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1 Acronyms

CTUe: Comparative Toxic Unit for ecosystems

CTUh: Comparative Toxic Unit for humans

DHW: Domestic Hot Water

EDK: Energy Distribution Kit

EGK: Energy Generation Kit

FU: Functional Unit

H/C: Heating and Cooling

LCA: Life Cycle Assessment (stand for environmental life cycle assessment)
LCI: Life Cycle Inventory (stand for environmental life cycle inventory)
LCIA: Life Cycle Impacts Assessment

PMMA: Methyl polymethacrylate

PVC: https://fr.wikipedia.org/wiki/Polychlorure de vinyle Vinyl polychlorure
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2 Il ntroducti on

2.1 Context

The iINSPiRe project aims to design, develop and industrialize buildings components, kits and
systemic packages for deep energy renovation of buildings, both in the residential and tertiary
sectors. The sustainability of the solutions being developed, in particular their benefits on
primary energy savings, is checked and assessed using Life Cycle Assessment (LCA) method.

This report is done in the framework of the work package 4 energy generation and distribution
solutions, task 4.7 LCA analysis of the energy generation and distributions solutions. The main
objectives of work package 4 are to design industrialized kits enabling:

1 The reliable and cost-effective installation of several energy generation technologies at
centralized level: the Energy Generation Kit(s) (EGK);

1 The reliable and cost-effective installation of technologies for the distribution of energy
(lighting, ventilation and water for heating and cooling (H/C) in the building: the Energy
Distribution Kit(s) (EDK).

The objectives of task 4.5 are to integrate environmental issues into the development of the
kits via life cycle thinking. For that purpose, a cradle to gate assessment is conducted. In LCA,
a Acradle to gated assessment means that
extraction up to the end of the manufacturing process. The transport of the product up to the
consumer, its installation and use and its end of life are excluded from the analysis. A specific
stress is put on the cradle to gate step of the life cycle because the manufacturer can actually
take action through its purchase policy and its environmental management system.

This report presents the cradle to gate assessment of the environmental impacts of the
products manufactured by the iINSPiRe partners and included in the EGK or the EDK, and of
the EGK and EDK. It includes the analysis made all along the project with the objective of
environmental optimisation of these materials and systems as well as the environmental profile
of the final versions of the products and kits. Only cradle to plant gate processes are taken into
account. If use and end of life are likely to have big influence on the results, it is mentioned.

2.2 Products and kits description

Three EGK and EDK for renovation have been designed and developed within iINSPiRe
framework:

1 2EDK;,

1 1EGK.

These kits include products designed and developed by iINSPiRe industrial partners:
9 Tripan Leichtbauteile Wimmer GmbH ceiling H/C panel;

9 Bartenbach Lichtlabor GmbH lights.
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The EDK include Tripan Leichtbauteile Wimmer GmbH panels and Bartenbach Lichtlabor
GmbH lights. The EGK consists of components available on the market.

The kits are not standards but tailor made to each renovation project. In contrast, the products
developed by Tripan Leichtbauteile Wimmer GmbH and Bartenbach Lichtlabor GmbH aim to
be standardized.

Products and kits are installed in two demonstration buildings according to their need for
renovation:

1 The Ludwigsburg case study, led by Wohnungsbau Ludwigsburg GmbH;
1 The Madrid case study, led by Empresa Municipal de la Vivienda y Suelo de Madrid.

2.3 Key points of study goal and scope

In this chapter, the key points of the study goal and scope are reminded. For more information
regarding the cradle to gate environmental assessment method, please refer to the deliverable
(WG delines on Environmental and Cost I|Integrated

2.3.1 Specific objective of the assessment

The environmental cradle to gate assessments of the products and kits aim, first, at their
environmental optimization, also called eco-design. Optimization occurs at the beginning of
the project. It deals with improvement of production technologies and/or design of products
and kits taking into account the environmental criteria over the whole production chain. For this
purpose, comparisons are performed. The project partners will propose for each product/kit
the use of different compositions and/or different technologies (i.e., variants) in order to obtain
the product/kit with the best performances according to the goals of the project. According to
the data availability and the number of variants per product/kit, comparisons are performed to
determine the best environmentally option among the several variants of each product/kit
and/or among the developed product/kit and the substitute currently available on the market.
The comparison of the results help the project partners to define best actions for the reduction
of the environmental impacts related to the products/kits.

Eventually, the cradle to gate assessment of the final version of the products and kits aim at
establishing their environmental profile useful for communication purpose or for integrating Life
Cycle Inventory (LCI) databases used by LCA practitioners as ecoinvent (ecoinvent Centre
1998) or ELCD (Joint Research Centre 2006).

2.3.2 Data

Processes belonging to the foreground system are mainly described by specific data collected
from iINSPiRe partners and their supplier. Processes belonging to the background system are
mainly described by generic data coming from generic databases as ecoinvent (ecoinvent
Centre, 1998), ELCD (Joint Research Centre, 2006) or CYCLECO database (C-BUILD) (Sié
et al., 2013). The generic data are the data publically available and matching with average
practices or technologies. They are valid for Europe or for a country depending on the level of
detail of the database.
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2.3.3 Environmental impacts categories

At the beginning of the project the products and kits were assessed over seven environmental
impacts categories. This list haven been updated at the end of the project first to update the
Life Cycle Impact Assessment methods in background of the indicators and second to include
impact indicators dealing with human health damage. At the end nine environmental impacts
categories are considered. They are detailed in the following.
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Table 17 Selection of environmental impacts indicators for INSPiRe project.
Impact categories Unit Details Models
It includes the non-renewable energy consumed, including
losses during extraction, transport and transformation of
, energetic agents. It takes also into account the non- :
Non-renewable primary ) . . CED ecoinvent
: kWwh renewable energy contained in the materials. Non- .
energy consumption . ; : (Frischknecht et al. 2007)
renewable primary energy consumption of the unit of
analysis AFabrication of 1
by building professionals the embodied energy.
It characterizes the global warming potential taking into
" ) : , IPCC 2007
account the radiative forcing over a time horizon of 100
: ) : i o (Intergovernmental Panel
Climate change kg CO.eq |years. Biogenic carbon absorptions and emissions are on Climate Chanae
taken into account as negative and positive values g
. : (IPCC) 2007)
respectively (i.e. not neutral).
It characterizes the increase in the amount of acidic
substances in the lower atmosphere. These emissions are
Acidification molc H* e the cause of acid rain involving the decline of forests. The | (Seppéla et al. 2005;
9 |main compounds involved in this phenomenon are: SO, | Posch et al. 2008)
NOx, NHs, HCI, HF. Acid deposition has effects on
materials, forest ecosystems and freshwater ecosystems.
Freshwater K It is the excessive enrichment of a soil in nutrients. This | ReCiPe 2008 (Struijs et
L gPeq L :
eutrophication causes asphyxiation of aquatic ecosystems. al. 2009)
Comparative | It evaluates the toxicity of the emissions of substances on
. Toxic Unit for | ecosystems, or more specifically the potential risks | USEtox (Rosenbaum et
Freshwater ecotoxicity . , .
ecosystems |induced by the presence of chemical compounds in a|al. 2008)
(CTUe) specific ecological system.
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It quantifies the loss of soil organic matter due to (1) the

primary (PM10 and PMazs) and secondary PM (incl.
creation of secondary PM due to SOx, NOx and NH3
emissions) and CO.

Land use kg C deficit |occupation of a certain area for a given time as well as (2) | (Canals et al. 2006)
the change of the utilization of the soil.
Comparative | It evaluates chronic toxicological effects on human health
Human toxicity - cancer | Toxic Unit for | from emissions of carcinogens. It provides an estimate of | ysEtox (Rosenbaum et
effect humans the increase in morbidity throughout the human population. | 5. 2008)
(CTUh)
o It evaluates chronic toxicological effects on human health
Human toxicity - non| .. from emissions of non-carcinogens. It provides an estimate | USEtox (Rosenbaum et
cancer effect of the increase in morbidity throughout the human |al. 2008)
population.
It quantifies the impact of premature death or disability that
particulates/respiratory inorganics have on the population,
Particulate matter kg PMys eq |in comparison to PMzs. It includes the assessment of (Spadaro and Rabl 2004)
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3 Product s

3.1 Bartenbach Lichtlabor GmbH recessed luminaire
3.1.1 Introduction

In the framework of INSPiRe project Bartenbach Lichtlabor GmbH developed a luminaire
aiming at being recessed in a ceiling panel. It can be 3D rotated to give the user full flexibility
to position the light source according to his/her needs.

A first assessment of the product has been conducted between M14 and M19 when several
design options were still open. This first step allowed providing some eco-design advices. It is
reported in the first part of the present chapter. Eventually, a final assessment has been
performed at the end of the project in order to establish the environmental profile of the final
version of the product. It is reported in the second part of the present chapter.

3.1.2 Eco-design assessment
3.1.2.1 Product description

The recessed luminaire, also called sphere, is composed of a spherical case including a multi-
facetted square reflector and the LED providing 228 lumens. The number of luminaire can vary
depending on the room lighting requirements. In the study, we have considered 3 luminaires
per square meter of support. The following figure shows drawing of the recessed luminaire.
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2. Grundkamper Kugelleuchte

3. LED XPG BWT L1 4000 K, 228im@700mA, RA > 80
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3.1.2.2 Goal specification

At that moment of the project the goal is to compare several variants of the product for eco-
design purpose. The parameters to study are:

1

= =4 -4 a4 -—Aa -

Full sphere variants;

Aluminium full sphere;

Polychlorure de vinyle (PVC) full sphere;
Aluminium sheet;

Reflector variants;

Polyméthacrylate de méthyle (PMMA);

Aluminium.

3.1.2.3 Scope specification

The unit of analysis is: fone device to be used on 1m2 ceiling (composed of 3 spheres of 228
lumens each)o .

The system boundaries are the following:

1
1
1

Temporal: cradle to gate;
Spatial: all components of the device described previously;

Technological: the manufacturing of each component is taken into account. The transport
of the components up to manufacturing plant and the assembly of the device are excluded
as well as the waste treatment and furniture of consumables used in plant. The parts
excluded from the study are excluded first because of lack of data and second because
they are traditionally small contributors in the cradle to gate impacts;

Energetic: embodied and consumed energy for each component are taken into account.
Electricity consumption during use is out of the systemas t he study i s

Infrastructure: infrastructure of foreground system is neglected.

The system is broken down in several parts:

www.inspirefp7.eu

1 Sphere; 1 Lens;

1 Support structure; 9 Reflector;

1 LED; q Electric circuit;
9 LED Diriver;  Screws.

1 Glue;
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3.1.2.4 Inventory elaboration
x  Specific data

Coll ection of data regarding the product @8CLECONinm Robent Weitlaternasd
Marina Fusco (Bartenbach Lichtlabor GmbH). The Table 2 shows reference flows of each scenario.

Table 27 Bill of materials of the recessed luminaire (1st assessment).

}Teference opt° Quantity | Unit Assumptions and Country
ow row 1 Reference flow row 2 comments
Sphere 3 u
Aluminium, production mix, at plant/90% o N
) secondary/DE U 136.22 g 90% recycled Germany
Aluminium product manufacturing, average
metal working/DE U 136.22 9 Germany
Polyvinylchloride, at regional 87% suspension 13% N
2 storage/kg/RER 76.15 9 emulsion polymerized Europe
Injection moulding/ DE U 76.15 g Germany
Aluminium, production mix, at plant/90% o .
3 secondary/DE U 92.13 g 90% recycled Germany
Sheet rolling, aluminium/DE U 92.13 g Germany
Support 1 u
structure
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Aluminium, production mix, at plant/90% o -

secondary/AT U 8.1 g 90% recycled Austria

Sheet rolling, aluminium/AT U 8.1 g include . hot rolling + Austria

cold rolling

LED 3 u

Light emitting diode, LED, at plant/CN U 0.35 g China
LED driver 1 u

Printed wiring board, surface mount, at , |database info --> .

plant/CN U 6804 1M | b\wB=3,26kg/m? China
Glue 3 u

Epoxy resin, liquid, at plant/RER U 2 g Europe*
Lens 3 u

Flat glass, uncoated, at plant/CN U 3 g China
Reflector 3 u

Polymethyl methacrylate (PMMA) beads,

production mix, at plant RER 1,04 9 Europe

Injection moulding/AT U 1,03 g Austria

ini i i 0 2.28mm thickness

Aluminium, production mix, at plant/90% 296 g Germany*

secondary/DE U 90% recycled

Sheet rolling, aluminium/DE U 2.26 g Germany

www.inspirefp7.eu
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Electric
o 3 u

circuit
Printed wiring board, surface mount, at i , |database info --> .
plant/GLO U 3.9E-04 1M | b\yB=3 26kg/m? World

Screws 12 u 4 per sphere
Chromium steel 18/8, at plant/90% o N
secondary/RER U 3 g 90% recycled Europe
Hot impact extrusion, steel, 1 stroke/RER U | 3 g Europe*

*CYCLECO assumptions

x Generic data

The generic database used for this assessment is ecoinvent (ecoinvent Centre, 1998) in its version 2.2.

3.1.2.5

Impacts assessment

The following figure shows the impacts comparison.
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Figure 2 i Impacts comparison of the recessed luminaire scenarios.

Table 317 Embodied environmental impacts of the six scenarios of the recessed luminaire.

Sphere full alu | Sphere full alu | Sphere full PVC/ | Sphere full PVC / | Sphere alu sheet | Sphere alu sheet

/ Reflec PMMA / Reflec alu Reflec PMMA Reflec alu / Reflec PMMA / Reflec alu
Non-renewable energy 1,47E+01 1,46E+01 1,26E+01 1,26E+01 1,06E+01 1,06E+01 kwh
Climate change 3,66E+00 3,67E+00 2,58E+00 2,60E+00 2,66E+00 2,68E+00 kg COz eq
Acidification 2,19E-02 2,19E-02 1,60E-02 1,59E-02 1,79E-02 1,78E-02 molc H* eq
Terrestrial eutrophication 3,19E-02 3,19E-02 2,48E-02 2,47E-02 2,52E-02 2,51E-02 molc N eq
Freshwater eutrophication 2,43E-03 2,44E-03 1,49E-03 1,50E-03 1,75E-03 1,76E-03 kg P eq
Freshwater ecotoxicity 1,06E+01 1,07E+01 7,34E+00 7,39E+00 8,18E+00 8,23E+00 CTUe
Land use 2,87E+00 2,89E+00 1,50E+00 1,51E+00 2,03E+00 2,04E+00 kg C deficit

www.inspirefp7.eu
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The cradle to gate assessment shows that:

1 Reflector variants (PMMA or aluminium) are equivalents in term of environmental
performance. Indeed, discrepancy between both options is comprised between +/- [0.33%
- 0.51%] of the value, which is below the order of magnitude of uncertainties of Life Cycle
Impact Assessment method;

1 The sphere full PVC scenario appears to be the best option from an environmental point
of view except regarding non-renewable primary energy consumption.

The end of life scenario could affect this conclusion, especially considering that aluminium can
be recycled whereas PVC no. Nevertheless, it is not straightforward as PVC can be
energetically valorised in incineration plant and the aluminium already include a recycled
content (meaning that the recycling benefit at the end of life would be low).

3.1.2.6 Analysis and interpretation

x Hot spot analysis

Hot spot analysis will be conducted on scenarios with PMMA variants only as the other option
doesnédét change the conclusions.

The following graphs show decompaosition of impacts between the different parts of the system
for the three scenarios of interest.

100% - Screws
90% —— —
80% - Electric circuit
70% -
60% - Reflector - Option 1 PMMA
50% -
40% - M Lens
30% -
20% - M Glue
10% -
0% - | | | | | | W LED driver
e . e
Q‘,\%\ & & & E \O’C\ N3
& & P 2 N o Qb W LED
© & AN o 3 2
& S K&K E v
& (J\\@ v & ,g&“ W Support structure
& @ & >
& £ &
<= ?}@ ee;:\ & M Sphere - Option 1 aluminium
g <¢ full sphere

Figure 317 Decomposition of impacts of sphere full alu / reflec PMMA scenario.
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100% — —
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30% -~
20% - B Glue
10% - )
0% - . . . . . . M LED driver
2 & & N . 2
& & & LD
i & 6‘\& f\é{\\ N
) 3 o o S ~
exx’b ‘\é{"’ A N N ‘@j\?' B Support structure
& © T
Q‘\ & G N . ..
NS & ‘;o\!‘ & m Sphere - Option 3 aluminium
A% & hollow sphere

Figure 4 i Decomposition of impacts of the sphere full PVC / reflec PMMA scenario.
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-
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30% -
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0% T T T T T T T
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é@\ @(\% ,’\}0 ‘é}o '5'\35 -‘9{:\\‘ b\)‘a
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< é"’\ ‘b‘« és‘ Sphere - Option 2 PVC full sph
Q‘O(\ “é: é\q& Q(?a
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Figure 57 Decomposition of impacts of the sphere alu sheet / reflec PMMA scenario.

When the sphere is made of full aluminium, it contributes to 47% to environmental impacts (on
average over every indicator) whereas when it is made of PVC or aluminium sheet, this
contribution reduces itself to 24 and 47% respectively. As every other part is identical, we
understand how full aluminium sphere can be the worst scenario.
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We focus now on sphere made of PVC and aluminium sheet to find hot spot on hon-renewable
primary energy in order to understand better why the PVC option needs more energy than the
aluminium sheet one. Both spheres are composed of two parts: the production of primary
material (PVC pellets and aluminium ingots) and the forming process (injection moulding and

sheet rolling respectively). Contribution of both parts to non-renewable primary energy impact
has been assessed and is shown in Table 4.

Table 47 Contribution of primary material and forming process to non-renewable energy impact of sphere.

Primary material

Forming process

PVC sphere

70%

30%

Aluminium sheet sphere

76%

24%

Primary material is the main contributor to non-renewable energy impact. We mention here
that this repartition is approximately true for other impact indicators: primary material matter
most than forming process. We have conducted the comparison at primary material level taken
into account the right amount in both type of sphere. The Figure 6 shows the results.

120
100
80 -
60

40
B Polyvinylchloride, at regional
20 - storage/RER U

Impact [%]

M Aluminium, production mix, at
plant/90% secondary/DE U

Figure 6 i Impacts comparison of primary materials used in PVC and aluminium sheet spheres.

Manufacturing 76.14g of PVC pellets appears to have less impact than 92.13g of aluminium
ingots 90% recycled except on non-renewable energy. Unfortunately, generic data of the PVC
pellets are not detailed enough for us to be able to give more explanations regarding impact
contributors (PVC pellets datasets are provided to ecoinvent 2.2 database by Plastics Europe
who aggregated information for confidentiality reasons).

Further conclusions can be drawn from this hot spot analysis:
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1 The parts of recessed luminaire that contribute the most (in average) to environmental
impacts are:

0 Sphere of the full aluminium sphere option;
o Every parts for others options excepted glue, lens and reflector.

1 The parts of recessed luminaire that contribute the less (in average) to environmental
impacts are glue, lens and reflector. This is because this parts represent a small amount

of materials relatively to the whole | umi

have a big influence on the result.

x  Sersitivity analysis

In the database used, PVC pellets are composed of 87% suspension polymerized PVC and
13% emulsion polymerized PVC. In the absence of more information about the type of PVC
used for sphere, we have conducted the assessment with distinct proportions of suspension
and emulsion polymerized PVC. As an example, the

100
90
80
70
60
50
40
30
20
10

Impact [%]

m Sphere Full PVC 100% emulsion /
Reflec PMMA

m Sphere alu sheet / Reflec PMMA

Figure 7 shows the comparison of recessed luminaire with aluminium sheet as a sphere and
with PVC 100% emulsion polymerized. We can see on this example that PVC type has a big
influence on comparative results. Knowing PVC type used in recessed luminaire could
substantially improve accuracy of results and, as a consequence, pertinence of conclusions.

www.inspirefp7.eu Page 19 of 80
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Impact [%]

m Sphere Full PVC 100% emulsion /
Reflec PMIMA

M Sphere alu sheet / Reflec PMMA

Figure 7 1 Impacts comparison of recessed luminaire made of aluminium sheet sphere and of PVC 100%
emulsion full sphere.

Note that the PVC is 100% emulsion polymerized instead of 13% and 87% suspension
polymerized.

In addition, we looked deeper into aluminium ingot impact and more especially the effect of the
recycled content and electricity mix of the manufacturing country. The Figure 8 shows the

comparison of aluminium ingots manufactured in Germany, Austria and Europe with 90%
recycled content and 34% recycled content.

100 —
0
80 —
< /0 B
— 60 —  m Aluminium, production mix, at
g 28 B plant/90% secondary/AT U
= gg ] ~ ® Aluminium, production mix, at
10 - — plant/90% secondary/DE U
0 I T T T T T T
Aluminium, production mix, at
2 o L L& A 2 ’ ’
(\é@\ \&&J @.59 é\,@ é{,\(’ ;Pca“' b\‘f’ plant/90% secondary/RER U
O I I SN \uminium, production mi
Y & v_(} 60 @0 @ Aluminium, production mix, at
0@"‘ & \q,\" *q}” 2 plant/34% secondary/RER U
& ‘}‘(\’b %’Q, a:(;.@
¥ & 35‘& <«
\4 Qﬁo

Figure 81 Impacts comparison of aluminium ingots manufactured in distinct country and including a distinct
amount of secondary aluminium.

This comparison shows that recycled amount have a bigger effect on environmental
performance than manufacturing country.

At recessed luminaire level, taking into account a less amount of recycled content in aluminium
tend to show PVC option even better. We have calculated that from 78% of recycled content
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or less, PVC full sphere appears to be the best option over every impact indicators, even non-
renewable primary energy. The outcome of this result is not about reducing recycled content
in aluminium (there is aluminium in other part than sphere into recessed luminaire) but rather
that aluminium sheet sphere appears to be better on non-renewable energy consumption
because its recycled content is high. In consequence this information needs to be accurate
and precise.

The final conclusions of the first assessment are:

 Taking into account data in table 6, the scenario sphere full PVC and Reflector PMMA or
Reflector aluminium is the best compromise from an environmental point of view;

1 Toimprove accuracy of results would increase liability of the conclusion. It is possible via:
o Validation of aluminium recycled content (90%).

1 Determination of the proportions of PVC type (suspension, emulsion).

3.1.3 Final assessment
3.1.3.1 Product description

The final version of the luminaire is composed of a sphere recessed in a frame support
structure in aluminium. The

Figure 9 and Figure 10 show a picture and a technical drawing of the luminaire.

Figure 97 lllustration of the recessed luminaire [Bartenbach Lichtlabor GmbH].
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Figure 101 Picture of the recessed luminaire [Bartenbach Lichtlabor GmbH].

3.1.3.2 Goal specification

The goal of the final assessment is to provide the environmental profile of the final version of
the luminaire. It is composed of a full sphere in aluminium and a PMMA reflector.

3.1.3.3 Scope specification

The unit of analysis is: fbne sphere luminaire to be recessed on a standard ceiling panel
providing 228 lumensa

The system boundaries is the same as in the first assessment:

1
1
1

www.inspirefp7.eu

Temporal: cradle to gate;
Spatial: all components of the device described previously;

Technological: the manufacture of each component is taken into account according to
worldwide market assumptions regarding technology and location of production. The
transport of the components up to manufacturing plant is generic. The assembly of the
device are excluded due to lack of data as well as the waste treatment and furniture of
consumables used in plant;

Energetic: embodied and consumed energy for each component are taken into account.
Electricity consumption during use is out of the system;

Infrastructure: infrastructure of foreground system is neglected.
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3.1.34
x  Specific data

Coll ection of data on t hebeep pesfamed thy Marioo Smponent
(CYCLECO) from Marina Fusco (Bartenbach Lichtlabor GmbH). The Table 5 shows the

reference flows taken into account for the assessment of the unit of analysis mentioned

previously.

Inventory elaboration

Table 571 Bill of materials of the recessed luminaire (final assessment).

Row 1 Quantity |Unit | Assumptions and comments
Row 2
Sphere 1 u
Aluminium full sphere 136.22 |g 90% recycled
Support
Structure 1 u 1 per sphere
Aluminium 3,00E-03 | m? 90% recycled; thickness=1mm
LED 1 u 1 LED for each luminaire
Light emitting diode 0.35 g
LED driver 0.33 u 1 driver for 3 spheres
Printed wiring - board, | ¢ 55 04 [mz | database info --> PWB=3,26kg/m?
surface mount
Glue 1 u
Epoxy resin, liquid 2 g
Reflector 1 u 1 reflector for each luminaire
PMMA 1,04 g
Electric circuit 1 u
Printed wiring - board, 3.90E-04 | m2 database info --> PWB=3,26kg/m?
surface mount
Screws 6 u 6 per luminaire

x Generic data

The generic database used for this assessment is ecoinvent (ecoinvent Centre, 1998) in its

version 3.1.

www.inspirefp7.eu
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3.1.3.5 Impacts assessment, analysis and interpretation

The following table display the embodied environmental impacts of the Bartenbach Lichtlabor
GmbH recessed luminaire.

Table 6 i Embodied environmental impacts of the recessed luminaire (final assessment).

Impact category Unit Total
Climate change kg CO: eq 1,96
Human toxicity, cancer effects CTUh 5,48E-07
Human toxicity, non-cancer effects CTUh 4 52E-06
Particulate matter kg PM2s eq 2,26E-03
Acidification molc H* eq 1,89E-02
Freshwater eutrophication kg P eq 2,92E-03
Freshwater ecotoxicity CTUe 124,60
Land use kg C deficit 6,99
Non-renewable energy kwh 8,97

The following charts show decomposition of impacts between the different parts of the system.
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Figure 111 Contribution of the components to the whole recessed luminaire embodied impacts (final
assessment).

The aluminium full sphere represents the biggest share of the impacts (42% to 78% according
to the impact category considered), followed by the electric circuit and the LED driver.

3.1.5 Conclusion

An eco-design assessment has been conducted during the project on the Bartenbach
Lichtlabor GmbH recessed luminaire in which six scenarios were compared: according to the
materials chosen for the sphere and the reflector. It appears that the full sphere in aluminium
scenarios are the worst options and the full sphere in PVC scenarios are the best ones. The
material of the reflector has no influence on the results. One solution to decrease the impacts
of the full sphere in aluminium scenarios is to increase the share of recycled content of
aluminium up to 90%.

For technical reason, Bartenbach Lichtlabor GmbH has chosen the Full sphere in aluminium
and PMMA reflector option for its final product, where the sphere includes 90% of aluminium
recycled content. A final assessment has been conducted on this final version of the product
on a broader range of impacts indicators and using an updated version of the ecoinvent
database. On this version, the aluminium full sphere still represents the biggest share of the
impacts except on human toxicity non cancer effect, freshwater eutrophication and freshwater
ecotoxicity on which the impact is dominated by the electric circuit and the LED driver.

3.2 Tripan Leichtbauteile Wimmer GmbH  panel
3.2.1 Introduction

In the framework of INSPiRe project, Tripan Leichtbauteile Wimmer GmbH developed a ceiling
panel whose function is to heat or cool down the room where it is placed. The heating (or

cooling) of the room is done by simple convect.i

pipes, and the heat is then diffused in ambient air by convection.
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Figure 121 Picture of the Tripan Leichtbauteile Wimmer GmbH ceiling panel operating principle [Tripan
Leichtbauteile Wimmer GmbH].

A first assessment of the product has been conducted between M14 and M19 when several
design options were still open. This first step allowed providing some eco-design advices. The
results conducted Tripan Leichtbauteile Wimmer GmbH to ask for an iteration of the
assessment adding one scenario. These first assessments are reported in the first parts of the
present chapter. Eventually, a final assessment has been performed at the end of the project
in order to establish the environmental profile of the final version of the product. It is reported
in the last part of the present chapter.

3.2.2 Eco-design assessment n°1
3.2.2.1 Product description

The product is an aluminium-honeycomb panel with integrated copper or aluminium pipes. The
honeycomb is inserted between two aluminium sheets which can be perforated or not (for
acoustic properties). The aluminium layers, the honeycomb core and the pipes are glued
together with an organic adhesive. Panels are also painted before or after their installation.

Panels are fixed in the existing ceiling and their edges are concealed by cover parts for
aesthetic reasons. Lights, developed by Bartenbach Lichtlabor GmbH, can be integrated in the
panels. They are excluded from the present assessment.

The life span of panels is estimated to 20 years by Tripan Leichtbauteile Wimmer GmbH.
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Figure 1371 lllustration of the Tripan Leichtbauteile Wimmer GmbH ceiling panel [Tripan Leichtbauteile Wimmer
GmbH].

Two installation modes can be adopted:
1 Island panels, simple panels directly fixed in the ceiling;

1 Closed panels, which are set between plasterboards;

Several options are also open for each version:
1 Copper or Aluminium pipes;

1 20cm or 10cm gap between the pipes;

1 Panel thickness (20 or 12,5mm);

i1 Perforated aluminium sheet or not (acoustic insulation);
1 Fixing systems.

3.2.2.2 Goal specification

Different variants of the island panels are compared for eco-design purpose. The parameters
to study are:

1 Copper or aluminium pipes;

1 20cm or 10cm gap between the pipes.

In addition, the comparison with a plasterboard panel (simple plasterboard with pipes above)
is provided for reference.

Five scenarios are thus considered:

1. 20mm thickness Island panel, Copper pipes, 10cm gap;

2. 20mm thickness Island panel, Copper pipes, 20cm gap;

3. 20mm thickness Island panel, Aluminium pipes, 10cm gap;
4. 20mm thickness Island panel, Aluminium pipes, 20cm gap;
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5. 12.5mm thickness gypsum panel, Copper pipes, 10cm gap.

Impacts will be detailed to understand contribution of each part taken into account in the five
scenarios.

3.2.2.3 Scope specification
The unitof analysisis:i@ ei | i ng panel able to produce a heat.i

The area taken into account for each of them will vary, function of their heating performances.
Tripan Leichtbauteile Wimmer GmbH investigated, in laboratory, the heating power per square
meter of several panels for a water inlet of 35°C:

Table 77 Tripan Leichtbauteile Wimmer GmbH Island panel heating power.

Island panel, 20mm|Gypsum closed panel;
thick 12,5mm thick

Copper pipes, 10cm gaps 146 W/mz 80 W/mz2

Copper pipes, 20cm gaps 121 W/mz

Aluminium pipes, 10cm gaps 157 W/mz

Aluminium pipes, 20cm gaps 143 W/m2

These panels slightly differ from the final expected designs. Here panel pipes are individual
straight pipes, connected one to another outside of the panel with plastic pipes to form a
network. In final designs, there is only one flat coil pipe which crosses the whole panel area
and has only two branch pipe sections that go out of the panel to be connected to the water
distribution system.

The areas of each panel needed to provide heating power of 1kW are calculated from Table 7
and displayed in Table 7.

Table 87 Tripan Leichtbauteile Wimmer GmbH Island panel areas studied.

Island panel, Gypsum closed panel;
20mm thick 12,5mm thick
Copper pipes, 10cm gaps 6,85 m? 12,5 m?
Copper pipes, 20cm gaps 8,26 m?
Aluminium pipes, 10cm gaps 6,37 m2
Aluminium pipes, 20cm gaps 6,99 m2
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These areas are taken into account in the following analysis.
The system boundaries are the following:
1 Temporal: cradle to gate;

1 Spatial: all components of the device described previously excepted edge covers and
lights. Junction system to the water network is also excluded due to a lack of data;

1 Technological: the manufacturing of each component and the assembly of the panels in
Tripan Leichtbauteile Wimmer GmbH plant are taken into. The waste treatment and the
furniture of consumables used in the plant are excluded;

1 Energetic: embodied and consumed energy for each component are taken into account.
Energy consumption during use (to heat water) is out of the system;

T Infrastructure: the land used for infrastructure of foreground system (i.e. Tripan
Leichtbauteile Wimmer GmbH plant) is taken into account.

It is worth noticing that the panel variants are compared on the basis of their primary function,
the heating power. It leads to slightly different results than if we were comparing the panels
within the context of an equivalent provided service. Indeed, as the assessment is cradle to
gate the basis of comparison is a unit of analysis and not a Functional Unit (FU). If the whole
life cycle were considered, a FU should be defined. In that case we would have taken into
account the use phase and, in particular, the necessary energy supply to heat the water going
into the pipes. Even if the potential heating power is identical for each variants compared in
the present study, the pipes length differ slightly thus the heat per unit of time, and the resulting
energy consumption for an equivalent service, are not exactly the same for each variant.

The structure of the system under study is defined in the following. The system is broken down
into four parts:

I Fixing system;
T Component supply;

o Island ceiling-panel:
Aluminium honeycomb;
Aluminium sheets;
Pipes;

Adhesive;

Paint;

O O O o o

0 Gypsum panel with pipes;
1 Energy supply;

0 Surface coating;

o0 Expansion (honeycomb);

o Cutting (honeycomb);
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0 Bounding;

1 Infrastructure.

Notice that the choice of the pipes6 mat er i al h as eaclatherpagt byenodifyeng
the area of panel considered. Indeed, fixing system, component supply, energy supply and
infrastructure date are given by square meter of panel and, as shown in Table 7 and Table 8,
nature of pipe material influences the heating power and in consequence the area of panel
taken into account.

3.2.2.4 Inventory elaboration
x  Specific data

Data collection has been performed by Marion Sie and Romain Breuil (CYCLECO) from Peter
Wimmer (Tripan Leichtbauteile Wimmer GmbH).

Notice that data collected for pipes correspond to portions of straight tubes, curved sections
are neglected (as in Tripan Leichtbauteile Wimmer GmbH heating power study).

The following tables show reference flows of each part of the system for 1m? panel.

As far as the fixing system is concerned, several options have been studied and compared
and two of them (matching with the best and the worst case) are kept into consideration for the
eco-design study. The bill of materials of these options are presented in the following table.

Table 91 Bill of materials of the fixing systems (for 1m? panel) (1% assessment).

Options Components Quantity for 1m? panel | Unit
1. Steel* screws Steel screws 5,00E-02 kg
Steel screws 0,1 kg

2. Steel* profiles

Steel profiles 0,94 kg

* Steel is chromium steel % recycled.
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Table 10 7 Bill of materials of the ceiling panels (for 1m? panel) i Materials supply (15t assessment).

Options Stc;mpone Options Materials Quantity |Unit |Comments
Aluminium pipes 10cm gap | Aluminium pipes Dext=10mm, t=1mm | 8,36 m 60% recycled
Aluminium pipes 20cm gap | Aluminium pipes Dext=10mm, t=1mm | 4,18 m 60% recycled.
. : : _ _ 44% recycled
Pipes Copper pipes 10cm gap Copper pipes Dext=10mm, t=1mm 8,36 (ecoinvent)
. . _ _ 44% recycled
island panels Copper pipes 20cm gap Copper pipes Dext=10mm, t=1mm 4,18 m (ecoinvent)
Aluminium Honeycomb 0,50 kg 60% recycled
Aluminium sheet 4,32 kg 60% recycled
Adhesive thermoplast. 0,2 kg Ethylene vinyl acetate
copolymer
Paint 1 m2 Glycero (2 layers)
Copper pipes Copper pipes Dext=10mm, t=1mm 8,36 m
Gypsum plaster board 1,25E-02 |m?
Gypsum panel 50% chromium steel
copper pipes | Thermal conduction profile Aluminium and chromium steel sheet |2 kg 50% aluminium
Mineral coat 0,6 kg
Paint 1 m? Glycero (2 layers)

www.inspirefp7.eu
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Table 117 Bill of materials of the ceiling panels (for 1m? panel) i Energy supply (1% assessment).

i 2
Electricity Quantity for 1m Unit Comments
panel

Bounding 5,00E-02 kWwh Austrian electricity mix
Cutting (honeycomb) |6,6E-02 kWh Austrian electricity mix
Expansion 1,7E-02 kWh Austrian electricity mix
(honeycomb)

Surface coating 0,2 kWwh Austrian electricity mix

Table 121 Bill of materials of the ceiling panels (for 1m? panel) i Infrastructure (15t assessment).

Row 1 .
?rl;?nt;tzelfor Unit |Comments
Row 2 P
Allocation per m2 of panel
- 2
Factory 2 50E-07 D for : 100000m? of panels
produced per year during
40 years (=1/4000000)
CYCLECO assumption :
L . Tripan Leichtbauteile
2
Occupation, industrial area 24000 m3a | \vimmer GmbH factory life
span: 40years
Area of Tripan
Transformation, from unknown | 600 m? Leichtbauteile ~ Wimmer
GmbH factory
. : : Area of Tripan
;Il'rrsgsformatlon, to industrial 600 m? Leichtbauteile ~ Wimmer
GmbH factory

x  Generic data

The generic database used for this assessment is ecoinvent (ecoinvent Centre, 1998) in its
version 2.2.

3.2.2.5 Impacts assessment

The following figures show the comparison of scenarios (including Component supply, Fixing
system, Energy supply and Infrastructure) with a variation on fixing system used:

1 Steel profiles (the option with major impacts) on Figure 14;

i Steel screws (the option with minor impacts) on Figure 15.
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Figure 141 Impacts comparison of Tripan Leichtbauteile Wimmer GmbH Island panel scenarios with steel profiles
fixing system (first assessment).
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Figure 1571 Impacts comparison of Tripan Leichtbauteile Wimmer GmbH Island panel scenarios with steel screws
fixing system (first assessment).
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CYCLECO noted that the choice of steel profiles version as the fixing system causes a 23%
average augmentation of impacts facing steel screws fixing system but, at it can be seen in

the previous figures, i t

doesndt substantially change

The following table provides the impacts of the island panels with steel screws fixing system.

Table 137 Embodied environmental impacts of Tripan Leichtbauteile Wimmer GmbH island panels with steel

screws fixing system.

W'tpl steel Island Island Island Island Gypsum

5\;%: (:eel panel Cu [panel Cu |panel Al panel Al |[panel-Cu [Unit

serews 20cm 10cm 20cm 10cm 10cm

Non- 1,48E+03 |1,35E+03 |[1,21E+03 |1,17E+03 |1,76E+03

;enr;er‘g;b'e 119E+03 |1,10E+03 |959E+02 |9.42E+02 |1,31E+03 |<M

Climate 3,59E+02 |3,24E+02 ([2,96E+02 |[2,88E+02 |3,93E+02 kg CO»

change 2,91E+02 |[2,68E+02 |[2,39E+02 |2,35E+02 |2,90E+02 eq

Acidification 3,56E+00 |4,41E+00 |[1,62E+00 |(1,57E+00 |7,01E+00 molc H*
3,16E+00 |4,086+00 |1,28E+00 |[1,26E+00 |(6,41E+00 €q

Terrestrial 4,15e+00 |[4,68E+00 |2,40E+00 [2,32E+00 |7,46E+00 molc N

eutrophication |3 45E+00 |4,09E+00 [1,80E+00 |[1,77E+00 |6,39E+00 eq

Freshwater_ 7,31E-01 1,08E+00 |1,47E-01 1,42E-01 |1,85E+00 KA P e

eutrophication [6 956-01 | 1,056+00 |1,16E-01 |1,156-01 |1,80E+00 | 9" ©d

Freshvx_/a_ter 2,84E+03 |3,61E+03 |[1,18E+03 |1,13E+03 |6,40E+03 CTUe

ecotoxicity 2,25e+03 |3,12E+03 |6,86E+02 |6,74E+02 |5,51E+03

Land use 4,36E+02 |4,35e+02 |3,13E+02 |3,02E+02 |6,78E+02 kg C
3,64E+02 |[3,75E+02 (2,52E+02 [2,47E+02 |5,69E+02 |deficit

It can be observed that the worst scenario is the gypsum panel, followed by the Tripan
Leichtbauteile Wimmer GmbH island panels including copper pipes. The Tripan Leichtbauteile
Wimmer GmbH island panels including aluminium pipes show the best environmental
performances.

We can conclude that:

f

www.inspirefp7.eu

The referential gypsum closed panel has the worst environmental impacts in each
category.

In each environmental impact categories, aluminium scenarios present better results than
copper scenarios;

20cm aluminium pipes gap version has slightly more impacts than 10cm aluminium pipes
gap. For the copper pipes ver si on yimpattdtisan
20cm pipes gap version (except on non-renewable energy and climate change);

Aluminium pipes and 10cm gap appears to be the best from an environmental point of
view.
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3.2.2.6 Analysis and interpretation
x  Hot spot analysis

We want to determine in this hot spot analysis the relative importance of each part of the panel
and of pipes material in the environmental impacts. It will help us understanding the variations
between the scenarios.

Hot spot analysis will be conducted on two scenarios:
1 Aluminium pipes, 10cm gap ; the most favourable scenario;

T Copper pipes, 10cm gap.

The fixing system included is steel profiles. The unit of analysis is still the area of panel needed
to provide 1kW. Thus, the two scenarios are identical except materials used for the pipes and
the area taken into account.

The hot spot analysis is focused on four impact categories:

1 Non-renewable energy and climate change, which are the most common and easy to
understand categories of impact;

1 Freshwater eutrophication, which present the largest variations between the two scenario
impacts;

1 Land use, to better show impacts of the factory land use.

First, we look at the decomposition of impacts of the whole system (component supply, fixing
system, energy supply and infrastructure) for both scenarios.

Non renewable Energy Climate change
100% 100%
90% 90%
80% BO%
0% 70%
60% 60%
508 S0%
409 4%
30% 30%
20% 20%
10% 10%
0% 0%
island panel - Al 10cm lsland panel - Cu 10cm Island panel - Al 10cm tsland panel - Cu 10cm
W Component supply M Infrastructure m Energy Supply M Fixing system (TRIP700-steel) m Component supply W Infrastructure ® Energy Supply ® Fixing system (TRIP700-steel)
Freshwater eutrophication Land use
100% 100%

902
80
70%
60%
500
40%
3%
208
10%

0%

o90%

B0%
T0%
60%
50%
4%
30%
20%
10%

0%

Island panel - Al 10cm Island panel - Cu 10cm Island panel - Al 10cm Island panel - Cu 10cm

m Component supply  Infrastructure M Energy Supply B Fixing system (TRIPZ00-steel) m Component supply B Infrastructure M Energy Supply  Fixing system (TRIP700-steel)

Figure 16 i Decomposition of impacts of the whole system (10cm gaps, Al pipes vs Cu pipes).
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Table 14 7 Embodied environmental impacts of the whole system (10cm gaps, Al pipes vs Cu pipes).

Cop_p_er pip_es Panel component | Infrastruct | Energy Fixing system (steel
Aluminium pipes supply ure supply profiles)
Non-renewable 9,31E+02 0,00E+00 | 3,54E+00 2,32E+02 kwh
energy 1,09E+03 0,00E+00 | 3,80E+00 2,50E+02
2,33E+02 0,00E+00 | 8,03E-01 5,41E+01
Climate change kg CO2
2,65E+02 0,00E+00 | 8,64E-01 5,82E+01 €q
o 1,25E+00 0,00E+00 | 1,86E-03 3,20E-01 molc H*
Acidification
4,06E+00 0,00E+00 | 2,00E-03 3,44E-01 €q
Terrestrial 1,75E+00 0,00E+00 4,14E-03 5,64E-01 molc N
eutrophication 4,07E+00 0,00E+00 | 4,46E-03 6,07E-01 eq
Ereshwater 1,13E-01 0,00E+00 | 5,67E-04 2,88E-02 kg P og
eutrophication 1,05E+00 0,00E+00 | 6,10E-04 3,10E-02
Freshwater 6,58E+02 0,00E+00 | 6,50E-01 4,68E+02 CTUG
ecotoxicity 3,10E+03 0,00E+00 | 6,99E-01 5,04E+02
2,38E+02 5,99E+00 | 4,95E-01 5,76E+01 kg C
Land use o
3,66E+02 6,44E+00 | 5,33E-01 6,19E+01 deficit

We can see that the Energy supply is negligible on each impact category and the Infrastructure
land use represents less than 2%. Component supply is the main impact contributor on both
scenarios, representing around 80% of impacts, except for freshwater eutrophication on
copper scenario for which it represents 98%. Eventually, the fixing system represents around
20% of the whole impact. We remind here that the fixing system considered is the most
impacting one.

The hot spot analysis lead to the following conclusions:
1 The energy supply and the infrastructure impacts are negligible;

1 The component supply is the main impact contributor (around 80% for each scenario),
followed by fixing system (around 20% for each scenario);

1 For freshwater eutrophication, on copper pipes version, component supply reaches 98%
of the impact.

We focus now on the components supply part to find out the components which have the most
important impacts and investigate the importance of pipes material.

The following figures show the comparison of the component supply part for the two scenarios
of interest.
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Figure 17 i Contribution of the components supply for 10cm gap Tripan Leichtbauteile Wimmer GmbH Island panel, aluminium pipes version and copper
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Table 151 Embodied environmental impacts of the components supply for 10cm gap Tripan Leichtbauteile
Wimmer GmbH Island panel, aluminium pipes version and copper pipes version.

. . Aluminium | Aluminium Pipes .
Paint Adhesive copper/ Unit
honeycomb sheet L
aluminium
Non-renewable | 407E+01 | 2,97E+01 | 1,15E+02 | 6,70E+02 | 2,37E+02
energy 3,79E+01 | 2,76E+01 | 1,07E+02 | 6,23E+02 | 1,36E+02 | kwh
_ 6,88E+00 | 2,85E+00 | 2,95E+01 | 1,73E+02 | 5,21E+01 kg CO.
Climate change 6,40E+00 | 2,65E+00 | 2,75E+01 | 1,61E+02 | 3,48E+01 | gq
2,38E+01 | 1,50E+00 | 2,87E+01 | 1,66E+02 | 1,46E+02 kg C
Land use 2,21E+01 | 1,40E+00 | 2,67E+01 | 1,54E+02 | 3,38E+01 | deficit
Freshwater 2,37E-03 | 6,56E-04 | 1,46E-02 8,54E-02 | 9,43E-01
eutrophication | 2,20E-03 | 6,10E-04 | 1,36E-02 7,94E-02 | 1,72E-02 kg P eq
Acidification 541E-02 | 1,04E-02 | 1,55E-01 9,25E-01 | 2,92E+00 | molc H*
5,03E-02 | 9,68E-03 | 1,44E-01 8,61E-01 | 1,83E-01 |eq
eutrophication 8,49E'02 1,88E'02 2,03E-01 1,18E+00 2,57E'01 eq
Freshwater 1,09E+01 | 2,79E+00 | 8,34E+01 | 5,05E+02 | 2,50E+03
ecotoxicity | 1.02E+01 | 2,60E+00 | 7,75E+01 | 4,69E+02 | 9,82E+01 | CTUe

For aluminium version, the aluminium sheet is the main contributor on all categories of impact.
It represents between 67 and 71% on each impact for a weigh% of the panel of 75%.

For copper version, aluminium sheets are also the main contributors on non-renewable energy
and climate change (around 65%), nevertheless pipes are the major contributor on other
impacts as acidification (70%), freshwater ecotoxity (80%) or freshwater eutrophication (90%).

Copper pipes impacts are higher than aluminium pipes on each category, with a multiplier
factor which can reach x55 on freshwater eutrophication.

The differences observed between the two scenarios on the aluminium honeycomb, aluminium
sheet, adhesive and paint are due to the areas that are taken into account:

1 6,85mz for the copper pipes version;

1 6,37m2 for the aluminium pipes version.

Thereby, the higher impacts of the copper panel version facing the aluminium panel version,
are proportional to the difference of area taken into account: +7, 5%.

We can conclude that:
1 Aluminium sheets are the main contributors for aluminium pipes versions of panels;

T Copper pipes are the main contributors for copper pipes version on eutrophication,
acidification and ecotoxicity categories;
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1 Copper pipes impacts are higher than aluminium pipes on each category and reach
multiplier factor of x55 on freshwater eutrophication;

Eventually, we have studied in detail the predominance of gypsum panel environmental
impacts facing Island panels. It is due to the combination of two factors:

1 Lower heating power;

1 Use of copper for pipes (with 10cm gaps).

l ndeed, to provide 1kW power, the | ower heating
panel implies to study a larger area of panel: 12,5mz2. It represents an augmentation of 50 to

100% of the area taken into account facing other scenarios. Logically, the more you consider

a large area of panel, and the more you take into account larger quantity of materials which

include pipes.

Furthermore, as shown before, use of copper for pipes is a prevailing factor in environmental
impacts generation for these panels.

The combination of a 12,5m2 area with the use of copper pipes leads to an important use
consumption of copper and an unfavourable environmental profile.

The final conclusions of the first assessment are:

1 Use of copper for pipes has harmful consequences on environment in comparison of
aluminium;

1 The best solution from an environmental point of view is Aluminium pipes, 10cm gaps
island panel.

3.2.3 Eco-design assessment n°2
3.2.3.1 Product description

A second screening of the study is carried out, taking into account a new material for pipes: a
polyethylene resin (ethylene-octene copolymer). The other features of the panel are similar.

3.2.3.2 Goal specification

The goal of the second assessment is to conduct the comparison of the scenarios already
studied adding a new scenario: 20mm thickness Island panel, polyethylene pipes, 10cm gaps.

3.2.3.3 Scope specification
The unit of analysis and system boundaries are the same than for the first assessment.

The heating power of the ceiling panel including PE pipes has not been investigated in
laboratory but an estimation is made (by Tripan Leichtbauteile Wimmer GmbH) of 120 watts
per square meter of panel (for a water inlet of 35°C).
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Heating powers and areas took into account are given in the Table 16 and Table 17.

Table 16 7 Tripan Leichtbauteile Wimmer GmbH Island panel heating power (second assessment).

Gypsum closed panel,

Island panel, 20mm thick 12.5mm thick

Copper pipes, 10cm gaps 146 W/mz 80 W/mz2

Copper pipes, 20cm gaps 121 W/mz

Aluminium pipes, 10cm gaps 157 W/mz

Aluminium pipes, 20cm gaps 143 W/m?2

Polyethylene pipes, 10cm gaps [120 W/mz?

Table 177 Tripan Leichtbauteile Wimmer GmbH Island panel areas studied (second assessment).

Island panel, 20mm thick Gypsum closed panel;

12,5mm thick
Copper pipes, 10cm gaps 6,85 m? 12,5 m?
Copper pipes, 20cm gaps 8,26 m?
Aluminium pipes, 10cm gaps 6,37 m?
Aluminium pipes, 20cm gaps 6,99 m2

Polyethylene pipes, 10cm gaps |8,33 m2

3.2.3.4 Impacts assessment

The following figures show the comparison of scenarios (including component supply, fixing
system, energy supply and infrastructure) with a variation on fixing system used:

1 Steel profiles (the option with major impacts) on Figure 18 and Figure 19;

1 Steel screws (the option with minor impacts) on Figure 20 and Figure 21.
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Figure 18 1 Impacts comparison of Tripan Leichtbauteile Wimmer GmbH Island panel scenarios with steel profiles
fixing system (second assessment).
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Figure 191 Focus on the impacts comparison of the PE and aluminium pipes panel with 10cm gap.
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Figure 201 Impacts comparison of Tripan Leichtbauteile Wimmer GmbH Island panel scenarios with steel screws
fixing system (second assessment).
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Figure 211 Focus on the impacts comparison of the PE and aluminium pipes panel with 10cm gap.
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Island panel with 10cm gaps aluminium pipes remains the best solution from an environmental
point of view no matter the fixing system take into consideration.

As it can be seen in Figure 19 and Figure 21, the choice of steel profile fixing system increases,
the differential of impacts between PE pipes panels and aluminium pipes panels (15% of gap
instead of 10%). This is due to the low heating power considered for the panel using PE pipes
and thus the large area of panel taken into consideration.

We can conclude that:

1 The steel profiles fixing systems has significant impacts on PE pipes panel, due to the large
area taken into account;

1 The aluminium pipes with 10cm gap still appears to be the best from an environmental
point of view.

3.2.3.5 Analysis and interpretation
x  Freshwater ecotoxicity impacts

A focus is performed on the freshwater ecotoxicity impacts of Tripan Leichtbauteile Wimmer
GmbH panel as ecotoxicity is a field of competence of CYCLECO.

Three panel versions are investigated, only the nature of the pipes change:
T Aluminium pipes, 10cm gap

1 Polyethylene pipes, 10cm gap

1 Copper pipes, 10cm gap

The steel screw fixing system is considered in each scenario. For each of our three scenarios,
the main elementary flows that contribute to this impact category are presented in the following
table.

Table 187 Embodied environmental impacts of Tripan Leichtbauteile Wimmer GmbH panels main elementary
fluxes contributor on freshwater ecotoxicity.

Aluminium pipes, Polyethylene Copper pipes, Uni
. nit
10cm gaps pipes, 10cm gaps 10cm gaps

Chromium VI to 597 468 959 CTUe
water
Antimony to 45,4 82.9 1300 CTUe
water
Zinc to water 23 26,1 103 CTUe
Total (including 1183 757 3120 CTUe
all fluxes)
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For the three panel versions, the main elementary flows contributing to the freshwater
ecotoxicity are the same: chromium VI, antimony and zinc to water. These three flows are
inorganics substances.

The calculation method used in this study for freshwater ecotoxicity is based onthe USEt o x E
model. This model is especially suitable for organic compounds. It applies characterization
factors for inorganics compounds with a relatively high uncertainty associated with estimates

of fate, exposure and effects for this substance group. The uncertainty can reach two orders

of magnitude on this impact category when the impact is due to inorganics substance.

Taking into account the uncertainties, we can conclude that Tripan Leichtbauteile Wimmer
GmbH panels including aluminium and PE pipes have less impacts than the others on
freshwater ecotoxicity. But we cannot conclude on which one of these three versions of the
panel is the best.

x  Sensitivity analysis

The heating power of the island panels with PE pipes has not been measured in laboratory, as
for the other panel types. 120W/m? is Tripan Leichtbauteile Wimmer GmbH assumption. To
make sure that the use of PE pipes can be a positive alternative from an environmental point
of view and thus, that this investigation is useful (for environmental purpose), we perform a
sensitivity analysis about environmental impacts of these panels depending on their heating
power per square meter. The unit of analysis is still the area of panel needed to provide 1kW
of heating power.

In this analysis, we varied the heating power of PE pipes panels by 10W/mz2 increments starting
from the initial assumption of 120W/m. Five heating powers were considered and applied to
the island panel with PE pipes and 10cm gaps: 110; 120; 130; 140 and 150W/m2.

These scenarios are compared with the best case, corresponding to an Island panel,
aluminium pipes and 10cm gaps (157W/m?). Thus the two systems considered are:

1. 20mm thickness island panel, polyethylene pipes, 10cm gap (with variable heating
powers);

2. 20mm thickness island panel, aluminium pipes, 10cm gap (157W/m?2).

This study allows us to determine the theoretical heating power per square meter that the
island panel with PE pipes should provide to become better form an environmental point of
view than the best scenario. The different scenarios are compiled in the Table 19.

Table 191 Heating powers and areas of panels taken into account in the sensitivity analysis.

Heating power (w/m?) Area of panel (m?)
Bolvethy] ) 110 9,09
olyethylene pipes
yermy PP 120 8,33
10cm gaps
130 7,69
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140 7,14
150 6,67
Aluminium pipes
s 157 6,37
10cm gaps

Results of the analysis are shown in the Figure 22. Notice that the ordinate axis of the graph
is given in percent of environmental impact because the variation of impacts for PE pipes
panel, facing the heating power, is true for each category of impacts studied here.
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Figure 227 Environmental impacts of PE pipes panel function of the heating power.

The interest of the use of polyethylene pipes, for environmental issues, will depend on the
heating power provided by the panel equipped with these pipes.

On the Figure 22, the reference value corresponds to the impacts for a 110W/m2 PE pipes
panel (i.e. 100% impacts). Impacts of Island panel with 10cm gap aluminium pipes are also
represented on the graph by the blue line (81% of the 110W/m? PE pipes panel). Impacts of
PE pipes panels decrease with the increase of their heating power.

The theoretical heating power which induced, for panel using PE pipes, equivalent
environmental impacts than the baseline scenario, using aluminium pipes, is 136W per square
meter of panel (valid only for Island panels with 10cm gap). This heating power per square
meter correspond with an area of 7,37m?, for a total heating power of 1kW.

Under 136W per square meter of panel, aluminium pipes remain the best solution. Above
136W per square meter, polyethylene pipes start to be relevant and favourable for
environmental issues. As a reminder, 120W/m? was the first estimate.
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Considering these results, we canot c ove loeenu d e

fulfilled to precise the heating power of such panels.
The final conclusions of the second assessment are:

1 If the panel with PE pipes reaches a heating power of 136W/m?, it has equivalent
environmental impacts than the panel with aluminium pipes (with 10cm gap);

9 Starting from a heating power of 136W/m2, PE pipes begin to be more favourable
scenarios;

T Investigation in laboratory about heating power is necessary to conclude about PE pipes
interest from an environmental point of view.

Notice as reminder that these conclusions only consider the environmental aspect. In a
decision context, there are also economic issues and the heating power needed regarding the
area of ceiling available.

3.2.4 Final assessment
3.2.4.1 Product description

The final version of the panel is made of an aluminium-honeycomb core with integrated
aluminium pipes with distances of 120 mm. The honeycomb is inserted between two aluminium
sheets. The aluminium layers, the honeycomb core and the pipes are glued together with an
organic adhesive. Panels are also painted before or after their installation. The whole panel is
perforated in order to receive the recessed luminaire. Panels are fixed in the existing ceiling
using a suspension system made of galvanized steel. The Figure 23 shows a picture of the
final version of the product.

Tripan Leichtbauteile

Wimmer GmbH
Ceiling panel Concrete ceiling
7
[ _ ; . Fﬁ-
N
Suspension hangers Profile for suspension
hangers

Figure 231 Drawing of the Tripan Leichtbauteile Wimmer GmbH ceiling panel [Tripan Leichtbauteile Wimmer
GmbH].
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3.2.4.2 Goal specification

The goal of the final assessment is to provide the environmental profile of the final version of
the panel. It is composed of aluminium pipes with distances of 120 mm and included a
suspension system made of galvanized steel (not assessed so far).

3.2.4.3 Scope specification

Theunitofanalysi s in®: sfjaoare meter of a ceiling panel ab
The system boundaries is the same as in the first assessment:

1 Temporal: cradle to gate;

1 Spatial: all components of the device described previously excepted edge covers and
lights. Junction system to the water network is also excluded due to a lack of data;

1 Technological: the manufacturing of each component and the assembly of the panels in
Tripan Leichtbauteile Wimmer GmbH plant are taken into. Generic transports of primary
materials to the plant are taken into account. The waste treatment and the furniture of
consumables used in Tripan Leichtbauteile Wimmer GmbH plant are excluded;

1 Energetic: embodied and consumed energy for each component are taken into account.
Energy consumption during use (to heat water) is out of the system as the analysis is cradle
to gate;

9 Infrastructure: the land used for infrastructure of foreground system (i.e. Tripan
Leichtbauteile Wimmer GmbH plant) is taken into account.

Table 20 i Bill of materials of 1m? Tripan Leichtbauteile Wimmer GmbH panel (final assessment).

Components Quantity |Unit |Comments

Aluminium pipes 120 mm gap 6 m 60% recycled. (0,077kg/m)
Aluminium Honeycomb 0,50 kg 60% recycled

Aluminium sheet 4,32 kg 60% recycled

Adhesive thermoplastic 0,2 kg Ethylene vinyl acetate copolymer
Paint 1 m? Glycero (2 layers)

Suspension system 15 kg Galvanized steel

3.2.4.4 Inventory elaboration
x  Specific data

T Collection of data on the product MarioncSemponent
(CYCLECO) from Andreas Pfleger (Tripan Leichtbauteile Wimmer GmbH). The

Table 20 shows the reference flows taken into account for the assessment of the unit of
analysis mentioned previously.

www.inspirefp7.eu Page47 of 80




iNSPiRe

Systemic energy
renovation of buildings

The energy supply and the infrastructure are the same than for the first assessments.
x Generic data

The generic database used for this assessment is ecoinvent (ecoinvent Centre, 1998) in its
version 3.1.

3.2.4.5 Impacts assessment, analysis and interpretation

The following table display the embodied environmental impacts of the Tripan Leichtbauteile
Wimmer GmbH ceiling panel.

Table 211 Embodied environmental impacts of the ceiling panel (final assessment).

Impact category Unit Total
Climate change kg CO- eq 42,27
Human toxicity, cancer effects CTUh 1,95E-05
Human toxicity, non-cancer effects CTUh 2,77E-05
Particulate matter kg PM2s eq 4,84E-02
Acidification molc H* eq 0,45
Freshwater eutrophication kg P eq 1,66E-02
Freshwater ecotoxicity CTUe 1153,67
Land use kg C deficit 70,22
Non-renewable energy kwh 199,29

The following charts show decomposition of impacts between the different parts of the system.
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Figure 241 Contribution of the different components to the whole ceiling panel embodied impacts (final
assessment).

The aluminium sheets represent the biggest share of the impacts (55% to 65% according to the impact category
considered), followed by the suspension system, the aluminium pipes and the aluminium honeycomb.

The environmental performance of the final version of the ceiling panel has been compared to
the one of the gypsum plaster board plus copper pipes solution. The area taken into account
for both products is 6.5 m? for the Tripan Leichtbauteile Wimmer GmbH ceiling panel and 12.5
m? for the fgypsum plasterboard plus copper pipes 10cm gaposolution.

This way, both product f ugroduce aheating posver aiékWRi u n &dsi o n,
mentioned previously, it is worth noticing that the panel variants are compared on the basis of
their primary function, the heating power. It leads to slightly different results than if we were
comparing the panels within the context of an equivalent provided service. Indeed, as the
assessment is cradle to gate the basis of comparison is a unit of analysis and not a FU. If the
whole life cycle were considered, a FU should be defined. In that case we would have taken
into account the use phase and, in particular, the necessary energy supply to heat the water
going into the pipes. Even if the potential heating power is identical for each variants compared
in the present study, the pipes length differ slightly thus the heat per unit of time, and the
resulting energy consumption for an equivalent service, are not exactly the same for each
variant.

The following chart and table shows the results oft he comparison.
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Figure 251 Impacts comparison of Tripan Leichtbauteile Wimmer GmbH ceiling panel and gypsum panel with
copper pipes (gap 10cm) solution.

Table 22 7 Embodied environmental impacts of the scenarios and impact savings of the ceiling panel compared
to the gypsum panel solution.

Unit Ceiling Gypsum panel with | Impact
panel copper pipes - savings
(final) 10cm
Non-renewable energy kwh 1295,35 1972,56 34%
Climate change kg CO2 eq 274,74 490,34 44%
Human toxicity, cancer CTUh 1,27E-04 | 3,12E-04 59%
effects
Human toxicity, non-cancer CTuUh 1,80E-04 5,05E-03 96%
effects
Particulate matter kg PM2.5eq | 0,31 1,16 73%
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