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Opportunity – the Gap in the Industry

• Residential buildings comprise 61% of current US 
building stock. 

• There is a lack of tools focused on this sector. 

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.

US Building Stock AIA Firm Sizes
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American institute of Architects (AIA)
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.

https://www.aia.org/advocacy/research/grants-fellowships/upjohn-research-initiative

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 AIA, Christopher Savage, PhD, LEED 
AP BD+C, Christopher Meek, FAIA, Heather Burpee, AIA, Pawel Sapiecha

Masonry Material Recovery: Building Disassembly and Remanufacture for the 
Circular Economy
Principal Investigator: Dillon Pranger, AIA (Illinois Institute of Technology)Collaborators: Steve Filyo (BlueEarth
Deconstruction), Matt Gombeda (Illinois Institute of Technology), Scott Conwell, FAIA, FCSI, CDT, LEED AP 
(International Masonry Institute)
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The Team

Vikram Sami
Director of Building 

Performance

Chris Savage
Senior BP Analyst

Pawel Sapiecha
BP Analyst

• Embodied Carbon Simulations
• Building the interface
• Tweaking the algorithm

Intern

• Energy Simulations
• Building the algorithm

Rohit Raman

Teresa Moroseos
Research Engineer

Chris Meek
Director

Heather Burpee
Director of Education and 

Outreach

Bearach Miwatani-Minter
M. Arch Candidate
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About Olson Kundig

Seattle New York Chicago

7



Project Typologies

RESIDENTIAL MIXED-USE MULTI-FAMILY COMMERCIAL

SPIRITUAL CULTURAL PLANNING INTERIORS

SPORTS HOSPITALITY INSTITUTIONALWORKPLACE
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UW INTEGRATED DESIGN LAB

• Research
• Technical  Assistance
• Education and Outreach

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

RETROFITS, 
RONMENT, 
METHODS

https://idl.be.uw.edu/
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The Economic Case for High Performance Design

https://www.aia.org/pages/6514515-roi-the-
economic-case-for-resilient-design

https://www.aia.org/resources/6409378-roi-of-high-
performance-design
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https://knowledge.uli.org/en/reports/research-reports/2024/the-carbon-sweet-spot https://www.lifecyclelab.org/project/pod-lca/ https://www.sciencedirect.com

11



• Understand the unique needs of small firms
• Primary typologies
• Current baseline of operational/embodied carbon analysis
• Tools used
• Identify markets gaps in tools and methods
• Identify analysis measures to prioritize
• Gain perspective and insights from potential users

AIA Small Firm Roundtable:
Survey on Small Residential Carbon Analysis
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What Type of Small Residential Projects do you Work On? 

n=35
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Benchmarking Operational Carbon Emissions or Energy?

Do you or your consultants currently 
benchmark or estimate operational energy 
and/or operational carbon emissions on your 
small-scale residential projects?n=35
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Benchmarking Embodied Carbon?

Do you or your consultants currently 
benchmark or estimate embodied carbon
emissions on your small-scale residential 
projects?n=35
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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:
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0
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32

0 5 10 15 20 25 30 35

Tally
C.Scale

EPIC
EC3

One Click LCA
Athena

Custom Tools
DesignLCA for ArchiCAD

We rely on consultants for this
I don't use any carbon analysis tools

n=35
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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)

Most ImportantLeast Important

n=35
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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:

20

12

14

24

2

14

13

1

1

0 5 10 15 20 25

Not in scope/no fees for this type of work

I don't have time

Analysis/software is too expensive

My clients do not see this as an important

I don't see carbon analysis as a scope item my…

Analysis/software is too expensive

Too much technical complexity

I have tried to do something like this in the past but it…

No good answer. n=35

18



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):

11
28
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19

20
22

4
21

18
15

1
20

30
0

0 5 10 15 20 25 30

Structural system selection
Insulation amount/type

Opaque envelope…
Foundation/crawl…

Exterior cladding selection
Window glass…

Window frame technology…
Impacts of window-to-wall…

Impacts of window area by…
Impacts of shading devices

Impact of thermostat set points
Impact of envelope air…

Mechanical systems selection
I'm not interested in this tool

n=35
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The Building

Based on the DOE 
prototype building for single 
family residential
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19
4
4
4
5

10
5
4

Window Frames
WWR per Orientation
Roofs
Cavity insulations
Infiltration Rates
Fuel Choices
Rooftop Solar
Urban Trees
Equipment COPS

Climate Zones
Foundation types
Vertical Structures
Horizontal Structures
Interior Wall Finishes
Wall Cores
Exterior Wall Finishes
Insulation Boards

8
5
5
4
3
3
S
S
S

Variables

Dataset Development
Operational & embodied data generated for millions of design 
options in 19 climates
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Operational Carbon Calculations

+

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

Ladybug Tools

X Carbon Intensity of 
Electricity or Natural 
Gas Consumption 
(kgCO2eq/kBtu) 

= Operational Carbon 
Emissions (kgCO2eq/sf)
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Total Operational Carbon Design Options
Variables Preferred User Options

Wall Insulation 4
Glazing U-Factor 4
SHGC N, 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
Total Combinations 72,960,000
Simulation Days* 456

*Simulation days on an 
institutional computer 
cluster

!!!
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Total Operational Carbon Design Options

*Simulation days on an 
institutional computer 
cluster

Variables Preferred User Options Interpolated Dataset
Wall Insulation 4 2
Glazing U-Factor 4 3
SHGC N, E, S, W 4 2
WWR N 5 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
Ventilation Type 2 2
Total Combinations 72,960,000 196,992
Simulation Days* 456 1.2!!!

25



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

• Calculates product of the linear weight 
for each variable at every surrounding 
“corner” combination of modeled points
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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
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Glazing Validation
Glazing U-Factor (2 Control Points):

1) 0.5 BTU/(hr·ft²·°F) 
2) 0.1 BTU/(hr·ft²·°F) 

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

WWR (2 Control Points):
1) 0%
2) 80%

76% Points Passing
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Glazing Validation

95% Points Passing

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·ft²·°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%
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Operational Carbon

https://app.electricitymaps.com/map/all/yearly (2025)
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Operational Carbon
• Interpolated energy consumption
• Electric grid emissions use NREL Cambium 

2024 and/or eGrid 2023 data
• Cambium projects how local grid emissions 

will evolve through 2050 under different 
scenarios (includes upstream emissions)

• Scenarios considered:
• Mid-case (“mid”)
• Lower renewables / higher natural gas costs 

(“low”)
• Higher renewables / lower natural gas costs 

(“high”)
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Lifecycle Stages
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The Interface
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First Year of Occupancy 2026

Building Lifecycle 60

Zip Code 30306

County Fulton County

State GA

Climate zone 3A

Conditioned Area 3000

Ignore eGRID?

Include Biogenic Carbon?

Slab on Grade

Bearing Walls

Plywood over joist

5/8 Gypsum board

Gypsum Ceiling

Acoustic batts (Ceiling & wall)? 

Carpet

2x6 Wood Studs

Cement Board Asphalt Shingles

Mineral Wool XPS

R13.8 13.8 R0 0

Aluminum Frame Double Pane Unfaced Fiberglass Batts

Assembly U-value = 0.3 BTU/(hr·ft²·°F) 30 R33.4 33.4

Assembly SHGC = 0.25 25 Unfaced Fiberglass Batts

SOUTH Window Wall Ratio = 30% 30 R30 30

NORTH Window Wall Ratio = 30% 30 Tight envelope (better) *

EAST Window Wall Ratio = 30% 30 Energy Recovery Ventilator *

WEST Window Wall Ratio = 30% 30 Cooling COP = 5.4 54 *

PV System = 0 kW (0ft2) 0 Heating COP = 2.5 25 *

Tree Offset: 0 Trees Planted 0 Electricity *

Factor in Survival rates of trees? Water Heater COP = 3.5 35 *

Fast Electricity * 49.0
40%Reduction:
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CARBON TIMELINE

 Scenario 1  Trees  Embodied Carbon
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Save Scenario Clear Scenario

Air Source 
Heat Pump

Ground Source 
Heat Pump

Gas Tank 
Water Heater

Gas Furnace
+ AC

Elec. Furnace
+ AC

Code 
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Heat Pump Water 
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Electric Tank 
Water HeaterDARA

276,997 Total Lifetime kgCO2e: 50%Carbon Reduction:
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13%Reduction:

CUMULATIVE CARBON (kgCO2e) EMBODIED CARBON (kgCO2e/m2) ENERGY USE (kBTU/ft2-yr) 

-Carbon Sequestered by Trees: 

Decarbonization Analysis 
for Residential Architecture

Reset 
Embodied 

Wall U Value = 0.060

Note: Bar graph shows Cradle-Cradle breakdown
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Wall U Value = 0.060

Note: Bar graph shows CradleNote: Bar graph shows Cradle-Cradle breakdownCradle breakdown
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Foundations: 4 Options (Affect Operational & Embodied Carbon)

Slab on Metal Deck

Concrete Basement

Concrete Stem Walls

CMU Basement

Concrete Stem Walls

CMU Basement

36



Vertical Structure: 4 Options (Affect only Embodied Carbon)

Load Bearing Walls

Wood Posts

Concrete Columns

Steel Columns
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Horizontal Structure: 4 Options (Affect only Embodied Carbon)

Slab on Metal Deck

Concrete Flat Slab

Plywood Over Joist

Mass Timber (CLT)
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First Year of Occupancy 2026

Building Lifecycle 60

Zip Code 30306

County Fulton County

State GA

Climate zone 3A

Conditioned Area 3000

Ignore eGRID?

Include Biogenic Carbon?

Slab on Grade

Bearing Walls

Plywood over joist

5/8 Gypsum board

Gypsum Ceiling

Acoustic batts (Ceiling & wall)? 

Carpet

2x6 Wood Studs

Cement Board Asphalt Shingles

Mineral Wool XPS

R13.8 13.8 R0 0

Aluminum Frame Double Pane Unfaced Fiberglass Batts

Assembly U-value = 0.3 BTU/(hr·ft²·°F) 30 R33.4 33.4

Assembly SHGC = 0.25 25 Unfaced Fiberglass Batts

SOUTH Window Wall Ratio = 30% 30 R30 30

NORTH Window Wall Ratio = 30% 30 Tight envelope (better) *

EAST Window Wall Ratio = 30% 30 Energy Recovery Ventilator *

WEST Window Wall Ratio = 30% 30 Cooling COP = 5.4 54 *

PV System = 0 kW (0ft2) 0 Heating COP = 2.5 25 *

Tree Offset: 0 Trees Planted 0 Electricity *

Factor in Survival rates of trees? Water Heater COP = 3.5 35 *

Fast Electricity * 49.0
40%Reduction:
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CARBON TIMELINE

 Scenario 1  Trees  Embodied Carbon
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CUMULATIVE CARBON (kgCO2e) EMBODIED CARBON (kgCO2e/m2) ENERGY USE (kBTU/ft2-yr) 

-Carbon Sequestered by Trees: 

Decarbonization Analysis 
for Residential Architecture

Reset 
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Wall U Value = 0.060

Note: Bar graph shows Cradle-Cradle breakdown
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First Year of Occupancy 2026

Building Lifecycle 60

Zip Code 30306

County Fulton County

State GA

Climate zone 3A

Conditioned Area 3000
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Wall Assemblies: 1,250 possible combinations  (Affect Both)
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Wall Assemblies: 1,250 possible combinations  (Affect Both)
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Wall Assemblies: 1,250 possible combinations  (Affect Both)
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Fenestration: 8 options (Affect Both)
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Fenestration: 8 options (Affect Both)
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DARA Interface: Fenestration

Window-to-Wall Ratio Slider Bar:
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Floors: 7 Options (Affect only Embodied Carbon)
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Roofs: 80 Possible Combinations (Affect Both)
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Roofs: 80 Possible Combinations (Affect Both)
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Roofs: 80 Possible Combinations (Affect Both)
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First Year of Occupancy 2026

Building Lifecycle 60

Zip Code 30306

County Fulton County

State GA

Climate zone 3A

Conditioned Area 3000

Ignore eGRID?

Include Biogenic Carbon?

Slab on Grade

Bearing Walls

Plywood over joist

5/8 Gypsum board

Gypsum Ceiling

Acoustic batts (Ceiling & wall)? 

Carpet

2x6 Wood Studs

Cement Board Asphalt Shingles

Mineral Wool XPS

R13.8 13.8 R0 0

Aluminum Frame Double Pane Unfaced Fiberglass Batts

Assembly U-value = 0.3 BTU/(hr·ft²·°F) 30 R33.4 33.4

Assembly SHGC = 0.25 25 Unfaced Fiberglass Batts

SOUTH Window Wall Ratio = 30% 30 R30 30

NORTH Window Wall Ratio = 30% 30 Tight envelope (better) *

EAST Window Wall Ratio = 30% 30 Energy Recovery Ventilator *

WEST Window Wall Ratio = 30% 30 Cooling COP = 5.4 54 *

PV System = 10 kW (550ft2) 20 * Heating COP = 2.5 25 *

Tree Offset: 0 Trees Planted 0 Electricity *

Factor in Survival rates of trees? Water Heater COP = 3.5 35 *

Fast Electricity * 49.0
70%Reduction:

RECS 2001 Base:
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NRMCA Region: South Eastern

State: Georgia
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CARBON TIMELINE

 Scenario 1  Trees  Embodied Carbon
 Total Carbon - Cambium High  Total Carbon - Cambium Mid  Total Carbon - Cambium Low
 Total Carbon - eGRID 2023
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55%Reduction:

Reduction:

Save Scenario Clear Scenario

Air Source 
Heat Pump

Ground Source 
Heat Pump

Gas Tank 
Water Heater

Gas Furnace
+ AC

Elec. Furnace
+ AC
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Minimum
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Electric Tank 
Water HeaterDARA

175,310 Total Lifetime kgCO2e: 68%Carbon Reduction:

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%
Photovoltaics
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Cradle-Gate 

30%Reduction:

237.20 
Cradle-Cradle

0%Increase:

CUMULATIVE CARBON (kgCO2e) EMBODIED CARBON (kgCO2e/m2) ENERGY USE (kBTU/ft2-yr) 

-Carbon Sequestered by Trees: 

Decarbonization Analysis 
for Residential Architecture

Reset 
Embodied 

Wall U Value = 0.060

Note: Bar graph shows Cradle-Cradle breakdown

CRADLE - GATE CRADLE - CRADLE

First Year of Occupancy 2026

Building Lifecycle 60

Zip Code 30306

County Fulton County

State GA

Climate zone 3A
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NRMCA Region: South Eastern

State: Georgia
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70%Reduction:
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CARBON TIMELINE
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-Carbon Sequestered by Trees:

Note: Bar graph shows CradleNote: Bar graph shows Cradle-Cradle breakdownCradle breakdown
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Feedback Data
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Carbon Timeline

• Shows carbon outlook 
scenarios over time. 

• Allows you to save a 
scenario and compare 
changes over that 
scenario.

• Gives you total lifetime 
carbon and reduction 
over saved option.
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Embodied vs Operational Carbon

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

53



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 is 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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Questions?
Thank you!

To download the DARA Tool
www.olsonkundig.com/DARA
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