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Learning Objectives

Determine applicability and requirements for the Tropical-Zone
compliance option for low-rise dwellings.

Identify complying residential envelope constructions.
Evaluate design options with the residential points option.
Determine commercial building envelope compliance.
Determine allowed interior and exterior lighting power

Use residential and commercial checklists to identify relevant
requirements.
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What is it?

CEFARTMENT OF ACCOONTTHO MED CENERAL SERVICES

Hawaii
Honolulu
Kauai
Maui
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2015 IECC Structure

Table of Contents

Commercial Provisions Residential Provisions
Chapter 1 — Scope and Administration * Chapter 1 — Scope and Administration *
Chapter 2 — Definitions Chapter 2 — Definitions
Chapter 3 — General Requirements Chapter 3 — General Requirements
Chapter 4 — Commercial Energy Efficiency * Chapter 4 — Residential Energy Efficiency *
Chapter 5 — Existing Buildings * Chapter 5 — Existing Buildings *

Chapter 6 — References Standards Chapter 6 — References Standards
B S S —

* See also Hawai’i State Energy Conservation Code amendments
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Energy Office

11

Residential Requirements Commercial Requirements
e 1-and 2-family dwellings (R-3) e All other buildings
e Multi-family (R-2 < 3 stories ) - Including R-1 (hotels)

* Residential care/assisted living
(R-4 < 3 stories)

HaWAIl STATE
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Who needs to comply?

& +  Alterations
. - Several exceptions
*  Change of occupancy
- When change results in increase in energy
- Conversions to dwellings

HAWAI STATE

Why should | care?

R ) - Reduced oil imports
"4 = Lower emissions
*  Value
*  Comfort
* Already required for State buildings

HAWAI STATE



Why should | care?
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https://energy.hawaii.gov/wp-content/uploads/2011/10/HSEOFactsFigures_May2017_2.pdf
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Why should | care?

Source: Eugene Tian, DBEDT
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How do | comply?
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. Insulation materials and their R-values.

. Fenestration U-factors and solar heat gain coefficients

(SHGCs).

. Area-weighted U-factor and solar heat gain coeffi-

cient (SHGC) calculations.

. Mechanical system design criteria.
. Mechanical and service water heating system and

equipment types, sizes and efficiencies.

. Economizer description.

. Equipment and system controls.
. Fan motor horsepower (hp) and controls.
. Duct sealing, duct and pipe insulation and location.

. Lighting fixture schedule with wattage and control
narrative.

. Location of daylight zones on floor plans.
. Air sealing details.
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. Insulation materials and their R-values.

. Fenestration U-factors and solar heat gain coefficients

(SHGC).

. Area-weighted U-factor and solar heat gain coefficients

(SHGC) calculations.

4. Mechanical system design criteria.
5. Mechanical and service water-heating system and

equipment types, sizes and efficiencies.

6. Equipment and system controls.
. Duct sealing, duct and pipe insulation and location.
. Air sealing details.



Where do | get more info?

- https://codes.iccsafe.org

*  Hawaii amendments & support info
- http://energy.hawaii.gov/hawaii-energy-building-code/2015-iecc-update

e Email contact
- Howard Wiig, howard.c.wiig@hawaii.gov
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Residential - Overview
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Compliance Options - Residential

Tropical Zone

2. Prescriptive

2. Total UA

21

= <50% air conditioned,
(I - not heated, and
- elevation < 2,400 feet

Wall and roof options:
1. Prescriptive

3. Points option
3. Simulated performance alternative

4. Energy rating index (ERI)

m HAWAI| STATE
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* New Tropical Zone option

*  New points option for walls and roof

¢ Window SHGC

22

*  Duct leakage testing
*  High efficacy lighting

o *  Air leakage testing — blower door

m HAWAI| STATE
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Checklists - Residential

*  Tropical Zone bedndcoasiaiidiondl ‘

*  Prescriptive requirements

* Additions and alterations

*  Points option tables

HAWAI| STATE
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R401.2.1 Tropical Zone
Hawaii Version

Can use this path if:
- <50% air conditioned,
- not heated, and
- elevation < 2,400 feet

Requirements cover:
- Water heating
- Glazing
- Lighting
- Roof
= Natural ventilation
- Jalousie air leakage
= Envelope air leakage for AC areas

HAWAI STATE

25 < Energy Office

- R401.2.1 Tropical
N\ Hawaii Version

R401.2.1 Tropical zone. Residential buildings in the
tropical zone at elevations below 2,400 feet (731.5 m)
above sea level shall be deemed to comply with this chapter
where the following conditions are met: -

1. Comply with one of the roof surface optiens in
‘Table C402.3 and install R-13 insulation or
greater.

1. Hot more than one-half of the dwelling unit is air
conditicned .

2. The dwelling unit is not heated.

3. Solar, wind or other renewable snergy scurce

supplies not less than 90 percent of the energy for

service water heating.

4. Glazing in-dwelling units shall have a maximum
solar heat gain ceoefficient as specified in Table
R40Z.2.1.

2. Install R-19 insulation or greater.

If present, attics above the insulation are vented and
attics below the insulation are unvented.

Exception: The roof/ceiling assembly are
permitted to comply with Section R407.

Roof surfaces have a minimum slope of % inch per
foot of run. The finished reof does not have water
accumilation areas.

9. Operable fenestration provides ventilation area
Table R402.2.1. Window SHGEC Requirements equal to not less than 14 percent of the fleor area
in each room. Alternatively, egquivalent
Projection Factor of SHGC ventilation is provided by a' vemtilation fan.
overhang from base of 10. Bedrooms with exterior walls facing two different
avarage window aill" direction have operable fenestration or exterior
T T GREA G T I R B T walls ficlﬁq two different directions.
Bl <aﬂ = \sow‘ o EE = 11. Interior doors to bedrooms are capable of being
5 T DT - secured in the open position.
——— - - 12. A ceiling fan or ceiling fan aough-in is provided .
"Exception: Horth-facing windows with pf > ,20 ]
aro sxespt from the SHGC requiresent. Overhangs ::rhﬁ::‘m and the largeat space that is not used
hall d 2 £ = .
:e:nn:x::gl, nﬁ::;u::re;:hl:::? Wi 0 13. Jaleusie windows shall have an air infiltration
¥ rate of no more than 1.2 cfm per sgquare foot (6.1
L/s/uf) . )
© 5. Skylights in dwelling units shall have a maximum 14, Walls, floors and ceilings separating air

U-factor as specified in Table R402.1.2. .
6. Permanently installed lighting is in acceordance
with Section R404.

7. The rcoffceiling complies with one of the follewing

aptiona:

26

conditiconed spaces from non-air conditioned spaces
shall be constructed to limit air leakage in
accordance with the requirements in Table
R402.4.1.1. [EEf 5/24/10; am and comp MAR 31 20171
(Auth: HRS §107-29) (Imp: HRS §§5107-24, 107-25)

)
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R401.2.1 Tropical Zone
Water Heating

27

Waiver for instant-on water heater permitted

iy - HAWAIl STATE
il f Energy Office

R401.2.1 Tropical Zone
Windows

A"| PF=A/B

Overhang
Projection Factor

Maximum solar heat gain coefficient (SHGC)

No requirement

0.40

0.25

Large overhang

Medium overhang

Small overhang

)
\

)

1
1
1

0.30<PF<0.50

<0.30

North windows: no requirement if PF > 0.20

28
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Clear glass complies
in these examples

Visible Light U-Factor

Trans Reflect Reflect UV SHGC 1/2" Gap
Double Glazed % Out% In% Trans% Argon  Air

ClimaGuard 80/70 (3) 81 13 13 M 0.271 0315

0.702

IFF, HiLightR 802 80/70 +15-20) 79 14 14 0.678 0.222 0.254
I ClimaGuard 72/57 #3) Al 13 14 0.575 0.251  0.298
ClimaGuard 72/57 Al 14 13 0.468 0251 0.298

ClimaGuard 70/36 70 1 13 0383 | 0248 0.294
ClimaGuard 62/27 62 1 12 0.278 |«824—0-202—— SHGC < 0.40
ClimaGuard 55/27 56 17 19 21 0277 | 0.246 0.293
ClimaGuard 53/23 53 13 12 1 0233 [+o2as—o290—— SHGC < 0.25

Source: www.guardian.com
Low UV transmission

is an extra benefit

o R NY S
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World's Best
Window Co.

ENERGY PERFORMANCE RATINGS
U-Factor (US./1P) Solar Heat Gain Coefficient

035 0.25

ADDITIONAL PERFORMANCE RATINGS
Visible Transmittance Air Leakage (USJ/1P)

&0%
transmitted

40%
transmitted

&%
reflected

6% absorbed
and convected

away

6% absorbed 43% absorbed 12% absorbed
and reradiated and convected and reradiated
into space away into space

SHGC = 80% + 6% = 86% SHGC =40% + 12% = 52%

(An example. A range of
performance is available)

http://windows.Ibl.gov/software/NFRC/SimMan/NFRCSim6.3-2013-07-Manual.pdf

‘- HAWAI STATE
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&0%
transmitted

50%
transmitted

&%
reflected

26%
reflected

6% absorbed 6% absorbed 18% absorbed 6% absorbed

and convected and reradiated and convected and reradiated

away into space away into space
SHGC = 80% + 6% = 86% SHGC =50% + 6% = 56%

(An example. A range of
performance is available)

http://windows.Ibl.gov/software/NFRC/SimMan/NFRCSim6.3-2013-07-Manual.pdf
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Solar Spectrum

—Outside Atmosphere —Earth Surface

Infrared (shortwave)

L5
tn

o
o

55
n

Solar Radiation (W/m2-nm)

i, ! S

100 400 700 1000 1300 1600 1900 2200 2500
Wavelength (nm)

Data source: http://rredc.nrel.gov/solar/spectra/



50% ’ 3%

Visible 149 Btu/hr-ft2
Infrared 158 Btu/hr-ft2
Total 317 Btu/hr-ft2 »
Visible
47%
35 () ADBEDT B ciiiy i

L %Y iy
c L A% High-solar-gain low-E
2 06— >
¢ i N
E : I h
a 05 ‘.\ ‘.‘L‘
& -gain JowE Yy
= 04

iy \ )
e \:_ Y
NN

0.3 — K S
| Low-sclerkgain tow-£ . ™
Spectrally selective MJ”-. e \ R |
03 08 13 19 23
Wavelength (micrans)

http://www.commercialwindows.umn.edu
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| R401.2.1 Tropical Zone

LR

LT

U-factor < 0.75

Requires double-pane skylights

www.veluxusa .com

37

| R401.2.1 Tropical Zone

Lighting (R404.1)

High efficacy
> 75% of lamps

Lamp Wattage Efficacy

> 40 watts 60 lumens/watt

15-40 watts 50 lumens/watt

< 15 watts 40 lumens/watt

38




Source: DOE/NREL PIX17458 Source: DOE/NREL PIX20307

Compact Full-size

LED
fluorescent fluorescent

HAWAI| STATE

LED - cool white

LED - warm white I 140
HID - low pressure sodium I 200
HID - high pressure sodium . _ 150
HID - metal halide I 115
Fluorescent - full size . 100
Fluorescent - compact I 75 -
Incandescent - halogen I 25 .

Incandescent - standard [ 17

0 50 100 150 200
Efficacy (lumens/watt)

HaWAI STATE
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R401.2.1 Tropical Zone

Roof

1. R-19 insulation
2. Cool roof + R-13 insulation
3. Points option (R407)

Cool roof

http://coolroofhawaii.com

If there is an attic
¢ Vented if attic above insulation
¢ Unvented if attic below insulation

41
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R401.2.1 Tropical Zone
Natural Ventilation

* Operable windows
* Area 2 14% of floor area
* Bedrooms
* Interior doors can be secured open

* Openings on two different sides if
exterior walls face two different
directions

* Ceiling fans

* Bedrooms

* Largest space that is not a bedroom
* Jalousie windows

e Airinfiltration rate < 1.2 cfm/ft?

42
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R401.2.1 Tropical Zone
. Summary

* Efficiency
= Little or no AC evaporation

- Water heating
S mmgﬁ

+  Comfort *{_7

5mmrfbw

metabolism

- Window solar gain

= Roof heat gain
- Natural ventilation

- conduclion

Heat generated . Heat loss
within body from body
d Air temperature
{ Ceiling temperature
T Air movement

HAWAI STATE
43 i | Energy Office
S
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A Brand New
Tropical Home

Kaupuni Village

i ¢ aaal : . | gk O ——
4 - " 2 = — -
Waianae Valley, Oahu -
— R
19 affordable homes
$303,000 average construction cost )
Built in 2011 e LI
https://www.nrel.gov/docs/fy120sti/53401.pdf
https://www.nrel.gov/docs/fy130sti/58000.pdf
46 -




Solatube Skylights High Performance Glazing

Natural light in interior spaces

Photo-Voltaic & Hot Water Solar Panels
Produce power and minimize electric bills

Reduces haat gain through windows

Light Caolored Roof
Minimizes heat gain through roof

Insulated Roof
Minimizes heat gain
through roof, and
minimizes cooling
costs

Fiber Board Siding (Recycled Material)

High SRI Roofing
Reflects and
minimizes heat
absorption through
the roof

High Efficiency
Appliances

Al oppliances are
Energy Star Compliant

- i = Low Finishes
'.‘r’fé.ffrfgf ::?ﬁﬂ::way . Pravides a healfhier indoor
rainwater fo percolate through hard ; environment with low c!ndjcr non—!cw.l::
surfaces and be absorbed by the adhesives and finishes
ground

Insulated Exterior Wall
Reduces heat gain fhrough exterior walls
i Copyright 2010 Grous 70 Intermationst and minimizes cooling cost

HAWAI STATE
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Kaupuni Village

14,640
14,700 B Hot Water
I Cooling
=~ 11,760
E # M Cool Fan/Pump
E .~ Lights
o 8,820
n [ Large Appliances
%‘ B Miscellaneous
S 5,880
@ () Excess Electricity,
";,' Total-PV
& 2,940
D- e —

Kaupuni Village
Net-Zero Energy House

Standard House

HAWAI STATE
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Ratio of Total Production to Total Consumption

3.0

25 -

2.0 -

1.5 -

1.0

0.5

0.0

Net Energy Ne.a_r iem Energ;' Net Energy
Producers (C prion is withi; 120% of Product Consumers
(C >20% more
B 1-story homes IR ey R aRcE)

0 2-story homes

T

7 13 6 18 15 14 11 3 17 16 9 19 5 4 1 2 12 10 8
Report House Number
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Tropical Zone Quiz

2

What are the wall insulation requirements?

Does single-wall construction comply?
Which is not allowed under the Tropical Zone path?

a

b
C.
d
e

Ductless mini-split air conditioner
Heat pump water heater

Dark roof

Unventilated attic

Jalousie windows

Design professional certification not required

a.
b.

True
False

" HAWAI STATE
j} m zEnwwoﬂlce
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Residential — Envelope
Prescriptive Option

Residential Envelope

1. Table R402.1.2
2. Total UA
3. Points option
Windows & skylights
Table R402.1.2
Air leakage
Installation
Testing

HAWAII STATE
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Table R402.1.2

Opaque Envelope - Prescriptive

R-value U-factor |
(hr-ft2-°F/Btu) | (Btu/hr-ft2-°F)

=)
o]

T

Y

Ceiling R-30 0.035 D
Wood frame wall R-13 0.084 e
Mass wall R-3 — exterior 0.197
R-4 —interior

Floor R-13 0.064

Basement wall 0 0.360

Slab on grade 0 NA

Crawl space wall 0 0.477

1Proposed County Amendment . @ “‘m l HAWAI STATE

Table R402.1.2
Opaque Envelope - Prescriptive

Insulation R-value
(hr-ft2-°F/Btu)

Steel frame wall, R-0+9.3 R-19 + 2.1
16 in. o.c. R-13 +4.2 R-21+2.8
R-15 + 3.8

Steel frame wall, R-0+9.3
24 in. o.c. R-13 + 3.0
R-15+2.4

Steel truss ceiling R-38
R-30+3
R-26 +5

Steel joist ceiling R-38
R-49 if framing > 2x8

HAWAI STATE
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e 10in. batt
e ~10in. blown-in

55]

Some R-30 insulation options

* ~8in. open-cell spray foam
* ~5in. closed-cell spray foam

i

Or use the points option
for compliance

Some R-13 insulation options
3.5in. batt

3.5in. blown-in

3.5in. open-cell spray foam
~2 in. closed-cell spray foam

56



Extruded Poly-

Polystyrene isocyanurate
(R-5/in.) (R-6/in.)
2.4 20.48in. 2 0.40in.
3.0 > 0.60 in. 2 0.50in.
3.8 >0.76in. >0.63in.
4.2 >0.84 in. >0.70 in.
9.3 2 1.86in. 2 1.55in.

Or use the points option for compliance

57

e

i

:

R-4 interior U-factor < 0.197
>0.67 in. polyisocyanurate > R-4 in wood furring
2 0.80 in. polystyrene > R-11 in metal furring

R-3 exterior
> 0.50 in. polyisocyanurate
> 0.60 in. polystyrene

58



R402.1.5

Opaque Envelope — Total UA Option

e Calculate total U-factor x Area for walls and roof

* Typically use REScheck software
- Desktop or Web version

- https://energycode.pnl.gov/REScheckWeb

(VIREScheck-Web"

59

[ RESCheckWeb-New®r: X

m HAWAI| STATE
LVEBELy 8 [Ea Energy Office

&« [ ‘ & Secure | https://energycode.pnl.gov/REScheckWeb/#/new-project/

ouw|D & @

mREScheck-Web“

Home « New Project

Project Envelope Compliance %
Project Info:
Yo ect Ttk | Tropical house
Ensrgy;Goce: 2015 IECC v
What's my code?
Location Honalulu County, Hawaii
Projectiype @ New Construction
0 Addition
1 Alteration
Compliance ® UA Trade-Off
Method ' Performance Alternative

60

r‘ erik@kolderupconsulting com | Help | Sign off | £¢

Building Characteristics

Construction Ype  §, 4_and 2 Family, Detached

O Multifamily
Conditioned Floor 1500 e
Area N
Orientation - Front  Enable: ||
Faces
Features
All ducts and air handlers are located Within -~ - veo @ Ng
conditioned spaces: : i
Thermally isolated sunroom: ) Yes @ No
Pool or inground spa: O Yes @ No
Interior wood-buming fireplace: 7 Yes @ No

m HAWAI| STATE
LVEBELy 8 [Ea Energy Office



/(@ RESCheckWeb-New Pre x 0L

& (&) ‘ 8 Secure | https;//energycode.pnl.gov/REScheckWeb/#/new-praject/

Ll R

@REScheck-Web"

Home - New Project

Project | Envelope  Compliance (15%) v

Show all

Ceilings / Skylights (1 assembly)

Ceilings

n enk@kolderupconsuiting.com | Help | Sign off | £

Bi Report

Compiiance Check

. Cancel

0 Glazing requirements

Continuous
Cavity Insulation Insulation R-

R-Value Value U-Factor

Y+ Pt ]

Celling | Flat Ceiling or Scissor Truss

|38 0 003

Walls / Windows / Doors (1 assembly)

| Add~ |
- Continuous
Cavity Insulation Insulation R-
Walls Assembly Gross Area R-Value Value U-Factor
= o] LRI N P o A [T i 3 — W[ ] i
iasme wa ‘ Steel Frame, 16" o.c. | 1600 19 5 | 0,101 | =
Foundations

61

'4

HAWAI STATE
Energy Office

Generated by REScheck-Web Software
Compliance Certificate

Tropical house
2015 IECC

380 0.0 0.030 a5
w0 50 114
[ vr— The here s thw specifications. and other
calkcudations submitted with Th designed to meet the 201% IECC requirements in
REScheck Version : RESch nply wth the mandatery rd iy the REScheck inspection Checklist.
Name - Title Sonature Date
Project Title: Tropical Feport date-  D4/04/18
Data filename: Page lof 1
m HAWAI| STATE
62 R Energy Office



Section R407

Opaque Envelope — Points Option

e Total points20
- Roof and walls, or

Standard | Tropical
Home Home
Paints Points

- Roof alone and wall alone R-13 Cavity WallInsulation o 1
+ Options for credit K51 R W e N A [

= Insulation e Hri i 8 :

- Cool roof s W o0 gy e ol gl i g

- Radiant barrier i i oS o

- Wall reflectance e ot - A

- More efficient lighting iAottt Wi s H

- Efficient appliances roptntihebioga ks = :

= Wa” shading Install 1 kW or greater of solar electric 1 1

- Ductless AC

_ High efficiency AC Reasons to use the Points Option

- NoAC 1. Want <R-30 roof insulation

- Small dwelling 2. Have metal-framed walls and don’t

- Energy Star fans want to add foam board insulation

= Solar electric

. (o) ATOBEDT iiiiysics

Home Zone

Points Points
R-13 cavity wall insulation 0 1
R-19 roof insulation -1 0
R-19 roof insulation + cool roof membrane? or radiant barrier3 0 1
R-19 roof insulation + attic venting? 0 1
R-30 roof Insulation 0 1
R-13 wall Insulation + high reflectance walls* 1 2
R-13 wall + 90% high efficacy lighting and Energy Star appliances® 1 2
R-13 wall Insulation + exterior shading wpf=0.3° 1 2
Ductless air conditioner’ 1 1
1.071 X Federal minimum SEER for air conditioner 1 1
1.142 X Federal minimum SEER for air conditioner 2 2
No air conditioning installed NA 2
House floor area < 1,000 ft?2 1 1
House floor area > 2,500 ft?2 -1 -1
Energy Star fans® 1 1
Install 1 kW or greater of solar electric 1 1

HAWAI STATE
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Home Zone

Points Points
R-13 + R-3 wall insulation 0 1
R-13 cavity wall insulation + R-0 -1 0 '
R-13 wall Insulation + high reflectance walls* 0 1
R-13 wall + 90% high efficacy lighting and Energy Star Appliances® 1 2
R-13 wall insulation + exterior shading wpf=0.38 0 1
R-30 roof Insulation 0 1
R-19 roof Insulation -1 0
R-19 + cool roof membrane? or radiant barrier3 0 1
R-19 roof Insulation + attic venting? 0 1
Ductless air conditioner’ 1 1
1.071 X Federal minimum SEER for air conditioner 1 1
1.142 X Federal minimum SEER for air conditioner 2 2
No air conditioning installed NA 2
House floor area < 1,000 ft?2 1 1
House floor area > 2,500 ft2 -1 -1
Energy Star Fans8 1 1
Install 1 kW or greater of solar electric 1 1

HAWAI STATE

65 Energy Office

1 Cool roof with three-year aged solar reflectance of 0.55 and 3-year aged thermal
emittance of 0.75 or 3-year aged solar reflectance index of 64.

2 One cfm/ft? attic venting.

3 Radiant barrier shall have an emissivity of no greater than 0.05 as tested in accordance
with ASTM E-408. The radiant barrier shall be installed in accordance with the
manufacturer’s installation instructions.

4 Walls with covering with a reflectance of > 0.64.

5> Energy Star rated appliances include refrigerators, dishwashers, and clothes washers
and must be installed for the Certificate of Occupancy

6 The wall projection factor is equal to the horizontal distance from the surface of the wall
to the farthest most point of the overhang divided by the vertical distance from the first
floor level to the bottom most point of the overhang.

7 All air conditioning systems in the house must be ductless to qualify for this credit.

8 Install ceiling fans in all bedrooms and the largest space that is not used as a bedroom.

» HAWAI| STATE
) M(DBEDT [ s oiice
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Radiant Barriers

e Thermal emittance < 0.05 (“low-e”)
*  Lowe-e (shiny) surface facing air gap
e Cuts radiant heat transfer

- Reduce cooling load through roof
- Cuts radiant heat load on ducts from hot

roof deck
_\I'ad.‘ _“}fa"
guce -2 2 With
ot =it . :
4 “ol radiant barrier

Cooler ceiling

HaWAIl STATE
Energy Office

HaWAI STATE
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SW 6784 Bravo Blue s s

Example ==
Color Collection SW Color |_|ght ::‘_:‘:';'-.-E%m= 7 f
coterFamiy plues Reflectance Value =~ '
z::vs',"p :_:12|G_231 s (LRV) for exemption > 64%
Hexadecimal Value #DA4ETEA

m|:| U EEn (rv B |le— o OK, LRV 78

SW 6785 Quench Blue

Interior/Exterior

Color Collection SW Color

Color Family Blues

Color Strip 113

RGE Value R-184 | G-222 | B-233

[ * Je—— OK, LRV 69

SW 6786 Cloudless

Interior/Extenor

Color Collections SW Color , Teen Space
Color Family Blues
Color Strip 113 .
RGB Value ruojc2s 222~ NOt complying, LRV 57
Hexadecimal Value wsc/
(rv 57 |

71 Source: www.sherwin-williams.com

Wall Projection Factor (WPF) = 0.30

A
WPF = —
B

m HAWAI| STATE
s BVRBE=NS N K4 Energy Office



Split system
Packaged system

73

system AC

Want

R-19 insulation in cathedral
ceiling (instead of R-30)

R-13 wall cavity insulation

Questions

1.
2.

How many points behind?

What are the options that
can be used for
compliance?

74

13.0 SEER
14.0 SEER

AC System Type feCeil
y P Standard

13.9 SEER 14.8 SEER '
15.0 SEER 16.0 SEER

m HAWAI| STATE
. EVEMEANE K Energy Office

Options

1 point: high reflectance walls

1 point: 90% HE lighting + ES appliances
1 point: wall shading

1 point: ductless AC

1 point: 13.9 SEER

2 points: 14.8 SEER

1 point: ES ceiling fans

1 point: 21 kW solar electric




Table R402.1.2 & R402.3

Fenestration - Prescriptive

Solar heat gain coefficient (SHGC) < 0.25
Windows and skylights
Area weighted average allowed
Exceptions
Up to 15 ft?2 exempt
Skylights can have SHGC < 0.30

HAWAI STATE

75 Energy Office

R402.4
| Air Leakage - Installation

Details in Table R402.4.1.1

e Continuous air barrier

* Breaks or joints are sealed

* Recessed lighting

* Fenestration air leakage

HAWAI STATE
Energy Office

76



HAWAI| STATE
Energy Office

* Wall and roof, three options
1. Table R402.1.2
2. Total UA
3. Points option
*  Windows & skylights
Table R402.1.2
* Air leakage
Installation

Or Tropical Zone option

Testing

HAWAI STATE
Energy Office

78



Residential — Systems

HAWAIl STATE
79 WS L m zEnwwOfﬂu

R403
AC System Requirements

Programmable thermostat Duct sealing

Source: www.energycodes.gov

Duct testing

vty m HAWAIl STATE
) G DBEDT [ coeroy office

80




R403.3.1

. Duct Insulation

y
=

4" Within
| thermal
. - envelope ~ -
R-8
In insulated e
and sealed (’
attic y - g ;

(~1.75'I thICk) (~2.5” thICk)

DBEDT [/ /.00 ol
. (&) AOBEDT B i



Source: DOE/NREL PIX03067 Source: DOE/NREL PIX10076

HAWAI STATE
83 m z Energy Office

R403.2.2

Duct Sealing

IRC M1601.4.1 Joints, seams and connections
Ducts mechanically fastened and sealed

Sealing options
Tape with UL mark “181 B-FX” Mastic with UL mark “181 B-M”

¥rgreTn

dizt”

045 s n

99 45

Source: www.energycodes.gov

84
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R403.2.2

Duct Sealing

IRC M1601.4.1 Joints, seams and connections
Ducts mechanically fastened and sealed

Mechanical fastening options

Flex duct Metallic duct
Mechanical fasteners with e At least 1inch overlap
UL mark “181 B-C” e At least three screws/rivets

ﬂ';' =

4

=3 9 HAWAI STATE
85 @ 2 Energy Office

R403.3.3 & R403.3.4
Duct Testing

Rough-in test or Postconstruction test

! |;| ! H =
i1 !‘I _. il

Leakage < 4 cfm/100 ft2 Leakage < 4 cfm/100 ft2

Leakage < 3 c¢fm/100 ft2
(without air handler)

Test not required if air handler and all ducts are within conditioned space

=3 9 HAWAI STATE
36 @ 2 Energy Office



R403.5.4

Solar Water Heating

Section R403.5.5 Solar water heating.
Solar water heating systems are required for new single-family

residential construction pursuant to HRS 196-6.5

: HAWAI| STATE
S ) zEueermce

87

R 403.10
. Pool and Spas

* On/off switch
* Time switch
* Cover for heated pool

- Unless 70% solar
or site recovered heat

Source: www.energycodes.gov

. HAWAI| STATE
R L) 2 Energy Office
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Residential — Electrical & Lighting

gy HAWAIl STATE
89 e m z Energy Office

R404.1

| Lighting

High efficacy
> 75% of lamps
> 40 watts 60 lumens/watt

15-40 watts 50 lumens/watt

< 15 watts 40 lumens/watt

e HAWAIl STATE
. () A(DBEDT § 1.5 nice



R404.2

. Ceiling Fans

R404.2 Ceiling Fans (Mandatory). A ceiling fan or ceiling fan rough-in
is provided for bedrooms and the largest space that is not used as

bedroom.

HAWAI STATE
91 @ m z Energy Office

R404.2

. Ceiling Fans/Whole-House Fan

., HOT AIR OUT '*/

COOL AIR IN

HAWAI STATE
92 @ m z Energy Office



R404.2
.| Ceiling Fans/Whole-House Fan

Residential — Additions & Alterations

94

m HAWAII STATE
QREy ST e s sewa, [ Energy Office



Additions and Alterations

e  Additions
1. New construction requirements for addition alone, or

|
. B

2. Simulated Performance Alternative for existing + addition
* Alterations

- New construction requirements for altered components
- Several exceptions (partial list)

¢ Roof recover

* Wall cavity is not exposed
* Wall or roof cavity already filled with insulation
e Glazing-only replacement
* Roof replacement
Potential code amendment. Choose two:
1. Energy Star compliant roof covering
Radiant barrier

2
3. Attic ventilation via solar attic fans or ridge vent or gable vent
4. Shaded roof (C402.3)

HAWAI STATE
95 @ m ! Energy Office

Compliance Certification

COUNTY OF
[COUNTY’'S ENERGY CODE NAME]

To the best of my knowledge, this project’s design substantially conforms to the
[CODE NAME] (2015 IECC as amended) for building envelope components.

COMPLIANCE METHOD

O Tropical Zone. R401.2.1

O Prescriptive. R402

O Points Option. R407

O Simulated Performance. R405
O Energy Rating Index. R406

INFORMATION IN CONSTRUCTION DOCUMENTS
O Roof insulation R-value

O Roof insulation type and location

O Roof membrane solar reflectance (if applicable)

O Wall insulation R-value|

O Wall insulation type and location

O Window SHGC

O Air leakage testing requirement

NOTES

SIGNATURE: DATE:

NAME:

TITLE:

LICENSE NO.:

HAWAI STATE
96 @ m ! Energy Office



1.

Tropical Zone
- <£50% air conditioned,
- not heated, and
- elevation < 2,400 feet
2. Prescriptive
Wall and roof options:
1. Prescriptive
2. Total UA
3. Points option
Windows & skylights
AC systems
Water heating
3. Simulated performance alternative

——

4. Energy rating index (ERI) r

S b .'E-".-.’;‘-.

97

B 1 HAWAIl STATE
| L BESELY Energy Office

Commercial incentives
- 50%
* High efficiency equipment retrofit
- 80%
* Incremental cost for high efficiency vs. standard efficiency
— New construction

— “end-of-life” equipment replacement
e VFD installation (1%t time)
- 100% (G & J rates)
* Energy efficient lamps

Projects must be submitted for consideration and eligibility testing prior to
KIUC issuing an incentive agreement.

Visit www.kiuc.coop or call 246-4300 & ask for Energy Services

Kaua‘i Island
- Utility Cooperative

98 Your Touchstone Energy” Cooperative .
—



KIUC Incentives

= $50 Rebate
- Energy Star Ceiling Fan
= $25 Rebate

- Heat Pump Water Heater Installation
= $300 Rebate

- Solar Water Heater Installation
= $1,000 Rebate or Zero Interest Loan

Visit www.kiuc.coop or call 246-4300 & ask for Energy Services

Kaua‘i Island
- Utility Cooperative
Your Touchstone Encrgy” Cooperative. #08¢

99
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Commercial — Overview

m HAWAI| STATE
LVEBELy 8 [Ea Energy Office
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Options

2015 IECC ASHRAE Standard 90.1-2013

m
I3
ol

ot AL ALY abteribh s 1 s

Energy Standard
or for Buildings
Except Low-Rise

Residential Buildings
(I-P Edition)

. T

ety Uy hriiationpy

L e s A i . T e it o b AL St 1 . ot bk
3

e I

m HAWAI| STATE
g Ry Energy Office
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Compliance Options

C402.5 Air leakage
C403.2 Mech. systems
C404 Water heating
C405.2 Lighting controls
C405.3 Exit signs
Prescriptive Total Building C405.5 Exterior lighting
requirements Performance C405.6 Sub-metering

C405.7 Transformers

‘ ‘ C405.8 Motors

Mandatory
requirements

Insulation Computer simulation

Windows & skylights

Complex HVAC req. This path necessary if
Interior lighting power window area >40% or
Additional efficiency skylight area >3%

103

bty m HAWAI| STATE
R E R Energy Office

C406.1
Additional Efficiency Package Options

Buildings must comply with at
least one additional efficiency
feature:

1. More efficient HVAC

2. Reduced lighting power
density

Enhanced lighting controls
On-site renewable energy

Dedicated outdoor air system

o O oS O

High-efficiency SWH

HAWAI STATE

104 Energy Office




Checklists - Commercial

*  Envelope

HAWAI| STATE Hawaii Ener,
L easra e

*  Mechanical system
*  Service water heating
* Lighting and electrical

* Additional efficiency
* Additions
* Alterations

A AWAII STATE
105 j} m z Enwg;lfofﬂw

Highlights

* |ncreased roof insulation

*  Cool roof for low-slope '
* Increased wall insulation

*  Mass-wall insulation

*  Window U-factor requirement

*  Window area limit

»  Skylights required for some spaces

*  HVAC energy recovery

e HVAC system commissioning

*  Refrigeration systems

* Lower lighting power allowance

* Lighting system functional testing

*  “Additional Efficiency” requirements

» HAWAI| STATE
) M(DBEDT [ s oiice
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Commercial — Envelope

m HAWAI| STATE
s BVRBE=NS N K4 Energy Office
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Table C402.1.3

Roof and Wall Insulation
I L R

Group R Other
Roof Insulation entirely above deck R-25ci R-20ci
Metal building R-19 + R-11 LS R-19 + R-11 LS
Attic and other R-38 R-38
Walls Mass R-5.7ci R-5.7ci
Metal building R-13 + R-6.5ci R-13 + R-6.5ci
Metal framed R-13+ R-5ci * R-13+ R-5ci *
Wood framed and other R-13+ R-5ci * R-13+ R-5ci *
R-20 R-20

Naliegjlitement: ci = continuous insulation

* Below grade wall LS = layer system
* Floors * See Hawaii exceptions

m HAWAI| STATE
s BVRBE=NS N K4 Energy Office




Roof Insulation R-25 for group R buildings
Entirely Above Deck R-20 for other buildings

|

~ Polyisocyanurate R-6/inch
Extruded polystyrene R-5/inch

Photos courtesy of PIMA (Polyisocyanurate Insulation Manufacturers Association), via www.energycodes.gov.

HaWAI STATE

109 Energy Office

Roof Insulation
Metal Building

R-19 + R-11 LS
& thermal block
(6 inches + 3.5 inches)

www.metalbuildinginsulation.com

Source: http://armstrongsteel.com

HaWAI STATE
Energy Office

110




R-38 for all buildings
(12 inch thickness)

Or U-factor £0.027

Source: WwWw.energycodes.gOV

HAWAI STATE
111 @ m l Enwmlulrorﬂoe

exterior interior U-factor <0.151
R-5.7 insulation Interior furring
(1 in. polyisocyanurate or R-6 in wood or R-13 in metal

1.25 in. polystyrene)
o (o) ATOBEDT iiiiysics



Source: http://armstrongsteel.com

R-13 faced batt R-6.5 rigid
R-6.5 rigid . R-12 rigid
metal furring
metal panel channel
girt

R-13 faced batt

R-13 + R-6.5 continuous R-12 continuous

e m HAWAI| STATE
\ s BVRBE=NS N K4 Energy Office

113

C402.2.3
Exception for continuous wall insulation

Continuous insulation for framed walls not required if:
1. Walls reflectance > 0.64, or
2.  Walls overhang projection factor > 0.3

R-13 cavity insulation complies

114

e m HAWAI| STATE
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Wood-framed Wall
Options

i -
L // == §
R-13 + R-13 +
R-3 slz:ri;uous Al Reflectance Overhang
' > 0.64 PF>0.3

WAl S
ergy Oﬂ'lce

115

Qualifying Wall
Overhangs

A2324"

i| B =10 ft

WAl S
ergy Oﬂ'lce




R-13+ R-13+
R-5 continuous Reflectance > 0.64

117

C402.3
Low-sloped Roofs

R-13 +
Overhang
PF2>0.3

HAWAIl STATE
e At Energy Office

Cool roof required

1. solar reflectance >0.55
+ thermal emittance > 0.75, or

2. solar reflectance index > 64

3-year aged values

Typical products
* Single-ply membrane
* Liquid applied

118

HAWAIl STATE
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Roof Heat Transfer

Reflected Emitted
shortwave longwave
radiation Convected radiation

Roof
Indoors
- = Endiy Siiie

Roof Temperature Examples

Sacramento, CA
89°F ambient

EPDM Built up roof Built up roof
single-ply with aggregate with capsheet
173°F 159°F 158°F

HAWAI STATE
i | Energy Office
S
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sl § Syesr § st%'mcsw#.

0808-0001 Burkeline Roofing: M-358 CSPE Membrane: Single Ply  Bright White  0.83 071 088 0.87 104 87
White Thermoplastic and
Thermoset Roofing

0628-0011 Carlisle Constr Single Ply Bright White 088 075 089 090 111 93 +
Incorporated: Spectro-Weld Thermoplastic and
TRO White Thermoset Roafing

0628-0017 Carlisle i i Single Ply  Grey 057 0.50 0.88 0.85 67 57 &
Incorporated: Sure-Flex Thermoplastic and
KEE HP Gray Thermaset Roafing

0628-0016 Carlisle Ce i Single Ply Tan 074 0.e3 0.88 0.34 91 75 3
Incorporated: Sure-Flex Thermoplastic and
KEE HE Tan Thermeseat Roafing

0628-0015 Carlisle C i Single Ply Bright White. 0.82 071 0.89 0384 103 86 £
Incorporated: Sure-Flex. Thermoplastic and
KEE HP Whita Thermoset Roofing

http://www.coolroofs.org/products/search.php

() ADBEDT B ciiiy i

e Initial Weathered
/ \)' Solar Reflectance  0.88 0.68 3 year aged
Thermal Emittance 0.87 0.89 3 year aged

c R c Rated Product ID Number 0001

COOL ROOF Licensed Seller ID Number 0896
RATING COUNCIL @

Classification Production Line

Cool Roof Rating Council ratings are determined for a fixed set of conditions, and may not be appropriate
for determining seasonal energy performance. The actual effect of solar reflectance and thermal emittance
on building performance may vary.

Manufacturer of product stipulates that these ratings were determined in accordance with the applicable
Cool Roof Rating Council procedures.

() ADBEDT B ciiiy i



C402.4

.. Fenestration

Windows and skylights
1. Maximum area
Maximum U-factor
Maximum solar heat gain

coefficient (SHGC)
123

C402.4
.. Fenestration — Area

Window area < 30% of gross wall area
Up to 40% with daylighting controls

Skylight area £ 3% of gross roof area
Up to 5% with daylighting controls

Otherwise, use
Total Building Performance
compliance option

124



window
height

12’ roof

Window area = 280 ft?
Gross wall area = (30 +40+30+40)*12 = 1,680 ft2

% Window area = 280/1,680 = 17% OK

HAWAI STATE
125 @ m l Enwmlulrotﬂoe

C402.4
Window - SHGC

Window solar heat gain coefficient (SHGC)

Large overhang | Medium overhang | Small overhang

\
\

————

A"| PF=A/B

Overhang

Projection Factor 20.5 0.20=<PF<0.50 <0.20

Area-weighted average SHGC
allowed by Hawaii amendment

HAWAI STATE
126 @ m l Enwmlulrotﬂoe



C402.4

Windows — U-factor

Maximum U-factor
* U-0.50 fixed

* U-0.65 operable
e U-1.10 doors —) Single-pane complies

:l— m=p Dual-pane, low-e typical

Area-weighted average U-factor allowed

£ ) m HAWAI| STATE
(L B RFEERNE Energy Office

127

C402.4
Skylight — Minimum Area

Spaces * office
* Under roof * lobby
e Area > 2,500 ft? | atrum
. . ® concourse
* Ceiling height > 15 ft « corridor

* storage space

* gymnasium/exercise center
* convention center

* automotive service area

* manufacturing

* nonrefrigerated warehouse
* retail store
 distribution/sorting area

* transportation depot

* workshop

Several exceptions apply

£ ) m HAWAI| STATE
(L B RFEERNE Energy Office
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C402.4

Skylight Performance

SHGC<0.35
(or £0.60 with daylighting controls)

U-factor £ 0.75
(or U-0.90 with daylighting controls)

129

m HAWAI| STATE
L SEL BPEMELEPE Energy Office

C402.5

Envelope Air Leakage

* Continuous air barrier

* Fenestration air leakage

* Openings to shafts, chutes, stairways and elevator lobbies
* Air intakes, exhaust openings, stairways, and shafts.

* Loading-dock weatherseals

* Recessed lighting in the thermal envelope

130

m HAWAI| STATE
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Compliance Certification

~ COUNTY
[COUNTY'S | ENEBGY’ CODE NAME]
To the best of my knowledge, this project’s design substantially conforms to the [CODE NAME] (2015
IECC as ) far p p (Section C402).
COMPLIANCE METHOD
12015 IECC as amandad Mandamry & Pmsr.nprme
0 2015 IECC as y & Total Building P
O ASHRAE 90.1-2013. Mandatery & P ipti
O ASHRAE 90.1-2013. M y & Energy Cost Budget Method
INFORMATION IN CONSTRUCTION DOCUMENTS Yes  N/A
Roof insulation R-value o o
Roof insulation type and lacation o o
Roof membrane solar reflectance and thermal emittance o o
Wall insulation R-value o =]
Wall insulation type and location o o
Window SHGC o o
Window U-factor o o
Skylight SHGC o o
Skylight U-factor u] o
NOTES
SIGNATURE:
DATE:
NAME:
TITLE:
LICENSE NO.:
131

Commercial — Systems

HAWAII S‘I'ATE
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Mechanical System

Requirements

-« Cooling load calculations
* Cooling and heating equipment efficiency
e Controls
* Ventilation
* Energy recovery
* Kitchen exhaust
* Duct insulation
* Pipeinsulation
* Commissioning
* Fans
* Refrigeration equipment efficiency
*  Walk-in coolers and freezers
* Refrigerated warehouses
* Refrigerated display cases
* Heat recovery for water heating

HAWAI STATE
133 @ “m IEHWE;I’WW

C403.2.3 Efficiency Maybe:
C403.2.4 Controls C403.2.8 Kitchen exhaust
C403.2.6 Ventilation C403.2.14 Refrig. equipment

C403.2.9 Duct insulation and sealing  C403.2.17 Refrig. display cases

HAWAI STATE
134 @ “m IEHWE;I’WW



Table C403.2.3
Depends on equipment type & size

HEATING SUBCATEGORY OR MINIMUM EFFICIENCY
EQUIPMENT TYPE SIZE CATEGORY SECTION TYPE RATING CONDITION | Bofers 17172076 | Ac o 117307
i iti Split System 13.0 SEER 13.0 SEER
Ajrgﬂndltloners, < 65.000 Bru/k® All .P Y
air cooled Single Package 13.0 SEER | 14.0 SEER® |

Programmable thermostat
* Off-hour setback




Outdoor air ventilation
* Per International Mechanical Code
* Equal to ASHRAE Standard 62.1
* For example:
0.06 cfm/ft? + 5 cfm/person for office space

HAWAI STATE
137 @ m l Enwmlulrotﬂoe

Minimum insulation:
R-8 for ducts outdoors

For both supply
and return ducts

Source: www.energycodes.gov

HAWAI STATE
138 @ m l Enwmlulrotﬂoe



A few more

mechanical requirements

Guest room door switches
Demand control ventilation
Parking garage exhaust
Energy recovery

Commissioning

139

(1) B nsiay Sine

Space types

* Hotel and motel sleeping units

* QGuest suites

* Time-share condominiums
Control operation

* Disable cooling or reset to 290°F
* <5 minutes of opening

140

(1) B nsiay Sine



Required for spaces

e >500 ft? and

* >25 people/1000 ft? of floor area
If HVAC system has

* Automatic outdoor air damper modulating control, or

* > 3,000 cfm outdoor airflow

Theater, auditorium, ballroom,
conference room, etc.

141

C403.2.6.2

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

Enclosed Parking Garages

Automatic variable-speed exhaust fan control
* Contaminent sensors
* Reduce flow to <50%

Exceptions:
* <22,500cfm
e >1,125 cfm/hp

142
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Table C403.2.7

Energy Recovery Ventilation

Energy recovery effectiveness 2 50%

If design supply air flow exceeds this limit ﬂ

A
I 1
outdoor airflow < 8,000 hrs/yr > 8,000 hrs/yr

> 10% and <20% >26,000 cfm >2,500 cfm
> 20% and <30% >16,000 cfm >2,000 cfm
> 30% and <40% >5,500 cfm >1,000 cfm
> 40% and <50% >4,500 cfm >500 cfm
> 50% and <60% >3,500 cfm >0 cfm
> 60% and <70% >2,000 cfm >0 cfm
> 70% and <80% >1,000 cfm >0 cfm

> 80% >0 cfm >0 cfm

: m HAWAI| STATE
) B DBEDT [ .oy ofiice
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C403.2.11 & C408.2

Mechanical Systems Commissioning

HVAC Commissioning

— Required when

* > 480,000 Btu/h cooling capacity, or

* >600,000 Btu/h heating capacity } Typically > 20,000 ft?
— Requires:

* Notes on construction documents -

e Commissioning plan

e Systems adjusting and balancing

* Functional performance testing Prior to final mechanical
—  Equipment and plumbing inspections
— Controls

Preliminary commissioning report Registered design engineer
Final commissioning report or approved agency
Construction documents and O&M Manuals

: m HAWAI| STATE
" f e gt s Energy Office
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Compliance Certification

COUNTY OF
ICOUNTY'S ENERGY CODE NAME]
Too the best of my knawlodge, this project 1ot
C4D4 ana C4DS)
METHOD
2015 IECC a5 amardad
02005 IECC as amandad
INF Yes Nia
HVAL Systefrs
» Egupmant capacity and efficency. C4012 3 a =]
$ contros 403 2 4 =] o
Guest room door switches CAD3 2434 o =]
Vertdabon rale C403 2 6 o o
Demand werislation controts C40326.1 o o
Enclosad parking gacoge vertlation contol. C403.2.62 o o
venbilabon systeen. C403.2.7 o o
Kilchan exhaus! systems. C403 2.8 o o
Duct and pisnum insulatian thicknessRmiup. C403 26 o o
Duct and plermum soaling requirements. C4032 9 o o
Pipe insulabon hackness R valus G403 2.10 o o
Fan motor horsepowar C403.2 12 a o
Fan eficincy. CAD2.12 o o
Fan motor afficency. C405.8 o o
Pumg motor sfhciency. CACS =] =}
Variabio-fiow lan control. C403.4.1 a o
St prossuns sersod location. G403 412 o o
Stahc pressure resel control. C403.4.13 =] o
Chilad watar vanable flow control C4034.2.4 a =}
Chior solntion. 403426 a o
Cookng fower fan control C403 4.3 =] o
Torminal und minimum and maomum aiflow. C402 4 4 =] o
Commissorang maqueomants (408 2 a o
Fal
Rafrigeration equipment afficioncy. C4032 14 a o
Walkin cookers and feezers. CADG 2 15, C403 2 16 & C403 5 a o
Religerated warehouses. CA03.2 15 & C403.5 a o
Fealngesated display cases. C4032 17 &C403 5 a o
Servics Walir Heating
Hoat recovery for senice water haating C4034 5 a o
Equpment capacity and effoency. C404.2 =] o
Fipe CAD4 4 =] o
Hal waer pipa lengthivoluma. G404 5 =] o
Hal water circidabon cortiols. CAD4 6 a o
Healid pool and spa covers, CA04.8.3 a o
Commassoning tequrements. C408 2 a o
NOTES
SIGNATURE
DATE
HAME
TIME
UICENSE NO

Commercial — Elec. & Lighting

HAWAI STATE
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Electrical Power & Lighting

*  Dwelling unit lighting

* Lighting controls

e Exitsigns

* Interior lighting power
*  Exterior lighting

*  Sub-metering

*  Transformers

*  Motors

*  Elevators and escalators

m HAWAI| STATE
&L DBEDT £ cncroy office
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C405.2.1
Occupant Sensor Controls

* Occupant sensors required
- Classrooms/lecture/training rooms
- Conference/meeting/multipurpose
- Copy/print rooms
= Lounges
= Employee lunch and break rooms
= Private offices
= Restrooms
= Storage rooms
= Janitorial closets

- Locker rooms

- Other spaces <300 ft2 with Exceptions
floor-to-ceiling partitions * Security or emergency areas
- Warehouses » Exit stairways, ramps and passageways

HAWAIl STATE
148 m z Energy Office




C405.2.2

Time-Switch Controls

* Time-switch controls for each area without occupant sensor

* Exceptions
- Sleeping areas

—_

= Patient care .
Must have light

- Safety or security "~ reduction controls

- Lighting for continuous operation
- Shop and laboratory classrooms

HAWAII STATE
149 o .:'_‘!,/ m z Energy Office

C405.2.3
Daylight-responsive controls

* Required in spaces with s \ — -
>150W of general lighting in: : (i
- Sidelight daylight zones
- Toplight daylight zones
* Exceptions
= Patient care
- Dwelling units
- Display and accent lighting
- Display case lighting
= First floor sidelight zone in A-2
and M occupancies

HAWAI STATE

150 Energy Office




Toplight
daylight
zone

More details in the code

(=) A(DBEDT By sics

C405.24

Guest Room Master Control

Guest rooms and suites

- Timeshare condos
Auto shut off
- Installed lights

- Switched receptacles

< 20 minutes after guest leaves
* Key card system complies

(=) A(DBEDT By sics



C4054.1

Connected Lighting Power

* Includes
- Screw-in lamps

* Labeled max. luminaire power
- Low-voltage lighting

* Transformer rated power
- Line-voltage tracks

e >30W/linear ft, or

* Current-limiting device rating 2
- Input power for all other luminaires ;\Q

h m HAWAI| STATE
s BVRBE=NS N K4 Energy Office
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Table C405.4.2(1)

Interior Lighting Power Allowance

Building Area Method

TABLE C405.4.2(1)
INTERIOR LIGHTING POWER ALLOWANCES:
BUILDING AREA METHOD

BUILDING AREA TYPE LPD N’iﬁ’l Motion picture theater 0.76

Automotive facility 0.80 Multifamily 051
Convention center 1.01 YT = 1.02
Courthouse 1.01 Office 0.82
Dining: bar lounge/leisure 1.01 Parking garage 0.21
Dining: cafeteria/fast food 0.9 Penitentiary 0.81
Dining: family 0.95 Performing arts theater 1.39
Dormitory 0.57 Police station 0.87
Exercise center 0.84 Post office 0.87
Fire station 0.67 Religious building 1.0
Gymnasium 0.94 Retail 1.26
Health care chinic 0.90 School/university 0.87
Hospital 1.05 Sports arena 0.91
Hotel/ Motel 0.87 Town hall 0.89
Library 1.19 Transportation 0.70
Manufacturing facility 117 Warehouse 0.66
Workshop 119

- ADBEDT [ .05 ohice




Table C405.4.2(2)

Interior Lighting Power Allowance

Space-by-Space Method INTERIOR LIGHTING POWER ALLOWANCES:
. PACE-BY-SPACE METHOD
(partlal) COMMON SPACE TYPES® [ LPD (wattsisq )
Atrium
Less than 40 feet in height 2 -?j{ﬁ;ﬁt
Greater than 40 feet in height 0'4?11:33012112 ie;}f[oot
Audience seating area
In an auditorium 0.63
In a convention center 0.82
In a gymnasium 0.65
In a motion picture theater 1.14
In a penitentiary 0.28
In a performing arts theater 243
In a religious building 1.53
In a sports arena 0.43
Otherwise 043
Banking activity area 1.01
Breakroom (See Lounge/Breakroom)
Classroonvlecture hall/training room
In a penitentiary 1.34
Otherwise 1.24

HAWAI STATE
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TABLE C406.4. TABLE C405.4.2(2}—continued i ‘BUILDING TYPE SPELIFIC SPACE TYPES LPD (watisiaq.f)
INTERIOR LIGHTING POWER ALLOWANCES: 'mm“ﬂme,ﬁf;“%‘m“ facility
SPACE-BY-SPACE METHOD | e — Toan exany Freatment oo 166
L N SPALETYFES LFD CL] aren 121 In an MNARENE To0Mm 151
Nbrvam Iamum 047 In & medical supply reom 074
) o 0.03 per foot Taborst Tna 3
Less than 40 feet in hmglnl oy ey
. . |, iwtolalbeight T of a6 & classroom T4 In 3 nurse’s station 071
Gfedtin Hian 40 fest i Tislahi 0.40 + 0.02 per foot Otherwise 181 In an operating room 248
— | wtotalhesht | s Rdng s o8 a3 patient room 3
Audience scunng area Loading dock, mienos 0.47 T a plyysecal therapy room 051
Tn an anditormm 063 Lobby In a recovery room 115
- - Tora facility for the visually tupaired (and Tibrary
Ina cou\-'l.'u.um center 082 % r 18
e A not wsed primardly by the staff)’ T a reading arva I 106
gymna: For an elevator 0.68 T | T
In a motion picture mter 114 In a hotel 1.06 T, Tacility
Tn a pemtentiary T e In 8 motion pichure theater 0 1o detailed = 139
In a perfornung arts theater 243 g - g urts thealer ;: Tn am equip Toom 0.74
~ Tnarelipious building T e T Tn 2 extra hugh bay area (greater than 50° 0%
Toom g floor-to-ceiling height) i
In a sports arena 0.43 Lounge breakroom -
bt A S In a bugh bay area (25-50" floor-to-cetlng 123
Otherwise 043 In 2 bealtbeare facility | 092 Teight) =
Blnkmg aclivty area 1.01 Otherwse | 0.73 T a low bay area (Iess than 25 flaor-to- 119
T Gifice ceihing herght) )
r" Loutgs Enclosed 11 Museum
Chssmomﬂlecmhﬂhhmmgmm Open plan 008 Tn a peneral exhibihion area 1.05
1 a penileakiary 1.34 Parkung area, nterior 30 T 3 restoration roam To7
Otherwise 1.24 F‘umqu 168 Performing arts theater—dressing rom 061
Conference/meeting mulipurpose room 123 Restroom |Post Office—Sonting Area 0594
wamm L 7 b‘whu“”&{w?d‘m 1 Religaous burldmgs
Comidor S RmAEY Fy thy g o3 Fellowsbup hall [ oe
i -_—— Otterwins (L Ta a worship pulpitichiows area I 153
Tn a facility for the visually impaired (and 092 [Sales area 158 TE .
not used prunanly by Ih: stul])“ e - . — Seatung ares, peacrl 0.54 R‘:‘.*:::;w Toam 071
Inabospital 0.79 Emmmmmum) T 5 I 1
facility 0.41 Stazrwell 0.69 - -
Storage room 0.63 m’_mm -
0.66 — e Fora Class T facility 368
1.72 w......--. 1% For a Class IT facility 24
171 ; 3 W — Do | For a Class 11 facility 13
Facility for the visually impamed” For a Class TV facility 137
096 To s chapel (and ot used primanly by the 22 (TeuntperaEEn (SRS 1Y
— - = stnffy - In a bappagaicarousal area 053
the visually impaired (and
19 Tn 3 receation room (and not uved primanty| In an auport concourse 036
not used primarily by the staff) o ==ae - | by e sl g T ¥ kot o [}
* Inbar/lounge or leisure dining 107 (See Veluculas Area above) W“h Torage area
In cafetersa or fast food dming 0.65 F‘;‘”‘“‘“’" Soenter “endiit e ;g [ For medivan fo bulky, palletized ftems | 058
_In family dining = s SR pg -5 | For smaller, hand-camed stems [ o
e ietn sty eanion R~ : | [Commmmmten oo S e A < g e
Eleciricul mechamcal room 0.95 | 1w enercise area | 0.72 b A “Facility feor the Vienally lmpaired” is 3 facilisy thae is licensed oe will be
Emergency vehicle parape 0.56 | Ina playmg asea | 1.2 1;;:: ’?ml:"l Sl I‘r mm i “I\ 1:‘]]:':“ 20




What is the allowed
interior lighting power?

Table C405.4.2 Building Area Method Allowance
Office = 0.82 W/ft?

0.82 W/ft2 x 1,200 ft2 = 984 watts allowed

(=) A(DBEDT By sics

Small Commercial Example
What is the installed lighting power?

158



Small Commercial Example
What is the installed lighting power?

LUMINAIRE SCHEDULE

Symbol Description Input Qty Total
Power Power
2'x4’, recessed LED troffer, 120V 45W 14 630W

8-ft track, three 15W LED lamps, | 45W ] 2 90W
20V

LED downlight, 120V 26W 4 104W

Total 824W

Vs. 984 watts allowed —J

Complies?

C405.4.1 says, line voltage track lighting
power counts for at least 30 W/ft

159

Small Commercial Example
What is the installed lighting power?

LUMINAIRE SCHEDULE

Symbol Description Input Qty Total
Power Power
2'x4’, recessed LED troffer, 120V 45W 14 630W
8-ft track, three 15W LED lamps, 450 2 (eTalv.v}
20V 240W 480W
0 LED downlight, 120V 26W 4 104W
Total 824W
1214W
Vs. 984 watts allowed i

Complies?

C405.4.1 says, line voltage track lighting
power counts for at least 30 W/ft

160



What are the lighting
control requirements?

Occupancy sensors? [ =——

Time-switch? N : S IS N

Light-reduction? r -

Daylight responsive? L = N

Display and accent? o o S X IS )
N N N N N

What are the lighting
control requirements?

Occupancy sensors? Not for this space type.
Time-switch? Yes, but can use occupant sensor.
Light-reduction? Not for this space type.

Daylight responsive? Yes, >150W in sidelight zone.
Display and accent? Yes, for track lighting.

o @ m l HAWAI STATE



Small Commercial Example

=10 ft

Window height

Daylight responsive controls required

(exception for A-2 and M occupancy)

C405.5

Exterior Lighting

Exterior lighting zones
1. Base site allowance
2. Tradable surfaces
Sum allowance for all surfaces
3.  Nontradable surfaces
Each surface comply separately

Some exceptions

164

TABLE C405.5.2(1)
EXTERIOR LIGHTING ZONES

LIGHTING
ZONE

DESCRIPTION

Developed areas of national parks. state parks, forest
land. and rural areas

Areas predominantly consisting of residential zoning.
neighborhood business districts, light industrial with
limited nighttime use and residential mixed-use areas

All other areas not classified as hghting zone 1, 2 or 4

High-activity commercial districts in major metropoli-
tan areas as designated by the local land use planning
authority

m HAWAI| STATE
s BVRBE=NS N K4 Energy Office




C405.5

Exterior Lighting

1. Base site allowance

Zone 1

Zone 2

Zone 3

Zone 4

165

500 W
600 W
750 W
1300 W

@ «~

DBEDT [ ci.ioy orfice
! Energy Office

LIGHTING ZONES
Zone 1 Zone 2 Zone 3 Zone 4
Base Site Allowance
(Base allowance is
ticible srtadablc o 500 W 600 W T50W 1300 W
| nontradable surfaces.)
Uncovered Parking Areas
Parking areas and drives 0.04 Wi 0.06 W/t 0.10 W/t 013 Wi
Building Grounds
Walkways less than < < : =
= 0.7 W/lnear foot 0.7 W/lmear foot 0.8 W/linear foot 1.0 W/linear foot
10 feet wide
Walkways 10 feet wide
or greater. plaza areas 0.14 W/ 0.14 Wit 0.16 Wi 0.2 W/
special feature areas
Stairways 0.75 Wif? 10 Wi 10 Wife 10 W/
Tradahile Snifanes Pedestrian tunnels 0.15 Wi 0.15 W/t 0.2 Wi 0.3 W/
(Lighting power Building Entrances and Exits
pnhn“nfmﬁmcmmd 20 Wikinear foot 20 Wiluear £ 30 W/lear foo 30 Wilinear
_ buildin, B - ar ear foot iear foot mear foot
ot buildin & AL etaes of door width of door width of door width of door width
entrances and exits. S~ 20 Wilinear foot 20 W/linear foot 20 W/linear foot 20 W/linear foot
m"p“s Mds‘:;:;'h;zi of door width of door width of door width of door width
are tradable.) Entry canopies 0.25 Wi 0.25 Wift 0.4 Wi 0.4 W/t
Sales Canopies
Free-standing and
hed 0.6 Wit 0.6 W/ 0.8 W/t L0 W/
Outdoor Sales
Oﬁfgazﬁgcg‘g;”g 025 Wi 0.25 Wit 0.5 Wit 0.7 Wi
Street frontage for
ad'.;eih_xcle sal“es losds 5 No allowance 10 Wilinear foot 10 W/linear foot 30 W/linear foot
tion to “open area
wance
@ z HAWAI| STATE
166 ,,,.... Energy Office



3. Nontradable surfaces

between surfaces or
with other exterior
lighting. The
following allowances
are in addition to any
allowance otherwise
permitted in the
“Tradable Surfaces™
section of this table )

guarded facilities

LIGHTING ZONES
Zone 1 Zone 2 Zone 3 Zone 4
) . , 0.075 W/ft" of gross 0.113 W/t of gross 0.15 W/t of gross
No_ut(gdable Surfaces Building facades No allowance above-grade wall area above-grade wall area above-grade wall area
1t vi B

g;gﬁt;nfaf:ﬁ:;ms Automated teller 270 W per location plus | 270 W per location plus | 270 W per location plus | 270 W per location plus
for the following machines (ATM) and 90 W per additional 90 W per additional 90 W per additional 90 W per additional
applications can be mght depositories ATM per location ATM per location ATM per location ATM per location
used only for the 5 5

ifi g licati Entrances and gatehouse 0.75 W/t of covered | 0.75 W/t of covered 0.75 W/t of covered | 0.75 W/ of covered and
spectiic application inspection stations at )
and cannot be traded and uncovered area and uncovered area and uncovered area uncovered area

Loading areas for law
enforcement, fire,

0.5 W/ of coveredand | 0.5 W/ of covered and | 0.5 W/ of covered and 0.5 W/t of covered

ambulance and other
- uncovered area uncovered area uncovered area and uncovered area

EMETZEncy service
vehicles
Drive-up windows/doors {400 W per drive-through | 400 W per drive-through | 400 W per drive-through | 400 W per drive-through
24-] - B - .

Parking near 24-hour 800 W per mam entry | 800 W per main entry 800 W per mam entry 800 W per main entry

1etail entrances

167

Small Commercial Example
What is allowed exterior lighting power?

llluminated
facade

Main ent

6 linear ft
Walkway
(less than 10 ft wide)
40 linear ft
168

Located in

exterior lighting

zone #3

Parking lot
1,600 ft2

@fz

HAaWAI STATE
Energy Office
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Small Commercial Example
What is allowed exterior lighting power?

1. Base site allowance
2. Tradable surfaces
Nontradable surfaces

Illuminated
facade

Main entry g < Parking lot
6 linear ft 1,600 ft2

Walkway

(less than 10 ft wide)
40 linear ft
. @) P iava srare

Small Commercial Example
What is allowed exterior lighting power?

Located in
exterior lighting
zone #3

Exterior Base Site
Lighting Zone | Allowance

L . HAWAI STATE
170 @ 2 Energy Office




Small Commercial Example
What is allowed exterior lighting power?

Located in
exterior lighting
zone #3

Parking lot

. '{1
,- it
. SIS 1,600 ft2
R ' o Tradable Area/ Unit
G = Surfaces length | Allowance | Allowance

6 linear ft

Parking lot 1,600 ft2  0.10 W/ft? 160W
Walkway 40 ft 0.80 W/ft 60W
Main entry 6 ft 30 W/ft 180W

Walkway

(less than 10 ft wide)
40 linear ft

Subtotal 400W

Base site allowance (previous slide) 750 W

Total 1,150 W

HaWAI STATE
Energy Office
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Small Commercial Example
What is allowed exterior lighting power?

Illuminated
facade

Non Unit
tradable Allowance | Allowance

Surface
Facade 420 ft2  0.113 W/ft? 47W

HaWAI STATE
Energy Office
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- C408.3
\ Lighting System Functional Testing

* Applies to:
I - Occupancy sensor controls

- Time-switch controls
- Daylight responsive controls

* Calibrated, adjusted, programmed and in proper working

condition per the design and manufacturer’s instructions

= Prior to passing final inspection
- Registered design professional provides evidence

B 1 2 HAWAIl STATE
R o e Energy Office
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C405.10

Sub-Metering

Metering for new buildings with tenants
1. Entire building, and
2. Each tenant occupying >1,000 ft?
Tenants shall have access to data collected for their space

B 1 2 HAWAIl STATE
R o e Energy Office
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Compliance Certification

— COUNTY OF
A, ] [COUNTY'S ENERGY CODE NAME) [ ———

To the best of my knowledge, this project’'s design substantially conforms to the [CODE NAME] (2015
IEGGC as amended) for electrical and lighting systems (Section G405 and G408),

COMPLIANCE METHOD
12015 IECC as y & § P
[ 2015 IECC as amended. Mandatory & Total Building Performance |
O ASHRAE Standard 80.1-2013. h y&F v
[ ASHRAE Standard 90.1-2013. Mandatory & Energy Cost Budget

INFORMATION IN CONSTRUCTION DOCUMENTS
Interior Lighting

Occupant sensor controls, C405.2.1

Time switch controls. C405.2.2

Daylight responsive controls. C405.2.3

Daylight zones an plans. G405.2,3.2 & C405.2.3.3

Guest room controls. C405.2.4

Intesior lighting fixture schedule

Input pawer for interior lighting fixtures. C405.4.1

Interior lighting fixture locations

Lighting control testing requi C408.3
Exterior Lighting

Exterior lighting controls. C405.2.5

Exteriar lighting fixture schedule

Input pawer for exterior lighting fixures

Exterior lighting fixture locations
Electrical

Electrical transformer efficiency. C405.7

Tenant submetering. C405.10

.¢
g
5
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NOTES

SIGNATURE:
DATE:

NAME:

TITLE:
LICENSE NO.:

*  Commercial incentives
- 50%
* High efficiency equipment retrofit
- 80%
* Incremental cost for high efficiency vs. standard efficiency

— New construction
— “end-of-life” equipment replacement

e VFD installation (1%t time)
- 100% (G & J rates)
e Energy efficient lamps

Projects must be submitted for consideration and eligibility testing prior to
KIUC issuing an incentive agreement.

Visit www.kiuc.coop or call 246-4300 & ask for Energy Services

Kaua‘i Island
- Utility Cooperagge

176 Your Touchstone Energy” Cooperative



KIUC Incentives

Residential incentives

- Refrigerator, Washer, Freezer, Energy Star Window A/C (CEER >11.0)
= $50 Rebate

- Energy Star Ceiling Fan
= $25 Rebate

- Heat Pump Water Heater Installation
= $300 Rebate

- Solar Water Heater Installation
= $1,000 Rebate or Zero Interest Loan

Visit www.kiuc.coop or call 246-4300 & ask for Energy Services

Kaua‘i Island
- Utility Cooperag;e

177 Your Touchstone Energy” Cooperative

Please fill out the
evaluation forms

g ) m HAWAIl STATE
(i) R Energy Office
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For more information

- Office (808) 587-3811
Howard.c.wiig@Hawaii.gov

2015 IECC available:
— http://iccsafe.org/publications

State Energy Code Website:

— http://energy.hawaii.gov/hawaii-energy-building-
code/2015-iecc-update
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