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Credit(s) earned on completion of material of construction or any
this course will be reported to AIA method or manner of

CES for AIA members. Certificates of handling, using, distributing, or
Completion for both AIA members dealing in any material or product.

and non-AlA members are available
upon request.

Questions related to specific materials, methods, and
services will be addressed at the conclusion of this
presentation.

This course is registered with AIA CES
for continuing professional
education. As such, it does not
include content that may be deemed
or construed to be an approval or
endorsement by the AIA of any
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Learning
Objectives

At the end of this course, participants will be able to:
1. Discuss design goals through the lenses of human, climate and ecosystem health, social health and
equity, and the circular economy to ensure that the health of building occupants, as well as the larger

public, is prioritized.

2.Facilitate a visioning charrette, set concrete targets, determine tracking metrics, and convey goals to
clients and the project team.

3. Implement a sustainable design workflow which incorporates quantitative analysis, starting at feasibility
and continuing through construction administration.

4. Analyze design decisions through efficient workflow and describe analysis tools and simulation types

that can be used to facilitate the sustainable design goals established by the team.
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Christoph Reinhart Alexandra Gadawski Jaime McGavin

PhD, MIT SA+P Educator AIA, WELLAF, LEEDAPBD+C LEEDAPBD+C

Head Associate Designer

Sustainable Design Lab (SDL) HMFH Architects HMFH Architects
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{ soLEMMA

Mir SUSTAINABLE DESIGN LAB

Research\Education < Tools & Workflows > Practice
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Combining Designh and Environmental Modeling since 2012
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Environmental Performance Analysis in Design
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How often does that happen?
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Two surveys: 2011 and 2018

Question: If you are using thermal/energy simulations during
design, how often have the results changed or influenced any
design decisions?

100%
m Never
80% m Rarely
® Sometimes
60%
m Quite often
40% m Always
20%
0%
Firms with in- Firms using
house modelers outside
consultants for
LEED

H W Samuelson, A Lantz and C F Reinhart, "Non-technical barriers to energy model sharing
and reuse", Building and Environment, 54, pp. 71-76, 2012.
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Is there an interest in change?
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2018 survey: Daylighting — Attitude towards Simulations

What is your general attitude towards daylight simulations?
- | have not seen a case in which this type of
analysis has helped us to design a better
building.

| appreciate insight gained from daylight
I simulations provided during design reviews

De5|gners by our sustainability consultants.

I:I I highly value insight gained from daylight
0% 10% 20% 30% 40% 50% 60% TO% 80% 90% 100% simulations and believe that some of the

simulations should be conducted by
designers, if adequate training is provided.

simulations and already use them during
design.

Expe rts . I:I I highly value insight gained from daylight

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

O Positive attitude throughout.
O Broad consensus regarding interest into training designers in the use of simulations.
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2018 survey: Thermal — Attitude towards Simulations

What is your general attitude towards thermal/energy simulations?

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

U Less clear mandate to introduce designers to energy modeling

| have not seen a case in which this type of
analysis has helped us to design a better
building.

| appreciate insight gained from daylight
simulations provided during design reviews
by our sustainability consultants.

I highly value insight gained from daylight
simulations and believe that some of the
simulations should be conducted by
designers, if adequate training is provided.

| highly value insight gained from daylight
simulations and already use them during
design.
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Is there an interest in change?
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Solemma Product Advisory Group
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Solemma Product Advisory Group

O Since 2019

O Bimonthly calls

O Present new concept ideas

O Share test installers

O Survey and respond to member interests
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ClimateStudio Ambassador Program

_ a3l
 Over 500 Schools of Architecture teach over 30,000* students each year

*) Number estimate based on 2022 survey
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ClimateStudio in Ghan
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Courage (Dzidula) Kpodo teaching CS at Kwame Nkrumah University of Science and Technology
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MirSDL Net Zero Buildings in eight steps

JJIl'Ln.In.-
0o Ll 150 00
Daylight Precedence & Massing Study

Climate, Benchmark & PV Daylight Availability Study
Develop on initial daylight massing besed on precedence and rules of thump
Three Initicl environmental analysis steps for any net zerc bullding project Rrefine daylight massing and set window-to-wall-ratio and giazing type

HVAC Selection and Layout

EUI Stud
Electric Lighting y Select a system type and Description goes

Reduce internal gains, upgrade the
here locate system components

Explore the dynamic interactions between envalssaand sotimizsvertiation

daylight and electric lighting

Visual Comfort

Develop ¢ sheding strategy by balancing glare, view and solar gains

Finalize Onsite Renewables
Compare annual onsite energy generation
to operational energy use

https://netzerobuildings.mit.edu
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Daylight Massing

Skylights Atrium Fabric
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Case Study: MEBKS TOYOSU

No Top Light* With Basic Top Light With Final Top Light

“Only lighting from the outer circumterence

Floor Annual Average Floor Annual Average Floor Annual Average
llluminance(lx) Hlluminance (Ix) Illuminance(Ix)

Upper 110 398 o~ - Upper 1064

Middle 113 181 Middle 379

Lower 146 163 ’ Lower 221

Average 125 247 531

0 Average Illuminance (Ix) 700

— e

MEBKS TOYOSU Shimizu Corporation, Tokyo

Images courtesy of Shimizu Cor ('0.7 Ged ucati@n ogrg

Blog post: https://www.solemma.com/blog/mebks-toyosu-atrium-case-study
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Case Study: MEBKS TOYOSU

Images courtesy of Shimizu Cor
Blog post: https://www.solemma.com/blog/mebks-toyosu-atrium-case-study

MEBKS TOYOSU Shimizu Corporation, Tokyo
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Case Study: MEBKS TOYOSU

Actual Photo After Completion Luminance Distribution Simulation

1] 250 500 Luminance, cd/m?
— -

MEBKS TOYOSU Shimizu Corporation, Tokyo
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Case Study: Lake|Flato designs High-Performance School

NORTHEAST CLASSROOM BUILDING Useful Daylight Illuminance - Olux 100lux  300lux 3000 lux
BEFORE AND AFTER DESIGN % lux between 100 and 3000 lux

® Failing ® Suppl L * Acceptable = E
Original Design Final Design

Reduced Glazing, Adjusted Program, Deeper
overhang on east facing facade

UDI =81.8% UDI =85.1%
ASE =9.5% ASE =1.2%

Alamogordo Middle School in Alamogordo, NM

Images courtesy of Lake|Flato
Blog post: https://www.solemma.com/blog/lakeflato-alamogordo-middle-school-case-study

leducation.org
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Case Study: Residence Hall for Arizona State University

BASELINE
FLAT FACADE, NO FACETS

97% 10% 8%

Daylight Annual Sunlight EUI Reduction
Autonomy Exposure from the Baseline

Optimal daylighting,
highest energy use

Images courtesy of Studio MA
Blog post: https://www.solemma.com/blog/lakeflato-alamogordo-middle-school-case-study

FACETS WITH GLAZING
FACING SOUTH

55% 4% 17%
Daylight Annual Sunlight EUI Reduction
Autonomy Exposure from the Baseline

Moderate daylighting, decreased sun
exposure, lower energy use due to
self-shaded wall area

—
B
N

FACETS WITH GLAZING
FACING NORTH

99% 4% 17%
Daylight Annual Sunlight EUI Reduction
Autonomy Exposure from the Baseline

Optimal daylighting, lower energy
use due to self-shading

WELL-LIT

leducation.org
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Discomfort Glare Analysis

Daylight glare due to contrast Daylight glare due to brightness

HOR phatograph ST T HDR photograph Glars enelysis

Vertical eye illuminance = 3,000 lux
DGP = disturbing glare (41 %)

Vertical eys illuminance = 10,000 lux
DGP = intolerable glere (79%)

Photo: Ammar Abmed
Photo: Ammar Ahmead

Imperceptible glare Perceptible glare

DGP <35% 35% < DGP <40% 40% < DGP <45% 45% < DGP

! é d u Cagourc ayllgh?rQand q
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Annual Discomfort Glare Analysis

Sep

Apr May n Jul Aug
Day of Year

1 84% Imperceptible 6% Perceptible I 5% Disturbing M 5% Intolerable

Jul

Aug Sep Oct Nov Dec

May Jun Jul
Day of Year

Jan Feb r Apr
1 99% Imperceptible = 0% Perceptible B 0% Disturbing M 1% Intolerable

L]

\\‘W

O Each slice corresponds to a give view direction within the scene
O The color of the slice depends on how often a spectator may experience discomfort glare throughout the year.
“gﬁutl,/o
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Case Study: NVIDIA Endeavor Headquarters

Architecture: Gensler, Sustainability Consultant: Atelier Ten, Santa Clara, CA SUCs,
Ve
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Images courtesy of Gensler & A10 "'01\‘ =N “.__! (e aRilelaNe ] )hf

Solemma Symposium 2020: https://www.solemma.com/events-2020/#talks
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Photo: Jason O’Rear/Gensler
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Solemma Symposium 2020: https://www.solemma.com/events-2020/#talks
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Case Study NVIDIA Headquarters — Glare

No blinds Blinds 100%
e e e R R
EEig

Simulation Atelier Ten

[0 Dynamic Thermal & Daylight Zone
[0 Brighter Daylight Zone
[0 Low risk of thermal and visual discomfort s %

Images courtesy of Gensler & A10 ('0.1 Bed ucatign ogrg

Solemma Symposium 2020: https://www.solemma.com/events-2020/#talks
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m Courses Vv Programs & Degrees Vv Schools & Partners What do you want to learn?  Q

Catalog > Architecture Courses

——
T ==

Sustainable Building Design

Learn and explore key scientific principles, technologies, and analysis
techniques for designing comfortable indoor environments while reducing
energy use and associated climate change effects.

13 weeks @ Instructor-paced
8-10 hours per week 4 |nstructor-led on a course schedule

There is one session available:

44 500 already enrolled! After a course session ends, it will be archived A.

Starts Feb 28
Ends May 30

Enroll

Free

Optional upgrade available

edX For Business

https://www.edx.org/course/environmental-technologies-in-buildings
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BUILDING PERFORMANCE HEALTH + WELLBEING

Indoor Environment - COG FX STUDY

By the time a student graduates high
school, they will have spent more than
15,000 hours in a school, which is
the second longest indoor exposure
time after their home. For more than
50 million K-12 students enrolled in
fall of 2015, this is a time of critical
physiological, social and emotional
growth and development, which is
susceptible to many indoor conditions
including indoor air pollution, mold,
elevated noise levels, radon, asbestos, - R
inadequate lighting and more. T T

https:/schools.forhealth.org/#relevant-research-sidebar
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BUILDING PERFORMANCE HEALTH + WELLBEING

HMFH Commitment - AIA Materials Pledge [l

.\‘
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support human health by preferring products that
support and foster life throughout their life cycles and seek to
eliminate the use of hazardous substances.

support social health & eqUIty by preferring

products from manufacturers that secure human rights in their
own operations and in their supply chains, positively impacting
their workers and the communities where they operate

support ecosystem health by preferring products

that support and regenerate the natural air, water, and biological
cycles of life through thoughtful supply chain management and
restorative company practices

support climate health by preferring products that

reduce carbon emissions and ultimately sequester more carbon
than emitted.

supporta circular €CoNOMY by reusing and improving

buildings and by designing for resiliency, adaptability, disassembly,
and reuse, aspiring to a zero-waste goal for global construction
activities.

https:/www.aia.org/pages/6351155-materials-pledge
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BUILDING PERFORMANCE HEALTH + WELLBEING

Material Transparency - Social Justice
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Considering Social Justice
Sustainability work at its core is rooted

In social justice because environmental
problems, such as pollution and climate
change, have disproportionately
Impacted low-income and other
vulnerable populations.

leducation.org
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Thinking Beyond Building Occupants

Embodied
‘ Operating ‘
Extract raw Transport to Manufacture Transport to Constructthe Useand Demolishthe Haulaway Recycle Send materials
materials factory products job site building  maintainthe  building waste materials to landfill
building materials
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FIRM COMMITMENTS
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SYNERGIES AND OPPORTUNITIES

LRV - Material Selection
Source
LPD Energy Use Fixed
Exterior
Renewable hetioe
Shading
Efficiency Manual
Daylight Interior
Embodied Carbon Layout Automatic
Asthetics Lighting Access to Nature ~—————————— LEED View Credit
Artificial Light
HED LEED Daylight Credit
EPD Material Transparency Product Selection Point in Time
Declare Label — Red List Free? g :
Occupant Comfort Circadian Rhythm

Tunable
/ Task Appropriate ———————— Glare
1 Training) Daylight timer Controls

K Vacancy Sensor

leducation.org
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Standardized Workflow

HM

CLIMATE STUDIO:
HMFH WORKFLOW
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HMFH ARCHITECTS

HMFH Workflow - Climate Studio

Table of Contents

Building Performance Analysis
Overview

Workflow- When to do what?
Interface

Revit Modeling Tips

Revit to Rhino

Setting Location

Orientation

Climate Info

Rhino Model Set up
Simulation Types

Design Parameters
Designing Towards Standards
Graphic Standards
Definitions

Resources

CS Updates

Defining Materials in Tally
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Revit Best Practices

E -~ B88% B R @2 @& g

Transmita model About Create PDF Change Create 3D PDF Convert RFA  Tally® ViewAQC ViewAQC Request Suppc
Settings = to Formit Configuration

eTransmit
W € Tally® Environmental Impact Too! - BP_EXTERIOR_CENTRAL_2022_CD.rvt

@ Help & DefineScope % Refresh 8 SaveReport  [[) Manage Definitions

Floor Plan Project Browser
Floor Plans
Model - Category - Family = Material Legend * Display: |Revit Matenals
i20Second Floor-\ 4 () BPEXTERIOR CENTRAL 2022 CD.rvt
P O Ceilings
I 4 @ Curtainwall Mullions I

e
* .1 I @ Rectangular Mullion: Butt Glazed Corner Mullioninside

i I @ Rectangular Mullion: Butt Glazed Corner MullionLeft_2.5"Wx@"D
’?:_ I @ Rectangular Mullion: Butt Glazed Corner MullionRight_2.5"Wx8"D
s/ - - I @ Rectangular Mullion: Butt Glazed Mullion 2.5"Wx8"'D

Graphics Overri... n -

- P 4 @ Rectangular Mullion: Metal Mullion Profile - Type A

Jisplay Options ; 2

= @ _Roof Edge - Zinc Offwhite

Dispiay I @ Rectangular Mullion: Metal Mullion Profile - Type A Dark-Grey

. I @ Rectangular Mullion: Metal Mullion Profile - Type B

Ty — I @ Rectangular Mullion: Metal Mullion Profile - Type B Dark-Grey
amiE Location I @ Rectangular Mullion: Metal Mullion Profile - Type D Dark-Grey
ame I @ Rectangular Mullion: Rectangular Mullion 2.5"Wx10.57D (1.75" cap)

0 Tally® Environmental Impact Tool - BP_EXTERIOR_CENTRAL_2022_CD.rvt

@ Help ¥ Q Define Scope  ‘§> Refresh ._ Save Report B Manage Definitions

Project Browser
Model - Category - Family -~ Material

O™ VWAL ™ AHIDRUIGIL UVETT FITLadL DadT Uil
B - WA2 - Arriscraft Patterned (Striping)
B - WB - Membrane on Mti Stud
B - WB - Metal Panel on Mtl Stud (6" Canopy)
B - WB1 - Metal Panel on Mtl Stud (IMP Faced)
B - WB1 - Metal Panel on Mt Stud (no finish-2.5" air space)
B - WB2 - Insulated Metal Panel
B - WC1 - UHPC on Mtl Stud (no finish 2.5" air space both sides)
B - WC1 - UHPC on Mtl Stud (no finish 2.5" air space)
Brick Column11: Brick Column
O Exterior Metal Off-White
) Metal Panel - Vertical Formed(2ft)
@ PrecastPanel
I Brick Column12: Brick Column
4 O Generic- 12"
* <By Category>
i O Metal Infill
I O Windows

« B ARCTRLIATIIAE AARA ca Paad aaka

Legend ¥ Display: @ Revit Ma
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Standardized Workflow

OFFICE FEASIBILITY/PRE-DESIGN

GOAL
GOAL

REVIEW
REVIEW

CS



Standardized Workflow

SCHEMATIC DESIGN DESIGN DEVELOPMENT

GOAL
GOAL

REVIEW
REVIEW

 Full building model + site
| Detail models

| Set up massing models
- L for comparison

CS

ﬂ




Standardized Workflow

CONSTRUCTION DOCUMENTS CONSTRUCTION ADMINISTRATION

GOAL
GOAL

REVIEW
REVIEW

| Glare, llluminance of typical spaces

C

' Radiance and PV potential
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Opens 2025
Grades 9-12
Enrollment 1434
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GOAL SETTING
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COMMUNICATE THE PROCESS

:::::::
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DESIGN CONSTRUCTION OCCUPANCY
GOAL SETTING

PRE-DESIGN

leducation.org
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MASSING
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Building Organization

leducation.org



L=Ducation

Trade Show and Conference

CROSS SECTION

f" \ - T
% -
S

1‘( .‘
3y B |

e

lllu‘.

4\

leducation.org

L7} 3



L=Ducation.

Trade Show and Conference

BUILDING PERFORMANCE HEALTH + WELLBEING

HMFH Initiative - RED List Free Materials

HMFH’s design approach creates
buildings with the best possible
environmental quality. We focus

on standards that optimize human
health without compromising the
health of the natural environment.
This is done by specifying non-toxic
materials based on the best available
information and data. Our priority is
the surfaces we touch but aim for all
materials on any given project.

https://www.aia.org/pages/6351155-materials-pledge
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PRODUCT TIERS
- Red List Free, documented with Declare Label
+ Product Specific EPD
- LBC Red List Approved, documented with
Declare Label + Product Specific EPD

- Cradle to Cradle Platinum + Product Specific EPD

Cradle to Cradle Gold + Product Specific EPD

- Declared, documented with Declare Label

+ Product Specific EPD

(117
=
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leducation.org
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LIMITING THE PALETTE

leducation.org
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EMBODIED CARBON

Results per Division, itemized by Material

2 204E+007 S15771% 44 506 1487 495905 95296007
100% Ay kg €O g S0 kg e g Oy M
il - o~ 14% 0%
2%
20m
Product Stage  Construction Stage Use Stage  End of Life Stage Module D % 5% -
Environmental Impact Totals [A1-A3] [Ad] (82-85] [c2-c4) o) L
Global Warming (kg COseq) 8926919 107,477 0 792,033 668,713 | i i ||
Acidification (kg SOzeq) 43231 4980 ) 2,006 1,226
Eutrophication (kg Neq) 1,393 4055 0 1017 48,1 S =
Smog Formation (kg Oseq) 453875 16,456 0 39,876 14303
Ozone Depletion (kg CFC-11eq) 006123 3681E-009 0 7.981E-008 0.004844 — -——
Primary Energy (M) 9.674E-007 1,562,946 0 7,433,808 5,833,256
Non-renewable Energy (M) 93046007 1,525,545 0 6,950,865 6218014 o Tn o am
Renewable Energy (MJ) 3810595 37,794 0 490,960 382124 -
Environmental Impacts / Area 13%
Glabal Warming (kg COzeq/m?) 2203 2761 0 2034 172 s
Acidification (kg 5O.eq/m?) 1110 001279 0 005152 0.03149 i Maxs Giobat Worming Adiddication Catropbication Sivig farriation Now-rataiable
Eutrophication (kg Neg/m?) 003579 0001042 0 0.002613 40001235 Potwtisl Poresiad Potenthl Porintal Eneyy
Smog Formation (kg Oeq/m’) 1166 04227 0 1024 03674
Ozone Depletion (kg CFC-T1eq/m®)  1.5736-006 9.455E-014 0 20506-012 1.244€-007
Primary Energy (M}/m?) 2485 4015 [+] 1909 -150
Non-renewable Energy (MJ/m’} 2390 39.19 0 1785 160 Legend
Renewable Energy (M}fm?) 9788 09708 0 1261 9815
03 - Concrete

D Steed, congrete reinfordng steel CMC - EPD
0 stow, wintorcong rod

Structural concrete, 3000 pel, 20 Sy ach

Structural concrete, 3000 psi. 2astern regional avernge
0 Structural concrets, 4000 psi. Eastern regional average

05 - Metals

Cold formed structural ceed
Fireproofing, cementitious

g Tireproofing, cementtiovs, by sres
Galvariped stos|

Galvarsned stee| decking

Hot rolled structursd steed, ASC - 9D
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e
=
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EMBODIED CARBON COMPARISON

Results per Division, itemized by Material Results per Division, itemized by Material
220464507 $157716 44500 A8 485905 52964007 259964007 12298007 2059 2009 0150 13118008
W kg COpmq kg 50v0q by Neqy M O M L) k3 COmg X3 504 kg Neq kg O M
100% 00
% "y ¥ ™ —
% [ % — > %
[remmt — on _—
L | e .| L — M - 8% =
|—1 S — i | 1 =
S— — — —— i — —
0% |—] oo [— 50% f—r — —‘ |
— 2%
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BUILDING TIMELINE

Schematic Design Design Development Construction Documents
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REGULARLY OCCUPIED SPACES
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LEED DAYLIGHT ANALYSIS
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CLOSING THE LOOP
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Alexandra Gadawski
agadawski@hmfh.com

Christoph Reinhart
christoph@solemma.com

Jaime McGavin
JMcGavin@hmfh.com
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This concludes The American Institute of Architects Continuing
Education Systems Course
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