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international copyright laws. 
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This program is registered with the AIA/CES for continuing professional 
education. As such, it does not include content that may be deemed or 
construed to constitute approval, sponsorship or endorsement by AIA of 
any method, product, service, enterprise or organization. 

The statements expressed by speakers, panelists, and other participants 
reflect their own views and do not necessarily reflect the views or 
positions of The American Institute of Architects, or of AIA components, or 
those of their respective officers, directors, members, employees, or 
other organizations, groups or individuals associated with them. 

Questions related to specific products and services may be addressed at 
the conclusion of this presentation.



Speakers List
• Andrea Love, AIA

Principal / Director of Building Science, Payette, Boston, MA

• Robert Pasersky, AIA
Associate Principal, Payette, Boston, MA

• Wesley Schwartz, AIA
Senior Associate, Payette, Boston, MA

• Jeffrey Abramson, AIA
Associate, Payette, Boston, MA



Course / Learning Objectives
• Articulate the challenges of designing a glass facade from the 

standpoints of design, indoor environmental quality, and energy 
performance.

• Identify the key elements of a successful integrated design 
team dynamic, such as clear goalsetting, constant 
communication, and data sharing.

• Understand the selection process of a glass type, including the 
timeline in which performance, appearance, cost, and 
commercial availability must be evaluated.

• Recognize how best practices from the presented case studies 
can be applied to similar projects in the region.
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Importance of Building Envelopes

Informed envelope design decisions can lead to lower energy costs
and increased occupant satisfaction





Thermal Comfort

Modes of Heat Transfer:
Conduction
Convection

Radiation
Evaporation



Factors Impacting Thermal Comfort



Thermal Comfort Factors



Thermal Comfort Factors
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Thermal Comfort Factors



Mean Radiant Temperature

MRT Air T
50 98
55 91
60 84
65 77
68 73
69 71
70 70
71 70
72 69
73 68
75 63
80 56

Equivalent MRT and 
Air Temperature for a 

Feeling of 70°



Thermal Comfort Factors



Thermal Comfort Factors

Draft Strength Depends On:
How cold each surface is

How tall the cold surface is
How close the occupant is

(to the surface)



Thermal Comfort Factors



Humidity



What We Measure



Thermal Comfort History

Fanger Model (1960’s)
• Measured thermal comfort of college aged students
• Method for HVAC Engineers to predict thermal comfort
• Basis for numerous standards
ASHRAE 55-2015



Thermal Comfort History

1960 = 3-piece suits

=

2018 = Snuggie?



Thermal Comfort Recent News



Comfort Zone

Quantifying Thermal Comfort

-3 -2 -1 0 +3+2+1PMV

Cold Cool Slightly Cool Neutral Slightly Warm Warm Hot





Envelope Impact on Energy

70%
of commercial building’s 

energy is impacted by the 
design of the envelope

- CBECS, 2003
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INTUITION: TRUST WHAT YOU KNOW

• Easier to control north/south light than east/west

• High energy intensive activities on the side with the least solar exposure

• Low  energy intensive activities on the side with higher amounts of solar exposure

SECONDARY 
FACADE FOR 
SHADING

PRIMARY FACADE 
FOR SHADING

THERMAL 
BLANKET



CONCEPT VALIDATION: EARLY STAGE ENERGY MODELING

• “shoe box” energy models based on program, orientation and climate

• Tests variations and sensitivity of different design strategies

• Passive Double skin is not recommend due to cost and performance

• Exterior Shading systems can achieve aesthetic intentions with greatest benefit

3.05%

1.61%

0.53%

-2.77%

-2.81%

High Performance Glazing + Sunshading

60% + Shading

High Performance Glazing

60% Glazing

Double Wall

CODE

Net Energy Saving from Code Baseline





PARAMETRIC MODELING | OPTIMIZING DESIGN

• Highly iterative modeling platform

• Optimal for testing variations and revising geometry

• Used for both Design & performance studies

Rhino/Grasshopper



PARAMETRIC MODELING | OPTIMIZING DESIGN

• Highly iterative modeling platform

• Optimal for testing variations and revising geometry

• Used for both Design & performance studies



PARAMETRIC MODELING | OPTIMIZING PERFORMANCE

• Nuke software was a custom solution to measure illuminance

• Ladybug would be current integrated software

• Visual and numerical outputs

SPRING/FALL SUMMER WINTER CUMULATIVE
16,16 (1) 50.4% 66.0% 42.0% 51.3%
16,12 (1.3) 59.5% 72.4% 51.6% 60.0%
12,16 (.75) 47.5% 63.3% 38.7% 48.4%
12,12 (1) 54.1% 68.6% 45.5% 54.8%
12,8 (1.5) 63.2% 74.8% 56.0% 63.6%
8,12 (.67) 45.7% 61.7% 36.8% 46.5%
8,8 (1) 54.6% 68.8% 46.3% 54.8%

54.1%

68.6%

45.5%

54.8%

35.0%

40.0%

45.0%

50.0%

55.0%

60.0%

65.0%

70.0%

75.0%



PARAMETRIC MODELING | OPTIMIZING PERFORMANCE

• Iterative Studies to refine detail level design

• Quantification of design moves

SPRING/FALL SUMMER WINTER CUMULATIVE
12,16 (2' catwalk) 48.1% 61.9% 41.4% 49.1%
12,16 (Full catwalk) 53.3% 71.4% 43.0% 54.2%
12,12 (2' catwalk) 56.8% 69.5% 50.2% 57.6%
12,12 (full catwalk) 60.8% 78.1% 50.2% 61.5%

60.8%

78.1%

50.2%

61.5%

10.0%

20.0%

30.0%

40.0%

50.0%

60.0%

70.0%

80.0%



PARAMETRIC MODELING | ENERGY MODEL INTEGRATION

• Detailed panel by panel analysis of performance

• Exported as day/hour spreadsheet as input data for energy model

• Actualize savings from passive systems vs estimating performance 





ENGINEERING TEAM INPUTS AND PROCESS | COMMON PRACTICE

• Window shape and sizes are simplified 
• Shading is approximated for zones of façade

• Advantages:
• Ease of modelling
• Speed of analysis
• Relatively easy to modify

• Disadvantages: 
• Loss of detail and information
• No ability to integrate interactions
• Poor visualization 
• Not usable for other analyses

Simplified window 
modelling

Shading zones 
definition



ENGINEERING TEAM INPUTS AND PROCESS | ISEC PROCESS

• Window shape and size reflect design intent
• Shading is model as closely to design intent as possible
• Secondary structure and supports modeled

ADVANTAGES
• Fine detail of results for each window
• Usable for other analyses – daylighting
• Good visualization

DISADVANTAGES 
• Manual modelling 
• Difficult to modify
• Longer run times

Architectural 
Rendering

Actual IES: Virtual 
Environment model



ENGINEERING TEAM INPUTS AND PROCESS

KEY FACTS AND RESULTS
• 664 shading elements modeled
• 9 total façade types were included in model
• Detailed results allowed proposed changes to be considered quickly as impact to loads 

were clear

LESSON LEARNED:
• Don’t forgot about the supports!
• Modelling the support system showed additional shading increasing performance

NEXT STEPS:
• Increased automation for creation of model
• Integration into daylight analysis



DAYLIGHTING | OFFICE SHADING & ATRIUM

• Objective of Study
– Determine optimal 3-dimensional 

shaping of the skylight to minimize 
direct sunlight penetration at lab 
write-up spaces while maximizing 
diffuse daylight transmission and 
views in the atrium.

– Quantify the resulting time of 
day/year and duration of direct 
sunlight in the lab write-up spaces 
to enable an informed decision by 
the owner if additional shading is 
required.

• Challenges
– Lab write-up spaces currently 

experience incident direct sunlight 
at the top three foors.

– Providing clear views to the sky 
through the skylight without also 
pro-viding clear views of the sun 
(i.e. glare)

– Given the size of the skylights, 
shaping the skylights alone will 
not be able to provide full solar 
control, but it can reduce such 
occurrences.



DAYLIGHTING | BASELINE



DAYLIGHTING | ENHANCED CONTROL DESIGN PERFORMANCE





DESIGN ASSIST

• Collaborative process between the design team and selected 
contractors to develop complex elements and procure long 
lead time elements such as glazing

• Typically engaged at the completion of Design Development

• Used to accelerate schedule with shop drawings complete at 
the beginning of construction

• Allows the team to be coordinating project specific details in 
place of drawing a generic bid package

• Loss of competitive bidding while gaining control over the 
quality and procurement of critical path items

DESIGN TEAM MUST SET GROUND RULES 

• Design Intent

• Performance Specifications (Environmental, Thermal, 
structural)

• Schedule & Deliverables (meetings, drawings, samples, 
mockups)



FAÇADE DETAILING | VERTICAL SHADING SYSTEM

TRIPLE GLAZED UNITIZED 
CURTAIN WALL

BRONZE ANODIZED 
EXTRUDED ALUMINUM

POWDERCOATED STEEL CATWALK 
W/ ALUMINUM GRATING



FAÇADE DETAILING | CUSTOM SOLUTIONS



FAÇADE DETAILING | THERMAL PERFORMANCE



FAÇADE DETAILING | THERMAL OVERCOAT

TRIPLE GLAZED UNITIZED 
CURTAIN WALL

UNITIZED FRAME

POWDERCOTED EXTRUDED 
ALUMINUM RODS



FAÇADE DETAILING | THERMAL OVERCOAT



MOCKUPS: VISUAL MOCKUP

• Simulates Design Intent and Materials

• Validate Design Intent & Review Material/Color

• Client Approval

• Regulatory Approval (Boston Requirement)



MOCKUPS: PERFORMANCE MOCKUP

• Contractor built with Third Party Testing

• Built to test typical project details and validates constructability

• Dynamic testing validates Water tightness & Structural Performance 

• Final step to release enclosure for fabrication





Chilled Beam Layout



External Winter Temperatures



Glazing Options
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Amherst College, New Science Center





Unifying 
Canopy

Pelham Hills

Greenway

Science 
Commons

Pavilions

Labs
Campus Core



The Science Center defines a community for the sciences
a destination for the entire campus

Canopy unifies the 
Science Commons

Sciences open to the 
Commons

Commons open to the 
Campus













Transparency
15% VLR (Outside)

 Low Iron Glass
 Neutral Color Coatings
 Anti-Reflective Glass

Annual Heating
0.25 Assembly

 Triple Insulating Glass

 Coated Polyester 
Suspended Films

 Gas-filled Interspace

 Second low-e (surf #4)

 Warm edge spacer



56% VLT
15% VLR (Outside)

 Low Iron Glass
 Neutral Color Coatings
 Anti-Reflective Glass

0.16 COG U-Value
0.25 Assembly

 Triple Insulating Glass

 Coated Polyester 
Suspended Films

 Gas-filled Interspace

 Second low-e (surf #4)

 Warm edge spacer

66% VLT
14% VLR (Outside)
0.16 COG U-Value



Peak Cooling Load Profile



Peak CoolingTransparency
15% VLR (Outside)

 Low Iron Glass
 Neutral Color Coatings
 Anti-Reflective Glass

Heating Energy
0.25 Assembly

 Triple Insulating Glass
 Coated Polyester 

Suspended Films
 Gas-filled Interspace
 Second low-e (surf #4)
 Warm edge spacer

0.28 SHGC



COG U-Value: 0.16
(0.25 Assembly)

• Triple Insulating Glass

• Coated Polyester 
Suspended Films

• Gas-filled Interspace

• Second low-e (surf #4)

• Warm edge spacer

VLT: 56%
VLR (Outside): 15%

• Low Iron Glass
• Neutral Color Coatings
• Anti-Reflective Glass

0.35 SHGC

22% Increase in
Peak Cooling 
Load

0.28 SHGC



56% VLT
15% VLR (Outside)

 Low Iron Glass
 Neutral Color Coatings
 Anti-Reflective Glass

0.16 COG U-Value
0.25 Assembly

 Triple Insulating Glass
 Coated Polyester 

Suspended Films
 Gas-filled Interspace
 Second low-e (surf #4)
 Warm edge spacer

0.28 SHGC
XXX
 Low-e (surf #2)
 Ceramic Frit
 Interior Shading 

Systems



align



Night time

Sun on East

Overcast skies (63% of afternoon hours) Topography shading

High solar gain (energy)
155 hours
7% afternoon hours

Low sun angles (glare)
569 hours
26% afternoon hours





MFG 1
Coating 1

MFG 2
Coating 1

MFG 3
Coating 1

MFG 3
Coating 2

MFG 3
Coating 3

(Control)
Single

Low Iron



Control Single Pane Low Iron



Basis of Design Triple-Glazed, Low Iron, Two Low-e Coatings



66% VLT
14% VLR (Outside)
0.16 COG U-Value
0.35 SHGC

56% VLT
15% VLR (Outside)
0.15 COG U-Value
0.27 SHGC



HDR Computational Image
Workstation View
White Exterior Building in Direct Sun

Daylight Glare Probability: 0.31

What is Glare?



HDR Computational Image
Workstation View
Diffusing Shade Fabric Deployed

Daylight Glare Probability: 0.16

What is Glare?



align

Commons Level 1 Classroom Level 2 Lab Level 3 Lab



57% of daylight hours
(3.6 hr/day on avg)



57% of daylight hours
(3.6 hr/day on avg)

39% (2.4)

39% (2.4)

44% (2.8)

36% (2.2)



57% of daylight hours
(3.6 hr/day on avg)

39% (2.4)

39% (2.4)

44% (2.8)

36% (2.2)

10% (0.6)

4% (0.3)

0%

0%

17%  (1.0)

40%  (2.5) 

37%  (2.3)



Radiant Floors

Radiant Panels

Displacement Ventilation

Nighttime Flush





Mostly Radiant System





Mostly Radiant System Mostly Convective System
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Tufts University Science & Engineering Complex











Energy Use Intensity (kBtu/sf-year)
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No Fin 1’ Fin 2’ Fin 3’ Fin

Office Daylight Analysis – 50% Clear : 50% Filtered



No Fin 1’ Fin 2’ Fin 3’ Fin

89% 87% 86% 84%

Continuous Daylight Autonomy (Percent of year lights can be dimmed or off at target of 30fc between 8am & 6pm)



No Fin 1’ Fin 2’ Fin 3’ Fin

80% 81% 81% 82%

Continuous Daylight Autonomy (Percent of year lights can be dimmed or off at target of 30fc between 8am & 6pm)



No Fin 1’ Fin 2’ Fin 3’ Fin

+2% +4% +7%

Annual Lighting and HVAC Energy Use

Lighting

Cooling

Heating

Pumps & 
Fans
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				Pumps & Fans		Heating		Cooling		Lighting

		Category 1		1.8807192		5.801959		5.0417873		1.967606

		Lighting		System Fans		System Pumps		Heating (Gas)		Cooling (Electricity)		Heat Rejection

		Btu/ft2		Btu/ft2		Btu/ft2		Btu/ft2		Btu/ft2		Btu/ft2

		1967.606		827.8912		1052.828		5801.959		4381.734		660.0533

				To resize chart data range, drag lower right corner of range.
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				Pumps & Fans		Heating		Cooling		Lighting

		Category 1		1.8737552		5.374553		5.1462203		1.960611

		Lighting		System Fans		System Pumps		Heating (Gas)		Cooling (Electricity)		Heat Rejection

		Btu/ft2		Btu/ft2		Btu/ft2		Btu/ft2		Btu/ft2		Btu/ft2

		1960.611		827.8912		1045.864		5374.553		4465.341		680.8793

				To resize chart data range, drag lower right corner of range.
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		Category 1		1.8692442		4.943138		5.2895592		1.965579

		Lighting		System Fans		System Pumps		Heating (Gas)		Cooling (Electricity)		Heat Rejection

		Btu/ft2		Btu/ft2		Btu/ft2		Btu/ft2		Btu/ft2		Btu/ft2

		1965.579		827.8912		1041.353		4943.138		4590.658		698.9012

				To resize chart data range, drag lower right corner of range.
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				Pumps & Fans		Heating		Cooling		Lighting

		Category 1		1.8774292		4.479347		5.4743457		1.953937

		Lighting		System Fans		System Pumps		Heating (Gas)		Cooling (Electricity)		Heat Rejection

		Btu/ft2		Btu/ft2		Btu/ft2		Btu/ft2		Btu/ft2		Btu/ft2

		1953.937		827.8912		1049.538		4479.347		4748.948		725.3977

				To resize chart data range, drag lower right corner of range.







Solar Radiation (Cumulative radiation between 8am & 6pm over specified time period)
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Laboratory Write-up - Daylighting

Height above floor Projection

14’ AFF 10’ AFF 8’ AFF 1’ 2’ 3’ 4’



90.0%

90.5%

91.0%

91.5%

92.0%

92.5%

12" 18" 24" 30" 12" 18" 24" 30" 12" 18" 24" 30"

Writeup area

0.0%

10.0%

20.0%

30.0%

40.0%

50.0%

60.0%

70.0%

12" 18" 24" 30" 12" 18" 24" 30" 12" 18" 24" 30"

Lab (front)

0.0%

5.0%

10.0%

15.0%

20.0%

25.0%

12" 18" 24" 30" 12" 18" 24" 30" 12" 18" 24" 30"

Lab (deep)

14’ FROM FLOOR LEVEL

10’ FROM FLOOR LEVEL

8’ FROM FLOOR LEVEL (W/ LIGHT SHELF)
*

* *

Daylight Autonomy
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No External Shading

-14%-12%

Lighting

Cooling

Heating

Pumps & Fans

12” Shade 18” Shade

-9%-5%

Annual Lighting & HVAC Energy Usage (Overhang 10’ AFF)
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		Category 1		2.438725		3.358553		9.052857		1.845011

		Lighting		System Fans		System Pumps		Heating (Gas)		Cooling (Electricity)		Heat Rejection

		Btu/ft2		Btu/ft2		Btu/ft2		Btu/ft2		Btu/ft2		Btu/ft2

		1845.011		1101.721		1337.004		3358.553		8050.444		1002.413

				To resize chart data range, drag lower right corner of range.
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		Category 1		2.53008		3.329371		9.518344		1.831788

		Lighting		System Fans		System Pumps		Heating (Gas)		Cooling (Electricity)		Heat Rejection

		Btu/ft2		Btu/ft2		Btu/ft2		Btu/ft2		Btu/ft2		Btu/ft2

		1831.788		1101.721		1428.359		3329.371		8471.32		1047.024

				To resize chart data range, drag lower right corner of range.
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		Category 1		2.896186		3.265207		11.393163		1.961371

		Lighting		System Fans		System Pumps		Heating (Gas)		Cooling (Electricity)		Heat Rejection

		Btu/ft2		Btu/ft2		Btu/ft2		Btu/ft2		Btu/ft2		Btu/ft2

		1961.371		1101.721		1794.465		3265.207		10170.7		1222.463

				To resize chart data range, drag lower right corner of range.
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		Category 1		2.71774		3.298973		10.491941		1.97134

		Lighting		System Fans		System Pumps		Heating (Gas)		Cooling (Electricity)		Heat Rejection

		Btu/ft2		Btu/ft2		Btu/ft2		Btu/ft2		Btu/ft2		Btu/ft2

		1971.34		1101.721		1616.019		3298.973		9351.867		1140.074

				To resize chart data range, drag lower right corner of range.
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		Category 1		2.622823		3.308949		10.007961		1.812117

		Lighting		System Fans		System Pumps		Heating (Gas)		Cooling (Electricity)		Heat Rejection

		Btu/ft2		Btu/ft2		Btu/ft2		Btu/ft2		Btu/ft2		Btu/ft2

		1812.117		1101.721		1521.102		3308.949		8914.554		1093.407

				To resize chart data range, drag lower right corner of range.
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Contact Information

• Andrea Love, AIA
alove@payette.com

• Robert Pasersky, AIA
rpasersky@payette.com

• Wesley Schwartz, AIA
wschwartz@payette.com

• Jeffrey Abramson, AIA
jabramson@payette.com
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