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HOW CAN ARCHITECTS DESIGN 
LESS IMPACTFUL BUILDINGS  
IF THEY DON’T MEASURE  
ENVIRONMENTAL IMPACTS? 
 

STEPHANIE CARLISLE   
KIERANTIMBERLAKE ARCHITECTS 
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OPTIMAL WORKFLOW 

TRADITIONAL WORKFLOW 
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LCA IN PRACTICE 

1. EARLY-PHASE WHOLE BUILDING LCA 
Part to whole, Rough, focus on typologies, assemblies and materials, not products 

2. DESIGN OPTION MODELS 
Targeted design questions, detailed comparisions 

3. END-OF-PROJECT BENCHMARKING 
Construction documentation, Project narratives 

How did we do? 
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EARLY-PHASE WHOLE BUILDING LCA 

Results per CSI Division Global Warming Potential 
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Results per Tally Entry (Material Assembly) Global Warming Potential 

EARLY-PHASE WHOLE BUILDING LCA 
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Embodied carbon reductions based on concrete mix 

Floors & stairs 

Walls 

Beams 

Rain screen 
panels 

Concrete members 

24% 

13% 

& extended cure time 

EARLY-PHASE WHOLE BUILDING LCA 
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DESIGN OPTIONS 

20% 15% 

9% 

20% 19% 

5% 
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DESIGN OPTIONS 

20% 15% 

9% 

20% 19% 

5% 

64% 

18% 

49% 41% 

62% 

Option 1 Option 2 
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DESIGN OPTIONS 

20% 15% 

9% 

20% 19% 

5% 

64% 

18% 

49% 41% 

62% 

Option 1 Option 2 
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Flooring Option Comparison 
 
Amount of material required to produce and 
maintain 1 ft2 of flooring in a high traffic setting 
with consistent acoustical performance  for 50 yrs 

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

Acidification Potential
(kgSO2eq)

Eutrophication Potential
(kgNeq)

Global Warming Potential
Total (kgCO2eq)

Smog Formation Potential
(kgO3eq)

Fossil Fuel De  

Carpet Ceramic Tile Burnished Concrete VCT LVT Rubber Linoleum

DESIGN OPTIONS   ASSEMBLIES 
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RESIDENTIAL FINISHES   TYPICAL UNIT 

CEILING 
EXPOSED CONCRETE 
 

FLOOR 
RUBBER TILE 

LIGHTING 
LINEAR FIXTURE 

CEILING/ SOFFIT 
PAINTED GYPSUM 

CABINETS 
WOOD / PLAM 

COUNTERTOP 
SOLID SURFACE 

BUILT IN DESK 
WOOD/ PLAM 
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CARPET TILE 

CERAMIC TILE 

VINYL COMPOSITION TILE 

LUXURY VINYL TILE 

RUBBER 

LINOLEUM  

$ 9 

$ 28 

$ 7 

$ 10 

$ 14 

$ 13 

  

 

 

    
 

 
 
 

 
 

 
 

 
 
  

    

        
      

     
       

 

     

      

       

      

 

       
   

      

   

       
     

       

       
     

       
      

       
    

1 

2 

4 

5 

6 

7 

N/A 

N/A 

$ 2,000,000 

$ 1,400,000 

$600,000 

$ 800,000 

$ 34,000 

+ $ 600,000 

$ 100,000 

---  

+ $ 140,000 

+ $ 100,000 

yes  

moderate 

no 

DESIGN OPTIONS   ASSEMBLIES 
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  Burnished Concrete Ceramic Tile Carpet Tile VCT LVT Rubber Linoleum 
Sizes / Format Slab Tile Tile Sheet or tile Plank Sheet or tile Sheet or tile 
Description Structural slab with finish 

coating; no acoustic 
underlayment 

Ceramic tile, mortar; 
acoustic underlayment 

carpet tile;  
acoustic underlayment 

Vinyl composite tile; site 
applied top coat; 
acoustic underlayment 

Luxury vinyl tile; factory-
applied UV cured finish; 
acoustic underlayment 

Natural rubber, no 
additional coating;  
acoustic underlayment 

Linoleum tile;  
wax polish;  
acoustic underlayment 

Refrence Manufacturer       Armstrong, Shaw Armstrong, Shaw Nora Sentico Forbo, Armstrong 
Cost/sf $10 $28* $9* $7* $10* $14* $13* 

    
FACTOR 1: PROGRAM CAPABILITY Does not meet code 

required IIC 50 rating 
Bathroom Hallway  

Living Area 
 

Hallway 
Living Area 
Bathroom 

Hallway 
Living Area 
Bathroom 

Hallway 
Living Area 
Bathroom 

Hallway 
Living Area 
Bathroom 

FACTOR 2: ENVIRONMENTAL IMPACT 
Based on results of Life Cycle 
Assessment (LCA), draws from 
multiple impact categories 

Very good Poor Very poor Very poor Poor Good Very good 
Makes use of structural 
material, relies on 
finishing technique 

High carbon footprint 
due to energy intensive 
manufacturing 

High environmental 
impacts due to frequent 
replacement and energy 
intensive manufacturing 

Much of impacts 
connected to coatings, 
stripper and polish 

High levels of vinyl and 
urethane 

Made from recycled 
materials, No Red List 
Chemicals 

Bio-based material, low 
environmental impact in 
all categories 

FACTOR 3: RED LIST CHEMICALS / 
TOXICITY 
Includes chemicals of concern & 
known carcinogens prohibited by 
project guidelines  

Good Good Good Poor Poor Good Good 
No Red List Chemicals, 
VOC free coatings 
available 

No Red List Chemicals, 
VOC free 

No Red List Chemicals, VOC 
free, Some concern for air 
quality/allergens from dust 
accumulation 

Contains phthalates, a  Red 
List Chemical;  coatings 
may pose VOC concerns  

Contains high levels of 
phthalates, a Red List 
Chemical; coatings may 
pose VOC concerns  

No Red List Chemicals, 
VOC free 

No Red List Chemicals, 
VOC free 

FACTOR 4: DURABILITY 
Approximate life span based on 
manufacturer warrantee and 
Environmental Product Declaration 
(EPD) 

Very good Very good Poor Poor Good Very good Good 
Full life of building, 
structural element 

30 year life span; 
Difficult to replace 
broken tile 

10 year life span; 
Damaged tiles can be 
easily replaced 

15-20 year life span; 
Damaged tiles can be easily 
replaced 
 

20 year life span; 
More durable than VCT, 
resistant to divots; 
Damaged planks can be 
easily replaced 

30 year life span; 
Damaged tiles can be 
easily replaced; 
Indentations occur, but 
rebound  

30 year life span; 
Damaged tiles can be 
easily replaced; 
Indentations occur, but 
rebound  

FACTOR 5: MAINTENANCE 
Required and recommended 
maintenance practices 

Low   Low Medium High Medium Low Medium 
None 
 

No refinished required;  
potential discoloration of 
grout over time. 

Requires vacuuming and 
Regular deep cleaning in 
high traffic areas. 

Regular stripping, buffing 
and recoating (urethane) 1-
2 x/year; Required for 
durability.  
 

Does not require  stripping 
and recoating, buffing and 
polish; Recommended for 
aesthetics. 

No recoating required Periodic recoating (wet 
mop/wax, no stripping); 
Recommended for 
aesthetics/shine. 

FACTOR 6: LIFE CYCLE COST 
Tracked across 60 years  
cost/sq ft* material replacement 
(approx. maintenance cost, if relevant) 

$10 $56 $54 $28 $30 $28 $26 
 
 

($1/SqFt/yr maintenance) 
 

($1/SqFt /yr maintenance)  
 
 

($1.50/Sq Ft/yr maintenance) 
 
 
 

* Includes 5mm acoustic underlayment @ $3/SqFt  
(will likely be necessary to meet code required IIC rating) 
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Life cycle carbon study conducted 
by Ed Sauven, Buro Happold 

BENCHMARKING 
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EXPRESSING VALUES  
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1. SET INTERNAL TARGETS 

2. DON’T STOP WITH THE MODEL 

3. MAYBE YOU DON’T NEED PERMISSION… 

4. BRING MODEL RESULTS TO DESIGN REVIEWS 

5. COMPARE OPERATIONAL AND EMBODIED CARBON 

 

TANGIBLE STEPS FOR EVERY PROJECT 
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EMBODIED CARBON IN 
BUILDINGS 
Session 3: Design Decisions  
Mark D. Webster, PE, LEED AP BD+C  
Structural Engineering 
31 May 2019 

Photo by Langer Hsu / Leers Weinzapfel Associates 
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Embodied Carbon and Structural Materials 

• When it comes to addressing embodied carbon, structural materials are 
a prime target. 

Source: CLF “Time Value of Carbon” (2017) 
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Embodied Carbon and Structural Materials 
 

Source: CLF “Estimates of Embodied Carbon for Mechanical, Electrical, Plumbing and Tenant Improvements” 
(2019) 
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Where is the Embodied Carbon? 
 

Source: SEI Sustainability Committee Carbon Working Group 
Work in Progress 

Annual U.S. Construction by Floor Area 
Total Construction 4 Billion sf 

Single-Family Wood

Single-Family Steel

Single-Family Concrete

Multi-Family Wood

Multi-Family Steel

Multi-Family Other

Commercial Wood

Commercial Steel

Commerical Concrete

Commercial Other

WORK IN PROGRESS, 
SUBJECT TO REVISION 
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Where is the Structural Embodied Carbon? 
• Concrete, structural 

steel, and lumber 
only. 

• Excludes rebar and 
precast concrete. 

• Concrete dominates. 
• Residential must be 

addressed. 

CO2e Emissions by Material and Sector 
Total Emissions 100 Million Metric Tons 

Concrete Commercial

Concrete Residential

Concrete Res. Rehab

Steel Commercial

Steel Residential

Wood Commerical

Wood Residential

Wood Res. Rehab

Source: SEI Sustainability Committee Carbon Working Group 
Work in Progress 

WORK IN PROGRESS, 
SUBJECT TO REVISION 
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Getting to Zero Embodied Carbon by 2050 

Path ID Design 
Renewable 
Electricity 

Material 
Production Offsets 

Maximum Design 40% 15% 10% 35% 

Maximum 
Electricity 20% 30% 10% 40% 

Status Quo 10% 5% 10% 75% 

Source: SEI Sustainability Committee Carbon Working Group 
Work in Progress 

WORK IN PROGRESS, 
SUBJECT TO REVISION 
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Getting to Zero Embodied Carbon by 2050 
How can we make this happen? 
• Learn where the embodied carbon lies and how to reduce it.  
• Bring embodied carbon into the conversation from project inception 

through construction. 
• Architects: Ask structural engineers how to reduce embodied carbon in structure.  
• Structural Engineers: Offer reduction strategies to clients. 

• Track embodied carbon in projects. 
• CLF and SEI are working together on the SE2050 Initiative to 

engage structural engineers in tracking and reducing the 
embodied carbon in building structure. 
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In-House Research 
Note: 

XST = no upgrade to existing building  env. only = envelope upgrade only 

SER = standard energy retrofit  imp. equip. = envelope + equipment upgrade 

DER = deep energy retrofit 

ZEB = new near-zero energy building 
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In-House Research 
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Thank You 
mdwebster@sgh.com 





Reducing the Carbon Footprint of Every Building. 



WHY do carbon emissions 
matter… to SKANSKA??? 



Over the next 35 years, 

will be constructed in cities worldwide. 
of new and rebuilt buildings 

two trillion ft2
 

Source: IEA (2016), Energy Technology Perspectives 2016, IEA/OECD, Paris. 

Understanding our Impact 



An entire New York City 

for 35 years! 
every 35 days 

Understanding our Impact 



Understanding Carbon 







Embodied Carbon 

50% 

Operational Carbon 

50% 

Understanding Carbon 



http://www.carbonleadershipforum.org/data-visualization/ 

Embodied Carbon Benchmarking Study 

Understanding Embodied Carbon 

http://www.carbonleadershipforum.org/data-visualization/


  

Understanding Embodied Carbon 





Full LCA Procurement 
EC Assessment 

Embodied Carbon 
Reduction Tool  

(Supply Chain Specific) 

Athena Impact 
Estimator 

OneClick LCA 

Tally 

• Whole Building System 
Choices. 

• Material vs Material 
Comparisons. 

• Full Life Cycle Picture. 

• Manufacturer specific 
data wherever possible. 

• Actual EC of 
manufacturer choices 
displayed against 
baseline or industry 
averages for each 
material and whole 
building. 

• Living EPD database. 
• Transparent 

methodology for EC 
data, values, variability. 

Specifications 

• EPDs/Max GWP 
required. 

• Reduction against 
baseline GWP 
eventually required. 

• GWP reduction part of 
selection criteria and 
bid process. 

Bid Documents 

Conceptual to Design 
Development 

Design Development 
to Construction 

Documents 

Into Construction 

Reducing Embodied Carbon 



  

Available to Everyone 

Easy to Use 

Free to Use 

Open & Transparent 
Data Source 

Open API  
(willing/able to share 
data with other tools) 

Wish List 

Focused on Supply 
Chain Accountability 

Embodied Carbon 
Reduction Tool  

(Supply Chain Specific) 

Reducing Embodied Carbon 

Embodied Carbon  
Calculator for Construction 



 - Reducing Embodied Carbon 

Embodied Carbon Calculator for Construction 



Material Quantities 

- Inputs 



Environmental Product Declarations 

- Data 



Search by what you currently know re: material performance and 
criteria 

Quickly understand 
CO2e range of a 
specific material 

Number of manufacturer EPDs currently in database that meet material 
parameters 

- Outputs 



Sort compliant manufacturers by 
GWP (CO2e) to find lowest emitting 
options.  

- Outputs 

See details and automatically 
download the associated EPD. 



Conservative  
Embodied Carbon Estimate 
(80th percentile) 

Achievable  
Embodied Carbon Target 
(20th percentile) 

Zero  
Embodied Carbon 

Large variance in 
emissions of rebar 
based on 
manufacturing 
location 

Washington 
produced 
rebar 

- Outputs 



Supplier/Mix A 

Supplier/Mix B 

Supplier/Mix C 

Choose  
this one! 

30% reduction in C02 emissions  
JUST BY having data and ASKING.  

Carbon Smart Procurement 

Kg per SF 



Carbon Smart Procurement 



Carbon Smart Procurement 

Choose  
this one! 



Cities, States and the AEC Industry will lead the way. 
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