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Introduction

* Compliance with the increasing stringent
prescriptive code provisions is becoming
increasingly more difficult, and new solutions
are necessary.

* The recent Hawaiian adoption of IECC 2015
complicated cost effective energy efficient
design in this state by now prescriptively
requiring continuous insulation for exterior
masonry walls. — Residential & Non. (solid
grouting)

Introduction

* Discuss two phase investigation of energy
efficient design of typical structures that use
exterior masonry and concrete walls.

* Phase 1 — Looked at prescriptive approach,
R, U and Com Check Trade off approaches

* Phase 2 - looked at whole building energy
analysis and alternative approaches.
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IECC Prescrintive R table

A 2.1.4
OPAQUE THERMAL ENVELOPE ASSEMBELY MAXIMUM REQUIREMENTS, U.FACTOR METHOD™ ®

a 5
CLIMATE ! ? ? EXCEPT MARINE | AND MARINE 4, ¢ ’ N
Al |[Group| Al |Group| Al |Growp| AN | Group | All |Group| ANl |Group| All |Group| ANl |Group
other | R |other| R |other| R | other R |oher| R |other R |other| R |omer| R
Roofs
Insulation
: U | ou v | [ e | e v | v ||| e | e
enticely 0.048 | 0.039 | 0.039 | 0.039 | 0.039 | 0.039 | V0932 Y0032 4555 | 0032 | 0.032 | 0.032| 0.026 | 0.028 | 0.028 | 0.028

above roof ceck,

T I T ST ITAR TR TR T BT TS

0.035 | -0035(U-0.035 4 535 | 0,035 | 0.031 | 0.031 | 0.020 | 0.020 | 0.029 | 0.029
FN T T T RTAR T RTAR Vo TS
27| 0027 | 0.021 | 0.021 | 0.021 | 0.021 | 0.021 [ 0021 | 0.021
Walls, above grade

U- U U-
0.035 | 0.035 | 0.03:
- U- U [N -
27 | 0.027 | 0.027 | 0.027 | 0.027 | 0.C

, [ [T T TS [Tam TS
U-0104| U-0090 | .09 | 0,080 | 0.080 | 0.071 | 0.071 | 0.081 [ 0.081 | 0.081
[T TR TR BT TR BT RS BT
0052 | 0052 | 0052 | 0.052| 0.052 | 0039 | 0052 | 003
(TR TR TR R TA TR BT R TA T
0.064 | 0.064 | 0.064 | 0.057 | 0.064 | 0.052 | 0.045 | 0.045

U u- u- u- - U
0.151 | 0.151 | 0.151 | 0.123 | 0,123 | 0.104
U [T U [

. Y- 0082 52
0079 | 0.079 | 0.079 | 0.079 | 0.079 | 0.052 U-0.052(U-0.0

U-0.064 | U-0.064

) U U- [T
0077 | 0.077 | 0,077 | 0.064 | 0.064 | 0.064

T I T I TR TR TR T v e |vle|le|lov|e| o
other 0064 | 0,063 | 0,064 | 0,063 | 0.054 | 0.06s | U-0084| U084 554 | 6055 | 0.051 | 0.051| 0051 | 0.051 | 0.035 | 0.036
Walls, below grade
c0.119| c0.119

[ c c | © c c c e |e || o | e
1.140° | 1.140° | 1.140% | 1.140° | 1.140% | 1.140° 0.119 | 0.119 | 0.119 | 0.119 | 0.092 | 0.092 | 0.082 | 0.092

Floors
v | U u- u- u- U N T - U [TRN TS U- U- U- [ U
™ 0.322* [0322¢ | 0.107 | 0.087 | 0.076 | 0.076 |2 %78| U-0974| 074 | 0.064 | 0.064 | 0.057 | 0.055 | 0.051 | 0.055 | 0.051
T R R R R TS T v v o v v]wv]uw
Jo o 0.066% | 0.066% | 0.033 | 0.033 | 0.033 | 0.033 U-0.033(U-0.033 0033 | 0033 | 0033 | 0033|0033 | 0033 | 0033 | 0,033
Slab-on-grade floors
.| F- o F- > . F- ¥ * * o x x x * o
Unheated stabs |F-0.73%( o, [F-073+{ (7o, [Fo7ae| B | Fo54 | Fosa | Fos5a| F054[F054|Fos2|F-040 | Fo0[ F0.00| F-o0

Heated slabs’ | F-0.70 | F-0.70 | F-0.70 | F-0.70| F-0.70 | F-0.70 | F-065 | F-065 | F-0.65 | F-0.65 | F-0.58|F-0.58| F-0.55|F-0.55| F-0.55| F-0.55
Opaque doors
Swinging U-0.61[U-061[U-061U-061[U-061[U-061] U-061 | U-061 [U-037 [ U-0.37 [U-0.37[U-0.37[U-0.37[U-0.37 U-037 [ U-037




International Energy
Conservation Code

IECC Section C 402 - prescriptive R requirements for
building envelopes.

Zone 1 minimum thermal resistance (R) values - mass walls
above grade (typical masonry walls) - minimum continuous
insulation R= 5.7 °F. ft2hr/BTU. |ECC Section C402.2.3
indicates that any integral insulation of CMU block cannot be
used to meet this continuous R requirement.

Footnote c in this table indicates that partially grouted (32"
0.C.) ASTM C 90 block walls do not need continuous
insulation if the ungrouted cells of the block are filled with
materials having a maximum thermal conductivity of 0.44
Btu-in/h-f2 °F.

International Energy

Conservation Code
IECC Allows use of ASHREA 90.1 Instead of

IECC
“C401.2 Application. Commercial
E— bgildings shall comply
_ with one of the following:
e 1. The requirements of
Energy Standard  ANSI/ASHRAE/IESNA 90.1.
Em’;{ Bulldings 2 The requirements of Sections C402
Residential Buildings  through C405. In addition, commercial
buildings shall comply with
SectionC406 and tenant spaces shall
comply with Section C406.1.1.
3. The requirements of Sections
C402.5, C403.2, C404, C405.2,
C405.3, C405.4, C405.6 and C407. The
building energy cost shall be equal to or
less than 85 percent of the standard
reference design building.”

ASHREA 90.1 Prescriptive R table

Table 5.5-1 Building Envelope Requirements for Climate Zone 1 (A.B.C)"

Nenresidential Residential semiheated
o — Asaenlily Insulatien Assemblly Inswlation ssembily Tmulation
paque Elomeat Mavimum Min. B-Value Maninum Mim. R-Vahse Manimay - Miin. -V allue
Lo R L0039 R-2 U021 R
LD ® R-19F 10041 R-10 + R 19 FC U1 R
L R L0027 R-X L il
L s MR U005 RS L NR
L s R R-9 (RN T RO+ R L NE
L0124 R-1 L0124 R-13 U-0352 MR
V0085 R 10,0689 Rl L MR
C-1.140 NE C1.190 NE C-1.180 NE
Mass U-0322 NR w032 MR U-0322 NR
Sacel Jowst U-n330 NE L0350 NR U350 NE
Wood Framed and L0282 NR L0282 MR U082 MR

For Climate Zone 1 shows that mass walls above grade (CMU walls)
do not require insulation when used in nonresidential construction.
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Energy Code Compliance —
IECC — Hawaii — Phase 1

R-value table

Prescriptive U-factor table
Trade-off COMcheck
Envelope




Prescriptive R-Value
Compliance

Continuous interior
insulation:

*R 5.7 -Use 1.5inches
of Expanded
Polystyrene - stucco
ext. With finishes as
shown - Solid grouting

*Using U—factor — 0.151
Can reduce %"of
insulation.

Prescriptive R-Value Compliance -
Hawaii = )

J

Continuous exterior
insulation:
*R5.7-Use 1.5
inches of Expanded 3
Polystyrene - stucco : s
ext. — Solid grouting ' B
*Using U—factor —
0.151

Can reduce %"of
insulation.

A
\ s

Many wall Thermal Catalog of
vany wat Concrete Masonry lts’sﬂnllli.s

configurations Second Exition
addressed in =

Catalogue

MATIONAL

NCMA

CONCRETE MASONRY
ASSOCIATION
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Assembly 1-9: Continuous insulation in cavity, 4-in. concrete masenry veneer

- For assambliss with clay brick venser, subtract 0,50
from the R-valnes listed For 4-in_sclid concrete ma-
sonry venesr, subtract 0 53

- MNote thar R-values for assemblies with polyisocyam-
ate inchude a reffective air space (L. potyisocymmurate
is foil-faced end the foil-faced side faces the air space).

- Thermnal muass exposed to the condifioned space maxi-
‘mnizes the benafits of thermal mass

- Masonry expossd on both the inerior and exterior
‘provides maxinnm curability.

= The cavity wideh can be varied to sccomumodate various
imsulation thicknesses, achisving a wide range ofR-
values.

s Hile effict on

assembly R-values

- Cavity insulation can redhuce heat loss and moisture
‘movemment due to air leakage when joiass between the
insulstion boards are sesled.

* “Lightly reinforced” = grout § fto ¢ both vertically and
‘borizontally (or verticel reinforcement enly at 48 .
0. “Beavily reinforced” = grout 32 imo.. vertically
a0 49 in_ o.c. horizontally (or verncal remforcement
only at 24in oc )

Figure 2.1
2 e wah pammon
way ihaeabing e ek
rontigursten

A bly 2-1: Palyuret f d-in-place insulatien in ungreuted cells, [k

exposed y (interior and exterior)

Concrete Masonry Assembly R-Values (hr-ft2FiBtu) and U-Factors (Btu/hr-ft.°F)

Ein. Cancrete Masonry &in. Concrete Masonry

Density of Lightly Heavity Lightly Heavily

CMUPCF | Ungrouted | Reinforced | Reinforced |Fully Grouted | Ungrouted | Reinforced | Reinforced | Fully Grouted
5 5,43 [0.105) |5.45 [0.183) |3.64 (0.275) | 177 [0.564) |12.97 [0.077) |6.64 (0.146) | 420 [0227) |2.07 (0.483]
95 .37 [0.119) |5.01 {0200 |3.40 (0.254) |169(0.592) |11.41 (0.083) |6.28 (0.158) |4.10 [0243) |1.96 (0.508)
105 7.36 [0.136) |4.56 (0218) |3.18 (0.315] (162 0.619) | 9.96 (0.100} [5.75 (0.174) | 3.83 [0261) |1.57 (0535)
15 6.43 [0.155) |4.15 (0238) |2.97 (0.337) |155 [0.645) | 8.69 [0.115) [5.25 (0.191) |3:58 (0279) |1.79 (0.558)
125 5.61 (0.176) |3.82 (0262) |2.78 (0.360) |149 (0.670) | 7.53 (0.133) |78 (0.209) |3.34 (0299) |1.72 (0.583)
135 463 [0205) |3.47 (0288) |2.59 (0.366) |144(0.693) | 6.51 (0.154) |34 (0.230) |312 (0321) |1.65 (0605

Density of 0. Concrete Mazonry 13-in. Concrete Mazonry

CMU.PCF | Ungrouted | Lghtty | Hewiy |Fully Growed | Ungrouted Lghtly | Heauly | Fully Grouted
5 17.44 [0057) |6.20 (0122) |5.05 (0.15] | 2.28 [0.436) |ZL81 [0.045) |9.42 (0.106) | 5,66 [0.177) | 2.50 (0.400]
95 15.32 [0065) |7.56 (0132) |4.74 (0.211) |28 [0.455) [19.22 (0.052) |75 (0.114) |533 (0.187) |2.39 (0415)
105 1336 (0.075) |6.96 (D143 |4.45 (0.225) |208 [0.480) |16.74 [0.060) [8.09 (0.124) | 503 (0.199) |2.29 (0.436)
115 |1159 (0.086) (638 |0.157) |4.17 (0.240) [200([0.501) [14.50 (0.069) [7.45 0.134) |474 [0211) |2.21 (0453
125 |10.01 (0400) [5.84 {D171) [3.92 (0.255) [192 (0.520) [12.40 (0.080) [6.62 (0.146) |4.46 (0228) |2.13 (0.463)
35 61 [0.116) |5.32 (0.188) |3.67 (0.272) | 186 [0.539) [10.71 [0.083) [6.25 [0.160) |4.20 (0238) | 2.06 (0.85)

*Azzemhle details nama 37

Phase 1 - Evaluated 4 Prototype buildings
typically using Masonry exterior Walls using
COMCheck

A. Midrise Apartment

The total floor area of the four story, DOE prototype midrise apartment building
shown in Figure 1 is 33,741 ft2 and it has an aspect ratio of 2.74. The window
fraction for each orientation (north, south, east and west) is a constant 20%.

W. Mark McGinley - Sept 20, 2019

Phase 1 - Evaluated 4 Prototype buildings
typically using Masonry exterior Walls using
COMCheck

B. Secondary School

The total floor area of the two story, DOE defined secondary school building
is 210,886 ft2, with an aspect ratio of 1.4The window fraction for each
orientation (north, south, east and west) was a constant 33%, with ribbon
windows across all facades, on both floors. Floor to floor height is 13 ft.




Phase 1 - Evaluated 4 Prototype buildings
typically using Masonry exterior Walls using
COMCheck

C. Stand-alone Retail

The total floor area of the one story, DOE prototype retail building is 24,692
ft2, with an aspect ratio of 1.28 .The floor to ceiling height is 20 ft. The
window fraction is 7.1% in total, with windows located on the street facing
fagade only.

Phase 1 - Evaluated 4 Prototype buildings
typically using Masonry exterior Walls using
COMCheck

D . Low-rise Apartment - The total floor area of the two story, low-rise
apartment building is 8,435 ft2, with an aspect ratio of 1.37. This structure
was based on the midrise apartment, but modified to represent a low-rise
construction configuration common in Hawaii. The window fraction for each
orientation (north, south, east and west) was a constant 20%.

COMcheck

» easy way to take advantage of trade-offs,
ie, increase roof insulation to reduce wall
or window requirements.

» program shows if the envelope complies,
and how close it is to compliance

+ allows individual elements to be tweaked
for compliance, revisions are quick and
easy.

» Trade offs are for envelope only

From NCMA
Presentation

W. Mark McGinley - Sept 20, 2019

COMcheck




COMcheck

» The trade-off analysis clearly shows that,
for the four prototype buildings
investigated, no reasonable amount of
roof insulation, or more thermally resistant
windows could be used to make
uninsulated fully grouted exterior concrete
masonry or bare concrete walls code
compliant through a trade-off analysis
alone.

Phase 2 Whole Building
Analysis - Using 4
Prototypes

» Energy Budget method requires same
yearly energy cost of prototype configured
to prescriptive requirements.

» Used Openstudio and Energy plus
Programs — Looked at changes in
envelopes and building systems that were
expected to be minimum costs.

» Also conducted a economic analysis

Phase 2 Whole Building Analysis

Al

D . Low-rise Apartment

B. Secondary School
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Baseline Configuration

T SPRAY FOAM INSULATION

Figure 5 CMU Walls (8 in.) with Wall Insulation + 0.5 in. Gypsum Board




Baseline Exte

Type of Wall Wall Configurations

Fully Grouted 105 pcf 8"
Solid Grouted

CcMuU
Fully Grouted 120 pcf 8”
Solid Grouted
CcMU
Fully Grouted 130 pcf 8”
Solid Grouted
CMuU
Partially Grouted 8" CMU Cells Insulated
Poured Concrete 120 pcf Limestone Concrete

Poured Concrete 130 pcf
Aggregate Concrete

Poured Concrete 150 pcf
Aggregate Concrete

rior Wall

Conductivity  Specific Heat
(Btu-in/hr-ft>R)  (Btu/lb-R)

Sand and Gravel or Stone

Sand and Gravel or Stone

8.400 0.209
9.600 0.211

10.7 0.220
3.248 0.162
7.900 0.210
9.400 0.210
14.900 0.210

Table 1 Critical Exterior Wall Assembly Configuration Properties

U factor
(Btu/ft?hR)

0.528

0.566

0.591

0.294
0.537

0.588

0.721

Iatian

asulation

oM

F =xte
¢ Grouted
Grouted =
MU

4
cal Insulation

E

um Board

Figure 10 Exterior CMU Wall Case A

‘f% Foam-In-Flace Insulation
TS
= % Partially Grouted
i

/:

“igure 12 Exterior Wall Cases 105PM_B&D&FEGEH

rior Wall

Fully Grouted

8 CMU

Figure 11 Exterior Wall Cases
108/120/130FM_B&DE&FEG &H

\‘@T Fully Grouted
il

I & cMU
. il

¥

il

Reflective Coating ™~

Figure 13 Exterior Wall Cases

p—— Iation
asulation

o =xte
¥ Grouted
Grouted =R
oMy
U

-

al Insulation

Figure 10 Exterior CMU Wall Case A

% Foamn-Flacs Insuaton
~l 1

Partially Grouted
T

“igure 12 Exterior Wal Cases 105PM_B&D&F&G&H

rior Wall

Fully Grouted

8 CMU

Y

s
Figure 11 Exterior Wall Cases
105/120/130FM_B&D&F&G 8H

i@; Fully Grouted

T%CN U

Reflective Coating \

Figure 13 Exterior Wall Cases
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Baseline Exterior Wall

Reflective Coating

Partially Grouted

8" CMU

Figure 18 Exterior Wall Assumed when
Calculating Target U-factor (Fully Grouted)

Poured Concrete

Reflective Coating

Figure 19 Exterior Wall Assumed when
Calculating Target U-factor (concrete)




Whole Building Analysis Whole Building Analysis
Configurations Configurations

ALL CASE A (Include 105/120/130 pcf Fully Grouted CMU Case C — For all “C” cases, the exterior surface reflectance of the walls
(105/120/130FM), 105 pcf Partially Grouted CMU (105PM), 120/130/150 was increased to 0.64. (consistent with Hawaii Energy Code amendments
pcf Poured Concrete (120/130/150 PC)) - The U-factor - 0.151 Btu/ftzhR). for exceptions for lightweight walls).

(Code minimum)
Case D - Overhangs with a Projection Factor (PF) of 0.3 are added to all

Case B fenestrations in the basic (Case B) configurations.

105 pcf Full Grouted CMU (105FM) CASE B -U-factor - 0.528 Btu/ft?hR.

120 pcf Full Grouted CMU (120FM) U-factor -0.566 Btu/ftzhR. Case E - Combined the Overhang of Case D and the increased wall

130 pcf Full Grouted CMU (130FM) - 0.591 Btu/ft?hR. reflectance of Case B.

105 pcf Partially Grouted CMU (105PM) -U-factor- 0.294 Btu/ft?hR.

120 pcf Poured Concrete walls (120PC) -U-factor 0.537 Btu/ft?hR. Case F - Approximately twice the roof insulation was applied to the basic
130 pcf Poured Concrete walls (130PC) -U-factor 0.588 Btu/ft?hR. (CASE B) configurations (Roof U-factor decreased to 0.146 W/m2K (0.026
150 pcf Poured Concrete walls (150PC) -U-factor 0.721 Btu/ft?hR. Btu/ft2hR).

Energy Consumption by Fuel Type
NotucalGos

Whole Building Analysis
Configurations

Case G - Lighting is a significant part of total energy use in most buildings,
the impact of more efficient lighting was investigated. Although
conventional wisdom suggests that LED lighting is much more efficient Energy Consumption by End Use Energy Consumption by Fuel Type
than conventional systems, a recent study by the DOE (“LED T W e *
Replacements for Four-Foot Linear Fluorescent Lamps)[1], suggests that
some fluorescent lamps can have similar luminaire efficacy (lumens/watt)
as LEDs. Therefore, in this research, we assumed that there would only be
a 10% reduction in lighting energy with LED lighting.

10le Building Analysis

seline energy use

Case H — Higher efficiency HVAC systems were investigated. In this case,
the HVAC system efficiency in the basic building configuration (case B)
was increased. As per Trane product catalogs, models were listed that
showed an increase from the Code minimum values of about 8% (baSed Figure 24 a) Stand-alone Retail Energy Use Break Down b) Stand-alone Retail Energy Use by
on EERE values). Thus, the HVAC coefficient of performance (COP) was Fuel

increased by 8% in the EnergyPlus models.

W. Mark McGinley - Sept 20, 2019



Energy Consumption by Fuel Type

10le Building Analysis

seline energy use

on by End Use Energy Consumption by Fuel Type
Refrigeration
HeatingPUmps 0. Exterior Natural
Heat 1.89% 1.22% Lighting Gas

whESovery... 0.91% 9,
Systems.
2.98%
Fans
10.75% \

Figure 25 a) Secondary School Energy Use Break Down b) Secondary School Energy Use by
Fuel

Energy Consumption by Fuel Type

Hatural Gas
0.00%

lole Building Analysis

eline energy use

1by End Use Energy Consumption by Fuel Type
Exterior UEhUNE_  Heating .
Interior  2.79% 0.00% 0.00%

Lighting
7.13%
Fans
13.28%

Figure 26 a) Mid-rise Apartment Energy Use Break Down b) Mid-rise Apartment Energy Use by
Fuel

Energy Consumption by Fuel Type

10le Building Analysis

seline energy use

n by End Use Energy Consumption by Fuel Type
Interior Heating Natural Gas
ExterioblEhting. 0.01% 0.01%

Lighting
7.98%
Water
Systems

11.48% ’

Z\

Figure 27 a) Low-rise Apartment Energy Use Break Down b) Low-rise Apartment Energy Use by

Fuel
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TURETTTT yole Building Analysis

! Retail Energy Analyses - Partial

Electric
st | oo | Conampion | P | g | Gl | Netcon | U | T
(kWh) (MBu) oy | KB ($/Year) | (Year)
m 33274726 58.14 8451 10023
569 36258123 58.19 92.71 105.17 85% | 234383 | 7460 314
189 33355437 579 8678 11127 02% | 183705 [ o195 944.1
Groutad 105PM D | 136036 36082851 58.18 93.16 105.15 80% | 232003 [ 702 330
8"CMU 0.528 105FM_E 1255.9 331889.7 5197 8126 103.75 03% | -181325 219
(105D 10SFPMF | 134191 35570073 58.18 903 107.19 66% | 169523 | 5740 ]
105PM G | 131684 348747.42 58.15 89.15 10467 | 46% - » -
105PM_H | 133791 354587.06 58.19 89.68 105.17 6.2% - B -
faly o151 [ 120eM A | 126007 333008.73 58.13 84.49 10038
Grouted 120 B | 137334 364430.67 58.19 92.98 106.08 9.0% | 234383 [ 7857 298
$"cMU 0566 | 1200M C | 126287 333813.64 57.95 86.81 10054 02% | -183705 | -196 938.1
(12000 120pM_E | 1257.26 33225895 57.94 873 10053 | 02% [ 181325 [ 193 -
0151 | 120PM_A [ 126175 33342153 5822 8424 10132
120PM B | 129454 34251731 58.27 £7.23 10407 | 26% | 230576 | 2275 1013
Partilly 120PM C | 124622 329184.87 57.96 8444 100.1 -12% | 179898 | 1067 -
Grny‘cd 8" 120PM_D 1288.99 340972.56 5828 87.75 103.85 2.2% 228196 1890 1208
(Lch:ﬁ: 0294 | 120PME [ 124352 32843351 57.97 85.04 10009 [ -14% | 177518 | 1255 E
Insulated) 120PM_F 1288.7 340852.76 58.41 85.43 104.3 21% | -165716 | -1864 [
120M G | 124229 32801081 58.25 83.59 10351 [ -15% < s =
120PM H | 1268.62 33531859 58.27 845 104.07 0.5% . » .




Energy Consumption by Fuel Type

Natural Gas

10le Building Analysis

School Energy Analyses- Partial

Electric

le | Heawic | Gas Pk | 9P| b e | Netcost | Enerey | Payback
) | Consumptio | Consumptio | 1 U | Demand o © Saved | Period
(Wl | B |G| (kB ($/Year) | (Year)
8 [ 317800122 [ 109071 | 77863 | 86978
92 [ 336401431 | 111602 | 81149 | 103888 5.5% | -1188422 | 47038 [ 253
Fully TOSEMCC | 127149 | 321233767 | 109045 | 78674 | 97002 10% | 931466 | 8351 | 1115
Grouted 10SFM D | 1307843 | 331679519 | 107858 | 79279 | 1004.07 38% | -1129166 | 34110 [ 331
8"CMU 0.528 105FM_E | 1252439 | 3168140.03 | 1060.69 768.11 94538 0.6% -872210 | 3591 -
(105pef) 10SFM_F | 1316646 | 3334857.83 | 1100.39 8004 98535 45% | 851906 | -39280 []
105FM G | 1207634 | 327801343 | 11146 | 79129 | 1028.84 3.0% * * *
105FM_H | 13200.52 | 333973681 | 111602 | 803.65 | 1038.88 48% * * *
Fully 0.151 120iM_a | 12593.65 | 317832245 | 109159 | 77942 | 8678
Grouted 120,M B | 1332474 | 337189493 | 112404 | 81654 | 106024 58% | -1188422 | 49367 [ 241
8"CMU 0.566 120FM_C | 1273072 | 3215417.35 1094.94 789.43 984.7 1.1% 931466 | -9374 99.4
(120pef) 120FM_E | 1255628 | 317632966 | 106297 | 76721 | 939.53 03% | 872210 | 1357 B
Rty 0152 130FM_A [ 1259815 | 3178932 [ 109377 [ 77777 [ 86332
Grouted 130FM B | 134189 | 339871521 | 112177 | 809.11 | 1053.88 6.5% | -1188422 | 56004 | 212
8"CMU [ 0591 130FM C | 1276986 | 3226513.65 | 109417 | 78471 | 97442 14% | 931466 | -12125 [ 7638
(130peh) 130FM_E | 1258659 | 318424528 | 1064.69 | 76587 | 940.87 0.1% | 872210 | 674 B
Partially [ 0.151 120PM A | 1260225 | 318202668 |  1087.1 77574 | 85484
g{g‘m‘; 120PM B | 1287497 | 325985218 | 108004 | 78653 | 923.16 22% | -1169150 | -19245 [ 608
(Cells 0204 120pM C | 1252171 [ 316438437 | 107096 | 77442 | 89013 06% | 912194 | 4895 -
'"S:ia‘e 120PM_D | 12680.99 | 321444271 | 105113 767.54 890.46 0.6% | -1109894 | 7025 | 158.0

Energy Consumption by Fuel Type

Natural Gas
4,864

10le Building Analysis

artment Energy Analysis - Partial

Electric Gas Bletric | G peak | | Ener, Payback
Consumption | Consumption | 2% | Demgng | Difference | Net Cost Savegdy Pznud
(kWh) (MBtu) Demand | 5 ey ) ® ($/Year) (Year)
(kW)
400398.66 003 9921 071
44529291 0.06 109.14 162 112% | -307070 | -11224 274
— e — 412515.1 004 103.67 226 30% | 240677 3029 794
Grouted 10SFM D | 1580.89 | 43911952 005 109.64 159 9.7% | -298363 9681 308
8'CMU | 0528 [ 10SFME | 146554 | 40708341 004 1035 22 17% | 231970 1671 1388
(105pef) 105PM_F_| 159551 | 443181.99 0.06 108.86 144 10.7% | 284913 | -10697 266
T0SFM_G | 158809 | 44111929 005 108.4 165 10.2% * * *
T05FM_H | 157161 436542.46 0.06 10732 162 9.0% * * *
Fully 0151 | 120FM A 1440.5 400129.41 003 99.1 0.63
Grouted 120PM B 16014 444817.21 005 109.15 164 112% | -307070 | -11173 215
8'CMU | 0566 | 120PM C | 149104 | 414165385 004 104.17 24 35% | 240677 3509 68.6
(120pcf) 120FM_E 1459.56 405421.52 0.04 103.07 2.18 1.3% 231970 -1323 175.3
Fully 0151 | I130FM_A | 143983 | 39994299 003 99.02 063
Grouted 130FM B | 160345 | 44538663 006 110.18 163 114% | -307070 [ -11315 27.1
$'CMU 0591 | 130FM C | 147882 | 410771.94 0.04 103.79 194 27% | 240677 2661 904
(130pef) 130FM E | 145976 | 40547824 0.04 10336 211 14% | 231970 1338 173.4
0151 | 120PM_A | 143864 | 39961113 004 98.86 058
120PM B | 150556 | 41819821 004 103.28 081 47% | 302091 4647 65.0
Partially 120PM_C 144081 400215.41 0.04 10037 123 02% 235697 -151 15602
g’;‘;i‘y‘ 120PM D | 148551 | 41262977 0.04 10258 0.76 33% | 293384 3255 90.1
Cells 0294 | 120PM E | 142076 | 39464521 003 99.9 L1g) [12% | 226990 1242 B
Insulated) 120PM F_| 149694 | 41580491 004 102.94 0.62 4.1% | 279934 4048 69.1
120PM_G | 149054 | 41402824 0.04 102.49 08 3.6% * * *
120PM _H | 147724 | 410331.08 0.04 101.76 081 27% * > *

Energy Consumption by Fuel Type

Natural Gas
286

10le Building Analysis

artment Energy Analysis - Partial

Electric Gas Bleetric | peak | Percentage Energy | Payback
Peak Extra Cost
Consumpio | Consumptio | "% | Demand | Difference © Saved Period
now) | B | R | kB (%) ($/vear) | (Year)
13539446 [ 0.06 3613 066
15778572 | 0.07 38.96 0.73 8.5% 97300 3098 314
- ey —wwn | 14707723 | 006 3715 087 12% 776262 21 1813
Grouted 10SFM D | 56133 | 15590565 | 0.07 38.77 0.71 7.2% 94518 2628 360
§'CMU | 0528 [ 10SFM E | 52355 | 14541462 | 006 37 0.84 0.0% 73480 K 145793
(105pet) 10SFM F | 56541 | 15703747 | 0.07 38.86 0.73 8.0% 75143 2911 2538
105FM G | 563.04 | 15637936 | 007 3874 071 7.6% * ~ -
TOSFM I | 558.77 | 15519217 07 3843 73 6.7% ¥ ¥ ¥
Fully | 0.197 | 120FM A | 523,00 | 14528500 06 36.08 66
Grouted 120iM B | 568 15775729 07 38.97 7 8.6% 97300 3118 312
8'CMU| 0566 | 120FM C | 5276 | 1465392 6 37.01 36 0.9% 76262 314 2432
(120pct) 120FM E | 52534 | 14591271 | 0.06 3715 085 04% 73480 157 3682
Fully | 0107 | 130FM A | 52277 | 14519758 06 36.04 66
Grouted 130PM B | 5688 | 157977.96 07 39 74 88% 97300 3174 307
§'CMU | 0591 [ 130RM 52752 | 14651664 06 7.0 87 0.9% 76262 308 247.7
(130pch) 130FM_E | 521,62 | 14487937 06 6.9 84 02% 73480 101 -
0197 | 120PM A | 52208 | 14500539 06 6.0: 66
parilly 120PM B | 53802 | 14943232 06 7.0 0.7 3.1% 95722 1107 86,5
P 120PM _C | 5163 | 14340091 06 6.06 0.64 1% 74684 01 =
ony 120PM D | 53122 | 14754403 .06 6.81 0.69 1.8% 92940 635 1464
(Cots| 0204 [(T20PME [TTS09OT | THaTG24.77 06 588 0.64 23% 71902 845 -
Insulated) 120PM F | 53509 | 148617.15 6 6.95 0.7 2.5% 73565 903 815
120PM G | 53293 | 148018.62 | 0.6 3684 0.69 2.1% * - -
120PM_H | 52068 | 14711604 | 006 36.63 07 5% * * -

W. Mark McGinley - Sept 20,
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10le Building Analysis
)ating alone

Exterior Wall U-factors for Code
ith Reflective Coatings

Wall Type Target U factor (Btu/ft?hrF)

Solid Grouted 0.534

Stand-alone Retail Partially Grouted 0.474
Poured Concrete 0.568

Solid Grouted 0.402

Secondary School Partially Grouted 0.418
Poured Concrete 0.397

Solid Grouted 0.369

Mid-rise Apartment Partially Grouted 0.338
Poured Concrete 0.391

Solid Grouted 0.380

Low-rise Apartment Partially Grouted 0.344
Poured Concrete 0.397
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Energy Consum| ption by Fuel Type
Natural Gas

10le Building Analysis

d, foamed and coated masonry walls

3 Web 2 Web 1 Web
CMU CMuU CMU

Stand-alone Retail | 85.7% 86.0% 86.4%

Secondary School 70.5% 73.1% 74.5%

Mid-rise Apartment 48.9% 54.7% 57.4%

Low-rise Apartment| 505% | 56.1% | 58.7%

Conclusions

 For all four prototypes (Stand-alone retail,
secondary schools, mid-rise apartments and
low-rise apartments), adding reflective
coating is an efficient method for reducing the
energy use in Hawaii’s climate. In a number
of exterior wall configurations, this reflective
coating alone is sufficient to produce
equivalent energy performance.

Conclusions

» Combining reflective coatings with overhangs
produce code compliant configurations for the
Stand-alone retail, and secondary school
prototype buildings. For solidly grouted CMU
walls, overhangs and coatings produce yearly
energy use values within 1% of the baseline
values in all cases and prototypes. They are
thus very close to being code compliant.

Conclusions

» Reflective coatings and window shades
(overhangs) have the greatest impact on energy
use in the range of building types investigated. In
every case addressed, the coatings and
overhangs were able to reduce the yearly energy
consumption values either below the baseline
configuration (and code compliant), or to low
enough levels of energy consumption that the
difference between the baseline energy yearly
costs would take well beyond the typical building
design life to payback

W. Mark McGinley - Sept 20, 2019
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