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86 SI 1: Background information on MCDA methods
87 Multi-criteria decision analysis (MCDA) methods were developed to guide and help decision makers 

88 to achieve multiple, and usually conflicting, objectives. These methods can be classified in two main 

89 categories1:

90 - Full aggregation approaches

91 - Outranking approaches

92 Full aggregation approaches

93 In the full aggregation approaches aim to rank different options to solve a problem based on a predefined 

94 set of criteria. The options are ranked based on a single score calculated according to the performance 

95 of the option in each criterion being considered. In those approaches, compensation between the criteria 

96 being evaluated is made possible. The multi attribute utility theory (MAUT) method is one of the most 

97 common full aggregation approaches. This method assumes that the decision maker is trying to optimize 

98 a function which aggregates all their preferences. These preferences are represented by a utility function 

99 which measures the desirability of each option (or alternative) for each criterion being considered1.

100 In short, the utility function is used to transform the data used to evaluate the different alternatives 

101 according to the set of criteria into a dimensionless scale from 0 to 1 (Figure S1.1). 0 represents the 

102 least favored outcome of the criterion, while 1 represents the best possible outcome. An aggregation 

103 function is then used to calculate a final score for each alternative being evaluated. The aggregation 

104 function can translate the preferences of the decision makers for certain criteria compared to the other, 

105 for example by increasing their weight in the calculation. This final score is used to rank the alternatives 

106 and to identify the best option1–3.
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107

108 Figure SI 1.1. Overview of the MAUT method

109 Analytical hierarchy and analytical network processes are other full aggregation approaches commonly 

110 used. In short, those processes are similar to the MAUT method except that the decision maker does 

111 not need to determine a utility function beforehand1.

112 Outranking approaches1

113 Outranking approaches are based on a pair-wise comparison of the alternatives for each criterion. In 

114 other words, the alternatives are compared two-by-two for each criterion. In those methods, the decision 

115 makers must set indifference, preference and veto thresholds which are meant to reflect how much an 

116 option is preferred than another in a given criterion. In those approaches, no compensation between the 

117 criteria being evaluated is possible. As a consequence, the comparison between two alternatives might 

118 become too difficult as they have profile too different: one alternative might be preferred based on one 

119 set of criteria, while the other is preferred on a second set of criteria. As a consequence, a complete 

120 ranking of the different alternatives might not be always possible. The Preference Ranking Organization 

121 METHod for Enriched Evaluation (PROMETHEE), and the ELiminiation Et Choix Traduisant la 

122 RÉalité (ELECTRE) (translated into elimination and choice exoressing reality) are two outranking 

123 methods commonly used1,3–6.

124 Approach of this study

125 In this study, alternatives were compared by following the MAUT approach based on their technical 

126 performance and environmental impacts attributes. Given the high number of criteria identified for 

127 evaluation in each attribute (i.e., performance, and environmental impacts), they were gathered in 

128 different criteria categories, as illustrated below (Figure SI 1.2).
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129

130 Figure SI 1 2 Categorization of the criteria for evaluation of the identified alternatives

131 SI 2: Identification of the substances to be substituted and potential 
132 functional alternatives
133 The Table SI 2 presents the information collected from the ZeroPM database to identify the substances 

134 of concern and the potential functional alternatives7. The list of potential functional alternatives was 

135 completed with the information collected from a previous literature review on insulation materials8.

136 Table SI 2. Description of substances to be substituted and identified potential functional alternatives

137 SI 3: Background information on the collection of the life cycle impact 
138 assessment (LCIA) data
139 Thermal insulation materials offer environmental benefits by reducing energy consumption for heating 

140 and cooling, thus cutting down energy demand during the use phase of a building (Bhandari et al., 2016; 

141 Biswas et al., 2016; Braulio-Gonzalo & Bovea, 2017; Petrosyan, 2019). However, these materials can 

142 also present environmental and health concerns, particularly through resource extraction, production 

143 processes, and end-of-life disposal along with indoor air emissions (Balo & Sua, 2023; Biswas et al., 

144 2016; Foti et al., 2023; Gadallah & Aboulnaga, 2020; Naldzhiev et al., 2020; Velichko et al., 2017; Wi 

145 et al., 2021). This study included the environmental impacts of different insulation materials, focusing 

146 not on their energy-saving benefits in use phase but on comparing alternative materials in production 

147 phase to identify the option with the lowest potential environmental impact. Life Cycle Assessment 

148 (LCA) is an established methodology for assessing the environmental footprint of products and 

149 processes (Baumann & Tillman, 2004; Hauschild, 2018; ISO, 2006a, 2006b). This approach considers 
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150 a product's life cycle encompassing all associated inputs and outputs. LCA is increasingly utilized to 

151 quantify the potential environmental impacts of products, including thermal insulation materials, to 

152 inform sustainable material choices. There is a substantial body of literature on LCA applications for 

153 insulation materials, reflecting the field's focus on both improving energy efficiency and reducing 

154 environmental impacts. This study contributes to that body of knowledge by examining thermal 

155 insulation options to determine the most environmentally favorable choice, supporting decision-

156 making.

157 This study covers a variety of thermal insulation materials, each with distinct environmental profiles, 

158 including fibreglass, expanded polystyrene (EPS), extruded polystyrene (XPS), polyurethane, cellulose, 

159 hemp, cork, wood fibre, and sheep wool. Several comprehensive literature reviews have explored the 

160 environmental impacts of these materials. Notably, Füchsl et al. (2022) provide an in-depth review of 

161 the environmental profiles of traditional and bio-based insulation materials, while Schiavoni et al. 

162 (2016) investigate the different insulation options, focusing on their environmental impact and technical 

163 performance offering valuable insights into the advantages and drawbacks of each material.

164 Fibreglass is a widely studied insulating material for its high insulation efficiency. It is discussed in the 

165 context of environmental impacts in studies such as Ardente et al. (2008); Arellano-Vazquez et al. 

166 (2020); Asdrubali et al. (2015); Carabaño et al. (2017); Casas-Ledón et al. (2020); Colli et al. (2020); 

167 Cozzarini et al. (2020); Dickson and Pavía (2021); Kadziński et al. (2018); Mattoni et al. (2019); 

168 Ricciardi et al. (2014); Sierra-Pérez et al. (2016); Zhao et al. (2018). These studies evaluate the lifecycle 

169 impact of fibreglass, particularly its energy consumption during production, emissions, and disposal 

170 challenges. Known for its durability and fire resistance, rock wool is another popular insulation 

171 material. Research by Ardente et al. (2008); Arellano-Vazquez et al. (2020); Asdrubali et al. (2016); 

172 Casas-Ledón et al. (2020); Čekon et al. (2017); Cozzarini et al. (2020); de la Hera et al. (2017); Densley 

173 Tingley et al. (2015); Dickson and Pavía (2021); Ingrao et al. (2014); Intini and Kühtz (2011); Kadziński 

174 et al. (2018); Ma et al. (2014); Mattoni et al. (2019); Papadopoulos and Giama (2007); Ricciardi et al. 

175 (2014); Sierra-Pérez et al. (2016); Struhala et al. (2016); Zabalza Bribián et al. (2011); Zampori et al. 

176 (2013) focuses on rock wool's environmental impacts. Studies by Arellano-Vazquez et al. (2020); 

177 Asdrubali et al. (2016); Biswas et al. (2016); Casas-Ledón et al. (2020); Čekon et al. (2017); Colli et al. 

178 (2020); Cozzarini et al. (2020); Densley Tingley et al. (2015); Gomes et al. (2020); Ingrao et al. (2014); 

179 Intini and Kühtz (2011); Kadziński et al. (2018); Mattoni et al. (2019); Pargana et al. (2014); Ricciardi 

180 et al. (2014); Struhala et al. (2016); Usubharatana and Phungrassami (2019); Zabalza Bribián et al. 

181 (2011) discuss Expanded Polystyrene (EPS) environmental concerns. Extruded Polystyrene (XPS) is 

182 frequently studied for its high insulation performance and environmental challenges during production. 

183 Research by Antoniadou et al. (2015); Arellano-Vazquez et al. (2020); Asdrubali et al. (2016); Biswas 

184 et al. (2016); Carabaño et al. (2017); Casas-Ledón et al. (2020); Colli et al. (2020); Ma et al. (2014); 

185 Papadopoulos and Giama (2007); Pargana et al. (2014); Ricciardi et al. (2014); Sierra-Pérez et al. 
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186 (2016); Usubharatana and Phungrassami (2019); Židoniene and Kruopiene (2015) evaluates the 

187 lifecycle impacts of XPS, including greenhouse gas emissions and energy consumption. Studies by 

188 Ardente et al. (2008); Colli et al. (2020); Cozzarini et al. (2020); Intini and Kühtz (2011); Kadziński et 

189 al. (2018); Ma et al. (2014); Marconi et al. (2020); Pargana et al. (2014); Sierra-Pérez et al. (2016); 

190 Usubharatana and Phungrassami (2019); Zabalza Bribián et al. (2011) highlight polyurethane’s 

191 environmental impacts. Cellulose is considered a sustainable option due to its use of recycled materials. 

192 Studies by Ardente et al. (2008); Asdrubali et al. (2016); Buratti et al. (2018); Casas-Ledón et al. (2020); 

193 Colli et al. (2020); Dickson and Pavía (2021); Mattoni et al. (2019); Ricciardi et al. (2014); Zabalza 

194 Bribián et al. (2011) reviewed cellulose's potential as an environmentally friendly insulation material. 

195 A bio-based insulation material, hemp is reviewed in studies by Arrigoni et al. (2016); Arrigoni et al. 

196 (2017); Colli et al. (2020); Dickson and Pavía (2021); Kadziński et al. (2018); Sinka et al. (2018); 

197 Zampori et al. (2013). These studies discuss hemp’s renewable properties, environmental impact, and 

198 potential as a sustainable alternative in construction, particularly due to its lower embodied energy and 

199 carbon sequestration benefits. Cork insulation is praised for its renewable and biodegradable properties. 

200 Asdrubali et al. (2016); Buratti et al. (2018); Carabaño et al. (2017); Demertzi et al. (2017); Dickson 

201 and Pavía (2021); Ingrao et al. (2014); Kadziński et al. (2018); Pargana et al. (2014); Ricciardi et al. 

202 (2014); Sierra-Pérez et al. (2016); Silvestre et al. (2016); Zabalza Bribián et al. (2011) discuss cork’s 

203 life cycle environmental impact. Wood fibre insulation is reviewed for its sustainability, 

204 biodegradability, and carbon sequestration potential. Studies by Nakano et al. (2018); Rocchi et al. 

205 (2018); Yildrim (2018) discuss wood fibre’s environmental impacts. Dickson and Pavía (2021) examine 

206 the use of sheep wool as an insulation material, noting its energy performance and environmental 

207 impact. 

208 Each of these insulation materials presents different environmental considerations and benefits, and the 

209 cited literature provides comprehensive assessments of their life cycles impacts. By analyzing these 

210 materials, this study aims to identify insulation options that minimize environmental impacts. 

211 In this study, the LCA impacts are calculated based on the functional unit of providing a thermal 

212 resistance of 1 R over a 1 square meter area. The material's thermal conductivity and density are used 

213 to determine the reference flow, which is the amount of insulation material necessary (in kilograms) to 

214 meet this functional requirement. This LCA follows a cradle-to-gate approach, focusing only on the 

215 potential environmental impacts of producing the insulating material, including all production-related 

216 emissions and waste. However, waste generated during the material's use phase is not included, 

217 representing one of the study's limitations, as different materials might produce varying amounts of 

218 waste in real-life applications.

219 The geographical scope of the impact assessment is both global and European, utilizing data from 

220 Ecoinvent 3.9 with a cutoff methodology (Ecoinvent, 2024). This data set includes market data, which 
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221 also accounts for transportation impacts. One of the key assumptions in this study is that the insulation 

222 materials under evaluation are equivalent in fulfilling the thermal resistance requirement over their 

223 design life without needing replacement. While different materials may have different lifespans, this 

224 study does not consider scenarios where a material might need replacement if it fails before the end of 

225 the application design life.

226 The study also does not factor in end-of-life impacts. The disposal processes for insulation materials 

227 such as landfilling, recycling, incineration, and incineration with energy recovery could vary in their 

228 environmental impacts. Materials requiring disposal in hazardous waste landfills or incineration 

229 facilities due to the presence of toxic substances, like flame retardants, would likely have a higher end-

230 of-life impact than those disposed of through conventional means. However, these aspects are beyond 

231 the scope of this study. Based on the functional unit, the total reference flow for each material is 

232 calculated, and from this, the cradle-to-gate LCA impacts are determined for comparative analysis.

233 The impacts are calculated using the Product Environmental Footprint (PEF) recommended life cycle 

234 impact assessment method EFv3.1 EN15804 along with IPCC 2021 to evaluate the potential 

235 environmental impacts, as shown in Table SI 3 (European Commission, 2023; IPCC, 2023). In total, 

236 different impact indicators were selected to compare the materials. Among these indicators, special 

237 emphasis was placed on climate change impacts, given that toxicity impacts are assessed in other criteria 

238 of the comparison. These sustainability impact categories are pivotal in the overall analysis, 

239 highlighting the importance of environmental criteria alongside other criteria.

240 Table SI 3. Selected life cycle impact categories

241 References for LCIA data collection

242 Antoniadou, P., Giama, E., Boemi, S. N., Karlessi, T., Santamouris, M., & Papadopoulos, A. M. (2015). Integrated 
243 evaluation of the performance of composite cool thermal insulation materials. Energy Procedia, 
244 Ardente, F., Beccali, M., Cellura, M., & Mistretta, M. (2008). Building energy performance: A LCA case study of kenaf-
245 fibres insulation board. Energy and Buildings, 40(1), 1-10. https://doi.org/10.1016/j.enbuild.2006.12.009 
246 Arellano-Vazquez, D. A., Moreschi, L., Del Borghi, A., Gallo, M., Valverde, G. I., Rojas, M. M., Romero-Salazar, L., & 
247 Arteaga-Arcos, J. C. (2020). Use of EPD system for designing new building materials: The case study of a bio-
248 based thermal insulation panel from the pineapple industry by-product. Sustainability (Switzerland), 12(17), 
249 Article 6864. https://doi.org/10.3390/SU12176864 
250 Arrigoni, A., Pelosato, R., & Dotelli, G. (2016). 650-659. 
251 Arrigoni, A., Pelosato, R., Melià, P., Ruggieri, G., Sabbadini, S., & Dotelli, G. (2017). Life cycle assessment of natural 
252 building materials: the role of carbonation, mixture components and transport in the environmental impacts of 
253 hempcrete blocks. Journal of Cleaner Production, 149, 1051-1061. https://doi.org/10.1016/j.jclepro.2017.02.161 
254 Asdrubali, F., D'Alessandro, F., & Schiavoni, S. (2015). A review of unconventional sustainable building insulation 
255 materials. Sustainable Materials and Technologies, 4, 1-17. https://doi.org/10.1016/j.susmat.2015.05.002 
256 Asdrubali, F., Pisello, A. L., D'Alessandro, F., Bianchi, F., Fabiani, C., Cornicchia, M., & Rotili, A. (2016). Experimental 
257 and numerical characterization of innovative cardboard based panels: Thermal and acoustic performance analysis 
258 and life cycle assessment. Building and Environment, 95, 145-159. https://doi.org/10.1016/j.buildenv.2015.09.003 
259 Balo, F., & Sua, L. S. (2023). Strategic Evaluation and Selection for Energy-Effective Natural Fibres as Alternative 
260 Sustainable Insulation Materials for Green Building Envelope. In Handbook of Sustainable Materials: Modelling, 
261 Characterization, and Optimization (pp. 1-17). https://doi.org/10.1201/9781003297772-1 
262 Baumann, H., & Tillman, A.-M. (2004). The Hitch Hiker's Guide to LCA: An Orientation in Life Cycle Assessment 
263 Methodology and Application. Professional Publishing House. 
264 https://books.google.se/books?id=3QdsQgAACAAJ 

https://doi.org/10.1016/j.enbuild.2006.12.009
https://doi.org/10.3390/SU12176864
https://doi.org/10.1016/j.jclepro.2017.02.161
https://doi.org/10.1016/j.susmat.2015.05.002
https://doi.org/10.1016/j.buildenv.2015.09.003
https://doi.org/10.1201/9781003297772-1
https://books.google.se/books?id=3QdsQgAACAAJ
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265 Bhandari, M., Biswas, K., Shrestha, S., & Desjarlais, A. (2016). A simplified energy savings calculation tool for the lifetime 
266 energy and environmental impact assessment of insulation materials. Thermal Performance of the Exterior 
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268 Biswas, K., Shrestha, S. S., Bhandari, M. S., & Desjarlais, A. O. (2016). Insulation materials for commercial buildings in 
269 North America: An assessment of lifetime energy and environmental impacts. Energy and Buildings, 112, 256-
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271 Braulio-Gonzalo, M., & Bovea, M. D. (2017). Environmental and cost performance of building’s envelope insulation 
272 materials to reduce energy demand: Thickness optimisation. Energy and Buildings, 150, 527-545. 
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274 Buratti, C., Belloni, E., Lascaro, E., Merli, F., & Ricciardi, P. (2018). Rice husk panels for building applications: Thermal, 
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276 Construction and Building Materials, 171, 338-349. https://doi.org/10.1016/j.conbuildmat.2018.03.089 
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394 SI 4: Shortlisting of potential alternatives and collection of data for 
395 evaluation
396 Table SI 4.1 is listing the alternatives shortlisted for further evaluation. Tables SI 4.2 presents the 

397 collected data related to the technical performance the shortlisted alternatives, and Table SI 4.3 presents 

398 the characterization factors calculated for 1 kg of each shortlisted alternative, respectively.

399 Table SI 4.1. Potential functional alternatives shortlisted for further evaluation

400 Table SI 4.2. Data related to the technical performance of insulation materials

401 Table SI 4.3. Characterization factors for 1 kg of the insulation materials

402 The life cycle impacts of each shortlisted alternative were calculated by multiplying the characterization 

403 factors by the amount of materials (in kilograms) required to fulfil the defined functional unit, i.e. the 

404 insulation of an area of 1 m2 with a thermal transmittance of 1 W/m2K. The amount of materials 

405 required could be calculated using the relationship between the thermal transmittance, the 

406 thickness and the thermal conductivity of the material (Equation 1), and the density of the 

407 material (Equation 2).

408
𝑇ℎ𝑒𝑟𝑚𝑎𝑙 𝑇𝑟𝑎𝑛𝑠𝑚𝑖𝑡𝑡𝑎𝑛𝑐𝑒 ( 𝑊

𝑚2𝐾) =  
𝑇ℎ𝑒𝑟𝑚𝑎𝑙 𝑐𝑜𝑛𝑑𝑢𝑐𝑡𝑖𝑣𝑖𝑡𝑦 (

𝑊
𝑚𝐾

)

𝑇ℎ𝑖𝑐𝑘𝑛𝑒𝑠𝑠 (𝑚)

409 Equation 1: Relationship between thermal transmittance, thermal conductivity and thickness.

410
𝑀𝑎𝑠𝑠 𝑜𝑓 𝑚𝑎𝑡𝑒𝑟𝑖𝑎𝑙𝑠 (𝑘𝑔) = 𝐷𝑒𝑛𝑠𝑖𝑡𝑦 𝑜𝑓 𝑚𝑎𝑡𝑒𝑟𝑖𝑎𝑙𝑠 (𝑘𝑔

𝑚3) ∗ 𝐴𝑟𝑒𝑎 (𝑚2) ∗ 𝑇ℎ𝑖𝑐𝑘𝑛𝑒𝑠𝑠 (𝑚)

411 Equation 2: Calculation of the mass of materials based on the density of the material, the area, and the 
412 thickness

413 As the values for the thermal conductivity and the density of the shortlisted alternatives varied according 

414 to the approach taken, the life cycle impacts used as input in the MAUT models changed. Tables SI 

415 4.4.A, SI 4.4.B, and SI 4.4.C present the mass of materials required to fulfil the functional unit, and the 

416 resulting life cycle impacts for each shortlisted alternative following the neutral approach, optimistic 

417 approach, and pessimistic approach, respectively.

418 Table SI 4.4.A. Life cycle impacts of the shortlisted alternatives - Neutral approach

419 Table SI 4.4.B Life cycle impacts of the shortlisted alternative - Optimistic approach

420 Table SI 4.4.C Life cycle impacts of the shortlisted alternative - Pessimistic approach
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421 SI 5: Performance matrices for the baseline scenario
422 Tables SI 5.1, SI 5.2, and SI 5.3 present the input data used for the baseline scenario following the 

423 neutral approach, optimistic approach, and pessimistic approach, respectively.

424 Table SI 5.1 Performance matrix for the baseline scenario - Neutral approach

425 Table SI 5.2. Performance matrix for the baseline scenario - Optimistic approach

426 Table SI 5.3. Performance matrix for the baseline scenario - Pessimistic approach

427 SI 6: MAUT models for the baseline scenarios
428 Tables SI 6.1.A, SI 6.1.B, and SI 6.1.C present the MAUT models which based on raw input data for 

429 the baseline scenario following the neutral approach, optimistic approach, and pessimistic approach, 

430 respectively. 

431 Table SI 6.1.A. MAUT model with raw data for the baseline scenario - Neutral approach

432 Table SI 6.1.B. MAUT model with raw data for the baseline scenario - Optimistic approach

433 Table SI 6.1.C. MAUT model with raw data for the baseline scenario - Pessimistic approach

434 For some criteria, the data for the different alternatives are distributed on a range of several order of 

435 magnitude (especially for environmental impacts criteria). When normalising the data, this results in 

436 alternatives being grouped with very little differences in normalised data. To ensure that the normalised 

437 data of the different alternatives are better distributed between 0 and 1, the input data was log-

438 transformed before running the normalisation step. Figures SI 6.1.A and B illustrate the effect of the 

439 log-transformation of the raw data on the distribution of the normalised data for criteria on ozone layer 

440 depletion potential (ODP) and on ecotoxicity (Ecotox.), respectively.

441

442

443

444
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447
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453 Figure SI 6 1 Effect of log-transformation of the raw data on the distribution of the normalised data for 
454 the ozone layer depletion potential (A) and the ecotoxicity (B) criteria

455 Tables SI 6.2.A, SI 6.2.B, and SI 6.2.C present the MAUT models based on log-transformed input data 

456 for the baseline scenario following the neutral approach, optimistic approach, and pessimistic approach, 

457 respectively. 

458 Table SI 6.2.A. MAUT model with transformed data for the baseline scenario - Neutral approach

459 Table SI 6.2.B. MAUT model with transformed data for the baseline scenario - Optimistic approach

460 Table SI 6.2.C. MAUT model with transformed data for the baseline scenario - Pessimistic approach
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461 SI 7: MAUT models for the no compensation scenarios
462 Tables SI 7.1, SI 7.2, and SI 7.3 present the MAUT models based on log-transformed input data for the 

463 scenario which does not allow for compensation between the criteria following the neutral approach, 

464 optimistic approach, and pessimistic approach, respectively.

465 Table SI 7.1. MAUT model for the no compensation scenario - Neutral approach

466 Table SI 7.2. MAUT model for the no compensation scenario - Optimistic approach

467 Table SI 7.3. MAUT model for the no compensation scenario - Pessimistic approach

468 SI 8: MAUT models for the sequential decision-making scenario, by 
469 considering technical performance attributes first
470 Tables SI 8.1, SI 8.2, and SI 8.3 present the results from the MAUT models based on log-transformed 

471 input data by considering criteria related to the technical performance only, following the neutral 

472 approach, optimistic approach, and pessimistic approach, respectively.

473 Table SI 8.1. MAUT model for the sequential scenario - Performance ranking for the neutral approach

474 Table SI 8.2. MAUT model for the sequential scenario - Performance ranking for the optimistic 

475 approach

476 Table SI 8.3. MAUT model for the sequential scenario - Performance ranking for the pessimistic 

477 approach

478 Tables SI 8.4, SI 8.5, and SI 8.6 present the results from the MAUT models based on sustainability 

479 criteria only for the five best alternatives regarding technical performance attributes according to the 

480 previous step, following the neutral approach, optimistic approach, and pessimistic approach, 

481 respectively.

482 Table SI 8.4. MAUT model for the sequential scenario - Final ranking for the neutral approach

483 Table SI 8.5. MAUT model for the sequential scenario - Final ranking for the optimistic Scenario

484 Table SI 8.6. MAUT model for the sequential scenario - Final ranking for the pessimistic Scenario

485 SI 9: MAUT models for the sequential decision-making scenario, by 
486 considering sustainability attributes first
487 Tables SI 9.1, SI 9.2, and SI 9.3 present the results from the MAUT models based on log-transformed 

488 input data by considering criteria related to sustainability only, following the neutral approach, 

489 optimistic approach, and pessimistic approach, respectively.

490 Table SI 9.1. MAUT model for the sequential scenario - Sustainability ranking for the neutral approach
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491 Table SI 9.2. MAUT model for the sequential scenario - Sustainability ranking for the optimistic 

492 approach

493 Table SI 9.3. MAUT model for the sequential scenario - Sustainability ranking for the pessimistic 

494 approach

495 Tables SI 9.4, SI 9.5, and SI 9.6 present the results from the MAUT models based on technical 

496 performance criteria only for the five best alternatives regarding sustainability attributes according to 

497 the previous step, following the neutral approach, optimistic approach, and pessimistic approach, 

498 respectively.

499 Table SI 9.4. MAUT model for the sequential scenario - Final ranking for the neutral approach

500 Table SI 9.5. MAUT model for the sequential scenario - Final ranking for the optimistic approach

501 Table SI 9.6. MAUT model for the sequential scenario - Final ranking for the pessimistic approach
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