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1 Acronyms 

AHU: Air Handling Unit 

COP: Coefficient of performance 

CTUe: Comparative Toxic Unit for ecosystems  

CTUh: Comparative Toxic Unit for humans  

DHW: Domestic Hot Water 

EK: Envelope Kit 

H/C: Heating and Cooling 

ILCD: International Life Cycle Data system 

IPCC: Intergovernmental Panel on Climate Change 

ISO: International Standard Organization 

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 

MVHR: Mechanical Ventilation with Heat Recovery  

m-HP: micro heat pump 

PVC: Polychlorure de vinyle 

PV: Photovoltaic 

2 Introduction 

2.1 Context 

The iNSPiRe 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). 

This report is done in the framework of the work package 3 buildingôs envelope solutions, task 
3.8 LCA analysis of the envelope solutions. The main objectives of WP3 are to design 
industrialized kits enabling the reliable and cost-effective installation of envelope solutions: the 
Envelope Kits (EK). 

The objectives of task 3.8 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 ñcradle to gateò assessment means that the assessment goes from the primary materials 
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. In addition, 

https://fr.wikipedia.org/wiki/Polychlorure_de_vinyle


 

 

 

 

 

 

 

 

www.inspirefp7.eu   Page 4 of 64 

the uncertainties on the further life cycle steps are higher, especially for products potentially 
exported worldwide. The whole life cycle assessment is thus possible when implemented to a 
specific case (specific building type, specific location, specific time, etc.). Indeed, the most 
famous inventory databases, as ecoinvent (ecoinvent Centre 1998) or ELCD (Joint Research 
Centre 2006), provide cradle-to-gate datasets on construction products on the one hand, and 
transport processes per kg.km and energy consumption processes per kWh on the other hand. 
This way analysts can build the whole life cycle matching with its context. 

This report presents the cradle to gate assessment of the environmental impacts of the 
products manufactured by the iNSPiRe partners and included in the EK, and of the EK. It 
includes the analysis made all along the project with the objective of environmental 
optimization 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 

Five EK for renovation have been designed and developed within iNSPiRe framework: 

¶ 3 Wooden EK; 

¶ 2 Metal and glass EK. 

These kits include products designed and developed by iNSPiRe industrial partners: 

¶ Siko solar GmbH Micro Heat Pump (m-HP); 

¶ ClimateWell AB solar thermal Heating and Cooling (H/C) collector. 

The façade/roof kits are based on build-ups manufactured by two partners of the project: 
Gumpp & Maier GmbH and Groupo Industriale Tosoni for wooden and metal systems 
respectively. They include in addition the products developed by the partners Siko solar GmbH 
and ClimateWell AB, as well as other products available on the market, sold by MANENS-TIFS 
SPA as far as energy generation systems are concerned. 

The kits are not standards but tailor made to each renovation project. In contrast, the products 
developed by Siko solar GmbH and ClimateWell AB aim to be standardized. 

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

¶ The Ludwigsburg case study, led by Wohnungsbau Ludwigsburg GmbH; 

¶ 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 ñD.6.1 
Guidelines on Environmental and Cost Integrated Approach for Systemic Packagesò. 
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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 iNSPiRe 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 C-BUILD e-LICCO database (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. 

 

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 1 ï Selection of environmental impacts indicators for iNSPiRe project. 

Impact categories Unit Details Models 

Non-renewable 

primary energy 

consumption 

kWh 

It includes the non-renewable energy consumed, 

including losses during extraction, transport and 

transformation of energetic agents. It takes also 

into account the non-renewable energy contained 

in the materials. Non-renewable primary energy 

consumption of the unit of analysis ñfabrication of 1 

unit of productò is usually called by building 

professionals the embodied energy. 

CED ecoinvent 

(Frischknecht et al. 

2007) 

Climate change kg CO2 eq 

It characterizes the global warming potential taking 

into account the radiative forcing over a time 

horizon of 100 years. Biogenic carbon absorptions 

and emissions are taken into account as negative 

and positive values respectively (i.e. not neutral). 

Intergovernmental Panel 

on Climate Change 

(IPCC), 2007 

Acidification molc H+ eq 

It characterizes the increase in the amount of acidic 

substances in the lower atmosphere. These 

emissions are the cause of acid rain involving the 

decline of forests. The main compounds involved in 

this phenomenon are: SO2, NOx, NH3, HCl, HF. 

Acid deposition has effects on materials, forest 

ecosystems and freshwater ecosystems. 

(Seppälä et al. 2005; 

Posch et al. 2008) 

Freshwater 

eutrophication 
kg P eq 

It is the excessive enrichment of a soil in nutrients. 

This causes asphyxiation of aquatic ecosystems. 

ReCiPe 2008 (Struijs et 

al. 2009) 

Freshwater 

ecotoxicity 

Comparative 

Toxic Unit for 

ecosystems 

(CTUe) 

It evaluates the toxicity of the emissions of 

substances on ecosystems, or more specifically the 

potential risks induced by the presence of chemical 

compounds in a specific ecological system. 

USEtox (Rosenbaum et 

al. 2008) 
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Land use kg C deficit 

It quantifies the loss of soil organic matter due to 

(1) the occupation of a certain area for a given time 

as well as (2) the change of the utilization of the 

soil. 

(Canals et al. 2006) 

Human toxicity - 
cancer effect 

Comparative 
Toxic Unit for 
humans 
(CTUh) 

It evaluates chronic toxicological effects on human 

health from emissions of carcinogens. It provides 

an estimate of the increase in morbidity throughout 

the human population. 

USEtox (Rosenbaum et 

al. 2008) 

Human toxicity - non 
cancer effect 

CTUh 

It evaluates chronic toxicological effects on human 

health from emissions of non-carcinogens. It 

provides an estimate of the increase in morbidity 

throughout the human population. 

USEtox (Rosenbaum et 

al. 2008) 

Particulate matter  kg PM2.5 eq 

It quantifies the impact of premature death or 

disability that particulates/respiratory inorganics 

have on the population, in comparison to PM2.5. It 

includes the assessment of primary (PM10 and 

PM2.5) and secondary PM (incl. creation of 

secondary PM due to SOx, NOx and NH3 

emissions) and CO. 

(Spadaro and Rabl 

2004) 
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3 Products 

3.1 ClimateWell AB solar thermal heating and cooling collector 

3.1.1 Introduction 

In the framework of iNSPiRe project ClimateWell AB developed a thermal H/C collector. The 
product is a solar thermal collector with integrated sorption modules that provides both H/C. 
Its functions are therefore heating, cooling, and providing Domestic Hot Water (DHW). 

A first assessment of the product has been conducted between M13 and M20 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 n°1 

3.1.2.1 Product description 

The solar thermal H/C collector (or thermal heat pump) is represented in Figure 1. 

 

 

Figure 1 ï Illustration of the ClimateWell AB solar thermal collector (at M12 of the iNSPiRe project) [ClimateWell 
AB]. 

ClimateWell AB manufactures the sorption modules that are integrated into the solar collector 
(see the sorption modules in Figure 2). 

 

Figure 2 ï Illustration of the sorption modules [ClimateWell AB]. 
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The collector is then installed on a building and connected to a hydraulic system with pumps, 
valves and storage tanks. In the   iNSPiRe project ClimateWell AB also provides the integration 
in the collector. Solar thermal engineering and installation companies provide other 
components needed.  

ClimateWell AB thermal heat pump is a sealed glass tube with LiCl and water inside a vacuum 
environment. The glass tubes are manufactured from pure borate silica glass in the Czech 
Republic and stacked with a porous inert non-hazardous material. The tubes are then sent to 
Stockholm where the porous material is coated with LiCl and water; the tubes are evacuated 
and sealed. The tubes are now fully functional thermal heat pumps, but in order to make them 
useful they need to be integrated in a system that can harvest solar heat and deliver heat and 
cold to a building. The glass tubes are therefore sent to a company in Poland where they are 
integrated into solar absorbers (glass tube or aluminium flat plate) and either aluminium fins 
for air heat transfer or copper tube for glycol transfer. The whole is then placed in standard 
collector casings with back and side insulation, front convective barrier and anti-reflective 
glazing.  

The thermal collector consumes electricity in order to pump the heat transfer fluid through the 
collector. Also for rejecting heat for cooling production electricity to drive the dry cooler is 
necessary. It can also consume glycol if this heat transfer medium is chosen.   

The sorption tubes are designed to last as long or longer as a high quality thermal collector, 
that is to say at least 20 years.  

At its end of life, it is easy to disassemble the product from the system it is part in in view of 
reuse or recycling. The product is made of several parts/materials and can be easily dismantled 
and all parts / materials of the product are recyclable with nowadays available techniques. 

 

3.1.2.2 Goal specification 

The goal of the first assessment is to compare three variants of the product for eco-design 
purpose: 

¶ Vacuum tube ï Air; 

¶ Flat plate ï Air; 

¶ Flat plate ï Glycol. 

The products are equally efficient. 

 

3.1.2.3 Scope specification 

The unit of analysis is: ñone ClimateWell AB thermal heat pump of 1,4 m2 of an average 
coefficient of performance (COP)  of 0.2 (cooling ï summer operation) and 0.5 (heating ï winter 
operation)ò. 

The system boundaries are the following:  

¶ Temporal: cradle to gate; 

¶ Spatial: all components of the thermal heat pump described previously. Glycol (when 
relevant) excluded for cradle to gate assessment; 

¶ Technological: the manufacturing of components is taken into account. The assembly 
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of heat pump is excluded due to lack of data as well as the waste treatment and 
furniture of consumables used in CTT plant; 

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

¶ Infrastructure: infrastructure of foreground system is neglected. 

 

The system is broken down in three parts:  

¶ Glass tube (i.e. the sorption modules); 

¶ Solar absorber (for heat collection); 

¶ Collector casing (i.e. the frame). 

 

It is worth noticing the average COP of the solar thermal collector variants is identical. The 
COP is retrieved from simulations of the Flat plate ï Glycol and Vacuum tube ï Air variants. 
No simulation was performed for the Flat plate ï Air variant for which we assume the COP is 
similar to the two other scenarios. We have to keep in mind the COP is influenced significantly 
by location and application. Nevertheless it is likely that the COP variation according to the 
context of use is comparable for every scenario. The results of the cradle-to-gate comparison 
can thus be considered as valid.  

 

3.1.2.4 Inventory elaboration 

× Specific data 

Data collection has been performed by Marion Sie (CYCLECO) from Olof Hallstrom 
(ClimateWell AB). Following tables show reference flows of each scenario. 

 

Table 2 ï Bill of materials of the three scenarios of the ClimateWell AB solar thermal collector (1st assessment). 

    
Flat plate - 
Air 

Vacuum 
tube - Air 

Flat plate - 
Glycol Unit 

Glass tubes 1 1 1 p 

  Glass tube, borosilicate 26 26 26 kg 

  Lithium chloride 8 8 8 kg 

Solar absorber 1 1 1 p 

  Aluminium sheet 32% recycled 3 0 3 kg 

  Selective zinc coating 1,7 0 1,7 m2 

  Vacuum tube (glass tube, borosilicate) 0 30 0 kg 

  
Brazed aluminium sheet metal with 
micro-channels 

3 3 0 kg 

  Laser welded copper tubes 0 0 3,2 kg 



 

 

 

 

 

 

 

 

www.inspirefp7.eu   Page 11 of 64 

Collector casing 1 1 1 p 

  Aluminium sheet 32% recycled 15,5 15,5 15,5 kg 

  Mineral wool insulation 4 4 4 kg 

  Polyurethane foam insulation 2,5 2,5 2,5 kg 

  
Teflon convective barrier 
(tetrafluoroethylene film on glass) 

0,1 0 0,1 kg 

  Anti-reflexive glazing (flat glass, coated) 17 17 17 kg 

 

× 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 impact assessment has been conducted on seven impacts categories: Non-renewable 
energy, climate change, acidification, terrestrial eutrophication, freshwater eutrophication, 
freshwater ecotoxicity and land use. The following figure shows the impacts comparison. 

 

 

Figure 3 ï Impacts comparison of the ClimateWell AB solar thermal collector scenarios (1st assessment). 

  

Table 3 ï Embodied environmental impacts of the three scenarios of the ClimateWell AB solar thermal collector 
(1st assessment). 

 
Vacuum tube 
- Air 

Flat plate - 
Glycol 

Flat plate - 
Air  

Non-renewable energy 1447,75 1345,81 1393,92 kwh 
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Climate change 335,90 348,72 363,83 kg CO2 eq 

Acidification 2,10 3,16 2,66 molc H+ eq 

Terrestrial eutrophication 4,72 7,01 6,66 molc N eq 

Freshwater eutrophication 0,16 0,36 0,16 kg P eq 

Freshwater ecotoxicity 715,16 1296,87 815,05 CTUe 

Land use 215,17 273,25 267,44 kg C deficit 

 

First conclusions can be drawn: 

¶ ñVacuum tube ï Airò scenario seems to be the best option, except for non-renewable 
energy impact indicator; 

¶ ñFlat plate ï Glycolò scenario is the worst option regarding all effect indicators related 
to biodiversity. 

The distribution on climate change and non-renewable energy are not similar. The following 
hot spot analysis will provide explanations to that observation. 

 

3.1.2.6 Analysis and interpretation 

× Hot spot analysis 

The following charts show decomposition of impacts between glass tubes, solar absorber and 
collector casing for the three scenarios.  

 

  

Figure 4 ï Decomposition of impacts of the Vacuum Tube (VT) ï Air scenario. 
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Figure 5 ï Decomposition of impacts of the Flat Plate (FP) ï Glycol scenario. 

 

 

Figure 6 ï Decomposition of impacts of the Flat Plate (FP) ï Air scenario. 

The following charts show the comparison between each type of glass tubes, solar absorber 
and collector casing respectively. 
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Figure 7 ï Impacts comparison of the glass tubes variants.  

 

 

Figure 8 ï Impacts comparison of the solar absorber variants. 
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Figure 9 ï Impacts comparison of the collector casing variants. 

 

First of all, we note that the distribution on climate change and non-renewable energy are 
similar for the glass tubes and the solar absorber, but not for the collector casing. It comes 
from the presence in the collector casing for FP exchanger of a Teflon convective barrier. The 
climage change impact is due to the production tetrafluoroethylene involved in the manufacture 
of this convective barrier. 

Further conclusions can be drawn from this hot spot analysis: 

¶ The ñVacuum tube ï Airò is not the best option on non-renewable energy because of 
the energy consumption (natural gas and electricity) to make the additional 30kg of 
borate silica glass to be included in the solar absorber; 

¶ The ñFlat plate ï Glycolò scenario is the worst option regarding all effect indicators 
related to biodiversity because of the fabrication of the solar absorber for FP-Glycol, 
and more specifically: 

o Water emissions of coating process of the aluminium sheet; 

o Refinery of copper used in the solar absorber; 

o Sulfidic tailing impoundment due to copper beneficiation.  

× Sensitivity analysis 

The following chart shows the scenarios comparison with modification of recycled aluminium 
content in primary material (from 32 to 90%). 
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Figure 10 ï Impacts comparison of the ClimateWell AB solar thermal collector with an aluminium recycled content 
of 90%. 

It can be noted that the discrepancies between ñVacuum tube ï Airò scenario impact and other 
scenarios impact on non-renewable energy consumption is bigger when we raise recycled 
aluminium content up to 90%. 

We can conclude that: 

¶ ñVacuum tube ï Airò cannot be considered as the best compromise; 

¶ The best compromise is ñFlat plate ï Airò scenario. 

 

3.1.3 Final assessment 

3.1.3.1 Product description 

The final version of the ClimateWell AB thermal collector is the ñVacuum tube ï Airò option. 

 

3.1.3.2 Goal specification 

The goal of the final assessment is to provide the environmental profile of the final version of 
the solar thermal collector. The last version of the ecoinvent database, to date, is used as well 
as the updated list of environmental impacts indicators. 

 

3.1.3.3 Scope specification 

The unit of analysis and system boundaries (except for primary materials transport) are the 
same than for the first and second assessments.  

The system boundaries are the following:  

¶ Temporal: cradle to gate; 

¶ Spatial: all components of the thermal heat pump described previously; 

¶ Technological: the manufacturing of components is taken into account. The assembly 
of heat pump is excluded due to lack of data as well as the transport of primary 
materials, the waste treatment and the furniture of consumables used in ClimateWell 
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AB plant; 

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

¶ Infrastructure: infrastructure of foreground system is neglected. 

¶  

3.1.3.4 Inventory elaboration 

× Specific data 

The data are the same than for the second assessment. The ñVacuum tube ï Airò option is 
considered. 

× Generic data 

The generic database have been updated from the previous assessments. Ecoinvent 
(ecoinvent Centre, 1998) in its version 3 is used for this assessment. 

 

3.1.3.5 Impacts assessment, analysis and interpretation 

The impact assessment has been conducted on the nine impacts categories listed in chapter 
2.3.3. The following table display the embodied environmental impacts of the ClimateWell AB 
solar collector. 

 

Table 4 ï Embodied environmental impacts of the ClimateWell AB solar thermal collector (final assessment). 

Impact category Unit Total 

Climate change kg CO2 eq 282.94 

Human toxicity, cancer effects CTUh 4.87E-05 

Human toxicity, non-cancer effects CTUh 1.16E-04 

Particulate matter kg PM2.5 eq 0.25 

Acidification molc H+ eq 2.33 

Freshwater eutrophication kg P eq 0.12 

Freshwater ecotoxicity CTUe 4552.61 

Land use kg C deficit 1284.01 

Non-renewable energy kwh 1404.70 

 

The following charts show decomposition of impacts between the different parts of the system. 
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Figure 11 ï Contribution of the components to the impacts of the ClimateWell AB solar thermal collector (final 
assessment). 

The collector casing represents the biggest share of the impacts (38% to 58% according to the 
impact category considered). 

For information, the comparison of the three versions of the thermal solar collectors studied 
for eco-design (chart displayed in Figure 10) has been updated using the last version of the 
ecoinvent database (3.1) and considering the final set of environmental impact categories (cf. 
chapter 2.3.3). The comparison is displayed below. 

 

Figure 12 ï Update of the impacts comparison of the ClimateWell AB solar thermal collector with an aluminium 
recycled content of 90%. 
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The ñFlat plate ï Glycolò scenario appears to be the worst option on evry indicators except 
non-renewable energy and land use. On both of these impact categories the ñVacuum tube ï 
Airò scenario is worse than the two other scenarios of a few percent. On 6 impact categories 
over 9, the ñVacuum tube ï Airò scenario is the best option. 

ñFlat plate ï Airò scenario is better than at least one of the two others on every impacts 
indicators.  

The second assessment lead to the following conclusions: 

¶ The ñFlat plate ï Glycolò scenario is the worst option, in particular on indicators affecting 
human health and ecosystem quality; 

¶  The ñFlat plate ï Airò and Vacuum tube ï Airò scenarios are the best compromises. 

We remind that the COP of the ñFlat plate ï Airò is not known. The validity of the conclusion on 
this scenario is based on the assumption that its COP is similar to the one of the two others 
variants. 

 

3.1.4 Conclusion 

One eco-design assessments have been conducted during the project on the ClimateWell AB 
solar thermal heat pump in which three scenarios were compared: ñVacuum tube ï Airò heat 
pump, ñFlat plate ï Airò heat pump and ñFlat plate ï Glycolò heat pump. None of these options 
appeared to be the best or the worst on every impacts categories. Nevertheless, the ñFlat plate 
ï Glycolò scenario can be defined as the worst option, in particular on indicators affecting 
human health and ecosystem quality.  

ClimateWell AB has chosen the ñVacuum tube ï Airò option for its final product. 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 collector casing represents the biggest share of the impacts. Besides, the scenarios 
comparison update shows that the ñVacuum tube ï Airò thermal collector is one of the most 
eco-friendly option. 

3.2 Siko solar GmbH micro heat pump 

3.2.1 Introduction 

In the framework of iNSPiRe project Siko solar GmbH developed a m-HP. It is both an air-to-
air heat pump and a mechanical ventilation unit with waste heat recovery to be setup in 
prefabricated wooden facade kits. It uses external air to provide heating (potentially cooling) 
and ventilation for building. 

A first assessment of the product has been conducted between M18 and M20 in order to 
provide a first estimate of the product environmental impacts and hot spots. 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. 
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3.2.2 Eco-design assessment 

3.2.2.1 Product description 

The micro-heat-pump designed by Siko solar GmbH is presented in Figure 13. 

 

 

Figure 13 ï Illustration of the Siko solar GmbH m-HP implemented in a wooden façade [Siko solar GmbH]. 

The mechanical ventilation heat recovery is composed with a traditional setup of evaporator, 
compressor and condenser circuit with a cryogenic agent.  

The heat pump has an air flow capacity from 60 to 140m3/h with heating capacity around 1kW. 
The size of the component is 70 x 26 x 175 cm. The life span of the product is estimated to be 
20 years with constant performances during this period. 

 

3.2.2.2 Goal specification 

The goal is to provide an estimate of the environmental impacts of the products and to identify 
hot spots. No eco-design is currently envisaged for this product. 

 

3.2.2.3 Scope specification 

The unit of analysis is: ñone Siko solar GmbH m-HP of 1kW heating power and of an air flow 
capacity from 60 to 140m3/hò.  

The system boundaries are the following:  

¶ Temporal: cradle to gate; 

¶ Spatial: all components of the thermal heat pump described previously; 

¶ Technological: the manufacturing of components is taken into account. The assembly 
of heat pump is excluded due to lack of data as well as the waste treatment and 
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furniture of consumables used in Siko solar GmbH plant; 

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

¶ Infrastructure: infrastructure of foreground system is neglected. 

The system is broken down in several parts:  

¶ Housing; 

¶ Condenser; 

¶ Compressor; 

¶ Compressor oil; 

¶ Evaporator; 

¶ Cryogenic agent (R404a); 

¶ Duct connectors; 

¶ Copper pipes; 

¶ Insulator; 

¶ Screws; 

¶ Wiring. 

3.2.2.4 Inventory elaboration 

× Specific data 

Collection of data regarding the productôs components has been performed by Marion Sie and 
Romain Breuil (CYCLECO) from Alexandra Fimml and Arthur Sief (Siko solar GmbH). The 
Table 5 shows reference flows of the product.  

Table 5 ï Bill of materials of the Siko solar GmbH m-HP (1st assessment). 

Component Details Quantity   

Wiring Section 2,5mm2, 4 conductors 3,77 m 

Screws  
Aluminium* 0,09 kg 

Chromium steel* 0,09 kg 

EPDM insulation   3,36 kg 

Housing Chromium steel* 38,9 kg 

Evaporator 

Aluminium* 2,77 kg 

Copper 2,77 kg 

Chromium steel* 2,77 kg 

Duct connectors Chromium steel pipes* 0,1 kg 

Cryogenic agent  R404a 1,1 kg 

Copper pipes   2,36 kg 

Condensor 

Aluminium* 1,367 kg 

Copper 1,367 kg 

Chromium steel* 1,367 kg 

Compressor oil   0,526 kg 

Compressor Chromium steel* 11,6 kg 
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*The recycled content of the metals matches with average ecoinvent data. They are the 
following: 

¶ Chromium steel: 60% (generic data); 

¶ Copper: 29% (generic data); 

¶ Aluminium: 60% (generic data). 

 

× Generic data 

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

Note: the data used for the production refrigerant fluorinated gases R404a is the data of R134a. 
It is the only refrigerant available in the ecoinvent2.2 database. The emissions in the air were 
adjusted to correspond to each F-gases. The assumption is made that 3% of the refrigerant is 
lost during the process.  

 

3.2.2.5 Impacts assessment 

The impact assessment has been conducted on seven impacts categories: non-renewable 
energy, climate change, acidification, terrestrial eutrophication, freshwater eutrophication, 
freshwater ecotoxicity and land use. The following table shows the impacts of a typical Siko 
solar GmbH m-HP. 

 
Table 6 ï Embodied environmental impacts of the Siko solar GmbH m-HP (1st assessment). 

 Impact Unit  

Non-renewable energy 1926,164 kwh 

Climate change 627,283 kg CO2 eq 

Acidification 3,969 molc H+ eq 

Terrestrial eutrophication 5,419 molc N eq 

Freshwater eutrophication 0,653 kg P eq 

Freshwater ecotoxicity 4744,425 CTUe 

Land use 516,212 kg C deficit 

 
3.2.2.6 Analysis and interpretation 

× Hot spot analysis 

The following table and figure show the impacts repartition between each components of the 
system. 
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Table 7 ï Environmental impacts of the Siko solar GmbH m-HP components (1/2) (1st assessment). 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 Compressor 
Compressor 
oil 

Condenser 
Copper 
pipes 

Cryogenic 
agent 
(R404a) 

Duct 
connectors 

Unit 

Non-renewable 
energy 

3,17E+02 1,16E+01 9,55E+01 3,89E+01 4,77E+01 7,08E+00 kwh 

Climate change 7,43E+01 5,44E-01 2,29E+01 8,54E+00 2,00E+02 1,78E+00 kg CO2 eq 

Acidification 4,54E-01 5,69E-03 3,72E-01 4,78E-01 1,58E-01 1,12E-02 molc H+ eq 

Terrestrial 
eutrophication 

7,93E-01 6,58E-03 3,88E-01 4,04E-01 1,27E-01 1,97E-02 molc N eq 

Freshwater 
eutrophication 

3,80E-02 2,01E-04 9,92E-02 1,54E-01 3,16E-03 8,55E-04 kg P eq 

Freshwater 
ecotoxicity 

7,28E+02 6,02E-01 3,42E+02 4,10E+02 1,63E+01 2,18E+01 CTUe 

Land use 8,18E+01 7,32E+00 3,17E+01 2,39E+01 4,61E+00 1,96E+00 kg C deficit 
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Table 8 ï Environmental impacts of the Siko solar GmbH m-HP components (2/2) (1st assessment). 

 

 
 
 
 
 

 

 Evaporator Housing Insulator  Screws Wiring Unit 

Non-renewable 
energy 

1,93E+02 1,06E+03 1,15E+02 4,32E+00 1,21E+01 kwh 

Climate change 4,64E+01 2,49E+02 1,46E+01 1,06E+00 1,85E+00 kg CO2 eq 

Acidification 7,54E-01 1,52E+00 1,15E-01 6,03E-03 6,06E-02 
molc H+ 
eq 

Terrestrial 
eutrophication 

7,85E-01 2,66E+00 1,33E-01 9,54E-03 5,62E-02 molc N eq 

Freshwater 
eutrophication 

2,01E-01 1,27E-01 7,06E-03 5,71E-04 1,86E-02 kg P eq 

Freshwater 
ecotoxicity 

6,93E+02 2,44E+03 1,76E+01 5,93E+00 5,17E+01 CTUe 

Land use 6,43E+01 2,74E+02 1,65E+01 1,01E+00 2,87E+00 
kg C 
deficit 
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Figure 14 ï Contribution of the components to the impact of the Siko solar GmbH m-HP (1st assessment). 

The housing is the main contributor of the system on nearly each impact categories (except 
for the freshwater eutrophication). It represents an average of 45% of the impacts of the heat 
pump (from 55% on non-renewable energy and land use to 20% on freshwater eutrophication). 

The cryogenic agent (R404a) is negligible on each impact categories except the climate 
change on which it represents 33% of the impact. This main contribution is due to the important 
global-warming potential (3900) of this cryogenic agent. 

Components that use copper have major impacts on the freshwater eutrophication: 

¶ Evaporator, 30% of the impacts; 

¶ Copper pipes, 23% of the impacts; 

¶ Condenser, 17% of the impacts. 

 

The hot spot analysis lead to the following conclusions: 

¶ The main contributor on each impact categories (except freshwater eutrophication) is 
the housing: average contribution of 45% on the product impacts; 

¶ Cryogenic agent R404a has important impacts on climate change (33% of the impact); 

¶ Copper component is the main contributor on freshwater eutrophication. 

 

Some data and hypothesis could be refined to improve liability of results:  

¶ Regulation component composition; 

¶ Refining distribution of material in mixed materials; 
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¶ Validate the content in recycled materials; 

¶ Refining cryogenic agent modelling in SimaPro. 

 

Also, there is a lack of data on transport, consumable and energy consumption during 
assembly and waste treatment to perform a complete cradle-to-gate assessment. 

Notice that the European regulations on F-gases is going to change in the coming years. The 
use of this type of cryogenic agents will be prohibited in the near future and other alternative 
will have to be implemented for this type of system (hypercritical CO2 for example).  

 

3.2.3 Final assessment 

3.2.3.1 Product description 

The final version of the m-HP is closed to the one assessed previously except that some 
quantities of materials have been modified. The Figure 15 shows a picture drawing of the m-
HP. 

 

 

Figure 15 ï Illustration of the Siko solar GmbH m-HP [Siko solar GmbH]. 

 

3.2.3.2 Goal specification 

The goal of the final assessment is to provide the environmental profile of the final version of 
the m-HP. 
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3.2.3.3 Scope specification 

The unit of analysis is: ñone Siko solar GmbH m-HP of 1kW heating power and of an air flow 
capacity from 60 to 140m3/hò.  

The system boundaries are the same than for the first assessment (except for primary 
materials transports):  

¶ Temporal: cradle to gate; 

¶ Spatial: all components of the thermal heat pump described previously; 

¶ Technological: generic transports of primary materials are taken into account. The 
manufacture of components is taken into account. The assembly of heat pump is 
excluded due to lack of data as well as the waste treatment and furniture of 
consumables used in Siko solar GmbH plant.  

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

¶ Infrastructure: infrastructure of foreground system is neglected. 

 

3.2.3.4 Inventory elaboration 

× Specific data 

Collection of data on the productôs components has been performed by Marion Sie 
(CYCLECO) from Alexandra Fimml (Siko solar GmbH). The Table 9 shows the reference flows 
taken into account for the assessment of the unit of analysis mentioned previously. 

 

Table 9 ï Bill of materials of the Siko solar GmbH m-HP (final assessment). 

Component Details Quantity Unit 

Wiring Section 2,5mm2, 4 conductors 3,77 m 

Screws  Aluminium* 0,09 kg 

Chromium steel* 0,09 kg 

EPDM insulation   3,36 kg 

Housing Chromium steel* 38,9 kg 

Evaporator Aluminium* 2,77 kg 

Copper 2,77 kg 

Chromium steel* 2,77 kg 

Duct connectors Chromium steel pipes* 0,1 kg 

Cryogenic agent  R134a 1,2 kg 

Copper pipes   2,45 kg 

Condenser Aluminium* 1,81 kg 

Copper 1,367 kg 
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Chromium steel* 1,367 kg 

Compressor oil   0,610 kg 

Compressor Chromium steel* 12,5 kg 

* The recycled content of the metals have been established with Siko solar GmbH according 
to average ecoinvent data and information SIKO gets from its suppliers. They are the following: 

¶ Chromium steel: 60% (generic data); 

¶ Copper: 29% (generic data); 

¶ Aluminium: 90% (nb: Siko solar GmbH knows it is higher than regular aluminium ï 32% 
recycled content ï we suppose that for the final product Siko will be able to raise the 
recycled content up to the same value as Tripan Leichtbauteile Wimmer GmbH for the 
ceiling panel ï 90%). 

 

× Generic data 

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

 

3.2.3.5 Impacts assessment, analysis and interpretation 

The impact assessment has been conducted on the nine impacts categories listed in chapter 
2.3.3. The following table displays the embodied environmental impacts of the Siko solar 
GmbH m-HP. 

 

Table 10 ï Embodied environmental impacts of the Siko solar GmbH m-HP (final assessment). 

Impact category Unit Total 

Climate change kg CO2 eq 624,5 

Human toxicity, cancer effects CTUh 3,51E-04 

Human toxicity, non-cancer effects CTUh 1,32E-03 

Particulate matter kg PM2.5 eq 0,84 

Acidification molc H+ eq 6,18 

Freshwater eutrophication kg P eq 0,68 

Freshwater ecotoxicity CTUe 33340 

Land use kg C deficit 1300 

Non-renewable energy kwh 1900 

 

The following charts show decomposition of impacts between the different parts of the system. 
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Figure 16 ï Contribution of the components to the impacts of the Siko solar GmbH m-HP (final assessment). 

The housing and the evaporator represent the biggest share of the impacts (55% to 72% 
according to the impact category considered), followed by the condensor and the compressor.  

 

3.1.5 Conclusion 

An eco-design assessment has been conducted during the project on the Siko solar GmbH m-
HP in which the hot spots of the product were identified. This analysis showed that the main 
contributor on each impact categories (except freshwater eutrophication) is the housing. The 
cryogenic agent R404a has important impacts on climate change. Eventually, the copper pipes 
are the main contributor on freshwater eutrophication.  

A final assessment has been conducted on the final version of the product on a broader range 
of impacts indicators and using an updated version of the ecoinvent database. It appears that 
the housing and the evaporator represent the biggest share of the impacts, followed by the 
condensor and the compressor. The cryogenic agent R404a has important impacts on climate 
change. Eventually, the copper pipes are the main contributor on human toxicity non cancer 
effect, freshwater eutrophication and freshwater ecotoxicity. 

3.3 Gumpp & Maier wooden facade 

3.3.1 Introduction 

The Gumpp & Maier GmbH wooden façade is a precast renovation envelope, which the 
purpose is to be used for the renovation of residential buildings. It aims to be fixed on a pre-
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existing wall and to provide thermal and sound insulation, and protection from water and 
humidity. Figure 17 provides an illustration of a wooden precast façade. 

 

 

Figure 17 ï Illustration of a typical Gumpp & Maier GmbH wooden façade [Gumpp & Maier GmbH]. 

This façade is the main part of the wooden envelope renovation kits that also includes the m-
HP developed by Siko solar GmbH as well as solar collectors or photovoltaic panels. 

An assessment of an average Gumpp & Maier GmbH product has been conducted between 
M12 and M22 in order to provide an estimate of a wooden facade environmental impacts and 
hot spots. It is reported in this chapter.  

 

3.3.2 Eco-design assessment 

3.3.2.1 Product description 

The facade is composed of a timber construction frame in which are placed different layers 
(wood cladding, cellulose insulation, mineral wool, windowsé).  

The façade studied has the dimensions of 10,671 m length x 2,626 m height x 0,38 m thickness 
(28.02 m2) and is composed of: 

¶ 1. Insulation of ISOCELL-Cellulose Insulation, filling the app. 80 mm tolerance gap 
between the existing and the new wall; 

¶ 2. OSB 15 mm; 

¶ 3. Structure / insulation layer: wood Glue Lam 24 and construction Timber KVH. And 
insulation with ISOCELL-Cellulose fiber and Mineral wool;  

¶ 4. Fermacell 15 mm and 12,5 mm thickness; 

¶ 5. Breathable membrane with OMEGA 180 Underlay PLUS; 

¶ 6. Timber Battens and OSB 15mm counter battens; 
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¶ 7. Cladding with sawn wood, Nordic pine timber painted with KEIM Lingosil Color IQ 
(9406); 

¶ 8. Timber windows, insulated with, Jackson Kf 300 and Phonotherm 200 (RG 500). 

Notice that in general, wood used by Gumpp & Maier is from sustainable resources in terms 
of sustainable forestry. The consumer can choose if the wood used for the façade is certified 
or not (the price will be different as well as the environmental impacts).   

The following figure shows the section of this typical wooden framed façade. 

 

 

Figure 18 ï Picture of a section of a typical Gumpp & Maier GmbH wooden framed façade [Gumpp & Maier 
GmbH]. 

The life span of this façade is estimated to be 80 years by the Gumpp & Maier GmbH group. 

 

3.3.2.2 Goal specification 

At that moment of the project the design of the wooden façade that will be the basis of the kit 
is not known. In this assessment we study the environmental impacts of a basic and commonly 
manufactured Gumpp & Maier GmbH façade element to get general awareness of the 
contribution of each part to the global environmental impacts and, at the end, to give inputs for 
kits eco-design. Gumpp & Maier GmbH has a strong will to use LCA results to eco-design his 
product. 
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3.3.2.3 Scope specification 

The unit of analysis is: ñ1m2 of a typical wooden framed façade to be placed on an existing 
wallò.  

The system boundaries are the following:  

¶ Temporal: cradle to gate; 

¶ Spatial: all components of the typical façade described previously brought to 1m2 of 
wall are taken into account (no exclusion); 

¶ Technological: the manufacture of components is taken into account as well as the 
façade assembly. Only waste treatment and furniture of consumables used in Gumpp 
& Maier plant is neglected; 

¶ Energetic: the Embodied and the consumed energy for each component are taken into 
account as well as the energy consumed for assembly; 

¶ Infrastructure: infrastructure of foreground system is neglected. 

The system is broken down in two parts:  

¶ Components supply: it includes all the necessary processes to manufacture and bring 
façadeôs components to the plant. This part reflects the choices of Gumpp & Maier 
GmbH in terms of purchases; 

¶ Energy supply: it includes the energy consumed in the plant. This part reflects the 
choices of Gumpp & Maier GmbH in terms of energy efficiency and supply. That being 
said, the photovoltaic panels present on the roof of Gumpp & Maier GmbHôs factory 
are not considered in this study (panel manufacturing and electricity supply). 

 

3.3.2.4 Inventory elaboration 

× Specific data 

Data collection has been performed by Marion Sie (CYCLECO) from Sebastian Hernandez 
and Ana Maria Dominguez (Gumpp & Maier GmbH). The Table 11 shows the bill of materials 
of the typical facade. This wall element belongs to the TES renovation project Parkview HUB 
London. It illustrates the most commonly used features of a TES Wall element. From project 
to project, layers, materials and quantities may vary strongly. In the study, we have chosen to 
select a wood produced in a sustainable forest. The Component supply part includes the 
manufacture of these materials, whose quantities are brought to 1m2 of wall, and the transport 
of these materials from their manufacturing place to Gumpp & Maier GmbH plant (700km is 
considered as an average transport distance of these types of goods). 

 

Table 11 ï Bill of materials of a typical Gumpp & Maier GmbH wooden façade (28.02m2 of wall). 

  m² m³ kg 

OSB 3 EN 300 FO- verleimt  25,96 0,39 233,67 

Wood: Glue Lam 24   0,74 342,01 

Wood: Construction Timber KVH    1,18 596,77 
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Insulation: Mineral wool 3,66 0,99 49,60 

Insulation: ISOCELL-Zellusafaser 32,24 4,62 157,25 

Fermacell 15 mm 23,39 0,35 345,53 

Fermacell 12.5 mm 7,46 0,09 110,28 

Breathable membrane OMEGA 180 Underlay PLUS 19,98   3,60 

Cladding 19,98 0,40 201,75 

Windows 3,94   118,20 

Jackon Kf 300 1,93 0,29 10,86 

Phonotherm (RG 500)   2,5E-03 1,25 

Sills 1,55 3,87 E-02 10,80 

Ventilation ducts and steel profiles     1,54 

Total     2183,10 

 

The Table 12 presents the amount of energy consumed by the Gumpp & Maier GmbH plant 
during one year. The Energy supply part includes these amount of energy brought to 1m2 of 
wall. 

 

Table 12 ï Energy consumed by Gumpp & Maier GmbH plant during one year (1828.97m2 of wall). 

  kWh MJ L 

Electricity  11713,3   

Light fuel oil   35.87 1450,75 

× Generic data 

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

 

3.3.2.5 Impacts assessment 

The following table shows the environmental impacts of the typical wooden framed façade. 

 

Table 13 ï Embodied environmental impacts of a typical Gumpp & Maier GmbH wooden façade. 

 Impacts  Unit 

Non-renewable energy 327,25 kwh 

Climate change -54,87 kg CO2 eq 

Acidification 0,39 molc H+ eq 
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Terrestrial eutrophication 1,09 molc N eq 

Freshwater eutrophication 0,026 kg P eq 

Freshwater ecotoxicity 82,43 CTUe 

Land use 172,09 kg C deficit 

 

3.3.2.6 Analysis and interpretation 

× Hot spot analysis: 

The following figure and table present the impacts repartition between both parts of the system.  

 

 

Figure 19 ï Decomposition of impacts of a typical Gumpp & Maier GmbH wooden façade. 

  

Table 14 ï Environmental impacts of a typical Gumpp & Maier GmbH wooden faadeôs components and energy 
supply 

 
Components 
supply  

Energy 
supply 

Total  

Non-renewable energy 305,45 29,75 335,20 kwh 

Climate change -60,80 6,59 -54,20 kg CO2 eq 

Acidification 0,39 1,35E-02 0,40 molc H+ eq 

Terrestrial eutrophication 1,09 2,62E-02 1,11 molc N eq 

Freshwater eutrophication 2,19E-02 5,24E-03 2,71E-02 kg P eq 

Freshwater ecotoxicity 78,89 5,17 84,06 CTUe 

Land use 170,54 6,66 177,20 kg C deficit 
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The energy supply represents a maximum of 24% of the environmental impact. Eco-design 
effort must focus on components supply. 

The following chart shows the detail of the components supply part.  

 

 

Figure 20 ï Contribution of the components to the impacts of a typical Gumpp & Maier GmbH wooden façade. 

The biggest contributors to the environmental impacts are the following components: 

¶ Wood: Glue laminated timber; 

¶ Wood: Construction timber KVH; 

¶ Windows; 

¶ Transports from suppliers plant to Gumpp & Maier GmbH. 

 

3.3.3 Conclusion 

An eco-design assessment has been conducted during the project on a typical Gumpp & Maier 
GmbH wooden facade in which the hot spots of the product were identified. This analysis 
showed that the main contributors on each impact categories are the structural wood (glue 
laminated timber and KVH) and the windows. 
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3.4 Groupo Industriale Tosoni glass & metal façade 

3.4.1 Introduction 

The Groupo Industriale Tosoni glass & metal façade is a metal and glass framed façade. It is 
a precast envelope to be used for the renovation of office buildings, mainly for the thermal 
insulation. Figure 21 provides an illustration of a glass & metal precast façade module. 

 

 

Figure 21 ï Illustration of a Groupo Industriale Tosoni glass & metal façade module [Groupo Industriale Tosoni]. 

This module is the main part of the glass & metal envelope renovation kits that also includes 
Air Handling Unit (AHU) or ClimateWell AB solar thermal collectors. 

An assessment of the environmental impacts of a Groupo Industriale Tosoni glass & metal 
module has been conducted between M12 and M22. It is reported in this chapter.  

 

3.4.2 Eco-design assessment 

3.4.2.1 Product description 

The façade module is composed by a metal substructure (mullion and transom aluminium) 
which delimits three spaces: one upper opaque, one intermediate transparent and another one 
opaque at the bottom. Both opaque parts have rock wool insulation layer in the inner side. The 
transparent part is a double skin façade with a single external glass and a double glazed 
internal. Between these two glazing, there is a movable shading system made of steel lamella. 
The whole façade module is fixed at the building structure by an anchoring system. The Figure 
22 shows a representation of the façade element from inside and outside the building. 
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Figure 22 ï Illustrations of the inside and outside parts of a typical Groupo Industriale Tosoni Metal & Glass 
façade [Groupo Industriale Tosoni]. 

The system contains also accessories, which are plastic elements (EPMD, silicon and 
polyamide) that will used as joint or insulation system as illustrated in the following figure. 

 

 

Figure 23 ï Illustration of the accessories of a typical Groupo Industriale Tosoni metal & glass façade [Groupo 
Industriale Tosoni]. 

A glass & metal façade module has the approximate dimensions of 1500 mm length x 3500 
mm height x 300 mm thickness (5,25m2) and is built as a combination of layers. The main 
material characteristics are: 

¶ External monolithic glazing 8mm; 

¶ Internal openable double glazing 30 mm (8_16_44), 36kg; 

¶ Rockwool panel (50÷300) mm, density 60kg/m3; 

¶ Steel basic sheet 2mm; 

¶ Aluminium basic profile; 
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¶ Accessories (EPDM gasket, silicon and reinforced polyamide). 

The following figure shows the section of the Groupo Industriale Tosoni metal & glass façade 

module. 

 

 

Figure 24 ï Picture of a section of a typical Groupo Industriale Tosoni metal & glass façade [Groupo Industriale 
Tosoni]. 

The life span of the product is estimated at 50 years by Groupo Industriale Tosoni. 

At its end of life, it is easy to disassemble the product from the system it is part in. It is made 
of several parts/materials that can be dismantled in view of reuse of some parts of recycling.  

Itôs subdivided into smaller parts. Non-recoverable parts are placed in some containers before 
the tip and good parts are melted (for metal) or sent to recycling companies (for glazing). 

 

3.4.2.2 Goal specification 

The goal of the assessment is to get general awareness of the contribution of each part of the 
glass & metal façade module to the global environmental impact and, at the end, to give inputs 
for kits eco-design. It is worth mentioning that the design of the glass & metal façade that will 
be the basis of the kit is very close to the design of the module studied in this chapter. 
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3.4.2.3 Scope specification 

The unit of analysis is: ñ1m2 of a Groupo Industriale Tosoni glass & metal façade module to be 
placed on an existing wallò.  

The system boundaries are the following: 

¶ Temporal: cradle to gate; 

¶ Spatial: all components of the typical façade described previously brought to 1m2 of 
wall are taken into account (no exclusion); 

¶ Technological: the manufacturing of components is taken into account as well as the 
façade assembly and the wastes. Furniture of consumables used in Groupo Industriale 
Tosoni plant is neglected; 

¶ Energetic: the embodied and the consumed energy for each component are taken into 
account as well as the energy consumed for assembly; 

¶ Infrastructure: infrastructure of foreground system is neglected. 

 

The system is broken down in three parts:  

¶ Components supply: it includes all the necessary processes to manufacture and bring 
faadeôs components to the plant. This part reflects the choices of Groupo Industriale 
Tosoni in terms of purchases; 

¶ Energy supply: it includes the energy consumed in the plant. This part reflects the 
choices of Groupo Industriale Tosoni in terms of energy efficiency and supply; 

¶ Waste management: it includes the production wastes and their treatment. 

 

3.4.2.4 Inventory elaboration 

× Specific data 

Data collection has been performed by Marion Sie (CYCLECO) from Francesco Besana and 
Vikash Trapani (Groupo Industriale Tosoni). The Table 15 shows the bill of materials of the 
typical facade. The Component supply part includes the manufacture of these materials, 
whose quantities are brought to 1m2 of wall, and the transport of these materials from their 
manufacturing place to Groupo Industriale Tosoni plant (700km is considered as an average 
transport distance of these types of goods). 

 

Table 15 ï Bill of materials of the Groupo Industriale Tosoni glass & metal façade module (5.25m2 of wall). 

Materials m3 kg/m3 kg 

Monolithic glazing 3,99E-02 2500 99,77 

Double glazing 4,72E-02 2500 118,09 

Rockwool 0,39 60 23,20 

Steel basic sheet 1,77E-02 7850 139,04 
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Aluminium basic profile 1,99E-03 2700 53,68 

Accessories 2,56E-02 4301 21,69 

TOTAL 0,54   455,47 

 

The Table 16 presents the amount of energy consumed by the Groupo Industriale Tosoni plant 
to produce 47m2 of wall. The energy supply part includes these amount of energy brought to 
1m2 of wall. 

 

Table 16 ï Energy consumed by Groupo Industriale Tosoni plant to produce 47 m2 of wall. 

Energy kWh 

Electricity  406,18 

 

The Table 17 presents the production waste resulting of the manufacturing of 47m2 of wall. 
The waste management part includes the manufacturing of these wastes whose quantities are 
brought to 1m2 of wall, and the treatment processes. 

 

Table 17 ï Production waste of 47m2 of wall. 

Production wastes Quantity Unit Treatment 

Aluminium drops 11,48 kg Recycling 

Steel drops 34,62 kg Recycling 

Glazing drops 31,05 kg Recycling 

 

× Generic data 

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

 

3.4.2.5 Impacts assessment  

The following table shows the impact of the Groupo Industriale Tosoni metal & glass façade 
module. 

 

Table 18 ï Embodied environmental impacts of the Groupo Industriale Tosoni metal & glass façade module. 

 Impact Unit 

Non-renewable energy 886,17 kwh 

Climate change 192,68 kg CO2 eq 

Acidification 1,24 molc H+ eq 
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Terrestrial eutrophication 2,26 molc N eq 

Freshwater eutrophication 8,56E-2 kg P eq 

Freshwater ecotoxicity 776,46 CTUe 

Land use 209,63 kg C deficit 

 

3.4.2.6 Analysis and interpretation 

The following table and figure show the impacts repartition between the three parts of the 
system. 

 

Table 19 ï Embodied environmental impacts of the Groupo Industriale Tosoni metal & glass façade moduleôs 
components supply, energy supply and waste management.  

 
Materials 
supply 

Energy 
supply 

Waste 
management 

Total Unit 

Non-renewable energy 908,16 21,45 17,85 947,46 kwh 

Climate change 196,84 4,97 4,47 206,27 kg CO2 eq 

Acidification 1,28 2,88E-2 2,69E-2 1,34 molc H+ eq 

Terrestrial eutrophication 2,35 4,43E-2 4,81 E-2 2,45 molc N eq 

Freshwater eutrophication 9,00E-2 1,21E-2 2,08E-3 9,33E-2 kg P eq 

Freshwater ecotoxicity 788,00 2,37 19,98 810,35 CTUe 

Land use 214,39 5,43 4,90 224,72 kg C deficit 
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Figure 25 ï Decomposition of impacts of the Groupo Industriale Tosoni metal & glass façade module. 

The energy supply and the waste management cumulated represent a maximum of 5% of the 
environmental impact. We can neglect them and focus eco-design effort on components supply. 

The following chart shows the detail of the components supply part. 

 
Figure 26 ï Contribution of the components to the impacts of the Groupo Industriale Tosoni glass & metal façade 

module. 

The biggest contributors to the environmental impacts are the metals and the external glass: 

¶ Aluminium profiles; 

¶ Steel sheets; 
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¶ Monolithic glazing. 

 

3.4.3 Conclusion 

An eco-design assessment has been conducted during the project the Groupo Industriale 
Tosoni glass & metal facade module in which the hot spots of the product were identified. This 
analysis showed that the main contributors on each impact categories are the aluminium 
profiles and the steel sheets.  
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4 Kits 

4.1 Wooden facade kits 

4.1.1 Introduction 

Kits are an assembly of components developed for the iNSPiRe project and of components 
bought to external suppliers. Their function is to improve the insulation and the efficiency of 
H/C in the retrofit package for existing buildings. Three wooden EK have been developed for 
the retrofit of residential buildings. The particularity of wooden façade kits is that they are tailor 
made to the existing building, thus there are no standardized elements. Nevertheless, for each 
kit, some aspects are imponderables and others can vary. Those are detailed in the following. 

The three wooden façade kits have been tailor made and implemented to the Ludwigsburg 
demo case. These specific cases are the ones taken into account for the LCA. 

 

4.1.1.1 Kit n°1: Gumpp & Maier GmbH wooden facade including Siko solar GmbH m-HP 

The kit n°1 is a wooden façade which integrates a m-HP in combination with a heat recovery 
unit. The imponderables of this kit are the following: 

¶ It aims to be installed on facade only (not roof) for residential application;  

¶ It includes a m-HP and/or a Mechanical Ventilation with Heat Recovery (MVHR). A 
piece of cladding ensures access to this equipment; 

¶ It is prefabricated. 

 

According to context (old building typology, climatic conditions, costs constraintsé), the 
following can change: 

¶ Kit dimension (height, width, thickness); 

¶ Windows: frame type and size; 

¶ Insulation thickness; 

¶ Cladding type (fibre cement, render, wood). 

 

The Figure 27 shows a picture of the kit n°1. 
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Figure 27 ï Picture of kit n°1 [Gumpp & Maier GmbH]. 

 

Figure 28 ï Illustration of a prototype of kit n°1 (1/2) [Gumpp & Maier GmbH]. 

 

Figure 29 ï Illustration of a prototype of kit n°1 (2/2) [Gumpp & Maier GmbH]. 

 








































