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Introduction
What exactly is simulation?

Building Performance simulation models and observes a building’s
behavior under a specific usage scenario...

Physical MWathematical
Wor| o Wior| d

Computer
World

A model can reveal behaviors that contribute to the performance under study.

The better the design of the experiment, the better the signal

also know as

Garbage in ... Garbage Out
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Introduction
What exactly is simulation?

Energy Modeling predicts actual energy utilization.*

*accounting for the idealized test environment and the actual use and condition of the building.

Compare this vehicle to others in the FREE FUEL ECONOMY GUIDE available at the dealer

The primary objective of Energy Modeling

IS to inform the decision-making process
Fuel Economy . .

CITY MPG HIGHWAY MPG while recognizing trade-offs between

30 different criteria.

1633 CANARY 20 LITER pos i1 )
L4 ENGINE FUEL INJECTED 1ssved naOM .. .th|S IS Y5 r|ght. ..
AUTO 3 SPD TRANS CATALYST ranging ;wmi 4'110 31 mpg city
FEEDBACK FUEL SYSTEM S 1613041 1y ghneay

19 and 27mpg in tha city " .
ol . Estimated Annual Fuel Cost

i St 0 Modeling is also a useful predictive tool if
the modeler addresses the differences
between Model World and the Real World.

We will not get to carbon neutrality without
iImproving the ability to use models as a
reliable predictive tool.
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Introduction
Different Types of Simulation

Stages of Design and Types of Energy Models

&

- |

CONCEFT & SCHEMATIC CONTRACT DOCUMENTS CONSTRUCTION + OPERATION

BEM CALIBRATION

From AlA, "An Architect’s Guideto Integrating Energy Modeling In The Design Frocess,” 2012
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Simulation Tools
What tools can | use?
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Conductive heat gain
Conductive heat loss
Solar heat gain

Thermal comfort adjacent to envelope

Daylight access & distribution
Glare control

Condensation & waterproofing
Natural ventilation

Infiltration

Sustainable materials

Views

Acoustics

Structure

Building expression
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Building envelopes: a lot happens in a few inches!
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Facade Drivers

* Peak Solar Gain — Reduce peak solar loads to reduce air change rates and first
cost of HVAC equipment; improve thermal comfort in spaces adjacent to facades

« Daylight Quality & Visual Comfort — Reduce glare from low angle sun to improve
occupant comfort; create evenly daylight spaces that avoid contrast

« Daylight Quantity — Reduce electric lighting energy use by daylighting perimeter
spaces

e Annual Solar Gain — Solar radiation can drive both heating and cooling loads
throughout the year and must be properly accounted for in the design of any building.
The management of solar radiation has a direct effect on annual energy use.

 Thermal Comfort —The facade has a direct impact on occupant thermal comfort that
must be managed.
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External Shading Studies

INCIDENT SOLAR
RADIATION
KWh/m?

BASELINE, WITHOUT ANY
FINS

STANDARD SIZE FINS AT
ALL SAME SIZE PANELS

ATELIER TEN
RECOMMENDED FINS
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Daylighting

Average Annual llluminance [8am-6pm][Lux]




ANNUAL SITE ENERGY CONSUMPTION

Energy Efficiency

7159 NIKE HQ (OFFICE BUILDING)

ANNUAL ENERGY CONSUMPTION (MILLION BTU)

m Space Cool ® Heat Reject. m Space Heat = Hot Water
Vent. Fans B Pumps & Aux. Area Lights = Misc. Equip.
18,000 57
39% 38% 36% 37% 40%
16,000 A A A A A 51
14,000 44
12,000 as
10,000 i i i i 32
8,000 25
— | | — — —
6,000 19
4,000 13
2,000 6
0 R
ASHRAE 90.1- UFAD DOAS + DOAS + ACB Optimized VAV Optimized VAV UFAD VAV +
2007 Radiant case + ERV ERV
Baseline Ceiling
Design
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ENERGY USE INTENSITY (KBTU/FT2/YR)

ANNUAL UTILITY COST

7159 NIKE HQ (OFFICE BUILDING)

m Natural Gas Electricity
@ 300,000
E 25% 22% 20% 23% 25%
g x x X A
E 250,000 : : :
= : i
=) H :
- v :
Z v A4 v
Z 200,000
<
150,000
100,000
50,000
0
ASHRAE 90.1- UFAD DOAS + DOAS +ACB Optimized VAV Optimized VAV UFAD VAV +
2007 Radiant case + ERV ERV
Baseline Ceiling
Design
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Thermal Comfort

hy SHRAE 55,

2 Biiidlni] My

MRT: G4°F

FIGURE S: OPTIOM 3 - REDUCED SHGC + THERMAL MASS + MIGHT-
FLUSH MECHAMICAL VENMTILATION [SHGC: 0.29)[&8" CONCRETE]

Radiant/chilled Floor
for optimal MRT and
thermal comfort.

FIGURE &: OPTIOM 4 - RADIANT FLOOR COOLING + THERMAL
MASS [SHEC: 0.25][8" CONCRETE FLOOR]
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ATRIUM FLOOR TEMPERATURE AT A SINGLE POINT IN TIME IN SUMMER
(JUNE 15T, 1PM)

I - Ll
B F-\reawhflgr e Fat
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MRT: 93°F

FIGURE 3: OPTION 1 -PROPOSED DESIGM FLOOR
TEMPERATURE [SHGC: 0.38][4" CONCRETE FLOOR]

minimize summersolar
Gains

AR
M RT: G5°F

FIGURE 4: OPTION 2 -REDUCED SKYLIGHT SHGC + IMCREASED
THERMAL MASS [SHGC: 0.25][8" CONCRETE FLOOR]




Visual Comfort

 Goal: minimize glare probability

Davlight Glare Probability Criteria

0.900
High

Direct Sunlight

Disturbing
Med 0.398 Perceptible
Low 0.352 Imperceptible

Top Hood 70O mm Side Hood 700 mm

Northeast Top Hood

Jan MNov Dec
8:00 AM 0.403 0414 | 0.397
9:00 AM 0.418 0413 | 0.405
10:00 AM 0.401 0.391 | D386
11:00 AM 0.376 0.365 | 0.361
12:00 PM 0.342 0.323 | 0.329
1:00 PM 0306 (0303 (0314|0331 | 0343 | 0.351 | 0.353 | 0.336 | 0.309 | 0.293 | 0.300 | 0300
2:00 PM 0288 (0295 | 0299 | 0292 | 0297 | 0.302 | 0.304 | 0.296 | 0.293 | 0.289 | 0.284 | 0.286
3:00 PM 0.278 [ 0.283 | 0.280 | 0.265 | 0.262 | 0.265 | 0.269 | 0.267 | 0.276 [ 0.272 | 0.274 | 0277
4:00 PM 0.268 (0.265 (0254 10241 | 0232 | 0.231 | 0.236 | 0.243 | 0.248 | 0.256 | 0.263 | 0.267
5:00 PM 0251 (0244 102320218 | 0211 | 0.209 | 0.213 | 0.219 | 0.227 ([ 0.234 [ 0.242 | 0.249
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Facade Simulation
Simulating Glass Performance

Two approaches that are most often used by Design Professionals
and Energy Analysts.

1. ASHRAE Shading Coefficient Method— U-value /SC method

2. Actual performance — using LBNL WINDOW glazing files

L o T B
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ASHRAE Shading Coefficient Approach

Based on simple definitions for glass U-value and Shading coefficient. Uses a
standard 1/8” clear glass pane as a reference point for angular data calculations.

The methodology calculates hourly solar loads using the reference glass and then
multiplies by the specified shading coefficient to determine adjusted loads.

Pros:
1. Easy to specify.
2. Does not require use of LBNL Window

3. Does not require knowledge of glazing assembly components.

Cons:
1. Performance based on standard 1/8” glazing

2. As much as 30% error on peak solar loads for multi-pane and coated glazings when angle of
incidence is less than 60-degrees

3. Does not account for temperature difference across the window in conduction calcs.

4. Does not account for 2-D conduction edge effects.

“atelier ten



Facade Simulation
Glazing: Actual Performance using LBNL WINDOW software

Simulation is based on detailed window model files
exported from LBNL WINDOW software. Results are

Pros

1. Correct angular dependence ensures an accurate calculation
of solar transmission and absorption.

2. Conductance has the proper dependence on the temperature
differentials within the assembly.

3. Allows calculation of 2-D conduction edge effects.

Cons
1. Requires use of additional software.

2. Requires more specific data on glazing assembly:
thicknesses, coatings, coating surface and cavity gas.

3. Slower simulation: have to setup model to interpolate angular
values hourly to get the best results.

“atelier ten



LBNL Window Software
Glazing: Actual Performance data available

gz iy PSS L any

Calz [FH] | D #: |15 Warne: |5|:|Iar|:uan 72 with Starphire ,
Mew | # Layers: |2 i‘ Tilt: a0 - IG Height:] 39.37 inches '
Envi kal ; : . . 3
Copy | meg:lﬂ?nnn::“\lew‘r’urk City Design EDHIj IG "width:| 39.37 inches !
C t: '
Delete | =T | 1 2
Save | Overall thickness: 0946 inche:  Mode: |B
Fiepart | [n] M ame kode| Thick Flipl Tszol | Feoll | Rzol2 | Twis | Rwisl | Rwis2 | Tir E1 Ez | Cond
- Glazz 1 »» 5435 SBYZ Starphire_E.PPG # 0222 J|0207 0513 0575 0775 0077 0061 0000 0840 0022 0578
Gap1 »» 1 fir 0500 [
- Glazz 2 »¢ 5004 STRPH_E.PFG # 0223 [J|0890 0078 0020 0911 0082 0083 0000 0840 0840 0578

Center of Glass Results | Temperature Data | Optical Data | Angular Data | Color Properties |

IIfactar SC SHGC Fel. Ht. Gain Twiz
Btush-ft2-F Btush-ft2
0.223 0,360 0313 7.4 0.710
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K.eff Gap 1 Keff
Btush-ft-F Btush-ft-F
00745 00145



Angular Data

Glazing System Angular Properties | T | =

00 1| 20 30 40 50 60| 70 80 30| Hemis|
Tsol| 0834 0833 0831 0827 0818 0797 0749 0637 0389 0000 0.753

Reference 1/8” single Absl| 0091 0092 0094 009 0100 0104 0108 0110 0105 0000 0.101
pane used by Rfsol| 0.075 0075 0075 0077 0082 0039 0143 0253 0506 1.000 0136
ASHRAE SC method Rbsol| 0.075 0075 0075 0077 0082 0099 0143 0253 0506 1.000 0136

Tvis| 0899 0833 0838 083 0883 0870 0822 0705 0441 0000 0822

Rfvis| 0.083 0083 0083 008 009 0109 0156 0272 0536 1.000 0148
Rbvis| 0.083 0.083 0083 0085 0031 0103 015 0272 0536 1.000 0148
SHGC 0860 0860 0859 0855 0847 0827 0780 0663 0420 0000 0783

Actual data for a multi-
pane high
performance glazing
assembly.

SO TTE oy
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Solar Radiation Angle of Incidence

Manufacturer #1
Best glass

Manufacturer #3
Best glass

Manufacturer #1
Good glass

Manufacturer #2
Good glass

Manufacturer #2
Low-U Higher
SHGC glass
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ASHRAE SC Referenc

Actual Angular
ASHRAE SC method

% Error

Actual Angular
ASHRAE SC method

% Error

Actual Angular
ASHRAE SC method

% Error

Actual Angular
ASHRAE SC method

% Error

Actual Angular
ASHRAE SC method

% Error

0.834

0.282
0.287
2%

0.233
0.266
14%

0.353
0.367
4%

0.325
0.364
12%

0.39
0.39
1%

10
0.833

0.283
0.287
1%

0.235
0.266
13%

0.355
0.367
3%

0.327
0.363
11%

0.393
0.392
0%

20
0.831

0.28
0.286
2%

0.231
0.265
15%

0.35
0.366
4%

0.322
0.362
13%

0.387
0.391
1%

30
0.827

0.275
0.284
3%

0.227
0.264
16%

0.344
0.364
6%

0.316
0.361
14%

0.38
0.389
2%

40
0.818

0.268
0.281
5%

0.221
0.261
18%

0.335
0.360
7%

0.307
0.357
16%

0.371
0.384
4%

50
0.797

0.254
0.274
8%

0.209
0.254
22%

0.318
0.351
10%

0.29
0.347
20%

0.352
0.375
6%

60
0.749

0.223
0.258
16%

0.182
0.239
31%

0.279
0.330
18%

0.253
0.327
29%

0.31
0.352
14%

70
0.637

0.164
0.219
34%

0.132
0.203
54%

0.205
0.280
37%

0.183
0.278
52%

0.227
0.299
32%

80
0.389

0.078
0.134
72%

0.061
0.124
103%

0.098
0.171
75%

0.084
0.170
102%

0.109
0.183
68%

SC

0.344

0.286

0.44

0.436

0.47

SHGC

0.299

0.319

0.386

0.379

0.409

0.286

0.277

0.291

0.293

0.262

RHG

72.1

67.5

92.6

91

97



Glass Temperature and Thermal Comfort

Inside Glass Surface Temperature (°F)
o 10" 200 30" 40" 50* e60° TFO°

|
B 20° cutdoors

single clear
B outdoors

double clear

double, moderate solar
gain low-E, argon gas

triple, 2 moderate solar
gain low-E, krypton gas

Unc;umfort?blu

conﬁprtahlq

Source: Lawrence Berkeley National Labaratory {Lyons and Arasteh].

The Fanger thermal comfort standard says that the
difference in radiant temperature in different directions
should be not more than 5C which is about 9F.

If your heating temp is 72F you would target interior glass
temp > 63F and if cooling temp is 75F summer glass temp
should be <84F.
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Probability of Discomfort
0% 20% 40% B80% BO% 100%

single, clear

double, clear

double, moderate solar

Due o draft
gain low-E, argon gas .

triple, 2 moderate solar Il o 10 cold glass
gain low-E, krypton gas i

Sowrce: Lawrence Berkeley Mational Laboratary (Lyons and Arasteh).

Probability of Discomfort
0% 20% 40% 60% 80% 100%

| | |
single, clear |

| |

double, clear [

double, tint [] bue to sunight

. Due to hot glass

double, modarate solar
gain low-E, argon gas

Source: Lawrence Berkeley National Laboratory (Lyons and Arasteh].



Glass Temperature and Thermal Comfort

Center of Glass Results  Temperature Data | Optical Datal Angular Data | Color F'mpertiesl

| | o | Narme Made| Thick |Flip
| Glass 1 »» G046 WE12MMIR # oz [ _— Layer 1 Layer 2 _—
Gap1 " 1 A UEEDED Dutside &ir Outer Surface | |nner Surface Outer Surface |InnerSurface |nzide Air
------------------- ‘ Wfactar 0.4 5.1 E.0 46.8 477 £9.8
| Glss20% 103] CLEAR.6DAT # 025 O s [Tese s o
U-Factor = 0.403
Center of Glass Results  Temperature Data DpticalDataI.-’-‘mguIarData Color F'mpertiesl
BN Name Mode| Thick |l e -
j Glass 1 »» EEME WETZM. VIR # 0223 D Outgide Air Outer Surface | Ihner Surface Outer Surface |Inner5urface Inzide Air
Gap 1 H ______________ 2 Argon n&00 [ Ufactor -0.4 219 34 6.7 BE.2 £93
j Glazz 2 ¥ 103 CLEAR_E.DAT # 0z2m [ SHGE i me 110.3 111.4 g7.2 8.8 75.2
U-Factor = 0.241
Inside Glass Surface Temperature (°F)
0° 10° 20° 30" 40¢° 50 60* 7O°
single clear M 20° outdoors
B " cutdooss
double clear
double, moderate solar
gain low-E, argon gas
triple, 2 moderate solar
gain low-E, krypton gas
Uncomfortable Comfortable
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Source: Lawrence Barkeley National Labaratory {Lyons and Arasteh]



Window Frames

Window frames can be explicitly defined in most energy modeling
software but rarely are.

1. Most often frame area is assumed to be glass area...it's not and can
account for between 5-25% of a windows area.

2. Most software programs require specifying frame thickness,
conductance and absorptance of the outside surface.

3. Window frames generally have the following conductance U-values

Vinyl: 0.3 Btu/ft2-F-h

Wood: 0.4 Btu/ft2-F-h

Butt Glazed Curtain wall: 0.7 Btu/ft2-F-h
Thermally broken Aluminum: 1.0 Btu/ft2-F-h
Thermally unbroken aluminum: 1.9 Btu/ft2-F-h

4. Total Frame area can be converted to a uniform frame width using
the following equation:

(Widthy,,;, + Height \,;, )/ 4 * SQRT(0.25*(Width,,,, - Height ,;,)*2 + Areag))

Win = Window Assembly dimensions and  Areag, = Total Glazed area
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Window Frames

Window Calculation Spreadsheet BASELINE WINDOW ADJUSTMENT FACTOR Window Consts to
% GLASS for Baseline: 4% ] ]
AsDes. % GLASS:|  46.60%| reduce Window sizes
Muttiplier for windows: 0.957 in Baseline Model
Data for eQuest (detailed edit mode)
Total Glazed Area Fraction Frame Area| Window — Adjusted Calculated Frame Width Frame Width Window  Window
(=f) Glazed | (=f) Width (ft) Height (ft) (ft) {in} (TE) Height Width
JNorth W1 9262 &3% 1250 15.03 7.00 | 0.284 ! 3.53 0,294 6.4 14.44 MNorth W1
Horth W2 712 &8% 15.52 15.03 .69 0.356 427 0,356 8.18 14,32 North W2
Horth W3 155.44 90% 1717 14.88 11.80 0.333 4.00 0.333 10,93 14.21 North W3
Horth VW4 38.50 91% 4.00 5.00 .50 0.152 1.82 0,152 8.2 4.7 North W4
Horth W4a 114,14 90% 13.36 15.00 8.50 0.281 3.4% 0.291 7.92 14.42 MNorth Wéa
West/East (1.4 Seminar) 25.00 35% 433 3.67 &.00 0152 2.30 0,192 7.62 3.28 West/East (1.4 Seminar)
Horth V5 [café upper) 121.00 100% 0.00 33.00 3.67 0.000 0.00 0.000 3.67 33 Morth W5 (café upper)
Horth W5 [cafe lower) 23287 100% 0.00 25.08 &.00 0.000 0.00 0,000 a8 29,08 Morth W5 (cafe lower)
North W5 {café door) 31.33 100% 0.00 3.82 .00 0.000 0.00 0,000 @ 3.92 Morth W5 (café door)
West/East W4 (staircase) 9.20 T4% 3.53 2.00 6.67 0214 2.57 0,214 6.24 1.57 West/East W4 (staircasze)
Raised Roof (W) 132.83 53% 222 17.67 7.65 0.044 0.53 0.044 7.56 17.58 Raized Roof (W)
Raized Roof (E) 17.12 93% 1.22 375 4.89 0.072 0.86 0.072 4.75 3.61 Raized Roof (E)
Raised Roof (51) 797.85 58% 13.1% 57.60 7.50 0.083 0.76 0.063 T.07 a7 .47 Raized Roof (S51)
Auditorium East CW B57.48 95% 4327 35.43 25.00 0.356 427 0.356 24,29 35,72 Auditorium East CW
5 Parking Vestibule CW/Door (4 127.31 &8% 17.1% 17.00 .50 0.345 415 0,346 7.81 16.21 5 Parking Vestibule CW/Doo
Atrium Floors 3-5 N 156.83 99% 1.93 4.4 35.00 0.024 0.25 0.024 35.95 4.36 Atrium Floors 3-5 N
Atrium Floors 1-2 N 1077 97% 3.89 4.4 25.00 0.054 0.77 0.064 25,87 4,28 Atrium Floors 1-2 N
Atrium Floors 3-5 NE (below bri §17.00 99% 6.75 2712 23.00 0.088 0.82 0,068 22,86 26,98 Atrium Floors 3-5 NE (below
Atrium Floors 3-5 NE (R of bridg 69.01 94% 4.44 5.85 13.00 0121 1.45 0,121 12,76 5.4 Atrium Floers 3-5 ME (R of b
Atrium Floors 3-5 NE (L of bridg 13477 94% 8.23 11.00 13.00 0174 2.09 0,174 12.65 10.65 Atrium Floors 3-5 NE (L of b
Atrium Floors 1-2 NE B57.24 95% 3788 2712 25.00 0.361 433 0.361 25,28 26.4 Atrium Floars 1-2 NE
Atrium Floors 3-5 5E 482,74 57% 14.06 13.80 35.00 0.142 1.70 0,142 35,72 13.52 Atrium Floors 3-5 SE
Atrium Floors 1-2 5E 341.34 95% 17.48 13.80 25.00 0.222 2.65 0,222 25.56 13.36 Atrium Floers 1-2 SE
South CW over Auditorium 551.15 BE5% 21.92 51.40 933 0156 1.87 0.156 9.02 61.09 South CW over Auditorium

“atelier ten



Code Minimum Window Performance

Code Specified Window Performance

1. Specified as an assembly which includes both
glazing and frame areas.

2. No guidance is given about the minimum glass
or frame performance as long as the assembly
value is met.

3. Area cannot exceed 40% WWR. U-Factor (U.5./1-P] Solar Heat Gain Coefficient

0.35 0.32

ADDITIONAL PERFORMAMNCE RATINGS

World's Best
Window Co.

Millenniurn 2000+

i
! ]
: Virny-Clad Wosd Frame '
1 Double Glazing + Argon Fill - LowE |
| Product Type: Vertical Slider

ENERGY PERFORMANCE RATINGS

How do you model this when proposed Visible Transmittance Air Leakage (U.S./1-P)
fenestration is not specified as an Assembly 0.5 1 0.2
but rather as separate components? arufcrer stpucis Pt Thess raings cnfon o appcble R prucshes e deerminiog whoe

prodect paromiance, NIRC riligs ane Selermned far & Taxd 581 of evatenenentel condnons and &
speciic prodect soe. Coxsull monutachunss Wratuse for ot produc periamangs infomusion
wiatw ke o)
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Code Minimum Window Performance

. ] u 09 0.5540] 0.57 0.57

l’_'“d‘;‘;l" Oz'zles | SHGC 0 04220 0.4 0.4
ine Mode 0570 0.400 057 040

Required By ASHRAES0. seline Calc. ASHRAES0.1-200{ eQuest Baseline

Total windov window combined Assembly Total Assembly

Qry. Area (sf) |oper.Area| U value North SEW u SHGC U-Value SHGC
North W1 2 210 637 0.57 0 2 0.57 0.40 0.60 0.37
North W2 8 1069 2549 0.57 0 8 0.57 0.40 0.60 0.37
North W3 2 345 0.0 0.57 0 2 0.57 0.40 0.59 0.38
North W4 6 255 0.0 0.57 0 & 0.57 0.40 0.59 0.38
North W4a 1 128 0.0 0.57 0 1 0.57 0.40 0.59 0.38

Baseline| Frame Glass

Window Consts to putinto e RAES0.1-2004 Fixed Operable North S.ELW

Answer: Calculate it based on the proposed fenestration design

1.
2
3.
4

5.

Solve for glass performance assuming frames are thermally unbroken.
Calculate glass performance so that the area-weighted window assembly performance meets code
Area cannot exceed 40% WWR and must be adjusted for first.

With actual glazing performance criteria it is much easier to select an actual glazing assembly to
simulate.

Iterate with small adjustments to the frame U-factor to fine tune glazing criteria.

Note that the glazing SHGC is higher than the minimum assembly SHGC. This is due to proper accounting of framing
which has an SHGC of ~0.
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Edge of Glass Effects
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Edge-of-Glass Effects

Because of two-dimensional heat
conduction effects in multipane
windows, the U-value of the edge-of-
glass region (a 2.5-in wide border strip
at the boundary of the glazing) differs
from the U-value in the center-of-the-
glass region (the central part of the
glazing). The edge-of-glass U-value
depends on the center-of- glass U-
value and the type of spacer used to
separate the panes.



External Shading is Important
...but most often ignored

o
/’\
[N

-
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Theoretical Energy Model Case:

Solar Radiation strikes the facade
anytime it is above the horizon without
external shading

Reality:

External shading from adjacent
structures and fauna significantly
reduces the total annual solar
radiation striking the building facade.



Conclusions:

Energy Analysis of Building Facades can be significantly improved by:

1.

2.

Use LBNL Window angular performance model data.
Account for actual frame areas based on the proposed building design.

Use LBNL WINDOW performance criteria in the baseline model by solving for glass
performance criteria that maintains minimum fenestration assembly performance.

Properly account for external shading
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