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Environment-related questions during the design process

“This building is responsible for a Global 
Warming Potential of 1’002’500 kg CO2-
equivalent over the next 50 years”
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1. Is is good ?

2. Is it enough?

3. How can we improve the environmental 
performance of the building through 
material and construction design choices?
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1 t CO2-e per capita and year

Alexander Hollberg

Top down approach
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1 t CO2-e per capita and year

36% attributed to housing
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1 t CO2-e per capita and year

36% attributed to housing

360 kg CO2-e per capita and year

SIA 2040 scenarios
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1 t CO2-e per capita and year

36% attributed to housing

360 kg CO2-e per capita and year

SIA 2040 scenarios

Embodied 270 kg CO2-e/(c⋅a) 
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1 t CO2-e per capita and year

36% attributed to housing

360 kg CO2-e per capita and year

SIA 2040 scenarios

Operational 90 kg CO2-e/(c⋅a) Embodied 270 kg CO2-e/(c⋅a) 

Alexander Hollberg

Top down approach
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GWP [kg CO2-e/a]
Embodied 4860
Operation 1620
Total 6480
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Top down approach

18 people are supposed to live inside…



||
Institute of Construction & Infrastructure Management
Chair for Sustainable Construction
Dept. of Civil, Environmental & Geomatic Engineering

GWP [kg CO2-e/a]
Embodied 4860
Operation 1620
Total 6480

19.09.19 11

GWP [kg CO2-e/a]
Embodied 5518
Operation 2073
Total 7591

Actual buildingTop-down benchmark

Alexander Hollberg
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Embodied 4860
Operation 1620
Total 6480
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GWP [kg CO2-e/a]
Embodied 5518
Operation 2073
Total 7591

Actual buildingTop-down benchmark

+15%

Alexander Hollberg

Top down approach
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Method
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Bottom up approach

19.09.19 14Alexander Hollberg



||
Institute of Construction & Infrastructure Management
Chair for Sustainable Construction
Dept. of Civil, Environmental & Geomatic Engineering

Bottom up approach

19.09.19 15Alexander Hollberg



||
Institute of Construction & Infrastructure Management
Chair for Sustainable Construction
Dept. of Civil, Environmental & Geomatic Engineering

Bottom up approach

19.09.19 16Alexander Hollberg



||
Institute of Construction & Infrastructure Management
Chair for Sustainable Construction
Dept. of Civil, Environmental & Geomatic Engineering

19.09.19 17

Bauteilkatalog.ch Wüest & Partner AG

A. Hollberg, T. Lützkendorf, G. Habert

Bottom up approach
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Potential to improve construction/material selection
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Architectural element
GWP [kg CO2-

eq/(m2·a)]

0.05 min actual
1. Base plate / foundation 304 301 383
2. Exterior wall under ground 614 644 241
3. Exterior wall above ground 1295 592 619
4. Window 372 298 298
5. Interior wall 154 108 285
6. Partition wall 326 226 278
7. Column 0 0 0
8. Ceiling 1558 749 903
9. Balcony 102 108 42
10. Roof 529 181 538
11. Technical equipment* 939 939 1222
Sum 6193 4145 4809
/ AE 6.8 4.5 5.3



||
Institute of Construction & Infrastructure Management
Chair for Sustainable Construction
Dept. of Civil, Environmental & Geomatic Engineering

§ «Is good good enough?»
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0.05 min actual

GWP 
[kg CO2-eq/(m2·a)] 6.8 4.5 5.3

PEnr
[MJ/(m2·a)] 83.3 62.1 82.6

§ Target values for embodied 
according to SIA 2040 / 1 t CO2 per 
capita society

§ Case study results

AE per 
person

PEnr
[MJ/(m2

AE·a)]
GWP

[kg CO2-eq/(m2
AE·a)]

60 m2 27.0 4.5

A. Hollberg, T. Lützkendorf, G. Habert
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0.05 min actual

GWP 
[kg CO2-eq/(m2·a)] 6.8 4.5 5.3

PEnr
[MJ/(m2·a)] 83.3 62.1 82.6

§ Target values for embodied 
according to SIA 2040 / 1 t CO2 per 
capita society

§ Case study results

AE per 
person

PEnr
[MJ/(m2

AE·a)]
GWP

[kg CO2-eq/(m2
AE·a)]

60 m2 27.0 4.5

45 m2 36.0 6.0

A. Hollberg, T. Lützkendorf, G. Habert
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§ LCA results are difficult to interpret for designers and clients

§ Current benchmarks on building level cannot indicate improvement potential

§ Benchmarks on element level are needed

§ Database with LCA results for many buildings on element level is missing (big
data)
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Problem statement and goal

A. Hollberg, T. Lützkendorf, G. Habert
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§ Method works well for elements with more than 10 standard components
§ Limitations regarding innovative constructive solutions
§ Market share approach can be used as long as wide building LCA database is 

not available

§ Application in other national contexts
§ Integration in building LCA tools for the design phase

19.09.19 23A. Hollberg, T. Lützkendorf, G. Habert

Conclusion
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”Top-down or bottom-up?” –
How environmental benchmarks
can support the design process

https://doi.org/10.1016/j.buildenv.2019.02.026

A. Hollberg, T. Lützkendorf, G. Habert

https://doi.org/10.1016/j.buildenv.2019.02.026
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