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1. Introduction 

The SB&WRC project aims at designing and producing three prototypes of thermal insulant for buildings, 

made from bio-based and waste-based raw materials. The three prototypes will be produced from 

underexploited renewable resources available in the Interreg area: maize pith, textile waste (from duvets) and 

wheat straw. The main objective is to obtain materials which carbon footprint is at least 25% lower than that 

of conventional insulants, such as glass wool or mineral wool. The research and development process also 

aims to produce competitive insulants with usual insulating materials, in terms of energy efficiency mainly but 

also indoor air quality, durability or cost-effectiveness. 

This document reports on the lifecycle analysis of Prototype 2, the textile waste (duvet) based insulation 

material. The goal and scope of the lifecycle analysis are set out and the product system considered is 

described. The results of the climate change impact is reported (kg CO2-Eq) and requirements for critical 

review are identified. 

 

2. Goal and scope 

2.1 Goal  

Salvaged duvets are assessed as an insulation material, enclosed within external walls, for use in the 

Manche/channel region of France and UK. The duvets were destined to be sent to landfill, with the SB&WRC 

investigating the potential of extending their life for use as an insulation material. This life cycle analysis will 

contribute to a comparison of the environmental performance of prototype materials, produced from 

agricultural co-products and recycled waste, to conventional alternatives. While the life cycle analysis will 

consider a cradle to gate approach, the key focus will be evaluating the difference compared to a conventional 

solution for a comparable in-life performance. 

2.2 Scope  

The study considers the production of duvets as a thermal insulation material in external walls of buildings. 

2.2.1 Functional unit 

The functional unit is 1 m2 of insulation material providing a thermal resistance (R) of 1 m2K/W. Reduction of 

heat transfer is the primary purpose of insulating material and R is identified as a required component of the 

functional unit in Environmental Product Declarations for insulation materials (BSI, 2017) facilitating 

comparisons with published data for conventional materials. 

2.2.2 Material description 

Duvets are a type of stuffed furnishings with a primary use as an insulating layer of bedding. The fillings are 

generally synthetic fibres or natural feathers. The primary service life of a duvet is limited by hygiene and 

functionality. These are interlinked as laundry processes contribute to compaction of the filling, particularly at 

the higher wash temperatures required for use in hospitals and care homes.  

The SB&WRC project specifically focuses on using duvets that are salvaged from textile recycling schemes. 

Sorting is required to select duvets with synthetic fibre and discard those with compacted fibres. Selected 

duvets are washed for hygiene and transported for installation on site. 
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2.2.3 System boundary 

The study considers the insulation material only, in the context of site installation for application WH, wood 

frame and wood panel construction (BSI, 2017). Other components of the wall system are not considered. The 

analysis covers cradle to gate (A1-A3) and a subsequent construction (A4-A5) scenario (Figure 1).  

 

Figure 1 Process flow diagram for Prototype 2 as a thermal insulation product 

2.2.4 Allocation procedures 

The salvaged duvets are diverted from waste so a cut-off allocation was used, with no impacts considered 

prior to disposal after primary use (Ponsioen, 2019).  Textile waste arising from sorting and subsequent 

processes is ignored as processing has been delayed by the diversion rather than arising from the process.   

Other inputs and outputs that have been excluded are; packaging materials, consumable item inputs and 

associated transport to the plant. 

2.2.5 Methodology 

Impact assessment was based on ReCipe Midpoint (H) as is common for building materials (BRE), it allows for 

an impact assessment, that represents into a limited number of indicator scores. These indicator scores express 

the relative severity on an environmental impact category, with climate change, a key focus of this project 

being one indicator. The model was developed and analysed in openLCA 1.8.0 using process and flow schema 

from EcoInvent 3.5 

2.2.6 Data requirements 

Data for flows and processes was sourced from the EcoInvent database where possible. Additional data were 

obtained from laboratory testing of prototypes and published sources, with preference given to peer reviewed 

articles and Environmental Product Declarations. 

Stages A4 and A5 are included, using an option scenario of installation of intact duvets on a local site using 

only manual labour. 
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2.2.7 Assumptions 

This analysis considers procurement and use of salvaged duvets in Southern England, with duvets sorted at 

the recycling depot before transporting locally for laundering.   

2.2.8 Limitations 

This LCA is based on the development of a prototype. For larger scale production, there may be additional 

processes or significant efficiencies. The density and conductivity obtained from laboratory testing are 

presumed to be representative of the wider population of discarded duvets and the packing density achieved 

on site. 

 

2.2.9 Data quality  

Data quality has been assessed using the pedigree matrix for EcoInvent (Weidema et al., 2013, p. 85) which is 

reproduced as Table 1, with highlighting to indicate the quality achieved for this study (Reliability 3, 

Completeness 4, Temporal correlation 4, Geographical correlation 3, Further technological correlation 5). 
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Table 1 : Pedigree matrix used to assess the quality of data sources (Weidema et al., 2013, p. 85) 

Indicator 

score 
1 2 3 4 5 (default) 

Reliability 

Verified 

data based 

on 

measurements 

Verified data 

partly 

based on 

assumptions 

or non-verified 

data 

based on 

measurements 

Non-verified 

data partly 

based on 

qualified 

estimates 

Qualified 

estimate 

(e.g. by 

industrial 

expert) 

Non-qualified 

estimate 

Completeness 

Representative 

data 

from all sites 

relevant 

for the market 

considered, 

over an 

adequate 

period to even 

out normal 

fluctuations 

Representative 

data from 

>50% of the 

sites relevant 

for the market 

considered, 

over an 

adequate 

period to even 

out normal 

fluctuations 

Representative 

data from only 

some sites 

(<50% of sites 

but from 

shorter periods 

Representative 

data from only 

one site 

relevant for 

the market 

considered or 

some sites but 

from shorter 

periods 

Representativeness 

unknown or data 

from a small 

number of sites 

and from shorter 

periods 

Temporal 

correlation 

Less than 3 

years of 

difference to 

the time period 

of the dataset 

Less than 6 

years of 

difference to 

the time period 

of the dataset 

Less than 10 

years of 

difference to 

the time period 

of the dataset 

Less than 15 

years of 

difference to 

the time 

period of the 

dataset 

Age of data 

unknown or more 

than 15 years of 

difference to the 

time period of the 

dataset 

Geographical 

correlation 

Data from area 

under study 

Average data 

from larger 

area in which 

the area under 

study is 

included 

Data from 

area with 

similar 

production 

conditions 

Data from area 

with slightly 

similar 

production 

conditions 

Data from 

unknown or 

distinctly different 

area (North 

America instead of 

Middle East, 

OECD-Europe 

instead of Russia) 

Further 

technological 

correlation 

Data from 

enterprises, 

processes and 

materials under 

study 

Data from 

processes and 

materials under 

study (i.e. 

identical 

technology) 

but from 

different 

enterprises 

Data from 

processes and 

materials under 

study but from 

different 

technology 

Data on related 

processes or 

materials 

Data on related 

processes on 

laboratory scale 

or from different 

technology 
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3. Lifecycle Inventory – Prototype 2 

3.1 Functional unit 

Thermal resistance (R) is calculated as: 

𝑅 =  
𝑑

λ
      (Eq. 1) 

so the thickness of thermal insulation required for a given value of R is given by : 

𝑑 = 𝑅λ     (Eq. 2) 

and the mass of material required to provide a thermal resistance of R, within a given area of external wall 

can be calculated as : 

𝑚 = 𝜌𝑉 = 𝜌𝑑𝐴 = 𝑅𝜆𝜌𝐴   (Eq. 3) 

Laboratory testing was used to determine the technical data (Table 2)  

 

 

Table 2 Technical data for Prototype 2 as a thermal insulation material (average values) 

Property  Value Unit 

Conductivity λ 0.069 W/mK 

Density ρ 14.33 kg/m3 

  
Hence, the mass of material required for 1m2 with a thermal resistance of 1 m2K/W, the functional unit (FU), 

can be calculated as: 

𝑚 = 𝑅𝜆𝜌𝐴 = 1 ∙ 0.069 ∙  14.33 ∙ 1 = 0.989 kg  (Eq. 4) 

 

3.2  Processes 

The process modelled covers Production (stages A1-A3) and Construction (stages A4-A5) of the duvet 

prototype (Figure 2). The duvets used are diverted from waste and sorted prior to transport for laundry.  Inputs 

for laundry are energy, water and soap with waste water discharged as sewerage. The duvets are then 

transported to site for manual installation within the external wall. 
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Figure 2 Process diagram for sourcing and installation of Prototype 2 as thermal insulation 
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3.3  Data for Prototype 2 processes 

The EcoInvent database was used for standard processes (Table 3) and flows (Table 4) 

Table 3: Processes from EcoInvent database 

ISIS Classification Sub-Division Process 
Geographical 

location 

C : Manufacturing 
2023 : Manufacture of 

soap and detergents 

market for soap | soap | Cutoff, 

S 
GLO 

D : Electricity, gas 

&c 

3510 : Electric power 

generation &c 

market for electricity, low 

voltage | electricity, low voltage 

| Cutoff, S 

GB 

E : Water supply; 

sewerage &c 

3600 : Water collection, 

treatment and supply 

market for tap water | tap water 

| Cutoff, S 

Europe without 

Switzerland 

3700 : Sewerage 
market for wastewater, average 

| wastewater, average | Cutoff, S 

Europe without 

Switzerland 

 
Table 4 Flows from EcoInvent database 

ISIS Classification Sub-Division Flow Type  

C : Manufacturing 
2023 : Manufacture of soap 

and detergents &c 
soap product kg 

D : Electricity, gas &c 
3510 : Electric power 

generation &c 
electricity, low voltage 

product 

 
MJ 

E : Water supply; 

sewerage &c 

3600 : Water collection, 

treatment and supply 
tap water product kg 

3700 : Sewerage wastewater, average product m3 

H : Transportation 
4923 : Freight transport by 

road 

transport, freight, lorry 3.5-7.5 

metric ton, EURO6 
Product t*km 

 

Data for additional processes Table 5 was obtained from published sources including peer reviewed journals 

and product documentation. 

Table 4: Flow  data for salvaged duvets as a thermal insulation material ( based on 1kg) 

Process Stage flow Value Unit 

Laundry A3 

energy 0.03 kWh 

water 10 litres 

soap 17 g 
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4. Conventional Material comparison 

To allow assess the performance of Prototype 1, it is compared to a conventional building material; mineral 

wool and glass wool. Typical values of a generic mineral wool and glass wool will be used for the comparison.  

4.1 Functional unit 

The same functional unit of 1 m2 of insulation material providing a thermal resistance (R) of 1 m2K/W will be 

used. The technical data to determine the mass of material required for this is presented below in Table 7.  

 

Table 6: Technical data for Prototype 1 as a thermal insulation material (typical values) 

Material 
Conductivity, λ 

(W /mK) 

Density, ρ 

(kg/m3 ) 

 

Mass for 1 m2 with thermal 

resistance of 1 m2K/W (kg) 

Mineral wool 0.035 45.0 1.575 

Glass wool 0.043 12 0.516 

  

Hence, the mass of material required for 1m2 with a thermal resistance of 1 m2K/W, the functional unit (FU), 

can be calculated from below: 

𝑚 = 𝑅𝜆𝜌𝐴  (Eq. 4) 

 

4.1 Data for conventional insulation processes 

The EcoInvent database was used for standard processes (Table 7) and flows (Table 8) 

 

Table 7 Processes from EcoInvent database 

ISIS 

Classification 
Sub-Division Process 

Geographical 

location 

C : 

Manufacturing 

2399:Manufacture of other non-

metallic mineral products 

stone wool production, 

packed | stone wool, packed | 

Cutoff, S 

RoW 

 
2399:Manufacture of other non-

metallic mineral products 

glass wool mat production | 

glass wool mat | Cutoff, S 
RoW 
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Table 5 Flows from EcoInvent database 

ISIS 

Classification 
Sub-Division Flow Type  

C : 

Manufacturing 

2399:Manufacture of other non-

metallic mineral products 

stone wool production, packed | 

stone wool, packed | Cutoff, S 
product kg 

 
2399:Manufacture of other non-

metallic mineral products 

glass wool mat production | 

glass wool mat | Cutoff, S 
product kg 

 

5. Impact assessment 

The completed model of Prototype 2 and the conventional material were analysed using the ReCipe Midpoint 

(H) method to determine the impact of 1 m2 of insulating materials with a thermal resistance of 1 m2K/W, 

and is presented in Table 10. Also presented in this table is the relative reduction of the prototype compared 

to the conventional materials. 

 

6. Summary 

The global warming potential (GWP) of the Prototype 2 is calculated as 0.09 kg CO2-eq, which represents a 

95% saving compared to conventional mineral wool based material, and a decrease of 93.5% compared 

to glass wool. Across the majority of impact categories the prototype results in a significantly lower 

environmental impact, with the detrimental impact associated with the washing of the duvets. The 

results presented here are based on an experimental process and should be refined further following any 

scale up. Relevant to this protype is the allocation of the impacts to the duvet, as currently the primary 

manufacture is not considered. Therefore there is reasonable scope for variation in the absolute results, but 

the outcome should be considered indicative of the potential for Prototype 2.  
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Table 6: Flows from EcoInvent database 

Impact category Reference unit Prototype 2 
Conventional 

mineral wool 

Reduction by 

Prototype 2 

compared to 

mineral wool 

Conventional 

glass wool 

Reduction by 

Prototype 2 

compared to 

glass wool 

agricultural land occupation m2a 0.0271 1.37E-02 89.1% 0.00027 -9937.0% 

climate change kg CO2-Eq 0.0903 2.07 94.7% 1.38 93.5% 

fossil depletion kg oil-Eq 0.0274 0.649 30.4% 0.479 94.3% 

freshwater ecotoxicity kg 1,4-DCB-Eq 0.00331 0.0213 -180.8% 0.0207 84.0% 

freshwater eutrophication kg P-Eq 0.0000591 0.000767 -14.5% 0.00067 91.2% 

human toxicity kg 1,4-DCB-Eq 0.0423 0.756 31.6% 0.658 93.6% 

ionising radiation kg U235-Eq 0.0155 0.0875 20.1% 0.155 90.0% 

marine ecotoxicity kg 1,4-DB-Eq 0.00179 0.0198 -1.5% 0.0187 90.4% 

marine eutrophication kg N-Eq 0.000965 0.000499 -2004.2% 0.00196 50.8% 

metal depletion kg Fe-Eq 0.00343 0.073 -33.7% 0.3 98.9% 

natural land transformation m2 -0.00474 -0.00051 106.1% 4.02E-05 11895.2% 

ozone depletion kg CFC-11-Eq 1.08E-08 8.76E-08 -23.3% 1.32E-07 91.9% 

particulate matter formation kg PM10-Eq 0.00026 0.0057 19.1% 0.0038 93.2% 

photochemical oxidant formation kg NMVOC-Eq 0.00037 0.00951 35.8% 0.00551 93.3% 

terrestrial acidification kg SO2-Eq 0.000569 0.0148 -5.4% 0.00819 93.1% 

terrestrial ecotoxicity kg 1,4-DCB-Eq 0.00982 0.000119 -11664.7% 0.00019 -5069.7% 

urban land occupation m2a 0.00127 0.00773 -229.9% 0.00762 83.4% 

water depletion m3 water-Eq 0.00696 0.014 -5228.6% 0.00823 15.5% 
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