Commissioning
Residential
Homes

Where do we start?

o



Emmett Leffel
+* Certified AHFC Rater

«* BPI Building Analyst S p e a ke r

¢ BPI Healthy Home
Evaluator

“* ITC Level Il thermographer
+» ABAA Certified Air Barrier

Emmett has traveled across the State of Alaska performing

Auditor building diagnostic on everything from Natatoriums in South
** Air Barrier Testing East Alaska to Groceries Stores in the Aleutians and energy
Professional dit idential and i3l audit Alaska f
@O e audits on residential and commercial audits across Alaska for

Specialist the last 10 years. Before becoming an Energy Professional
** SOA Mechanical Emmett worked in the heating and plumbing industry in the

Administrator
“* SOA Plumbing License.

¢ UA Journeyman
Pipefitter/Plumber

interior of Alaska.

www.alaskathermalimaging.com

INFRARED
TRAINING
CENTER


http://alaskathermalimaging.com/Home_Page.html

What is
Commissioning?

- Commissioning is the action of bringing
something newly produced into working
conditioned.

- Typically there are aspects of any system that
requires verification, inspection, or tests to verify
if it functions according to its manufacture design
objectives and specifications.




Pre-Commissioning: Post Commissioning:
Activities involving Activities involving

Inspection & Testing, Adjusting &
Verification Balancing

Commissioning can be broke into
Two Categories



Commissioning &= INSPECTION
Systems Nl o
Must Be S R
Systematic. S R .

*Designed *Inspected - Tested



Where's the "Have | registered

Who's CommiSSioning Commissioning Agent? o he Design-Buid | don't recall

- seeing thatin *Nobody said anything

- 4 the plans?" about a front door!”
Alaskan Homes? . B it Gl
i O ‘O ' mlasus, ' : are 90;2'? love ' - -#'@s'&'l'

- - K
Inspectors? M R
Energy Raters? 7 N A Y ;
Sub Contractors?

Who's Interest do they | .
Represent? |
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PINERMNGNEIEIRN G IBC IRC  IFC  IPC  IMC PGS IEBC
Available on premiumACCESS™

*ICC Code Group

AK Building Energy Efficiency Standard
°2018 IECC & ASHRAE-16

* Energy Star
- LEED for Homes

- DOE Zero Energy Ready Home

- Passive House

IPMC UICIZC IPSDC

Examples of
Residential
Building Codes &
Standards that
require
Commissioning in

Alaska.



How Do You Rate?

* The ENERGY STAR

program Is used by
nuMEerous programs so
any requiring they meet
the specs should fall in
the same range

This includes LEED,
NAHB, Earth Craft, Gree
Star, etc...

Original NAHB Green min,

LEED / ENERGY STAR 2

Challange Ho!

f HERS® Index 3

T 90
| [e—2009 IECC/ AERC

Most Existing Homes

- 110
- 4100 2003 / 2006 IECC

“ENERGY STARZT] [rm—2012 [ECC

80

.:': | pe—1liCOT Program

70

This is about as tight or
efficient as you can go
without moving to
renewables to
realistically lower the
5COre anymore

Cali, Resi 2020 & Comm 2030
AlA, ICC 2030

\_

[Leom IECC ¢

[ 40

Passive House

" 30
[ 20
" 10
B o Net Zero - produces as

@ Produce more than they use )

much as it uses

ECO ACHIEVERS &=¥2

Building Wisdom §\l€ Emé%iﬁ
ggommunities'
. LIVING
3 BUILDING
“ ENERGY SCORE N ¥, CHALLENGE
_ LEED

Home Innovation
NGBS GREEN CERTIFIED .

¢lHERS

INDEX

EPA Indoor
alrPLus

http://www.ecoachievers.com/se




Source Zero Renew-

Is the level of efficiency achievable because abie Energy System

Balanced Ventilation | Balanced Ventilation

| | | | | | 7
of the commissioning required:
SOLAR READY SOLAR READY SOLAR READY
O r Bepaidson s ALWAYS ALWAYS
f = = = Eff. Comps. & Eff. Comps. & Eff. Comps. &
Is the level o commissioning H20 Distrib Hrdlen o
n EPA Indoor EPA Indoor EPA Indoor
req U I rEd beca U Se Of th e £ Air Pacakge @ Air Pacakge @ Air Pacakge
R . 7 Ducts in Ducts in Ducts in
e I c I e n cy a c h I eve d . Condit. Space Condit. Space Condit. Space
HVAC QI HVAC QI HVAC QI Micro-load Micro-load
w/WHV w/WHV w/WHV HVAC QI HVAC QI
Water Water Water Water Water
Management Management Management Management Management
Independent Independent Independent Independent Independent
Verification Verification Verification Verification Verification
IECC 2009 IECC 2012 IECC 2009 IECC 2012 IECC 2012/15 Ultra-Efficient Ultra-Efficient
Enclosure Enclosure Enclosure Enclosure Encl./ES Win. Enclosure Enclosure
HERS HERS HERS HERS HERS HERS HERS
85-90 70-80 65-75 55-65 48-55 35-45 <0

IECC
2012

ENERGY

IS

ENERGY Y # +C  PHIUS+
STAR v3.1 ﬁ ZERH @lﬁ PHIUS+ S SourceZero

STAR v3

https://www.energy.gov/sites/prod/files/2017/02/f34/PHIUS%2B2015%20Passive%20Building%20Standards.pdf



*NATIONAL REGISTRY OF
ACCREDITEDRATING SOFTWARE
PROGRAMS

1. Ekotrope, V1.9.0,V2.1V2.2,V3.0& 3.1
1. Ekotrope Optimzer & Calculators

2. EnergyGauge® USAVersion 4.0, 5.1,6.0$ 6.1
Energy Star 3. REM/Rate vi14.6.4, vi5.2, vi5.3, Vi5.4, V15.5, V15.6 &15.7

http://www.resnet.us/professional/programs/energy_rating_software

Certification

*ES Certification also requires the completion

of the following:

1. Rater Design Review Checklist and Rater Field Checklist
(PDF)

2. HVAC Design Report (PDF)
3. HVAC Commissioning Checklist (PDF)
.. Water Management System Builder Requirements (PDF)



https://ekotrope.com/energy-spec-optimization/

* Energy Star Checklist + Passive House Checklist
- RESNET QA/QC Protocols + Passive House Training
- Wuffi Passive Energy & Hygrothermal Modeling

- Climate Specific Comfort and Performance Criteria

* Passive House Product Certifications
- Windows Performance Data Program

PaSSIVe HOUSQ - Building/Panel System Program
Certification

* Ventilation Product Program

Heating Cooling AIR-TIGHTNESS Source Energy Renewable Generation
C rite ri a Demand/Load* Demand/Load* (cfm50/sf envelope) Demand for Source Zero
SINGLE FAMILY 6200 kWh/personyr | ~>0urce Energy
0,05 Demand
1-16.8 kBTU/ft2yr | 1-23.4 kBTU/ft2.yr l >Source Energy
COMMERCIAL! 5. 76BTUMfE | 1.3-95BTU/NrAE: 38 kBTU/2yr Demand
MULTIFAMILY 0.08**
6200 kWh/person.yr / >Source Energy
As above, + As above, + 38 kBTUA2.yr Datnand
RETROFIT| 5 1owance for existi ng | allowance for existing 0.05/
thermal bridges thermal bridges 0.08**

*Maximum climate specific targets for each individual project
**Buildings with 5 stories+, non-combustible construction



Residential
Systems that

Require
Commissioning

Building Thermal Envelope

Air Barrier System

Heating Systems

HVAC Duct System

Domestic Hot Water System
Mechanical Ventilation Systems
Renewable Energy Systems
Other Systems?

<



1) Wall assemblies, attic/roofing, slab insulation and
BUi|C|ing fenestration all must comply with either the IECC
Thermal * Prescriptive Method or

EI’IVE|Ope Code  Performance Method (Akwarm).

Requirements 2) Installation of components of the building thermal
envelope shall be installed in accordance with the
manufacture’s instructions and the criteria indicated in
IECC.

* Inspection ICC Inspectors (AK only)

* Energy Modeled by Energy Auditors at Final

http://www.mytown.center



BEES Energy Modeling with Akwarm Software

.= Home Energy Rating Certificate

The Building Located At:

Alaska\\

Housmg

Amount of CO2 Produced by the Home
24 612 pounds per year

Projected Annual Energy Costs
$4,234 per year

Score with Renewables
89.4 points

Owner of Record:

Legal Description

Energy Rater: Emmett Leffel
Alaska Thermal Imaging LLC

Efficiency Score ~ HAHET FATICN
89.4 points
Has Been Energy-Rated As: . ) ) o
H 1star H 28 H 3sar 1 dstr H Sstar H Sstar
i L c b o] Yuhom
* * * * * 0 & 0 0 ] 7 b <] ® RS 100
Five Star s

Estimated Annual Energy Costs

Space Heating [N $1.670

Water Heating [ $483

Space Cooling  $0

Lights & Appli. GG 2,081
Renewables $0

Date Construction Began: 6/11/2018
Certifying BEES:2012

Energy Rating Date: 11/8/2018

File:

AkWarm:2.9.0.0 Library:9/27/2018

| certify that this Energy Rating is true and correct, to the best of my knowledge and belief, and the
structure located on the above described property complies with the all the requirements of the
building energy efficiency standards as required by Section .04 Part A. of the AHFC New Construction
Inspection Guidelines, per the standards adopted by 15 AAC 155.010.

Energy Cost and Features Report
(DOCUMENT DOES NOT NEED TO BE RECORDED)

Property:

House: Single Family

Living Floor Ares: 1,488 square feet Rating: BEES

Rater: Emmett Leffel
Alaska Thermal Imaging LLC
PO Box 2674
Palmer, AK 99645

Attached Garage, 398 square feet

Energy Rater Signature

Return to:

Date

Form PUR-101v.3/1/16

Envelope Efficiency
Floor Insulation
Waell/Door Insulation
Ceiling Insulstion
Window U-Value
Window SHGC

Window to Wall Ratio, Living Space

South Facing Window Area
Air Leakage

R-26.0 *
R-16.7 *
R-36.8

U-0.31

0.34

7.0%

70 square feet

1.0 Air Changes per Hour at 50 Pascals

0.06 Air Changes per Hour Natural

* Includes the insulsting value of the ground in contsct with these components.

Space Heating System
Fuel

System Type

Model

Efficiency

Btu/hr Output

Primary Htg. Sys. Design Load
Garage Htg. Sys. Design Load
Supplemental Fuel
Thermostat Setting

Setback Thermostat

Water Heater
Efficiency
Location

Fuel Type

Space Cooling System

Ventilation
System Type
Required Ventilation

£10il

Boiler
OM-128-HH
87%

128,900 Btu/hr
19,489 Btu/hr
0 Btu/hr

None

70.0 degrees F
None

88%
Conditioned Space
21 0il

None Present

Continuous Ventilation without
55 CFM

Estimated Annual Energy Costs
Actual use and costs may vary from these

estimates depending upon weather conditions,
oocupant iife styles and utility rates currently in
effect.

-
g
g

o]

=2

L=}

=

”*

% -e" F

Mesasured Ventilation 124 CFM

Other

Number of Bedrooms 3

Clothes Dryer Fuel Electricity 2

Cooking Range Fuel Propane

Oven Fuel Propane \0" 3 .q,\é

Miscellaneous Lights/Appliance Use  Average e (fP \9»?’ &

CAZ Test Normal Conditions Pass 6_:& ,2\9 ‘999 @ &

ver. 2.9.0.0, librery: 9/27,/2018, file:
Electricity: $0.2838/kWh, Propans:
$4/gallons, 21 Oil: $3.38/gallons
Spece Hesting: 1683 kWh of Electricity,
480 gallons of #1 Oil
Water Hesting: 143 gallons of 21 Ol
Spece Cooling:
Lights & Applisnces: €,549 kWh of
Electricity, 56 gallons of Propane

(5 .@ 4300 Bonifaos Parkway « Anchorags, Alasks 98504 « P.O. Box 102020 - Anchorags, Alasks 82510
b 907-355-8100 (Anchorage) or (TolkFree) 1-800475-AHFC (2452) » waw.ahfcus




4)

ENERGY STAR Qualified Homes, Version 3 (Rev. 06)

EEER Thermal Enclosure System Rater Checklist
| Home Address: . City: State:
4. Reduced Themmal Bridging
4.1 Forinsulated ceilings with attic space above (i.e., non-cathedralized), Grade | insulation extends - - - -
to the inside face of the exterior wall below at these levels: CZ 1-5: 2 R-21: CZ6-8: 2 R-30 "
4.2 For slabs on grade in CZ 4 and higher, 100% of slab edge insulated to 2 R-5 at the depth - - - -
specified by the 2009 IECC and aligned with thermal boundary of the walls **
4.3 Insulation beneath attic platforms (e.g., HVAC platforms, walkways) 2 R-21 in CZ 1-5; 2 R-30in
C7B-8 O O O O
4.4 Reduced thermal bridqing at above-grade walls separating conditioned from unconditioned space (rim / band joists exempted) using one of
the following options: "=
4.4.1 Continuous rigid insulation, insulated siding, or combination of the two;, 0 o o 5
=z R-3 in Climate Zones 1to 4,2 R-5 in Climate Zones 5to 8 '™ OR:
4 4.2 Structural Insulated Panels {SIPs), OR,; O O O O
4 4.3 Insulated Concrete Forms (ICFs), OR, O O O O
4 4.4 Double-wall framing '*, OR; O O O O
4 4.5 Advanced framing, including all of the items below:
4 45aAll corners insulated = R-6 to edge ', AND; 0O O O O
4.45h All headers above windows & doors insulated ™, AND:; O | O a
4 4 5¢ Framing limited at all windows & doors ', AND; O O O O
4.45d All interior / exterior wall intersections insulated to the same R-value as the rest of the 0 0 0 0
: 20 ’
exterior wall <=, AND;
4.4 5e Minimum stud spacing of 16 in. o.c. for 234 framing in all Climate Zones and, in Climate - = = 0
Zones 5 through 8, 24 in. o.c. for 2:6 framing *'
Effective for homes pemnitted s’tarting 111072012 Revised 9/10/2012 Page Jof16




1. The building thermal envelope shall be constructed to
limit air leakage in accordance with IECC requirements.

* Inspection by ICC Inspectors (AK only)
* Air leakage testing by Energy Auditors

Air Barrier

System 2. Components of the air barrier and other required air

C - sealing shall be installed in accordance with the
ommissioning manufacture’s instructions and the criteria indicated in
IECC Table R402.4.1.1.

3. Whole Building Air Leakage < 4achso (BEES Amended)




T A N A

Energy Code Reference Guide

Continuous Sealed Air Barrier on

N o

. the Warm Side of the Building
TABLE e P ' Envelope Assembly

R402.4.1.1

AIR BARRIER

AND

INSULATION
INSTALLATION

B

Thermal
Envelope

P |
r ’

“.

prm——

e | 4 SN
- v

X%

4

/’Awmkmgoutotmohoun




i fmtadil . M [0 N T A N A
Code Reference Guid

E n the 2012 IECC os amended by Montana in 2014

The air barrier in any dropped ceiling/soffit shall be aligned with the
insulation and any gaps in the air barrier sealed. Access openings, drop

Ceiling/attic
down stair or knee wall doors to unconditioned attic spaces shall be sealed.

[ ]
Seal with —_

sheet metal
and high-temp

caulk \

Seal and insulate
dropped soffit

l
& m—z%m

Seal
chases

electrical l
fixtures to
drywall Seal HVAC
. penetrations
Seal electrical ———=
/ penetrations i, -
Seal plumbing ( L Seal
lz penetrations -n4 bottom




i mntadill . M 0 N T A N A
Code Reference Guide

Corners and headers shall be insulated and the junction of the foundation
and sill plate shall be sealed. The junction of the top plate and top of
exterior walls shall be sealed. Exterior thermal envelope insulation for
framed walls shall be installed in subhstantial contact and continuous
alignment with the air harrier. Knee walls shall be sealed.

Irsfiad ISockng arct mller balte o
proven! windowashng # vorvied, Irsuialed
1000 e (rogired

Saxied atbhc-aicle nt Barnier {requrect—
OSH insutared shea®ing, e

X N .
/-':":..;’.. *-:\ A
o 2
Ry Insulated Box

Bockng - %1in »
CAutaad orf loam l.



M (@] N T A N A
Code Reference Guide

by oo Eocking - $1in )
Caulaadg or loam

<“— Housewrap

Bottom Plate

B Walls

g Caulk where drywall
meets top plate

Rim Joist

- Floor Joist - ST

Seal outside if it can

be done without interfering
with drainage

Sill Plate

Ceiling drywall taped
or caulked to wall drywall

Source: USDOE Building America

== Source: Northwest ENERQK STARHomes P‘l;ogram




M (@] N T A N A
Code Reference Guide

Windows, The space between window/door jambs and framing and skylights and
skylights and framing shall be sealed.

doors

|
|

backer rod, caulk,
or nonexpanding foam

Source; USDOE Building Energy Codes

University




@Em . . Rim joists shall be insulated and include the air barrier.
Rim Joists

M O N T A N A
Code Reference Guide

nended by Montanc




M (o) N

ﬁm Vv |
Based on the 2012 I

Code Reference Guide

T

A N A

Floors {including
above-garage
and cantilevered
floors)

A

'\\

'}i

'h.

Insulation shall be installed to maintain permanent contact with underside
of subfloor decking. The air barrier shall be installed at any exposed edge of
insulation.




—&h M O N T A N A
ﬁCode Reference Guide

attached to the crawlspace walls. Exposed earth in unvented crawl spaces
shall be covered with a Class | vapor retarder with overlapping joints taped.

walls

. Crawl space Where provided in lieu of floor insulation, insulation shall be permanently




Shafts, Duct shafts, utility penetrations, and flue shafts opening to exterior or
penetrations unconditioned space shall be sealed.




M O N T /\ N A
Code Reference GU|de

Narrow Batts in narrow cavities shall be cut to fit, or narrow cavities shall be filled by
cavities insulation that on installation readily conforms to the available cavity space.

Source: NCAT




M O N T_A N __A
Code Reference Guide

Garage Air sealing shall be provided between the garage and conditioned spaces.
10 separation

Drywall caulked, glued
or gasketed to top plate

g GARAGE

Bottom plate caulked
or gasketed to subfloor

Source: USDOE Building America

Source: ENERGY STAR New Homes



M O N T A N A
Code Reference Guide

Recessed Recessed light fixtures installed in the building thermal envelope shall be air
1 1 lighting tight, IC rated, and sealed to the drywall.

Fixture tested for air leakage

et Label
QOO0 e,
2.~

Recessed fixture in a

sealed soffit Some have gaskets

Source: ENERGY STAR




Plumbing and  Batt insulation shall be cut neatly to fit around wiring and plumbing in

wiring exterior walls, or insulation that on installation readily conforms to available
space shall extend behind piping and wiring.

B0 N__T _&__N__x
Code Reference Guide

Source: Energy Star Thermal Enclosure System Rater Checklist

Compression and Batt was properly split around
misalignment because wires to achieve RESNET
insulation is not split around Grade |.

wires.



M O N T A N A
Code Reference Guide

Shower/tub on  Exterior walls adjacent to showers and tubs shall be insulated and the air
exterior wall barrier installed separating them from the showers and tubs.

.
5

Source: Northwest ENERGY STAR Homes

Source: Northwest ENERGY STAR Homes

Electrical/phone  The air barrier shall be installed behind electrical or communication boxes
box on exterior or air sealed boxes shall be installed.

walls

Built-in
sealant

Select boxes with
built-in gasket
and sealant

Flange for sealing to
drywall air barrier




M (@] N T A N : A
Code Reference Guide

HVAC register HVAC register_bopts that penetrate building thermal envelope shall be
1 5 sealed to the subfloor or drywall.

j

boots

Seal all cracks
and penetrations

Apply mastic f . P A V & £

to all seams : : DUCT BOOTS & SEAMS
SEALED WITH MASTIC

Install insulation for LN\

complete coverage oms )

Source: ENERGY STAR New Homes



M O N T A N A
Code Reference Guide

Bosed on the 1EC

nended by Montana in 2014

> An air barrier shall be installed on fireplace walls. Fireplaces shall have . e iRy X oY, Rl e
Fireplace ' 3 . B Ay T e
16 gasketed doors. ; T2 PERASE R

WD

Source: ENERG? MNew Homes

Source: ENERGY STAR and Building Science Corp




g ENERGY STAR Qualified Homes, Version 3 (Rev. 06)

=
«,
'\I

Energy Star Thermal Enclosure System Rater Checklist

Home Address: City: State:

Must Builder Rater NiA

T h eérma I 3. Fully-Aligned Air Barriers® Comect | Verified _ | Verlfied

E I At each insulated location noted below, a complete air barrier shall be provided that is fully aligned with the insulation as follows:

interior edge of attic eave in all climate zones using a wind baffle that extends to the full height of the insulation. Include a baffle in every
bay or a tabbed baffle in each bay with a soffit vent that will also prevent wind washing of insulation in adjacent bays

e At exterior surface of walls in all climate zones; and also at interior surface of walls for Climate Zones 4-87

e At interior surface of floors in all climate zones, including supports to ensure permanent contact and blocking at exposed edge ®°

e At interior or exterior surface of ceilings in Climate Zones 1-3; at interior surface of ceillings in Climate Zones 4-8. Also, include barrier at

3.1 Walls™

3.1.1 Walls behind showers and tubs O O O O
C h e c kI I St 3.1.2 Walls behind fireplaces O O O O
3.1.3 Aftic knee walls O O O O
Fenestrations 314 Skylight shaft walls O O O O
3.1.5 Wall adjoining porch roof a O O O
Insulatlon 3.1.6 Staircase walls a O O O
A||gned Air Barrier 3.1.7 Double walls 0 O O O
. - 3.1.8 Garage rim / band joist adjoining conditioned space a O O O
Thermal Bfldglng 3.1.9 All other exterior walls O O O O
3.2 Floors
3.2.1 Floor above garage O O O O
3.2.2 Cantilevered floor O O O O
3.2.3 Floor above unconditioned basement or unconditioned crawlspace O O O O
3.3 Ceilings ™
3.3.1 Dropped ceiling / soffit below unconditioned attic O O O O
3.3.2 All other ceilings O O O O

https://www.youtube.com/watch?v=hbzLmY3Rj20



https://www.youtube.com/watch?v=hb5LmY3Rj2o

Whole Building
Air Leakage
Testingis a

Commissioning
Test of the Air
Barrier System

Test Results at 50 Pascals:
Airflow (cfm50)
Air Changes per Hour 50 {1/h)
cfmS0it2 Floor Area

Leakage Areas:

Building Leakage Curve:

3475 (+-05%) 2014 Construction (Non-BEES Compliant)

7.26

1.3038 2,665 sqft Floor Area

3318in2{ +/- 1.1 %) Canadian EqLA @ 10 Pa
169.0in2{ +/- 1.9%) LBL ELA@ 4 Pa

Flow Coefficient (C) = 226.2 ( +/- 3.3%)
Exponent (n) = 0698 { +- 0.009)
Correlation Coefficient = 0.99963

Test Standard: CGSB
Test Mode: Depressurization
4000 T
l
000y—""F—"F—""FT "1 T & T
!
|
|
I
2000t ———t——"d——A——tr—t-— | | SR
Building | .
Leakage { | :
{cimy) : | :
I L
I | I
10001131t —— B m—
9001 B e I ot
80011 S R R
e N W et
7 Pl S N — I S S —
I [ | | | [ I |
| | | | | | | | | |
500 ——— T T T T T
4 5 6 7 8 910 20 30 40 50 60

Building Pressure (Pa)



This Builder did
his home work.

If you don't test
it, YOU don't
know!

Test Results at 50 Pascals:
Airflow {cfm50)
Air Changes per Hour 50 (1/h)
cfmsoiftz Floor Area
cfms0fftz Surface Area

Leakage Areas:

Building Leakage Curve:

318 ( +/- 0.4 %)
0.97

0.1685

0.0696

31.3in2( +/- 2.2 %) Canadian EqLA @ 10 Pa or 0.0069in2ft2 Surface Area
16.2in2{ +/- 3.5%) LBL ELA@ 4 Pa or 0.0036 in%ftz Surface Area

Flow Coefficient (C) = 223 ( +/- 5.5%)
Exponent (n) = 0679 ( +/- 0.015)
Correlation Cosfficient = 0.99884

2018 Construction
1885 sqft Floor Area

Test Standard: CGSB
Test Mode: Depressurization
406 | | | | | | | | | | |
| [ N O ! ! ! | |
© Depressurize ——— } } | ' :
3001 ———fF——fF T —f—F-———————————= +——————= 4= +— M ——+———
| | [ | | | |
| | | | | | |
| | [ | | | | |
| | [ | | | | |
| | | | | | |
1 I T N T I et I N N A
o2 T H T
Building Lo ! ! L
Leakage Lol I I L
{cfm) T : | I
[ N | | | | |
| | [ | | | | |
| | [ | | | | |
| | | | | | | |
1007 S i S — T — S B R
90 1 B B — S e
N R
T R
L A A
| | [ | | | | |
50 T T T T T T
7 8 910 20 30 40 50 80 70

Building Pressure (Pa)



BUILDING TECHNOLOGIES PROGRAM

| AIR LEAKAGE GUIDE

14

=

—
o

1

10

1

12

13

14

15

16

17

18

19

Air Sealing Trouble Spots

Alr Barrler and Thermal
Barrier Allgnment

Attic Alr Sealing

Attic Kneewalls

Shaft for Piping or Ducts

Dropped Celling/Soffit

Stalrcase Framing at Exterlor Wall
Porch Roof

Flue or Chimney Shaft

Attic Access

Recessed Lighting

Ducts

Whole-House Fan

Exterlor Wall Penetrations
Fireplace Wall

Garage/Llving Space Walls
Cantllevered Floor

RIm Jolsts, Slll Plate, Foundation, Floor
Windows & Doors

Common Walls Between
Attached Dwelling Units



2 ENERGY STAR Qualified Homes, Version 3 (Rev. 06)

~-oref fin

ENERGYSTR Thermal Enclosure System Rater Checklist
5. Air Sealing Correst | Verified" | verined | N
5.1 Penetrations to unconditioned space fully sealed with solid blocking or flashing as needed and gaps sealed with caulk or foam
5.1.1 Duct / flue shaft O O O O
5.1.2 Plumbing / piping O O O O
5.1.3 Electrical wiring O O O O
5.1.4 Bathroom and kitchen exhaust fans O O O O
5.1.5 Recessed lighting fixtures adjacent to unconditioned space ICAT labeled and fully
gasketed. Also, if in insulated ceiling without attic above, exterior surface of fixture O O O O
insulated to = R-10 in CZ 4 and higher to minimize condensation potential.
5.1.6 Light tubes adjacent to unconditioned space include lens separating unconditioned and O O O O

conditioned space and are fully gasketed %

5.2 Cracks in the building envelope fully sealed

5.2.1 All sill plates adjacent to conditioned space sealed to foundation or sub-floor with caulk,
foam, or equivalent material. Foam gasket also placed beneath sill plate if resting atop O O O u
concrete or masonry and adjacent to conditioned space %

5.2.2 At top of walls adjoining unconditioned spaces, continuous top plates or sealed blocking
using caulk, foam, or equivalent material

5.2.3 Drywall sealed to top plate at all unconditioned attic / wall interfaces using caulk, foam,
drywiall adhesive (but not other construction adhesives), or equivalent material. Either I
apply sealant directly between drywall and top plate or to the seam between the two from
the attic above.

5.2 .4 Rough opening around windows & exterior doors sealed with caulk or foam 2 O O O .




Higher Levels of Efficiency &
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https://www.youtube.com/watch?v=7fPn-8RatsE

Heating System Commissioning

1) Sized Per Manual J or other approved method (IECC)
2) Installed per Manufacture Recommendations (ICC)

Each Manufacture has a different installation and
commissioning or start up requirements.

3) Combustion Safety Testing performed by Energy (BEES)
Auditor

ASHRAE 62.2-16 6.4 Combustion and Solid-Fuel-
Burning Appliances must be provided with adequate
combustion and ventilation air and installed in
accordance with manufacturers’ installation
instructions; NFPA 54/ANSI Z223.1

https://s3-production.bobvila.com/2013/02/19/03/25/02/188/Forced_air_fumace_ablegroup.jpg
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|Gas Side

SECTION XIlI: START UP SHEET GasTym (~ MawnlGas (= LPGas (RequiresLP conversion kit

33" 97% - 98% AFUE Modulating Gas Furnace Start Up Sheet

Preperfurnace start up is critical te custemer cemfert and equipment kengevity LP Gas Conversion Kit Part # Used I I LP Conversion Kit Installed By | I
Inket Gas Pressure (in.wc.") |:] Manifold Gas Pressure (in.wc.") - fumace must be in TEST mode for setup |:]
Start-Up Date | |
Technician Performing Start-Up | | Installing Contractor Name | CalcuRtad Inpe I owh -click the 03¢ MARFRRIGIIONM :
Burner flame inspected — flamesare blue and extending directly into the prima ry heat exha cells
York MODULATING : AL, e i gty L o
Cwner Information Air Side: System External Static Pressure (Cooling Mode)

P S C R E S I D E N TIA L Name | | Address | | Supply static before evaporator coil fin we.) |:l Supply static afta evaporatorcoil{in we.) |:]
GAS FU RNACES cy | | stteorpmvincs I:I Zipor Postal Code :] Retum S@tic (inwe.) before fier :I Retum Static {in w.c.') aftar filter ifumace side) :l

. . [Fauipment Data Total Bxterral Static Pressure [ ]
MODELS' TM9M Serles Fumace Model | | Furnace Serial | |

Air Side: Heating Other Jumpers
(97% AFUE MUIt' Evaporator Coil Wodel | | EvapomorCoilSeriall | ATR Setting CNOM C+10F C-10F De-humidistat C YES C NO
Heat Pump C Yes C NO
1+1 i it Seri Temperature Rise in Degrees F I I
pOSItlon) Qutdoor Unit Model | | QutdoorUnit Seral | | pera Deg Zone Contrel C YES C NO
. . . h Furnace Configuration é\okmssig:‘:d(s:g:mg Dtue  OMEGT OGSO T N0
Comm|SS|On|ng S eet C Upflow C Downfow  ( Horizontalleft ¢ Horizontal Right PR—— S 6 s &4

Filter, Thermostat, Accessories
DELAY Setting (ECMModels)  C LiLow) C ML ived Low) C MH (Med Highy C H (High)

Filter Typa ‘:l Filter Size ‘:I Filter Location(s) | | . nuous Fan
Speed Selec M H (Hi
Thermostat Type | | Other Systam Equipment and Accessorias | | ower o OL.fov O % OH#gh

Connections -- All Per Installation Instructions and Lecal Code Cycle Test
[~ Opertethefurnace through severl heating cyckesfrom the themostat, noting and comecting any problems

[~ Operatethefurnace through continuous fan cyckesfrom the themostt, noting 3 nd comecting any problems

I~ Unitislevel [~ Gaspiping is connected (including drip lkeg) [~ Supply plenum and return airare connected
I~ Vent systam is connected

Condensate Management [~ Operatethefumace through cooling cycles {asa pplicable), noting and comecting any problems
I~ Condensatetubing is correctly installed for the furnace position [~ Condenstedrain is connected Clean Up
Venting [T Instalktion debris disposed of and furnacearea cleaned up?
Roof — =
) Exhaust C ,° Owner Education
Intake Sze |:| #0f90 Degree Ells |:| #0f45 Degrea Ells El Length |:| Termination C  Sdewall
[~ Give owner the owner's manual provided
Exhaust Size |:| #0790 Degrea Ells |:| #0745 Degree Ells I:l Length |:| infale C Roof [~ Exphinopertion of system 10 equipment owner
ake )
r Wenting system is the proper size, within the limitationsof the chart in the installation Termination C Sdewal ™ Exphinthe impontance of regulir fiker replacement and equipment maintenance
instructions, poperly connacted to the fumace,and popery pitched C At [~ Exphinthermostatuseand programming (ifa pplicable) to owner
|Electrical: Line Voltage Additional Job Detail
[~ Polanty iscorrect (bhckisLl thot), white is Nineutral [~ Gmound wire is connacted
Line voltage value to furnace (volts AC) | |
Electrical: Low Voltage [~ Thermostat heat anticipator st to .1 {if prasent)
I~ Themostat wiring iscomplkte |~ Thermostat cyck rate setto 6 cycles/hour (if present)
Low voltage value batween "R"and "C"on fumace control boa rd {volts AC) l:]
Continued onnextPage  gybjectty change without notice. Publishedin U.S A, 1083203-UIM-AD114
Cop yright @ 2014 by Johnson Controls, Inc. All rights re served. Supersedes: 1031201-UM-D-1013
I
Johnson Controls Unitary Products 43 York International Corp.

5005 York Drive
Norman, OK 73063
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mHOTICE

Installation&
Servicinglnstructions
High efficiency
condensing gas boiler
E75CN/E110CN
E75CP/E110CP

mNOTICE

8 Installation & Servicing Instructions Rinnai E-Series

Commissioning

Work on the boiler must be camried out by a competent person, using
comectly calibrated instruments with curent test certifcation.

These installation instructions are intended for professional installers, who
have the necessary knowledge and are approved for working on heating and

gas systems.

Before the boiler is fred, ensure that the boiler and the system are well de-aerated
and free of air. P urge the gas line between the gas m eter and the boiler.

The boiler and its individual shut off valve must be disconnected from the
gas supply piping system during any pressure testing of that systern at test
pressures in excess of 12 PS1 (3.5kP a)

To commission the boiler the casing hasto be removed.

- remove the 4 screws A8,C and D in the quick releases of the casing (figure 24}
- remove the screwE behind the door on the front of the casing (figure 24);

- remove it towardsthe front.

The hoiler seftings, such as bumer pressure and adjustment of the air quantity are
unnecessary, due to the fact that the hoiler operates with a zero pressure control.
This meansthe correct gas gquartity is controlled by the sudtion operation of the fan.
The fne adjustment which is canied out at the factory is once-only, which means
that adjusting of these values is unnecessary. Only in case of replacing of the gas
valve, venturi andfor fan, the zero pressure and the incomed O, adjustment has to
be checked and, if necessary, adjusted at the right value.

Always check the installation of all parts through which gas flows (by bubble
test using leak-search spray)

During the commissioning of the boiler the Rinnai Installation, Commissioning, and
Service card must be filed out.

Removing caalng

flgure 24
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Prior to start-up of the boiler you must check the extemal tightness ofthe gas supply
valve and confrm thisin the start-up report.

- Cover endangered positions before leak testing.

- Do not spray the leak testing agent onto cables, plugs, electrical
connection lines or electronic circuit boards. Do not allowit to drip onto
them either.

Leaks may be caused to pipes and screw connections during comimissioning
and maintenance activities.

- Carmy out a proper leak test.

- Only use approved leak detection agents for leak detection.

- Disconnect the heating system from the power supply.

- Check the exteriortightness of newconduit sedionsup to and including the direct
sealing point on the gas burner fiting. The maximum test pressure allowed on
the input of the gas burner fiting is 14 inch W.C. (35mbar).

- Switch off system using the Central Heating button and the DHW button
- Disconnect the plug and socket connection of the ionization cable.

- Switch on the sytem using the Central Heating button and the DHWY button.
- Press the MODE-button for 5 seconds.

- The display will show COdE followed by an arbitrary number,

- Seled by means ofthe or the hutton the code C123;

- Press the Storesbutton to confirm the code (code blinks 1 x);
- Press the MODE-hutton until SERY is shown;

- Press the STEP-button once until 1 is shown;
atternately 1 and OFF will be shown.

- Pressthe button once;

Check ifthe boiler does one statt-up attempt and four restart sttempts.
After the last start-up attempt, the boiler will lock out. The gas valve is shut off.
The E02 code is blinking in the display.

- Conned the plug and socket connedtion ofthe ionization cable.
- Press the reset button.

- Check ifthe boiler starts-up.

Do not touch the inside of the igntion cable while it is disconnected during
start up of the boiler.

2 Installation & Servicing Instructions Rinnai E-Series



5.3 - Commissioning the oil bumer

- While the oil burner has been adjusted at the fac-
tory, it is recommended that the operating cha-
racteristics of the burner be determined at start-
up and readjusted if necessary. Run the unit long
enough at the burner maximum firing rate to
make sure the burner has reached a stable maxi-
mum operating temperature. THEN, check the
burner as follows:

- When commissioning the oil burner for the first
time:

» check that the smoke spot number does not
exceed 0.5 (BACHARACH control),

» checkthe CO2rate-11.5t012.5 %, CO <100
ppm (watch out for secondary air inlets),

» check the temperature of the combustion pro-
ducts (under 230°F - 110 °C).

Condensing Oil
Fired Boiler

1 = FILLING THE SYSTEM WITH WATER ... oottt et eeeee et eeeereesenesseesseneneseenesenaneeeee D1 YRV X2 C Y30 C
; SLLE'.T;L;JM.SS.ON.'N"&CHECK T gy [Pvumerneiio | s zatn | osas
4 - USER INFORMATION... e 31 ouiscanse mui | puioanse maxi
5 COMMISSIONING... e 32 [Hoat flow Btu/hr 81750 107500
51 - Commlsswnlng procedure W|thout regulator OO OOTROIR: . KW 238 315
52 - Commissioning procedure - with regulator 33 Purmp Psi 185 180
5.3 - Commissioning the il BUMEE ... eee e sesceeseeeess e ses e seseesseseessneenns 38 [P Eoo0TE par " "2
6 CHECKING THE SAFETY DEVICES oo oo oo oo eeseees s ees e eee s, 34 [NOZZIE 0,55 60A 0.7 60A
Position of the air flap
(FCX balanced flue 15B 35C
outlet)




ENERGY STAR Qualified Homes, Version 3 (Rev. 06)

ERERE HVAC System Quality Installation Contractor Checkllst

2. Heating & Coollng System De5|gn

- Parameters used in the design calculations shall reflect home to be bwf, specrﬂcafw, ouftdoor desrgn

temperatures, home orientation, number of bedrooms, conditioned floor area, window area, predominant window performance and insulation fevels,
infiffration rate, mec hanical ventifation rate, presence of MERV6 or befter fifter, and indoor temperature setpoints = 70°F for heating; 75°F for cooling.

2.1 Heat Loss / Gain Method: 1 Manual J v8 [] 2009 ASHRAE [ Cther: O O

2.2 Duct Design Method:

2.3 Equipment Selection Method: 1 Manual S [ OEM Rec. 1 Other:
2.4 Qutdoor Design Temperatures: ° Location: 1%: F 99%:. °F
2.5 Orientation of Rated Home (e.g., North, South):
2.6 Number of Occupants Served by System: '°

2.7 Conditioned Floor Area in Rated Home: - Sq. Ft.
2.8 Window Area in Rated Home: Sq. Ft.
2.9 Predominant Window SHGC in Rated Home: '

2.10 Infiltration Rate in Rated Home: ' Summer: Winter:

2.11 Mechanical Ventilation Rate in Rated Home: CFM
2.12 Design Latent Heat Gain: BTUh
2.13 Design Sensible Heat Gain: BTUh
2.14 Design Total Heat Gain: BTUh
2.15 Design Total Heat Loss: 'BTUh
2.16 Design Airflow: "° CFM

2.17 Design Duct Static Pressure: '
2.18 Full Load Calculations Report Attached

1 Manual D 1 Other:

et

In. Water Column

15
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HVAC Duct Work Commissioning

1. Ducts, Air Handlers & Filter Boxes shall be sealed (ICC)

2. Air Handler < 2% of Design Air flow (IECC)
Designed in accordance with ACCA Manual D (IRC)
. Duct Testing Required (IECC & Energy Star)

* Exception: Ducts & Air Handlers are inside the Thermal

BOUﬂdary (IECC) e \ -, < Upflow Gas Furnace

PPIY Plenyp

pl‘ess
Ur,
OVQ.. ct;lbr Op

(S
Hhtracy RETURN AIR 23‘50?“
PLENUM
RIGHT-REVERSE (HAMBER
ELBOW

Heat Excha hger

| )
Filter || 72+

https://www.youtube.com/watch?v=sk-Ao8zsquE

|
v

Te
S?at;LE;‘::'nal
Ssy re (A
dd)

Pressure Drop i .
Over Filter http://www.contractingbusiness.com

(Subtract)


https://www.youtube.com/watch?v=sk-A08zsguE

HVAC Commissioning Checklist "2
ENERGY STAR Certified Homes, Version 3 /3.1 (Rev. 08)

ENERGY STAA

E n e rgy Sta r HVAC Commissioning Contractor Responabilities:

H VAC ¢ The commissioning contractor must be credentialed by an HYAC oversight organization to complete this checklist One
chedklist mustbe completed and signed by the commissioning contractor for each HYAC system that & commissioned.

¢ The completed checklistfor each commissioned system, along with the corresponding HVAC Design Report, shall be retained

C o m l I l i SS i O n i n by the contractor for quality assurance purposes. Furthermore, the contractor shall provide the completed checklist to the
g builder, the Home Energy Rater responsible for cedifying the home, and the HVAC owversight organ@z ation upon request.
C h ec kI s St ¢ VMisitwww.energystar.gow/newhomes fwac for information about the credential requirement and this chedklist.

1. Commissioning Overvew

1.1 Contractor name Contractor company D ate

1.2 Organzation thatyour company is credentialed with: CJACCA [ Advanced Energy [ NYSERDA

1.3 Builder client name:

1.4 Home address: City: State: __ Zip code:

1.5 HVAC Design Report corresponding to this system has been collected from designer or builder. ) Contractor-verified

1.6 Area thatsystem senves, per ltem 1.4 of HVAC Design Report: [ Whole-house [ Upperlevel [0 Lawerlevel [0 Other
1.7 House plan, per Item 1.6 of HVAC Design Report [J Site-specific design ) Group design #:

Footnotes

1. This Checklist is designed to aligh with the requirements of ANSI / ACCA's & QI-2015 protocol, thereby improving the performance of HVAC
equipment in new homes when compared to homes built to minimum code. However, these features alone cannot prevent all ventilation,
indoor air quality, and HVAC problems (e.g., those caused by a lack of maintenance by occupants). Therefore, this Checklist is not a
guarantee of proper ventilation, indoor air quality, or HYAC performance.



: HVAC Commissioning Checklist '~
ENERGY STAR Certified Homes, Version 3 /3.1 (Rev. 08)

3. Indoor HYAC Fan Airflow

3.1 The mode with the higher design HWVAC fan airflow used, per ltem 5.2 of HYAC Design Report: ©J Heating [ Cooling
3.2 Static pressure test holes have been cre ated, and test hole locatiors are well marked and accessible.
Test hole location for raturn external static pressure: [0 Plenum O Cabinet O Trarettion 0 Other:
Test hole location for supply exernal static pressure: [ Plenum O Cabinet O Transition O Other:
3.3 Measured return external static pressure (Enter value only, without negative sign): e
3.4 Measured supply external static pressure (Enter value onhy, without positive sign): v C
3.5 Measuredtotd edernal static pressure = Value-only from ltem 3.3 + Value-onby from ltem 3.4=
3.6 Mez=ured (lItem 3.5) - Design (Item 5.4 on HVAC D esign Report) total exdernal static pressure = v C
3.7 Me asured HYAC fan airflow, using ftem 3.5 and fan speed setting: CFm
3.8 Measured HYAC fan airflow (Item 3.7) & £ 15% of design HVAC fan airflow (Item 5.2 on HVAC Design Report)

4. Air Balancing of Supply Registers & Return Grilles (Recommended, but not Required)*

4.1 Balancing report attached with room-by room design airfloves from ltem 5.5 on HVAC Design Report, and contractor-
measured airflow using ANSIS ACCAS QI-2015 protocol

4.2 Roomrby-room airflaws verified by contractor to be within the greater of £ 20% or 25 CFM of design airflow

(.

O

Required for homes permitted * starting 07012016 Revised 09/152015

Page 1 of2

https://www.youtube.com/watch?v=45gX7Jb60JM



https://www.youtube.com/watch?v=45gX7Jb60JM

ENERGY STAR Qualifled Homes, Version 3 (Rev. 06)
HVAC System Quality Installation Rater Checklist

2. Duct Quality Installation - Applies to Alf Heating, Cooling, Ventilation, Exhaust, and Pressure Balancing Ducts’’

2.1 Connections and routing of ductwork completed without kinks or sharp bends. ' O

2.2 No excessive coiled or looped flexible ductwork.

2.3 Flexible ducts in unconditioned space not installed in cavities smaller than outer duct diameter; in conditioned
space not installed in cavities smaller than inner duct diameter

2.4 Flexible ducts supported at intervals as recommended by mfr. but at a distance <5 .

2.5 Building cavities not used as supply or retum ducts unless they meet ltems 3.2, 3.3, 4.1, and 4.2 of this
Checklist.

2.6 HVAC ducts, cavities used as ducts, and combustion inlets and outlets may pass perpendicularly through
exterior walls but shall not be run within exterior walls unless at least R-6 continuous insulation is provided on
exterior side of the cavity, along with an interior and exterior air barrier where required by the Thermal
Enclosure System Rater Checklist.

Quantity & location of supply and retum duct terminals match contractor balancing report. "'

Bedrooms pressure-balanced using any combination of transfer grills, jump ducts, dedicated retum ducts,
and / or undercut doors to either: a) provide 1 sq. in. of free area opening per 1 CFM of supply air, as reported
on the contractor-provided balancing report; or b) achieve a Rater-measured pressure differential < 3 Pa
(0.012in. w.c.) with respect to the main body of the house when all bedroom doors are closed and all air
handlers are operating. '''*'®




TECHNICAL GUIDE 98% AFUE MODULATING ECM MODELS:YP9C*C NATURALGAS  60-120 MBH INPUT

Ratings & Physical / Electrical Data

Input Output AFUE Nominal Total Air Temp. Air Temp.
Models Max/Min Max/Min Airflow Unit Rise Max Input Rise Min Input
MBH MBH % CFM Amps °F °F
YPICO60B12MP12C 60/21 58/20 975 1200 7.0 40-70 20-50
YPICO80B12MP12C 80/28 7727 975 1200 7.5 40-70 20-50
YPOCO80C16MP12C 80/28 78127 977 1600 10.0 40-70 20-50
YPOC100C16MP12C 100/35 97/34 977 1600 10.0 40-70 20-50
YPOC100C20MP12C 100/35 97/34 977 2000 12.0 45-75 25-55
YPOC120D20MP12C 120/42 116/40 98.0 2000 12.0 45-75 25-55
MEI.X- Outlet Blower Blower Max Min. wire Size App_roxima.te
Models Air Temp ) Over-Current (awg) @75 ft | Operating Weights
°F HP Amps iheel Size Protect one way Lbs
YPOCO60B12MP12C 170 1/2 4.8 11 %8 15 14 113
YPICO80B12MP12C 175 1/2 4.8 11x8 15 14 119
YPOC080C16MP12C 175 344 7.5 11 x 10 15 14 134
YPSC100C16MP112C 175 344 7.5 11 x 10 15 14 140
YPOC100C20MP12C 180 1 145 11 % 11 20 12 143
YPOC120D20MP12C 180 1 145 11 % 11 20 12 152

Annual Fuel Utilization Efficiency (AFUE) numbers are determined in accordance with DOE Test procedures.
Wire size and over current protection must comply with the National Electrical Code (NFPA-70-latest edition) and all local codes.
The fumace shall be installed so that the electrical components are protected from water.



Typical Installation

Vent connector to

Pitch up 1/4”

Domestic Hot Water System Commissioning

chimney per foot
Installed per Manufacture Recommendations (ICC) Draft hood
All Plumbing Systems must be Tested (ICC) Hipiseii o samte
,\‘: P Union

Demand Hot Water Recirculation Water Systems
Require
e Controls (IECC)

Water Heater Jacket\ B Hot 6" minimum

Temperature and —— | B Cold 6" minimum

pressure relief valve

Manual gas shut-off

* Gravity Thermos-Syphon circulation prohibited T e
(I E C C ) | valve To cold water
supply
This is a manufacture recommendation & now code prohibited design. Gf°‘;“‘2;“ union #  Shut-off valve
- n - ttr
* Insulation (Prescriptive) S l tank (f required)
4. Combustion Safety Testing performed by Energy op Fie b bl s
drain.

Auditor (BEES SpeCiﬁC) Thermostatic gas valve

ASHRAE 62.2-16 6.4 Combustion and Solid-Fuel-Burning Appliances must be
provided with adequate combustion and ventilation air and installed in accordance
with manufacturers’ installation instructions; NFPA 54/ANSI Z223.1 Augiliary catch pan

Combustion Air

Jacket door Inlet Openings

Drain Pan Pipe to suitable drain.

https://s3.amazonaws.com/cdn.freshdesk.com/data/helpdesk/attachment SN
s/production/6010753385/original/Heat-trap-install-900.jpg?1449448105 ®

Commissioning of DHW Appliance Is Similar to Boilers




No HeatTrap . ® 8 7

3/a"
—

ol 1

Hot Water
Recirculation
without a Pump

Thermosiphon

Water circulation
without a pume

Is it Prohibited?

Should it be?

Every hot water
system since
they invented
hot water
systems!

Except?

“"Have We forgotten to make heat traps” by Reftele, Sweden, May 30, 2012


https://www.esbe.eu/be/de-de/~/media/ESBE%20Public%20web_BRserver/Documents/News/Heat%20traps/Heat%20traps%20in%20installations%2020120508.ashx
https://activerain.com/image_store/uploads/agents/cbuell/files/hot_water_recirculation_with_no_pump.jpg

“"DHW Recirc
Design Elements

*Pipe Insulation
*On-Demand Recirculation
*System Balancing
eCrossover Prevention

*Optimized Loop Design”

The bypass valve and return valve
should both be globe-style valves for
L, Tl accurate flow regulation.

e
hittp&fiw.hpacmag.com

Percent of Magimum Load

Reduced Water Heater Cycling

Time Series Graph - DENT SMART LOGGER: 4/18/2008 - 4/24/2008
100% 100%

90%

DETNEN T
i Controlled

Pumpg

70%-

60% 1

50%

40% 1

30% 1

20%

10%

0%

Fri 4/18
Sat 4/19
Sun 4720
Mon 4/21
Tue 4/22

Wed 4/23
Thu 4724

"DOE Zero Energy Ready Home, Efficient Hot Water Distribution in Zero Energy Ready
Multifamily Buildings.” 4/25/17 By: Gabriel Ayala, gabe@enovativegroup.com



Advanced .

Water

Efficiency .

EPA WaterSense

Indoor Water Use
* Leaks
= Compliance shall be verified
through pressure-loss testing
& visual inspection.
Water Pressure & Fixture Flow
Criteria
* HotWater Delivery Eff.
* Appliances, ex. Clothes Washers &
Dishwashers
2. Outdoor Water Use
* Landscaping Design
* Irrigation System Criteria and

wasted Design

3. Homeowner Education

inefficient

watering methods and systems.
Curb your water waste!

percent of homes have
leaks that waste 90 gallons
or more per day

D /THE FACTS ON LEAKS / ¢

A leaky faucet dripping at the rate of
one drip per second can
waste more than

3,000 gallons

per year

Did you know?

Minor water leaks account for more than

trillon gallons

of wasted water each year and
is equal to annual household water use in

A1

million homes

7,
111,

10Drips

per minute wastes
more than

500

gallons per year

REPAIR

leaks by checking faucet washers
and gaskets for wear and replacing
them if necessary

b

Replace old tilets
with WaterSense labeled
models & save TN save

—1
X

13,000

gallons of water savings
for the average family

bills

<EPA

Homeowners

*

10 percent on their water

look for

epa.gov/watersense



Tackling the
White
Elephant in
the Room

EPA &

WaterSense Resource Manual for Building WaterSense® Labeled New Homes

i.C Hot Water Delivery Systems (3.3)

WaterSense Criteria

Intent

Efficiently designed hot
water delivery systems
reduce the amount of time
it takes hot water to reach
a fixture, saving both
water and energy.

To minimize water foss from delivering hot water, the hot
water delivery system shall store no more than 0.5 gallons
(1.9 liters) of water in any piping/manifold between the hof
water source and any hot water fixture. To account for the
additional water that must be removed from the system
before hot water can be delivered, no more than 0.6 gallons
(2.3 liters) of water shall be collected from the hot water
fixture before hot water is delivered. Recirculation systems must be demand-initiated. Systems
that are activated based solely on a time and/or temperature sensor do not meet this
requirement.

Background

One of the primary factors affecting homeowner satisfaction is the relative comfort associated
with the hot water delivery system. The distance from the water heater has a great impact on
the tem pe2rature of the water that arrives at a fixture and how long it takes for the hot water to be
delivered.

Heating water is typically the second largest use of energy in a home (after space heating and
cooling).3 Despite its resource intensity, the hot water delivery system is seldom an area of
significant focus when constructing a home. As a result, many homes today are built with poor

2U.s. Green Building Council. 2008. LEED for Homes Reference Guide.
3 Energy Information Administration, Office of Energy Consumption and Efficiency Statistics, 2009 Residential Energy
Consumption Survey.



TABLE 4.1a (I-P) Ventilation Air Requirements, ¢fm

Ventilation Systems Betronm

Floor Area, ft* 1 2 3 4 5

ASHRAE 62.2-2016 =300 30 38 45 53 60
Local V.entilation 501-1000 45 53 60 68 75
Bathrooms (>5ocfm/2ocfm) [t 60 68 75 8 90
KitChenS (>100Cfm) 15012000 75 83 90 08 105
Whole House Ventilation 20012500 90 98 105 113 120
Qtotal = 0.03Afloor + 20(Nbedroom +1) 2501-3000 1os 113 120 128 135
- Natural Ventilation (2013-2016) 3001-3500 120 128 135 143 150
35014000 135 143 150 158 165
Must Be verified. 4001-4500 150 158 165 173 180

“If we don‘t test it we don’t know.” IR 165 173 180 188 195




llllll

‘Design
‘Installation

Heat

Recovery Air Flow doen
Ventilation Balancing & Testing
- “Balanced heat recovery ventilation systems that

SYStems provide well distributed ventilation throughout the

entire occupied space are strongly recommended in

Alaska” (BEES)

buct Recommended Air Flow Maximum Air Flow
Diameter

40 cfm 19 I/s 68 m3h | 60 cfm 28 lI’'s | 102 m3/h
75 cfm 351ls | 127 m3h| 110 cfm 52 l/'s | 187 m3/h

185 ¢cfm 87 l/'s |314m3h| 270 cftm | 127 I/s | 459 m%h

( )
( )
"(152 mm) | 120 cfim | 57 /s |204 m3/h| 180 cftm | 851s | 306 m%h
( )
( )

260 cfm | 123 l/'s | 442 m3/h| 380 ¢fm | 172 I/s | 645 m3h




Ventilation Performance Energy Performance
ExT. STATIC NET suppLY GROSS AIR FLOW SuppLY NET AIR FLow | POWER | SENSIBLE | APPARENT | LATENT/RECOVERY
PRESSURE AR FLOW SupPLY ExHausT TEMPERATURE CONSUMED| RECOVERY |  SENSIBLE MOISTURE
Pa in. W.Q. |/S cfm m3/h I/S cfm m3/h l/S cfm mS/h °C °F L{S | CFM M’IH WATTS |EFFICIENCY|EFFECTIVENESS| TRANSFER
25 | 0 83 |175] 299 | 83 [ 176|299 | 83 | 175 | 295 HEATING
50 0 79 b8 | 284 | 80 | 169 | 288 | 78 | 165 | 281 0 |32 (31|66 (112 85 69 81 -0.01
75 0 75 159270 | 75 | 159|270 | 75 | 158 | 270 0 |32 [56|119|202 124 60 70 -0.01
100 | O 71 [ 150 256 | 71 | 151 | 256 | 69 | 146 | 248 0 | 32| - - - - — - -
125 | O 64 | 136|230 | 64 | 136230 |60 |127]| 216 -25(-13|34| 72 |133| 114 62 80 0.08
150 | O 59 [ 126|216 | 60 | 127|216 | 49 | 103 | 273
175 O 53 II_LL3_n 191 | 53 [ 113191 | 38 | 80 | 227 COOLING TOTAL RECOVERY EFFICIENCY
200 0 43 91 155 | 43 91 155 | 21 45 /6 35 | 95 NOT TESTED
295 , ,
] -~
175 e [ HAUST
(L/s)

EXTERNAL STATIC PRESSURE—PASCALS | ool ~u| o ta| | ol ho| =

(24 8.8 PASCALS = 1" OF WATER)

150
125
100
75
50
25
0

YGO010
GROSS AR FLOW: L/s (0.47 L/s = 1 cfM) (M3 /H = L/S X 3.6)

25 50

75

100

125

150

Why it Matters

"VENMAR AVS SOLO 1.5 Spec Sheet
Part no. 43720 Canada
Part no. 43725 U.S.A.
64 to 150 CFM (0.4 in. w.qg.)"”
NOTE: All specifications are subject to change without notice.




“6.4.1 Fully Ducted System (as illustrated in Section 5.1)
Stale air exhaust ductwork:

HRV e Install registers in areas where contaminants are produced: Kitchen,

ManUfaCture bathrooms, laundry room, etc.

Recommendations e Install registers 6 to 12 inches from the ceiling on an interior wall OR install

them in the ceiling.
Venmar AVS

Installation Manual

03309 Rev. D e If possible, measure the velocity of the air flowing through the registers. If
the velocity is higher than 400 ft/min., then the register type is too small.
Replace with a larger one.

e Install the kitchen register at least 4 feet from the range.

Fresh air distribution ductwork:

e Install registers in bedrooms, dining room, living room and basement.

e Install registers either in the ceiling or high on the walls with air flow
directed towards the ceiling. (The cooler air will then cross the upper part of
the room, and mix with room air before descending to occupant level.)

e If a register must be floor installed, direct the air flow up the wall.”

figure 1



HRV Balancing

Balancing the airflows is critical to ensuring SOLO
that the amount of air introduced from the

outside of the building equals the amount of

air exhausted to the outside of the building. If

these two airflows are not properly balanced, @
the following issues may occur:

1) A positive or negative pressure in the house =

2) HRV not operate at its maximum efficiency

3) The unit not defrost properly” YPoo1o
Exhaust air flow

69-RNC-Install 072314

(Lifebreath RNC Series Installation Guide 072314)



What About The
Distribution?

-g. AIRFLOW

4

65 ¢fm

60
129 ¢fm

60
93 c¢fm

VI0004

4" D 42 cfm

6" @96 ctm

7" 0 222 ctm

/
figure 8

6 @ 138c¢fm



H . . .
Rater Design Review Checklist

NG ST ENERGY STAR Certified Homes, Version 3/ 3.1 (Rev. 08)

7. Whole-House Mechanical Ventilation System

| mMust

Correct

Rater
Verified 2

|NIA3

7.1 Rater-measured ventilation rate is within either £ 15 CFM or +15% of design value (2.3) 4

7.2 Areadily-accessible ventilation override control installed and also labeled if its function is not obvious (e.g., a label
is required for a standalone wall switch, but not for a switch that's on the ventilation equipment)

7.3 No outdoor air intakes connected to return side of the HVAC system, unless controls are installed to operate
intermittently & automatically based on a timer and to restrict intake when not in use (e.g., motorized damper)

7.4 System fan rated < 3 sones if intermittent and < 1 sone if continuous, or exempted **

7.5 If system utilizes the HVAC fan, then the specified fan type is ECM / ICM (4.7), or the controls will reduce the
standalone ventilation run-time by accounting for hours when the HVAC system is heating or cooling

7.6 Bathroom fans are ENERGY STAR certified if used as part of the whole-house system #

7.7 Air inlet location (Complete if ventilation air inlet location was specified (2.12, 2.13); otherwise check “N/A”"); 4546

7.7.1 Inlet pulls ventilation air directly from outdoors and not from attic, crawispace, garage, or adjacent dwelling unit

7.7.2 Inletis = 2 ft. above grade or roof deck; = 10 ft. of stretched-string distance from known contamination sources
(e.g., stack, vent, exhaust, vehicles) not exiting the roof, and = 3 #. distance from sources exiting the roof

7.7 .3 Inlet is provided with rodent / insect screen with < 0.5 inch mesh

Oad- oooo oo

OO0 Oo0oo oo

| 'Bgo| |

8. Local Mechanical Exhaust - In each kitchen and bathroom, a system is installed that exhausts directly to the outdoors and meets one of
the following Rater-measured airflow and manufacturer-rated sound level standards: 42.47

Location Continuous Rate Intermittent Rate “°
‘ Ailione =25 ACH, . 2 100 CFM and, if not intggrated with range,
8.1 Kitchen based on kitchen volume *°.% also = 5 ACH based on kitchen volume 4.50.51 O (. .
Sound Recommended: < 1 sone Recommended: < 3 sones
Airflow 220 CFM =250 CFM
&2 Betiimam Sound Required: < 1 sone Recommended: < 3 sones U = i
9. Filtration
9.1 At least one MER_V 6 or higher filter installed in each ducted mechanical system in a location that facilitates access | .| .|
and regular service by the owner %2
9.2 Filter access panel includes gasket or comparable sealing mechanism and fits snugly against the exposed edge of | - -
filter when closed to prevent bypass >
9.3 All retum air and mechanically supplied outdoor air passes through filter prior to conditioning ] |:| -




Attached Garages

* Must prevent migration of contaminates to adjoining
occupiable spaces (Can we test this?)

* All penetrations, joints, seams and openings must be
ASHRAE 62.2 sealed and/or gasketed (Visual Inspections)

Commissioning * Any ducts in the garage must be leak tested and have less than
6% of total system air flow.

More than just Other Requirements

Oy * Dryers must be vented to the outside. (Vlsual\_{eﬂflcatlons)
entiation.  Sound Ratings for Fans e

* Occupant Education

lEanm



EPA Indoor airPLUS Verification Checklist

Moisture Control
1. Water-Managed Site and Foundation
2. Water-Managed Wall Assemblies
3. Water-Managed Roof Assemblies
4. Interior Water Management
1. Radon
2. Pests
3. HVAC
Combustion Pollutants
5. Combustion Source Controls

6. Attached Garage Isolation
Materials

Final

EPA Indoor
all'PLUS

Q) \Z
ALIFIED \‘\O\\l\

)

Indoor airPLUS Verification Checklist

Unzad States
Ervironmeorsal Protection
Agency

Address or Div/Lot #:

CityStateZip: Data:

Verified by

Section Requirernents (s=e Indoor 3irP LUS Construction Specilications fordetails)

N

Buikder | Rater

Water-banaged Site and Foundation

1.1 | Site & foundation drainage: shped grade, protected drain tile, & foundation flcordmins

1.2 | Capillary break below consrete shbs & in crawbkpaces (Exception - s2e speciication)

O

1.3 | Foundation wall darmep-proofed or water- proofed (Except for homres without below-g ade walls)

Jt

000

1.4 | Bes=mentsmwbkpaces insulated & conditioned (Exceptions - s=e specification)

‘Water-blanaged Wall Asserblies

1.5 | Continuousdrainage plane behind exterior cldding, properly llashed to foundation

JL
JL

1.8 | Window & door openings fully {lashed

Water-banaged Roof Assemblies

1.7 | Guttersfdownspouts direct water 3 minimmumof 5' from foundation (Exezpt in dry clinetes)

Whisture Control

1.8 | Fully {lashed roofAvall intersections (step & Kek-out {lashing) & roof penetrations

1.9 | Bituminous membrane installed atvalleys & penetmtions (Exezpt in dry clinetes)

1.10| le= {l=shing installed at eawes (Except in Clinnate Zones 1 - 4)

000

Interior'Water Management

1.11| Moisture resistant meterials’potective spshe e installed (e, llooring, tubfshomer bas king, & piping)

1.1 2| No vapor barries installed on interior side of extedor walls with high condensation potential

1.13[ No wet or waterdaneged materals enclosad in building assemblies

2.1 | Dpproved don-resistant features installed (Exception - s2e speciication)

2.2 | Two radon test kits & instructionsfzuidance for follow up actions provided for buyer (Advisonpsee speciication)

0

3.1 | Foundation joints & penetrations s=aled, including air-tizht sump covers

Pests | Radon

3.2 | Corrosion- proof rodentbird sereens installed atall openings that cannot be fully sealed (e g., attic vents)

O COO0

4.1 | HYOC room bads eakulated, documented; spstern design docurrented; coils metched

4.2 | Duct spstermn design docurmented & properly installed OR duct spster tested (check box if beshed) D

[

4.3 | Ho air handling equipment or ductwork installed in 2arege; continwous air barder required in adjacent s mblies

4.4 | Roore pressure balanead (using transfer grils or jurrp ducts) a= required OR tested (check box ifbshed]D

HVAC

O

4.5 | Wholke houseventibtion spsteminstalled to rmeet OSHROE 2.2 requirernents

4.8 | Local exhaust ventilation to outdoors installed for baths, kitchen, chthesdners, centl vacuum systern, ete.

4.7 | Central forced-air HYAC spstends) hawe minirum MERY & fitker, no fitker bypass, & no ozone genermtors

4.8 | 0ddtional dzhum diication systemis) or central HVAC dehum ditication confrols irstalbed (In ver me humid clinates only)

Combustion Source Controls

5.1 | Ga= heat dirsct vented; oil heat & water heaters powervented or directwented (Ecceptions- s=e specifications

S.2 | Firephcesheating stoveswented outdoors & meet emissionsefliciency standards/restrictions

5.3 | Certilied CO alarme installed in each sleeping zone (e.2., cormmon halkvaylacsording to NFPO 720

000 OOO00O000000000 0oE0o

5.4 | Smoking prohibited in common wrezs; outside smoking 3t kst 2S5 fom buiking openings (Multifamily homes onhy)

o

Ottached Gamge Isoltion

Combustion Pollutants

5.5 | Common vallsteilings (house & gerzpe) ar<sealkd before irsulabon installed; house doors ges beted & chser instalied

5.6 | Exhaustfan (minimum 70 cfm, rabed for continwous use) installed in garage & vented to outdoors (confrok optional

6.1 | Certilied low-formelehyde pressed wood meterials used (i.e., plywood, OSE, MODF, cabinetry)

6.2 | Certilied low-VOC or no-VOC interior paints & linishes usad

Wt rials

6.3 | Carpet, adheshes, & cushion qualify for CRI Green Label Plus orGreen Label testing program

O | OO B BE O

00

7.1 | HVAC spstern & ductwork verified dry, clean, & properly installed

7.2 | Horme wentilated before acccupancy OR initil wentilation instructions provided for buper

Final

7.3 | Corrpleted chec Kist & other required docurrentation provided for buper

O000C0OoPO

Rate P rovider: Builder:

Company: Company:

Signaturne: Signature:




Photovoltaic
System
Commissioning

“"How to Identify Issues
on Installed Photovoltaic
Systems ™

by Fredrick Brooks

Aug. 23, 2017

“Proper system commissioning using a
thermal imager at the start of a system’s
life, coupled with an annual inspection,
helps ensure peak performance.”

: EFIE
-

Fig. 2a and 2b. A cell in this panel has failed to the point that there is a full visible crack inside the wafer of the cell.



“"How to Identify Issues on Installed Photovoltaic Systems"

by Fredrick Brooks Aug. 23, 2017

https://www.ecmweb.com/solar/how-identify-issues-installed-photovoltaic-systems

“Panels
<10°C, At is not a major issue.
>10°C, At should be examined to see if there is anything that might be
causing this issue. Further action will need to be taken (those steps
are stated below).

Inside of a combiner box and a service disconnect
< 2°C, Atis not a majorissue.
> 2°C, At needs to be addressed.

Combiner boxes
Torque specification was not properly met.
The string is a higher performing string and can cause heat.
The string has failed and is no longer producing (this is when you see a cold line) — this can be caused by a string being
disconnected. Blown fuse in the combiner box.

Inverters
Inverter ventilation covers not properly sealed.
Unit is not operating (Fig. 9).
Poor ventilation (externally or internally such as the intake screens or blocked or a failed fan).
Unit has a problem with the PV system not performing as designed and is under producing.”


https://www.ecmweb.com/solar/how-identify-issues-installed-photovoltaic-systems

Renewable Energy Ready Home Solar Photovoltaic Checklist

Home Location: City: State:
e EPA RERH Checklist Builder NA
\’ (See Renewable Energy Ready Home (RERH) specifications for details) Verified
United States < 1 Building/Array Site Assessment
ig‘g,:gc mansal:Protection 1.1 | Designate a proposed array location and square footage on architectural diagram: sq. ft. a
1.2 | Identify orlentation (azimuth) of proposed array location: ___ degrees. |
1.3 | Identify inclination of proposed array location: degrees. a
14 ' Conduct a shading study documenting impacts on proposed array location: % adjusted annual shading impact. a

S OI a r Ph otovo Ita i c If using monthly values as verified through the solar path assessments, check here: .
SPECIFICATION, CHECKLIST AND GUIDE 1 |t s caon v ho Ol RER SOt St ASSRSmEnt OO SO P e St

Yes [ This home meets the minimum recommended solar resource potential of 75 percent per the RERH SSAT results; continue with o
Section 2 below.

No O This home does not meet the recommended solar resource potential per the RERH SSAT results; this location is not a good
host for a future solar energy system and should not be made renewable energy ready.

2 Structural and Safety Considerations: Solar Photovoltaics
2.1 | Provide code-compliant documentation of the maximum allowable dead load and live load ratings of the existing roof; recommended

allowable dead load rating can support an additional 6 Ibs/sq. ft. for future solar system. a
2.2 | Install permanent roof anchor fall safety system (NA for roof pitch < 3:12). a a
3 Renewable Energy Ready Home Infrastructure: Solar Photovoltaics
3.1  Install and label a 4" x 4" plywood panel area for mounting an inverter and balance of system components. a
3.2 | Install a 1% metal conduit for the DC wire run from the designated amray location to the designated inverter location
{cap and label both ends). a
33 | Install a 1 metal conduit from designated inverter location to electrical service panel (cap and label both ends). a
34  Install and label a 70-amp dual pole circuit breaker in the electrical service panel for use by the PV system (label the service panel). Q
35 | Provide architectural drawing and riser diagram of RERH solar PV system components. a
4 Homeowner Education
4.1 | Provide to the homeowner a copy of this checklist and all the support documents listed below (to be provided to future solar designer).
- Copy of the Renewable Energy Ready Home Specification guide a
- Fully completed RERH checklist (all sections) a
- Architectural drawings detailing proposed array location and square footage a
- Electrical drawings and riser diagram of RERH PV system components that detail the dedicated location for the mounting of the =)
balance components
- Shading study with percent monthly or adjusted annual shading impactis) a
- Site assessment record generated by the online RERH SSAT indicating that the proposed site meets a minimum solar resource
potential of 75 percent of optimal a
- Code-compliant documentation of the maximum allowable dead load and live load ratings of the roof a
4.2 ' Record electric utility service providers contact information:
Electric utility service providers name and Web address:
5 Builder Best Practices (Optional Elements)
' - . N - . . A - - 5.1 | Develop a detailed landscape plan with a clear emphasis on low-growth vegetation a a
file:///C:/Users/ATl/Downloads/rerh pv checklist%20quide.pdf 5.2 | Place roof penetrations above or north of the proposed array to prevent casting shadows on the array location Q a
Builder Completion Date: Builder Company Name:
Builder Employee Name: Builder Employee Signature:

Interested in Solar Incentives? Please visit: http://www.dsireusa.org/solar/


file:///C:/Users/ATI/Downloads/rerh_pv_checklist%20guide.pdf

Z:‘NREL

NATIONAL RENEWABLE ENERGY LABORATORY

Best Practices in Photovoltaic
System Operations and
Maintenance

2"9 Edition
“6.3 Use of O&M Plan
Following construction and commissioning, the O&M plan is the only surviving
operational plan that contains the complete history of the plant in its archive.

Therefore, it is critical to ensure that the O&M plan is well-documented and
Safe |y a rC h iVEd -“ https://www.nrel.qov/docs/fy170sti/67553.pdf



https://www.nrel.gov/docs/fy17osti/67553.pdf

"Aerial Thermal Imaging e
Aerial thermal imaging inspections refer to

the collection and processing of image data : on Boxe
collected by aerial sensors with the goal of
detecting string, module, and sub-module

faults in the array. By detecting thermal ot Ce
variations between modules, any critical

defect that is causing a reduction in module | i
efficiency can be detected, in addition to the
proactive detection of hot spots and , |
potential fire risks (Fig. 14). These i mo6ules 3¢ Shewn on s IRag. by Reb Androws, couress o Halahies o)
inspections can be performed instead of

manual electrical testing as part of an annual Best Practices in Photovoltaic System

preventative maintenance, and can alsobe ~ Operations and Maintenance 2nd Edition

. . NREL/Sandia/Sunspec Alliance SuNLaMP PV O&M Working Group
Used for system CommISSIOnlng and end' https://www.nrel.gov/docs/fya7osti/67553.pdf

of-warranty inspections, and infrared
inspection of AC substation.”

.-1.' 4 #' D-IViodule k3



https://www.nrel.gov/docs/fy17osti/67553.pdf
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INTERNATIONAL CODES

IECC

F | n a n C | n g L a Wy e r S A Member of the International Code Family”

You Have

T P, INTERNATIONAL
O: ENERGY CONSERVATION CODE"




Why Energy Star

More than (

85%

A

ENERGY STAR

L

Tax Credits/ of Americans recognize the
Durabil ity ENERGY STAR brand. With the help of ENERGY STAR,
Re bates consumers and businesses
reduced utility bills
ENERGY STAR by $31 Billion
partners are leading the way, in 2014.
contributing to the prevention of
. 2 .4 Billion metric tons of
C om fO 1t M d rkEtI n 9 GHG emissions through energy efficiency.

http://forms.iapmo.org/newsletter/green/2016/images/energystar_partners.png




Why Passive House

Performance Durability

PHIUS

Passuve House Institute US

http://www.phius

Comfort Marketing




- Passive House Additional Resources Include
1. Power Wise Monitoring Systems

: - Total electricity use

What = * Electricity use by circuit, including HVAC, domestic hot
Continuous water, lighting, and outlets

Commissioning? * Air quality

* Thermal comfort
- Mechanical system performance
- Thermostat settings, room temperatures, and humidity



https://www.powerwisesystems.com/monitoring-control-solutions/passive-house/

Thank you

Emmett Leffel

Alaska Thermal Imaging LLC

(907) 745-4332
office@akthermalimaging.com
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