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Energy Code Resources “Ameren

Technical assistance or training requests:
Matt Belcher, Energy Code Consultant
Matt@ moenergycodesupport.org
314.749.4189

Energy Code Resources

Missouri Residential Building Energy Code Construction Practices Study:
https://energy.mo.gov/energy-codes/missouri-residential-building-codes-study
For additional information on other DOE Field Studies and participating states,
please visit https://www.energycodes.gov/compliance/energy-code-field-studies.
Additional education resources are available at www.southfaceonlinetraining.org.

www.southface.org
mikeb@southface.orqg
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« Mike Barcik — Technical Principal
* mikeb@southface.org

Building a Regenerative Economy,
Responsible Resource Use & Social Equity
Through a Healthy Built Environment for Al
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Why building science?

« Employ scientific principles from a
variety of fields that govern building
performance

* Optimize building performance and
understand, prevent and correct building

fa”ures All efficiency measures should take occupants
into account (e.qg., air sealing & ventilation)
e Systems approach to houses
* Physics of
 Heat
« Air

« Moisture
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Who Are You?

« Weatherization

« HERS Raters

« Code official

« Designer

« Contractor / Trades
 Utility

« Manufacturers / Product Rep
« Policy / Government
« Building Managers
« Home Inspectors

« Other?
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Learning Objectives

|dentify code requirements regarding sizing, design, and
selection of HVAC equipment and ducts

Explain how the ACCA Manual J calculation standards are
used to determine appropriate sizing of HVAC equipment

Appreciate the consequences an improperly sized HVAC
system has on moisture control and the effect excessive
moisture has on building durablility and occupant comfort and
health

Define sensible and latent heat

Understand common errors and intentionally incorrect data
Inputs and see examples of such errors

See software perform a load calculation
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Building Science: Heat transfer

* Heat is a form of energy
e Heat moves from hot to cold

3 methods of heat transfer:

« Radiation:
Sun to shingles; underside of
decking to other attic surfaces

« Conduction:
Through shingles and decking

e Convection:

Soffit vents through attic to ridge - WUUUUUUUUUW

Air handler
and ductwork
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Building Thermal Envelope

« System and ducts inside building envelope
« => Big impact on HVAC sizing and performance!

Example 1 Example 2 Example 3

Indirectly-conditioned
space

Kneewall ”.0 R
Conditioned

space

'lllllllllllllllllllllll‘ H 5
- = . Vaulted . - .
= Conditioned = : conditioned . i Conditioned =
o space - u space i . space s
Ol u ] H n
=---ll..lllll‘ E_ =.Illllll...-‘ = :Illl.lllllll‘ E_
H H H H . =
E Gnnd'rtiunedi E Conditioned E E Gnnd'rtinnedi
Garage | space = Garage |5 space g Garage |3 space =
l...llllll.: = = E E
~"|= Basement & . .
Basement/ /|2 (condifoned or § " Indirectly- &|
cr:::::aiue Importantair |3 GL;“J“’?“M':&} = = conditioned =
P sealing location (% eemessssssd * crawlspace 2

i Fansssssnusd ool
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HVAC 101 — Anatomy of a split System

* Air cooled by the A/C or
warmed by the furnace is
distributed throughout the
home using an air handler

* This Is a closed system

 AIr is lost through leaks
(convection)

* Energy Is lost
(conduction) through the
ducts —




HVAC Purpose
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The purpose of the HVAC system is to
provide the occupants with a comfortable
& healthy living environment

It does more than just control air
temperature

It also provides moisture control

Controlling RH is important for comfort,
IAQ, and building durability

AlIr filtering can be accomplished
Ventilation may be a part
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How Air Conditioning Removes Moisture

« Warm humid indoor air i1s blown across a
cold coll

« Water vapor in the air condenses on the
coll, collects, then exits the home through
the condensate line

* This process takes time

« OQOversized systems reach the thermostat

set point before moisture is removed from
home

1z
' (. %|

PSS TN Lt —
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Moisture and comfort

 Human Thermal Comfort:
 Humans make poor thermometers

Temperature

* Qur sense of hot or cold is based on the N
rate heat Is leaving or entering our bodies

« This is affected by a variety of factors — not * Comfort O pe
just ambient air temperature

« Since we regulate our body temperature by E—1
perspiration, our comfort level is affected by
the moisture level in the air around us
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Moisture and comfort

Figure 7-A The ASHRAE Comfort Envelope

Human indoor comfort is actually a : 7

g

pretty narrow target

Iaizlwlz=lzk:=]

EEREEE

SUMMER

DR POINT TEMPERATLIRE

HUMIDITY RANIO (GG OR LE/IDDO LB|

TTT AT [TTRIT (T

OFERAIIVE TEMPERATURL

@50% RH, 30 fpm airflow
Winter 68-74 °F
Summer (3-/19°F -.........
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Moisture and indoor air quality

 |[deal Health & Comfort is
~50% RH at room temperature (~72°F)  optimum Relative Humidity Range

for Minimizing Adverse Health Effects

* Building decay 100% RH S t:

* Interior Mold H > 70%

» Dust Mites H>50% e
* Viruses g, H < 40% T
e Static electricity, dry sinus RH < 25% =
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Types of COOIing Load www.ahridirectory.org

Sensible vs. Latent Total = Sensible + Latent | 5l
Certificate of Product Ratings
AHR1 Certified Reference Number: 3251832 Date: 382011
M Proguct: Spiit System: Ar-Cooled Condensing Unit, Coll with Blowear
Sensible Load Latent Load o
Furnace Mods| Number: SBCV(A X0TI-12
Manufacturer: CARRIER AIR CONDITIONING
Trade/Brand name: BASE 14 PURON AC
. w T TR For Boromairic Pressure of 29.92 In. Hg Manufacturer reeponglbls for the rating of this system combination s CARRIER AIR COMDITIONING
R LA S SN I S e
o ne M Fy, P TAIS o
R Y e = oy
i Y S8 S S AV i A
S: s%? j@ {?J \2\.’\\/ ..'z:-; 3
i / SNSRIV
R:a 2 4’*"9 5 S \" 1Y
i . A O [ 3fooe 3 I d /O td
. 2ait . ﬁﬁ,f SV \Q\ :E - g n Oor u Oor
i s S AN SN
SEssss R o - C |M h
: S SSeed oil Match!
-
S B %% : \"‘.\ 0002 - - L e —
20 25 30 3 40 45 50 55 60 65 T %?ﬁa H\\IDO m:\u; :w S e o sdomes th gt et ot asiliconear ek i gemtons b, parmiziey |
i s o S R T SRach
?ﬁ?ﬁ:mﬁnmmmﬂﬂh_hwm-w .-:::
;wu;m'um“‘ J
by oo e e AR i PPt s Al-Canianing, Hoang.
SHR Sens| ble / Total e PCRTEND. st
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HVAC and Moisture
It’s not the heat, it’s the humidity

Atlanta, GA

Bin Temperature 10-75 75-80 80-85 85-90 90-95 95-100 100-105 |105-110 |Total
# of Hours of Occurrence 1188 880 620 361 172 23 3246
37% 27% 19% 11% 5% 1% 0% 0%
83% 17%
Manual J Design, Load based on Temperature 52° 99 grflb
ASHRAE Humidity Design, Load based on Moisture 82" 133 gr/lb
Approximate Extra Moisture Added per 100 CFM Of O.5.A. 3.9 pts/hr or 93.9 pts/day

Supply Air
to house

i
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Solid Wall Area Example L Ameren
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75,

(1/13) x 360 x 20 = 554 Btu/h

g=UXAXA




Net Wall Area Example s Ameren
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25 R
]
’ ’ 75‘ ; ;
5'0x6'0 5'0x6'0
U=0.55 . U=0.55
: : (1/13) x 360 x 20 = 554
9 o g=UXAXA
Soor is 20 s f _-_-
R=2 Wall 431Btu/hr
v
Door 2 5 20 20  200Btu/hr
Window .55 60 20 660Btu/hr

1291 Btu/hr
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Equipment Sizing




AL
“ZAmeren

MISSOURI

HVAC Sizing & Selection Process

WARM AIR COOL AIR

1 ton = 12,000 Btu/hr

« ACCA Manual J & S are the code

required methods used to size and select RS
cooling loads of home

heating & cooling equipment A
~
« Manual S — used to select equipment ACCR ®

« Manual J — used to determine heating &
based upon Manual J A Condifioring Contraciors of Ameri

Man J Total Cooling Load: 28kBtu/h
(22k is Sensible, 6k is Latent)
[SHF = 22/28 = 0.79]

Option B: 35 kBtu/h
(29k is Sensible, 6k is Latent)

Option A: 29 kBtu/h Option C: 29 kBtu/h
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403.7 Equipment Sizing —

‘@ Right-Suite Residential J8 - [Lanigan Cape Cod.ip. - Loads Worksheet 1
= =]

. B} Fie Edt wiew Shew Drawng Optins window Hel -
* Load Calcs & Sizing nlslal Sl S alelal s e vl | el
° ACCA Manual J OI’ RightJs Worksheet <= E|nti:e Holuszrevzone | nextzoneBaJeme:t : | = |

approved equivalent, AN B L e
l.e., ASHRAE l e T
Fundamentals 6 L !12c—6bw !D.DGD!ne !2.820 !0.759 __? __? ___D_ ___E __? __l? ___D_ __?
. 302.1 Interior desi R403.7 Equipment sizing and efficiency rating (Manda-
L. Interor ?Slgn tory). Heating and cooling equipment shall be sized 1n accor-
temp (720F heatmg, dance with ACCA Manual S based on building loads
75 Coo|ing) @ calculated 1n accordance with ACCA Manual J or other
« MUST BE al_fproved heatlllng a;ull cooling cal;ulanon zletthologms.
— “For automatically modulating capacity heating and cooling
ACCURATE / equipment, the system shall be deemed to comply with appropriate
portions of Manual S provided the lowest output capacity of the
GA Amendment for equipment is less than the peak design load as determined by
Variable Capacity New or replacement heating and cooling equipment shall

have an efficiency rating equal to or greater than the muni-
mum required by federal law for the geographic location

_________________________________________________________________ where the equipment 1s installed.
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How Does Manual J work?

 Location
 Qrientation

* Envelope v
* Duct & envelope
tightness
!_lNLT _[I:I deferming the required H
inzulation levels for MEC, IECC

e |Intern al gal ns and ASHRAE 90.2 compliance.

. V tl t HOD, Baze BAF: |3D25
en I a Ion CDH. Base F4F: I'IEEEI3

IECLC Climate Zone: |3.-'l'-.
ASHRAE "W Factor |III.?5 >

Dezign Heating Temp;

Deszign Cooling Tempe\ |32/ |




FORM J1. » ABRIDGED VERSION of MANUAL .1, 8TH EDITION

Project Design State & City Georgia Atlanta AP —
Indoor Design Heating db 70 Dutdoor [Winter] 99> db 23 HTD 47 Vo
Indoor Design Coolingdb | 75 | Outdoor (Summer] 152 db 1 cto| 1 m
Indoor Design Cooling RH =10 Grains Difference 37 Daily Range | Medium
L atitude 33 Elevation 1010 ACF| 0370 Block Load HRoom—- Room-—- Room-—-
Glass - Heating | Cooling Net Heating | Cooling Net BTUH Net BTUH Net
FORM J1;; « ABRIDGED VERSION of MAN! Direction Construction Detail HTHM HTM Area BTUH BTUH Area |Heating| Cooling] Area |Heating| Cooling] Area
Project | Desiga State & Ciry | Georgin [ ep[yper 0
Indoor Design Heating db 70 |Outdoor (Wister) 3% db 23
Indoor Design Cooling db 75 | Owtdoor [Swmmer) 12 b ] & Glass -
Indoor Desigs Cooling RH | 50X Grainz Difference 31 Doors
Latitade| 33 Elcvation 1010
Glass .
Direction C. tiom Detail
Doors
6B
6B | Skylight=
T |[wood & .
Mectal b
Doors <
& |Above Grade Walls | a T |Wood & =
b Metal b
: Doors c
. 8 |Above Grade Walls a
Partitios Walls F b
q
3 [Below Grads Walls a L]
b d
10| Ceilings a
= e
< Partition Walls I
Partition Ceilings 4
. a
11 |Passire Floars . 9 |Below Grade Walls a
B b
Exposed Floors <
Slab [Perimeter Fr.) | 4 10 |Ceilings a
Baszement Floor . b
Partitios Floors F
p c
e e Parttion Cotings | d
10 | Internal Bains Mumber of Bedrooms 3 =
Appliance - 1200 ETUH 11 |Passive Floors a
| 10| Eub Totals b
TE-THE B in dttic, P Bizer in Floor ta Ceiling Chass, Peri
& | Duct Loss & Gain Fi-Valuc = 6| Leakage Class 12124 | Exposed Floors o
installed Square Fuct of Surface or Defsule= 1] Suppl .
& [Weatilation] Combustion L Sp:ce [ Furnace [ -,:.d._ﬂ. — Slab [Perimeter Ft_] d
2 |Blower Heat Gain Pelanufacturer's performance duts haz ne blover heat discoy Basement Floor e
B | Toral Sensible Loss or Gain Partition Floors i
Ester Company Name Here ]
Ester Company Address Here . ) Frivelope Leakagq g Heated & Cooled wWAR #OINO! (WYY =] #OINO! R
Ester Company City, State and Zip Code Here 21 12 | Infiltration M F Firenl MRragE Flo?rl :rea - %0 eFt Above Grade = Cu. Fr. T T
Enter Company Phone Numbers Here = G IS EISTESE 3 #0IW0! = #0IWYO! = #0IHO!
Enter Website or Email Address Here 13 | Internal Gains MNumber of Bedrooms 3 Occupants d #2001 LIE!
Lppliance - 1200 BTUH #GLLE!




Climate and Energy Efficiency

Design Temperatures
« Heating, for 99% of the season the outdoor temperature is
above this value
* Only 1% of the Cooling season is hotter than this temperature
Design Temp Example
« St. Louis Winter 70 — 14 =56 F AT
« St. Louis Summer91 —75=16 F AT

Load Calcs & Energy Code

« |ECC Section 302.1: Interior design temperatures (up to 72°F
heating, minimum 75°F cooling)

» “Heating and cooling equipment shall be sized in accordance with
Section M1401.3”

+ “Heating and cooling equipment shall be sized in accordance with
ACCA Manual S based on building loads calculated in
accordance with ACCA Manual J or other approved heating and
cooling calculation methodologies.”- 2015/18 IECC R403.7

S
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Design Temps | W/S
Atlanta 24/92
St. Louis 14/91
Fairbanks -40/78
Miami 51/90




Manual J - Winter Loads

infiltration Loss
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Roof-Ceiling Loss at All Windows .
e — and Doors, and W|nter
\ \\Z,/ T at Cracks in the
Envelope
Loss Through — — O Utd oor
Exposed Walls Conduction Los // —l T D :
™ iThrough Doors r Ceiling Loss | - eS'gn
- To Attic | !
and Windows i Tem
- , 700 F o Floor Loss To p
I b — Crawl Space

Loss Through

Duct Loss To

l Unconditioned

Partition - 0]
J AN e Space 14 F
Loss Through ‘\"T\: - ity N VvV X
Slab Floor - ~ . NN
Loss Through _ _ -] i ]
Below Grade N i
walls N — 7t - — = — - — — —

Heat For Combustion Air
or For Ventilation May
Be Required

Basement Floors
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Manual J - Summer Loads

Outdoor Design Temperature ~ Sensible & Latent

BO'F to Over 100°F lnf"tration Gain at
Windows, Doors and at

O N Cracks or Penitrations | summer

in the Envelope Igoofs ac?d w:lls Not
Surface Temperature of xposed to the Sun
Roofs and Walls Exposed Attic @ 'glo?e tc‘:‘ Outdoor O Utd oor
. 100° ° esign Temperature .
to Sun - 100°F to 140°F : 125°F g P . DeS|gn
Floof-GaIli{m Gain - Ceilltng Gain
Temp
Gain Through Ext " .
Exposed Walls onduction Gain - __ Sensible and Latent o S;:::: Y
rough Doors Gains From Lights 75 F, Same As o)
s aléd IWindows : People and 50(y R H North 9 1 F
olar Gain Appliances 0 |
Through Glass L 1:] v lass
Sensible uci =
& Latent ~ I
Appliance ~ . I
oads !
R in Through Wal
NoGainatonGrade ~——_—~ — \" — — — — — — — — S:(linFloc:?: ?:roma N
Slabs or Below — Unconditioned
Grade Walls and Cooling for Ventilation Space

Floors May be Required
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Manual J — Load Calculations “Ameren

Load calcs are required, but there are no
: details about who is qualified to perform
Winter Outdoor them. Enforcement varies greatly!! Summer Outdoor

Design Temp Design Temp

Outdoor Design Temperature ~ Sensible & Latent
80°F to Over 100°F Infiltration Gain at
) i Windows, Doors and at
( Infiltration Loss O Cracks or Penitrations
Roof-Ceiling Loss ’ at All Windows L_\ in the Envelope Roofs and Walls Not
and Doors, and Surface Temperature of Exposed to the Sun

at Cracks in the Roofs and Walis Exposed Clos:e to Outdoor
to Sun - 100°F to 140°F Design Temperature

Envelope
Loss Through Roof-Ceiling Gain Ceililng Gain
Exposed Wails \ VA i
Gain Through — 74
Exposed Walls onduction Gain Sensible and Latent 750F g::;’z:ny
) Floor Loss To rough Doors Gains From Lights (] T same A
and Windows People and ‘a ame As
><——crawl Space Solar Gain Anoh TP 50%RH [l
ppliances I:l
Duct Loss T Through Glass . '[! 0 LGlass
L Loss Through - Iuc 0ss To 2
Partition =] Unconditioned —————— —— Sensible i i
S Space I Bt & Latent ~_ [Gain i
~T T T T T S— — o Appliance 4 N
Loss Through ™. "__ 40 1Yy N D - D "‘\ — — — Coads —
Slab Floor ‘ L [ Y === -- ~— L \ SRS W
AN L h - == fTeem DT T T T - A _— —_ - - -
Loss Through ~, — 7 —— " . -
Below Grade N — - — — = = = = : —_——_ — X - - - - - - - - - )
< . e N Gain Through Walls
Walls N T = - — - = . No Gain at on Grade — and Floors ‘I;=rom
________ Stabs or Below —_— Unconditioned
Heat For Combustion Air Grade Walls and Cooling for Ventilation Space

Floors
or For Ventilation May Basement Floors May be Required

Be Required




Manual J Software

i; Right-Suite Residential J8 - [Lanigan-Cape-Cod.rip: Loads Worksheet]
E File Edit Yiew Show Drawing Ophons Window Help

- = @ S| ;
=ld| Sla fide ) K QC e S5 4%
. B
Right-J8 Worksheet == = PrevEone next zane = ==
1 Room name Entire House Easement =z
2 — Exposed wall 172.0 ft 172.0 ft
3 /@CP\ Ceiling height 10.0 [a 10.0 e
4 Room dimensions
5 MANUAL J8 Room area 1741.6 f2 1741.6 f2
: HTht Area (ft=) Load Area (ft2) Load
Construction - . .
Ty number value Or (Btuh/ft=) or perimeter (ft) {Btuh) or perimeter (ft) {Btuh)
Ao e %] Heat Cool Gross N/P/S =~ Heat = Cool Gross NP/S  Heat  Cool |,
W [120-6bw 0.060 ne [2.820 [0.759 ] o ] 0 0 0 1] 1] -
W [15B-0c-6 0.488 [ne |[13.07 |2.996 523 523 6834 1567 523 523 6834 658
W [120-6bw 0.060 [ze [2.820 [0.759 1] 0 1] 0 ] 0 ] 1]
o) 15B-0c-8 0.488 |ze |8.986 1. 498 333 I3 2592 499 333 333 25582 343
W [120-6bw 0.060 [gw |2. 820 [0.759 1] 0 1] 0 ] 0 ] 1]
W 15B-0z-a 0.488 |sw |13.07 [2. 296 523 523 5834 1567 523 523 5834 1332
W [12C-6bw 0.060 nw (2. 820 [0.759 333 209 588 158 333 209 566 13z
tG 1D-cZow 0.550 |nw |25.85 [34. 40 g3 0 2157 2871 g3 0 2157 6231
G[10B-w 0.600 [nw (28,20 [18. 13 41 0 1156 743 41 0 1156 1482
Z 1&8E-28md 0.034 |- |1.5%8 |1.770 0 0 a 0 u] 0 u] ]
F |[22a-vpm 1.1680 (- [55.46 |0.000 330 55 3050 0 330 55 3050 i
F 21a-28t 0.022 (- |1.034 [0.000 1411 11la 1459 0 1411 11a 1459 ]
kd|
Total room load 32493 9408 32493 12629 —
Air required (cfm) 467 467 467 627
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Why is sizing important?
Equipment first-cost
Longer/more efficient run
times

 Limits equipment cycling
 Better dehumidification
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Installed AC Units

Tons Oversized

20
- 24 MO Equipment
" Sizing Study
i o0 158
o
g s 14
e
o
"5 10
* & !
I K
o _-l . B
-0.5 o 0.5 1 1.5 2 2.5 & 3.5

Tonz Overzized
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Common Problems with Manual J Inputs

« Manual Js are often not correct — both
iIntentionally & unintentionally

* The results of a Manual J are only as
meaningful as the input data (“GIGO”)

« Several common input errors are often
found




The Usual Suspects
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Design temperatures
Building orientation
Number of occupants
Window area & U-value
Air leakage

Wrong areas
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Outdoor Design Conditions

Library IHenderson, KY ] x4
Weather location |[JESEESeESETaSINGE S S
Elevation [[ 384] ft Latitude [[ 37.82] °N
Longitude :"i[_i G 68] W Time zone ([ -6.0]
Weather and shielding factor i Q.-.;,.:%Ir.-&?‘“]_-'
Bin data city Henderson City, KY, US |
Earth temperature city Example earth city
Mean earth temperature I S0 °F
Annual surface earth temperature swing il 2o °F
Day of minimum earth surface temperature i 38] day

* The location & design temperatures should
be accurately entered into the software

* Typically, city is selected from a menu
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Outdoor Design Conditions

SALES MANAGER  SETUP

Print Preview

 Outdoor design temps are oty s e :

Ukraine |daho

listed In a table in Manual J el g e 3

United States Minor Outlying Islands D lowa
& within approved software i
~ City ~Cooling DB / WB
d atab aS e S Ashland Man J/N ~ Annual Monthly
Bowling Green ASHRAE i fal BF/79°F) C 04%
. Bowling Green Warren Co AP ASHRAE2005 D 2 &
° T h e 1 % & 9 9 % d esian Bowling Green Warren CoAP  ASHRAE 2009 0.4%(33°F / 77 °F) ¢ 2
Capital City AP ASHRAE2009 * 1%(91°F/76°F) " B%
Cincinnati Northern Ky AP ASHRAE2009 <, " o o
- Corbin AP Man.J/N 2% (30 °F / 76 °F) T 10%
conditions shou e yse Covington (Cir) ASHRAE2008
Cavington/Cincinnati AP ASHRAE T oy
. . . Fort Campbell [Aaf) ASHRAE2009 & 99%(15°
° T h I d d Fort Campbell AAF ASHRAE e
e C n I C I an S CO u Ove rrl e Fort Knox Godman AAF ASHRAE200  996%(7°F)
Fort Knox Godman A4AF ASHRAE " Mean extregg-3 °F)
- . Fort Knox/Godman ASHRAE2003
inputs to adjust results R T ——
Hopkinsville Cambell 4FB Man J/N
dackson.,.. ASHRAE Source: ASHRAE Copyright © 2003 by the
Jackson Julian Carroll AP ASHRAE2005 American Society of Heating, Refrigerating and
Jackson Julian Carroll AP ASHRAE2003 _ | Air-Conditioning Engineers, Inc. Used by
Lexington ASHRAE2005 pefmission.
0K Cancel | Hep |
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Location Elevation| Latitude | Winter Summer
Feet Degrees | Heating | Cooling | Coincide | Design | Design | Design Daily
North |99% Dry| 1% Dry nt Wet Grains | Grains | Grains | Range
Bulb Bulb Bulb 55% RH | S0% RH | 45% RH | (DR)
Missouri
Cape Giradeau 341 37 13 94 77 44 51 57 M
Columbia AP 778 39 5 92 75 34 41 47 M
Farmington AP 946 37 8 93 75 33 40 46 M
Hannibal 712 39 3 93 76 39 46 52 M
Jefferson City 770 38 7 95 74 23 30 36 M
Joplin AP 980 37 11 94 15 31 38 44 M
Kansas City AP 791 39 4 93 75 33 40 46 M
Kirksville AP 966 40 0 93 74 27 34 40 M
M exico 823 39 - 94 74 25 32 38 M
M oberly 867 39 3 94 74 25 32 RH M
Pop lar Bluff 479 36 13 92 76 41 48 54 M
Rolla o087 38 9 91 75 36 43 49 M
St. Joseph AP 825 39 2 93 76 39 46 52 M
St. Louis AP 535 38 8 93 75 i3 40 46 M
St. Louis CO 580 38 8 94 15 31 38 44 M
Sedalia, Whiteman AFB 909 38 4 92 76 4] 48 54 M
Sikeston 315 36 15 95 76 36 43 49 M
Spickard/Trenton 386 40 6 93 73 20 27 33 M
Springfield AP 1268 37 9 92 74 28 35 4] M
Warrensburg, Whiteman AFB 869 38 7 93 76 39 46 52 M
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Indoor Design Conditions

« ACCA specifies 70° for heating and 75° & 50% RH for cooling

Weather:  Atlanta Hartsfield Intl AP, GA, US
Winter Design Conditions Summer Design Conditions

Outside db 8\ °F Outside db )

Inside db @ °F Inside db °F

Design TD 44/ °F Design TD ’F
Daily range v
Relative humidity @ %
Moisture difference 43/ gr/lb

These numbers are often subjectively adjusted!

SECTION 302
DESIGN CONDITIONS

302.1 Interior design conditions. The interior design temper-
atures used for heating and cooling load calculations shall be a

maximum of 72°F (22°C) for heating and minimum of 75°F
(24°C) for cooling.
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Orientation

Building Orientation Cooling Load
50000~
30000~
20000+
\
10000~
0! t t : ;
N NE E SE S SW w NW
Direction Front Door faces
. 5 X Front Door North Northeast East Southeast South Southwest West Northwest
C_urrent onentauon' 5 Front Door faces EaSt Sensible Load (Btuh) 32977 34914 35665 35777 33215 35962 35340 34543
Highest Cooling Load:  Front Door faces Southwest Total Load (Su) sosor| atees| asae| aosds | sorr | esmss| ateso|  amnis
Heating AVF (cfm) 1777 1809 1829 1808 1787 1829 1847 1818
Cooling AVF (cfm) 1777 1809 1829 1808 1787 1829 1847 1818

« The heating & cooling loads on a house are dependent on the orientation, especially for windows
« Compare the orientation listed on Manual J documentation to the actual orientation of the home
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Number of Occupants

| . ; 3 | : i
| AP » Occupants represent internal gains
__________________ A P

CEL S T (e ] « ACCA specifies to use the number
of bedrooms plus one

« For example, a three bedroom
house should have four occupants
entered into the Manual J

LT

Q: How many Btuh does Manual J assume for each person?
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Construction Components

i

Construction descriptions or Are:' ;Jva:lug Inf:lR

. . Walls
° a n u a r e u I r e S e a I e 12C-Obw: Frm wal, brk 4" ext, 1/2" wood shth, r-13 cav ins, 172" n 545 0001 130
gypsum board int fnsh, 2°x4" wood frm, 16" 0.c. stud ne 17 0091 130

entry of construction data (R- -
value, U-value, etc.) e s e

s 132 0.102 40
s 205 0.093 40
w 638 0.093 4.0

* |If avallable, compare the listed IR R

Partitions

components to what is actually s

oOWS
U30 $24: U30 S24; NFRC rated (SHGC=0.24); 50% blinds 45°, light; n 18 0.300

- 50% outdoor insect screen; 2 ft overhang (1.5 ft window ht, 1 ft sep.);
IN the NoUSe kit

U33 §31: U33 §31; NFRC rated (SHGC=0.31); 50% blinds 45°, light; n 9 0.330
50% outdoor insect screen; 2 ft overhang (3 ft window ht, 1 ft sep.); 6.8

ft head ht
U32 §29: U32 S29; NFRC rated (SHGC=0.29); 50% blinds 45°, light; e 41 0.320

° Pay partICUIar attenthn to gﬂs’;‘minseﬂsm";2ﬂ°veman9(3-3ﬂwindowm,1ﬂsep.); s g; gggg
window areas and V. < A :
specifications

oo o o (=]
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Alr Leakage hmgren

 Software typically has generic tightness - .
categories that are selected from a menu s

The materials used in construction of the property have a significant effect on the
. cooling and heating loads. Entering correct values will help the software determine
® Tl g ht the correct load factors and thus produce accurate equipment sizing and running

cost estimates.

» Semi-tight
Please select appropriate building materials for the following
* Average
Building type ISingle Level
b S emi- I oose Building materials | Basement - Unfinsished Insulated
Load preferences ICondilioned Space
*Loose

' Tightness IAverage)

MNumber of above grade stories |1

Number of fireplaces I 0

Fireplace quality IAverage ;_I

* More detailed options allow input of

Wind shielding [£_(suwbstantial) the actual infiltration (blower door)
Number of stories m _ o _ _
* Mui-point * Using the actual (tested) infiltration will
i R result in a more accurate Manual J
& Single-point
Test pressure difference 50 Pa

| — i Sensible Btu/h = CFM x 1.1. TempDifference
i §;> Latent Btu/h = CFM X 0.68 X GrainsDifferenc

Leakage area
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Air Leakage with a Blower Door

Multipaint Blower Door Test

Test Points

5,850 Cifm

0 i A 3 40 50 ED YO0 BD BOD 100 110
Refarance Prassure {Pascals I

Figure 21-4

13 M

* A blower door CFM50 can be converted into values
that can be entered into HVAC Res-load J
* Must determine coefficient “C” and exponent “n”

* CFMg, s = C X (DPress)"

* CFM;, = C x (50)"

n” is a value between 0.5 (perfectly round holes) and 1.0 (long slit)
Assume a default for n = 0.65

. C = CFM,, / (50)0-65

“C” = CFM,, / 12.715
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Air Leakage with a Blower Door — Multipoint Test

J000+-- ___ RIS '_'_E'_"_'_'_' oLl '_'_':_' ol '_'_'_'E'_'_'_' '''' _ L __"__'_'_':-_'
£ ' ' ' ' SRR
3_1 : : : : : ! s
o EI:”:”:I. ...... ................ ................. ....... ....... ..... LR
o . . . . . ! . .
m i
S 1
m |
° i
o I
= i
= : : : : : | Lo
@ 10004 i R IR Tty T TN BT

E”:”]. ...... .............. ................. ......... ....... ..... :. .........

annt-- - ............... ......... ....... ..... :. .........

7004 RER R ......... AR R IL .........

4 h 110 20 a0 a0 &0 BO 70

Envelope Pressure (Fa)

Reporting Pressure (Pa) |5.;} j

Test to View | vl

Test 1: Depressurization

-Alrflow at 50 Pascals

2929 cfm +/- 0.4 %%

Range: 2916 to 2942
----CFM @50/sq ft

-Leakage Areas
EqLA (10 Pa)=33121in2 +-16 %
ELA (4 Pa)=1857in2 +-25%

Label Base? start end nobs A Pressu| Total Flow

pre depres: True KLY 4bg 117 -1.12 I
-75Pa Leak: False GO0 G249 30 -74.86 37661

-Building Leakage Curve
Coef. (C)=2875 cfim/Pa™n +/-39 %
Exponent {n) = 593 +}-0.010
Correlation Coef. (r) = 99967

Corr Coef Squared (r"2) = 99933
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Manual J Example




Simple House
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6’ 14’ 20° 6’ 14’ :
« > P > R * Perimeter: 54x2 + 40x2 = 188 ft.
1 1  Gross Wall: 188 x 9 =1,692 sq. ft.
’ * Floor Area:
12 Laundry Kitchen Bath 14 +
20’ 20x31 +
20x40 =
All ceilings 9’ Bedroom #1 1,588 sq. ft.
35 A Y » Ceiling Area: 1,588 sq. ft.
] Garage Living / |4« Windows
1 « A:12x7= 84sq.ft.
« B: 9x2= 18sq.ft.
16 « C:20x 2= 40sq. ft.
v windows: 142 sq. ft.
» Glass Doors: 20 x 2 =40 sq. ft.
' » Solid Doors: 42 sq. ft. (R-3)
= A:30x40DP low-e (U.31, SHGC.24) . Volume: 1588x9 = 14,292 c.f.
3 B:30x30DP low-e (U.33, SHGC.26)
— C:40x50DP low-e (U.32, SHGC.25)
i = D: 6°0 x 6'8:DP Sliding Glass Door with tint (U:47, SHGC.30) - i it



Simple House (1588 s.f.)  sack races Nort ““Ameren

486 S f MISSOURI

6’ 14’ 20’ 6 14’ North

.
> |
A

A
A\ 4
A
A\ 4
A
A\ 4
A
A\ 4
A

Left Faces West oun B
360 s.f. o0
, All ceilings 9’ Bedroom #1
% Y Right Faces East
] Garage Living / g —
ini $ 360 s.f.
“4— Iz
T 16
5
C
l | =  A:30x40DP low-e (U.31, SHGC.24) v
— B:30x30DP low-e (U.33, SHGC.26)
—

C: 40 x 50 DP low-e (U.32, SHGC.25)
=—/—— D: 6’0 x 6'8 DP Sliding Glass Door Front Faces South 4g¢ < f




North

Simple House (Assumptions) t o
* Front faces south , , , , ,
« 2x4 frame walls, R-13, siding ) 6 14 20 6 14

S

_ CFM50 x 60 ““Ameren

MISSOURI

y

v
A
v
A
v
A
v
A

« R-38 flat ceiling (1588 s.f.)

* R-19 floor over vented crawl

* R-8 Ducts in attic 6% 12’
leakage

« 38.5 cfm of ventilation

Kitchen Bath

All ceilings 9’ Bedroom #1

35
A ..
4 ] Garage L|V|ng /
4> 12 Left Faces West 360 s.f.
5
| C = A 30x40 (U.31, SHGC.24)
: O B:30x30 (U.33, SHGC.26)

Volume

Assume: 5 ACH50,
Based on volume,
backout 1191 cfmg,.
Divide by 12.715:

' C=93.7, n=0.65

20°
Right Faces East

v 360 s.f.




Simple House — RESULTS

Impact of House orientation for eight directions

Version Total
Cooling
Base 22,455
Rotate 45° 24,443
Rotate 90° 25,424
Rotate 135° 24,841
Rotate 180° 21,797
Rotate 225° 25,194
Rotate 270° 25,211
Rotate 315° 24,378
Base (360°) 22,455

Sensible

Load

20,305
22,294
23,274
22,691
19,648
23,044
23,061
22,228
20,305

Latent
Load

2150
2150
2150
2150
2150
2150
2150
2150
2150

yes
Yes
Yes
Yes
yes
No
No
yes

yes

Heating

Load

29,819
29,819
29,819
29,819
29,819
29,819
29,819
29,819
29,819

Front faces

South

SouthWest

West

NorthWest

North

Northeast

East

Southeast

South

ACH50
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Simple House — RESULTS ““Ameren

Impact of House orientation for eight directions

Total Cooling

25,000
20,000 S
15,000
10,000
5,000

0

o ﬁg& & o & %G %ﬁsﬂ“* & ﬁﬁ"“ c}ﬂ..;.

.................. P &0 éﬂb P




AED Curves AED =Adequate Exposure Diversity i

Manual J8 was developed to provide two methods of calculating Eront Eaces SOUTH
residential loads; the average load procedure and the peak load

procedure. The average load procedure is used to size the equip-  ree——
ment used for homes with Adequate Exposure Diversity*. a9 1 | | l
(If the home has zoning, then the zone loads must be calculated .., |

using the peak load procedure). B \

*A home has AED if it is typical with about the same amount of 12

glass facing all directions. If the home does not have AED, thenthe ™+ & & & % % % 5 © v w » =

Hour of Day

peak load procedure must be used. It may be necessary to perform
a number of calculations, based on time of day or time of year, &

then select the load that covers the worst-case scenario. A home Front Faces NORTHEAS]

does not have AED if it has a disproportional amount of glass facing Cooling i AED Curve
any one direction. . — AED — AverageGan Lt L
For example, a home without AED might be one with an unusually - /—\

large amount of glass facing south. Because the average load 5 s

procedure is based on mid summer data, the equipment might be . :\_/ \
undersized in October when the sun gets lower and begins - ——

B ) 10 1 12 13 14 15 16 17 18 18 20




Simple House — RESULTS g BN

Impact of House leakage from 3 ACH50 to 15 ACH50

Version Total Sensible | SHF Latent Heating Front faces
Cooling Load Load : Load

Base (“tight”) 21,164 19,584 : 1579 yes 26,527 South 3
Base (GA code) 22,455 20,305 .90 2150 yes 29,819 South 5
Base (leaky) 25,449 21,975 .86 3470 yes 37,158 South 10

Base (LEAKY) 28,160 23,491 .83 4,668 yes 44,303 South 15




Thank you!
mikeb@southface.org
Matt@moenergycodesupport.org

Please Unmute or use the
Zoom Chat function to submit
any questions or comments

www.southface.org
www.energycodes.gov
www.eeba.org
www.energyvanguard.com
www.buildingscience.com
www.greenbuildingadvisor.com
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