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ABSTRACT  

Socfiafl acceptance of end users fis findfispensabfle for the fimpflementatfion of agrficuflturafl and soflar energy systems to 

create  a  more  sustafinabfle  and  productfive  resfidentfiafl  bufifldfing  sector.  Thus,  the  mafin  afim  of  thfis  study  fis  to 

finvestfigate the socfiafl acceptance flevefl of the two systems and the fimpflementatfion preferences of Egyptfian end 

users, fi.e., resfidents, fin reflatfion to thefir dfifferent socfiocuflturafl backgrounds. Gfiven that most of the constructfion 

fin Egypt fis takfing pflace fin new cfitfies, the acceptance of such systems strongfly reflates to socfietafl fimpflficatfions for 

urban sustafinabfiflfity. An onflfine survey was therefore dfissemfinated to the resfidents of new cfitfies fin the Greater 

Cafiro Regfion fin Egypt (n =274). A contfingency anaflysfis was conducted usfing the SPSS toofl, caflcuflatfing the Chfi- 

squared and Ffisher tests to fidentfify sfignfificant assocfiatfions between the varfiabfles. Resuflts findficated a hfigh flevefl 

of socfiafl acceptance of both the agrficuflturafl (71 %) and soflar energy (64 %) systems. The attfitude of resfidents 

towards the systems and thefir experfience usfing them were the varfiabfles exhfibfitfing the hfighest assocfiatfion wfith 

socfiafl acceptance of agrficuflturafl systems (p <0.001 for attfitude and experfience) and soflar energy systems (p =

0.04 for attfitude and p =0.002 for experfience). The most preferred system types were the horfizontafl pflanters on 

hand rafiflfings and roof-mounted photovofltafics. Responses showed  that productfion was the mafin afim for agrfi-

cuflturafl systems, whfifle economfic returns were the mafin afim for soflar systems. However, both systems faced the 

same  barrfiers,  especfiaflfly  fin  reflatfion  to  economfic  barrfiers.  Out  of  the  12  socfiocuflturafl  varfiabfles  tested,  re-

spondents’ age had the most sfignfificant fimpact on the fimpflementatfion preferences of both systems foflflowed by 

gender, resfidence type, and access to shared facfiflfitfies. Our study addressed a knowfledge gap by comparfing the 

two  systems  to  fidentfify  the  common  or  dfifferent  reasons  behfind  the  dfisparfity  between  thefir  hfigh  theoretficafl 

potentfiafl  versus  flow  on-ground  fimpflementatfion.  Future  research  coufld  finvestfigate  other  underflyfing  factors 

behfind socfiafl acceptance beyond the anaflyzed socfiocuflturafl aspects and tackfle the types of each system fin detafifl.   

1. Introductfion 

The current age fis characterfized by firreversfibfle envfironmentafl phe-

nomena such as cflfimate change and gflobafl warmfing, whfich resuflt from 

the negatfive finfluences of humans on nature, and fis referred to as the 

Anthropocene  [1,2].  The  bufiflt  envfironment  fis  a  major  contrfibutor  to 

these phenomena because of the massfive urbanfizatfion trends and hfigh 

consumptfion patterns of non-renewabfle resources [3]. Thfis caflfls for an 

finterdfiscfipflfinary transformatfion of bufifldfing practfices to reduce the fim-

pflficatfions facfing urban areas on gflobafl and flocafl flevefls [3]. Our study 

focuses on the case of Egypt, where the envfironmentafl chaflflenges are 

ampflfified by the rapfid expansfion of urban areas to accommodate the 

contfinuousfly fincreasfing urban popuflatfion [4,5]. Currentfly, the Egyptfian 

bufifldfing sector fis a major consumer of resources, addfing up to 60 % of 

energy  [6],  8  %  of  water  [7],  as  weflfl  as  excessfive  areas  of  fland  [8]. 

Addfitfionaflfly, fit produces around 8 % of CO2 emfissfions [9]. 

One  approach  to  the  transformatfion  of  bufifldfing  practfices  fis  the 

regeneratfive approach [10], fin whfich humans try to emuflate nature fin 

fits functfions and focus on the co-evoflutfion of the whofle system [11–13]. 

Adoptfing bfiofinspfired technoflogfies, whfich focus on transferrfing dfifferent 

functfions from nature finto technoflogy [1,14,15], fis one of the ways to 

achfieve  a  regeneratfive  bufiflt  envfironment.  Such  systems  aflso  mfimfic 

ecosystem servfices, fi.e., can produce food, energy, raw materfiafls, etc. 

[14,16]. Accordfingfly, Productfive Bufifldfing Systems (PBSs) – the core of 
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our analysis – come at the intersection of these approaches where they 
draw inspiration from nature for how the building could become pro
ductive and function as an integral component of the ecosystem while 
satisfying the needs of its users [17]. PBSs can produce food, grow 
greenery, or generate solar energy and are implemented on building 
envelopes such as rooftops, façades, and balconies to compensate, even 
in parts, for the building’s consumption patterns [17]. 

A wide array of PBSs exists in the Egyptian market on top of which 
are water-based hydroponics and soil-based planters for agricultural 
systems, and roof-mounted photovoltaics and solar water heaters for 
solar energy systems [17]. Even though both systems exist in the 
Egyptian market [17] and have high productivity potential given the 
favorable climatic conditions of the location for their use [18–20], their 
on-ground implementation is still below expected [21–23], revealing a 
gap in the market between the systems’ theoretical potential and actual 
implementation. One possible driver of the outlined gap is low social 
acceptance levels, since the community acceptance of such new systems 
is considered crucial for their wider implementation in local contexts 
[24,25]. Accordingly, the study at hand assessed the social acceptance 
levels of the systems to prove or refute this assumption. In addition, 
addressing the observed gap by assessing the systems’ acceptance level 
is necessary to devise supporting mechanisms on the social, financial, or 
regulatory levels. 

Questioning the impact of social acceptance on implementation rates 
and delving into a deeper understanding of the acceptance dynamics 
with a transdisciplinary approach extends beyond the Egyptian context 
to other contexts such as Sweden or Finland [e.g. 26–28]. Accordingly, 
some previous studies endeavored to investigate public acceptance [29] 
and its drivers and barriers [30,31], while others focused on describing 
the population likely to adopt the systems [28]. Additionally, some 
studies analyzed the “willingness to pay” and “behavioral intention” 
variables as being accurate indicators of the adoption potential of the 
systems [e.g. 32–34]. Despite the listed efforts, there is still a knowledge 
gap on the social acceptance of the systems among residents in the 
residential building sector [3,32]. 

To investigate whether low implementation of PBSs in residential 
buildings is driven by the low acceptance among Egyptian residents, our 
study aims to identify the social acceptance level of PBSs, specifically 
agricultural and solar energy systems, by the residents of new cities in 
the Greater Cairo Region (GCR) as a case study. The acceptance analysis 
is complemented by identifying the implementation preferences of the 
residents to better understand the dynamics behind the low imple
mentation of the systems. Another goal of our study is to define the 
relationship between the sociocultural characteristics of the residents 
and both the acceptance level and the implementation preferences. 
Thus, it allows for a holistic understanding not only of how accepted the 
systems are, but also of the characteristics of the residents likely to 
accept or reject them, and in light of their societal implications. 

Considering the above, the study replies to four research questions:  

1) What is the social acceptance level of agricultural and solar energy 
systems among the residents of new cities in the Greater Cairo Region 
(GCR)?  

2) What are the key implementation preferences after taking the 
acceptance or rejection decision?  

3) What are the sociocultural characteristics of the residents likely to 
accept each system?  

4) What is the relationship between the sociocultural characteristics of 
the residents and their preferences to implement either of the two 
systems? 

The study is divided into five sections in addition to this introductory 
section. Section 2 presents a literature review of studies pertaining to the 
social acceptance of greening and solar energy systems in the under
studied context of Egypt. Section 3 outlines the material and methods 
including an introduction of the study area, the theoretical basis of the 

analysis (i.e., technology acceptance models), details of the question
naire design, and an explanation of the data collection and statistical 
analysis processes. Section 4 discloses the findings of the analysis, which 
cover the respondents’ sociocultural background, social acceptance 
level of PBSs, implementation preferences, and the associations among 
these variables. Section 5 discusses the findings in relation to the four 
research questions and Section 6 summarizes the main outcomes of the 
study. 

2. Literature review 

Geographically, most of the previous studies on social acceptance of 
PBSs were based in the USA and European countries [32], characterized 
by conditions different from the Egyptian context. Few attempts focused 
on countries of close climatic or socio-economic conditions such as 
Morocco, Libya, and Gulf countries [e.g. 31,35–37]. For the Egyptian 
context, we reviewed related studies on Google Scholar, Scopus, and 
Google search engines and concluded that literature on both systems is 
replete with studies that quantify the production potential and envi
ronmental benefits, or list the systems’ types and case studies [e.g. 21, 
24,38]. However, only limited attention is given to investigating the 
social acceptance of both systems, despite its cruciality, especially for 
the residential sector, where implementation is bound to the residents’ 
decision. The few identified studies lacked the systematic approach, 
where replicable steps are applied in analyzing predefined variables on 
the basis of theoretical frameworks [39], needed to establish a solid 
understanding of the systems’ dynamics in the context. Their scope was 
mostly limited to identifying the prior knowledge of respondents about 
the systems and/or listing their benefits and challenges, through 
descriptive results without identifying the relations between the vari
ables such as acceptance and sociocultural characteristics of respondents 
or quantifying the social acceptance levels of the systems. In addition, 
most studies focused on agricultural systems, while only a few focused 
on solar energy systems, and rarely were the two systems compared. 

For the specific context of Egypt, studies alternated between identi
fying the opinions of experts and the opinions of end users (i.e., resi
dents) of agricultural systems. For instance, Faisal et al. [23] examined 
the awareness of experts about green roofs, where 40 % of the experts 
had a good knowledge of the system, yet only 28 % considered it in their 
projects. The experts considered pollution reduction as the main 
advantage of the system, high maintenance and installation costs as the 
main disadvantages, and insufficient technical experience as the main 
obstacle facing its implementation. In a wider scope, ElHady et al. [40] 
compared the awareness level of experts versus users about green walls 
and their main benefits. The study concluded that 89 % of the experts 
were aware of the system compared to only 50 % of the potential users; 
experts valued the environmental benefits, while the users valued the 
aesthetic benefits. 

Focusing on the users, Koraim et al. [41] investigated the prior 
knowledge of residents in Cairo about green walls, their acceptance 
level, and their main concerns regarding implementation. Results 
showed that 40 % of the respondents would like to implement green 
walls. The respondents, especially those unfamiliar with the system, 
were mainly concerned about the high demand for maintenance, 
attracting unwanted insects, installation costs, and irrigation re
quirements. Similarly, Ibrahim [42] focused on the residents of an un
derprivileged area to identify their concerns and perceived benefits of 
green roofs. The study highlighted that, again, the high system cost was 
the main concern, and that raising awareness of the system’s benefits is 
very important, especially in underprivileged areas. Conversely, Shaw
ket [43] targeted the residents of privileged middle and high-income 
areas and studied three vertical greening systems – balcony planting, 
living walls, and fence planting. The study gave an overview of the re
spondents’ experiences and concerns about the economic aspect and 
time demand, highlighting that balcony planting was considered the 
cheapest and fastest option for the stakeholders. 
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For soflar energy systems, onfly few studfies were concerned wfith so-

cfiafl aspects, mafinfly the opfinfions of end users, such as a recent thesfis by 

Mahmoud [44] that attempted to use the Technoflogy Acceptance Modefl 

(TAM)  fin  studyfing  the  socfiafl  acceptance  of  soflar  energy  systems  yet 

reflyfing onfly on descrfiptfive statfistfics. It concfluded that 45 % of the re-

spondents  woufld  consfider  usfing  photovofltafics  fin  the  future  and  that 

percefived  usefuflness  was  the  most  fimportant  factor  for  the  resfidents. 

Another study by Strazzera et afl. [32], conducted a comparatfive anaflysfis 

of sfix Medfiterranean cfitfies fincfludfing Aflexandrfia fin Egypt to finvestfigate 

the socfiafl acceptance of photovofltafic systems (PVs). The Egyptfian re-

spondents showed flfimfited preference for the systems but were averagefly 

ranked compared to other countrfies, whfich fimpflfied that more efforts are 

needed to rafise awareness of the systems to fincrease thefir adoptfion. Thfis 

study statfistficaflfly confirmed the sfignfificance of the resuflts and provfided 

finsfights finto the reflatfion between the acceptance flevefl and the generafl 

sampfle characterfistfics (fi.e., of the sfix cfitfies). Lastfly, a study by Marzouk 

[45]  finvestfigated  the acceptance  of  PV rooftops  by  the  resfidents  of a 

mfiddfle-fincome nefighborhood fin Cafiro and dfispflayed descrfiptfive resuflts 

for  the  acceptance  flevefl  of  the  system  and  fits  mafin  motfivators  and 

barrfiers.  An  average  of  46  %  of  respondents  accepted  finstaflflfing  the 

system fin the case of a prfivatefly owned roof, versus an average of 27 % 

fin the case of a shared roof. 

In  flfight  of  the  above,  fit  fis  concfluded  that  none  of  the  fidentfified 

studfies,  whfich  focused  on  Egypt,  carrfied  out  a  systematfic  statfistficafl 

anaflysfis to quantfify the socfiafl acceptance flevefl, or fidentfify the fimpfle-

mentatfion  preferences  fin  reflatfion  to  the  socfiocuflturafl  background  of 

Egyptfian resfidents, or test the sfignfificance of these reflatfions. In addfitfion, 

to the best of our knowfledge, none of the avafiflabfle studfies on dfifferent 

contexts  coupfled  both  systems  or  conducted  a  comparfison  of  thefir 

acceptabfiflfity  flevefl  usfing  the  same  popuflatfion  sampfle  to  eflfimfinate 

context dfifferences. 

3. Materfiafl and methods 

3.1. Study area: Greater Cafiro Regfion (GCR) 

The Egyptfian popuflatfion fis rapfidfly fincreasfing reachfing 104.6 M fin-

habfitants fin 2023 wfith an unprecedented fincrease fin the urban popu-

flatfion [43%; 62,63]. To accommodate the fincrease, Egypt’s Vfisfion 2030 

fincfluded  the  constructfion  of  the “fourth  generatfion” new  cfitfies  that 

expand finto Egypt’s desert [48,49]. Twenty new cfitfies are under con-

structfion to house around 30 M finhabfitants [e.g. 66,67]. The concept of 

new  cfitfies  fis  not  new  to  Egypt,  the  first  generatfion  started  fin  the  se-

ventfies [52], the second fin 1986 [53], and the thfird fin 2000 [54,55]. 

The study at hand focuses on new cfitfies of GCR as a case study. GCR 

fis  the  flargest  metropoflfitan  area  fin  Afrfica  and  the  Mfiddfle  East  wfith 

around 25.8 M finhabfitants dfivfided over three governorates, Cafiro, Gfiza, 

and Qaflyubfia [56]. It represents a huge potentfiafl for anaflyzfing the PBSs 

acceptance by the resfidents of fits new cfitfies where fit hosts around 15 

new cfitfies wfithfin fits border (Ffig. 1), whfich accommodate around 7 M 

finhabfitants to date [57]. 

The  centraflfizatfion  and  fleadershfip  of  GCR  fin  terms  of  economfic 

deveflopment [61], make fit a promfisfing context for emergfing systems. 

Usuaflfly, resfidents of capfitafl cfitfies, such as GCR, have easfier access to 

more  opportunfitfies  [62]  such  as  more  suppflfiers,  experfienced  technfi-

cfians, and system optfions, whfich coufld facfiflfitate thefir acceptance of the 

systems.  Thfis  renders  the  resfidents  of  GCR  a  good  entry  pofint  for 

upscaflfing the fimpflementatfion of the systems to the rest of the Egyptfian 

governorates. In addfitfion, the wfidefly expandfing constructfion projects fin 

new cfitfies of GCR represent a huge potentfiafl for PBSs that coufld be fin-

tegrated  from  the  finfitfiafl  desfign  phases.  Gfiven  the  flarge  scafle  of  con-

structfion,  the  appflficatfion  on  new  bufifldfings  coufld  yfiefld  numerous 

benefits  and  heflp  showcase  the  potentfiafl  for  flater  fimpflementatfion  fin 

Ffig. 1. (A) Map of the Greater Cafiro Regfion (GCR) showfing fits new cfitfies. The map fis adapted from Aflary et afl. [58] wfith addfitfionafl data and format aflteratfions. The 

flegend flfists the 15 new cfitfies [54,59,60]. The 1st and 2nd generatfion cfitfies were findficated on the map. The flocatfion of 4th generatfion cfitfies fis onfly schematficaflfly 

outflfined (stfiflfl under constructfion wfith master pflans onfly). Aflfl 3rd generatfion cfitfies are outsfide GCR so do not appear on the map. A representatfion of the bufifldfing 

typoflogfies fis provfided wfith (B) Stand-aflone vfiflfla typoflogy, (C) Apartment bufifldfing typoflogy, and (D) Locafl roads wfithfin a resfidentfiafl area. Credfits of photos (B)–(D): 

Mafi Marzouk. 
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exfistfing bufifldfings. 

3.2. Theoretficafl background: Technoflogy acceptance modefls 

Technoflogy acceptance fis concerned wfith peopfle’s acceptance and 

adoptfion of technoflogfies for use [63]. It fis an outcome of the psycho-

flogficafl processes peopfle undergo when makfing an adoptfion decfisfion for 

a technoflogy [64]. Mufltfipfle modefls have been devefloped to understand 

users’ acceptance  of  technoflogfies  [e.g. 48–50].  They  first  focused  on 

finformatfion system technoflogfies [66] but then extended to other fieflds 

fincfludfing  the  bufifldfing  sector  technoflogfies  [62,68,69].  In  2003,  Ven-

katesh et afl. [70] compared efight technoflogy acceptance modefls1, and 

came up wfith a modfified modefl caflfled the “Unfified Theory of Accep-

tance and Use of Technoflogy (UTAUT)”. UTAUT was consfidered a more 

comprehensfive  theory  that  ensures  hfigher  accuracy  when  fidentfifyfing 

the  acceptance  flevefls  and  dynamfics  [71,72].  Therefore,  UTAUT  fis 

seflected  to  be  the  overarchfing  theory  gufidfing  the  flogfic  of  thfis  study 

where fit focuses on anaflyzfing the flevefl of PBS technoflogfies acceptance. 

In a study focused on the bufifldfing sector technoflogfies [28], behav-

fiorafl fintentfion fis defined as “the conatfive component of attfitude” [73] 

that determfines socfiafl acceptance, actuafl adoptfion, and rejectfion [74]. 

In  UTAUT,  behavfiorafl  fintentfion  fis  consfidered  to “have  a  sfignfificant 

posfitfive finfluence on technoflogy usage” [70] whfifle fin the Technoflogy 

Acceptance Modefl (TAM), fit “defines the actuafl use of gfiven Informatfion 

systems  and  therefore  determfines  technoflogy  acceptance” [75].  Per-

sonafl  condfitfions  fin  terms  of  age,  gender,  educatfion,  empfloyment,  fin-

come, attfitude, habfits, experfience, etc. can finfluence one’s technoflogy 

acceptance  [28,32].  Accordfingfly,  our  study  measures  the  behavfiorafl 

fintentfion varfiabfle to findficate the flevefl of socfiafl acceptance and achfieve 

the  overaflfl  afim.  The  finfluence  of  socfiocuflturafl  personafl  factors  on 

acceptance was aflso finvestfigated to create a fuflfl pficture. Identfifyfing the 

resfidents’ preferences  represented  an  addfitfionafl  anaflysfis  beyond  the 

scope of the theory, supported by prevfiousfly conducted anaflyses, whfich 

focuses on socfiafl perceptfions and acceptance dynamfics [e.g. 32,60,61, 

105], to better understand the systems and context at hand. 

3.3. Questfionnafire preparatfion and desfign 

In flfine wfith the research questfions, our study used a socfiafl survey to 

fidentfify  (a)  the  socfiafl  acceptance  flevefl  of  the  systems,  (b)  the  fimpfle-

mentatfion preferences of the resfidents, (c) the assocfiatfion between the 

socfiocuflturafl background of the resfidents and the socfiafl acceptance, and 

(d)  the  assocfiatfion  between  socfiocuflturafl  background  and  the  prefer-

ences  (Ffig.  2).  It  was  desfigned  to  compare  the  agrficuflturafl  and  soflar 

energy systems fimpflemented on bufifldfing enveflopes (rooftops, façades, 

or baflconfies). 

An onflfine questfionnafire was devefloped fin Engflfish and Arabfic flan-

guages  usfing  the  pflatform  SurveyMonkey.  It  was  dfivfided  finto  three 

sectfions totaflfing 33 questfions, for detafifls on the varfiabfles and categorfies 

refer to Tabfle A1 fin the appendfix: 

Sectfion 1 – Introductfion to the system: It provfided a brfief definfitfion 

and photo representatfion of the system. It tackfled two findependent 

socfiocuflturafl  varfiabfles, “Attfitude” towards  the  system  and  the 

“Experfience” of usfing or fimpflementfing fit before. 

Sectfion 2 – Impflementatfion decfisfion: It measured the socfiafl accep-

tance flevefl and fidentfified the fimpflementatfion preferences. It covered 

sfix  dependent  varfiabfles, “Behavfiorafl  Intentfion”, “Impflementatfion 

Afims”, “System Preferences”, “Productfion Preferences”, “Operatfion 

Preferences”, and “Impflementatfion Barrfiers”. 

Sectfion  3 – Generafl  finformatfion:  It  fidentfified  the  socfiocuflturafl 

background of the resfidents. It covered ten findependent varfiabfles, 

“Age”, “Gender”, “Educatfionafl  Levefl”, “Empfloyment  Status”, 

“Househofld  Monthfly  Income”, “New  Cfity  Locatfion”, “Resfidence 

Type”, “Resfidence Ownershfip”, “Area Restrfictfions on the Systems”, 

and “Access to Shared Facfiflfitfies”. 

Ffig. 2.Framework of varfiabfles. Independent varfiabfles fincflude 12 socfiocuflturafl aspects. Dependent varfiabfles fincflude: (a) socfiafl acceptance flevefl measured by two 

behavfiorafl  fintentfion  questfions,  and  (b) fimpflementatfion  preferences  covered  by five  varfiabfles.  The  assocfiatfion between  dependent  and  findependent  varfiabfles  fis 

anaflyzed for both systems. 

1 UTAUT was  based  on  a  comparfison  of  8  Technoflogy  Acceptance  Modefls 

[70]:  Theory  of  Reasoned  Actfion  (TRA),  Theory  of  Pflanned  Behavfior  (TPB), 

Technoflogy  Acceptance  Modefl  (TAM),  Motfivatfionafl  Modefl  (MM),  Combfined 

TAM  and  TPM  (C-TAM-TPB),  Modefl  of  PC  Utfiflfizatfion  (MPCU),  Innovatfion 

Dfiffusfion Theory (IDT), and Socfiafl Cognfitfive Theory (SCT). 
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To compare the two systems, the questionnaire sections and ques
tions were identical for both systems (agricultural and solar energy) 
investigating the same variables but with response items fitting each 
system. The questionnaire included two more sections, which were re
ported in another study [25]. They assessed the residents’ evaluation of 
the systems and the factors that support implementation. In compliance 
with related guidelines and regulations, the questionnaire started with 
mandatory consent to inform respondents that participation is volun
tary, responses are anonymous, confidential, and used solely for 
research purposes. Additionally, the “Ethics committee” at the Univer
sity of Stuttgart (where the research was conducted) deemed the ques
tionnaire suitable for sharing with the targeted population without 
requiring ethical approvals as it does not touch upon sensitive personal 
data or assess them. 

The formulation logic of the questionnaire was guided by UTAUT as 
an overarching theory (please refer to Section 3.2). Variables were 
adapted to reflect the specificity of the productive systems and general 
context. All variables were categorical in nature. In section 1, the atti
tude was measured using three dichotomous yes/no questions. The 
experience level was identified using an ordinal ranking question to 
define the gardening experience, in addition to three dichotomous yes/ 
no questions to define if the residents installed an agricultural, photo
voltaic, or solar water heater system before. 

In section 2, behavioral intention was measured using two questions 
adapted from previous UTAUT studies with alterations and re-wording 
to fit the local cultural and content-specific context. The first was a 
dichotomous question of three statements [62]. The second was a 
nominal single-response question asking if they plan to install the system 
in the next <n> months or do not plan at all [68,70]. Questions about 
the residents’ implementation preferences were mostly nominal 
multiple-response questions. Response items were derived from a pre
liminary qualitative analysis using semi-structured interviews with ex
perts, as well as a literature review of previous studies [45,79,80], and 
were influenced by several related studies [e.g. 32,60,61,105]. Only the 
system preferences questions were dichotomous (yes/no) and using a 
photo representation. A follow-up open-ended question asked about the 
specific barriers facing each system type. The general information 
questions of section 3 were all nominal single-response questions. In all 
sections, questions having multiple response items were grouped under 
thematic groups to facilitate the statistical analysis and enhance our 
understanding of the underlying logic. Original questions, response 
items, and thematic groupings are outlined in the appendix, Table A1. 

3.4. Data collection and analysis 

Before dissemination, the questionnaire went through two testing 
phases with smaller samples (n = 15; and n = 5) to ensure clarity and 
validity. Random sampling and snowballing techniques were used in the 
dissemination over ten weeks from January 7 to March 21, 2022. Due to 
COVID-19 regulations and the difficulty of conducting the survey in 
person, it was alternatively shared online via social media platforms 
including Facebook groups (n > 140), WhatsApp groups (n > 25), and 
multiple personal emails. These covered the official Facebook pages/ 
groups of almost all GCR new cities, in addition to other thematic groups 
of diverse communities, clubs, universities, etc. In total, 524 re
spondents participated in the survey, 37 responses were discarded for 
not being a resident of a new city. Of the remaining 487 responses, 274 
were 100 % complete in all sections, making up the sample for our study 
with a completion rate of 56 % and an average of 15–20 min completion 
time. Discarding incomplete responses was to allow robust compara
bility between the two systems to eliminate any sub-context differences. 
The average number of respondents for the survey sections about agri
cultural and solar systems was as follows: 487 and 328 for section 1, 316 
and 288 for section 2, and 274 for section 3, respectively. The identified 
results were consistent before and after discarding the incomplete re
sponses with only minor changes (less than 5 %). 

Our study used the Statistical Package for Social Sciences (SPSS, V 
25) tool for data analysis. The results were divided into two sections. 
First, the descriptive analysis covered the sample characteristics and the 
frequencies of the acceptance level and implementation preferences 
variables. Second, the inferential analysis used a cross-tabulation, also 
known as contingency analysis [81], which was conducted between the 
sociocultural variables and (a) social acceptance and (b) implementa
tion preferences variables, respectively. Cross-tabulation is a useful tool 
to provide the occurrence frequency of specific combinations of vari
ables, thus achieving a deeper understanding of the factors and dy
namics that influence them. Pearson’s Chi-squared tests were applied to 
identify the likelihood of association between the sociocultural variables 
and (a) and (b). It was also used to statistically test the associations’ 
significance, using a p-value associated with a 95 % confidence interval. 
For the cases when the Chi-squared assumptions were violated when 
more than 20 % of the cells have an expected count less than 5, Fisher’s 
exact test was used. For larger than 2 × 2 tables (3 × 6 or more), Fisher’s 
Monte Carlo simulation was applied. 

4. Results 

4.1. Sociocultural background 

In our sample (n = 274), the majority of respondents were young 
adults (64 %), employed (79 %) and nearly half had average income (44 
%; Table A2). Slightly more female respondents answered the ques
tionnaire (54 %), and 56 % of the sample hold a bachelor’s degree or 
equivalent. Most participants were from the 2nd generation cities (83 %), 
lived in a flat (68 %), and owned their units (88 %). Slightly more than 
half considered gardening a hobby (57 %). The majority monitored their 
electricity consumption patterns (75 %) and nearly half reported having 
high consumption (46 %). Some respondents confirmed installing an 
agricultural system before (37 %), while a few installed a photovoltaic 
system (3 %), or a solar water heater (8 %). In many variables, the 
collected data corresponded approximately to the numbers reported by 
the latest general Census (Table A2), yet there were exceptions such as 
the education range, which is attributed to lower educational levels for 
larger parts of the population. Also, the residence type in the population 
is dominated by the flat typology and a higher percentage of rentals. 

4.2. PBSs social acceptance 

Results regarding our first question on behavioral intention 
(Table A1) showed that 89 % and 86 % of respondents expressed their 
desire to install agricultural and solar systems in their houses, respec
tively. A slightly higher percentage would recommend the systems to 
friends/family (90 % and 89 %), and more would support the system 
development in buildings (95 % and 92 %). In the second question on 
behavioral intention, respondents answered about a specific time plan to 
install the systems. In this case, 71 % of respondents plan to install 
agricultural systems versus 64 % who plan to install solar systems over 
different time periods. In addition, more respondents selected short- 
term plans for agricultural systems, and more selected long-term plans 
for solar systems (Fig. 3). 

4.3. PBSs implementation preferences 

Implementation preferences were covered with five main variables 
outlined below. The results of the acceptors’ implementation aims 
highlighted multiple system-related response items that represented 
four thematic groups that are common for both systems: production, 
economic, social, and environmental aims (Fig. 4). Herein, production 
aims were the most selected by respondents in the case of agricultural 
systems, whereas economic aims were the most selected in the case of 
solar systems. Social aims were more often selected in the case of agri
cultural systems compared to solar systems. 23 % and 14 % of the 
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respondents  depficted  envfironmentafl  afims  wfithfin  the  agrficuflturafl  and 

soflar systems, respectfivefly. 

For  the  agrficuflturafl system  preferences,  horfizontafl  pflanters  on 

hand rafiflfings had the hfighest seflectfion (77 %) whfifle water-based sys-

tems had the flowest (49 %). Soflar systems showed a greater dfifferentfi-

atfion  of  the  preferences  wfith  the  roof-mounted  photovofltafics  system 

seflected  by  91  %  of  respondents  and  the  waflfl-mounted  photovofltafics 

seflected by 35 % (Ffig. 5). 

Regardfing productfion  preferences,  the  resuflts  for  agrficuflturafl 

systems reveafled that respondents prefer productfive pflants (78 %) over 

decoratfive pflants (70 %), whfifle the fleast seflected were shadfing pflants 

(59 %). For soflar systems, peopfle mostfly preferred househofld eflectrficfity 

productfion (61 %), foflflowed by hot water generatfion (22 %). Off-grfid 

operatfion and shared eflectrficfity productfion were the fleast seflected by 

11 % and 7 % of the respondents, respectfivefly (Tabfle A1). 

The operatfion preferences were dfifferent between the two systems: 

whereas reflyfing on the suppflfiers’ support servfice was the fleast prefer-

ence for operatfing agrficuflturafl systems (24 %), fit was the hfighest pref-

erence for soflar systems (57 %). Seflf-operatfing the farm after attendfing a 

workshop was the hfighest preference for agrficuflturafl systems (51 %), 

whfifle fit was the second fleast preference for soflar systems (36 %). Gettfing 

support from findfivfiduafls (e.g., caretakers) was seflected by 44 % and 41 

% for the agrficuflturafl and soflar systems, respectfivefly. The flast optfion 

was seflf-operatfing the farm reflyfing on one’s knowfledge, whfich was the 

flowest preference for soflar systems (11 %), but the second flowest for 

agrficuflturafl systems (25 %) (Tabfle A1). 

The  fitems  descrfibfing  the fimpflementatfion  barrfiers were  grouped 

finto four thematfic groups fincfludfing technficafl, economfic, market, and 

socfiafl barrfiers. Respondents’ answers show that both systems face the 

same  barrfiers  fin  the  same  order  of  fimportance  startfing  wfith  the  eco-

nomfic foflflowed by the technficafl, market, and finaflfly, the socfiafl barrfiers. 

Wfithfin the groups, the responses were sflfightfly dfifferent between the two 

systems (Ffig. 6). 

4.4. PBSs acceptance and preferences fin reflatfion to the resfidents’ 

socfiocuflturafl backgrounds 

The contfingency anaflysfis (cross-tabuflatfion) of the socfiocuflturafl and 

behavfiorafl fintentfion varfiabfles reveafled system-reflated dfifferences fin the 

resufltfing assocfiatfions based on Chfi-squared and Ffisher tests (Tabfle A3 

and Ffig. 7). For soflar systems, resuflts proved a sfignfificant assocfiatfion 

between  behavfiorafl  fintentfion  (pflan  to  finstaflfl)  and  age  (p =0.004), 

gender  (p =0.03),  and  area  restrfictfions  (p =0.007).  However,  for 

agrficuflturafl  systems,  a  sfignfificant  reflatfionshfip  exfisted  onfly  wfith  resfi-

dence type (p =0.004). For agrficuflturafl systems, a sfignfificant assocfia-

tfion  exfisted  wfith  attfitude  towards  the  system  (p <0.001)  and  wfith 

experfience of usfing fit (p <0.001). The same reflatfion wfith attfitude and 

experfience was fidentfified for soflar systems, but the assocfiatfion here fis 

Ffig. 3.Behavfiorafl fintentfion resuflts. Respondents were asked about the specfific tfime pflan to finstaflfl/refinstaflfl the agrficuflturafl and soflar systems and coufld seflect out of 

sfix  optfions.  The  totafl  percentage  of  those  who  pflan  to  finstaflfl  was  caflcuflated.  The  numbers  represent  the  percentage  of  respondents  (n =274  respondents  for 

each system). 

Ffig. 4.Impflementatfion afims resuflts. Acceptors seflected one or two most fimportant afims (n =194 for agrficuflturafl systems, n =176 for soflar systems). Numbers 

represent the percentage of respondents, and the fitems were grouped fin the anaflysfis finto four thematfic groups. N/A: Not Appflficabfle (fi.e., fitems that appfly to onfly 

one system). 
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Ffig. 5.Systems preferences resuflts, dfispflayfing photos and definfitfions of the system types. Respondents were asked to repfly to a yes/no questfion about the possfibfiflfity 

of fimpflementfing each system (n =194 for agrficuflturafl systems, n =176 for soflar systems). Pfie charts represent the percentage of respondents who seflected “yes/no”. 

Ffig. 6.Impflementatfion barrfiers resuflts. Rejectors were requested to seflect the four most fimportant barrfiers (n =80 for agrficuflturafl systems, n =98 for soflar systems). 

Numbers represent the percentage of respondents, and the fitems were grouped fin the anaflysfis finto four thematfic groups. 
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significant to marginally significant (p = 0.002 – 0.07). 
Of the four groups of aims for implementing agricultural systems, 

only production aims proved significant association with age (p =
0.006). The most selected category in the case of solar systems, the 
economic aims, depicted a significant association with age (p = 0.008) 
and gender (p = 0.01). While the least selected category, social aims had 
a significant relationship with educational level (p = 0.03). 

The system preferences showed several significant associations 
(Table A4). Results depict that for agricultural systems, the selection of 
horizontal planters on hand railings had a significant association with 
residence type (p = 0.003). The selection of water-based systems had a 
significant relationship with gender (p = 0.05) and access to shared 
facilities (p = 0.02). For solar systems, a significant relationship was 
proved between the selection of roof-mounted PVs and age (p = 0.03). 
While the selection of wall-mounted PV was significantly related to 
residence type (p = 0.01). 

Production preferences for both systems had a relationship with age 
(p = 0.05 for decorative plants, p = 0.008 for shading plants, and p =
0.002 for off-grid electricity production; Table A4). Operation prefer
ences for agricultural systems showed associations with gender (p =
0.02), new city location (p = 0.01), residence type (p = 0.01), and access 
to shared facilities (p = 0.02 & 0.05). Operating solar systems had a 
significant association with age (p = 0.01 & 0.008), gender (p < 0.001), 
employment status (p = 0.04), and access to shared facilities (p = 0.02 & 
0.04; Table A4). 

For the implementation barriers, economic and technical barriers 
facing agricultural systems were significantly associated with age (p =
0.04 for both). Economic barriers were further significantly associated 
with new city location (p = 0.05) and residence type (p = 0.05). All four 
categories of barriers facing solar systems had a significant or marginally 
significant relationship with age as follows: technical barriers (p =
0.004), economic (p = 0.002), market (p = 0.08), and social (p = 0.02). 
Gender also proved a significant relationship with economic barriers to 
solar systems (p = 0.03; Table A4). 

5. Discussion 

The ongoing urbanization trends worldwide [82], and the increasing 
consumption patterns of the built environment necessitate the shift to
wards regenerative building practices to face the environmental chal
lenges of the current age on global and local levels. Locally, Egyptian 
new cities are expected to be major contributors to the consumption of 
multiple resources owing to their rapid expansion [83]. This is especially 
true for the new residential building sector, which has a high share of the 
building stock [84]. Implementation of Productive Building Systems 
(PBSs) – agricultural and solar energy systems – on building envelopes to 
produce different resources is among the emerging practices that are 
currently underutilized in the context of Egypt [21–23]. This study, 
therefore, focused on investigating the level of social acceptance of the 
two systems and the implementation preferences of the end users, i.e., 
the residents in the new residential building sector, with respect to their 
sociocultural characteristics. By this, it provides a clear understanding of 
the common or different reasons behind the gap between the system’s 
high theoretical potential and their low implementation rates in the 
context and relates to their societal implications. 

The study at hand presented some novel aspects compared to pre
vious literature. First, it compared two promising PBSs – agricultural 
and solar energy systems – regarding their acceptance and imple
mentation preferences in an understudied context. Previous studies 
usually tackled each of these systems or sub-systems (e.g., green roof, 
green wall, etc.) separately without the added value of identifying their 
synergies or competition over the residents’ acceptance. Second, the 
study used UTAUT theory – a technology acceptance model – and related 
studies to apply a clear framework for quantifying the social acceptance 
level and for providing new insights on its association with the socio
cultural background of the residents, whose significance was statistically 

tested. To quantitatively cover the social acceptance dimension within 
the framework of technology acceptance models for the two systems in 
the Egyptian context was to our knowledge a clear gap that the study 
intended to fill in support of an increased system adoption in Egypt. 

5.1. Social acceptance assessed 

In our study, a high level of social acceptance was recorded for both 
the agricultural and solar energy systems, which comes in line with 
previous findings [28,85,86]. However, results revealed a slight differ
ence in the acceptance level between the two questions on behavioral 
intention in our questionnaire (Table A1). Respondents had higher 
acceptance levels when asked about their willingness to install, recom
mend, or support the systems. However, when they answered about 
their exact time plan, the general willingness got converted into a timed 
implementation decision, thus reducing the acceptance percentage [87]. 
Such behavior could be explained by the “NIMBY phenomenon” which 
suggests that people could support an idea when not in their locality but 
then reject it for individualistic reasons when confronted with it [31,88]. 
Yet, being a slight difference may indicate that the NIMBY phenomenon 
might be only marginally prevalent in the sample, similar to other 
contexts [29]. 

The percentage of respondents who plan to implement agricultural 
systems (71 %) is similar to that achieved by studies on different con
texts [77,86,89]. However, the percentage of respondents that would 
implement solar systems (64 %) is higher than in previous studies, 
where usually around 30 % of respondents would accept the systems 
[29,32]. Accordingly, the study at hand proves a high level of social 
acceptance of both systems among the residents of GCR’s new cities. 
Globally, there is an increased awareness and acceptance of the local 
renewable energy generation and food production systems amidst the 
current circumstances, which is expected to increase the reported social 
acceptance levels by ongoing and future studies [90,91]. Another key 
finding of our investigation is the observed preparedness of residents for 
immediate implementation of agricultural systems. It is inferred from 
the higher inclination of respondents towards short-term plans, where 
37 % would install the systems within a year (Fig. 3). However, the 
residents showed a lower level of preparedness for immediate imple
mentation in the case of solar systems despite their high acceptance 
levels, where 18 % would install the systems within a year. Their 
implementation decision is long-term, probably to overcome the faced 
barriers as interpreted by a previous study [28]. 

5.1.1. Agricultural systems acceptance 
Attitude and experience of respondents are key factors associated 

with social acceptance achieving the highest significance (Table A3). A 
similar association between interest in gardening (attitude) and 
installing green roofs was previously proved [89]. However, we hardly 
found evidence of the impact of previous experience despite its strong 
association in our findings. Residence type was impactful where the 
acceptance rate is higher among stand-alone villa residents compared to 
flat residents. This result could be interpreted by the limited space in flat 
typology, limited access to shared facilities (32 % had no access), and 
perceived lower financial capacity of flat residents. In some studies, the 
lower acceptance of flat residents is also related to not being involved in 
the decision on changes done to shared spaces that accommodate the 
systems [30]. Yet in other studies, flat residents showed higher accep
tance levels driven by their will to compensate for their limited access to 
green spaces [89]. Finally, females were slightly more inclined towards 
acceptance than males. Also, previous studies confirmed that women 
valued the environment and connection with greenery more than men 
[e.g. 90–92]. 

5.1.2. Solar energy systems acceptance 
Similarly, attitude and experience variables proved a significant as

sociation with the acceptance of solar systems. The association of 
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Ffig.  7.Cross-tabuflatfion resuflts  between  socfiocuflturafl varfiabfles  and  the  behavfiorafl  fintentfion  varfiabfle (pflan  to  finstaflfl).  Numbers  represent  the  percentage  of  re-

spondents.  The  sfignfificant  assocfiatfions  based  on the  tests  are  findficated  next to  the  chart  tfitfles,  wfith  green  stars  depfictfing  agrficuflturafl  systems  and brown  stars 

representfing soflar energy systems. (***) fis hfighfly sfignfificant; (**) fis sfignfificant; and (*) fis margfinaflfly sfignfificant. Agrfi: Agrficuflturafl system, PV: Photovofltafic system, 

SWH: Soflar Water Heater system. 
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attitude reflects the respondents’ awareness of their consumption pat
terns, which in turn supports a positive attitude toward solar systems 
(Table A3). Previous studies had multiple interpretations of attitude, but 
a positive relation with the acceptance variables was always proved [e.g. 
26,28,93]. Experience had a significant negative association with solar 
water heaters and photovoltaics implementation, thus the results sug
gested that previous experience did not encourage acceptance. For solar 
water heaters, the finding is consistent with the outcomes of our pre
liminary qualitative analysis and other studies as well, where experts 
believed in their weak performance based on previous experiences [17, 
96]. 

Acceptance was lower among young adults (Table A3), which con
trasts the discussion on the lower interest of older adults in innovative 
solutions [32,93,97]. A potential explanation is the lower financial ca
pacity of young adults and their lower willingness to invest in systems 
not perceived as a necessity given their lifestyle and usually low con
sumption patterns [26]. In addition, males exhibited higher acceptance 
than females. Existing studies reached contradicting conclusions about 
the role of gender, where in some, males had higher acceptance [98,99] 
usually when focusing on knowledge requirements of solar systems [97, 
100], while in others, females exhibited higher acceptance when 
focusing on environmental gains [36,100,101]. The significant associ
ation of area restrictions reflects the perception of solar systems, espe
cially by flat residents, as an alteration to the building envelope that 
could face restrictions (e.g., prohibiting changes to façade design). This 
aspect was not identified for agricultural systems as they are likely 
considered as an improvement to building aesthetics, thus facing no 
restrictions [76]. Previous studies showed varying findings about re
strictions on the systems [28,32] which is a factor dependent on the 
context and on the residents’ perception that is or is not consistent with 
actual regulations in place. 

The remaining variables proved no relationship with the acceptance 
of both systems (Table A3). Amongst them was the monthly income 
variable that proved no association with solar systems acceptance, and 
only a minor one with agricultural systems. Previous studies showed 
heterogeneous results regarding the impact of income on acceptance. It 
either had no impact [26], a positive impact [98,99], or a non-linear 
impact across income groups [33]. Accordingly, results revealed that 
respondents probably reported on their perception of costs rather than 
their actual financial capacity and income, hence the missing associa
tion. This is consistent with the discussion on economic barriers (please 
refer to Section 5.2.5). 

5.2. Implementation preferences untangled 

5.2.1. Implementation aims 
Differences between both systems were evident in the comparison of 

implementation aims. On the one hand, acceptors of agricultural sys
tems seem to consider implementation as a social activity that has 
production and environmental benefits but minimal economic gains. 
Considering agricultural systems as non-profitable was discussed in 
previous studies [76,77,102]. On the other hand, acceptors of solar 
systems consider implementation as an economic activity that has pro
duction and environmental benefits but limited social value. Empha
sizing the importance of economic gains from solar systems was also 
pinpointed in previous research [85]. Age was the only variable that 
impacted the aims of both systems (Table A4). Production aims of 
agricultural systems were more selected by old adults revealing a higher 
appreciation of productivity. For solar systems, middle-aged adults, the 
highest acceptors, had a higher interest in economic and production 
aims. It indicates the importance of these two aims for the acceptors, 
reflecting the perception of key system benefits [103]. In addition, more 
males than females selected the economic benefits of solar systems 
proving that males consider implementation as an investment decision. 
Unexpectedly, respondents of lower educational levels had a higher 
appreciation of the social aims of solar systems. One possible 

interpretation is that their decision may be driven by their will to 
maintain a social status among peers by buying the systems. 

5.2.2. System preferences 
The presented system types in the questionnaire represented key 

system options based on a previous analysis [17]. In relation to the 
system preferences, agricultural systems preference was associated with 
many sociocultural variables, that is, gender, educational level, monthly 
income, residence type, and access to shared facilities (Table A4). 
Generally, “horizontal planters on hand railings” were more selected by 
flat residents. Easy implementation in their typology might be the 
reason, where the system could be applied to balcony/window handrails 
in case of no available/accessible roof or façade. The main barriers 
mentioned by rejectors were “low preference of system shape” and “lack 
of enough space”. “Water-based Systems” were less selected by females 
compared to males probably for their higher perceived complexity. This 
contradicts the results of a previous study showing no impact of gender 
on type preference [33]. It was also preferred by twin-house and 
stand-alone villa residents and those with access to shared facilities. This 
indicates its perception as having high spatial requirements (area and 
facilities) for the flat typology which is consistent with the highest 
mentioned barriers “risk of water leakage” and “lack of enough space”. 

In the case of solar systems, the highest association was achieved 
with age, residence type, and access to shared facilities. “Roof-mounted 
photovoltaics” was preferred by young adults unlike their lower 
acceptance of solar systems in general. The main barrier for rejectors 
was “lack of enough space (29 %)” and not the “high initial costs (14 
%)”, highlighting the importance of raising awareness about the sys
tems’ spatial requirements to residents. “Wall-mounted photovoltaics” 
was significantly preferred by flat residents – a finding that could be 
attributed to a more spacious façade area in the case of apartment 
buildings allowing for more production. Also, barriers clarify the 
reluctance of stand-alone villa residents towards the system where the 
most mentioned were “low preference of system shape (30 %)” and 
“system changes the façade design (15 %)”. Accordingly, system aes
thetics seems more crucial for the individual decision of stand-alone 
villa residents compared to flat residents. 

5.2.3. Production preferences 
Age was the only variable that was associated with the production 

preferences of both systems (Table A4). For agricultural systems, young 
adults had a higher preference for “decorative plants”, while there was 
no association between age groups and “productive plants” in line with a 
previous study [104]. Older adults had a higher preference for “shading 
plants” that seemed suitable for their dominant residence type. Resi
dents of stand-alone villas usually use plants/trees for providing shade 
to parked cars in front of their houses or for providing shading to their 
terraces (e.g., climbing plants). For solar systems, more older adults 
selected the “off-grid electricity production” option which is an option 
likely not suitable for younger adults who mainly live in flats, unlike 
older adults who can benefit from off-grid operation in their stand-alone 
villas. 

5.2.4. Operation preferences 
Gender was the only variable that had a significant association with 

the operation preferences of both systems. “Self-operation” of agricul
tural and solar farms was the choice of more males than females, thus 
confirming the risk-taking mindset of males and low concerns about 
technical hurdles [101]. For both systems, “self-operation” was more 
selected in case of having access to shared facilities, while “relying on 
support from suppliers” was more selected in case of no access. It in
dicates that easy access to the space and facilities encouraged re
spondents to consider operating the farms on their own. Stand-alone 
villa residents had a higher preference for “relying on support from in
dividuals” such as caretakers or gardeners for operating the agricultural 
systems. In their residence type, getting help from such individuals is a 
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common practice for household services and so is likely extended to 
farm operation. Age had no impact on agricultural systems’ operation 
contrasting the proven correlation in a previous study [104]. However, 
for solar systems, younger adults had a lower preference for “self-
operation” and “relying on support from suppliers” probably because of 
busy schedules, and service costs, respectively. 

5.2.5. Implementation barriers 
For both systems, economic barriers ranked first indicating a 

contextual financial burden independent of the system type that aligns 
with other studies yet on other contexts [30,85]. Also, the consistent 
order of barriers facing both systems reveals that barriers are not system 
specific. They are likely dependent on the sociocultural background of 
respondents, their perceptions of new systems, and contextual facili
tating conditions for implementation.Accordingly, supporting mecha
nisms that push implementing agricultural and solar systems are not 
expected to fundamentally differ in logic. 

Age was the only variable impacting the barriers facing both systems 
(Table A4). The selection of economic barriers by young adults was 
higher for both systems interpreted by their significant association to the 
lower end of the monthly income ranges. Accordingly, one can assume 
that the perceived costs of both systems may pose an obstacle to their 
financial capacity. Their selection of technical barriers is also higher 
probably because of having limited time and effort to implement the 
systems being busy building their careers and social lives [25]. A posi
tive correlation between respondents’ age and time spent on gardening 
was previously proved [104]. In addition, young adults had a higher 
selection of social barriers in the case of solar systems. It could be 
assumed that fear of limited cooperation is the reason since their age 
group is significantly associated with living in flats where sharing with 
neighbors might cause disputes. Lastly, females recorded a higher se
lection of the economic, technical, and social barriers of solar systems 
showing more concerns that lead to their overall lower acceptance level 
compared to males. Interestingly, economic barriers had no association 
with the monthly income level. Thus, the perceived financial burden of 
both systems is not necessarily related to the actual financial capacity of 
respondents but may be bound to behavioral economic traits and psy
chological processes behind their financial decisions. 

5.3. Limitations 

Although the study contributes valuable insights to understanding 
the acceptance level of the systems, it also had some limitations. First, 
conducting the survey during the COVID-19 restrictions necessitated 
sharing it online, which created a bias towards respondents with access 
to online platforms. It might have also led to the overestimation of some 
sociocultural variables among the sample respondents. To overcome 
that, diverse online platforms were used in the survey dissemination to 
facilitate accessing various groups of respondents. Second, although the 
language of the survey was tested, some respondents might have 
included implementing the systems in gardens/landscape elements in 
their responses, which is beyond the scope of our study that focuses on 
building envelopes. This could have affected their acceptance level and 
identified preferences. Third, using the dichotomous yes/no and agree/ 
disagree questions does not measure the degree of agreement of the 
respondents. Yet, these questions avoided the indecisiveness of re
spondents, required less time given the long survey, and simplified the 
analysis. Fourth, the diversified response items in some questions might 
have led to a small number of responses in each, thus complicating the 
statistical analysis. However, the detailed multiple responses have hel
ped in achieving a wealthy understanding of the perceptions of re
spondents leading to robust conclusions. 

Fifth, having no official census for new cities in GCR hindered 
comparing them to the sample results, thus they were only checked 
against census data of the population living in GCR governorates 
(Table A2). However, key differences from governorates’ statistics were 

highlighted. For instance, the higher percentage of postgraduate edu
cation in the sample could be attributed to the young couples and high- 
income families, characterized by higher educational levels that moved 
to new cities. Also, the stand-alone villa typology had a higher per
centage in the sample as it is a common typology in new cities’ planning. 
More units are rented in older districts (mainly flats) compared to new 
cities because of their affordability and availability following different 
rental systems [105]. It is also worth noting that home ownership is the 
prevailing practice in Egypt and that owners were expected to be more 
encouraged to answer the questionnaire given their command of the 
asset over renters. Lastly, the high representation of the 2nd generation 
cities is probably due to being the most established and inhabited, yet 
relatively new compared to the 1st generation [54]. Their residents seem 
to be the most interested and financially capable of investing in the 
systems, thus the most participating in the survey. Today, 4th generation 
cities are under construction or have few inhabitants, hence their low 
share. 

6. Conclusion 

The study at hand aimed at identifying the social acceptance levels of 
agricultural and solar energy systems, which are crucial for their suc
cessful implementation in the residential building sector, and in a 
geographic context that was yet understudied. The analysis overlayed 
two parts, first, identifying the level of social acceptance and imple
mentation preferences of the systems, and second, defining their asso
ciation with the sociocultural characteristics of the respondents in the 
focus context. Based on the analysis, it could be concluded that both 
systems exhibit high levels of social acceptance by the residents living in 
new cities of the Greater Cairo Region, compared to previously studied 
contexts. Despite this synergy between the systems, the analysis 
revealed that the residents’ preparedness level for immediate imple
mentation is higher for agricultural systems than for solar energy sys
tems. Agricultural systems are likely to be more accepted by females, 
those who consider gardening a hobby, have previous experience with 
similar systems, and live in a stand-alone house. In parallel, solar energy 
systems are likely to be accepted by males, middle-aged or older resi
dents, those who regularly monitor their electricity consumption or have 
high consumption patterns, and live in areas posing no restrictions on 
the systems. 

For agricultural systems, the most preferred were production aims 
while for solar energy systems, the most preferred were the economic 
aims with specifics for the different systems. Both systems faced the 
same barriers, the highest being economic implications. Age had a sig
nificant association with multiple implementation preference variables, 
while residence ownership and area restrictions had no association with 
any variable. The study refuted the assumption that low implementation 
is attributed to low community acceptance of the two systems. Addi
tionally, it provided an overview of the dynamics behind the gap be
tween their theoretical potential and on-ground implementation rates 
through the disclosed implementation preferences. Its outcomes could 
eventually contribute to the transition toward a regenerative and pro
ductive residential building sector in the highly urbanized context of 
Egyptian new cities. In our study, an identified gap in the literature was 
addressed by analyzing the social perceptions of the two systems in a 
general sense given their potential competition over available building 
envelopes and resources. Future research could build on the conducted 
analysis and focus on investigating the social acceptance and imple
mentation preferences of each system type in detail within the frame
work of technology acceptance models. In addition, further analysis is 
needed to identify the core underlying factors behind the reported high 
social acceptance levels. 
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Appendices.  

Table A1 
Original survey questions, response items, number and percentage of respondents of each item, thematic grouping, and percentage of responses per group. The 
percentage of respondents and responses are different due to the multiple response items in some questions. n: number of respondents (n = 274).  

Variables Response items (Original) 
Used in descriptive analysis 

Respondents Response grouping 
Used in inferential 
analysis 

Responses 

Q no. Original survey questions n n (%) No. % 

(a) Agricultural systems 

Attitude       
Q.2 Is gardening/planting one of your hobbies? Yes 157 57 % Gardening is a hobby 157 57 

% 
No 117 43 % Gardening is not a 

hobby 
117 43 

% 
Experience       
Q.3 Rank your experience in gardening/planting. 

(Slider from very poor to very good) 
Very Poor 28 10 % 0 28 10 

% 
Poor 27 10 % 1 27 10 

% 
Neutral 77 28 % 2 77 28 

% 
Good 87 32 % 3 87 32 

% 
Very Good 55 20 % 4 55 20 

% 
Q.14 Did you install an agricultural system in your 

house before? (Even in the simplest form) 
Yes 101 37 % Installed system before 101 37 

% 
No 173 63 % Didn’t install system 

before 
173 63 

% 
Behavioral Intention       
Q.15 Please indicate if you agree/disagree with these statements. 

I would like to install/reinstall the system in 
my house. 

Agree 242 88 % Like to install system 242 88 
% 

Disagree 32 12 % Don’t like to install 
system 

32 12 
% 

I would like to recommend the systems to 
friends/family. 

Agree 246 90 % Recommend system to 
others 

246 90 
% 

Disagree 28 10 % Don’t recommend 
system to others 

28 10 
% 

I support the systems’ development in the 
building sector. 

Agree 260 95 % Support system 
development 

260 95 
% 

Disagree 14 5 % Don’t support system 
development 

14 5 % 

Q.16 I plan to install/reinstall an agricultural system 
in my house in the next …... months. 

<6 months 39 14 % Plan to install/reinstall 
system 

194 71 
% 6 months 20 7 % 

12 months 44 16 % 
24 months 26 10 % 
>24 months 65 24 % 
I don’t plan to install/ 
reinstall the system 

80 29 % Don’t plan to install/ 
reinstall system 

80 29 
% 

Implementation Aims       
Q.17 What is your most important aim for installing/ 

reinstalling the agricultural system? (Please 
select 1 aim only) 

Planting decorative or 
shading plants 

19 10 % Production Aims 101 47 
% 

Producing healthy edible 
plants for the household 

82 42 % 

Reducing the household’s 
food expenses 

6 3 % Economic Aims 13 6 % 

Having a commercial 
activity by selling the 
produce 

7 4 % 

(continued on next page) 
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Table A1 (continued ) 

Variables Response items (Original) 
Used in descriptive analysis 

Respondents Response grouping 
Used in inferential 
analysis 

Responses 

Q no. Original survey questions n n (%) No. % 

Increasing the house 
property value/resale 
potential 

0 0 % 

Providing an aesthetic view 
of greenery 

52 27 % Social Aims 58 27 
% 

Maintaining a social status 
among peers 

1 0.4 % 

Practicing an activity in 
leisure time 

3 2 % 

Strengthening relations 
with neighboring residents 

2 1 % 

Enjoying cleaner air and 
shade from plants 

44 23 % Environmental Aims 44 20 
% 

Systems Preferences       
Q.18 Which of these agricultural systems would you 

install/reinstall in your house? (With photo 
representation and definitions) 

Soil-based Containerized 
Farming (yes) 

132 67 % Soil-based 
Containerized Farming 

132 21 
% 

Water-based Systems 
(hydroponics, etc.) (yes) 

97 49 % Water-based Systems 
(hydroponics, etc.) (yes) 

97 15 
% 

Green Façade System (yes) 133 68 % Green Façade System 
(yes) 

133 21 
% 

Living Wall System (yes) 123 63 % Living Wall System 
(yes) 

123 19 
% 

Horizontal planters on 
handrail railings (yes) 

151 77 % Horizontal planters on 
handrail railings (yes) 

151 24 
% 

Specific Systems Barriers       
Q.19 What are the main barriers/worries that hinder 

installing/reinstalling these systems? 
Open-ended question 138     

Production Preferences       
Q.20 What type of plants would you grow? (You can 

select multiple options) 
Decorative plants (flowers, 
Succulents, foliage, etc.) 

137 71 % Decorative plants 137 34 
% 

Productive plants 
(vegetables, fruits, herbs, 
etc.) 

150 78 % Productive plants 150 38 
% 

Plants for shading 
(Jasmine, Bougainvillea, 
etc.) 

114 59 % Plants for shading 114 28 
% 

Operation Preferences       
Q.21 What are your plans for the agricultural system 

operation/follow-up? (You can select multiple 
options) 

Operate it on my own as I 
have the needed knowledge 

50 26 % Operate it myself 148 53 
% 

Operate it on my own after 
attending a course/ 
workshop 

98 51 % 

Get support from caretaker, 
gardener, etc. 

84 44 % Get support from 
individuals 

84 30 
% 

Rely on supplier’s 
operation/follow-up 
service 

46 24 % Get support service from 
supplier 

46 17 
% 

Implementation Barriers       
Q.22 What are the 4 most important barriers to 

installing/reinstalling the agricultural system? 
High demand of time and 
effort for operation/follow- 
up 

48 60 % Technical Barrier 90 28 
% 

High demand of knowledge 
for operation/follow-up 

42 53 % 

High initial costs of the 
system 

47 59 % Economic Barrier 145 45 
% 

High maintenance and 
running costs 

54 68 % 

High expenses compared to 
potential savings 

44 55 % 

Lack of trust in the system 
quality 

21 26 % Market Barrier 43 14 
% 

Lack of trust in the 
implementing companies 

22 28 % 

Lack of cooperation/ 
sharing among neighboring 
residents 

19 24 % Social Barrier 42 13 
% 

Fear of trying something 
new (status-quo bias) 

23 29 % 

(continued on next page) 

M.A. Marzouk et al.                                                                                                                                                                                                                            



Technology in Society 77 (2024) 102561

14

Table A1 (continued ) 

Variables Response items (Original) 
Used in descriptive analysis 

Respondents Response grouping 
Used in inferential 
analysis 

Responses 

Q no. Original survey questions n n (%) No. % 

(b) Solar energy Systems 

Attitude       
Q.8 Do you regularly monitor your electricity 

consumption levels? checked every 1, 2 months 
Yes 206 75 % Monitor electricity 

consumption levels 
206 75 

% 
No 68 25 % Don’t monitor 

electricity consumption 
levels 

68 25 
% 

Q.9 Do you have high consumption patterns of 
electricity? pay more than 800 EGP monthly 

Yes 125 46 % High consumption 
patterns 

125 46 
% 

No 149 54 % Low consumption 
patterns 

149 54 
% 

Experience       
Q.23 Did you install a Photovoltaic System (PV) in 

your house before? 
Yes 7 3 % Installed PV system 

before 
7 3 % 

No 267 97 % Didn’t install PV system 
before 

267 97 
% 

Q.24 Did you install a Solar Water Heater (SWH) in 
your house before? 

Yes 22 8 % Installed SWH system 
before 

22 8 % 

No 252 92 % Didn’’t install SWH 
system before 

252 92 
% 

Behavioral Intention       
Q.25 Please indicate if you agree/disagree with these statements. 

I would like to install/reinstall the system in 
my house. 

Agree 235 86 % Like to install system 235 86 
% 

Disagree 39 14 % Don’t like to install 
system 

39 14 
% 

I would like to recommend the systems to 
friends/family. 

Agree 243 89 % Recommend system to 
others 

243 89 
% 

Disagree 31 11 % Don’t recommend 
system to others 

31 11 
% 

I support the systems development in the 
building sector. 

Agree 253 92 % Support system 
development 

253 92 
% 

Disagree 21 8 % Don’t support system 
development 

21 8 % 

Q.26 I plan to install/reinstall a Solar System in the 
next …... months 

<6 months 9 3 % Plan to install/reinstall 
system 

177 64 
% 6 months 8 3 % 

12 months 34 12 % 
24 months 28 10 % 
>24 months 98 36 % 
I don’t plan to install/ 
reinstall the system 

97 36 % Don’t plan to install/ 
reinstall system 

97 36 
% 

Implementation Aims       
Q.27 What is your most important aim for installing/ 

reinstalling the solar system? (Please select 1 
aim only) 

Producing electricity for 
the household 

46 26 % Production Aims 77 38 
% 

Generating hot water for 
the household 

17 10 % 

Operating the household 
off-grid using solar 
batteries 

8 5 % 

Covering building’s shared 
electricity demand 

6 3 % 

Reducing the household’s 
electricity expenses 

91 52 % Economic Aims 101 49 
% 

Selling extra electricity to 
the national grid 

9 5 % 

Increasing the house 
property value/resale 
potential 

1 1 % 

Maintaining a social status 
among peers 

2 1 % Social Aims 2 1 % 

Reducing pollution and 
harmful emissions 

25 14 % Environmental Aims 25 12 
% 

Systems Preferences       
Q.28 Which solar system would you install/reinstall 

in your house? (With photo representation and 
definitions) 

Roof-mounted 
photovoltaics (yes) 

161 91 % Roof-mounted 
photovoltaics 

161 35 
% 

Roof-mounted solar water 
heaters (yes) 

143 81 % Roof-mounted solar 
water heaters 

143 31 
% 

(continued on next page) 

M.A. Marzouk et al.                                                                                                                                                                                                                            



Technology in Society 77 (2024) 102561

15

Table A1 (continued ) 

Variables Response items (Original) 
Used in descriptive analysis 

Respondents Response grouping 
Used in inferential 
analysis 

Responses 

Q no. Original survey questions n n (%) No. % 

Wall-mounted 
photovoltaics (yes) 

62 35 % Wall-mounted 
photovoltaics 

62 13 
% 

Solar shading elements in 
balcony/façade (yes) 

98 55 % Solar shading elements 
in balcony/façade 

98 21 
% 

Specific Systems Barriers       
Q.29 What are the main barriers/worries that hinder 

installing/reinstalling these systems? 
Open-ended question 109     

Production Preferences       
Q.27 Installing/reinstalling aims Producing electricity for 

the household 
107 61 % Electricity Production 

(for household) 
107 60 

% 
Covering building’s shared 
electricity demand 

39 22 % Electricity Production 
(Shared) 

39 22 
% 

Generating hot water for 
the household 

19 11 % Hot water Generation 19 11 
% 

Operating the household 
off-grid using solar 
batteries 

12 7 % Electricity Production 
(off-grid operation) 

12 7 % 

Operation Preferences       
Q.30 What are your plans for the solar system 

operation/follow-up? (You can select multiple 
options) 

Operate it on my own as I 
have the needed knowledge 

20 11 % Operate it myself 84 33 
% 

Operate it on my own after 
attending a course/ 
workshop 

64 36 % 

Get support from caretaker, 
technician, etc. 

73 41 % Get support from 
Individuals 

73 28 
% 

Rely on supplier’s 
operation/follow-up 
service 

100 57 % Get support Service 
from Supplier 

100 39 
% 

Implementation Barriers       
Q.31 What are the 4 most important barriers to 

installing/reinstalling the solar system? 
High demand of time and 
effort for operation/follow- 
up 

38 39 % Technical Barrier 79 21 
% 

High demand of knowledge 
for operation/follow-up 

41 42 % 

High initial costs of the 
system 

72 74 % Economic Barrier 193 50 
% 

High maintenance and 
running costs 

69 71 % 

High expenses compared to 
potential savings 

52 54 % 

Lack of trust in the system 
quality 

35 36 % Market Barrier 61 16 
% 

Lack of trust in the 
implementing companies 

26 27 % 

Lack of cooperation/ 
sharing among neighboring 
residents 

28 29 % Social Barrier 50 13 
% 

Fear of trying something 
new (status-quo bias) 

22 23 % 

Sociocultural Aspects 
Age       
Q.34 What is your age? Under 20 1 0.4 % Young Adults 175 64 

% 20 to 40 174 64 % 
41 to 60 77 28 % Middle-aged Adults 77 28 

% 
Above 60 22 8 % Old Adults 22 8 % 

Gender       
Q.35 What is your gender? Female 149 54 % Female 149 54 

% 
Male 125 46 % Male 125 46 

% 
Educational Level       
Q.36 What is your highest educational level? No school completed 0 0 % Secondary Education or 

less 
9 3 % 

Secondary Education or 
equivalent 

9 3 % 

Bachelor’s Degree or 
equivalent 

153 56 % Bachelor’s Degree or 
equivalent 

153 56 
% 

(continued on next page) 
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Table A1 (continued ) 

Variables Response items (Original) 
Used in descriptive analysis 

Respondents Response grouping 
Used in inferential 
analysis 

Responses 

Q no. Original survey questions n n (%) No. % 

Post Graduate Degree (M. 
Sc. or Ph.D.) 

112 41 % Post Graduate Degree 
(M.Sc. or Ph.D.) 

112 41 
% 

Employment Status       
Q.37 What is your current employment Status? Full-time employed 168 61 % Employed (full-time +

part-time + self) 
218 79 

% Part-time employed 22 8 % 
Self-Employed (freelance or 
business owner) 

28 10 % 

Not employed 15 6 % Not employed 15 6 % 
Retired 14 5 % Retired 14 5 % 
Student 12 4 % Student or Volunteer 12 4 % 
Volunteer 0 0 % 
Stay-at-home mom/dad 15 5 % Stay-at-home mom/dad 15 6 % 
Other 9 3 % Recategorized within 

the given responses   
Household monthly income       
Q.38 What is your average monthly household 

income? (Optional) 
<5000 EGP 35 16 % Low income 35 16 

% 
5000 - 15000 EGP 99 44 % Average income 99 44 

% 
15000 - 30000 EGP 50 22 % Above Average income 50 22 

% 
>30000 EGP 39 18 % High income 39 18 

% 
New city Location       
Q.39 In which new city do you live? 6th of October city 24 9 % 1st Generation cities 30 11 

% 15th of May city 3 1 % 
10th of Ramadan city 4 2 % 
New Cairo city 139 51 % 2nd Generation cities 228 83 

% Badr city 5 2 % 
Shorouk city 30 11 % 
Obour city 13 5 % 
Sheikh Zayed city 18 7 % 
Madinaty City 5 2 % 
Rehab City 1 0.4 % 
Future City 1 0.4 % 
New Heliopolis City 16 6 % 
New Administrative Capital 0 0 % 4th Generation cities 16 6 % 
South of New Cairo City 5 2 % 
New 6th of October City 1 0.4 % 
October Gardens City 2 1 % 
Extension of Sheikh Zayed 0 0 % 
New Sphinx City 0 0 % 
New Al-Warraq City 1 0.4 % 
New El-Obour City 5 2 % 
Mostakbal City 2 1 % 

Residence Type       
Q.40 What is the type of your residence? Flat in Apartment Building 183 66 % Flat in Apartment 

Building 
187 68 

% 
Twin-house 26 10 % Twin-house 26 10 

% 
Stand-alone villa 55 20 % Stand-alone villa 55 20 

% 
Other 10 4 % Flat/duplex in a family 

house 
6 2 % 

Recategorized within 
the given responses   

Residence Ownership       
Q.41 What is the ownership of your residence? Rented 32 12 % Rented 32 12 

% 
Owned 242 88 % Owned 242 88 

% 
Area Restrictions on the Systems     
Q.42 In your residential area, are there restrictions 

that prohibit installing the systems on the 
building’s roofs, façades, or balconies? 

Yes 41 15 % Restrictions exist 41 15 
% 

No 92 34 % Restrictions don’t exist 92 34 
% 

Not sure 141 51 % Restrictions might/ 
might not exist 

141 51 
% 

Access to Shared Facilities      
Q.43 In your flat, can you use the common/shared 

functions/facilities (e.g., Rooftop, garden, 
etc.)? 

Yes 110 61 % Shared functions 
accessed 

113 62 
% 

No 59 32 % Shared functions not 
accessed 

60 33 
% 

Other 13 7 % Shared functions might/ 
might not be accessed 

9 5 % 
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Table A2 
Sociocultural background of the survey respondents (n = 274) compared to the census of GCR population. GCR: Greater Cairo Region, M.Sc.: Master of Science degree, 
Ph.D.: Doctor of Philosophy degree, Agri: Agricultural, PV: Photovoltaic, SWH: Solar Water Heaters, N/A: Not Available or Not Applicable. 1 [105], 2 [106], 3 [46], 4 

Percentage based on the numbers of current population officially available [60].  

Variable Response 
Items 

Sample (n) Sample (%) Census GCR (%) 

1. Age Young Adults (0–20 & 20–40) 175 64 % 74 %1  

Middle-aged Adults (41–60) 77 28 % 19 %1  

Old Adults (>60) 22 8 % 7 %1 

2. Gender Female 149 54 % 49 %2,3  

Male 125 46 % 51 %2,3 

3. Educational Level Secondary Education or less 9 3 % 67 %1  

Bachelor’s Degree or equivalent 153 56 % 31 %1  

Post Graduate Degree (M.Sc./Ph.D.) 112 41 % 2 %1 

4. Employment Status Employed (full-time/part-time/self-employed) 218 79 % N/A  
Not employed 15 6 %  
Retired 14 5 %  
Student or Volunteer 12 4 %  
Stay-at-home mom/dad 15 6 % 

5. Household monthly income Low income 35 16 % N/A  
Average income 99 44 %  
Above Average income 50 22 %  
High income 39 18 % 

6. New city Location 1st Generation cities 30 11 % 40 %4  

2nd Generation cities 228 83 % 55 %4  

4th Generation cities 16 6 % 5 %4 

7. Residence Type Flat in Apartment Building 187 68 % 96 %1  

Twin-house 26 10 % N/A  
Stand-alone villa 55 20 % 4 %1  

Flat/duplex in a family house 6 2 % N/A 
8. Residence Ownership Rented 32 12 % 32 %1  

Owned 242 88 % 68 %1 

9. Area Restrictions on the Systems Restrictions exist 41 15 % N/A  
Restrictions don’t exist 92 34 %  
Restrictions might/might not exist 141 51 % 

10. Access to Shared Facilities Shared functions accessed 113 62 % N/A  
Shared functions not accessed 60 33 %  
Shared functions might/might not be accessed 9 5 % 

11. Attitude (Agri systems) Gardening/planting is one of my hobbies 157 57 % N/A  
Gardening/planting isn’t one of my hobbies 117 43 % 

Attitude (Solar systems) I monitor electricity consumption levels 206 75 % N/A  
I don’t monitor electricity consumption levels 68 25 % 

Attitude (Solar systems) I have high consumption patterns 125 46 % N/A  
I don’t have high consumption patterns 149 54 % 

12. Experience (Agri systems) Very poor 28 10 % N/A  
Poor 27 10 %  
Neutral 77 28 %  
Good 87 32 %  
Very good 55 20 % 

Experience (Agri systems) I Installed an agricultural system before 101 37 % N/A  
I Didn’t install an agricultural system before 173 63 % 

Experience (PV systems) I Installed a PV system before 7 3 % N/A  
I Didn’t install a PV system before 267 97 % 

Experience (SWH systems) I Installed a SWH system before 22 8 % N/A  
I Didn’t install a SWH system before 252 92 %  
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Table A3 
Contingency analysis results between sociocultural and behavioral intention variables. Sociocultural variables are age, gender, educational level, employment status, household monthly income, new city location, 
residence type, residence ownership, area restrictions on the system, access to shared facilities, attitude, and experience. Results of Chi-squared, Fisher’s exact and Fisher’s Monte Carlo tests are shown for agricultural and 
solar systems. For the Chi2 test: X2 value and p-value are shown. For the Fisher’s test: only p-value is shown. Significance levels (p-value) indicate associations between categories: (p ≤ 0.001) *** is highly significant; 
(0.001 < p ≤ 0.05) ** is significant; (0.05 < p ≤ 0.10) * is marginally significant; (p > 0.10) is non-significant. X2: Chi-squared test value, F: Fisher’s exact or Monte Carlo test, N/A: Not Applicable, Agri: Agricultural system, 
PV: Photovoltaic system, SWH: Solar Water Heater system.   

Independent Variables (Sociocultural Variables)  

Age Gen. Edu. 
Level 

Emp. 
Status 

Mth. 
Inco. 

City 
Loc. 

Res. 
Type 

Res. 
Own. 

Area 
Rest. 

Aces. 
Shr. 

Att. 
Agri 

Exp. 
Agri 1 

Exp. 
Agri 2 

Att. 
Solar 

Att. 
Solar 

Exp. PV Exp. SWH  

Q.34 Q.35 Q.36 Q.37 Q.38 Q.39 Q.40 Q.41 Q.42 Q.43 Q.02 Q.03 Q.14 Q.8 Q.9 Q.23 Q.24 

Dependent Variable (Behavioral Intention)  

Q15: Behavioral Intention (Agricultural)              
Would like to install/reinstall systems              
Test Value (X2or F) 1.61 0.82 0.12 – – – – – 2.76 2.32 22.01 11.34 7.02 N/A N/A N/A N/A 
(p-value) 0.45 0.36 0.94 0.56 0.22 0.64 0.33 0.56 0.25 0.31 p<0.001*** 0.02** 0.01** N/A N/A N/A N/A 
Recommend system to others              
Test Value (X2or F) 2.763 0.241 0.433 – – – – – 1.053 1.37 10.519 1.745 3.191 N/A N/A N/A N/A 
(p-value) 0.251 0.623 0.805 0.214 0.223 0.244 0.292 1 0.591 0.504 p<0.001*** 0.8 0.07* N/A N/A N/A N/A 
Support systems development              
TestValue (X2or F) – 3.691 1.414 – – – – – – – 4.977 – 1.51 N/A N/A N/A N/A 
(p-value) 1 0.05** 0.493 0.767 0.05** 0.05** 0.93 0.07* 0.56 0.27 0.03** 0.447 0.219 N/A N/A N/A N/A 
Q16: Behavioral Intention (Agricultural)            
Plan to install/reinstall systems               
Test Value (X2or F) – 9.857 – – – – – – 15.35 – 34.274 – 60.289 N/A N/A N/A N/A 
(p-value) 0.197 0.08* 0.692 0.12 0.12 0.17 0.004** 0.525 0.12 0.11 p<0.001*** p<0.001*** p<0.001*** N/A N/A N/A N/A                   

Q25: Behavioral Intention (Solar)               
Would like to install/reinstall systems              
Test Value (X2or F) 1.71 0.39 0.19 – – – – – 0.21 1.34 N/A N/A N/A 0.86 1.73 – – 
(p-value) 0.43 0.53 0.91 0.50 0.30 0.19 0.51 0.19 0.90 0.51 N/A N/A N/A 0.35 0.19 0.60 0.75 
Recommend system to others              
Test Value (X2or F) 0.12 2.18 1.11 – – – – – 0.14 1.20 N/A N/A N/A 0.02 0.19 – – 
(p-value) 0.94 0.14 0.57 0.80 0.81 0.06* 0.43 1.00 0.93 0.55 N/A N/A N/A 0.89 0.66 0.57 1.00 
Support systems development              
Test Value (X2or F) 0.24 2.43 0.68 – – – – – 2.17 – N/A N/A N/A 0.41 0.07 – – 
(p-value) 0.89 0.12 0.71 0.40 0.91 0.22 0.10* 0.72 0.34 0.85 N/A N/A N/A 0.52 0.79 1.00 1.00 
Q26: Behavioral Intention (Solar)              
Plan to install/reinstall systems               
Test Value (X2or F) – – – – – – – – – – N/A N/A N/A 11.57 – – – 
(p-value) 0.004** 0.03** 0.13 0.63 0.66 0.47 0.45 0.57 0.007** 0.06* N/A N/A N/A 0.04** 0.05** 0.07* 0.002**   
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Table A4 
Contingency analysis results between sociocultural and implementation preferences variables. Sociocultural variables are age, gender, educational level, employment 
status, household monthly income, new city location, residence type, residence ownership, area restrictions on the system, and access to shared facilities. Results of 
Chi-squared, Fisher’s exact and Fisher’s Monte Carlo tests are shown for agricultural and solar systems. For the Chi2 test: X2 value is shown next to p-value that is 
between brackets. For the Fisher’s test: only p-value is shown between brackets. Significance levels (p-value) indicate associations between categories: (p ≤ 0.001) *** 
highly significant; (0.001 < p ≤ 0.05) ** significant; (0.05 < p ≤ 0.10) * marginally significant; (p > 0.10) non-significant. N/A: Not Applicable   

Independent Variables (Sociocultural Variables)  

Age Gen. Edu. 
Level 

Emp. 
Status 

Mth. Inco. City Loc. Res. Type Res. Own. Area Rest. Aces. Shr.  

Q.34 Q.35 Q.36 Q.37 Q.38 Q.39 Q.40 Q.41 Q.42 Q.43 

Dependent Variables (Implementation preferences)  

Q.17: Implementation Aims (Agricultural) 
Production Aims 10.24 

(0.006) ** 
0.02 (0.88) 0.65 

(0.72) 
5.79 (0.45) 2.26 (0.52) 2.02 

(0.36) 
(0.20) 1.10 

(0.30) 
N/A N/A 

Economic Aims (0.66) 0.37 (0.54) 0.84 
(0.66) 

(0.17) (0.61) (0.59) (0.15) (0.65) N/A N/A 

Social Aims 0.12 (0.94) 0.02 (0.89) 1.50 
(0.47) 

(0.81) 2.94 (0.40) 2.45 
(0.29) 

(0.94) 1.40 
(0.24) 

N/A N/A 

Environmental Aims 0.16 (0.92) 0.41 (0.52) 2.44 
(0.30) 

(0.42) 4.27 (0.23) (0.75) (0.07) * 0.91 
(0.34) 

N/A N/A 

Q.27: Implementation Aims (Solar)     
Production Aims 4.98 (0.08) 

* 
0.11 (0.74) 3.73 

(0.16) 
(0.62) 1.84 (0.61) 0.04 

(0.98) 
(0.81) 0.10 

(0.75) 
N/A N/A 

Economic Aims 9.56 
(0.008) ** 

6.11 (0.01) ** 0.82 
(0.66) 

2.47 (0.87) 6.89 
(0.08) * 

0.09 
(0.96) 

(0.22) 0.43 
(0.51) 

N/A N/A 

Social Aims (0.59) (0.21) (0.03) 
** 

(0.50) (0.10) (0.13) (0.54) (0.22) N/A N/A 

Environmental Aims 0.61 (0.74) 0.03 (0.87) 2.23 
(0.33) 

(0.92) (0.62) (1.00) (0.43) (0.75) N/A N/A 

Q.18: Systems Preferences (Agricultural) 
Soil-based Containerized 

Farming 
1.54 (0.46) 0.49 (0.49) (0.65) (0.17) 10.56 

(0.01) ** 
0.13 
(0.94) 

(0.59) 3.39 
(0.07) * 

1.86 
(0.40) 

(1.00) 

Water-based Systems 0.35 (0.84) 3.98 (0.05) ** (0.29) 3.47 (0.76) 3.22 (0.36) 0.45 
(0.80) 

(0.09) * 3.46 
(0.06) * 

2.53 
(0.28) 

(0.02) ** 

Green Façade System 0.47 (0.79) 2.12 (0.15) (0.03) 
** 

0.61 0.48 (0.92) 2.83 
(0.24) 

(0.52) 0.87 
(0.35) 

1.27 
(0.53) 

(0.52) 

Living Wall System 1.90 (0.39) 1.33 (0.25) (0.77) (0.28) 7.39 
(0.06) * 

2.65 
(0.27) 

(0.52) 0.72 
(0.40) 

1.99 
(0.37) 

(0.63) 

Horizontal Planters on 
Handrail 

4.56 (0.10) 
* 

1.12 (0.29) (1.00) (0.89) 1.74 (0.63) 1.81 
(0.41) 

(0.003) 
** 

0.00 
(0.98) 

5.40 
(0.07) * 

(0.07) * 

Q.28: Systems Preferences (Solar)     
Roof-mounted 

Photovoltaics 
7.03 (0.03) 
** 

1.25 (0.26) 1.87 
(0.39) 

(0.36) (0.91) (0.07) * (0.85) (1.00) 0.38 
(0.83) 

(0.75) 

Roof-mounted Solar Water 
Heaters 

0.53 (0.77) 0.01 (0.91) (1.00) (0.69) 0.03 (1.00) (0.09) * (0.65) (1.00) 3.80 
(0.15) 

1.29 
(0.53) 

Wall-mounted 
Photovoltaics 

0.790 (0.67) 0.03 (0.87) (0.38) (0.32) 5.89 (0.12) 1.11 
(0.62) 

(0.01) ** 1.20 
(0.27) 

4.55 
(0.10) * 

(0.26) 

Solar Shading Elements 0.55 (0.76) 0.73 (0.39) (0.06) * (0.34) 7.21 
(0.07) * 

0.17 
(0.91) 

(0.08) * 0.14 
(0.71) 

2.55 
(0.28) 

5.79 
(0.05) ** 

Q.20: Production Preferences (Agricultural)     
Decorative Plants 6.12 (0.05) 

** 
0.37 (0.54) (0.14) 10.71 

(0.10) * 
3.09 (0.38) 3.48 

(0.18) 
(0.22) 0.00 

(1.00) 
0.03 
(0.98) 

(0.87) 

Productive Plants 2.81 (0.25) 0.35 (0.55) (0.64) 4.07 (0.67) 1.29 (0.73) 4.09 
(0.13) 

(0.16) 0.88 
(0.35) 

3.05 
(0.22) 

(0.08) * 

Plants for Shading 9.54 
(0.008) ** 

0.54 (0.46) 0.80 
(0.72) 

11.69 
(0.07) * 

4.03 (0.26) 4.00 
(0.14) 

(0.14) 0.25 
(0.62) 

0.17 
(0.92) 

2.71 
(0.26) 

Q.27: Production Preferences (Solar)     
Electricity Production (for 

household) 
2.71 (0.26) 0.43 (0.51) 4.06 

(0.13) 
(0.10) * 3.28 (0.35) (0.80) (0.22) 1.43 

(0.23) 
5.78 
(0.06) * 

0.32 
(0.85) 

Hot Water Generation (0.14) 1.92 (0.17) 2.72 
(0.26) 

(0.66) (0.30) (1.00) (0.35) (0.70) 1.05 
(0.59) 

(0.46) 

Electricity Production (off- 
grid) 

(0.002) ** (1.00) (0.79) (0.30) (0.51) (0.40) (0.36) (0.05) (0.78) (0.28) 

Electricity Production 
(Shared) 

(0.80) (0.69) (0.76) (0.69) (0.74) (0.42) (0.38) (0.53) (0.53) (1.00) 

Q.21: Operation Preferences (Agricultural)     
Self-Operation 4.83 (0.09) 

* 
5.21 (0.02) ** (0.75) 8.09 (0.23) 4.11 (0.25) 9.12 

(0.01) ** 
(0.74) 0.71 

(0.40) 
0.03 
(0.99) 

(0.02) ** 

Support from Individuals 1.29 (0.53) 1.29 (0.26) 4.28 
(0.12) 

(0.42) 2.23 (0.53) 2.94 
(0.23) 

(0.01) ** 0.11 
(0.74) 

3.69 
(0.16) 

0.66 
(0.72) 

Support Service from 
Supplier 

3.28 (0.19) 0.10 (0.75) 0.32 
(0.85) 

(0.73) 0.21 (0.98) (0.85) (0.74) 0.04 
(0.85) 

1.66 
(0.44) 

6.13 
(0.05) ** 

Q.30: Operation Preferences (Solar)     

(continued on next page) 
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Table A4 (continued )  

Independent Variables (Sociocultural Variables)  

Age Gen. Edu. 
Level 

Emp. 
Status 

Mth. Inco. City Loc. Res. Type Res. Own. Area Rest. Aces. Shr.  

Q.34 Q.35 Q.36 Q.37 Q.38 Q.39 Q.40 Q.41 Q.42 Q.43 

Self-Operation 8.65 (0.01) 
** 

22.04 
(p<0.001) *** 

0.77 
(0.68) 

(0.84) 3.66 (0.30) 0.22 
(0.90) 

(0.18) 1.72 
(0.19) 

2.74 
(0.25) 

6.66 
(0.04) ** 

Support from Individuals 0.23 (0.89) 1.03 (0.31) 1.16 
(0.56) 

(0.72) 2.46 (0.48) 2.26 
(0.32) 

(0.92) 1.11 
(0.29) 

1.30 
(0.52) 

3.75 
(0.15) 

Support Service from 
Supplier 

9.71 
(0.008) ** 

0.83 (0.36) 0.04 
(0.98) 

13.16 
(0.04) ** 

1.84 (0.61) 1.26 
(0.53) 

(0.55) 2.07 
(0.15) 

0.46 
(0.79) 

8.02 
(0.02) ** 

Q.22: Implementation Barriers (Agricultural)     
Technical Barrier 6.41 (0.04) 

** 
0.00 (0.96) 2.54 

(0.28) 
(0.30) 4.23 (0.24) 3.60 

(0.17) 
(0.07) * 0.46 

(0.50) 
N/A N/A 

Economic Barrier 6.67 (0.04) 
** 

0.11 (0.74) 0.36 
(0.84) 

(0.45) 4.58 (0.36) 6.00 
(0.05) ** 

(0.05) ** 0.27 
(0.60) 

N/A N/A 

Market Barrier 3.78 (0.15) 0.04 (0.84) 1.43 
(0.49) 

(0.47) (0.25) (0.03) ** (0.22) (0.28) N/A N/A 

Social Barrier 2.05 (0.36) 0.06 (0.81) 0.25 
(0.88) 

(0.42) 2.13 (0.55) (0.29) (0.005) 
** 

(0.80) N/A N/A 

Q.31: Implementation Barriers (Solar)     
Technical Barrier 11.15 

(0.004) ** 
3.22 (0.07) * 1.00 

(0.61) 
(0.52) 1.90 (0.59) 0.33 

(0.85) 
(0.44) 0.39 

(0.53) 
N/A N/A 

Economic Barrier 12.86 
(0.002) ** 

4.52 (0.03) ** 0.06 
(0.97) 

7.20 (0.31) 3.57 (0.31) 0.49 
(0.78) 

(0.71) 0.69 
(0.41) 

N/A N/A 

Market Barrier 5.00 (0.08) 
* 

0.50 (0.48) 0.62 
(0.74) 

(0.13) 5.28 (0.15) 0.31 
(0.86) 

(0.43) 2.04 
(0.15) 

N/A N/A 

Social Barrier 7.88 (0.02) 
** 

3.28 (0.07) * 1.83 
(0.40) 

(0.26) 3.70 (0.30) (0.13) (0.85) 0.14 
(0.71) 

N/A N/A  
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