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Opportunity —the Gap in the Industry

Single Family 51.7%

60 8(%) ' Multi-family 9.1%

~ Industrial 3.3%

Commercial 28.0%

US Building Stock

» Residential buildings comprise 61% of current US
building stock.
 There is a lack of tools focused on this sector.

Small Firms 74.4%

74 . 40/0 Mid-size Firms 18.6%

Large Firms 7%

AIlA Firm Sizes

Almost 75% of AIA member firms are 10 people or less
and don’t have adequate resources to conduct full
lifecycle analysis.

This tool fills both these needs simultaneously.
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A AIA American institute of Architects (AlA)
' College of Fellows Upjohn Research Initiative (2024)

Funds annual research grants of $15,000-$30,000 for applied research projects
that enhance the value of design and professional practice knowledge.

Algae Foam: Prototype for Buildings
Principal Investigators: Martin Bechthold, DDes and Daniel Tish, DDes

Integrated Carbon Dashboard for Residential Architecture
Principal Investigators: Vikram Sami, AIA, LEED AP, BEMP, Teresa Moroseos AlA, Christopher Savage, PhD, LEED
AP BD+C, Christopher Meek, FAIA, Heather Burpee, AlA, Pawel Sapiecha

Masonry Material Recovery: Building Disassembly and Remanufacture for the

Circular Economy

Principal Investigator: Dillon Pranger, AlA (lllinois Institute of Technology)Collaborators: Steve Filyo (BlueEarth
Deconstruction), Matt Gombeda (lllinois Institute of Technology), Scott Conwell, FAIA, FCSI, CDT, LEED AP
(International Masonry Institute)

https://www.ala.org/advocacy/research/grants-fellowships/upjohn-research-initiative
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The Team

Vikram Sami
Director of Building
Performance

Teresa Moroseos
Research Engineer

Chris Savage

Senior BP Analyst

Pawel Sapiecha
BP Analyst

Chris Meek

Director

Heather Burpee
Director of Education and
Outreach

Olson Kundig

 Embodied Carbon Simulations
e Building the interface
» Tweaking the algorithm

Rohit Raman
Intern
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J ] *. * Energy Simulations
' ‘j A  Building the algorithm
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AREAS OF ACTIVITY:

BUILDING PERFORMANCE, ENERGY EFFICIENCY, EXISTING BUILDING RETROFITS,
WHOLE BUILDING LIFECYCLE ANALYSIS, HEALTH AND THE BUILT ENVIRONMENT,
HVAC SYSTEMS, FACADES, LIGHTING AND DAYLIGHTING, TOOLS AND METHODS
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Innovative Projects
Design & Construction Professionals
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Annual Report Annual Report hnnuﬂ Report Next Generation Prau.:titioners
Higher Education

2022-2023 st 2024-2025

K-12 & Curious Public

¥ 49
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The Economic Case for High Performance Design

BEST PRACTICES ELIMATE ASTIOH

BUSINCRE INTELLIGENCE ALBIMCEE INTTLLICENCT BULINERS INTELLICENEE ROI: Codes ROI: The

ROI: Increasing ROI: R‘educmg ROL: Reducing standards, & economic case for
asset values operational costs up-front costs reporting on resilient design

resilient design

i -of - pocie | cparatngd oponsay
add wp last 2

https://www.aia.org/resources/6409378-roi-of-high-
performance-design

..-.‘:"- ——

Filfiid MARACTMENT BEST PRACTICER CLIMATE ACTION

ROL:Attracting&  ROL Healthier, ROL Designing https://www.aia.org/pages/6514515-roi-the-
retaining talent more productive  for reduced economic-case-for-resilient-design
oo occupants embodied carbon
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THE
CARBON
SWEET
SPOT

e Cycle Assessment (POD | LCA)

Energy & Budidings 270 2027 1 12584

Contents lists avsilable at ScienceDiec
Energy & Buildings

journal homepage: www.alsevier.com/locate/enb

On the tradeoffs between embodied and operational carbon in building
envelope design: The impact of local climates and energy grids

-

Tomas Méndez Echenagucia®, Teresa Moroseos, Christopher Meek
Department of Archisresure - University of Wishington, 3950 University Wiy NE, Seattle 98795, WA, United Snes

ARTICLE INFO ABSTRACT
Article history: The builfing envelope has a subgantial influence on a building's life cycle operational and embodied car-
Received 15 july 2022 bon emissions. Window-to-wall raties, wall blies, shading and glazing rypes, have been shown to

Reviced 7 Daober 2022

have a significant impact on total emissons. This paper provides bullding designers owners, and policy
makers with actionable geidance and a pricritization framework for establishing co-optimized lifecyde
carbon performance of facad e assembly components in a brad spectrum of dimate contexs and energy
«carbon intensities. A large pammetric study of buillding envelopes is conducted using building perfor-
mance simulation and cradle-to-gate embodied carbon caloulations in 6 US cities. The authors derive
the total carh lons optimization for clal office and residential space types usng standard
code-reference models and open-sounce lifecycle data. Companisons between optimal total carbon solu-
‘thens and (i} optimal operational carbon and (il ) minimum required assemblies, show the impact of under
and over investing in envelope-related efficiency measures for each dimate. Results show how the rela-
tienship between embodied and opemtional carbon is highly localized, thar oprimal design vanables can
wary significantly. In low carbon intansity energy grids, over investment in envelope smbodied carbon
«can exceed as 10 kg Owefm”, while under injestment in high carbon intensity grids can be higher than

Aceptad |7 October 2022
Available anling 28 Dotober 2022
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Published by Elsevier BV.

L Introduction

The construcon sector has dedicated significant investments
in research and legislation toward energy efficiency and reduced
operational carbon emissions, while embodied emissions have his-
wrically received farless attention. More recently, increased atten-
tion has been given 1o embodied carbon due to the realization that
they are increasingly representing a large percentage of the total
lifecyele GHG emissions, in some cases representing more than
50% of the lifecycle emissions [1] As buildings become more
energy efficient, and energy sources, especially grid electricity
become less carbon intensive, embodied emissions will represent
an even higher percentage of lHecpde emissions [2].

In most buildings, the envelope is responsible for a high per-
centage of the embodied emissions [3]. It is made up of high carbon
intensity materials such as aluminum, glhss, gypsum and insula-
ton. Operatdonally, managing unwanted heat gain and loss
through the building enclosure including windows represents over
30% of the primary energy consumed in residential and commer-

* Commspanditg authar 2t School af Arhitecture and Landscape Design, SMVD

Unniversity Katra (J8K) 1 82330, lnelis
Enail eldness: tmendese@uv edis (T. Méndes Edensgucia)

hetps: | [doniorg/ 1010 il 2002 112589
0378-7788/Published by Elevier BV,

cial buildings in the United States | 4] translating 1o approximately
4836 MMmt €0, [5] This makes the envelope a critical building
component in terms of embodied, operatonal and total @rbon
emissions.

As such, the design of the building envelope is a multi-criteria
problem that has to factor a large number of mntrasting environ-
mental metrics that all share the same design parameters, e wall
assemblies, window-to-wall ratios (WWRs), shading devices, glaz-
ing types, etc. Designers have to consider the tradeoff between
embodied and operational emissions over the lfes pan of the build-
ing. Operational emissions are also largely determined by the locl
climate and the carbon intensity of the local energy grid The
embodied emissions of the envelope are determined by the quan-
tity and choice of materials (glass, insulation, dadding, internal fire
ishes) and their carbon intensity. While it is considered ideal to
have materials come from local sources io minimize Lransportation
costs and emissions, material supply chains are often very complex
and globalized. This scenario implies that the study of the tradeolfs
between operational and embodied emissions is very loclized,
high variations in total emissions as well as optimal solutions
can be expected between dties,

Several studies have started to look into the embodied and
operational tradeoffs in several ways Rock et al looked into

https://www.sciencedirect.com
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AlA Small Firm Roundtable:
Survey on Small Residential Carbon Analysis

Understand the uniqgue needs of small firms

Primary typologies

Current baseline of operational/embodied carbon analysis
Tools used

ldentify markets gaps in tools and methods

ldentify analysis measures to prioritize

e Gain perspective and insights from potential users
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What Type of Small Residential Projects do you Work On?
Affordable housing new + rehab h 1
n=35
Live Work | 1
Multi family rehab [l 1

Apartments [l 1

Affordable Housing [l 1

Row house | 12
Triplex/quadplex [ 4
Duplex [ 8

Single family residential — 35

0 5 10 15 20 25 30 35

w INTEGRATED DESIGN LAB
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Benchmarking Operational Carbon Emissions or Energy?

Some
26%

ost/All
n=35 6%

None
68%

Do you or your consultants currently
benchmark or estimate operational energy
and/or operational carbon emissions on your
small-scale residential projects?

INTEGRATED DESIGN LAB
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Benchmarking Embodied Carbon?

Some
23%

Do you or your consultants currently
benchmark or estimate embodied carbon
emissions on your small-scale residential

n=35 Most/All projects?
3%

None
74%

INTEGRATED DESIGN LAB
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What Embodied Carbon/LCA Tools are Currently Being Used?

If you are analyzing/benchmarking embodied carbon in your practice, what tools are you
using on your small-scale residential projects? Select all that apply:

| don't use any carbon analysis tools 32
We rely on consultants for this 1
DesignLCA for ArchiCAD 1

Custom Tools

Athena

One Click LCA

EC3

EPIC

C.Scale

Tally =1

0 5 10 15 20 25 30 35

0.0000

n=35
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14

12

10
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Tool Value To Users?

Do you perceive being able to assess operational and embodied carbon as important to
your practice and/or adding value to your design process? (Scale of 1 — 5)

n=35

15
10
5
. I |
2 3 4 5

1

Least Important Most Important

INTEGRATED DESIGN LAB
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What Barriers Prevent You From Doing Carbon Analysis?

If you would like to be able to assess the impact of design decisions for embodied
and operational carbon but currently do not, what barriers do you perceive to prevent
you doing that? Choose all that apply:

No good answer. h 1 n=35
| have tried to do something like this in the past but it...[B 1
Too much technical complexity [ 13
Analysis/software is too expensive [ 14

| don't see carbon analysis as a scope item my... [N 2

My clients do not see this as an important 24
Analysis/software is too expensive [ 14
| don't have time [ 1.2
Not in scope/no fees for this type of work — 20
0 5 10 15 20 25
INTEGRATED DESIGN LAB
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What Design Decisions/Measures Would You Prioritize?

What design decisions would be most helpful to assess operational/embodied carbon
Impacts for your projects? (Choose up to 7):

I'm not interested in this tool
Mechanical systems selection

Impact of envelope air...

Impact of thermostat set points
Impacts of shading devices

Impacts of window area by...
Impacts of window-to-wall...
Window frame technology...

Window glass...

Exterior cladding selection

Foundation/crawl...
Opaque envelope...

Insulation amount/type
Structural system selection

0

10

n=35
30
20
15
18
21
22
20
19
12
28
11
15 20 25 30
INTEGRATED DESIGN LAB
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What Design Decisions/Measures Would You Prioritize?

What design decisions would be most helpful to assess operational/embodied carbon
Impacts for your projects? (Choose up to 7):

I'm not interested in this tool
Mechanical systems selection

Impact of envelope air...

Impact of thermostat set points
Impacts of shading devices

Impacts of window area by...
Impacts of window-to-wall...
Window frame technology...

Window glass...

Exterior cladding selection

Foundation/crawl...
Opaque envelope...

Insulation amount/type
Structural system selection

0

X

10

20
]
15
18
21
22
20 1
19 1
12 1
11
15 20

n=35

28
25 t 30
INTEGRATED DESIGN LAB
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The Building

-

f’

<

Based on the DOE
prototype building for single
family residential
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Dataset Development

Operational & embodied data generated for millions of design
options in 19 climates

Variables

19 Climate Zones 8 Window Frames

4 Foundation types 5 WWR per Orientation
4 \ertical Structures S5 Roofs

4 Horizontal Structures 4 Cavity insulations
5 Interior Wall Finishes 3 Infiltration Rates
10 Wall Cores 3 Fuel Choices

5 Exterior Wall Finishes S Rooftop Solar

4 |nsulation Boards S Urban Trees

S Equipment COPS

INTEGRATED DESIGN LAB

UNIVERSITY of WASHINGTON
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Operational Carbon Calculations

Annual Energy Use
Intensity (EUI) per End
Use (kBtu/sf)

AN

Rhinoceros

: + Operational Carbon

grasshopper Ladybug Tools Emissions (kgCO,eq/sf)

‘ X  Carbon Intensity of
Electricity or Natural

Gas Consumption

(kgCO,eq/kBtu)

INTEGRATED DESIGN LAB
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Total Operational Carbon Design Options

Wall Insulation 4
Glazing U-Factor 4
SHGCN, E, S, W 4
WWR N 5
WWR E 5
WWR S 5
WWR W 5
Roof Insulation 4
Infiltration 4
Foundation 3
Location 19
Ventilation Type 2
“Simulation days on ar
Simulation Days* 456 |11 institutional computer
cluster

INTEGRATED DESIGN LAB
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Total Operational Carbon Design Options

Wall Insulation 4 2

Glazing U-Factor 4 3

SHGCN, E, S, W 4 2

WWR N S 2

WWR E 5 3

WWR S 5 3

WWR W 5 2

Roof Insulation 4 2

Infiltration 4 2

Foundation 3 3

Location 19 19 *Simulation days on an
RENaIoNRe 2 2 institutional computer

Total Combinations 72,960,000 196,992 cluster

Simulation Days* 456 |11 12

INTEGRATED DESIGN LAB
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Multi-Linear Interpolation

Interpolation to estimate Heating & Cooling
EUI occurs across all (9 total) continuous
variables

 For each variable, interpolation Is one-
dimensional linear interpolation based on
the nearest control points

o Calculates product of the linear weight
for each variable at every surrounding
“corner” combination of modeled points

INTEGRATED DESIGN LAB
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Validation Analysis

 Used to evaluate linearity of heating &
cooling EUIs across variable ranges and
determine number & placement of “control
points” for final dataset

« Validation goal: maintain absolute error
below 5% or 1 EUI point between
Interpolated and simulated results for both
heating & cooling EUI in validation datasets

 Two validation datasets: Glazing &
Envelope

INTEGRATED DESIGN LAB

UNIVERSITY of WASHINGTON
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Glazing Validation

Glazing U-Factor (2 Control Points):

1) 0.5 BTU/(hI’-ﬁZ-OF) Heating EUI Validation

2) 01 BTU/(hrﬂzoF) 160 Tolerance Limit
SHGC (2 Control Points): % e

1) 0.25 S w

2) 0.6 f

g 40

WWR (2 Control Points): - 0 A0 80 %%

1) 0% Energy Model Values (kBtu/sf)

2) 80%

Cooling EUI Validation

Tolerance Limit

80

P
L

Interpolation Values (kBtu/sf)

0 40 80 120 160
Energy Model Values (kBtu/sf)

/6% Points Passing

INTEGRATED DESIGN LAB
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Glazing Validation

Glazing U-Factor (3 Control Points):
1) 0.5 BTU/(hr-ft2-°F)
2) 0.4 BTU/(hr-ft2-°F)
3) 0.1 BTU/(hr-ftz-°F)

SHGC (3 Control Points):
1) 0.25
2) 0.4
3) 0.6

WWR (3 Control Points - WWR S):
1) 0%
2) 40% (WWR S)
3) 80%

Heating EUI Validation

Tolerance Limit

o8
L)

Interpolation Values (kBtu/sf)

Energy Model Values (kBtu/sf)

Cooling EUI Validation

Tolerance Limit

80

P
L

Interpolation Values (kBtu/sf)

0 40 80 120 160
Energy Model Values (kBtu/sf)

95% Points Passing
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Operational Carbon

https://app.electricitymaps.com/map/all/yearly (2025)
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Operational Carbon

CARBON TIMELINE

* Interpolated energy consumption 400000

* Electric grid emissions use NREL Cambium
2024 and/or eGrid 2023 data 300000

o Cambium projects how local grid emissions
will evolve through 2050 under different 200000
scenarios (includes upstream emissions)

e Scenarios considered: 100,000
 Mid-case (“mid”)

 Lower renewables / higher natural gas costs , 1

(low)

e Higher renewables / lower natural gas costs == Embodied Carbon Total Carbon - Cambium Low

N e Total Carbon - eGRID 2023 = Total Carbon - Cambium Mid
(ur]lg]r]n)

2053

2027

2029
2031

2033
2035
2037
2039
2043
2045
2047
2049
2051

2041

Total Carbon - Cambium High
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Lifecycle Stages

\.-;:1:-;’. ;ﬁ -
nomom I

INTEGRATED DESIGN LAB

UNIVERSITY of WASHINGTON
Department of Architecture

32



The Interface
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Location & Area

1

r---------ﬁ-—‘

i |
1 First Year of Occupancy 2026 | .
| e - " First Year of Occupancy 2025 ARE A
e 2ip Code 30306 : I z Building Lifecycle 60 i
1 § County Fulton County 1 -
£ 7 I Zip Code 0104 I Energy and carbon
: é Climate zone‘ 3A 1 I § Caunty K.lﬂg COUI’TU!‘ I d f

o Conditioned Area 3000 ] =
: Ignore eGRID? : '5 State WA a re p ro rate O r

T T M 13 Climate zone ac i area.
I & Conditioned Area 2500 I , "
lgnore eGRID? | i
I I N B N b T S S S . ‘

LOCATION

Zip code triggers:

e Climate Zone (19 possible Climate Zones)
« Grid Carbon Projections (4 Scenarios)

« Regional Concrete Mix (NRMCA Regions)
« Minimum Code Values (2023 IECC)
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Structure

STRUCTURE
______ st ; = ncudebiogonc Caoon? RN . Options for foundation,
P i : 5 Ll Ll : vertical structure and
Ig e — | |48 Vertos Sructare ¥ samgies "] horizontal structure.
i iy ! ___ HorontalStructureY " Phwoodoveriost | ‘

« These choices affect
embodied carbon, but not
energy use.
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Foundations: 4 Options (Affect Operational & Embodied Carbon)

-i i' r-o

s ) . J
2= g 3 i 1 -0
T=-0F
PSRN LA T o
-“hu = e 'y
il i r-o
Concrete Stem Walls
! }- g- 8 z-0r
11 '] . T 't
| L i
sreoms | e oo ro
E-:—L-IHI‘- E'_ I‘:ﬂ-:n'.':‘-h i 1"-?‘
r-wr ?-0
Concrete Basement CMU Basement
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Vertical Structure: 4 Options (Affect only Embodied Carbon)

Concrete Columns

Wood Posts Steel Columns

INTEGRATED DESIGN LAB
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Horizontal Structure: 4 Options (Affect only Embodied Carbon)

Concrete Flat Slab

Ls"

EeR

Mass Timber (CLT)

16°
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Facades and Finishes

FINISHES

FACADES

Wall Interior Finish ¥

Ceilings ¥

Acoustic batts (Ceiling & wall)?
Floors ¥

Wall - Core V

Wall - Exterior ¥

Wall Continuous Insulation Board ¥
Wall U Value = 0.060 R138
Fenestration ¥

Assembly U-value = 0.3 BTU/(hr-ft2-°F)
Assembly SHGC = 0.25

SOUTH Window Wall Ratio = 30%
NORTH Window Wall Ratio = 30%

EAST Window Wall Ratio = 30%

WEST Window Wall Ratio = 30%

5/8 Gypsum board
Gypsum Ceiling

Carpet
2x6 Wood Studs
Cement Board

Mineral Wool

Aluminum Frame Double Pane

FINISHES

FINISHES
« Options for floors, ceilings and
walls.

Wall Interior Finish ¥
Ceilings ¥

Acoustic Ceiling batts?
Floors ¥

Wall-Core ¥

Wall - Exterior ¥

Wall Continuous Insulation Board ¥

R19.3

Fenestration ¥

Assembly U-value = 0.28 BTU/(hr-££7-°F)

Assembly SHGC = 0.6

SOUTH Window Wall Rabo = 3%
NORTH Window Wall Rafio = 30%
EAST Window Wall Rafio = 30%
WEST Window Wall Ratio = 30%

ALA A el ala

5/8 Gypsum board
Gypsum Ceiling

Carpet
2x6 Wood Studs
Cement Board
Mineral Wool

Alurminum Frame Double Pane

« These choices affect embodied
carbon, but not energy use.

&
L
> @

- e o o o o e e e e e ol

ROOFS
« Options for roof makeup and
insulation.

« These choices affect embodied
carbon AND energy use.

Roofing ¥ Asphalt Shinges -
Roof Continuous Insulation Board ¥ None I ‘
RO < > I
Roof Cavity Insulation ¥ Unfaced Fiberglass Bats
R385 < > I
Underfioor Insulation ¥ Unfaced Fiberglass Bats I

FACADES
« Options for walls and fenestration.

« These choices affect embodied carbon
AND energy use.
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Wall Assemblies: 1,250 possible combinations (Affect Both)

INTERIOR FINISH,

EXTERIOR FIN/ISH,
EXTERIOR INSULATION,

INTEGRATED DESIGN LAB

UNIVERSITY of WASHINGTON
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Wall Assemblies: 1,250 possible combinations (Affect Both)

o+ INTERIOR FINISH

STEEL PLYWOOD PLYWOOD WITH PLASTER GYP WooD
1 GAUGE a4 34 5/8° ™
POWDER COATING, METAL STOCK PAINT, INTERIOR ACAYLIC LATEX STUCCD, PORTLAND CEMENT PAINT, INTERICR ACRYLIC LATEX WHITE DK LUMBER
PAINT, INTERIDR ACRYLIC LATEX
o T T, P, [fe,
=2 [T oy = :I,_\_ I o S o
i e U] = = [,
= . e y ""-,' | l"""'c'-. " '.":'-"'-:.__ T, =
h II & | 1
\ "E | | il ‘
W g fi | i
YHEER -
Qll © =
D 5
T N —_+ CORE
b |
D 'g. CAST-IN-PLACE CONCRETE cMu STEEL STUD WOOD STUD
h | 6 WIDE, 2500 P51 B X 8" ¥ 16%, HOLLOW-CORE 6" FOR EXTERIOR WALLS 27 X B" FOR EXTERIOR WALLS
E WITH CONCRETE RENFORCING STEEL MOHTAR TYPE N 3.5" FOR INTERIOR WALLS 27 X A" FOR INTERIOR WALLS
~ WITH FLUID APPLIED ELASTOMERIC AIR BARRER WITH FLUID APPLIED ELASTOMERIC Al BARRIER 16 GALGE COLD FORMED STRUCTURAL STEEL SOFTWOOD LUMEER
Q 1AY SPACING AT 18° TWAY SPACING AT 187
% 1 1
Lu . T . ] R e A a 1, 3/4" PLYWOOD SHEATHING
Yoy F ol N "'ﬁ@ 1 T Lt 2. ELASTOMERIC FLUID APPLIED
[ T e | | e | || AR BARRER
E - - s O . 3. INSULATION
e &1 it i _,PI i i AT o
3 JRCERL | | - i i ik C- ] ot it vy memn o
e b e T4 ‘ ‘3:.\}_' [ . -g-':’:_\__h e T
T | e 2l 2] |
A PRCIE M THAELY i s, i e, e, e
PR SOLITHAERT - F|
T BOCKY WOUNTRS o 4 CHRLLR OB B Dwes
o St ciuTik |
dn T LTy i . - o
| - ] PO L T O,
LICETI CHLL D i, Dty AGEM T
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INTERIOR FINISH,

CUKRE ,f‘\/

Wall Assemblies: 1,2

WAMDRAL BRE
I LASTES
| A (At LTl

A HORTH ERMNTREL

FooEET T
B BT CRR TR,
B BT DANTRES

EXTERIOR INSULATION
XPS

2% R-10
PEHTAME FOAMING AGENT [LEGACY)

EXTERIOR FINISH

BRICK

3
MORTAR TYPE N, 3/E" JOINT

o0 pos

P, -
o
i

MINERAL WOOL
2.5% R-10
IGH DENSITY, HAIMA = EPD

CEMENT BOARD
3

FERER CEMENT WEATHERBOARD CEADDMNG
PAINT, BRILLU, ACRYLIC FACADE PAINT
ALUMINUIM EXTRUSION, ARC

STAMLESS STEEEL FASTEMNERS

S

H"‘b:; | ...H“?';'.’?B:' : :; P AT R0 AR
ACOUSTIC BATT POLYISOCYANURATE CELLULOSE
3.5 R-13 1.5% R-9.8 3"

GLASS WOOL UNFACED BATT, KNAUF, ECORATT - EPD RHGHD FOAM INSULATION, WALL. PIMA - EPD BOARD
METAL PANELS WOooD STUCCO
11 GAUGE 1%, ELM LUMBER 5/8"

POLYURETHAME COATING, METAL STOCK
ALUMIMLUM EXTRUSION, AEC
STANLESS STEEEL FASTENERS

)

e

_,,,..,_.,,,.._w__:'\

sible combinations (Affect Both)

PAINT, BRILLUN, SILICOMNE FACADE PAINT
1" X 27 SLIFPDHET, T-WAY SPACING AT 24"
ALUMBLIW EXTRLISHIN, CONCEALED 55 FASTENERS

INTEGRATED DESIGN LAB

UNIVERSITY of WASHINGTON
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Fenestration: 8 options (Affect Both)
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Fenestration: 8 options (Affect Both)

DOUBLE-PANE
ALUMINUM DOUBLE-PANE FIBERGLASS DOUELE-PANE WOOD DOUBLE-PANE STEEL DOUBLE-PANE GLAZING LAYERS
ALUMINUN EXTAUSION, TRHEAMALL Y-IMPROVED MEL-FRISHED WHITE QK LUIMBER STAMLESS STEEL. EXTRUDED, CHAOMILUM 180 s GLATMG, MOMOUTHIC SHEET, TEMPERED
POWDER COATING, WETAL STOCK + LOW-E COATING IFOR GLAZING|
i -4 = E %ﬁ:&%ﬁ:ﬂ SHEET, TEMPERED
¢ = €« = Xz
S > 5 >
7 | | k- ,
” | o "'/ o ‘ |
,_,,,f;,ff | : ;/// | J{,/ |
z i T 15"
TRIPLE-PANE
ALUMINUM TRIPLE-PANE FIBERGLASS TRIPLE-PANE WOOD TRIPLE-PANE STEEL TRIPLE-PANE GLAZING LAYERS
ALUMINUM EXTRUSHN, THERMALL ¥-IMPROVED MILL-FRNGHED WHITE OAK LUMBER STABILESS STEEL, EXTRUDED, CHROMILIM 18/8 » GLATING, MONOLITHIC SHEET, TEMPERED
POWDER COATING, METAL STOCK & LOW-E CORTIER (FOR GLATING)
e
- = : ammnm SHELT, TDMPERED
€ //7 & 4 DS i it
/7 g
..;-";_ﬂ T
2 27
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DARA Interface: Fenestration

Window-to-Wall Ratio Slider Bar:

SOUTH Window Wall Ratio = 50%
NORTH Window Wall Ratio = 30%
EAST Window Wall Ratio = 10%
WEST Window Wall Ratio = 30%

v/

C=== = -

________________________ > =
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Floors: 7 Options (Affect only Embodied Carbon)

* FLOOR ASSEMBLY

CARPET CONCRETE TOPPING SLAB LIMESTONE VINYL

o
e
'\__\\
'3 -

L 4a° CARPET - LOW PILE 1 T CAST--PLACE COMCRETE 1. 3" LIMESTONE < STONE TILE 1, U™ VINYL FiNISs

S o B xkled 2 DONDING AENTISLD MENBEANE s e

Lk P el OO RS AT L Tiew

3 U187 VAPDR RETARDER - POLYETHYLEME SHEET (HDPE)

I 118" VAPDR RETARDER - POLYE THYLEME SHEET (HDPE) CFERD FEHLL B 1. 1" DECOUPLING MEMERANE

pltissteleshy ity o swseer s TR

1. 1ME VAPCHR RETARDER - POLYETHYLENE SHEET MHDFE|
day vman il F10 21wk iE

WwooD ENGINEERED WOOD TERRACOTTA
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Roofs: 80 Possible Combinations (Affect Both)
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LT ]

L)

Roofs: 80 Possible Combinations (Affect Both)

— ROOFING
ASPHALT SHINGLES STANDING SEAM TPO WOOD SHINGLES

THERMOPLASTIC POLYOLEFIM

1. 14" ASPHALT ROOFING SHINGLES 1. 13/4° METAL PANELS 1. TRO ROOFING MEMBRAME 1. CEDAR 'WOOD SHINGLES
STRNLLSS STERL TRSTERERS FLSOSOPOL TRIER COATRNGG, METAL STOCE ADEEAT ACHTC ETABALET CTREL TASTEMIET
SALMEMITED STELL et
1. ASPHALT FELT SHEET (TAR PAPER] SALKAMIT: STTFL FASTRNGES L 1/ GYPSUM [MOGBTURE: AND MOLUD-RESISTANT) 1. ASPHALT FELT SHEET
L. . 1, T X T TWO-WAY 16 SPACING WOOD PURLING 2. 2" POLYISOCYANURATE (PIR) BOARD SAIRAENOJINR Iy
1. 347 PLYWOOD SHEATHING 2. SELF ADHERING MEMBRANE D P AR, ot e 1, 1% 27 AT 187 SPACING WOOD PURLING
3, 34" PLYWOOD SHEATHING 1. SELF ADHERING MEMBRANE 2. SELF ADHERING MEMBRANE
2. 3/4° PLYWOOD SHEATHING 3, 34" PLYWOOD SHEATHING

GREEN ROOF
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Roofs: 80 Possible Combinations (Affect Both)

- L‘ INSULATION
CLOSED CELL SPRAY FOAM

- R-10

SPRAY POLYURETHAME FOAM, CLOSED CELL
ROOFING (HFO BLOWING AGENT)

—= CEILING

PLYWOOD

3/4"
PAINT, INTERIOR ACRYLIC LATEX

MINERAL WOOL
R-10
HIGH DENSITY, NAIMA - EPD

GYPSUM (GWB)

28"
PAINT, INTERIOR ACRYLIC LATEX

BLOWN CELLULOSE

R-10

STEEL PLATE

1 GAUGE
POWDIER COATING, METAL STOCK

UNFACED FIBERGLASS BATTS
R-1
GLASS WOOL UNFACED BATT, KNAUF, ECOBATT - EFD

WOOD PANEL

1
WHITE QAK LUMBER
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HVAC, Hot Water, Infiltration, Solar and Trees

PV & TREES

« Options for offsetting and
getting to carbon neutral.

« PV affects energy use AND
embodied carbon

_______________
‘ I = R30 <
) : Infiltration Rate = 0.13 cfm/ft2 ¥

1 Ventilation ¥

o
w
e m s s e m e —————— 5 cooing COP=5.4[<
s
| PV System = 10 kW (550ft2) I < » | @ % Heating COP =25 <
]
: Tree Offset: 0 Trees Planted I < > Q Heating Fuel Source ¥
>
1 Factor in Survival rates of trees? _ = Water Heater COP =35 || €
| Tree Growth Rate ¥ _ Water Heater Fuel Source ¥
1
|
D R Decarbonization Analysid Ground Source Air Source I Elec. Furnace
. - . Heat P Heat P +AC
A A for Residential ArchltectuE S G

INFILTRATION, HVAC & HOT WATER
« Some predefined buttons, but users can
override.

Tightenvelope (better)

Energy Recovery Ventlator

Electricity

Electicity

« These choices affect energy use and
operational carbon only.

« Options for comparing fuel types.

|
1
Heat Pump Water Electic Tank Gas Tank 1 Reset Code w INTEGRATED DESIGN LAB O -
Heate Water Heate Water Heater : Embodied Minimu m UNIVERSITY of WASHINGTON |Son Ku ndlg
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Feedback Data

PROJECT FORN
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Carbon Timeline

CARBON TIMELINE Tota' Lifebma :"5_::'-:-'2? 1,01“,3“; Cielon Hoducbion u% carbor Seguesiarad by Treas: =
1,200 LoD
1000000
e Shows carbon outlook
scenarios over time. 30000
e Allows you to save a 809000
scenario and compare
400,000
changes over that J
scenario. 29000
* Gives you total lifetime o & .
Carbon and redUCtlon == Eticﬁ-'.ml — 'rn“,1 = -Frrfn::;-ﬂe't.ﬂ:-n
over saved option. o e e KA T B BB |
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Embodied vs Operational Carbon

CUMULATIVE CARBON (kgCO2¢) EMBODIED CARBON (kgC02e/m?2)
. : - WHrs
[CRAMEGAIE o  CRADLE GRADLE q aPiokvcheics
3
1,200,000 Ircroes
52 7 0% = Emekpe
1 000 000
00 2 — E : B3STucsae
80C, 00 :
s | CradeCale
602,002 o . 84.39
&0 007 &, % Reduction: D%
D00 e 15,74 7 81 ™ ‘ Cradie-Cradie
S L am ! 207.58
Year | Year | Year 3460 “ear (=0 o Hiduction 0%
=il Uperstonal EmiboJed Jmeralunal
Carbee Camon Carbea Carbon %

8[Cmbeced Cabcn 11 0perstione’ Carbon N, B 3 shows (radte-Cracks braanooun

ENERGY USE (kBTU/R2-yr)

15 #Hzatmg
Gross Bl  Casling
97.07
leduction: 0% Fns
97.07 _
Reducticn: 0% = Cuiprent
Water
Hasdter

RECS 2001 Fase 49.0
Increce 98%

Compares year one and end
of life operational versus
embodied carbon.

Compares cradle-cradle
and cradle-gate
embodied carbon.
Includes Photovoltaics.

Compares net and gross EUI
and shows energy use
distribution. Shows status
compared to RECS 2001
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DARA 2026
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What It IS

Early design modeling tool to help create a viable path to zero carbon.
Material choices use generic industry EPDs
Use it to help inform your process.

What it I1s not

A bespoke energy or embodied carbon modeling tool.
You cannot compare impacts of specific products.
Do not use it as a compliance tool or for sizing systems.
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www.olsonkundig.com/DARA

To download the DARA Tool

Christopher Meek, FAIA, IES
Professor and Director
cmeek@uw.edu

Teresa Moroseos, AlA
Research Engineer
teresafm@uw.edu

Heather Burpee, AIA, EDAC
Research Professor and Co-Director
burpeeh@uw.edu

Questions?
Thank youl!
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