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Approach
Comparison of CO2-emissions due to the expected building operation on the one side and due to the
embodied energy (manufacturing of building products and materials) on the other side.
• The heat energy demand calculation was performed using:
- standardised calculation method - in this case EnEv2004,
- dynamic computer simulation (esp-r).
• The embodied energy and the related CO2-emissions were calculated using the following sources:
-

„Ökologischer Bauteilkatalog“ (Springer Verlag - Wien, 1999),
„Ökologische Bilanzierung von Baustoffen und Gebäuden“ (Birkhäuser Verlag - Basel, 2000),
„Baustoff Atlas“ (Institut für internationale Architektur Dokumentation, München, 2005),
„www.architektur.tu-darmstadt.de/ee“ (does not exist anymore, please refer to
„https://www.oekobaudat.de/“)
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Clay tiles (l = 0.85 W/(mK)) – 0.02 m
Air gap (R = 0.17 m2K/W) - 0.06 m
Glass-wool (l = 0.04 W/(mK)) – 0.22, 0.25, 0.275, 0.30 m
Flooring (l = 0.14 W/(mK)) - 0.02m

Case study
(Brick house)

(Lightweight house)

Dense plaster (l = 0.5 W/(mK)) - 0.01m
Insulation brick (l = 0.27 W/(mK)) - 0.30 m
Glass-wool (l = 0.04 W/(mK)) - 0.10, 0.15, 0.20, 0.25, 0.30 m
Perlite plaster (l = 0.08 W/(mK)) - 0.15m

Gypsum board (l = 0.19 W/(mK)) – 0.0125 m
Glass-wool (l = 0.04 W/(mK)) - 0.14, 0.19, 0.24, 0.28, 0.33 m
Air gap (R = 0.17 m2K/W) - 0.03 m
Weatherboard (l = 0.14 W/(mK)) - 0.02m
Asphalt (l = 1.20 W/(mK)) – 0.018 m
Glass-wool (l = 0.04 W/(mK)) – 0.02, 0.05 m
Heavy mix concrete (l = 1.40 W/(mK)) – 0.12 m
Gravel (l = 0.36 W/(mK)) – 0.05m
Common earth (l = 1.28 W/(mK)) – 0,5 m

„REAL CONSTRUCTION“
BASE FOR THE CALCULATION
OF THE EMBODIED ENERGY

„BUILDING-PHYSICAL ABSTRACTION“
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* Both in esp-r & „Der österreichische Gebäude - Energieausweis – Energiepass“ (1996)

Case study – the model
1 thermal zone – the whole house
volume (BRI):
406 m³
total area of the envelope:
339.9 m²
whereas: - opaque area:
- transparent area:
ground plate area:
total floor area (BGF):
open-plan living area:

314.30 m²
25.60 m²
80.0 m²
140.0 m²
122.70 m²

EnEV: Yearly heat energy demand (simplified method):
Qh = 66 . (HT + HV) – 0,95 . (QS + QI)
esp-r:

Climate data for Berlin (included in esp-r),
latitude 52°31' (N) / longitude 13°20' (E)

Conversion factors*:
HED > Primary energy demand (PEB) = 1.53 & PEB > CO2-emissions = 0.19 kg/kWh
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Model visualization in esp-r (Radiance): Solar heat gains
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VENTILATION HEAT LOSSES / INDOOR HEAT GAINS - PERSONS
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THE ECOLOGICAL BALANCE MODELL*
PE and CO2-emissions due to the manufacturing of building products

* Boundary conditions: the transportation from the factory to the client and the processes at the building
site (e.g. production of shuttering or the use of machines) were not considered.
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THE ECOLOGICAL BALANCE MODELL*
PE and CO2-emissions due to the manufacturing of building products

* Boundary conditions: the transportation from the factory to the client and the processes at the building
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Case study – the model
Brick house

Lightweight house

Base
plate

0,020 0,050 0,050 0,050 0,050

0,020 0,050 0,050 0,050 0,050

Walls

0,100 0,150 0,200 0,250 0,300

0,140 0,190 0,240 0,280 0,330

Roof

0,220 0,250 0,275 0,275 0,300

0,220 0,250 0,275 0,275 0,300

Mean
U-value 0,41
[W/(m2K)]

0,32

0,30

0,29

0,28

0,41

0,32

0,30

0,29

0,28

The simulated variations of the building envelope
(thermal insulation thickness [m])
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Case study – the results

The effect of the mean Uvalue improvement in
dependence on heat
insulation thickness upon
the heat energy demand
reduction

13

Case study – the results

Portions of the individual building products on the
CO2-eq. emissions due to their manufacturing
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CO2 equivalent emissions [t]
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Brick house / mean U-Value = 0,41 W/(m2K)
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CO2 equivalent emissions [t]
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Brick house / mean U-Value = 0,29 W/(m2K)
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Case study – the results

Brick house / mean U-Value
= 0,29 W/(m2K)
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Case study – conclusions
The good insulated building envelope is a basic precondition for efficient use of energy, regardless if it
comes from conventional or renewable sources.
However, as the above case study tried to show, increasing the thickness of thermal insulation and the
improvement of the mean U-value are effective to certain extent only.
Providing that the building envelope is optimized and the use of renewable energy sources is made, the
third way to improve the environmental harmlessness of the buildings is to use materials and products the
production of which is as much CO2 free as possible.
There is a lot of reliable information on the environmental quality of building products and materials
already available. It can help progressive architects to assess and optimize the design quality from both
points of view - the building operation and the building manufacturing as well.

The views and opinions expressed in this publication are the sole responsibility of the author(s) and do not
necessarily reflect the views of the European Commission.
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Thank you for your attention!

19

