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Architectural Simulation in the Studio

TEACHING PERFORMANCE

Clarke Snell, RA
Associate Professor of Architecture, New York Institute of Technology



CONTEXT
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Architecture school curriculum is not 
in sync with contemporary building 
performance requirements.
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PROBLEM
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How do we teach aspiring architects 
to design to current building 
performance standards?



OUR APPROACH
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Teach performance simulation 
workflows that are tied to specific 
quantitative professional 
benchmarks.

Combine architectural simulations as 
a corequisite with comprehensive 
design studio so that workflows are 
immediately applied as inputs to an 
iterative design process.
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Performance included in the studio project 
program. For this example:

Design a 45,000sf office building that meets:
1. Local building code
2. Living Building Challenge zero net water usage
3. LEED 4.1 Option 1 Daylighting (3 points)
4. NYC Local Law 97 compliance.
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SIMS: SITE ANALYSIS
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Change from visual, rule of thumb to 
quantitative analysis.
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CONTEXT 
BUILDINGS
211 kBTU/sf/yr

NO CONTEXT 
BUILDINGS
252 kBTU/sf/yr

16% difference



150
+38%

124
+25%

93 
baseline
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43  - 47%

80   baselineWEST –
NO SHADING

WEST –
SHADING
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26
+15%

23
+4%

22

1 5
4

3

2

1  collection geometry from model
2  shading geometry from model
3  building usable square footage
4  panel efficiency
5  actual % of collection area that is PV
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LA GUARDIA KENNEDYCENTRAL PARK

COOLING
jun/sept
24 hours

HEATING
jun/sept
24 hours
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COOLING
jun/sept
8 hours

HEATING
oct/may
8 hours

LA GUARDIA KENNEDYCENTRAL PARK
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SIMS: DAYLIGHTING
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Change from the knee-jerk all glass 
façade (typical for architecture 
students) to a nuanced daylighting 
for health, energy efficiency and 
comfort.
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Spatial Daylight Autonomy 
(sDA) = enough daylight?
• regularly occupied spaces
• 300lux for 50% of time
• 75% of spaces (average)

Annual Sunlight Exposure 
(aSE) = too much?
• regularly occupied spaces
• 1,000lux for 250 hours/yr in 10% of space
• each space (not average)

Annual Disturbing Glare
(sDG) = how about comfort?
• not specifically covered by LEED 
• math tweaked by human comfort experiments
• once light inside, how do humans perceive it
• amount of light on work surface
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BASELINE ROTATED 30°
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ENOUGH? TOO MUCH? COMFORT?

average of all 
frequently occupied spaces

each space calculated individually
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Single Tvis .87 Triple Tvis .71 Double Tvis .50 Shading Tvis .50
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Shading Tvis .50

LEED 4.1
DAYLIGHTING 

COMPLIANT
WHAT ABOUT
COMFORT?

almost 3,000 lux

areas of
intolerable glare
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4’ southern overhang add 4’ internal light shelf
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Tvis .50
50% opaque envelope

Shading 4’ horiz S&W
Internal light shelf

Tubular skylights
in conference rooms

Tvis .55/.74 (split glazing)
Skylights in E&W offices
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Tvis .87 Tvis .50
shading  8’ vert S; egg W
interior S&E light shelf

Tvis .74/.55 (split glazing)
50% opaque envelope
shading  4’ S&W; tubular skylights



SIMS: ELECTRIC LIGHTING
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Change from lighting design being 
ignored to task-based illumination 
design studies. Outputs also feed the 
energy analysis simulation.
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circular downlight; 6”, 85W, 5788 lm
2,849 lux (mean)

circular downlight; 4”, 11W, 965 lm
485 lux (mean)

A19 bulb; 9W, 860 lm
245 lux (mean)

work plane illuminance target lux design lighting layout and 
fixtures to deliver target lux

information informs lighting 
power density in energy use 
analysis



SIMS: ENERGY USE
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Change from an R-value chart to a 
full system based project site EUI 
and carbon footprint analysis.



March 29, 2024 Building Enclosure Science and Technology 69



March 29, 2024 Building Enclosure Science and Technology 70



March 29, 2024 Building Enclosure Science and Technology 71

ENERGY USE: BASELINE “1960” BUILDING
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ENERGY USE: LOADS TO 90.1
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ENERGY USE: CONDITIONING TO 90.1
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ENERGY USE: ENVELOPE TO 90.1
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ENERGY USE: INFILTRATION TO 90.1
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ENERGY USE: GLAZING TO 90.1
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ENERGY USE: NATURAL VENTILATION
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ENERGY USE: OPTIMIZATION TWEAKS
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79

BASELINE OLD SCHOOL 90.1 PLUS TWEAKS

No change in form required to 
achieve considerable reduction 
in operational energy footprint



SIMS: ENERGY BALANCE
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Change from no consideration to a 
quantified analysis of energy and 
carbon footprint in the context of 
NYC Local Law 97 compliance.
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JUN 21 NOON

DEC 21 NOON

NO CONTEXT SHADING CONTEXT SHADINGPANELS AT 30° TILTGEOM / EFFICIENCY / SHAD

PV CANOPY
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JUN 21 NOON

DEC 21 NOON
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NYC LL97 CONVERSION

CLIMATE STUDIO ENERGY USE PV ANALYSISBUILDING CODE

IS IT 
LEGAL?
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RESULTS: STUDENT WORK
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We ran the course for the first time 
last Fall semester as a co-requisite 
with the 4th comprehensive studio. 
This pairing is now required for all 
undergrad and grad professional 
architecture degree students.
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winter solstice
noon

summer solstice
noon
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original (Vt .83) light shelf white ceiling 8’ balcony

split glazing (Vt .7/.4) opaque wall base interior glaz + blinds skylights
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ORIGINAL ITERATED WITH SKYLIGHTS
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ORIGINAL GLAZED CURTAIN WALL LOWER OPAQUE WALL SECTION ADDED
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VIEW PLACEMENT NO BALCONY 8’ BALCONY
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ORIGINAL ITERATED
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1960 ENV .25cfm/sf NECB GLAZING 90.1 TEMPLATE DAYLIGHT DESIGN

NATURAL 
VENTILATION

PH SUBSLAB INSUL HI PERF GLAZING IDEAL INFILTRATION

90.1 ENVELOPE

ALL ELECRTRIC/ 
HWHP/ LPD

PH ENVELOPE

70%70% 70%208208 208
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1960 ENV .25cfm/sf IDEAL INFILTRATION

ITERATED SITE EUI IS 7% OF THE BASELINE
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CONCLUSIONS AND NEXT STEPS
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Successful prototype.
Plan to expand.
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CLARKE SNELL, RA
ASSOCIATE PROFESSOR OF ARCHITECTURE
DEPARTMENT OF ARCHITECTURE AND DESIGN
NEW YORK INSTITUTE OF TECHNOLOGY

CLARKESNELL.COM
FSNELL@NYIT.EDU
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