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Course Description

The purpose of this presentation is to discuss Life Cycle Assessment (LCA) tools, benefits of analysis, 

and potential workflows that allow architects and designers to engage with the embodied 

environmental impacts of building materials. This includes the optimization of higher performance 

materials and reduction of higher impact material early in the design process through the evaluation of 

multiple options as well as the overall evaluation of the whole building prior to construction.



Learning Objectives

1. Learn to make the argument for LCA with clients and project teams and understand how to present 

LCA data to support decision making.

2. Learn effective methods for integrating LCA into every phase of the design process, from pre -

design through construction documentation.

3. Understand the required methods and standards for the LEED v4 Whole Building Life Cycle 

Reduction Credit and proper method for submitting credit documentation.

4. Understand how LCA can influence material choices and specification writing.



1. The Argument 
for LCA
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Daylight Timelapse of KieranTimberlake’s Studio



Comparing Embodied Energy in Materials to Lighting



Mineral extraction



Dynamite, drills, and dump trucks



Hot-rolled steel manufacturing process



Steel refinement



Pouring concrete masonry units



Heat insulation formation



Stamping rebar



Site preparation



Resource and energy usage in the formation of a foundation



Energy use from building operations



End of life



Building demolition



Sorting for recycling, reuse and disposal



How can we track all of this?
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Embodied Carbon – Why This Matters



Embodied Carbon – Why This Matters



Embodied Carbon – Why This Matters



ZGF Materials Task Force



2. What’s in a 
Building?



Do Less Harm – Reducing Impact



Carl Strandlund and his Prefabricated Lustron House of the 1940’s



EPD - Environmental Product Declarations



4 Life Cycle Stages of a SIPS Panel

1. Raw Material Extraction and Processing



4 Life Cycle Stages of a SIPS Panel

2. Manufacturing and Construction



4 Life Cycle Stages of a SIPS Panel

3. Building Use



4 Life Cycle Stages of a SIPS Panel

4. End of Life



Impact 
Categories



Source: K. Simonen, Life Cycle Assessment, 2014

Global Warming



Source: K. Simonen, Life Cycle Assessment, 2014

Acidification



Source: K. Simonen, Life Cycle Assessment, 2014

Eutrophication



Source: K. Simonen, Life Cycle Assessment, 2014

Ozone Depletion



Source: K. Simonen, Life Cycle Assessment, 2014

Smog



Source: K. Simonen, Life Cycle Assessment, 2014

Primary Energy Demand

Type Example Unit

Non-

Renewable
Energy

Coal combustion for 

electricity
MJ

Material
Crude oil as material input 

to plastic
MJ

Renewable Energy Bio-fuel MJ

Material Wood burned in a furnace MJ



3. LCA Design 
Workflow



STEP 1: CALCULATE BUILDING MATERIALS

STEP 2: SELECT APPROPRIATE TOOLS AND DATA SETS FOR LCA ASSESSMENT 

STEP 3: CREATE AND MODEL BASELINE BUILDING

STEP 4: SELECT RELEVANT IMPACT MEASUREMENT SYSTEMS

STEP 5: USE LCA TO MAKE DESIGN DECISIONS THAT REDUCE ENVIRONMENTAL IMPACTS

STEP 6: INCORPORATE FINAL LCA RESULTS 

Starting with LCA through LEED



STEP 2: SELECT APPROPRIATE TOOLS AND DATA SETS FOR LCA ASSESSMENT 

STEP 3: CREATE AND MODEL BASELINE BUILDING

STEP 1: CALCULATE BUILDING MATERIALS

STEP 5: USE LCA TO MAKE DESIGN DECISIONS THAT REDUCE ENVIRONMENTAL IMPACTS

STEP 6: INCORPORATE ITERATIVE LCA RESULTS 

STEP 4: SELECT RELEVANT IMPACT MEASUREMENT SYSTEMS

LEED with Impact – Reorder and Iterate



Typical vs. Iterative LCA Workflow

Typical Workflow

Iterative Workflow



Component assessment (SD)

Assembly assessment (DD)

Full building assessment (CD)

Select Appropriate Scope for Design Phase

• Single material (product) assessment

• Material or assembly comparison

• Design options 

(multiple materials and assemblies)

• Full building assessment
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Can we reduce the impact of a building before structural selection? 

Schematic Design – Classic Question of Structural System Decision Making



Option 1: Concrete

Option 2: Steel

Concrete with 25% Fly Ash Content

Other Materials

11% reduction in GWP

Annual emissions of ~25 passenger vehicles

Carbon sequestered by 96.4 acres of forest

Even though steel is better, still has a lot of 

concrete.

Schematic Design: Evaluating Concrete vs. Steel in a Lab Bay Study
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Design Development: Comparing Curtain Wall with Insulated Metal Panel Shingles



Design Development: Comparing Curtain Wall with Insulated Metal Panel Shingles



Design Development: Optimizing Material Usage in Panel Patterning



Comparative Results

28% 25% 28% 26% 29% 28%

SOLID

Design Development: Optimizing Material Usage in Panel Patterning



Construction Documentation: Whole Building Assessment of Fly Ash Content in Concrete



Construction Documentation: Whole Building Assessment of Fly Ash Content in Concrete



13%
24%

Results per CSI Division

Floors & Stairs

Walls

Beams

Rainscreen Panels

Whole Building

Construction Documentation: Whole Building Assessment of Fly Ash Content in Concrete



Construction Administration: Environmental Impacts by Substitutions



Results per CSI Division, itemized by material

Changes between project phases 

How do changes made during construction affect building performance and embodied 

impacts?

What are the trade offs between material choices (embodied impacts, cost, 

performance, constructability)? 

Construction Administration: Environmental Impacts by Substitutions



START EARLY

Conduct continuous and iterative assessments at every stage of the 

design and construction process.

KEEP A RECORD

Keep all your output reports and track performance over the entire 

design process to demonstrate and document your baseline 

performance and track the achievement of the requisite reductions for 

the LEED reviewers.  

EXPERIMENT EARLY AND OFTEN

Using the smallest appropriate functional unit, test different materials 

and design options to determine the potential for impact reduction 

through material substitutions, design options and modifications before 

integrating the new design into the whole building model.

INCLUDE THE WHOLE TEAM

Effectively using the data generated by LCA requires the entire design 

team, from the client, to the architect, to the construction manager.  

Just because a design team proposes a better performing material 

doesn’t mean it’s feasible. Involving the whole design team in the LCA 

process ensures everyone understands the information and the 

implications of selecting particular materials.

Takeaways



4. Impact Through 
Intuition:
RMI Case Study



How did we do? RMI As a Case Study



1,132 MT CO2 eq.

Transportation

Manufacturing
Maintenance and 

Replacement

End of Life

How did we do? RMI As a Case Study



1. Transportation

2. Manufacturing

3. Maintenance and Replacement

4. End of Life

RMI by LCA Stage



1. Transportation

2. Manufacturing

3. Maintenance and Replacement

4. End of Life

RMI by LCA Stage
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RMI Whole Building Breakdown

-300,000 -100,000 100,000 300,000 500,000 700,000

End of Life

Maintenance and Replacement

Manufacturing

Transportation

Global Warming Potential (kgCO2eq)

Cast-in-place concrete; reinforced structural concrete; 3000 psi (20 Mpa)

Cast-in-place concrete; reinforced structural concrete; 5000 psi (35 Mpa)

Concrete; unreinforced; generic; 3000 psi (20MPa)

Glass fiber reinforced concrete; no steel

Precast concrete paver

Precast concrete structural panel

Reinforced concrete footing

Stone veneer wall; granite; grouted

Stone veneer wall; limestone; grouted

Aluminum; extrusion

Aluminum; sheet

Steel; channel

Steel; C-stud metal framing

Steel; hollow structural section

Steel; round tubing

Steel; sheet; carbon steel

Steel; wide flange shape

Cross laminated timber (CrossLam / CLT)

Domestic softwood

Glue laminated timber (Glulam); softwood

Oriented strandboard (OSB)

Plywood; exterior grade

Plywood; interior grade

Structural insulated panel

Wood framing

Wood framing with insulation

EPDM sheet; waterproofing

EPDM; roofing membrane

Expanded polystyrene (EPS); board

Flashspun HDPE vapor retarder

Metal roofing panels; formed

Polyethelene sheet vapor barrier (HDPE)

Self-adhering sheet waterproofing; modified bituminous sheet

Aluminum mullion

Door frame; wood

Door; exterior; aluminum

Door; exterior; wood; solid core

Door; fire-rated; wood; flush

Door; interior; wood; MDF core; flush

Door; interior; wood; structural composite core; flush

Glazing; monolithic sheet

Glazing; triple pane IGU

Carpet; nylon; generic

Wall board; gypsum



RMI Top Ten: Manufacturing and Installation

0 40,000 80,000 120,000 160,000

Cast-in-place concrete; reinforced structural concrete; 3000 psi

(20 Mpa)

Steel; sheet; carbon steel

Stone veneer wall; limestone; grouted

Expanded polystyrene (EPS); board

Aluminum; sheet

Wall board; gypsum

Concrete; unreinforced; generic; 3000 psi (20MPa)

Stone veneer wall; granite; grouted

Aluminum mullion

Glazing; triple pane IGU

Manufacturing

Global Warming Potential (kgCO2 eq)



RMI Carbon Sinks: Manufacturing and Installation

-160,000 -120,000 -80,000 -40,000 0

Plywood; interior grade

Domestic softwood

Wood framing

Glue laminated timber (Glulam); softwood

Oriented strandboard (OSB)

Plywood; exterior grade

Cross laminated timber (CrossLam / CLT)

Global Warming Potential (kgCO2 eq)



Carbon Sinks: Infancy in Data and Standards



RMI Stage Assessment: Maintenance and Replacement

0 20000 40000 60000 80000 100000 120000 140000 160000 180000 200000

Global Warming Potential (kgCO2eq)

Wall board; gypsum

Carpet; nylon; generic

Glazing; triple pane IGU

Glazing; monolithic sheet

Door; interior; wood; structural composite core; flush

Door; interior; wood; MDF core; flush

Door; fire-rated; wood; flush

Door; exterior; wood; solid core

Door; exterior; aluminum

Door frame; wood

Aluminum mullion

Self-adhering sheet waterproofing; modified bituminous sheet

Polyethelene sheet vapor barrier (HDPE)

Metal roofing panels; formed

Flashspun HDPE vapor retarder

Expanded polystyrene (EPS); board

EPDM; roofing membrane

EPDM sheet; waterproofing

Wood framing with insulation

Wood framing

Structural insulated panel

Plywood; interior grade

Plywood; exterior grade



RMI Top Ten: Manufacturing and Installation

0 20,000 40,000 60,000 80,000 100,000 120,000 140,000 160,000 180,000 200,000

Wall board; gypsum

Expanded polystyrene (EPS); board

Steel; sheet; carbon steel

Structural insulated panel

Glazing; triple pane IGU

Stone veneer wall; limestone; grouted

Carpet; nylon; generic

Stone veneer wall; granite; grouted

EPDM; roofing membrane

Door; fire-rated; wood; flush

Global Warming Potential (kgCO2 eq)



5. LCA at PDX: 
Airport TCORE 
Case Study



Airport Scope



Airport Carbon Goals



Airport Carbon Goals



Airport Scope



Airport Scope – Energy Related Emissions



Airport Scope – Construction vs. Operating Emissions



Airport Scope – Construction vs. Operating Emissions



Airport Scope – Construction vs. Operating Emissions



Airport Scope – Construction vs. Operating Emissions



Airport Scope – Construction vs. Operating Emissions



Airport Scope – Construction vs. Operating Emissions



Airport Scope – Construction vs. Operating Emissions



Carbon Savings of Sustainable Forestry



Carbon Savings of Sustainable Forestry



Sustainable Forestry – Draft Procurement Outline
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Garage



[Chart about impact of 
embodied vs operational 
carbon – check w/jake]



ACIDIFICATION EUTROPHICATION

OZONE DEPLETION SMOG

GLOBAL WARMING

Type Example Unit

Non-

Renewable
Energy

Coal combustion for 

electricity
MJ

Material
Crude oil as material input 

to plastic
MJ

Renewable Energy Bio-fuel MJ

Material Wood burned in a furnace MJ

PRIMARY ENERGY DEMAND

Source: K. Simonen, Life Cycle Assessment, 2014

Impact Categories



STEP 1: CALCULATE BUILDING MATERIALS

STEP 2: SELECT APPROPRIATE TOOLS AND DATA SETS FOR LCA ASSESSMENT 

STEP 3: CREATE AND MODEL BASELINE BUILDING

STEP 4: SELECT RELEVANT IMPACT MEASUREMENT SYSTEMS

STEP 5: USE LCA TO MAKE DESIGN DECISIONS THAT REDUCE ENVIRONMENTAL IMPACTS

STEP 6: INCORPORATE FINAL LCA RESULTS 
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ISOLATE CORE AND SHELL

Allows for reduced scope that covers those 

elements that the LEED credit applies to

Phases

New Construction

LEED
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Research Questions, full-building: 

• What materials contribute the most (proportionately) to the environmental impact of the buildings as of the end of DD?

• How does the final building (as specified at 100% CDs) compare to earlier designed options? To a “baseline building”? 

Research Questions, façade: 

• What is the impact of the metal gauge specified for the structural battens and corrugated metal panel?

• How much of the total wood amount is reduced when changing open joint dimension from 3/8” to ½” gap?

• What is the impact of changing the North façade of Building C from a wood clad system to a metal clad system?

• How much does service life of the wood (influenced by wood finishing product) contribute to the environmental impacts of the façade?

• What are the differences in environmental impact between the corrugated backup system and the previously specified system (Vaproshield)? 

• Are there measurable differences in environmental impact based on differences in durability in wood species (Western Red Cedar, Knotty Western Red 

Cedar, Kebony)?

• What is the resulting impact in the change in façade from wood to metal assembly based on the biogrowth risk study?

• What are the differences in material quantity for iterations of perforated panel based on opening size?

• What is the impact of the backup insulation as a proportion of the building life cycle impacts? 

• How do the environmental impacts of a brick exterior on the base compare to those of a concrete exterior finish on the base?

• How do the environmental impacts of the banded and frieze design options compare to each other?

• How do the environmental impacts of a storefront system compare to those of curtainwall construction?

Research Questions, structure:

• What percentage overall reductions can be made by increasing the percent of SCMs used in the concrete mix?

• What are the savings made through dematerialization (increased spacing) of the wood stud system?

• How do the environmental impacts of wood stud compare to those of metal stud?

• What are the overall reductions that can be made to the structural components when compared against the highest impact base case?

KEEP TRACK OF ITERATIVE DECISIONS

Helps when working backwards to create a 

“baseline” model for comparison
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Where do the majority of building environmental impacts occur? 
FULL BUILDING ASSESSMENT
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Results per CSI Division
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I think you could cut the 
next 6 slides



20% 15%

9%

20% 19%

5%



How can I reduce the impacts associated with the facade system? 
DESIGN DEVELOPMENT
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Comparative Results

64%

18%

49% 41%

62%

Option 1 - Brick

Option 2 - Concrete
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SCHEMATIC DESIGN

It is important to conduct Life Cycle Assessments as a part of the early decision-

making process because many of the largest contributing factors to 

environmental impacts are determined early in the design process.

DESIGN DEVELOPMENT

Incremental changes to environmental impacts can be included as a part of the 

feedback process throughout design to achieve exemplary performance. It is 

important to conduct Life Cycle Assessment throughout this phase as a part of the 

evaluation process for design options.

CONSTRUCTION DOCUMENTS

Performing Life Cycle Assessments throughout the process of detailing 

assemblies can make a big difference to overall environmental impacts of a 

building. This is the time to go after those last few percentage points of 

improvement!

POST CONSTRUCTION

The evaluation of proposed changes during the construction process can help 

avoid unintentionally increasing embodied environmental impacts.

Takeaways



Mass Takeoffs

Architectural Model Structural Model MEP Model

Life Cycle Impacts by Material

• Methodology
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