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Introduction
What exactly is simulation? 

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

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



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.

The primary objective of Energy Modeling 
is to inform the decision-making process 

while recognizing trade-offs between 
different criteria.

…this is ½ right…

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 
improving the ability to use models as a 

reliable predictive tool. 



Introduction
Different Types of Simulation



Simulation Tools
What tools can I use? 





• 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 

Key Issues for Envelopes

Building envelopes: a lot happens in a few inches!



Façade 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

• 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 façade has a direct impact on occupant thermal comfort that 
must be managed.  



External Shading Studies 



Daylighting 



Energy Efficiency
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Thermal Comfort



Visual Comfort
• Goal: minimize glare probability





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



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.



Façade 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. 



LBNL Window Software 
Glazing: Actual Performance data available

Building actual window performance files using Window software 

Show screen shots of different steps



Angular Data 

Reference 1/8” single 
pane used by 
ASHRAE SC method

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



Why is Angular Data Important

Solar Radiation Angle of Incidence 0 10 20 30 40 50 60 70 80
ASHRAE SC Reference 0.834 0.833 0.831 0.827 0.818 0.797 0.749 0.637 0.389 SC SHGC U RHG

Actual  Angular 0.282 0.283 0.28 0.275 0.268 0.254 0.223 0.164 0.078
ASHRAE SC method 0.287 0.287 0.286 0.284 0.281 0.274 0.258 0.219 0.134 0.344 0.299 0.286 72.1

% Error 2% 1% 2% 3% 5% 8% 16% 34% 72%
 

Actual  Angular 0.233 0.235 0.231 0.227 0.221 0.209 0.182 0.132 0.061
ASHRAE SC method 0.266 0.266 0.265 0.264 0.261 0.254 0.239 0.203 0.124 0.286 0.319 0.277 67.5

% Error 14% 13% 15% 16% 18% 22% 31% 54% 103%

Actual  Angular 0.353 0.355 0.35 0.344 0.335 0.318 0.279 0.205 0.098
ASHRAE SC method 0.367 0.367 0.366 0.364 0.360 0.351 0.330 0.280 0.171 0.44 0.386 0.291 92.6

% Error 4% 3% 4% 6% 7% 10% 18% 37% 75%

Actual  Angular 0.325 0.327 0.322 0.316 0.307 0.29 0.253 0.183 0.084
ASHRAE SC method 0.364 0.363 0.362 0.361 0.357 0.347 0.327 0.278 0.170 0.436 0.379 0.293 91

% Error 12% 11% 13% 14% 16% 20% 29% 52% 102%

Actual  Angular 0.39 0.393 0.387 0.38 0.371 0.352 0.31 0.227 0.109
ASHRAE SC method 0.39 0.392 0.391 0.389 0.384 0.375 0.352 0.299 0.183 0.47 0.409 0.262 97

% Error 1% 0% 1% 2% 4% 6% 14% 32% 68%

Manufacturer #1 
Best glass

Manufacturer #1 
Good glass

Manufacturer #2 
Good glass

Manufacturer #2 
Low‐U Higher 
SHGC glass

Manufacturer #3 
Best glass



Glass Temperature and Thermal Comfort

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.  



Glass Temperature and Thermal Comfort

U-Factor = 0.403

U-Factor = 0.241



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

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

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

(WidthWin + Height Win )/ 4 * SQRT(0.25*(WidthWin - Height Win )^2 + AreaGl)

Win = Window Assembly dimensions and     AreaGl = Total Glazed area



Window Frames



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. 

How do you model this when proposed 
fenestration is not specified as an Assembly 
but rather as separate components? 

Code Minimum Window Performance



Code Minimum Window Performance

Answer: Calculate it based on the proposed fenestration design
1. Solve for glass performance assuming frames are thermally unbroken. 

2. Calculate glass performance so that the area-weighted window assembly performance meets code

3. Area cannot exceed 40% WWR and must be adjusted for first.

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

5. 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.



Edge of Glass Effects

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

Theoretical Energy Model Case: 
Solar Radiation strikes the façade 
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 façade.



Conclusions:

Energy Analysis of Building Facades can be significantly improved by:

1. Use LBNL Window angular performance model data.

2. Account for actual frame areas based on the proposed building design.

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

4. Properly account for external shading


