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Abstract

This study compares the environmental and thermal performance of infrared (IR) shading elements for traditional roof constructions.
Experiments on a historic barn assessed OSB panels, aluminum-laminated OSB, and polypropylene (PP) membranes. IR shading reduced heat
gain by over 90%, with lightweight foil systems achieving the lowest thermal loads. A Life Cycle Assessment (LCA) following ISO 14040 and
DIN EN 15978 evaluated impacts across production, use, and disposal using the Environmental Footprint Method. PP membranes showed the
best ecological profile, while aluminum-coated OSB, despite superior thermal performance at peak temperatures, had higher global warming
potential. Considering cooling energy savings over 30 years, foil-based systems offer clear environmental benefits. These findings highlight the
importance of combining thermal efficiency with sustainability in building envelope design.
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Introduction

] the average surface temperature on the underside of the infrared
In the summers of 2021 and 2025, experiments were

conducted on the physical mechanisms of infrared shading
elements [1-3], which were discovered experimentally by Alfons

shading elements facing the interior of the roof was lower. A test
setup using aluminum-laminated OSB boards was evaluated,
revealing that the low-emissivity surface significantly reduces

Huber in 2021. The experiments were carried out in a historic
agricultural storage building (barn) in Bad Goisern, featuring a
warm roof construction. Individual rafter fields were equipped
either with OSB board sheathing or with an underlay membrane.
The aim was to reduce the thermal radiation emitted by the roof
surface heated by direct solar exposure into the attic space [4].
The results demonstrated that the mechanism is highly effective,
with the efficiency of such shading elements being greater when
the rafter fields are ventilated, thereby improving the thermal
discharge of the infrared shading elements.

The whole thermal load in August 2025 (analyzed for positive
input only, without nightcooling potential) was 24.7 kWh/m? for
the unshaded roof, 1.9 kWh/m? with an OSB panel, 1.6 kWh/m?
for an OSB panel with aluminum sheathing and 1.5 kWh/m? for a
foil cladded system.

The findings suggest that the low thermal mass of a foil
(membrane) compared to the OSB panel, offers advantages, as

thermal radiation, particularly at elevated temperatures.

The objective of this study is to evaluate the extent to which
the ecological dimension can serve as a basis for decision-making
in the selection of materials used for shading elements.

Method
Measurements

For this study, infrared shading elements as described in Kain
etal. (2025) were used [1]. These consist of panels or membranes
mounted between two rafters, as shown in Figure 1. One rafter
field was cladded with a 12 mm OSB panel (part of it coated
with a low-e aluminum foil), the next left unplanked serving
as a reference and the third field was shielded with a standard
underroof membrane. The rafter spacing is 88 cm, and the
sheathing was installed over a length of 7.5 m. The rafter fields
are open at the eaves to ensure efficient rear ventilation for the
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removal of accumulated thermal energy. At the ridge, the heat is
discharged via cross-ventilation along the ridge axis.

The surface temperature of sheathing elements, the exterior
air temperature and the interior air temperature were measured
throughout August 2025. These temperature readings were used
to estimate the thermal load of construction elements according
to Equation 1, consisting of a convective and a radiative part
following the method of Aguilar-Castro et al. [5].

g=a*(T -T, )+a*g*(Tr4—Tc4) (1)

amb
q - energy transfer to the interior by convective and radiative
effects in W/m?

¢, - interior convective heat transfer coefficient, estimated
with 5.0 W/m?K

T, - surface temperature of the roof sheathing or IR shading
inside in K

T, temperature of the ambient interior air in K

O - Stefan-Boltzmann constant 5.67*10”(-8) W/m?K*
& - emissivity (dimensionless between 0 and 1)

T, - surface temperature of construction elements in the attic
inK

Life Cycle Assessment

A standardized LCA was conducted in accordance with
ONORM EN ISO 14040 [6]. The assessed system consists of the
shading elements, including their installation on the existing
wooden rafters. A service life of 30 years was assumed, followed
by dismantling and disposal of the shading elements.

Goal of the LCA

The goal of the life cycle assessment is to compare three
infrared shading solutions in order to derive ecologically
advantageous designs for these constructions.

Functional Unit

The functional unit of this study is 1 m? of infrared shading
element over a service life of 30 years. The system boundaries
include material production, transport to the construction site,
installation, the use phase, and end-of-life disposal. Emissions and
energy credits beyond the life cycle (module D according to DIN
EN 15978 [7]) were not considered in this study.

Impact Categories

For the impact assessment, the Environmental Footprint
Method (EF 3.1) was applied. The following impact categories
were evaluated: climate change, acidification, ecotoxicity, human
toxicity, land use, ozone depletion, photochemical ozone creation
potential, eutrophication potential, water pollution, and resource
use.

Data Source and Modeling Software

For model development, data from Okobaudat (2023 edition)
were utilized. The modeling was carried out using the software
OpenLCA (version 2.5).

Life Cycle Phases

Life cycle phases were considered according to Table 1
following DIN EN 15978 (2012).

Life Cycle Inventory

The life cycle inventory for the three shading variants was
based on the authors’ experience during the installation of the
experimental setups, which represent a 1:1 modeling of the
actual building structure [2]. Table 2 presents the inventory for
OSB cladding, Table 3 for foil cladding, and Table 4 for OSB with
aluminum foil sheathing. Table 5 includes a potential plywood
cladding which was not tested experimentally but considered
theoretically to assess wood-based shading elements with low
surface density.

Temperature of Interior Roof Surfaces

The interior roof surfaces of the experimental setup were
analyzed for a representative hot day, August 13, 2025. On this
day, the exterior air temperature increased from a minimum
of 15.9°C at 06:00 to a peak of 32.9 °C at 13:30. Subsequently,
the temperature remained approximately stable, with minor
fluctuations, until 17:45, after which it began a continuous decline.

The air temperature inside the barn closely mirrored the
outdoor temperature due to its open structure and low thermal
mass. [treached a minimum of 19.3 °C at 06:45 and then increased
rapidly up to 32.2 °C at 14:14. Thereafter, the rise continued at a
slower rate, reaching a peak of 33.9 °C at 17:45.

The interior surface temperature of the roof sheathing
(without IR shading, grey line in Figure 2) closely follows the
outdoor temperature, ranging from a minimum of 22.4°C to a
maximum of 38.5°C. Throughout August 13, its temperature
remains consistently higher than the surrounding air, likely due
to thermal storage and radiative heat exchange from the attic
construction elements.

The surface temperatures of the OSB panel and the underroof
membrane exhibit similar values, largely consistent with the
interior air temperature. At the peak temperature observed at
17:30, the membrane reaches slightly higher values than the OSB
panel, attributable to its lower thermal mass, and subsequently
cools more rapidly for the same reason.

The aluminum-coated OSB panel attains a maximum
temperature 1.6 °C higher than its uncoated counterpart, most
likely due to its reduced radiative efficiency. Interestingly, the
temperature increase of the aluminum-coated panel begins at
approximately 30 °C—a threshold at which radiative heat transfer
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surpasses convective heat exchange (see comparison with the
cooler conditions on August 12).

Thermal Load of Interior Roof Surfaces

The thermal load of the construction elements was estimated
using Equation 1 (Figure 3). Differences between the experimental
setups become evident when radiative effects dominate. This is
illustrated by the thermal load of the uncladded sheathing, which
remains relatively constant over a 24-hour period on August 13,
reaching a peak of 75 W/m? at 13:30. In contrast, the maximum
thermal load of the shading elements occurs later, at 16:30, due
to the cooling influence of the morning air within the ventilation
layer.

The IR shading elements exhibit substantially lower thermal
loads compared to the unshaded roof sheathing. Moreover,
their thermal load becomes negative during nighttime and early
morning hours. It should be noted that this behavior would differ
in a closed and insulated space, where cooling is less efficient due
to the reduced air exchange rate.

In absolute terms, the thermal load of the foil peaks at 16:30
with 39 W/m?, followed by the OSB panel at 32 W/m? and the
low-emissivity OSB panel at 23 W/m?, making the latter the most
favorable option during high-temperature periods. However,
given that the foil cools significantly faster, it offers advantages in
terms of the daily average thermal load.

Assuming that a positive thermal load of interior roof surfaces
contributes to overheating in the rooms below, and disregarding
negative loads, the cumulative thermal load for August was
1.81 kWh/m? for the OSB panel, 1.59 kWh/m, for the aluminum-
coated OSB panel, and 1.49 kWh/m? for the foil. In comparison,
the uncladded, unvented roof sheathing would exhibit a thermal
load of 24.7 kWh/m? under the same conditions.

These observations indicate that IR sheathing is highly
effective in mitigating overheating. The monthly analysis highlights
the advantages of lightweight foil or membrane sheathings, and it
would be worthwhile to investigate a low-emissivity membrane
system, as a surface with reduced emissivity proved beneficial for
the OSB panel under elevated temperature conditions.

Result of the LCA

The results of the life cycle assessment clearly indicate that the
shading variant using the underlay membrane shows the lowest
contributions across all considered impact categories (excluding
output parameters). The infrared shading solution with OSB
sheathing is significantly more advantageous compared to the
aluminum-coated OSB sheathing (Table 6). The potential plywood
sheathing performs similarly to OSB panels in most categories but
offers clear advantages in terms of global warming potential.

In the following, the contributions to global warming potential
(GWP) are examined in detail. For the OSB sheathing element, the
positive contributions dominate in the sense of a negative GWP

555919. DOI: 10.19080/CER].2025.15.555919

of the OSB board. This ‘CO, credit’ is offset at the end of the life
cycle during thermal recovery, as the CO, stored in the wood is
re-emitted (Figure 4). This process is typically associated with
energy recovery; however, this lies outside the system boundaries
of the present study (module D according to DIN EN 15978 [7]).

When the OSB sheathing is coated with an aluminum foil
to reduce thermal radiation, the GWP for such a system is
approximately 9 kg CO,-equivalents, nearly twice as high as for
the pure OSB variant. This is due to the comparatively high CO,
input of the aluminum foil, amounting to almost 3.5 kg/m?. In the
end-of-life assessment, however, the aluminum foil is excluded, as
recycling lies outside the system boundaries of the present study
(Figure 5).

When using the PP underlay membrane as a shading element,
its GWP is primarily determined by the PP foil itself and the
electrical energy consumed during installation. However, the
overall potential is very low, at approximately 1.6 kg CO,-
equivalents (Figure 6).

The potential plywood sheathing exhibits a similar GWP
profile to OSB panels but has roughly half the CO, equivalents,
primarily due to its significantly lower areal weight (Figure
7). Although it shows higher environmental impacts than foil
cladding in most categories (Table 6), it may be the better choice
for longer life cycles, as plastic foils tend to become brittle over
time. While PP foils can be recycled or thermally disposed of, the
practical risk remains uncontrolled disposal at the end of their life
cycle (small plastic parts). This consideration favors lightweight
wood-based systems, such as plywood, whose disposal and end-
of-life scenarios are far more predictable and reliable.

Infrared shading elements serve to reduce heat gain into the
attic and the floors below. The thermal load is reduced by 93% -
0OSB) and 94% - foil and aluminum coated OSB, compared to an
unshielded roof surface [1]. These measurements were obtained
during August 2025.

By reducing heat gain through infrared shading elements,
the demand for cooling energy in the attic and the floors below is
significantly decreased. To approximate this energy savings, it is
assumed that at the location of the test building (Salzkammergut,
Upper Austria), cooling is only required during the months of
June, July, and August.

As a first approximation, the heat energy input for June and
July is assumed to correspond to the measured values obtained
for August 2025, and is therefore estimated for the entire
cooling period by multiplying by three. Measurement data from
GeoSphere Austria indicate an average air temperature of 26.5 °C
(June), 21.7 °C (July), and 24.6 °C (August) at 14:00 [8]. Assuming
that 50% of the incident energy is transferred to the living
spaces below, considering a service life of 30 years, and applying
an average COP of 3.75 for typical split-type cooling units, the

resulting electrical cooling energy demand is shown in Table 7.
Table 1: Life cycle phases of a buildings according to DIN EN 15978 [7].
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Module A

Module B Module C Module D
Production Erection of building Use Disposal Benefits and burdens OgtSIde
the system boundaries
A1-A3 A4-A5 B1-B7 C1-c4 D
C1 Demolition
A1 Raw material B.l Use C2 Transport
. B2 Maintenance
provision . C3 Waste manage-
A4 Transport B3 Repair .
A2 Transport . . ment D Reuse, recovery, recycling
g . A5 Construction/Mounting B4 Replacement s .
A3 Building material . C4 Landfilling potential
. B5 Conversion/Renewal
production ;
B6 Operational energy use
B7 Operational water use
Table 2: Life cycle inventory for OSB shading element.
Life cycle phase Input Amount Unit Database source
A1-A3 Production OSB 3 12 mm (615 kg/m?), 1 m* + 10 % offcuts 1.1 m? Okobaudat
Transport OSB to building site (1.1 m** 0.012 m * 615 kg/m? * 50 ) -
A4 km = 370 kg*km) 370 kg-km Okobaudat
A5 Electric mounting energy 1 kWh Okobaudat (electricity mix
Germany)
C1 Electric demounting energy 1 kWh Okobaudat (electricity mix
Germany)
c2 Transport dismantling material (1.0 m? OSB * 50 km) 370 kg-km Okobaudat
c3 Thermal recovery OSB 3 1.1 m? Okobaudat
Table 3: Life cycle inventory for foil shading element.
Life cycle phase Input Amount Unit Database source
. _ . 2 2 o
AL-A3 Production under-roof foil PP 0.15 kg/m*, 1 m* + 10 11 m? Okobaudat
% offcuts
: qd; : 2% 2%
A4 Transport foil to building site (*1.1 m“*0,15 kg/m?*50 83 kg-km Okobaudat
km = 8.3 kg*km
A5 Electric mounting energy 1 kWh Okobaudat (electricity mix Germany)
Cc1 Electric demounting energy 1 kWh Okobaudat (electricity mix Germany)
. . . 2 ia k
c2 Transport dismantling material (1.1m* Folie * 50 83 kg-km Okobaudat
km)
C3 Thermal recovery PP foil 1.1 m? Okobaudat
Table 4: Life cycle inventory for OSB shading element with low emissivity aluminum foil.
Life cycle phase Input Amount Unit Database source
A1-A3 Production 0SB 3 12 mm (615 kg/m?), 1 m? + 10 % offcuts 1.1 m? Okobaudat
. . . 3 2 0, ..
A1-A3 Production aluminum foil 0.1 mm (2800 kg/m*), 1 m* + 10 % 11 m? Okobaudat
offcuts
Transport OSB and foil to building site (1.1 m?*0,012 m*615 -
A4 ke/m*50 km = 370 kg*km 370 kg-km Okobaudat
A5 Electric mounting energy 1 kWh Okobaudat (electricity mix
Germany)
C1 Electric demounting energy 1 kWh Okobaudat (electricity mix
Germany)
C2 Transport dismantling material (1.0 m? OSB * 50 km) 370 kg-km Okobaudat
c3 Thermal recovery OSB 3 1.1 m? Okobaudat
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Table 5: Life cycle inventory for plywood shading element.

Life cycle phase Input Amount Unit Database source
) Production plywood 4 mm (410 kg/m?), 1 2 -
A1-A3 m? + 10 % offcuts 1.1 m Okobaudat (German average)
Transport plywood to building site (1.1 m? ) “
Ad *0.004 m * 410 kg/m? * 50 km = 90 kg*km) 90 kg-km Okobaudat
A5 Electric mounting energy 1 kWh Okobaudat (electricity mix Germany)
C1 Electric demounting energy 1 kWh Okobaudat (electricity mix Germany)
Transport dismantling material (1.0 m? =
C2 plywood * 50 km) 90 kg-km Okobaudat
c3 Thermal recovery plywood 1.1 m? Okobaudat

Table 6: Results for the four shading variants per m?, structured by impact categories.

Impact Category Unit 0SB OSB+alu Foil Plywood
EN15804 (EF 3.0 & 3.1)| Abiotic depletion potential-fossil resources (ADPF) M] 126.390 168.706 | 23.478 37.456
Abiotic depletion potential -non-fossil resources (ADPE) kg Sb eq. 0.000 0.000 0.000 0.000
Acidification potential, Accumulated Exceedance (AP) mol H+ eq. 0.011 0.022 0.002 0.010
Depletion potential of the stratospheric ozone layer (ODP) kg CFC-11 eq. 0.000 0.000 0.000 0.000
Eutrophication potential - freshwater (EP-freshwater) kg P eq. 0.000 0.000 0.000 0.000
Eutrophication potential - marine (EP-marine) kg N eq. 0.005 0.007 0.001 0.005
Eutrophication potential - terrestrial (EP-terrestrial) mol N eq. 0.044 0.067 0.008 0.049
Photochemical Ozone Creation Potential (POCP) kg NMVOC eq. 0.019 0.025 0.002 0.011
Water (user) deprivation potential (WDP) m3 World eq. 0.047 0.218 0.139 0.031
Global Warming Potential - biogenic (GWP- biogenic) kg CO, eq. -0.162 -0.161 0.009 -0.006
Global Warming Potential - fossil fuels (GWP- fossil) kg CO, eq. 5.909 8.934 1.606 2.303
Global Warming Potential - land use and land use change (GWP-luluc) kg CO, eq. 0.000 0.000 0.000 0.000
Global Warming Potential - total (GWP-total) kg CO, eq. 5.747 8.773 1.616 2.296
Output | Exported electrical energy (EEE) M] 0.000 0.000 0.000 0.000
Output | Exported thermal energy (EET) M] 0.000 0.000 0.605 0.000
Output | Materials for energy recovery (MER) kg 0.001 0.001 1.395 0.000
Output | Materials for recycling (MFR) kg 7.920 7.920 0.165 3.625
Resource | Total use of non renewable primary energy resources (PENRT) M] 7.920 7.920 0.000 3.625
Resource | Total use of renewable primary energy resources (PERT) MJ 120.867 163.279 | 23.490 33.811
Resource | Use of net fresh water (FW) m3 52.390 72.100 13.470 101.120
Resource | Use of non renewable primary energy resources used as energy
carrier (PENRE) M] 0.0257 0.053 0.008 0.009
Resource | Use of non renewable primary energy resources used as raw mate-
rials (PENRM) M] 120.843 | 163.255 | 23.490 33.528
Resource | Use of non renewable secondary fuels (NRSF) M] 0.024 0.024 0.000 0.283
Resource | Use of renewable primary energy resources used as energy carrier
(PERE) M] 50.527 70.237 13.470 | 100.898
Resource | Use of renewable primary energy resources used as raw materials
(PERM) M] 1.862 1.862 0.000 0.222
Waste | Hazardous waste disposed (HWD) kg 0.000 0.000 0.000 0.000
Waste |Non hazardous waste disposed (NHWD) kg 0.075 0.824 0.019 0.077
Waste | Radioactive waste disposed (RWD) kg 0.002 0.006 0.001 0.002
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Table 7: Comparative estimation of cooling energy demand and savings.

‘{(‘;f,ll‘l‘;‘lff 0SB | Foil 0SB+Alu
Quantity of heat radiation (August 2025) 24.7 1.8 1.5 1.6
Estimated quantity of heat radiation 74.2 5.4 4.5 4.8
Cooling energy demand 30 years,'ejstimated (COP of split unit 3,75, 296.7 21.7 179 191
transfer efficiency 0.5)
Savings in electrical operating energy 0 275 279 278

Table 8: Environmental impacts of a membrane-based infrared shading system and potential cooling energy savings in comparison.

Impact Category Unit Elect.Cool. Energy Foil
Abiotic depletion potential -fossil Resources (ADPF) M] 106.64 23.48
Abiotic depletion potential - non fossil Resources (ADPF) kg Sb eq. 0.000 0.000
Acidification potential, accumulated exceedance (AP) Mol H+ eq. 0.049 0.002
Depletion potential of the stratospheric Ozone layer (ODP) kg CFC-11eq. 0.000 0.000
Eutrophication potential - freshwater (EP-freshwater) kg P eq. 0.000 0.000
Eutrophication potential - Marine (EP-Marine) kg N eq. 0.010 0.001
Eutrophication potential - terrestrial (EP- terrestrial) mol N eq. 0.102 0.008
Photochemical Ozone Creation Potential (POCP) kg NMVOC eq. 0.029 0.002
Water (User) Deprivation Potential (WDP) m3 World eq. 2.198 0.139
Global Warming Potential - Biogenic (GWP- Biogenic) kg CO, eq. 0.065 0.010
Global Warming Potential - Fossil Fuels (GWP-Fossil) kg CO, eq. 9.836 1.607
Global Warming Potential - Land use and Land use change (GWP-luluc) kg CO, eq. 0.005 0.000
Global Warming Potential - Total (GWP-Total) kg CO, eq. 9.775 1.617
Output | Exported Electrical Energy (EEE) M] 0.000 0.606
Output | Exported Thermal Energy (EET) M] 0.000 1.395
Output | Material for Energy Recovery (MER) kg 0.000 0.165
Resource | Total Use of Non-renewable Primary energy Resources (PENRT) M] 106.794 23.491
Resource | Total Use of Renewable Primary Energy Resources (PERT) M] 5971.902 13.470
Resource | USE of Net Fresh Water (FW) m3 0.063 0.009
Resource | Total Use of NEEerregr;eé/\;i?ierP{;?;;}Snergy Resources Used as M 106.794 23.491
Resource | Total Use of Non reﬁz\t/:it;lles P(’;léllq\IaRri//Snergy Resources Used as Raw M 0.000 0.000
Resource | Total Use of Renewggliil‘:?gl);rl\}]/;l\r}[t)ergy Resources Used as Energy M] 5971.902 13.470
Waste | Hazardous Waste Disposed (HWD) kg 0.000 0.000
Waste | Non-Hazardous Waste Disposed (NHWD) kg 2.035 0.019
Waste | Radioactive Waste Disposed (RWD) kg 0.002 0.001
Table 9: Environmental impacts of IR shading (OSB with aluminum foil lamination) and potential cooling energy savings in comparison.
Impact Category Unit Elect. Cool. Energy OSB+Alu
Abiotic depletion potential - fossil resources (ADPF) M] 106.260 168.710
Abiotic depletion potential - non-fossil resources (ADPE) kg Sb eq. 0.000 0.000
Acidification potential, Accumulated Exceedance (AP) mol H+ eq. 0.048 0.022
Depletion potential of the stratospheric ozone layer (ODP) kg CFC-11 eq. 0.000 0.000
Eutrophication potential - freshwater (EP-freshwater) kg P eq. 0.000 0.000
Eutrophication potential - marine (EP-marine) kg N eq. 0.010 0.007
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Eutrophication potential - terrestrial (EP-terrestrial) mol N eq. 0.102 0.067
Photochemical Ozone Creation Potential (POCP) kg NMVOC eq. 0.028 0.025
Water (user) deprivation potential (WDP) m3 world eq. 2.190 0.218
Global Warming Potential - biogenic (GWP-biogenic) kg CO, eq. -0.065 -0.162
Global Warming Potential - fossil fuels (GWP-fossil) kg CO, eq. 9.800 8.934
Global Warming Potential - land use and land use change (GWP-luluc) kg CO, eq. 0.005 0.001
Global Warming Potential - total (GWP-total) kg CO, eq. 9.740 8.773
Output | Exported electrical energy (EEE) M]J 0.000 0.001
Output | Exported thermal energy (EET) M] 0.000 0.002
Output | Materials for energy recovery (MER) kg 0.000 7.920
Output | Materials for recycling (MFR) kg 0.000 7.920
Resource | Total use of nonrenewable primary energy resources (PENRT) M]J 106.411 163.279
Resource | Total use of renewable primary energy resources (PERT) M] 5950.498 72.100
Resource | Use of net fresh water (FW) m3 0.063 0.053
Resource | Use of nonrenewable primary energy resources used as energy carrier M 106.411 163.255
(PENRE)

Resource | Use of nonrenewable primary ;r;/e[;‘gy resources used as raw materials (PEN- M 0.000 0.024
Resource | Use of renewable primary energy resources used as energy carrier (PERE) M] 5950.498 70.238
Resource | Use of renewable primary energy resources used as raw materials (PERM) M] 0.000 1.863

Waste | Hazardous waste disposed (HWD) kg 0.000 0.000
Waste | Nonhazardous waste disposed (NHWD) kg 2.028 0.825
Waste | Radioactive waste disposed (RWD) kg 0.002 0.006
N
Figure 1: Rafter fields with OSB planking left (partly aluminum coated) and underlay membrane right.
J
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In the life cycle perspective, the environmental impacts of
the potentially avoided cooling energy are now compared to
the environmental impacts of the shading system itself. This
represents, in a sense, a normalization of environmental impacts
and can also be understood as an amortization estimate of the
environmental burdens caused by the installation of the infrared
shading elements. For the electrical energy required for cooling,
photovoltaic electricity generation was assumed, reflecting future-
oriented technologies and the expected temporal coincidence of
cooling demand with solar power availability.

In the case of foil cladding (Table 8), the environmental
impacts of the estimated energy savings over the life cycle are,
in all essential categories, a multiple (GWP factor 6, AP factor 21,

008 555919. DOI: 10.19080/CERJ.2025.15.555919

PENRT factor 5) of the environmental impacts of the foil cladding
over its life cycle, and thus a clear indication of its appropriateness.

The same comparison was carried out for OSB cladding with
aluminum foil lamination, as this variant showed significantly
lower heat radiation at peak temperatures in measurements
compared to the other variants. This would make this design
option technically interesting. However, when comparing the
environmental impacts with those of the estimated energy
savings, a more differentiated picture emerges (Table 9). In the
majority of the impact categories compared, the environmental
impact of the aluminum-coated OSB cladding is only slightly lower
than that of the saved energy (GWP factor cooling energy referred
to GWP OSB 1.1, AP factor 2.2., PENRT factor 0.7).
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Although the estimation of future cooling energy requirements
is subject to considerable uncertainty, the magnitude of the ratios
in the comparisons carried out is nevertheless highly significant.
Taking into account the LCA results and the thermal radiation
measurements, IR shading using lightweight foil systems is in
any case recommended, whereas OSB panels—and especially
those with low-e coatings-although technically superior at
higher temperatures, must be comprehensively discussed when
considered in conjunction with LCA results. In future evaluations,

uncertainties such as the development of local climate conditions
at the respective building sites and the resulting cooling
demand, the globally emerging differentiated assessment of the
significance of the CO, footprint, and economic factors such as
the price development of electricity will be of importance. In line
with a neo-ecological approach, this study aims to take a first step
toward a broad discussion of alternative building cooling systems
that are both sustainable and cost-efficient.
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Figure 4: Sankey diagram GWP of the OSB planking.
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Figure 5: Sankey diagram GWP OSB planking with aluminum foil.
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Conclusions
The study revealed the following key findings:

a. IR shading reduces heat gain through the west-facing
roof surface by over 90% compared to an unshaded roof.

b. This effectiveness depends on a closed roof surface
combined with ventilation of the rafter fields.

c.  While material selection has only a minor effect on
thermal load reduction, lightweight materials with low emissivity
(such as foils) achieve the best results by delivering the lowest
average thermal loads.

d. Life cycle analysis shows that among the systems
investigated, a PP underroof foil performs best and is preferred
from an environmental perspective.

e. For extended life cycles, wood-based claddings with low
areal weight become ecologically increasingly sensible.
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