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Abstract  4 

Cities’ environmental footprint reduction is needed under the current climate situation. The 5 

appropriate management of the building stock is then an essential but complex endeavor, 6 

demanding prior accurate diagnosis for proper renovations. Assuming diagnoses can be 7 

optimized by improved inspection processes, a two-round Delphi consultation was conducted 8 

to identify both the demands of the Spanish industry to improve the management of buildings 9 

and the contextual challenges on inspections. This Delphi study has been used as a decision-10 

support tool since the conclusions allowed the ROBIM project to adopt decisions for 11 

developing an innovative inspection technology. While the design of the questionnaire is 12 

based on relevant background knowledge on buildings management, the consultation 13 

process intends to overcome the shortcomings identified in previous studies. Fifty-two 14 

experts completed the surveys. Their extensive experience, together with the high degree of 15 

consensus attained among them (69.6 % in the last round), validate the results. The results 16 

suggest that inspection processes should be rethought, with a particular focus on façades, in 17 

order to improve existing buildings management and reduce uncertainties when planning a 18 

renovation. This would improve the buildings’ performance, including their energy efficiency 19 

(one of the experts’ major concerns), while controlling intervention time and cost. 20 
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1. INTRODUCTION 26 

Urban development, which is essential to socioeconomic and territorial transformation, 27 

plays a key role in climate change. The environmental impact presently attributable to cities 28 

calls for urgent measures to ensure more sustainable urban development (UN-Habitat, 2016). 29 

Due to the long service life and density of buildings (Aragón-Correa et al., 2018), the 30 

construction industry consumes vast natural resources and energy (Zhao, Zhao, Davidson, 31 

& Zuo, 2012), which accounts for around 40 % of the total energy consumed today in the 32 

European Union (EU) (European Commission, 2018). At least 40 % of the buildings now 33 

standing in Europe were erected before the 1960s when building codes envisaged no energy 34 

requirements (Šajn, 2016), which were introduced around the 1970s in most of Western 35 

Europe. In Spain, with a higher than European average degree of urbanization (around 80 % 36 

in 2015), regulations designed to save energy were instituted under code NBE-CT-79 37 

(Ministerio de Fomento, 2017; Ministerio de Obras Públicas y Urbanismo, 1979) and came 38 

into effect in 1980. Lowering energy consumption attributable to construction is then needed 39 

to curb climate change, one of the industry’s major challenges, which cannot be solved under 40 

a business-as-usual scenario (Rapf, 2019). 41 

The proper management of building stock should involve conservation mechanisms 42 

together with a comprehensive rehabilitation to ensure not only safety but also to reduce its 43 

energy demand. There is a close relationship between conservation actions and intervention 44 

works since many energy rehabilitations often incur “behind the scenes” of maintenance, 45 

modernization or routine restoration works (Cortiços, 2019). The recently revised European 46 

energy performance of buildings directive (EPBD) (European Commission, 2018) aims to 47 

convert Europe’s highly inefficient stock, 97% of the total, into at least nearly zero energy 48 

buildings (nZEB), aligned with the EU’s commitment to sustainable, competitive and carbon-49 

free energy in 2050. To comply with the EU Climate and Energy Framework, Member States 50 



must establish targets to enhance the energy performance of the building stock, bearing in 51 

mind national particularities. In Spain, stock characteristics lie significantly below European 52 

standards (Jefatura del Estado, 2013) and its construction industry accounts for 30 % of the 53 

country’s energy consumption (Ministerio de Fomento, 2017). 54 

The required renovation rates demand that the sector increases its productivity and 55 

radically innovate its services (BPIE, 2019a).  Whilst intervention on buildings throughout 56 

their service life is imperative to guaranteeing their conservation, improving their energy 57 

performance calls for more comprehensive reform. The established procedure in renovations 58 

begin with a thorough technical inspection to suitably characterize any existing flaws (Ferraz, 59 

de Brito, de Freitas, Silvestre, 2016), being necessary reliable data to undertake the works 60 

and favor satisfactory building maintenance plans. Inspection and diagnosis, design of 61 

renovations, and maintenance works are the main actions for building stock management 62 

and improvement, requesting their coordination during the operation stage. Therefore, any 63 

intervention on existing buildings must be based on a prior characterization to determine their 64 

technical properties and condition (ΑΕΝ/CTN 41, 2009), since it is proven that the state of 65 

the building impacts its renovation (Konstantinou & Knaack, 2013). Certain technical factors 66 

hinder diagnostic inquiry from obtaining such information, and thus fostering research and 67 

testing of new solutions are imperative to undertaking such complex works (European 68 

Commission, 2018). Given that, the renovation of buildings to nZEB levels calls for a 69 

commitment from the construction industry and constitutes a substantial industry-wide 70 

challenge (PROF/TRAC, 2015). 71 

Being the technology development of paramount importance to increase industry 72 

competitiveness (da Silveira Junior, L. A. B., Vasconcellos, E., Guedes, L. V., Guedes, L. F. 73 

A., & Costa, R. M., 2018), a comprehensive approach together with the stakeholder early 74 

involvement in the innovative processes are deemed here to be essential to ensuring the 75 



suitability, acceptance and future application of innovations. Based on these premises, a two-76 

round Delphi survey was conducted in Spain in late 2017 to identify possible enablers and 77 

restrictors for developing a new inspection technology under the ROBIM Project1, also 78 

gaining from the actors’ engagement. That technology is set to ensure comprehensive data 79 

collection, processing and management. Knowing that the suitability of renovation design 80 

depends on informed decisions (Gbadamosi et al., 2018), this article starts with problem 81 

recognition and subsequent Delphi study, which has been designed as a tool to support the 82 

development of the inspection technology.  83 

The objective of this Delphi study is to identify the demands of the actors involved in 84 

conserving Spanish buildings and exploring the contextual challenges faced during the 85 

inspection. The present Delphi study is proposed as a Decision-Support Tool (DST) to guide 86 

the design process of a new technology capable of addressing the identified demands and 87 

contextual challenges through innovative procedures that contribute positively to building 88 

stock management and conservation processes.  89 

After this introductory part, the next section introduces an overview of the innovation 90 

applied to buildings’ management and contextualizes building conservation in Spain. The 91 

third section describes the Delphi methodology and how it has been applied as a DST. The 92 

fourth details the questionnaire design and conduction of the surveys, the fifth the results and 93 

discussion. The sixth and last sets out the conclusions.  94 

2. RELEVANT BACKGROUND KNOWLEDGE FOR THE DELPHI SURVEY 95 

2.1. Innovative management of existing buildings 96 

The use of new inspection techniques together with information and communication 97 

technology tools (ICTs) not only could help limit building energy demand, but also lower both 98 

                                                           
1 In the context of this survey advanced technology was deemed to comprise the robotic system to be developed, which 

may include inspection techniques and described in those terms in the note circulated to second round survey respondents. 



the resources consumed, and the waste generated, contributing to construction industry 99 

decarbonization. Unlike other industries that have undergone an enormous technological 100 

change, construction has barely profited from new technologies being usually considered as 101 

slows uptake of innovation. Automation, for instance, is used only sporadically in a process 102 

in which assembly is normally performed manually (Buchli et al., 2018). ICTs could help to 103 

capture on-field data directly that can also be used to assist construction industry fieldwork 104 

and improve existing process management (Kim et al. 2013). Particularly, the development 105 

of innovative inspection technologies and advanced information management systems could 106 

benefit the industry by boosting the sustainable rehabilitation of existing buildings (Jensen & 107 

Maslesa, 2015). In any case, some critical barriers to the implementation of these new 108 

technologies are related to cultural problems and resistance to change (Bortolini & Forcada, 109 

2018). As a result, it is advisable to count on a deep analysis of all the boundary conditions. 110 

Technologies and innovative approaches for diagnosis are increasingly crucial in an 111 

industry highly conditioned by costs and timing (Louis & Dunston, 2018), particularly where 112 

uncertainty comes into play, such as in rehabilitation works. Professional building 113 

maintenance that ensures satisfactory conservation and improvement is imperative to 114 

optimizing the investments made (García Navarro, 1995). Besides, Artola, Rademaekers, 115 

Williams, and Yearwood (2016) pointed out the lack of knowledge and awareness of 116 

construction professionals as some of the technical key barriers to energy rehabilitations. The 117 

need for auxiliary means (whose use varies with the accessibility to the buildings) can be 118 

considered a specific technical barrier. All this reflects the higher technical, social and 119 

economical complexity of renovating buildings, compared with constructing new buildings. 120 

Regarding information management, the EU deems that construction should revolve 121 

around building information modelling (BIM), a technology acknowledged by the World 122 

Economic Forum to have great potential to clear hurdles and drive industrial changes 123 



(Valencia Institute of Building, 2018). Recent studies, such as the one authored by Olawumi 124 

& Chan (2018), have also defined BIM as an opportunity to reinvent design, construction and 125 

management of buildings. This opportunity might also be considered a challenge, as higher 126 

coordination among agents is required. Moreover, Morlhon, Pellerin, and Bourgault (2014) 127 

argued that the different standards and protocols involved make difficult the implementation 128 

of BIM, being the processes of generation and use of information a barrier to applying BIM 129 

throughout different stages (Gerrish et al., 2017).  130 

2.2. Building conservation in Spain 131 

The present work expands on the knowledge of building inspection and diagnosis, framed 132 

by the particularities of Spain’s building stock management. In Spain, new construction has 133 

traditionally prevailed over rehabilitation of existing buildings (Jefatura del Estado, 2013), 134 

being the already identified obstacles deeply rooted.  135 

Conservation of the country’s buildings is incumbent upon their owners by Spanish law 136 

but they not always fully understand the need for preventive maintenance (Bortolini & 137 

Forcada, 2018). To ensure compliance with that responsibility, the Spanish Government has 138 

enacted legislation requiring periodic building assessments (Garrigues, 2015). Technical 139 

Building Inspection (Spanish initials, ITE), created under Royal Decree Act 8/2011, is a tool 140 

for regulatory periodic inspections whereby competent authorities enforce owners to preserve 141 

their buildings. ITE provides an official statement on the condition of the building inspected 142 

based on the opinion of the technician (Gobierno Vasco, 2004) and compiles information 143 

about the technical performance of a building. A new piece of legislation, Act 8/2013 (Jefatura 144 

del Estado, 2013),  introduced the Building Evaluation Report (Spanish initials, IEE), a tool 145 

designed to fill the energy and accessibility gaps detected in the ITE, going beyond mere 146 

conservation by considering the strategic opportunity to take comprehensive actions 147 

(Ministerio de Fomento, 2014). This law also enforces the application of the Technical 148 



Building Code (Spanish initials, CTE), the text that introduced the technical standards to be 149 

met only by new construction.   150 

Nevertheless, these regulatory periodic inspections (ITE and IEE) have no established 151 

methodology nor instruments, which leads to the use of only visual inspections and leaving 152 

the protocol to be followed for data collection and analysis to the discretion of qualified 153 

professionals in charge of carrying out and writing up a diagnosis report. Whilst Spanish 154 

standard UNE 41805-1:2009 IN (ΑΕΝ/CTN 41, 2009) specifies that satisfactory diagnosis 155 

calls for the use of instrumental methods to quantify deterioration and its progress, both ITE 156 

and IEE do not require experimental verification to detect problems in advance. The scope 157 

of ITE and IEE depends on each competent authority and with no standardized procedures. 158 

Statistics available on reported data from ITE inspections (ICCL, n.d.) show that these are 159 

performed primarily in residential buildings and that building envelope deterioration prevails 160 

as the grounds for unfavorable reports (in 2016, 44 inspections identified damage to façades 161 

and 45 to the roof, compared to only eight reports citing flaws in structures/foundations and 162 

13 in building facilities). We consider that this information at hand is insufficient to assess the 163 

condition of the Spanish building stock, particularly as regards non-residential buildings. It 164 

also shows that building envelopes must be exhaustively inspected and accurately diagnosed 165 

to obtain full information on their configuration, condition and performance. 166 

The number of buildings rehabilitated and the budgets for the works undertaken have 167 

risen driven by the present legislation, but we see significant room for improvement. Further 168 

enhancements to the building stock management are needed because industry figures still 169 

lag far behind many European countries2 (Ministerio de Fomento, 2017; Zebra2020, 2016) 170 

                                                           
2 According to the “Estrategia a largo plazo para la rehabilitación energética en el sector de la edificación en España” 

(Ministerio de Fomento, 2014), the ‘Long-term Renovation Strategies’ submitted by Spain to comply with the Article 4 of 
the Energy Efficiency Directive, approximately 0.8 % of the Spanish residential buildings underwent major renovation in 
2014, compared to 1.82 % in Austria, 1.75 % in France and 1.49 % in Germany. Most of these figures coincide with the 
analyses depicted in Zebra2020 Data Tool, which is currently considered a reliable reference at EU level. 



and the annual renovation rate of 3 % highlighted by the EPBD recast (European 171 

Commission, 2018) to accomplish the EU’s energy efficiency ambitions. Thus, it calls 172 

attention to the need for a comprehensive approach to conservation by locally exploring the 173 

different dimensions involved: economic (Ec), industrial development (In), safety (Sf), social 174 

(So), environmental (En) and legal (Lg).   175 

3. THE SUITABILITY OF THE DELPHI METHOD FOR THIS STUDY 176 

Widely analyzed academically and scientifically from both theoretical and practical 177 

perspectives, the Delphi method has proven its value and is a research technique fully 178 

accepted by today’s scientific community (von der Gracht, 2012). It has been applied in any 179 

number of disciplines since its development in the 1950s by the Rand Corporation for the 180 

U.S. Air Force (Linstone & Turoff, 2011) and adaptation a decade later by academia. The 181 

constant evolution of the technique (Barnes & Mattsson, 2016) has led to variations, such as 182 

decision Delphi, and role changes (Linstone & Turoff, 2011). Delphi surveys are conducted 183 

essentially to explore the opinions of experts in a given area or collect data for subsequent 184 

decision-making (Cameron, Poba-nzaou, Templier, & Pare, 2013) by fostering the 185 

involvement of all stakeholders. For these reasons, the use of the Delphi methodology stands 186 

out above other forecasting techniques (da Silveira Junior, L. A. B., Vasconcellos, E., 187 

Guedes, L. V., Guedes, L. F. A., & Costa, R. M., 2018), being particularly suitable in new 188 

industries (Mitchell, V., 1992).  189 

Delphi surveys consist in at least two rounds in which experts’ opinions are recorded and 190 

shared among all respondents (Wentholt, Fischer, Rowe, Marvin, & Frewer, 2010) by means 191 

of structured group communication (Linstone & Turoff, 2011) designed to encourage 192 

participation (Turoff & Hiltz, 1996) and identify consensus opinions. The choice of the type of 193 

Delphi study, the number of rounds, questionnaire structure (Giannarou & Zervas, 2014) and 194 

selection of participants are crucial to any study, hampering quality and impact of the results 195 



(Ortega Serrano-Lanzarote & Fran-Bretones, 2015). Experts’ engagement is related to their 196 

interest in the topic (Avella, 2016) and knowledge of the subject broached (Keeney, S., 197 

McKenna, H., & Hasson, 2010) and to the suitable communication with respondents (also 198 

known as panelists), ‘tailored to the nature of the application and the participating group’ 199 

(Linstone & Turoff, 2011). The manner in which consensus is measured is an important 200 

component of data analysis and interpretation of results, although this element of Delphi 201 

methodology is seldom described in detail (von der Gracht, 2012). Moreover, there are no 202 

standardized procedures for response processing. Inasmuch as explanations on how 203 

information is analyzed from one round to another (de Loë, Melnychuk, Murray, & Plummer, 204 

2016) or how researchers evaluate replies in the successive rounds are not always provided 205 

either (Hasson & Keeney, 2011), some authors have called for improvements in the reports 206 

of Delphi studies (Diamond et al., 2014).  207 

The Delphi method has been here chosen to be suitable for gathering collective 208 

intelligence crucial to the analysis of complex, multi-disciplinary areas of knowledge  209 

characterized by many uncertainties (Yang, Zeng, & Zhang, 2012; Hasson, Keeney, & 210 

McKenna, 2000), such as building stock management. Related to new developments of 211 

technologies as is the case here, the Delphi technique is also appropiated for enhancing 212 

expert receptiveness to the benefits pursued (Birko, Dove, Özdemir, & Dalal, 2015). This 213 

Delphi study can be classified as a decision Delphi, being designed as an instrument to gather 214 

information useful for laying down specifications of the inspection technology under 215 

development and guiding its design process. In order to genuinely improve building stock 216 

management and to drive refurbishment sector development, this new technology should be 217 

feasible and compatible with sector’ demands. The study was then used as a DST by 218 

collecting information from the actors involved, in which the consensus was not a priority, but 219 

rather a special kind of agreement (Meijering, Kampen, & Tobi, 2013). This type of Delphi 220 



has also been validated by seeking expert opinions in several complex subjects from different 221 

areas. The Delphi method identifies group opinion and priorities around a subject (Hasson & 222 

Keeney, 2011) and broadens the perspectives (Geist, 2010), it was deemed apt for 223 

deepening the investigation summarized in Section 2. The methodology has been tailored to 224 

the specific study purpose, processing and analyzing the experts’ contributions, aiming to 225 

achieve meaningful results.  226 

4. DESIGN AND IMPLEMENTATION OF THE DELPHI SURVEY  227 

4.1. Design of the consultation process 228 

The panel of experts and the survey content were defined in parallel to guarantee a 229 

balance between the questions posed and respondents’ ability to reply (Figure 1). The 230 

questionnaires were defined around the main elements of inspection (in particular) and 231 

intervention on buildings (in general). For this design, we considered the existing literature 232 

and context investigation (see Section 1 and 2). Since time limitations normally affect 233 

researchers’ decisions on the Delphi procedure adopted (von der Gracht, 2012), participants 234 

were informed that the present Delphi was a two-round survey. 235 

 236 
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IMPLEMENTATION 

IMPLEMENTATION 

Date 

Literature review and definition of 

key issues 

Definition of expert profiles and 

roles  

Design of R1 questionnaire Design of Delphi panellist template 

 

Mar ’17 

 □  

Jul ’17 

Figure 1. Delphi consultation process 

COMMUNICATION  

PRE-TESTING | 9 project participants 

Format: face-to-face 

Correspondence: in writing 

14 Ju 

2017  

Content 
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The Sogo Survey on-line tool was used, as it provides for continuous process monitoring 260 

and interaction with participants to clarify doubts and correct errors. The on-line 261 

questionnaires layout prioritized ready legibility and understanding with a friendly, content-262 

adapted questionnaire. The questions, written in Spanish, drawn both from the literature 263 

research carried out within the research project in which the study is framed, addressed the 264 

three key stages of building conservation identified as mentioned in the introductory section: 265 

Inspection and diagnosis (I), design and construction works (W) and maintenance (M). 266 

The panel of experts was structured around members’ role in the technical, economic or 267 

social aspects of building conservation to gain a comprehensive view, covering the different 268 

Design of R1 online questionnaire Selection of Delphi panellists  
Jul  2017      

Aug 20 17 

 

COMMUNICATION 

6 ▫ 28 Sept 

2017 
Format: [R1] Online | Sogo Survey 

Correspondence: email 

DELPHI ROUND 1 [R1] | 175 experts invited / 65 respondents 

 

 

IMPLEMENTATION 

Design of R2 online questionnaire Design of feedback report for 
panellists 

Oct  2017 

 

COMMUNICATION 

Format: [R2] Online | Sogo Survey + 
[Report of R1 results] PDF 

Correspondence: email 

DELPHI ROUND 2 [R2] + FEEDBACK REPORT | 65 experts invited / 52 respondents 

 
31 Oct  -  4    

Dec 2017 

 
IMPLEMENTATION 

Analysis R2 responses and Delphi 
conclusions 

Design of final report for panellists 
Jan 2018 -        

Mar 2018 

 

COMMUNICATION 

Format: [Report of R1 results] PDF 

Correspondence: email 

DELIVERY OF FINAL REPORT (RESULTS) | 52 panellists  

 27  Mar          

2018 

 



tasks involved in a quality management process through sub-categories. The potential 269 

participants were sought by the project researchers' chain of contacts to include experts with 270 

a balance of skills, knowledge and experience and able to contribute in a meaningful way to 271 

the study. The research team contacted them by direct invitation, informing them of the nature 272 

of the study and the confidential treatment of the data to encourage their engagement from 273 

the outset and ensure their commitment to completing the two rounds of the survey. Most of 274 

the panelists ultimately involved are engaged in technical pursuits, without prejudice to their 275 

status as users.  276 

4.2.  Design of Delphi questionnaire round 1 (R1)  277 

The questionnaire of the first round (R1) of the Delphi survey was designed according to 278 

the aim of the study (Figure 2). A first draft was discussed with construction experts 279 

participating in the ROBIM Project consortium during a face-to-face pre-test session (Figure 280 

1) to test and verify it. The final on-line questionnaire was designed after the validation of the 281 

proposed structure, including their suggestions in the R1 content. It primarily included 282 

gathering panelists’ statistical data for use in the subsequent analysis of the results (R1 283 

questionnaire sections 1 and 4) and the technical content (R1 questionnaire, sections 2 and 284 

3). This technical part identifying both specific challenges posed by the building envelope that 285 

can be tackled by innovating inspection (R1-section 2), and the general demands of the 286 

Spanish sector in this respect (R1-section 3). The technical content sought to go beyond the 287 

previous issues identified through the investigation carried out by exploring them from 288 

different perspectives (domains and dimensions).   289 



S1-R1: 

RESPONDENT DETAILS 

Q 1. Area of professional 
endeavour 

Q 2. Occupation 

Q 3. Stage/ speciality 

Q 4. Years of experience 

S4-R1: 

ADDITIONAL 

INFORMATION 

Q* 20. Year of birth 

Q  21. Gender 

Q* 22. e-mail address 

C06. Comments 
 

 

 

 

Figure 2. Round 1 questionnaire: structure 290 

LEGEND: Iq, (multiple-choice) question items; Ic, (Likert) concept items; Is, (Likert) statement items; Q, professional and 291 
personal data; C: comments 292 

(*): Items with a space for replies other than the choices shown 293 

Section present in only one of the pathways. The R1 questionnaire had two pathways to be followed depending 294 
on experts' field of expertise. One contained an additional section for the experts who replied ‘technical’ or ‘other’ in Q1, not 295 
to be answered by those replying ‘economic' or ‘social’.  296 

 297 
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S2.1-R1: 

REHABILITATION 

R1-Ic_5 (a-f). Dimension:  

a. Technical; b. Safety; c. 

Environmental; d. Economic; e. 

Social; f.Legal / legislative 

S2.2-R1: 

INSPECTION AND ASSESSMENT 

R1-Iq_6. Ownership 

R1-Iq_7. Heritage value 

R1-Iq_8. Type of intervention 

R1-Iq_9. Area of envelope 

R1-Ic_10. Building use 

C01. Comments  

S2.3-R1: 

FAÇADES AND DETERIORATION 

R1-Ic_11. Geometry and 
accessibility + C02. Comments 

R1-Ic_12. Construction system 
+ C03. Comments 
 
R1-Ic_13. Substrate material  

R1-Ic_14. Cladding material 
+ C04. Comments 
 
R1-Ic_15. Type of deterioration 

R1-Ic_16. Units of work affected 

R1-Ic_17. Severity  
+ C05. Comments 
 

S3-R1: 

FAÇADE CONSERVATION AND 

MAINTENANCE 

R1-Is_18 (a-j). Inspection and 

diagnosis 

R1-Is_19 (a-g). Design and 

construction 

 

S1+S4 ▪ EXPERTS’ DATA: 

Statistical information for 

analysis of participation 

 

 

 

 

 

 

 

 

 

 

 

 

 

S2▪ SPECIFIC CHALLENGES: 
Technical content for decision-

making during inspection based on the 

identification of specific challenges. 

S3▪ GENERAL PRIORITIES:  
Technical content for identifying 

industry priorities in connection with building 

inspection 



The questions included in the R1 had different formats (Iq, Ic, Ia and Q), depending on 300 

the section and type of information covered (Figure 2). Questionnaire section 2 (R1-S2), 301 

might be useful for deciding some specifications of the inspection technology under 302 

development. Questionnaire section 3 (R1-S3) might allow the research team to address the 303 

industry demands related to inspection and diagnosis processes by improving the whole 304 

procedures. The Iq items, in section 2.2, were multiple-choice questions. Concepts (Ic items, 305 

section 2.3) and statements (Is items, R1-S3) were scored from 1 to 5 on a Likert scale. All 306 

the technical items consisted in closed questions and, as all questions required responses, 307 

the R1-S2 and R1-S3 items (Iq, Ic and Is) all included a ‘no reply’ option. Two pathways were 308 

established (Figure 2) to adapt the questionnaire to respondents’ areas of expertise. 309 

Respondents were nonetheless able to add comments on six spaces provided.  The experts 310 

selected received the link to the R1 questionnaire with a brief explanation of the objectives 311 

and characteristics of the Delphi studies and permission to forward the questionnaire to other 312 

experts. Several reminders were sent out before the R1 closing date to encourage 313 

participation.  314 

In the absence of general standards, as previously stated (Section 3), here consensus 315 

criteria (Table 1) were established upon the conclusion of R1 based on the type of Delphi 316 

study, the aim of the study and the purpose of the questionnaire section. The criteria adopted 317 

here (for both R1 and R2) determined how the answers to the various question formats were 318 

processed and the results interpreted. After compilation on (Microsoft Excel) spreadsheets, 319 

results were analyzed for use in the following round (in the case of R1). The replies to the 320 

two sections on technical matters (R1-S2 and R1-S3) were explored in greater depth in the 321 

second round (R2) to elaborate on the information gathered (Appendix A and B).  322 

 323 



 324 

Table 1. Consensus criteria 325 

CONSENSUS CRITERIA BY TYPE OF ITEM 

Iq  (multiple choice) questions Ic  concepts (Likert scale 
rating, 1-5) 

Is  statements (Likert scale 
rating, 1-5) 

Per cent of experts 

choosing option 

Degree of 

consensus 

Per cent of experts 

scoring item as 4 

or 5  

Degree of 

consensus 

Per cent of experts 

scoring statement 

as 4 or 5  

Degree of 

consensus 

> 75% High priority ≥ 90% Broad consensus ≥ 90% Broad consensus 

> 50% Priority ≥ 75% Moderate consensus ≥ 75% Moderate consensus 

< 50% No agreement < 75% No consensus < 75% No consensus 

PURPOSE: to pose specific challenges 

that can be met by the inspection 

technology under development. 

PURPOSE: to pose context challenges to 

be tackled by building inspection capable to 

gather more data and reliable information 

PURPOSE: to pose general questions on 

the buildings’ management topic to identify 

industry demands and interests. 

 326 

4.3. Design of Delphi questionnaire round 2 (R2) 327 

The R2 questionnaire was designed on the same online platform as used in R1 (Sogo 328 

Survey). The content was drawn from a quantitative (degree of consensus in replies) and 329 

qualitative (comments) analysis that led to the interpretation of the R1 results in keeping with 330 

the criteria established and their translation into Is statements as appropriate. Therefore, the 331 

Iq items rated as ‘high priority’ identified specific challenges, while those rated as ‘priority‘ or 332 

where no consensus was observed served as a basis for formulating S2 items on the R2 333 

questionnaire (S2-R2) to clarify experts’ opinions (Table 2). The Ic items for which a broad 334 

consensus was found were also used to draw conclusions on the specific challenges posed, 335 

whereas items for which moderate or no consensus was observed were revisited in R2, in 336 

the form of statement (Is) to assess experts’ positions. Is items were deemed valid when they 337 

elicited moderate or broad consensus, whilst the lack of consensus called for reformulation 338 

in section 3 of the R2 questionnaire (S3-R2). Even where validated in R1, however, some 339 



statements were included in S3-R2 with additional nuances (Table 3) to gather experts’ 340 

comments on the opinions of the other respondents. 341 

In Delphi surveys circulating the results is as important as the technique used to analyze 342 

the replies (de Loë et al., 2016). Both, together with the consensus criteria established for 343 

analysis, were set out in the ‘Report of the R1 results’ (Figure 1) sent with the link to 344 

questionnaire R2 to the e-addresses furnished by respondents. That report included 345 

information on respondents’ occupation, area of expertise, stage/specialty, experience, age 346 

and gender (S1 and S4), as well as quantitative data and statistics on the replies to and 347 

comments on the technical items (S2 and S3). The statistical information included the number 348 

and percentage of respondents choosing each option in the Iq items, and in the Ic and Is 349 

items the mean score and the number and percentage of answers with scores of 4 or 5.  350 

S2-R2, a follow-up of S1-R1, was designed to draw strategic project conclusions and 351 

inform decision-making on the technology development already outlined in the façade works. 352 

The R2 questionnaire had the same structure as R1 but only included two fillable sections 353 

(the technical ones, S2 and S3), given that the participants’ statistical data had already been 354 

gathered (S1-R1 and S4-R1). A summary of these respondents’ data was included as a 355 

reference to ease the reading and interpretation of the questionnaire and guarantee survey 356 

traceability. A one-way pathway was used in R2 (the same questionnaire for all respondents), 357 

in light of the minor presence of social and economic experts (5 % of R1 panelists), simplifying 358 

the analysis and circulation of the results. Nevertheless, as in R1, panelists had the ‘No reply’ 359 

option in all the items. All 46 statements ultimately were included on the common R2 360 

questionnaire, 24 in section 2 (S2-R2) (Table 2) and 22 in section 3 (S3-R2) (Table 3). Of the 361 

22 statements on general conservation and maintenance (S3-R2) that aimed to identify 362 

industry demands, 11 were a reformulation of the S3-R1 statements for which no consensus 363 



was reached. The R2 questionnaire also contained four spaces for comments where experts 364 

could elaborate on their answers.  365 

The six dimensions identified on refurbishing and appraised in S2-R1 (R1-Ic 5) were 366 

addressed cross-wise in the 22 S3-R2 statements (Table 3). Each statement contained 367 

references to one or several dimensions. The technical dimension, which experts considered 368 

as a priority in R1 to trigger deep renovations, was identified with industrial development (In), 369 

being present in 17 R2 statements; the social (So) dimension, in 11; the economic (Ec), in 370 

10; and the environmental (En), legal (Lg) and safety (Sf) dimensions in 5 each.  371 

A number of reminders was sent out while the R2 survey was in progress. After the 372 

deadline, the replies were compiled and analyzed quantitatively as described for R1. This 373 

was supplemented by a qualitatively analysis of the four domains determined (see 2.1), which 374 

offers both a guide and a framework to categorize sector’s demands (Appendix D). Those 375 

domains served as grounds for coding and classifying the statements, to gain a deeper 376 

understanding of the techniques and ICTs (TE), auxiliary means (AM), information 377 

management (IM) or boundary conditions (BC). The findings were written up in the report of 378 

R2 results circulated to the 52 experts who completed the Delphi study. The structure of the 379 

report followed the same pattern as in R1, included the same type of data and ranked all the 380 

R2 statements by the degree of agreement reached. 381 

5. RESULTS AND DISCUSSION 382 

5. 1. General: participation and consensus reached 383 

Of the 175 experts initially invited to join the panel, 52 ultimately completed both rounds 384 

of the Delphi consultation; 65 (51 invited by the researchers and 14 by panelists) or 37.1 % 385 

completed R1, 13 of whom did not participate in R2, for which the final response rate was 386 

80.00 %. As a rule, participation in Delphi depends on the type of study and size of the panel 387 

https://www.linguee.es/ingles-espanol/traduccion/refurbishing.html


of experts. Some authors (Sumsion, 1998) recommend a 70 % final response rate to maintain 388 

the rigor of the method. Although the panel of experts in this study was established via direct 389 

invitation, the R1 response rate is slightly above the mean for web surveys (34 %) (Shih and 390 

Fan, 2008), whilst the R2 response rate (final response rate = 80 %) exceeds the said 70%. 391 

Assessing that participation rate is seen as a gap in previous Delphi studies, for such data 392 

are difficult to find in Delphi survey write-ups, as observed by Meijering et al. (2015). 393 

Nonetheless, a drop-out rate of 20 % may be deemed to be low and attest to the commitment 394 

assumed by panelists after R1.  395 

The transparency sought in the process may have contributed to minimizing drop-out, for 396 

respondents were informed of the importance of their replies in R1 for the design of R2 via 397 

feedback and follow-up reports. The information about the results circulated in the reports, is 398 

a key factor in any Delphi survey, for it furnishes respondents with feedback with which to 399 

revise their own in light of others’ opinions. The transparency ensured by this degree of detail 400 

provided validates the results of the study.  An individual follow-up carried out is another 401 

contributory factor to engagement. As McKenna (1989) noted, such factors add a ‘personal 402 

touch’ that encourages panelists to feel they are an integral part of the study.  403 

The experts’ data (Figure 2) gathered in S1-R1 and S4-R1 (Appendix C), associated with 404 

the criteria established to set up the panel of experts, were used just to analyze the 405 

participation rate. Panel membership was characterized by a high proportion of experts in 406 

technical fields and a small fraction of industry professionals with a social or economic rather 407 

than a technical role. Participation by senior architects and engineers engaging in all the 408 

stages of work covered guaranteed a variety of perspectives on the subject studied. Experts 409 

involved in the three stages addressed (I, W and M) were widely represented, with 49.2 % of 410 

respondents having engaged in building inspection and/or rehabilitation (Figure 3), areas of 411 



particular interest for a study that sought to identify the challenges confronting the industry 412 

when undertaking such work. 413 

Figure 3.  Respondents’ professional experience 414 

* Respondents could specify more than one option 415 

Data requested Results (% of options chosen) 

Item Choices 

 

Q3. Area of expertise* 

 

 

 

 

Strategic planning  15.4 

Design   60.0 

Execution   67.7 

Maintenance / Management   24.6 

Inspection / Renovation   49.2 

End-of-life   4.6 

Other   9.2 

Q4. Years of experience  <2  0.0 

2-6   7.7 

7-10   4.6 

11-15   21.5 

16-20   21.5 

>20   44.6 

N/R  0.0 

 416 
The 66.2 % of experts with 16 or more years in the profession, deemed by a number of 417 

international organizations such as the United Nations and the European Union to qualify as 418 

senior professionals, denoted a deeply knowledgeable respondent base. The command of 419 

the subject at issue was also mirrored in the low percentage of ‘no reply’ answers: 10 of the 420 

final statements showed none, with a mean of 4.2 %, values that also contributed to 421 

consensus on many of the questionnaire items. In R2, a consensus was reached in 32 of the 422 

46 statements (69.6 %) (Appendix D). Given the breadth of the subject of this study and the 423 

Senior 

professionals 

 

 

Areas most 

closely related to 

conservation, 

prioritised in the 

survey:  

I, W, M  



many perspectives from which it was addressed, such a high rate can be deemed as a 424 

positive result, for it paved the way for identifying trends common to the industry as a whole.  425 

5.2. Challenges to be confronted by improved inspection (S2-R2 results)  426 

Some manner of agreement was reached in 31 % of the first round specific technical 427 

items (S2-R1) (Table 2): two of the four Iq items were rated as priorities; and consensus was 428 

observed for 10 of the 37 Ic items and six of the 17 Is items. The use of advanced inspection 429 

techniques to improve building envelope diagnosis resulted a priority concerning 430 

rehabilitation works (Iq_8). In light of that result, further items on inspecting existing buildings 431 

and renovation works were addressed in R2. The Is items formulated in S2-R2 based on the 432 

S2-R1 results sought to detect challenges related to building inspection that would enable 433 

guaranteeing the conservation and improvement of the building stock. A consensus was 434 

reached on 14 and a broad consensus on three of those 24 items (58.3%) (Figure 4). 435 

  436 



Table 2. Technical content on specific construction sector’s challenges (envelope rehabilitation, inspection and assessment): S2-R1  S2-R2  437 

LEGEND → ○: no consensus item, : moderate consensus item; : broad consensus item; N/R: no reply 438 

NOTE: Irrespective of format, all the items included a ‘No reply’ (N/R) option 439 

S2-R1: ITEM AND DEGREE OF AGREEMENT S2-R2: ITEM AND DEGREE OF CONSENSUS 

Code: Question or concept  [No. of choices]  Priority  Code: Statement Degree of 
consensus  

% 
N/R 

S2.1-R1: REHABILITATION S2.1-R2 

R1-Ic 5. Dimension  [6] Technical (damage/deterioration) Ø _ _ 

S2.2-R1: INSPECTION IN CONNECTION W/ BUILDINGS THEMSELVES S2.2-R2: BUILDING CHARACTERISTICS AND MANAGEMENT 

R1-Iq 6. Ownership  [3] Not applicable R2-Is 01. Where technically substantiated, innovative inspection techniques can be more readily 
implemented in publicly owned buildings. ○ 3.8 

   R2-Is 02. Rehabilitation is more readily managed in buildings with single owners.  1.9 

   R2-Is 03. Rehabilitation is highly cost-effective, given the potential for owners to recover their investment. ○ 1.9 

R1-Iq 7. Heritage value  [3] ○ R2-Is 04. Heritage buildings especially call for innovative inspection techniques to guarantee accurate 
assessment. ○ 1.9 

R1-Iq 8. Type of intervention  [3] Rehabilitation Ø _ _ 

R1-Iq 9. Area of envelope  [3] ○ R2-Is 05. Since façades are generally the area of envelopes involving the greatest constructional 
complexity, investing in innovating inspection on that element is worthwhile to ensure diagnostic reliability. 

 1.9 

R1-Ic 10. Building use  [3] Tertiary sector R2-Is 06. The use of advanced technologies [1] is a priority to shorten inspection times and limit 
interference in buildings where business is conducted (such as hotels and offices). 

 0.0 

   R2-Is 07. Inspection geared to determining energy performance should be a priority in community 
service buildings. 

 0.0 

   R2-Is 08. Engaged and suitably informed users are imperative to ensuring satisfactory façade 
maintenance. 

 0.0 

S2.3-R1: INSPECTION IN CONNECTION WITH FAÇADES/DETERIORATION  S2.3-R2: FAÇADE CHARACTERISTICS AND DETERIORATION 

R1-Ic 11. Geometry and accessibility  [4] Access to façade R2-Is 09.  Where façade accessibility is arduous (height, urban conditions) inspection is complex and 
diagnosis compromised. 

 3.8 

  R2-Is 10. New technologies requiring no auxiliary means for inspection would be particularly apt for 
difficult-to-access façades. 

 0.0 



R1-Ic 12. Construction system  [4] ○ R2-Is 11. More industrialized façades (curtain walls, ventilated façades) must be inspected more 
frequently than traditional systems. ○ 9.6 

   R2-Is 12. Multi-layer construction systems cannot be accurately diagnosed with mere visual inspection.  3.8 

   R2-Is 13. Façades with prefabricated elements can be accurately diagnosed at a lower cost and in less 
time than others. ○ 

9.6 
 

R1-Ic 13. Substrate material  [4] (Timber or metallic) framework R2-Is 14. Manually applied or laid materials are more liable to deteriorate than prefabricated elements. ○ 7.7 

 R2-Is 15. Data collection for diagnosis must be more exhaustive in historic, traditional masonry (coursed 
rubble, infills) than any other type of façades. ○ 5.8 

R1-Ic 14. Cladding material  [4] Adhesive bonding R2-Is 16. Visual inspection does not suffice to determine the condition of the bonding in façade cladding.  7.7 

  R2-Is 17. Information on the condition of façade cladding fasteners and/or bonding favours prevention 
and the avoidance of detachment and possible accidents. 

 3.8 

R1-Ic 15. Type of deterioration  [4] Damp and mechanical R2-Is 18. Mechanical deterioration (cracks, hair cracks, detachment) can be limited or avoided with 
preventive façade maintenance. ○ 1.9 

  R2-Is 19. Early deterioration can be largely attributed to workmanship flaws or lack of façade monitoring 
and maintenance. 

 0.0 

R1-Ic 16. Units of work affected  [4] Substrate R2-Is 20. The substrate material in (prefabricated or other) façades is a determinant when establishing 
the inspection and maintenance periodicity required. ○ 0.0 

  R2-Is 21. Industry professionals are in need of further training to recognize symptoms and possible 
causes of façade deterioration as well as to propose repair options. 

 1.9 

R1-Ic 17. Severity  [4] Combined sporadic and general 
deterioration 

R2-Is 22. New façade inspection and diagnosis technologies should be geared to the early detection of 
combined deterioration. 

 1.9 

  R2-Is 23. Combined façade deterioration is often induced by problems in the inner tiers. ○ 19.2 

  R2-Is 24. Poor diagnosis of the façade to be repaired is conducive to inappropriate solution design or 
implementation. 

 1.9 

  440 



Figure 4.   Statements on specific challenges (S2-R2, envelope rehabilitation, inspection and assessment) ranked by degree of consensus 441 

 442 



5.2.1. Building characteristics and management 443 

The R2 results showed that the challenges posed by building façade inspection differ 444 

from those posed by other areas of the envelope (R2-Is_05), a finding consistent with reports 445 

of earlier studies such as Ortega Serrano-Lanzarote & Fran-Bretones (2015). As façade 446 

assessments should be in keeping with the complexity of the element, this survey focused 447 

on the specific challenges posed for the heaviest impact on building energy performance and 448 

occupant comfort (Attia et al., 2018).  No expert consensus was reached on the existence of 449 

specific challenges in connection with the heritage value of buildings, considering that had 450 

more to do with age than value, particularly where complex construction systems were 451 

involved.   452 

In pre-rehabilitation inspections, ownership status appeared to be a significant factor for 453 

the construction management approach adopted. The consensus reached in R2-Is_02 454 

attested to the strategic nature of the decision to prioritize the use of advanced technology in 455 

buildings with a sole owner to maximize efficacy and propose its application in multi-owned 456 

buildings only after the technology comes of age. Further to the consensus observed in R2-457 

Is_06 and R2-Is_07, building use would entail certain inspection-related challenges in 458 

connection with three conditioning factors: inspection times, building energy performance 459 

and user engagement. Consequently, innovative inspection procedures were deemed most 460 

suitable in façades where assessment would induce more comprehensive rehabilitation with 461 

greater potential for energy savings, as well as in buildings with uses requiring short 462 

intervention times. Panelists deemed that where intervention generates substantial social 463 

impact (in community service buildings for instance), the challenge of engaging users can be 464 

more readily assumed (R2-Is_02).   465 

5.2.2. Façade characteristics and deterioration 466 



The findings showed that the challenges posed by façades are prompted by the access 467 

to them (R2-Is_09 and R2-Is_10). The experts generally agreed that improved inspections 468 

should gather data with no need for complex auxiliary means, which constraint the inspection 469 

of urban façades with poor accessibility and cause considerable inconvenience for non-users 470 

of the buildings at issue. 471 

The consensus reached around R2-Is_12 was indicative of the challenge posed by multi-472 

layered façade construction systems, where internal damage cannot be discerned with visual 473 

inspections. The experts failed to agree about the additional challenge posed by the substrate 474 

tier, however. The lack of agreement around the items addressing industrialized systems 475 

inferred that traditional multi-layered construction systems, not necessarily on historic 476 

buildings, are the ones most in need of advanced inspections. Such façades, which prevail 477 

in building stock, pose additional challenges where cladded, for detachment of the outer layer 478 

(R2-Is_16) is difficult to predict by visual means alone. Technology could furnish information 479 

on the cladding-substrate bond useful for proposing post-diagnosis preventive measures (R2-480 

Is_17). The experts agreed that the lack of façade monitoring and maintenance is one of the 481 

causes of deterioration (R2-Is_19).  482 

The main contextual challenges related to building façades management would be, 483 

identifying the damages, detecting combined damage before it worsens (R2-Is_22), and 484 

performing diagnoses that favors the design and implementation of satisfactory construction 485 

solutions (R2-Is_24), when are needed, and specific maintenance plans. Therefore, 486 

it appears that systematic and improved inspection procedures could lead to perform 487 

accurate diagnoses, while the qualifications of the professionals involved pose yet another 488 

challenge (R2-Is_21) related to their knowledge or abilities. Industry professionals need to be 489 



trained to interpret and handle the collected information correctly by using a suitable ICT tool 490 

to effectively improve the management of the building stock.  491 

5.3. Industry demands around building stock management (S3-R2 results) 492 

Consensus was reached in 18 of the 22 (81.8 %) second round general technical content 493 

items (S3-R2), geared to detecting industry demands respecting building conservation 494 

(Figure 5). Consensus was broad in six of the 18 items. The experts agreed to seven of the 495 

11 items (el 63.6%) reformulated due to the lack of consensus in S3-R1, reaching a broad 496 

consensus in one of the seven. Of the 14 S3 items for which no consensus was reached at 497 

the end of the survey, four (28.6 %) were originally R1 statements (Table 3). Whilst the 498 

existence of just two rounds might be regarded as a limitation to this study to obtain a high 499 

degree of consensus, the decision Delphi conducted here was geared more to identifying 500 

industry demands that could be covered by an improved inspection system than to securing 501 

expert unanimity.  502 



Figure 5.  Technical content assertions, final ranking (S3-R1  S3-R2, façade conservation and management) 503 

 504 



Table 3. Technical content on general industry priorities (façade conservation and management): S3-R1  S3-R2 505 

 LEGEND → ○: no consensus item, : moderate consensus item; : broad consensus item; N/R: no reply 506 

 507 

Item to be including in final ranking  Item to be revisIted in R2 508 

 509 

 510 

 511 

S3-R1: ITEM AND DEGREE OF CONSENSUS S3-R2: ITEM AND DEGREE OF CONSENSUS Dimension addressed 

Code. Item                                             Degree of consensus  % of N/RStatus Code. Item                                        Degree of consensus      % of N/R   In Sf En Ec So Lg 

S3-R1 Is_18. INSPECTION AND DIAGNOSIS S3.1-R2. INSPECTION AND DIAGNOSIS  

R1-Is 18 a. Legally mandatory building assessment reports effectively 
guarantee conservation. ○ 1.5  

R2-Is 25. The legally binding ITE and IEE do not contain sufficient 
information to guarantee building conservation. ○ 13.5 - Sf - - - Lg 

 
   

R2-Is 26. Clear protocols need to be established for mandatory inspection 
procedures, identifying and charactering damage and possible solutions. 

 0.0 In Sf - - - Lg 

R1-Is 18 b. New inspection techniques would favour the delivery of fuller 
reports. 

 1.5   
  In - - - - - 

R1-Is 18 c. The time presently required for inspecting and analysing 
building condition hinders rigorous diagnosis. ○ 1.5   

R2-Is 27. Technologies geared to shortening the façade data collection and 
management times required for rigorous diagnosis would be of great 
interest to the industry. 

 1.9 In - - Ec - - 

R1-Is 18 d. The 10-year inspection periodicity laid down by law is insufficient 
for preventive monitoring. ○ 6.15   

R2-Is 28. The 10-year inspection periodicity laid down by law may not be 
sufficient for preventive monitoring in some buildings. ○ 11.5 - Sf - - - Lg 

R1-Is 18 e. BIM application during building use would provide for 
continuous façade maintenance. ○ 13.8  

R2-Is 29. The application of methodologies able to integrate information on 
buildings in use (BIM) would favour continuous façade assessments for 
the purposes of maintenance. 

○ 7.7 In - - - - - 

R1-Is 18 f. Accurate inspection and diagnosis are directly related to the 
quality of rehabilitation. 

 3.1  
 

  In - - - - - 

R1-Is 18 g. Investing in resources for rigorous diagnosis favours better 
subsequent (financial, construction time) works control. 

 1.5  
 

  In - - Ec - - 

 
   

R2-Is 30. Gathering and suitably managing relevant data when undertaking a 
rehabilitation project is a determinant for successful implementation. 

 0.0 In - - - - - 

 Design and construction [W] 

  Inspection and diagnosis [I] 

 Maintenance [M] 

 

 

 

 

 

 

 

  



R1-Is 18 h. The cost of the auxiliary means used in inspections is 
incommensurate with the cost of repair. ○ 9.2  

R2-Is 31. Due to the unit costs of the ancillary resources needed beyond visual 
inspection, their total cost tends to skyrocket. ○ 9.62 In - - Ec - - 

R1-Is 18 i. The safety hazards associated with certain inspection 
techniques may limit their use. ○ 4.6  

R2-Is 32. The safety hazards (for workers and third parties) associated with 
working at the heights required in certain inspection techniques condition and 
limit their use. 

 5.8 In - - - So - 

R1-Is 18 j. The newest inspection techniques are unaffordable in medium-
scale budget rehabilitations. ○ 12.3  

R2-Is 33. Advanced technologies [1] that reduce uncertainty around the 
scope of rehabilitation works would favour better control of investments, 
encouraging owners to undertake such interventions. 

 0.0 In - - Ec So - 

 
   

R2-Is 34. Construction industry resistance to change hinders the development 
and/or use of advanced technologies [1] that would favour exhaustive 
diagnosis. 

 3.8 In - - - So - 

 
   

R2-Is 35. The scant investment in R&D deters the development of new 
inspection technologies that would favour fuller reports. 

 1.9 In - - Ec So - 

 
   

R2-Is 36. The availability of advanced inspection and diagnosis technologies [1] 
would translate into greater construction industry growth and industrialisation. 

 1.9 In - - Ec So - 

 
   

R2-Is 37. Investing in innovative techniques for rigorous diagnosis is worthwhile 
for it yields shorter construction times and less extensive subsequent repair. 

 5.8 In - - Ec So - 

S3-R1. DESIGN AND CONSTRUCTION S3.2-R2: DESIGN AND CONSTRUCTION  

R1-Is 19 a. Most building façade rehabilitation is geared to hazardous 
damage or deterioration in need of urgent repair. 

 3.1  
 

  - Sf - - So - 

R1-Is 19 b. Relevant conclusions on works suitability and quality can be 
drawn from post-works façade monitoring. 

 6.1  
 

  In Sf - - - - 

 
   

R2-Is 38. Most façade rehabilitation works are undertaken to repair deterioration 
that constitutes a hazard and are seldom viewed as an opportunity for more 
comprehensive interventions. 

 3.8 - Sf - Ec So - 

 
   

R2-Is 39. Relevant conclusions on the suitability and quality of the works 
performed can be drawn from subsequent façade performance monitoring. 

 3.8 In - - - - - 

R1-Is 19 c. Final cost overruns in rehabilitation works are excessive. ○ 7.7  
R2-Is 40. Final cost overruns are due especially to the absence of thorough 
knowledge of the condition of the façade until intervention is underway. 

 5.8 In - - Ec - - 

R1-Is 19 d. BIM would be particularly suitable in rehabilitation works to 
coordinate information flows throughout. ○ 16.9  

R2-Is 41. The BIM platform may prove useful for the necessary coordination of 
information flows during rehabilitation. 

 7.7 In - - - So - 

R1-Is 19 e. Applying new tools to rehabilitation would favour satisfactory 
waste management. ○ 6.1  

R2-Is 42. In-depth knowledge of the façade to be repaired and of the 
characteristics of its constituent materials facilitates satisfactory management of 
the construction and demolition waste generated. 

 1.9 In - En - - - 

R1-Is 19 f. As a tool, energy certification can effectively appraise existing 
façades from an environmental perspective. ○ 1.5  

R2-Is 43. Energy certificates issued using simplified tools based on cursory data 
collection do not accurately depict actual façade performance. 

 1.9 - - En - - - 

 

 

 

 

 

 

 

 

 



R1-Is 19 g. If energy performance had a beneficial impact on a building’s 
market value, more façades would be modernised. 

 3.1  
 

  In - En Ec - - 

 
   

R2-Is 44. If energy performance had a beneficial impact on a building’s market 
value, more façades would be energy-rehabilitated. 

 1.9 In - En Ec So - 

 
   

R2-Is 45. The construction industry is not in a position to comply with Europe’s 
2020 commitments on emissions abatement. 

 13.5 - - En - So Lg 

 
   

R2-Is 46. If energy rehabilitation is to contribute to staving off climate change, it 
must be encouraged by making it economically and technically feasible. 

 0.0 In - En Ec So Lg 

 512 

  513 

 



The results for the six dimensions addressed and interpreted for a full subject-based 514 

analysis showed that conclusions can be drawn from the 28 statements that elicited 515 

consensus (22 in S3-R2 and six in S3-R1) to: 516 

- Contribute to guide decision making for the design of the new inspection technology, 517 

with features adapted to professionals’ real interests, and conservation market 518 

demands.    519 

- Reflect on the relationship between Spain’s construction industry and building stock 520 

management, gleaning information that may contribute to industry development and 521 

specialization in the renovation of existing façades.   522 

- Define the keys to fostering the synergies between curative intervention and energy 523 

rehabilitation afforded by improved inspection. 524 

Subsequently, it discussed the findings obtained regarding industry demands, after the 525 

quantitative and qualitative analysis of S3 statements by following the four domains. 526 

5.3.1. Techniques and ICTs (TE) 527 

All six of the statements in this domain elicited a consensus (Figure 5). In the two 528 

formulated in R1 (R1-Is 18b and R1-Is 18g) and one of the statements formulated in S3-R2 529 

(R2-Is 33), the consensus reached was broad. This denotes a high degree of expert 530 

agreement around the need to use technology in building conservation, whether in the design 531 

and construction (W) stage broached in item R2-Is_33 or in the inspection and diagnosis 532 

stage (I) referred to in the others.  533 

Most of the experts agreed fully that investment in inspection resources would favor 534 

rigorous diagnoses (R1-Is_18g) and more thorough reports (R1-Is_18b) that would reduce 535 

intervention uncertainties linked to visual inspections (R2-Is_ 33) guaranteeing more effective 536 

works control. Shortening the time needed to gather and process façade data to issue such 537 



diagnoses (R2-Is_27) is also demanded by the experts consulted, who deemed that 538 

innovating inspection and diagnosis would also reduce the times involved in other 539 

conservation procedures (R2-Is_37) (W and M). They believed that such improvements 540 

would contribute both to construction sector growth and internationalization (R2-Is_36). 541 

The experts scored these statements at a mean very close to 4 (3.95), just one point lower 542 

than the maximum (5: Full agreement) and higher than in the other three domains. All six 543 

items dealt with industrial (In) issues, although five also addressed economic (Ec) and social 544 

(So) factors. The conclusion drawn from such high scores and issues involved was that the 545 

improved inspection procedures are demanded for the conservation of the building stock. 546 

The industrial development stemming from the use of technology would also translate into 547 

economic benefits by contributing to industry development and professionalisation. The 548 

panellists’ replies likewise revealed that it would also have a social impact well. 549 

5.3.2. Information management (IM) 550 

With 11 items, the IM dimension, like TE, was deemed here to be a key for building stock 551 

management, given its close relationship to innovating inspection and diagnosis. Two of the 552 

items in this group were formulated in R1: Is_18b received broad consensus and Is_18g 553 

moderate consensus. Broad consensus was attained for three of the nine items in R2 and 554 

moderate consensus in four. The two items without consensus (R1-Is_18a and R1-Is_18e) 555 

had been carried forward from R1. Despite that absence of consensus, the mean score was 556 

nearly 4 (3.89) here also. 557 

Seven of the 11 items in this group addressed design and construction (W), two 558 

inspection and diagnosis (I) and two maintenance (M) issues. The two maintenance-related 559 

issues (R2-Is_25 and R2-Is_29) were the ones on which experts failed to agree, which might 560 

be interpreted as a lack of a common approach to information management for buildings in 561 



use, being partly because there is no standard methodology for inspections in Spain (see 562 

2.2). It might also be indicative of a certain disconnect between inspection (I) and subsequent 563 

design and construction (W), meaning that current inspections are not commonly used as a 564 

diagnosis tool as pointed out some authors (Section 2). Whilst most (seven of 11) of the items 565 

in this group addressed the industrial (In) dimension, all six dimensions defined were 566 

broached: three items dealt with safety (Sf), two with the environment (En) and two with legal 567 

(Lg) questions. The social (So) and economic (Ec) dimensions were each addressed in one 568 

item.  569 

That three of the IM items were rated among the top five (Figure 5). It might attest to a 570 

demand of inspections capable to guaranteeing not only the collection of suitable data, but 571 

also to their satisfactory management for accurate diagnoses (R2-Is_30), in connection as 572 

well with façade energy performance (R2-Is_43). Given the degree of agreement on the 573 

relationship between reliable assessment of existing façades and the quality of their 574 

rehabilitation (R1 Is_18f), innovating inspection information management would appear to be 575 

highly demanded. The creation of clear protocols, capable to systematize the inspection 576 

processes, should be designed together with the new technology under development to favor 577 

accurate interpretation and suitable intervention design (R2 Is_26).  578 

 As uncertainty was identified as an obstacle for rehabilitation (see 5.2.1), by reducing 579 

such concerns, innovative information management might also encourage owners to 580 

undertake building improvements since a better understanding of its condition would reduce 581 

budget overruns (R2 Is_40). The experts deemed that BIM platforms can be used to 582 

coordinate information during the entire rehabilitation process (R2-Is_41). As attested to by 583 

their broad consensus around R2-Is_39 and moderate consensus around R1-Is_19b, they 584 



felt improvements introduced in stages I and W would afford the industry new opportunities 585 

to manage maintenance stage works.  586 

5.3.3. Boundary conditions (BC) and Auxiliary means (AM)  587 

Although less directly related to innovating inspection and diagnosis, domains BC and 588 

AM have a huge impact on existing building stock management, as at the outset of this study 589 

(Section 1 and 2). Eight of the nine BC items elicited expert consensus (two broadly), whilst 590 

the mean score was 3.76. The two items under domain AM were reformulated from R1 591 

statements. With moderate consensus reached around only one (R2-Is_32), the mean score 592 

for the items in this group was 3.65, perceptibly lower than in the other domains. The BC item 593 

that elicited no agreement (R2-Is_28), carried forward from an R1 item, asserted that the 594 

present 10-year interval for regulatory inspections in Spain may not guarantee suitable 595 

preventive buildings maintenance. The results and the score for the items in the AM domain 596 

afforded further proof that the maintenance stage generates greater expert disagreement, 597 

although the specific underlying reasons could not be identified.  598 

Most (six) of the BC items referred to stage W, two to stage I and one to stage M. 599 

Together the nine items addressed general issues, dealing with the six dimensions (In, 5; Sf, 600 

3; En, 4; Ec, 5; So, 7; Lg, 3). The high degree of agreement among experts around the need 601 

to curb climate change by making energy rehabilitations feasible (R2-Is_46) merits mention. 602 

Panelists agreed that establishing the economic savings associated with rehabilitation-603 

mediated lower energy demands would favor such interventions (R2-Is_44, R1-Is_19g). 604 

Furnishing the respective information in the diagnoses issued after façade inspections 605 

consequently constitutes an industry demand.  606 



The experts deemed that the scant investment in innovation (R2-Is_35) and the industry’s 607 

traditional resistance to change (R2-Is_34) might hinder the use of advanced technologies. 608 

Such factors may have deterred industry specialization in conservation and improvement of 609 

existing building performance and prompted a focus on curative intervention (R2-Is_38 or R1-610 

Is_19a). Further to the findings for the four domains, by breaking those barriers down 611 

innovative façade inspection could help the Spanish construction industry comply with its 612 

environmental commitments (R2-Is_45). 613 

The two AM items referred to industrial (In) issues in the inspection stage (I). The item 614 

on which consensus was reached also addressed the So and Sa dimensions, whilst the other 615 

included a reference to Ec. These findings inferred that although the AM items did not appear 616 

to constitute limitations to inspection (R2-Is_31), safety hazards for workers might limit 617 

inspections (R2-Is_32) and hinder accurate assessments of the condition of scantly 618 

accessible façades. Safety during inspection is consequently a need for ensuring diagnostic 619 

accuracy. 620 

5.4. Final thoughts and limitations to the study 621 

The 12 remarks gathered in R2 contributed to the qualitative analysis conducted. The 622 

comments tended to underscore the environmental (En), economic (Ec) and social (So) 623 

dimensions of rehabilitation, with observations such as: ‘it’s not easy to convey the cost-624 

effectiveness of the investment to owners’; `[…] user understanding of good […] building 625 

practice is essential’; ‘understanding building energy performance to improve it should be a 626 

priority […]’; ‘if owners are to invest in analyzing and rehabilitating their buildings to improve 627 

energy performance, they must be able to clearly see how their investment will pay off’; and 628 

other remarks along those lines. That information reinforced the demands previously 629 

identified. It also confirmed earlier reports on the non-technical dimensions of rehabilitation 630 



(Ortega Serrano-Lanzarote & Fran-Bretones, 2015) and the social, organizational and 631 

legislative hurdles to improving energy efficiency, closely related to user awareness and 632 

understanding observed by Minetto, Marinetti, Saglia, Masson & Rossetti (2018). Indeed, the 633 

experts attached considerable importance to building energy performance, prioritizing 634 

interventions to render them more efficient, but also exhibiting concern around the strict 635 

control of the cost and users’ unawareness of the benefits of energy rehabilitation, which 636 

deters investment.  637 

The significant presence of the economic dimension in their opinions may also be a clue 638 

to understanding the difficulties faced by the rehabilitation industry in Spain; advanced 639 

inspection systems might overcome these issues while favoring more ambitious rehabilitation 640 

works and potential new opportunities. New inspections would consequently enable actors to 641 

gather reliable data to accurately quantify both investments and returns, manage the 642 

information collected, report to users accordingly and attest to the benefits of improving 643 

building performance. In consequence, the volume and scope of renovations would rise if 644 

developers and users were aware of the added value to be gained (Attia et al., 2017).  645 

Changing familiar procedures to progress toward a new technology could also induce 646 

misgivings in the actors involved (Minetto et al., 2018). Interestingly, one of the four 647 

statements without consensus was about the use of BIM for building maintenance (R2-Is_29), 648 

even though that technology has been viewed as an opportunity for the construction industry 649 

(see 2.1.). This finding could reveal the lack of communication protocols between BIM files 650 

and other technical data (see 2.1.), and it may be related to the Spanish construction 651 

industry’s scant investment in innovation (see 2.2.), which would explain its narrower use of 652 

BIM technology than in countries such as the United Kingdom. The ongoing delays in the 653 

application of BIM might hinder the implementation of technologies operating on that platform.  654 



6. CONCLUSIONS 655 

This article discusses the findings of a Delphi study used as a decision-making tool for 656 

developing a new technology in the field of inspection and diagnosis of existing building 657 

envelopes. The design of the consultation is based on relevant background knowledge on 658 

innovative management of existing buildings, with special attention to building conservation 659 

in Spain.  660 

Since the absence of exhaustive information on existing buildings hinders building 661 

stock management and consequently the transition to a more sustainable urban model, we 662 

have discussed how accurate assessment of building condition would facilitate intervention 663 

design and subsequent maintenance tailored to each case. The decision Delphi conducted 664 

deeply explores building conservation in Spain throughout the view of all actors involved, 665 

allowing us to identify the contextual challenges directly related to inspection processes and 666 

the demands of the Spanish industry for improving the management of the building stock.  667 

The two-round Delphi study conducted reports on the results of each round (here 668 

referred to as R1 and R2). Specifically, we have presented how R1 findings were processed 669 

to design R2 and how the findings of both were processed and reported. In doing so, we 670 

intend to overcome the shortcomings in response processing identified by researchers in 671 

previous Delphi studies. This information reported during the consultation process is seen 672 

here as a key factor in engaging respondents, as attested to by the low second round drop-673 

out rate of 20 %. The methodology followed has been reported in detail to guarantee the 674 

replicability of this type of Delphi study. 675 

Based on the analysis of the most relevant domains identified (techniques and ICTs, 676 

auxiliary means, information management or boundary conditions), a qualitative analysis of 677 

the responses has been carried out, together with a quantitative analysis against the 678 

consensus criteria set. The 52 respondents’ long technical experience guaranteed their 679 



understanding of the subject at hand and their contribution to the research. This composition 680 

of the panel, together with the high degree of consensus attained (69.6 % in the last round), 681 

validate the results of the study. The conclusions of the analysis have allowed the ROBIM 682 

project to adopt decisions for developing an innovative inspection processes capable of 683 

addressing the specific challenges detected. The evidence-based knowledge on the 684 

dimensions involved in conservation processes (economic, industrial development, safety, 685 

social, environmental and legal) aims to be useful to address existing buildings management 686 

and their renovation works from the inspection stage through improved diagnosis.  687 

The economic dimension of intervention was among the most prominent topic 688 

identified, in particular as regards the demand for greater budgetary control and more 689 

accurate quantification of investment and returns. Therefore, a better inspection and 690 

diagnosis process could contribute to avoid hidden costs and to shorten construction times; 691 

another demand identified that is indirectly linked to investments and users’ interests. Since 692 

the knowledge gained from inspections might guide technicians toward informed decisions to 693 

prevent and repair defects, maintenance and intervention costs would be reduced while 694 

facilitating the design to widen project reach and raise the energy efficiency of buildings. The 695 

economic issues are then instrumental to the industry’s commitment to comprehensive 696 

rehabilitation.  697 

Surmounting the difficulties extracted from the experts’ opinion will favor specialization 698 

in rehabilitation in the Spanish building industry, enhancing existing building management to 699 

raise the construction quality and performance of the façades intervened, being here 700 

identified as the most challenging element of the building envelope. One of the future 701 

contextual challenges to be confronted would be the application of ICT to manage all the 702 

information on façades to control construction and plan preventive measures during 703 

maintenance, which would improve building stock performance and efficiency and extend 704 



service life towards the necessary conversion of the building stock. Future research lines 705 

could go further preventive maintenance by improving the technology for façades monitoring.   706 

The study poses a question to be further explored that affects society at large, being 707 

key for cities under the climate change situation: how to encourage comprehensive building 708 

rehabilitation geared to improving indoor spaces and energy performance to ensure 709 

sustainable management of the building stock? The renovations that currently take place in 710 

Europe neither meet the rate, scale, nor the depth required to achieve their expected quality 711 

and energy efficiency. Therefore, we consider upgraded regulatory tools and inspection 712 

processes as a window of opportunity for sustainable management of the building stock. 713 
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