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Abstract 
Porous materials are widely used to improve room acoustics, particularly 

where greater speech intelligibility and control of reverberation time are 

required. Mineral wool is among the most commonly used materials 

because of its acoustic performance and availability. However, its 

evaluation often emphasizes technical performance without fully 

considering sustainability. This study compares mineral wool with other 

porous materials using three sustainability indicators: carbon footprint, 

embodied energy, and toxicity. It also examines the environmental 

implications of mineral wool use and substitution in practical acoustic 

interventions. A comparative literature review was used to establish the 

sustainability profile of mineral wool. The findings were then applied to 

five case-study rooms in which mineral wool had been installed as part of 

an acoustic improvement system. For each case, the additional carbon 

footprint and embodied energy of the installed mineral wool were 

calculated and compared with substitution scenarios involving materials 

with equivalent acoustic functions. Toxicity was assessed through 

literature concerning potential health risks and indoor air quality. The 

analysis examines differences in environmental impact and potential 

health risks among materials and changes in room-level sustainability 

resulting from substitution. By integrating literature review with case-

based calculations, the study proposes a sustainability-oriented 

framework for evaluating porous acoustic materials to inform material 

selection for room acoustic treatment. 
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Introduction 
Sustainability has become a central principle in contemporary building 
design and construction. It concerns both efficient resource use and the 
reduction of environmental impacts throughout a building’s life cycle, from 
material selection and production to construction, use, and demolition. 
Design decisions therefore extend beyond technical and aesthetic 
considerations to include environmental sustainability, energy efficiency, 
and occupants’ quality of life. Construction materials should be 
understood both as components of spatial form and as sources of 
ecological and health consequences. Embodied energy and carbon 
footprint are widely used indicators of material sustainability because they 
represent the energy consumption and emissions associated with 
processes from raw-material extraction to use in a building (Asdrubali et 
al. 2023; Estrada and Lee 2023; Morini, Ribeiro, and Hotza 2019). 
 
Embodied energy and carbon footprint are important parameters for 
assessing the environmental effects of construction materials. Embodied 
energy represents the total energy required across material production 
processes, whereas carbon footprint describes the greenhouse gas 
emissions associated with a material’s life cycle. These indicators matter 
because technical performance does not necessarily imply favorable 
sustainability performance. A material that performs its intended function 
efficiently may still require substantial production energy or generate 
considerable carbon emissions. Understanding both indicators supports 
more responsible design decisions consistent with sustainability principles 
(Kaynak, Piri, and Das 2025). 
 
Material toxicity also requires attention in sustainability assessment. It 
refers to the potential for materials to harm users, workers, or the 
environment through mechanisms such as particle release, hazardous 
emissions, and effects on indoor air quality. The literature describes 
exposure through inhalation, ingestion, skin contact, and environmental 
contamination, with risks associated with both conventional materials, 
such as heavy metals, and newer materials, such as nanomaterials and 
microplastics. Reported toxic effects range from acute skin irritation and 
respiratory symptoms to chronic outcomes such as cancer, 
neurodegenerative disease, and reproductive dysfunction. In buildings, 
technically effective materials may nevertheless diminish environmental 
quality if they create irritation, hazardous emissions, or exposure risks. 
Material sustainability should therefore include short- and long-term 
safety alongside resource efficiency and carbon emissions. Toxicity 
assessment helps determine whether construction materials can fulfill 
their intended functions while supporting a healthy indoor environment 
(Gulzar, Hassan, and Gulzar 2021; Arar, Jung, and Qassimi 2022; Mishra, 
Sudarsan, and Nithiyanantham 2025). 
 
Mineral wool is widely used in room acoustic treatment. Sound absorbers 
are commonly divided into three categories: panel absorbers, cavity 
absorbers, and porous absorbers. The manuscript considers mineral wool 
an important component in achieving the performance of these systems.
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Its sound absorption, ease of installation, and availability in various 
products make it a common choice for interior acoustic systems. 
Applications include wall and ceiling panels, partitions, and absorptive 
elements in spaces requiring reverberation control and improved speech 
intelligibility, such as auditoriums, places of worship, meeting rooms, and 
classrooms. However, widespread use has not always been accompanied 
by sufficient assessment of carbon footprint, embodied energy, and 
toxicity. Acoustic material evaluation therefore needs to consider 
environmental and health implications as well as sound performance. 
 
This study reviews the sustainability profile of mineral wool in room 
acoustic treatment and evaluates the environmental implications of its 
use. It combines a comparative literature review with calculations for 
several case-study rooms, allowing theoretical findings to be considered 
alongside their implications at room scale. The aim is to provide a more 
comprehensive basis for selecting acoustic materials that are technically 
effective and consistent with sustainability principles. 
 
 

Methods 

The study combines a comparative literature review with case-study 
analysis to assess the sustainability of mineral wool in the acoustic 
improvement of worship spaces. It focuses on embodied energy, carbon 
footprint, and toxicity. Literature was used to establish technical and 
environmental parameters, which were then applied to four worship 
spaces that had undergone acoustic interventions. 
 
The cases comprise four Christian worship spaces in Indonesia: Maria 
Marganingsih Church in Kalasan, St. Pius X Church in Karanganyar, St. 
Theresia Church in Sedayu, and GKE Imanuel Church in Central Kalimantan. 
They were selected for their different room volumes, enabling a 
comparison of mineral wool’s environmental contribution across spatial 
scales. Data were drawn from scientific literature, life cycle assessment 
publications, and technical information on mineral wool. 
 
The calculations used literature-based values for mineral wool’s embodied 
energy and carbon emissions associated with production and distribution. 
These values were combined with the material quantities required in each 
room to estimate total embodied energy and carbon footprint. The results 
were compared across cases to examine the relationship between room 
volume and environmental burden. Toxicity was evaluated descriptively 
using literature on modern mineral wool fibers, exposure pathways, and 
health implications. The analysis is limited to mineral wool and excludes 
supporting materials such as frames, boards, adhesives, and screws. 
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Results and discussion 

Carbon footprint of Mineral Wool 

Mineral wool production is energy intensive because raw materials such as 
basalt or slag must be melted at high temperatures. Reported production-
stage emissions range from approximately 90 to 167 kg CO₂ per m³, while 
some studies report values as high as 1,471.77 kg CO₂-eq per tonne of rock 
wool board. Much of the burden arises from raw-material extraction and 
melting. Life cycle assessment studies indicate that, despite substantial 
initial embodied carbon, mineral wool used in building envelopes can 
generate significant operational energy savings for heating, ventilation, 
and air conditioning over time. One study reports an environmental 
payback period of approximately seven years, after which reduced heating 
and cooling demand yields net greenhouse gas savings (Adamczyk, Harat, 
and Grmela 2016; Komorowska et al. 2023; Huang and Zhang 2020; Alam, 
Picco, and Resalati 2022; Fořt, Maděra, and Černý 2019; Llantoy, Chàfer, 
and Cabeza 2020). 
 
Comparing the carbon footprint of mineral wool with alternative porous 
acoustic materials has become an important area of sustainable-building 
research. Mineral wool, including rock wool and glass wool, is widely used 
for acoustic and thermal performance, but its production is energy 
intensive and associated with substantial CO₂ emissions. Research has 
examined bio-based alternatives, including sheep wool, cellulose, coconut 
fiber, and recycled materials, to reduce environmental impact while 
retaining performance. Life cycle assessments report that substituting 
natural fibers or recycled materials for mineral wool can reduce partition-
level carbon footprints by 4–6% and material-level carbon footprints by 
70–85%. Bio-based absorbers such as sheep wool and cellulose may also 
offer biodegradability and indoor air quality benefits (Bousshine et al. 
2022; Mohammadi et al. 2024; Prabhune et al. 2022; Quintana-Gallardo et 
al. 2020; Kabun and Reinhold 2025) 
 
Embodied energy of Mineral Wool 

Mineral wool, including stone wool, glass wool, and slag wool, is widely 
used in building acoustics for its sound absorption and fire resistance. As 
sustainability receives greater attention, the embodied energy of 
insulation materials is increasingly assessed alongside their operational 
benefits. Recent literature and environmental product declarations 
provide comparisons with alternatives such as expanded polystyrene 
(EPS), polyurethane foam, cellulose, and bio-based products. Although 
mineral wool offers competitive acoustic performance and durability, high-
temperature manufacturing remains energy intensive (Asdrubali, 
D’Alessandro, and Schiavoni 2015; Grazieschi, Asdrubali, and Thomas 
2021; Lu et al. 2024). 
 
A critical review of 223 values from environmental product declarations 
reported competitive embodied impacts for conventional inorganic 
insulation materials: 

 Glass wool: 16–31 MJ per functional unit (FU), defined as 1 m² 
with a thermal resistance of R = 1 m² K/W. 
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 Stone wool: 21–66 MJ/FU 
 
These values are generally lower than those reported for fossil-based 
insulation such as EPS (44–78 MJ/FU) or advanced aerogels (251–372 
MJ/FU). Density is an important determinant of embodied energy for glass 
wool, stone wool, and EPS (Grazieschi, Asdrubali, and Thomas 2021). 
 
When assessed by mass or an appropriate functional unit, mineral wool 
often performs better than hydrocarbon-based insulation in embodied 
energy and global warming potential (GWP). Bio-based insulation may 
have lower GWP but sometimes requires greater thickness to achieve 
comparable acoustic or thermal performance. The literature generally 
reports competitive or lower embodied energy for mineral wool relative 
to many synthetic alternatives on a functional-unit basis. However, 
variations in system boundaries and density assumptions complicate direct 
comparison among studies. Bio-based insulation can benefit from carbon 
uptake during growth, but may require greater thickness or have less well-
characterized durability. Mineral wool recycling initiatives are emerging 
but remain limited; broader implementation could further reduce life cycle 
impacts. For mineral wool, production is described as the principal 
environmental burden, whereas raw-material sourcing can be more 
influential for organic insulation (Grazieschi, Asdrubali, and Thomas 2021; 
Hill, Norton, and Dibdiakova 2018; Lu et al. 2024; Füchsl, Rheude, and 
Röder 2022). 
 
Toxicity of Mineral Wool 

Stone wool, glass wool, and slag wool are widely used as insulation in 
construction and industry. Their fibrous nature has prompted continuing 
toxicity research and concerns comparable to those raised for asbestos. 
Recent studies describe modern mineral wool as designed for greater 
biosolubility and lower biopersistence, reducing potential health risks. 
Occupational exposure primarily involves inhalation of respirable fibers 
and dust. The reviewed evidence indicates low carcinogenic potential for 
most modern products while emphasizing continued monitoring, 
particularly for older materials manufactured before changes in safety 
requirements. Skin irritation is common but usually mechanical rather than 
allergic. Although environmental and human toxicity is described as low 
under typical use conditions, high occupational exposures and improper 
waste handling warrant caution and further study (Kupczewska-Dobecka, 
Konieczko, and Czerczak 2020; Sattler et al. 2020; De Vuyst et al. 1995; 

Björnberg and Löwhagen 1977; Jolanki et al. 2002; Stam‐Westerveld et 

al. 1994). 
 
Occupational exposure to respirable mineral wool fibers can present risks 
when fiber dimensions permit deep lung penetration, particularly at 
diameters below 3 μm. However, the epidemiological evidence reviewed 
does not show a strong association between modern glass, stone, or slag 
wool exposure and pulmonary fibrosis or mesothelioma. Some studies 
report slightly elevated lung cancer risk among workers exposed during 
earlier production periods when other carcinogens may also have been  
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present. The manuscript describes modern products meeting biosolubility 
criteria as generally classified as non-carcinogenic (Kupczewska-Dobecka, 
Konieczko, and Czerczak 2020; Sattler et al. 2020; De Vuyst et al. 1995). 
 
The reviewed literature generally reports low acute and chronic toxicity for 
modern mineral wool under typical use conditions. The shift toward 
biosoluble fiber compositions has reduced biopersistence, an important 
determinant of pathogenicity, and consequently reduced long-term 
respiratory risk relative to earlier formulations or asbestos-like materials. 
Nevertheless, high-dust workplaces and the handling of older materials 
can pose respiratory and skin-irritation risks. Compliance with safety 
guidance, including personal protective equipment, can reduce exposure 
(Hesterberg and Hart 2001; Wohlleben et al. 2017; Kopytenkova et al. 
2018; Kupczewska-Dobecka, Konieczko, and Czerczak 2020). 
 
Case-Based assessment of Mineral Wool sustainability 

Acoustic improvements in church buildings affect both listening conditions 
and the environment. Added materials, altered interior elements, and 
associated construction work can increase embodied energy and carbon 
emissions. The following analysis therefore considers energy and 
emissions as part of the sustainability assessment of acoustic 
interventions. Comparing four church cases illustrates how acoustic 
performance improvements can add to construction-related 
environmental burdens. 
 
The four study spaces are Christian worship rooms in Indonesia (figure 1). 
In descending order of volume, they are Maria Marganingsih Church in 
Kalasan, St. Pius X Church in Karanganyar, St. Theresia Church in Sedayu, 
and GKE Imanuel Church in Central Kalimantan. The ordering reflects the 
assumption that larger volumes require more extensive acoustic 
treatment, increasing treated surface area and mineral wool quantities. 
The installed acoustic systems include panel, cavity, and porous absorbers. 
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The literature review identified an embodied energy value of 66 MJ for 
each square meter of mineral wool at a thickness of one inch. Production 
and distribution of the same area were associated with 4.2 kg CO₂-eq. 
Figure 2 compares room volume with the embodied energy and emissions 
of the mineral wool used for acoustic treatment. Larger volumes were 
associated with greater environmental contributions. Maria Marganingsih 
Church accounted for 69,630 MJ of embodied energy and 4,431 kg CO₂-eq. 
For the smallest space, GKE Emanuel Church in Central Kalimantan, the 
source reports 26.00 MJ of embodied energy and 1,680 kg CO₂-eq. Across 
the four cases, the reported average was 6.77 MJ per cubic meter of room 
volume. The manuscript compares this energy quantity with three hours 
of jogging, bringing 20 liters of water to the boil, or sleeping for 27 hours. 
Average carbon emissions were 0.43 kg CO₂-eq per cubic meter, compared 
in the manuscript with driving three kilometers or charging a mobile phone 
70 times. These calculations include only mineral wool and exclude 
supporting components required for functioning acoustic assemblies, such 
as galvanized steel frames, perforated gypsum boards, plywood, timber or 
wood–plastic composite, heavy fabric, adhesives, and screws. 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1  
Acoustic material layouts in the 
four cases, clockwise: Maria 
Marganingsih Church, St. Pius X 
Church, St. Theresia Church, and 
GKE Emanuel Church 
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Figure 2 
Comparison of room volume 

with embodied energy and 
emissions associated with 

mineral wool 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
Although the reviewed studies describe modern mineral wool as having 
relatively low toxic potential, construction practices that neglect workers’ 
long-term health can still produce adverse outcomes. Research on 
alternative porous acoustic materials reports several findings. Natural 
fibers, including hemp, kenaf, wood fiber, coconut fiber, and sheep wool, 
are increasingly studied for their low toxicity profiles. Reviews describe 
these materials as not causing skin or respiratory irritation under normal 
use conditions. Recycled textiles, such as denim and mixed-textile panels, 
can provide sound absorption comparable to mineral wool, with more 
favorable environmental performance and no reported adverse health 
effects during handling or installation in the studies reviewed. Life cycle 
assessments generally indicate lower environmental impacts for natural-
fiber and recycled-textile insulation, reflecting lower production energy 
and easier end-of-life disposal (Prabhune et al. 2022; Yang et al. 2020; 
Asdrubali, D’Alessandro, and Schiavoni 2015; Islam and Bhat 2019; 
Szczecina et al. 2026). 
 
 

Conclusion 

Mineral wool used in the acoustic improvement of worship spaces 
contributes to sound performance while also introducing embodied 
energy and carbon emissions. Across the cases, larger room volumes were 
associated with greater material requirements and environmental 
burdens. The reported mean values were approximately 6.77 MJ of 
embodied energy and 0.43 kg CO₂-eq per cubic meter of room volume. 
Acoustic interventions should therefore be considered technical measures 
with environmental consequences. 
 
The literature reviewed describes modern mineral wool as having 
relatively low toxicity under normal use conditions, while emphasizing 
occupational safety, appropriate handling, and waste management. Bio-
based or recycled alternatives may reduce environmental burdens, 
provided their acoustic performance and technical suitability
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are considered. Material selection should therefore assess energy, 
emissions, and health implications alongside sound absorption so that 
sustainability can be integrated into building design. 
 
Further research could include all acoustic-system components, such as 
frames, facing boards, adhesives, and supporting elements. Direct 
comparison of mineral wool with bio-based or recycled alternatives using 
a more comprehensive life cycle assessment would strengthen the 
practical relevance of the findings. 
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