 4 55 8 x4 6.6' 6x10 3.6 8 x4 6.6
Bedroom/Study 45 110 8x4 13.3 6x10 9.6 6 x 10 9.1
Face Velocity 660 352 352
Family Rm 16' 142 10x4 15.8 6x 10 12 4 6 x 10 9.1
Family Rm 16' 142 10x4 15.8 6x12 109 6x 10 9.1
Face Velocity 681 378 4154
Mstr. Bath 75 12 6 x4 97 6x10 6.3 6x6 a.1
Mstr. Bed 78 142 10x4 12.3 6x 10 9.6' 8x8 12
Office s 120 10x4 134 6x10 105 12 x4 115

IE3im _* * -
U.8. Bapartment o Enargy
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REGISTER THROW

IBACOS

Performance Characteristics of an
8x4 Adjustable Blade Diffuser (100 cfm)

Adjustable

Blade Diffuser
with very low
pressure drop

45

o

—
17
@
@
=
o))
o
(o)
N
+—
c
7
e 22
+—
1%
S
yo)
<
®
No]
(4v]
o

6 8 10 12 14
Distance in Feet to a Terminal Velocity of 100 FPM

* K
* %
U.8. Bapartment o Enargy
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DIFFUSER SELECTION AND

IBACOS:

f,.-—'—'—-—._.—-—'--_--"'_"'--hH

(o L)
L

|- -

PRIMSRY &51=F

! FLOCR CHFFUSER
[

CoOLeG

EECTICHE &4 FTERFERATLIRE
SECTICN 8-k — mp—— [} ——a +

TEMPERATLRE
HEATING

BTl T

— e [ e SEETIE S — ip—— [ ——
TEMPERATLRE TEMPERATURE

e o
fiio SR AR
U.8. Bapartment o Enargy
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With air entering at
95 F and 790
ft/min, the room
has good mixing.

/v RESNET,

Contours of deg-f (Time=1.7200e+02)

Mar 01, 2008
FLUEMT 8.2 (3d, segregated, mgke, unsteady)

Buildin
fiitiio SR
U.6. Dapartment of Enargy

Rasearch Toward Zevo Enavgy Hovwmes



With air entering at
140 F and 330
ft/min, the room
shows
stratification.

Contours of deg-f (Time=4.1300e+02; Fek 28, 2006
FLUEMT 8.2 (3d, segregated, mgke, unsteady)

N fiiio TR ==

U. 8. BPapariment af En
Rasearch Toward Zevo Enavgy Hovwmes




o Supply air
Velocity
e 394 f/m

e 591 f/m

e 787 f/m

B
5

|

¥ t 4

time = 30 sec  time = 60 sec © time = 90 sec

it SR ==
U8, Bapartment ol Eneigy
Ti Fa Enavgy Hovmas
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Equipment selection is critical
DO a duct design

Consider designing each duct run
(Variable friction method — ASHRAE
HVAC & Fundamentals Handbooks)

Supply outlets designed, not what’s on
the truck

Trending towards

— Higher air velocity at outlet

— Lower supply air temperature in heating mode
— Longer run time

— Be aware of air speed in occupied zone.
fiio SR
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< IBACOS - THANK YOU

US DOE Building America Program
Best Practices Research Alliance
Cardinal Glass Industries
Carrier Corporation
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Questions?

dprahl@ibacos.com
astamatopoulos@ibacos.com
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