High Performance Mechanicals for Houses That Work
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The EEBA High Performance Builder Designation

* The Houses That Work Bullding Science workshop
* The HERS Associate Course
* The High Performance Mechanical Systems course

Mechanical Systems for High Performance Homes

Choices, Opportunities, Risks, Challenges

Cooling Filtration
Heating Plumbing
Hot Water Controls
Ventilation Solar

Dehumidification
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House Systems - What’s changed?

What impact might these have?

_ ‘ﬁ —
S\, ra

Simple water heating expectations

3/4 Ton

The new 1200-1500 sq.ft.
starter home

Higher AC expectations
Much higher water heating expectations

Tighter buildings ..... More exhaust appliances
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Lower sensible loads ..... Higher latent loads

More lights, appliances and
hot water

Advanced Systems .... Higher expectations
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HERS Ratings

_HERERC
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Home Energy Rating System

New Mechanical Priorities
i

HERs 100




CO) ASHRAE STANDARD

Thermal
Environmental
Conditions for
Human Occupancy
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Comfort - Finding the Sweet Spot

Applies 1o Operative

Temperature
T Operative temperature:
y A 3 *The average of the ambient
. o : i air and the mean radiant
1 ‘ temperatures, weighted by
- W :|  their respective heat transfer
A . coefficients
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Comfort - Finding the Sweet Spot

The human body transfers heat by:

* 15% humidity / perspiration g
+ 35% convection / conduction to the air

« 50% radiation to surrounding surfaces

Which ones do we measure and control?

Thermaostats respond to Human Thermal Comfort

alr temperatures Responds to the
Operative Temperature

Resdential Single-Zore and Mum-Zone Systems
The Comfort Challenge —
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Comfort - A starting point

Parameter Setting Range
Temperature
Summer 75 °F +/- 3 OF
Winter 72 F +/-3F
Humidity ' ’
Summer 50% +- 5%
Winter 35% +/- 5%
Foot Comfort 63 OF +/- 3 OF 'A‘

EEBA

Heating and Cooling Systems

Euel cholces Distribution choices
oElectric *Central Forced air
*Gas *Radiant
O «in-floar
*Wood *Baseboard
sSolar *Ductless
eCombinations *Space heaters

ya
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The Current Realities...

* Equipment designed at+10% to 25% for a
condition that lasts less than 50 hrs per year.

* Ducts that deliver just 80% to 85% of required
flow to spaces.

* Windows that change from energy gain to
energy loss in minutes

* Homeowners who expect +/- 1 °F, 3X RH

1) Get heating & cooling capacity right

Heat Flow Formulas:
Conduction heat flow (through walls, cedings, floors)
= [Surface Area x Temp. Diff) / R-value

Residential Loas
calgulatinn 1

Radiant flow (through glass)

« Surface area x Solar incidence x Solar Heat Gain
Coefficient

Heat flow by air (via air leakage or ventilation) - Sensible
= Volume of air (CFM) x Temp. Diff. x 1.1




Get the Size Right

Conduction Heat Flow

* Do Room-by-Room heat loss & gan calcustion R I
HE = Exposed ares x Temp. difference Based on: e
R-Value * Design Day - Wintar, Summer ; %
Heat flow through 1000’ attic floor = * Conduction kos565 through enciosure J— i
1000 x (135 - 75) / R-30 = 2000 BTUMr o Alr lookag Hrcugh enclonss W
At R40 o Energy losses through ducts in uncenditicnad 1 ~| ] -]
1000 x (135 - 75) | R40 = 1500 BTU/w space {0 “A‘j_':_'. ; .y

Heat flow through 1000' of wall =
1000 x (95 - 75) / R-10 = 2000 BTUlhr

Saova e nm 'A‘

Design Conditions

e Lets do a one room example
| Condition - ASHRAE 99.6%
Winter, design dry bulb (F) 129°F . 1
Summer, dry bub / Coincident Dew Point |~ 93.9/67 2 expemed wals _l p—
Summer Dew Pont / Coincident Dry Bub 753 /82 *One exposed celing
Degree days-heating ‘ 4203 * One window \ll BEDROOMI | |1e
Degree days-codling ‘ 1228 « Sclar gain through window
Preckietion o + Internal koads =<

Sclar ncidence - South, Aug 120 btuwhr/ft2 + Aif lnakage & ventilaticn
Solar incidence - West, Aug 160 biuwhe/n2 'A' Partinpants complete the exomple on your worksheet %‘ .
m Assume 10" high ceilings, Assume window SHGC « 0.3 :




Remember the Heat Flow Formulas

Conduction heat flow [through walls, ceilings, foors)
= (Surfoce Ares x Temg., Diff} / R-value

Radiant flow (through glass)
= Surface area x Solar incidence x Salar Heat Gain Coefficient

Heat flow by air [via air leakage or ventilation) - Sensible
= Valume of air (CFM) x Temp. Dff. x 1.1

HVAC Sizing

Component Surface area x Temp. Diff, /  Rvalue =BTUs/Hr

Winter
150 sq.ft. R30

Winter 250 sqft R15
Summer

Windows:

Winter
20 sgft. R3

HVAC Sizing

HVAC Sizing
Componeat Surface area x Temp. DIFL / R-value = BTUs/Hr
Colling:

Winter 150 sq M, 60 R3o 00

Summer 20 100
Walls:

Winter 250 sq . 80 Ris 1000

Summer 20 ESN
Windows:

Winter 20 sgtt. 60 R 400

Summer 20 133

Solar gain (South) = 20 x 120 x 0.3 SHGC = 720 BTUs/r
Solar gan (West) = 20 x 160 x 0.3 SHGC = 960 BTUs/hr

Air leakage / ventilation heat loss - winter
« CFM x temp. difference x 1.1
=60 x 60 x 1.1= 3960 BTUs/hr

Air leakage / ventilation heat gain - summer
= CFM x temp, difference x 1.1
=60 x 20 x 1.1= 1320 BTUs/hr - sensible only

Defrason - 1.1 5 he product of e specic heat (024 BTV x A Dargty x mirwnes in an hour {60])




Proper Manual J Calculations

Y i
* All rely on proper data input and appropriate assumptions — - . -
Common Errors: -~ VA ; 1}".
« Fudging design day conditions ‘ B iy
* Using defauit values for air tightness, windows, insulation - -

* Using improper ventilstion rates . 4 9
O e

Don't tolerate oversiring, Manual ) compliont progroms o

have safety foctors built in alveady

Impact of
Improper Sizing

Short cycling

Poor humidity control
Poor temperature control
Nolse

Extra cost for equipment
& duct work

Possibly higher energy
bills
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One example of poor sizing - Cold Climate CZ 7

Parameter

Dasign Temp (W)
Design Temp (S)

* Indoor Design (W)
Indoor Design (S)
- Orientation '
Windows

Air tightness

Viantiation

From NFRC label
U=Q.28, SHGC=0.28
Overhangs used
. Actual 2,0 ACH50
R50 ceiings
Insulation R25 wals
R 15 foundation

ERV - 75 CFM

Traditional

Its cold here:  -22 9F
Its getting hotter: 97 9F

People are picky: 72 *F
T2F

Worsl Case - East Front

Defaunt
U=0.41, SHGC=0.32
Owverhangs not used

| Default 7.0 ACH50
R44 ceilings

R19  walls

R 10 foundation

Exhaust fans - 75 CFM




Heating Loads- HP Home Versus Standard

|

TRADITIOMAL DATA ENTIY
Infivasion

s
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Cooling Loads- HP Home Versus Standard

Coolng - Sonallo + Latort Loads
Latirt » SMEETLYY

Another example of poor sizing - Climate Zone 3

Parameter

Deasign Tamp (W)
Design Temp (S)

Indoor Design (W)
Indoor Design (S)

Orientaticn
Windows

Alr tightress
Duct Leakage

Insulaton

Ventlation

Actual
36 F
N F

70 F
5%

MNorth Froet
From NFRC label
Ur0.28, SHGC=0.22
Qverhangs usad
Actual 3.0 ACHSD
< 3 cfmd100 f12

R38  oelings

R18  wals

RS  ducts
ERV-T5CFM

Traditional
Its cold ham: 28F
I3 gelting hottar: 97 F
Pecple am picky: 72 F
T2F
Worst Cass - East Front
Default
Ur0.40, SHGC=0.40
Overhangs not usad
Defauk 7.0 ACHS0
Average
R28  celings
R10  walls
R6 cucts

Supply Only - 180 CFM

Heating Loads- HP Home Versus Standard
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Cooling Loads- HP Home Versus Standard

INERGY STAR OME
Owre
Lal

Share important information

* Insulation levels
* Wall and attic insulation levels
* Foundation insulation
* Window data - use NFRC ratings
* Solar heat gain coeffidents - {this is usualy the most important summer variable)
* Uwvalues
® House Air leakage - [1hs is ahes the singhe bigoest winter wrable)
* Provide blower door test values




2) Select the right equipment

Good System Selection

* Use manufacturer’s technical manuals to match:
Heating and cooling systems come in specific sizes

{2, 2.5, 3 ton, ar 45, 70, 90 Thausand BTUs for example)

* For haating it is accoptable 1o salect 3 system that is within 110% -175% of the
desipn load - shghtly oversaed
* Far cooling choose & system that is between 90% - 1105 of design losd
= Fan / airflow delivery capacity and static pressure ', « Other issues:
. A

* Required heat output
* Required cooling output ﬂummnf}

» Sensible & latent (moisture) loads

o Selechon £

* Equipment lecation (garage, attic, crawl )
* Blower type [ECM, PSC HV.)
* Filtraticn needs

TRl FTeTRT TS Preferred furnace
I CICIEIE - S choices
: : : J.. -';""*"5"‘ = H' : = Sealed combustion
Use S E AR N eI A chamber
Manufacturer’s o || :(Fi'f’ifgf’:'f:" Venting system
Fan ’: ::: ::: _:1 -:" }EOE{ ::OEOE- d&upu"’nmhom
- - -~ - 4 - + *e 4 - 4 mm,
Specifications O A .
OO AHHHEHR Efficiencies of 90%+
: : '_ ' e AL AR IR AR B High efficiency blower
LS motors - ECM
Two/multi stage heating




Preferred air
handler choices

*Heat pump

*SEER 16+

+High efficiency blower
motor - ECM

*Two/multi stage cooling

Preferred AC choices

* Qutdoor condensar matched to indoor col ’ -
.42

¢ SEER ratings of 16+ §

* High efficiency blower maotors - ECM ?\ '
o Two - etage codling '
¢ Dehumidification cycles

o Heat pune

High Performance homes need more efficient motors!

+ Capable of meeting small loads, part loads and full loads!
* Use 1/S of original PSC motor types.

Run efficiently at a variety of speeds (Modulation)
Equipment lasts longer

Enables balanced temperatures throughout home
Enhances Ventilation “Effectiveness”

Rl




Airflow and Fan Curves ECM Product Features: Constant Airflow
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What about Heat
Pumps?

e ‘ ¢ Heat pumps are hard to
ot i 8, it 3\ I overiook
_ — —
S

ECM Product l"’ — .'*“._.-4 * COPsof3tod
Features: !

* Be mindful of rating points

Efﬂcuency ;_ and operating conditions —
—1— \ Id weath
. : —— cold weather
- N * Water, ground or air
. ~ - source

- s s * Specifically useful in High
. Natar Spesd (RPN) Performance Homes




Select Heat pumps for both Cooling & Heating Capacity

New Opportunities with Heat Pumps - Zoning

In High Performance Homes they can provide all
Heating and Cooling Needs

High Performance Mechanicals for Houses That Work
End of Module 1




High Performance Mechanicals for Houses That Work
Module 2
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ACCA Duct Design

Marwal D provides a duct sizing schedule to
. delver the ar to the space intended
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Example- Duct Design for Bedroom #3

Properly size system
Optimize duct layout :
Dosgn  Osagn Desgn o o
BTUs  CPM  Friction a4
2 g8 101 5" L

Bad A3  Heal 3gvz

HVAC by Design

Cool 1977 119 00 a*
BEDMOCM 2
Traditiona The air required is caloufated by the formuta:
52 W
M = MU = T beeees
1.1 x Temp. rise acrass furnace

Advanced

N,

EEBA

Duct Airflow 25 F 45 °F 55 °F
size CFM Cooling Heating Heating
4" 30-40 800 -1100 1485 -1980 1815 - 2420
L 50-80 1300 -1650 2375 - 3960 3025 - 3830
6" 90-110 2475 -3025 4455 - 5445 5445 - 6710







Duct Sealing Technology Duct Sealing Technology — ——
e — Certificate of Completion
e Awronol Seating Profile
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Duct Sealing Results — my house
posem Abfiow Betare (M Alfiow Aier CFM Ducts & equipment in
Nuster Sed a8 »
l_:_‘;;; f - = conditioned space
Bed 3 n A
s ;; - 4 Strategies
5?'"" §§ SE Ducts in the floor system
1 4
- » » Dropped or raised ceilings
u:‘: 51 o Condition the attic
Dirirg u u
ofee. * e Bury the ducts
Nudroom 13 13
e e “ OR ... Ductless systems
Total 819 %0




Conduction Heat Flow
- attics in summer

HF = Exposed area x Temp. difference
R-Value
Heat flow through 1000° attic floor =

1000 x (135 - 75) / R-30 = 2000 BTU/hr

Heat flow through 100° of 8" dia. ACduct =
100 x 2 x {135 - 55} / R-8 = 2000 BTU/hr

oy | EEBA

e B pnias
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g
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Layout Floors to Accommodate HVAC

4]

It requires partnerships & patience

A dropped ceiling in the
haliway can be effective

| roperly sized and located griles “throw”
air to the perimeater windows and walls




Mini-Ducted
Systems are an
option

Ducted mini-split in a dropped ceiling




Buried Ducts are an Option

New opportunities to eliminate ductwork all together

Zoning will become more important

* Matching seasonal or Intermittent loads
«Example — kitchens, large windows

« Accurate delivery of part loads

* Making best use of equipment capacty

It’s easier than ever:

*ECM fans

* Multi- stage equipment

* Static pressure controls

Distribution
of Air

Properly sized and
located grilles
“throw™ air to the
perimeter windows
and walls




HEATIN
350 FPw
SmSUPPLY R TURN

COOLING
350 FPwm
S=SLPLY ReE TuRy

FLOOR REGISTERS AT PERIMETER

Choose Proper Diffusers with Velocity and *Throw” in Mind

Diffuser selection affects performance

Bt A — Bt
- 2

Ll L Phate Donar [900 oty
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Return Air Paths Return Path Options

* Limit room pressuresto <3 Pa

* Individual returns, jump ducts, transfer
grilles

= Jump ducts and transfer grilles address

privacy, code issues, and “whistling®

Test to validate if you still
need them

Cngphies Conmangy ot Bding Metwme Cary.

Heating / Cooling Equipment Options Summary

Return Options




Will there be new directions?

Duct-less systems
Forced ar with zoning

There are new choices to consider

iEs

¢ Low loads prasent Opportunities & Chalenges

Integrated Mechanical Systems

* Invest in one good haat source
* nvest in multiple fuel choices
* Gas
* Hectric
¢ Heat pump
* Solar
* Prionty controls
o Great fleacbiity, adustments to:
* Arflow
* \Water flow
* Water termperature

Combination Systems

Use approved / matched systems




Advantages of Hydronic Heating Pipes

. om—
¥%"Pipe
16,000 BTUshr 8% 8" Duct
Haat Capac
" 16,000 BTUsy
Heat Capachy

A % pipe delvers the same amount of heat as an §” x 8%cuct,

Radiant heating options

Corcrmate Sab

Hadam pares

Pourned Roor
Underaement

Temperature Gradients
Forced Air vs. Radiant Floor Temperature Distribution

=

UT0OT

Forced Air vs Radiant Heating Curves
- A good comfort match




Radiant in-Floor Heat

« Heat surfaces, not air

* Lower noise

« Comfort on concrete floors

« Ideal for basements & “floor warming"

* Requires additional systems for AC, humidity control
and filtration

Remember the good old days of controls?

Much Smarter Controls

o Ventition




Value Proposition to Builders

*earns proper sizing

Verification /

Commissioning

What can we test?

Whole house air leakage

Air leakage from garage, attic etc.
Duct leakage

Room to room pressures

Ventiation & air handler air flows
Alr handler performance
Temperature & RH Monitoring
Thermal parformance

Simple Testing Can Help

* Verify performance before the
Design Day

® 4-5 measurements

* Matched to the design

* Matched to manufacturer’s
specifications




Test for Performance

1) Duct pressures

2) Airflow at air handler

3) Airflow at diffusers

Design  Design  Design Da
BTU CFM  Friction
Heat 1700 3 01 4

Bed-3 Cool 1366 49 0.1 5

N\,
EEBA




4) Refrigerant Verification

* The right tools

* The right conditions

* The right skills

* New resources are available

5) Temperature
rises

For proper cooling, air off
the coil should be 4-6 °F
below desired Dew Point

EPA’s Indoor air PLUS Program

An excellent opportunity for builders & HVAC contra HVAC Checklist

o Moisture control

o HVAC: heating, codling, ventiation, fitration
o Combustion and garage isolation

o Cormmissioning the buiding

*Radon control

*Pest barrars

e Haalthy bulding materals

ENERGY STAR Certfied Homes, Version 3 (Rev. 0O7)
HVAC System Quality instaliation Contractor Checkdst '

The ENERGY STAR
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Hot Water

Expectations have
changed

Hot Water Expectations have Changed

forn e n iy
e e of bt
-ater
Sate clean
ofciont Maore showens

More cleanng

Hot Water Usage Relevance

* Hot water use is still on its way up

* Wait times are an issue
* Waste of water
* Perception of energy waste

Mam sres bor Mevrobold hot woter




Regulations have changed
Nirimum 2016 Roquiremanss Example EF
<56 us gal.  EF » 0575 « jgal x 0.0015) 40 L8 gal = 062
Gas 585 B g, EF =0.8012 - (gal x 0.00076) €0 us gal = 0.75
Tankless:  EF = 0,82-(gal x 0.0018) Typical « 0.80
oil EF = 0,68-{gal x 0.0019) 50 gal = 0.585
<55 EF » 0.950-jgal x 0.0003) 40 gal = 0.95
Blectric  SS%  EF - 2057-tge x 0,001 o0 ol = 198

Hot water is flexible

*In-floor » Oil

* Air handlers » Gas
*Towel warmers » Electric
* Radiant panels » Wood
*DHW > Selar
storage » Raclaim

What's the Right Choice?

* Fuel access?

* Number of people?

* Patterns of use?

* Space / location limits?
* Climate zone?

« Efficiency of the home?
* Other mechanicals? \ | ' .
« Expectations of cients? —
* Other?

™

EF <080




High Efficiency Condensing High Efficiency Condensing

Gas Storage Water Heater

Gas Storage Water Heater

Design / Installation Considerations
* Vent lengths 10 outzide

* Bactnic powwer eouied

« Typecally taler unt

* Acooss {0 condersate drainage

* Be sure to compare efficency ratings agarst

Tankless Water Heaters Heat Pump Water Heaters
Strengths Strengths
* Low stand-by losses o \ry bigh EFs - 2.30+ possiile
+ EF5 from 0.80 % high 0.50'5 passitss o Simier foof prnt s existing storsge
* Wil rstalation ¥ess up Nodr SpecH * Provides cockng & derumidifcation
» Cartinuous supply of hot water 10 TR SpEce
_%“:"y * EWcyic Dack-up
. uso temparadure conrals culary usedd
-mw:vmmmmo'm .xwmwmsm
« Comba space & waner heatng capablitos vl
* Sabs operation with diect venting Browm




Solar Thermal Water Heaters

*A great preheat strategy for tankless, storage
water heaters & HPWHS - increases ther capacity
*50-60% of annud hot water needs are easily
provided

*Excess hot water can be used to heat swimming
peels

eReaquires freeze protection & annual maintenance

Indoor Environmental Quality

Lets start with outside air

Understanding I1AQ




Lets start with outside air

:
:
g

Improvements since the

The rumber of that ax n the Area wolated Sederal
Clean Air Act - 1970's — ~ ~

oarene, of Smog. standards has deckned dramatcally Lrgely
because of stricter industry rules and cleaner burming cars.

5 8 ¥ 8 85 8 3

w s B0 L -] w0 w5 w0 o508
Source Bay Ares A Qualty Managerment Detrect

L arome ety wore Changed » 2004 B chart
na-;m—.&nm.ﬂh-—\ RO NOWS

What's Changed since the 1970's

e What's changed - why is IAQ a bigger issue?
* Tha Buldng Science Connection
o Whare does ventilation fit nto your decision criteria?

Common Pollutants

Building related

Occupant related
Lifestyle, hobbies, pets and cleaning




_Indoor Air ._Quahty is Important to our Clients

What is good indoor air ?
Is as fresh and clean as outdoor air

| Has no odors (use your nose)
| Has fewer pollutants
, Healthier to breathe

(The right temperature and humidity)

IAQ Control Strategies

1. Remove Pollutants
2. Sowurce control
“Seal” or Isolste

I you can't remove It find a way to
Isolate or seal it

3. Ventilate
Dilute pollutants with *fresh” outdoor air
Point source removal

4, Fllter




High Performance Mechanicals for Houses That Work
End of Module 2

BA .“g I

High Performance Mechanicals for Houses That Work
Module 3
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3. DEFINITIONS

@ccepiabie indoor alr guality: s towaed which & substantial
magonity of cocupants express no dissatisfaction with respect
10 odor and sessory irvaation and in which Sere are not Mely
0 b comtaminants ol conconsrations that are brows 10 pose &
health risk.

Thas saandard does not address specific pollwsant con-
comtranon levels. It also does moe address ceriain potential
poiisacnt sources swch as wmvented combusnon space heaters
and comsaminanion from ousdoor sowrces or from episodic
eccupeni-comirolied events such as painting. smoking, clean-
g or other high-polluning events. For information on resi.

yal

EEBA

Ventilation - a system or means of providing fresh air.
We used to ventilate with windows, now we don't

Ventilation

All homes need Capacity for Mechanical Ventilation
* To remove common pollutants

¢ To ensure good indoor air quality for occupants
¢ To control moisture




Benjamin Franklin

“| am certain that no air is so
unwholesome as air in a
closed room that has been
often breathed and not
changed.”

We have always needed Ventilation m
EEBA

- " 1aght and air as means of preserving
?}: hstlthuotmtge occnpantls‘ngf)i tenemetnts

essary as water,
Dr. 1’!. M. Blfga, an eminent au?h’orlty on
tuberculosis, testified before the Tenement
House Commission

&he New fjork Times

Published: October 13, 1801

The Code Connection

IRC Section 303.4

Where the air infiltration rate of a dweling unit is
less than 5 ar changes per hour when tested with
a blower door a1 a pressura of 0.2 inch w.c. (50Pa)
in accordance with Section N1102,4.1.2, the
dwellng unit shal be provided with & whole-house
vantilation in accordancs with Section M1507.3

Ventilation & IAQ
Systems




ASHRAE 62.2 - 2010 - a minimum

ASHRAE 62.2 - 2016:
Increased Continuous CAPACITY

Based on occupants & size of home
CFM = (¥ of bods + 1) x 7.5 « (0.01 x sq.ft)

or
o1 | 23 45 | 67
<1500 % 25 &0 7
1501 - 3000 s e  m™ w0
3001 - 4500 80 s s 106
4501 - 6000 75 % 106 120

Based on ocoupants & size of home
CFM = (# of beds + 1) x 7.6 + (0.03 x sq.ft.)
OR

Floor Ares (8q. 1Y) Number of Bedrooms

01 243 45 &7

<1500 o ™ % 105
1501 - 3000 @ 1w 120 138
3001 - 4500 120 13 10 175
4501 - G000 | 165 . 1ED ‘ 156 ‘ 210

Local Exhaust Ventilation

ASHRAE 62.2 Minimum Exhaust Flow Rata

Ventilation Strategies

Kitchen BOCFM 100 CPM
Bathroom  20CFM 50 CFM

m BExhaust Flow Rata

Location of  Recommended per  Misimum per
m u—nnu-. lh-ﬂd“

Against a Wl 100 CAM L0C

In an lslang 150 CFM S0CM

Faor Gas Ranges ecommend 100 CFM /10,000 BTUS of burmer capecily




Efficient & quiet
exhaust fans

Damper Controlled
fresh air intakes

Timer or occupancy
controls

EEBA

Fan manufacturers have many new, halpitl confrof strafegies
o Cortruous Low

* High speed occupancy
* Cydle timed

The importance of Balanced Ventilation 'A‘

* Air in = air out
* An opportunity for energy recavery

* An opportunity for filtering and distributing
fresh air

* Lowers HERs scores
* Lowers heating and cocling loads




S
C1 Construction Instruction’

Butdng Scence kv Everpore. Everywhore

Energy Recovery Ventilator
(ERV) In an Attic

Summer

Cl

HRV / ERV Installation Opportunities

* In attics or basements

« Exhaust from areas of poor air quality

* Supply air to bedrooms and main living areas

* Ducting can be independent of other systems OR

* Combine with heating and cooling distribution systems

EEBA




Cooling Season . s v csis
ERV Technology Exhaust 10 outside
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HRV's - ERV's what's the difference?

All houses, cld or maw, tight or
Heat Recovery Ventilation
locde need
* Abows transfer of sensbis best or * Alows both sensitia and Rten transker
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Poly or Auminum Core Pammaable Core

Ventilation Impact on Heat / Cool Loads
75 CPM of ventiation will increase HVAC loads

The important design and installation detail

* Reduce heating, cooling and latent loads

* Proper duct sizing

At -20F At 105 °F and dry outside
* Measure and balance flows * Vrsiation adds 7300 BTUS 10 -mmmmmummaa
* Vernikation can remave up %o 7 * AL 66 5F and hurid
9980NG ol water par day o Ventigion ackds 500 BTUS (et over
1/3 of a tor] 10 cockng lcads

* 2/3 ol this load b5 atert (mosiu)

Thasa loadts can 08 reducad Dy L 1o 70% theouph the Lse of haat / enargy recovery fechinoiogy




Make-Up Air

Two issues

1. Backdrafting of “splllage susceptible combustion
appliances
* 3to 5 Pa limit
2. Proper operation of the exhaust applance
« 25 to S0 Pa limit
+ Know the fan curves of the exhaust appliances

Codes set a prescriptive limit of 400 CFM

Ventilation Impact on combustion appliances
Testing for depressurization

* Specific concern with natural dralt sppliances;
wooed burning freplaces, gas log sets

* Tight houses with large exhausts can cause
negative prossure

* Chimneys can overcome -5 Pa (-0.02"w.g.)
pressure

* Test and provida make-up alr #f required

f




N1S0) 4 Makaup ar required
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What about make-up air?

Fan manu@cters have new, helph sirategies

What about make-up air?

Filtration
Final 10 stratagy
Simple, easy, cost effective

Clean Nr Delvery Rate 1200




Filtration Options

. MERVS.92 « MERV 610 R gt parikies
* May restrict ar flow + Simpks, washabk + Neads chaning every 6-8 waeks
+ May restrict air fow * May give off smal amourns of

Filtration . :
Fitration is the 4th of IAQ strategies: Remave, Seal, Ventilste, then Fiker

EEBA

Filtration at the furnace works and is cost effective
Commanly located in the return duct of the air handler
Choose a filter with a rating of MERV 13 or better

The better the filter, the more it restricts air flow,
understand the appliance needs

Understanding the Physics of Air:

Psychrometric

Exercise
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4. Which alestream hass more masias n
et is ot 75 F and 50% R+

y Nato -
b) Outscle arthad is af 105 F and 40°% 2M

Hurvidy Raso
) Shoold we vertieie Wit osside s ol hese
corcidons?
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Dehumidification

The importance of Dehumidification

Sercible loads are down:

Latent loads are up:

* More time indoors

* More plumbing

* More consistent ventiltion

HVAC design must inchude dehumidification, to supplement air conditioning

Dehumidification Strategies

Strategies: SRR e
* 2 stage AC units with humigity controls e
* ERVS for ventimion e
* Portable dedurmidhierns St/ L
o Whok howse debamd s e

—— %

Whele House System Advantages: .
* High mobture removal capacity -\ £
* Up to 120 pinks per dry

* Can Be Integrated with AC controls

* Moy dlow dowralning of AC system by 1/2 to 1 ton
+ Filtered and drained near the cemral system
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Critical Dehumidification Applications E'EAB: Whole House Dehumidification will become normal

* Basements In cold climates for spring and fall
«In hot, humid climates to supplement AC & ventilation loads
« In various climates to aid drying of construction moisture

Net Zero / Low
Load Homes

Typical Specifications
* R50 - R70 Celings
What’s Next? e
in HVAC Concepts el
* < 1.0 ACH tightness
+ Opsmizod framing
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Net-Zero Mechanicals

Minimum Specifications
* High Efficiency ERV / HRV BIG Questions??
* ECM fan motors Which fuels?

* Heat pump

* High efficiency water heater
* ENERGY STAR appliances

= LED lights

" What's the back-up plan?
* High efficlency furnace
en ol What's the contral plan?

2030 OBJECTIVE

MRV Fans
15

Average Zero Energy
Ready Home uses
40 to 50 MilBTUs/yr

@ -_'_u_r_)w\.()n( WWH SURLDINOEMOW.EDOE €A

Actual annual output depends
on location, erientation, pitch

The goal is to generate that 40
- 50 milBTUs per year
Cost = $25,000 - $30,000

Solar Is specified by its peak
generation capacity in kWs

A typical Zero Energy project
might have a 7-10 kW
capacity system

Optimizing the Trade offs to Solar to Get to Zero - One Exam

M=

GSHP

ie

i HPWH




ENEVEES

They wil be normal
Design for roof areas that face SE to
West

Work with a solar company to
optimize pitch, orentation, efficiency

65 inches

39 inches |

One Panel Example

At 20% efficient

= 265 watts
=320 kWh / yr generated
= 1.1 MilBTUs/ yr

At 53 / watt
= $800 installed
=$725 / milBTUs / yr
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The EEBA High Performance Builder Certification

* The Houses That Work Bullding Science workshop
* The HERS Associate Course
* The High Performance Mechanical Systems course

yal




Thank You




