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By 2060, 23 mio. ha real estate 
will be constructed or 
renovated… 
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Build trust with your stakeholders. 

Demonstrate verifiable carbon reduction in 
both operational and embodied carbon



“It has to make money, and it is. 
This is a building that makes 
great financial sense for 
institutions.”



“All major, new Salesforce office interiors… 
will pursue International Living Future 

Institute’s Zero Carbon Certification by 2030.” 
– Salesforce Step Up Declaration
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What is the role 

of  façades on 

the Global CO2 

Emissions?

Annual Global CO2 Emissions by Region
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How to Calculate the Total CO2 Emissions? 



Embodied Carbon
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How to Calculate the Total CO2 Emissions? 



28% Building 

Operations

11% Building Materials 

and Construction

What is the role of 

façades on this 39% of 

CO2 Emissions?

Global CO2 Emissions by Sector



The façade has an 

impact of around 

16% of the Building 

Operations CO2 

Emissions.

Façade Impact on the Building Embodied CO2 Emissions



The façade has an 

impact of around 

34% of the Building 

Operations CO2 

Emissions.

Façade Impact on the Building Embodied CO2 Emissions



The Façade Impact is 11.2% of the Global CO2 Emissions

9.5%  from Building 

Operations

1.7% from Building 

Materials and 

Construction



The aim of this case study is to understand the relation between embodied 

carbon and operational carbon in facades, to find an optimal solution. 

Fixed 

Parameters
Location

Building type and 

use

Variable

Parameters

Façade thermal

performance

Available

renewable energy

Case Study

Bases of the case study



Location: Red Sea, Saudi Arabia

Building Use: Residential

Fixed parameters Variable Parameters

Options Overall U-Value

Option 1 0.31 W/m2.K

Option 2 0.25 W/m2.K

Option 3 0.21 W/m2.K

Option 4 0.16 W/m2.K

Opaque façades options

Available renewable energy

25% 50% 75%0%

Fenestration façades options

Options U-value

Option 1 2.2 W/m2.K

Option 2 1.9 W/m2.K

Option 3 1.9 W/m2.K

Option 4 1.5 W/m2.K

Case Study

Bases of the case study:



*The embodied carbon analysis just include 
the façade elements. 

Total CO2 Emissions 

(Analysis focused on the façade)

Operational CO2 x 50 years (building life span) Embodied CO2

Methodology – Analysis Process



Opaque Façades Summary 
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Analysis 1:

• Prefer option: Option 4 

• 7 years energy pay back

• Total CO2 Emissions:                 

278,126 kg CO2 eq

Analysis 2:

• Prefer option: Option 3 

• 7 years energy pay back

• Total CO2 Emissions:                            

270,528 kg CO2 eq

Analysis 3:

• Prefer option: Option 2 

• 9 years energy pay back

• Total CO2 Emissions:                           

250,430 kg CO2 eq

Analysis 4:

• Prefer option: Option 1 

• 0 years energy pay back

• Total CO2 Emissions:                       

222,431 kg CO2 eq



Average grid 

decarbonisation  _ 

From 100% fossil 

fuel to 25% of 

fossil fuel energy 

and 75% 

renewable energy 

in 50 years.

50 yrs.
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Total Embodied Carbon             

(kg CO2 eq)

Total Operational Carbon 

(50y)(kg CO2 eq)
Total (kg CO2 eq)

Option 1 181,971                                        102,365                                        284,336                                        

Option 2 184,992                                        82,778                                          267,770                                        

Option 3 188,072                                        69,538                                          257,610                                        

Option 4 194,394                                        52,960                                          247,354                                        
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Opaque Wall - Fifth Case of Analysis



Average grid decarbonisation  _ From 100% fossil fuel to 25% of fossil 

fuel energy and 75% renewable energy in 50 years.

50 yrs.
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Opaque Wall - Fifth Case of Analysis
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Key Findings
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Analysis 1:

• Prefer option: Option 3 

• 1 year energy pay back

• Total CO2 Emissions:                     

237,115 kg CO2 eq

Analysis 2:

• Prefer option: Option 3 

• 1 year energy pay back

• Total CO2 Emissions:                          

223,329 kg CO2 eq

Analysis 3:

• Prefer option: Option 3 

• 1 year energy pay back

• Total CO2 Emissions:             

209,543 kg CO2 eq

Analysis 4:

• Prefer option: Option 3 

• 1 years energy pay back

• Total CO2 Emissions:              

195,757 CO2 eq

Fenestration Façade Summary



 -

 50.000

 100.000

 150.000

 200.000

 250.000

 300.000

Option 1 Option 2 Option 3 Option 4

Average grid decarbonisation  _ From 100% fossil fuel to 25% of fossil 

fuel energy and 75% renewable energy in 25 years.

25 yrs.

Fenestration Façade - Fifth case of analysis

Total Embodied Carbon             

(kg CO2 eq)

Total Operational Carbon 

(25y)(kg CO2 eq)
Total (kg CO2 eq)

Option 1 181,971                                        61,531                                          243,502                                        

Option 2 184,992                                        49,203                                          234,195                                        

Option 3 188,072                                        41,819                                          229,892                                        

Option 4 198,540                                        32,555                                          231,095                                        
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25 yrs.

Fenestration Façade - Fifth case of analysis

Average grid decarbonisation  _ From 100% fossil fuel to 25% of fossil 

fuel energy and 75% renewable energy in 25 years.
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Key Findings
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Targeting both embodied and operational carbon emissions for 

reduction together, rather than operational alone, a greater overall 

reduction should be achievable for a given cost in the long run.

Targeting both embodied and operational carbon



Market Design Trends

With the current increase of WWR, it is clear that the 

embodied and operational impacts must be 

considered hand in hand to understand the whole 

life carbon impact of increasing (or decreasing) the 

WWR. 
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Thank you!
carlo.battisti@living-future.org 

m.kindelan@aesg.com 
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