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Real life buildings striving to minimize life 
cycle impacts 
Life-Cycle Energy & Related Impacts of Buildings Webinar Series 
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Agenda
	
I. Opening Remarks 

Marc LaFrance – Technology Manager, U.S. DOE Building Technologies Office 

II. Introduction to Life Cycle Carbon 
Lyla Fadali – AAAS Policy Fellow, U.S. DOE Building Technologies Office 

III. Advancing a Net Zero Whole Life Carbon Vision 
Victoria Burrows – Director of Advancing Net Zero, World Green Building Council 

IV. Embodied Carbon in LEED 
Wes Sullens – Director of LEED, US Green Building Council 

V. Policy Recommendations for Procurement of Low Embodied Energy and Carbon Materials by 
Federal Agencies 
Victor Olgyay – Buildings Principal, Rocky Mountain Institute 

VI. Energy Modeling, M&V, and Design Validation 
Travis English – Director of Engineering, Chief Design Engineer, Kaiser Permanente 

VII. Q&A Session 
Cedar Blazek – Management & Program Analyst, U.S. DOE Building Technologies Office 

2U.S. DEPARTMENT OF ENERGY OFFICE OF ENERGY EFFICIENCY & RENEWABLE ENERGY 



Building Life Cycle Impacts DOE Webinar Series
	

Topic Date Time
	

Overview of life cycle impacts of buildings Oct. 16 12:00pm – 1:00pm ET
	

Challenges of assessing life cycle impacts of buildings Oct. 29 12:00pm – 1:00pm ET
	

Innovative building materials Nov. 12 12:00pm – 1:00pm ET 

“Real Life” buildings striving to minimize life 
cycle impacts 

Dec. 3 12:00pm – 1:00pm ET 

Intersection of life cycle impacts & circular economy 
potential for the building sector 

Dec. 17 12:00pm – 1:00pm ET 
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Poll Questions 

• What industry are you from? 

•	 What tools and other resources do you use for addressing life cycle 
impact decisions? Enter answers in the question box! 
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Efficiency is key to meeting U.S. energy goals
	

Residential & Industrial Transportation 
Commercial 

Source: EIA Monthly Energy Review 
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Building Technologies Office 

BTO invests in energy efficiency & related technologies that make homes and buildings more 
affordable and comfortable, and make the US more sustainable, secure and prosperous. 

Budget ~US$285M/year; activities include: 

R&D 
Pre-competitive, early-
stage investment in next-
generation technologies 

Integration 
Technology validation, field & lab 
testing, metrics, market integration 

Codes & Standards 
Whole building & 
equipment standards 
technical analysis, test 
procedures, regulations 
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DOE research has saved energy and saved consumers money
	

FOR EXAMPLE: 

Past		 Present 

ENERGY STAR windows 
are common and can 
save up to $465 a year! 

•	 Double-pane & 
low-e 

•	 Low heat loss 

•	 3x more efficient 

Due to appliance standards alone, a typical household saves about $320 per 
year off their energy bills today. 
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     Our impact on a national scale 

Energy efficiency standards completed through 2016 

are expected to save 142 quadrillion Btu 
through 2030 — more energy than the entire 
nation consumes in one year. 
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BTO’s work is making a difference, but 
we’re missing part of the picture. 
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Historically, BTO has focused on operating buildings. 

Global energy use in buildings Global emissions from buildings 

Building 
construction 
17% 

Residential 
61% 

Commercial 
22% 

Building 
construction Commercial 
28% 

Residential 
44% 

28% 

2018 Global Status Report. United Nations Environment Programme.
 
International Energy Agency for the Global Alliance for Building and Construction (GlobalABC)
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Global building stock expected to more than double, making 
embodied carbon increasingly important. 

Global building stock through 2060 

600 

Current floor 2017-30 2030-40 2040-50 2050-60 
area (as of 
2017) 

Source data from GlobalABC Status Report in 2017 
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Let’s look at the whole picture: 

Lifecycle carbon refers to carbon emissions associated with all stages of a 
building’s life 

Equipment 
Resource Construction/ Replacement/ Demolition/ 
extraction Manufacturing Transportation Installation Maintenance End of life 

Operations 

Embodied carbon is the carbon associated with all stages of a building’s life cycle not including 
operating the building 

Operational carbon is the carbon associated with operating the building 

12 U.S. DEPARTMENT OF ENERGY OFFICE OF ENERGY EFFICIENCY & RENEWABLE ENERGY 



                

    

        What are the biggest opportunities? Where is BTO needed?
	

What can we do now? 
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Poll Question 

What additional resources would be most helpful for life cycle impact 
decisions? 

Enter answers in question box! 
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Advancing a Net Zero Whole Life Carbon Vision
	
Victoria Kate Burrows, Director, Advancing Net Zero 

3 December 2020 

GLOBAL PROJECT FUNDERS 



 

       

Sector Emissions 

Source: IEA, GABC Status Report 2019, Architecture 2030 





Summary of actions 
Non-government 

Materials organisations, Policymakers Investors Developers Designers manufacturers networks and 
Governments Cities researchers 

Target Build / Leadership Roadmaps Data Policy Disclosure 
setting develop action 

Renewable 
Tools Certification EPDs Finance Design energy 



 

  
   

  

Thank you! 

Victoria Kate Burrows 
Director, Advancing Net Zero 

vburrows@worldgbc.org 

worldgbc.org/advancing-net-zero 

GLOBAL PROJECT FUNDERS 



   
         

  

     

Embodied Carbon in LEED
	
BTO Webinar Series on the Life-Cycle Energy: Innovative building materials
	

December 3, 2020 

Wes Sullens Director, LEED U.S. Green Building Council
	



U.S. GREEN BUILDING COUNCIL





    
   

   
  
   

 
 

 
 
   

   
   
  

  
   

        PRIORITY AREAS FOR MATERIALS & RESOURCES IN LEED v4.1
	

LOW-CARBON
 
- Reuse of Buildings and Materials 
- Whole Building Lifecycle Analysis 
- Environmental Product Declarations 
- Optimized Low-Carbon Materials 
- Bio-based & Sustainably Harvested 

HEALTH
 
- Low-Emitting Materials 
- Ingredient Disclosure 
- Product Optimization 
- Green Chemistry 
- Supply Chain & Ecosystem 

CIRCULAR 
- Building Reuse & Salvage 
- Recycling & Recycled Content 
- Extended Producer Responsibility 
- Zero Waste Manufacturing 
- Bio-based & Sustainably Harvested 



   
   

   
   

 
 
  
  

  
     

   
 

 
 
 

Embodied 
Carbon

   
 

  
 

  
 
 

 

 
 

ADDRESSING EMBODIED 

Product 
Manufacturers 

•	 EPDs 
•	 Renewable materials 
•	 Recycled content 
•	 Circular product 
design (pilot credit) 

• Reuse and salvaged materials 
• Procurement of low-carbon 
new materials (pilot credit) 
• Reduction of total waste 

CARBON IN LEED v4 & v4.1 
CREDITS • Building & component reuse 

• Whole-Building LCA 
• Interiors LCA 
• Waste Prevention 
• Prioritize low-carbon materials 

Reuse First then 
LCA-Informed 
Design 

Product Design 
& Optimization 

Procurement of 
low-carbon 
materials 

Design Team 

Construction 
Team 



   
   

      

   
     

  
 

 
   

         

    

     

    

  

  

Wes Sullens, LEED Fellow 
Director, Materials & Resources 
wsullens@usgbc.org 
202-297-4229 
Based in the Bay Area of California 

U.S. Green Building Council 
2101 L Street NW, Suite 500 
Washington, DC 20037 
Web: www.usgbc.org 

THANK YOU! 
Links & Resources: 

• All-In: Creating a Safe & Equitable Future for All: 
www.usgbc.org/all-in 

• LEED v4.1 for Buildings: 
new.usgbc.org/leed-v41 

• November LEED v4.1 Addenda Update: 
www.usgbc.org/articles/leed-addenda-update-november-2020 

• Circular Products Pilot Credit: 
www.usgbc.org/circularproductsv41 

• Better Materials: https://bettermaterials.gbci.org/ 

• LEED Zero: https://www.usgbc.org/programs/leed-zero 

https://www.usgbc.org/programs/leed-zero
http:https://bettermaterials.gbci.org
www.usgbc.org/circularproductsv41
www.usgbc.org/articles/leed-addenda-update-november-2020
www.usgbc.org/all-in
http:www.usgbc.org
mailto:wsullens@usgbc.org


     
      

   

  
  

  

Policy Recommendations for Procurement of 
Low Embodied Energy and Carbon Materials 

by Federal Agencies 

Victor Olgyay, AIA 
Rocky Mountain Institute 

December 3rd, 2020 
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Embodied Energy Task Group Mission Statement 

The Embodied Energy Task Group (EETG) is set up within the General Services Administration 
Green Building Advisory Council (GSA GBAC) to study the Federal energy, pollution, and cost 
savings that may be achieved by reducing the energy and carbon embodied in building 
construction. 

Assuming the potential savings are significant, the EETG will produce relevant and readily 
adoptable procurement recommendations for the GSA to encourage the adoption of low 
embodied energy and carbon materials. 
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Anticipated reduction from 
baseline 

• Accepted practice assumes that a 30% reduction from baseline 
can be typically achieved with zero to marginal cost increase 

• Based on GSA’s rate of construction this suggests roughly 
633,000 metric tons CO2e/year of reduction potential 

• This would be equivalent to reducing GSA operational emissions 
by over 45% 

• On average, per year, there were 44 projects completed, 
affecting 23M GSF, with a value of $1.03B. 

For commercial buildings, 60% 
fall within 555 kg-CO2e/m2 and 
259 kg-CO2e/m2 with the 
average at 398. (CLF) 
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  Key policy recommendation 

Material approach 
(for Below-Prospectus Projects and Tenant Improvements in Leased Space) 

• Require environmental product declarations (EPDs) for the top 75% of materials used and 
ensuring they fall in the 80th percentile of global warming potential (GWP) as marked by 
industry averages. 

Whole building life cycle assessment approach 
(for Prospectus Projects) 

• Design a building in such a way that results in a 20% reduction of GWP compared to a 
baseline building. Require this in addition to the already established requirements of the 
material approach. 
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Benefits from reducing embodied carbon 

● Reduced supply chain energy costs 
○ Estimated as $13 million per year 

● Reduced air pollution 
○ Estimated as to $12 million per year 

● Reduced cost from more material-efficient designs 
● Ease of regulatory compliance 
● Mitigated climate change-related costs 
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Energy Modeling, M&V, and Design Validation
	

Speakers Travis English 
Director of Engineering 
Facilities Strategy Planning and Design 
“Chief Design Engineer” 



    

  

     

    

  
   
  
   

   

Owner Energy Modeling Requirements - 2012 

	 Started in 2012 

	 2012 Energy Targets for New
	
Projects
	

	 2013 Life Cycle Cost
	
Parameters
	

	 “Energy calculations”
	
incorporated into standard
	
Professional Service
	
Agreement (PSA) for design
	
professionals on all projects
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Energy Modeling vs.
	
Actual Performance
	
2017 Study (internal)
	

	 Of 19 new building projects, 
actual ranges between -19% 
and +158% of design model. 

	 Average is +50% 



  

   

  

  

   

   

   

   

Building-energy performance gap 

 Variances in operating hours
	

 Variances in occupancy
	

 Variances in weather
	

 Variances in lighting energy
	

 Variances in HVAC efficiency
	

 Variances in plug loads
	

 Variances in elevator,
	

escalator 
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Kaiser Energy Modeling Requirements – 2016 Update 

	 Margin of error : “assume a
 
minimum 10% in the non-

beneficial direction”
 

	 Include “energy
	
predications”, not “output
	
of an energy models”
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Example: 1-Year Calibration
	
Antelope Valley Medical Office Building
	

Summary of Energy Model Calibration Steps 
Modeled Variance Real Variance 

Item Variance 
(MBTU) 

Actual (Utility Bill) by Grouping Variance 
(MBTU) 

Historical Weather - 1% Electricity (MBTU) 
 Model: 4,387 
 Actual: 5,824 

+33% 
Interior Lighting - 7% 
Exterior Lighting 4% 
Plug Loads 6% 
HVAC – Preheat Coil 1% 
HVAC – Zoning - 0% 
HVAC – OA & RA Offset - 1% 

HVAC – SAT Control 3% 
HVAC – Air Handlers 10% 
HVAC – Zone Airflows 9% Natural Gas (MBTU) 

 Model: 934 
 Actual: 2,859 

+ 206% 

Domestic HW - 4% 
Solar HW System 5% 
Hot Water System 3% 

Difference: + 63% Unaccounted Natural Gas 17% 

Langran, Thomas and Weller, Michael. 2017. First Year Calibration of a Design Energy Model at 
a Medical Office Building. Presented at the 2017 ASHRAE Annual Conference, June 24-28. 
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Recent Reports, Published in 2020 

35% error
	

7% error
	

38% error
	

37 



      

  

 

What does 15%-20% margin of error mean? 

Travis R. English 

Director, Engineering 

Travis.R.English@kp.org 

714-469-9553 
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Q&A Session 

• Use the Q&A feature to ask a question 

• Panelists 
– Victoria Burrows – Director of Advancing Net Zero, World Green Building Council 

– Wes Sullens – Director of LEED, US Green Building Council 

– Victor Olgyay – Buildings Principal, Rocky Mountain Institute 

– Travis English – Director of Engineering, Chief Design Engineer, Kaiser Permanente 
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Building Life Cycle Impacts DOE Webinar Series
	

Topic Date Time
	

Overview of life cycle impacts of buildings Oct. 16 12:00pm – 1:00pm ET
	

Challenges of assessing life cycle impacts of buildings Oct. 29 12:00pm – 1:00pm ET
	

Innovative building materials Nov. 12 12:00pm – 1:00pm ET 

“Real Life” buildings striving to minimize life cycle 
impacts 

Dec. 3 12:00pm – 1:00pm ET 

Intersection of life cycle impacts & circular economy 
potential for the building sector 

Dec. 17 12:00pm – 1:00pm ET 
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