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Project Team

Project Management Education and Training

« Jake Duncan, Institute for Market * Brent Ursenbach, West Cost Codes
Transformation Consultants

Field Team Additional Support

« Katy Milliken, Nexant Pacific Northwest National Laboratory

« Chris Anjewierden, Nexant Department of Energy

« Troy Preslar, Building Science West Rocky Mountain Power

Dominion Energy

Advisory

« Kevin Emerson, UT Clean Energy

« Jim Meyers, SWEEP
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Project Overview and Updates




Goals of the Field Study

Collect field data to generate baseline Develop targeted education programs
compliance rate across two states to address key measures that will result
(Arizona and Utah) in the largest savings
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Reminder: Key Measures

1. Envelope tightness

Windows (U-factor and SHGC)
Wall insulation

Ceiling insulation

Lighting

Foundation insulation

N o a &~ DN

Duct tightness
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Herriman, Salt Lake County
Lehi, Utah County

St. George, Washington County
South Jordan, Salt Lake County
Eagle Mountain, Utah County
Saratoga Springs, Utah County
Vineyard town, Utah County
Washington, Washington County
Bluffdale, Salt Lake County
West Jordan, Salt Lake County
Hurricane, Washington County
Cache County-Unincorporated-Area,Cache County
Wasatch County Unincorporated Area
Spanish Fork, Utah County
Syracuse, Davis County
American Fork, Utah County
Orem, Utah County

Riverton, Salt Lake County
Cedar City, Iron County

Heber, Wasatch County
Kaysville, Davis County
Mapleton, Utah County

Ivins, Washington County
North Ogden, Weber County
Clinton, Davis County

Plain City. WeberC

Roy, Weber County

Pleasant Grove, Utah County
Salem, Utah County
Tremonton,BoxElderCounty
Hyrum, Cache County

Pleasant View, Weber County
Hooper, Weber County

Ogden, Weber County

Park City, Summit County
Enoch, Iron County

INibIey, Cache County

Reminder: Sampling Plan
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« Generated based on stakeholder input to
reflect dispersion of construction activity
while considering geography, climate,
and demographics

« At least 63 total observations per each
key item = 126 sites visited

« Construction sites selected randomly
using building permit data, and only one
visit per site
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No personally identifiable information
shared with DOE or PNNL
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Project Timeline

Feb Fall
Begin data Start E&T
collection phase
Spring _ All
PNNL analysis Continue E&T

efforts

Q -
) S Feb
N N Data collection
complete
March August
Start of delays Stake_holder
due to Covid-19 meeting
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Measure Level Results



Observed Code Distribution

2015

2015

IECC Utah

IECC

Sample
Percent

84

46

130

We used the IECC 2015 amended
Utah Code as the baseline for the

analysis.
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Site Participation in Utility EE Programs

T

Sites participating in at least one
program

73 57%

Sites participating in gas programs 55 43%

« High participation in EE
Sites participating in electric programs
programs

 |s this representative or does

. o this bias the results?
Sites participating in both gas and

electric programs

Sites receiving a whole-home
performance incentive
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Climate Zones and Population Density

Population per =q. mile
- <!
- 1...10
gt 10..25
25...50
50...100
100...250
250...500
500...1000
g 1000...2500
sl 2500..,.5000
sl >5000

Source: U. 5. Census Bureau
Census 2000 Summary File 1
population by census tract.
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Statewide Savings Potential of $1.3 Million Annually

Elec Savings kWh/yr- | Gas Savings therms/ Total Energy Total Energy Cost
home yr-home Savings (MMBtu) Savings (S)
Exterior Wall
. 121 29 59,000 $620,000
Insulation
Duct Leakage 49 11 23,000 $241,000
Heated B t
eated Basemen 62 21 30,000 $164,000
Wall Insulation
Ceiling Insulation 22 4 9,000 $99,000
Envel Ai
VElope A 4 5 9,000 $76,000
Leakage
Window U-
incaow 0 4 6,800 $53,000
Factor
Window SHGC 35 0 179 S46,000
High Effi
i 6 0 219 $10,000

l Lighting BT o



Key takeaways

 Field Study Measures are envelope focused

« HVAC systems, ventilation efficiency, others, not
measured

 Exterior wall insulation and duct leakage are
responsible for ~70% total savings potential

« Off the shelf key measures (windows and lighting) are
highly compliant, while skilled installation-based
measures (wall insulation and duct tightness) have 3
room for improvement.

Key Measures

- Air Leakage is quite low, generally across all Climate 1. Envelope tightness
2. Windows U-factor
Zones 3. Windows SHGC
) . L 4. Wallinsulation
 Raises a mechanical ventilation concern 5. Ceiling insulation
. o . i 6. Lighting
« Ceiling/Attic insulation generally close to compliant 7 Foundation insulation
8. Duct tightness

» Trade-offs may result in compliance

« Basement wall R-12 average R-value fails to comply

(R-15 ClI)
P IMT
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Utah Percentage of High-Efficacy Lighting

60 - n=63
; avg = 98.06
|
I
40 I
! Climate
s | Zone
-
=S | CZ3
o
O I CZ5
I
20 - | CZ6
|
|
|
04 |
|'_I || I 1 | |
40 60 80 100
%
Left of the dotted line is below code
Right of the dotted lined is above code
*There may be multiple dotted lines, reflecting different CZ standards Il‘a@t
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Draft Training Plan




Targeted Training

2. Design Professionals
1. Building Officials
* Plans Examiners, Inspectors
3. Home Builders
4. Sub-Contractors
» Skilled Workers, Tradespersons

* Insulation Installers, HVAC, Crew
Leaders, Superintendents

5. Suppliers
6. Others?
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Current Plan (Previous to this Study)

Training Goals - based on Training,
Requests, Hundreds of Questions,
Observations in the Field

Current amended code for 5 + years, 2 to
go?

* Progress made but room for
improvement
* Focus on compliance with current codes

Level of enforcement

 Uniform level of enforcement across the
state

Construction Documents

* Compliance Option
* Compliance begins with Plan Review
e Simple with complete plans — Design
Professionals

IMT .
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Current Plan — Detalils

Increase compliance in jurisdictions

n
n u u u
2015 Internation.
Energy Conservation prers (1ECC)
Utah Amended Sections in Redtext  R301.1 Utah Climate Zones
e DL AR T & o e | W | 17 | a0
#4012 Compilance Options
1. 2015 Prescriptive Taie 8402.1.2 ool w | » | »
2. Total UA Alternative - 2015
RESCheck - R402.1.5 . 1
3. Simuiates performance Akematve et sy | a5 | ssas
4. ERI (Energy Rating Index) - HERs
$. 2012 Utah REScheck - pass rat
. 1032 Construction Documents
[ ] e (: I StS Unfaciors, R-vahoe o0 cther getioent
data musk be shown a0 eceical o
B'.lll energy comgliance reports, and
/AC Gesign Gocuments. Construxction Comnty
Gotuments InGude o d5cumenkaton
Fequired to e SubMRLES In order t R401.3 Cortincate . -
A5t 8 Duldng permit Permanent certificate isting -
performance vahses, factors, and ¥ 1=
T Fatings for 8l bulkneg thermal ermelope BeoRS opening. applia: e and stoves - - -
202 components, shall b posted in * Vertical access doors must meet - E 2
. . . CONTINUOUS AIR BARRIER. A e vy Tenestration requs : ey 14| <
® G t t B D t t s rmﬂzrmmmwﬂ: —r— o - =
] Prascriptive Table 2402 1.2
et into every Building Departmen e T
COMpONents. mal wuuun.. Sbud load;
CONTINUOUS INSULATION (ci). Enveiope a3 isted in Table RACIA4.1.1 caiculated par ACCA Manual ). Ducts par
e o e 1508 4 Wustaied I $0cr0CH W) O ACCA Mancal D.
ur - manufacturers
Senetrated oaly wih fasteners and
~ AT ingulation in Spacewat | 523 J = ety st e ¢ Snowmelt Controls
trusses i caviy, net o s Comply wan o8 Kemes i Tatie 4034 17 | Smuldted perlormance approach o evamene T S0 o v T
L] - 3 3 or Test 2.4.1.2. % 048 38 - = -
CAVITY INSULATION. l" m U-factor® 035 032 on OR Biower Door Test per R402.4.1.2 - 0.40 for CZ 68
INSEaBed Detween wood = Area-wen Fbvdnux mauimum
esian Professionals e, (T - A
£402.4.5.1 Ale Barriar ang simalated performance appraach o swicche
RESIDENTIAL BUNLDING. Cre 30 Fomenee | 035 | | Tnspaction per Teble R40Z.4.1.1. * RN e :;::;'f;;';\ o
pi> 1.3.1 Duct Insulati oot covers for a
Group A2 &-3 and hed [ %) ol n - - Toble R402.4.1.1 Summary Rkl Thornl arlonn Stk i (uu) P Py
pane: . = * Insulation and air ariers installed g supply. (see exeeptons).
" wl Ner Wor | WeSor I BCLOCBANCE with MAnUTBtLrers = Ducts in attic- R-8
" Lo 1305 | 1345 | 3020 e, eed o Dues e dther aaas- I R4041 Ughling
S . vy A i f 73% of parmanant
u I e rs the buiaing thermal envescpe. 103.3.2 Duct Sesling ..‘ab:..n..., insaled Bures s Rave Hgh "
ucts, ai nler il ad effcacy lamps.
+ Floor insulation in contact with * Compact fluorescent lamps (CFL),
b ndie de ove tubes T8 or smaler, or LED (Low
v R Voltage exempt]
A Barrar underside of cantlevers, AT anvalooe
Simulated Parformance
nati
M ° ° . 1.2 blowar Door Testing and Thid Parcy Cumpstar madatug,
i showing preposed home o mor
Y ’ Thied Parky v " 22,4 Duct Leakage eficient than standard reference design
: Revghan o port<o home.
& 3.3ACHI0 singhe farnily dwellings Pl g
+ % 50 AGHO townhouses air handier R406 Enargy Rat
Sk
. — o d Compliance Allur
e ] Building Cavities Party MERS
aporoved i Shall not be used 5% Gucts o plenems gmm. " Y eR o HERS piore: o4
% an the required scor

4 Machanical System Piping 'ch‘L"’“f“z:" Lons:

' Insalation
and umvente Carrying fuids > 108°F or < 3%, 7 Chmotn Zone 3 - 63

ey TNOT o tha TECE)

assemblies in the + Clmate Zone 6 - 68

— Aimpermestie iniation, Coted call st s A3 min

uc s S ems apray foam or rigid foam board,
b nstalied o0 the cold side of the roof  R403.5 Circulating and Demsnd Hot  rodund and updeted by Brent Ursenbech
assambly for condentaton eontrel Water Systems West Coust Gode Comastants, Inc. supported

Unvented af e

Table RE0S.5. Automatc controls- tma or demand by NEUANT, with undin from the s
zenzing Govermor's Gffice of Energy Dev
= Demand recirculation systems- ominion Erergy and Rocky Mountain Powes

R402.4.2 Fireplaces
Tarehing Shoiand estes U et temparature:

0d-burning saly): BELS | nemmen
xntd und \ubabd doors. UL ufo- UL

1.5.3 Hot Water Pipa Insulation
me wxceptons)

) o MOUNTARN

e Get them out of attics or

£302.0 Mechanical Ventilation
Per IRC 303.4 wnd
wrsighghon ring  Stemat or g o Gampars on
terve opun combuson, foslbuming  S1S300r S (A gL e’ A S
e s tci sil ot SRCH 50, must ba mach. ven e

* Encapsulate
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Comments

Field Study Based on the two available
REScheck and the Prescriptive Table

* Many would pass if Trade-off and
Modeling Option used

Exterior Walls
e Utah amendments allow a weak wall

* Equipment trade-off — Utah 2012
REScheck

Option to Blower Door Test or Air Barrier
Insulation Checklist

« Mechanical Ventilation is not Triggered
without a Blower Door Test

IMT
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TABLE R402.1.2
INSULATION AND FENESTRATION REQUIREMENTS BY COMPONENT*

CLIMATE | FENESTRATION [ SKYLIGHT* | SLAZED | ceninG | o WOOD | MASS | p gop | BASEMENT'| SLAB' SPACE"
ZONE UFACTOR® U-FACTOR SHGC®® R-VALUE RVALUE RVALUE' R-VALUE RVALUE | & DEPTH R:UJ.:ILbE
1 NR 0.75 0.25 30 13 3/4 13 0 0 0
2 040 065 025 38 3 £ 13 0 0 0
3 032 0355 025 38 20or 1355 | 813 19 513" 0 5113
#exoept 032 0.55 0.40 49 | 200r13+s* | 813 19 1013|1028 10013
3 and 0.30 0.55 NR 49 200r13+5* [ 1317 [ 300 1519 | 10,2/ | 1519
Marine 4 i - - T
5 030 055 NK 99 |20+ or 13+10°| 15720 | 30° 1515 [ 10,4k | 1519
Tand 8 030 0355 NK 95 [20+5 or 13+10°] 19721 | 38" 1515|1048 | 1519

NR =Not Required.

For SI: 1 foot = 304.8 mm.

a. R-values are minimums. U-factors and SHGC are maximums. Where insulation is installed in a cavity that is less than the label or design thickness of the
insulation, the installed R-value of the insulation shall be not less than the R-value specified in the table.

b. The fenestration U-factor column excludes skylights. The SHGC column applies to all glazed fenestration.
Exception: In Climate Zones 1 through 3, skylights shall be permitted to be excluded from glazed fenestration SHGC requirements provided that the SHGC
for such skylights does not exceed 0.30.

¢. “10/13” means R-10 continuous insulation on the interior or exterior of the home or R-13 cavity insulation on the interior of the basement wall
“15/19" means R-15 continuous insulation on the interior or exterior of the home or R-19 cavity insulation at the interior of the basement wall. Altemnatively,
compliance with “15/19” shall be R-13 cavity insulation on the interior of the basement wall plus R-5 continuous msulation on the interior or exterior of the

home.

d. R-5 insulation shall be provided under the full slab area of a heated slab in addition to the required slab edge insulation R-value for slabs. as indicated in the
table. The slab edge insulation for heated slabs shall not be required to extend below the slab.

e. There are no SHGC requirements in the Marine Zone.

f. Basement wall insulation is not required in warm-humid locations as defined by Figure R301.1 and Table R301.1.

g Altematively, insulation sufficient to fill the framing cavity and providing not less than an R-value of R-19.

h The first value is cavity insulation, the second value is continuous insulation. Therefore, as an example, “13+5" means R-13 cavity insulation plus R-5
continuous insulation.

B i Masswalls shall be in accordance with Section R402.2.5. The second R-value applies where more than half of the insulation is on the interior of the mass wall




From the Study:
Increased/Improved Education For:

Design Professionals — Architects and Designers
e Improve Plans
Builders — Production and Custom
* Improve Understanding — Identify Benefits pom
* Reduce complaints/callbacks
 Satisfied Customers
Sub-Contractors
* Framers, Insulation, HVAC, Plumbers & Electricians
Code Officials

* Plan Review — Ensure documents approved for IECC
compliance

* Inspectors — Typically Checklists are discouraged;
however, recently many have requested energy

—I— .
P IMT checklist
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#1 . EXte rior Wa” InSU |ati0n (sequential order based on potential savings)

Education to Increase Focus on:

« Efficient Framing

Wall Insulation Options — Cavity or

* Highest R-value/inch in a cavity

Cl
- Insulation Installation Quality Utah Frame Wall Insulation (Cavity)
251 T n=67
e Batts typically poorly installed — time to | avg = 19.06
address 201 :
1
 Bibb Systems — Net and Blow 151 | Cimate
« Spray Polyurethane Foam (SPF) S . : ] ors
! . CzZs
I
|
1
¥ m

e Rim Joist — virtually only option I I

15 18 21
IMT
INSTITUTE R-value
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#1. Exterior Wall Insulation Part 2: Continuous
Insulation (CI)

Education to Increase Focus on CI
Benefits

e Observedin17 CZ 3 Homes
 Greatest Benefitin CZ5 & 6

* Prescriptive Requirement in CZ 6
Utah Frame Wall Insulation (Continuous)

 Continuous Insulation — Foam
o) n=17 5
Sheathing m avg = 2.65

6 - e

 Condensation Prevention

Climate

* R-value Calculators —Cl may be less _ ,| & Zone
= |
costly than cavity Closed cell spray 3 '; L ggg
polyurethane foam (SPF) I o cz6

h |*‘.J~. T

INSTITUTE

U1 e e e e e i e e e e e e e = == == =

I
I
I
I
I L] T T T
0 1 2 3 4

R,
R-value H



R-15+R-5

R-Value Calculator

Framing Percentage Stud-wood
O 21% (24 in. 0.C.) @ 2x4 R-Value 3.71
@ 25% (16 in. 0.C.) O 2x6 R-Value 5.83

O Custom %

Exterior Insulation R-Value “
5

Cavity Insulation R-Value *

15 J

Total Wall R-Value
16.06

This calculation assumes the following:

Qutside air film: 0.17
Cladding (generic): 0.62
1/2" OSB: 0.62

1/2" gypsum: 0.45
Interior air film: 0.68

R-21 + R-5

R-Value Calculator

Framing Percentage Stud-wood
O 21% (24 in. 0.C.) O 2x4 R-Value 3.71
® 25% (16 in. 0.C.) ® 2x6 R-Value 5.83

O Custom %

Exterior Insulation R-Value n
5

Cavity Insulation R-Value *

21 "/

Total Wall R-Value
20.26

This calculation assumes the following:

Qutside air film: 0.17
Cladding (generic): 0.62
1/2" OSB: 0.62

1/2" gypsum: 0.45
Interior air film: 0.68

R-30 SPF

R-Value Calculator

Framing Percentage Stud-wood
O 21% (24 in. 0.C.) O 2x4 R-Value 3.71
@ 25% (16 in. 0.C.) ® 2x6 R-Value 5.83

O Custom %

ﬁxterior Insulation R-Value *1
0

Cavity Insulation R-Value *

N2° _J
Total Wall R-Value
17.27

This calculation assumes the following:

Qutside air film: 0.17
Cladding (generic): 0.62
1/2" OSB: 0.62

1/2" gypsum: 0.45
Interior air film: 0.68




#2 DUCt Leakage (+Insulation & Location)
Greatest Savings in Cooling Expense

 Encourage Moving Ducts and Air
Handlers Inside

» Code Officials Must Require Testing —
note on plans

* Bury Ducts in Attic Insulation
Utah Duct Tightness (Adjusted)

 Benefits from Encapsulating Attic Ducts o
n_0 = 38 (set) |
 Closed cell spray polyurethane foam avg = 461 :
(SPF) %07 :
: Climate
* 2018 IECC finally recognizes benefits g ,, : 20233
Buried Ducts 8 ! W czs
: cz6
e Adopted by amendment 101 |
|
* Seals and Improves Insulation R |
0 ] ] I Il HEN LI_! | | Ul_ IJ
20 10 0
l"’" IMT cfm / (100 ft® cfa at 25 Pascals)
I l FOR MARKET
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#3. Basement Wall Insulation — Part One — Cavity
Insulation

« Typically, Unfinished Basements are Indirectly Conditioned
e Rim Joist Area is Wall Area
e Must include Air Barrier - SPF

- Basement Blanket Insulation _ _
Utah Basement Wall Insulation (Cavity)

» Correct R-value — o
30 - avg = 5.31 ;
* Installation quality |
1
* SPF or Sheet Foam |
. — 7 I Climate
« Condensation Control S , Zone
3 I M czs
: Czs
10+ I
1
: 1
B
0d | | ! E

0 5 10 15 20

IMT R-valiie
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#3. Basement Wall Insulation — Part Two —
Continuous Insulation

* Typically, Unfinished Basements are
Indirectly Conditioned

e Basement Blanket Insulation

e Correct R-value Utah Basement Wall Insulation (Continuous)
n =68 .
* Installation quality 40-MJ : |
I
» SPF or Sheet Foam - i !
l .
« Condensation Control = - | Cmate
§ 20 1 - I B czs
: cz6
I
10- 3 l
I [
i |
1. . 1
] T L] ! IJ
> M1 0 5 10 15 20

TTTTTTTTT




#4. Ceiling/Attic Insulation

Combined With #2 Ducts, Greatest
Impact CZ 3

« CZ 5 & 6 have a significant cooling
requirement; however, Heating
dominates energy use

Greatest Savings Realized in Cooling Utah Ceiling Insulation
n=63 B
* Increase Awareness 4o 2vg=3983) 1 ;
. i !
* High Heel Trusses I |
30 - I !
* Reduce risk of Ice Dams, N : Climate
Condensation S i | cz3
& 294 ] ! W czs
* Best Practices — especially in low pitch :~ ; Cz6
roofs and scissor trusses 10+ ] |
_F i
* Net and blow tight areas ) 1, |
04 = : [
1 1
* Insulation Certificates 30 40 50 60

R-value

-o l“-IDepth Markers

INSTITUT
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#5. Envelope Air Leakage — Wonderful! Or Is It?

Most Significant Result
Vast Majority < 3.5 ACH@50pa
e State Amendments

* Blower Door Test OR
* |nsulation-Air Barrier Inspection
Checklist
* No BD test — no trigger for mechanical
ventilation
* Mechanical Ventilation required at this level °

Utah Envelope Tightness

* Most homes do not include MV

Climate
Zone

B czs
B czs
. CcZs

count

* Not tested — no trigger
e Jurisdiction does not enforce, doesn’t
know or care?

* Poor Air Quality, Moisture Issues, Health I I I
Concerns 07

IMT
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#6. Window U-Factor

All CZs Often Fail to Comply Prescriptively
(2018)

« 2015 IECC - CZ 3 requirement 0.35
« Easy to comply with the Utah 2012 REScheck

« Can also be traded of in 2015 REScheck, other
options Utah Window U-Factor

o3 n=107
; ' ; avg = 0.31
409 1
| |
| |
309 1 I Climate
— 1 | Zone
c _
3 | I cz3
© 207 | | ~| Cz5
I ! _ CZ6
| 1 |
104 ! '
| |
| I | B
LiBan NN
1

- |
IMT . ] , | |
1 FOR MARKET 0.32 0.28 0.24
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#7. Window SHGC

CZ 5 and 6 Have No Requirement Utah Window SHGC
CZ 3 Needs to Improvement N o

* 0.25 SHGC Requirement slightly lower
than typical LowE window (~0.30)

30+
Climate

Zone
CZ3

~czs

CZ6

count

* Readily available

* All CZ’s need to understand the benefit 0-
during cooling

- The 0.6 and 0.5 SHGCs — where did B I I —
they purchase these windows?

N
o
1

- |MT
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#8. High Efficacy Lighting

Utah Percentage of High-Efficacy Lighting

60 - n=63
avg = 98.06

LED Lighting Technology Solved This 401

1
1
|
1
1 Climate
|Ssue + 1 Zone
8 | CZ3
. . o I . czs
 Inspectors Typically do Not Inspect This . cz6
1
ltem .
1
|
! i
01 = , : -
40 60 80 100
%
- |MT
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Training format(s)

Face-to-face

 Lively Informative Discussion

* Experience and Expertise from Group

* Ability to Address Questions not Covered in
Presentation

e Simple to update curriculum — add or modify

Live on-line

e Limited interaction
* Allows distance attendance
* Technology Challenges

Face-to-face + Live on-line — Best?
On-demand on-line

e Update difficult
* Convenient

IMT
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Discussion |
Comments? Questions? B S
! !

2

-‘ ]
3 _ I S 2
A .

Send your brilliant ideas to:

Brent Ursenbach
West Coast Code Consultants, Inc.
brentu@wc-3.com
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