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Establishing initial hypothetical PLS-SEM for the 
challenges of converting existing office buildings to 

green buildings in Sri Lanka 

  

Abstract— Sri Lanka is progressively moving towards 

sustainability concepts to achieve a circular economy and 

sustainable development goals. The challenges to converting 

existing offices to green buildings in Sri Lanka assed in 50 low-

rise office buildings in Colombo through 150 decision-makers. 

There were 25 challenges identified initially from a systematic 

literature review, and the challenges were further reduced to 

four main components in the PCA to reduce complexity. The 

initial hypothetical PLS-SEM model was established to identify 

the main challenges and the others that fall under it. The four 

main challenges can be categorised into; Industry and 

Technology Environment (ITE), Corporate issues (CI), 

Government Interventions (GI), and Stakeholder Awareness 

(SA). 

Keywords— Challenges; Green Buildings; Office-buildings; PLS-

SEM 

I. INTRODUCTION 

A concern was raised against the massive growth of the 
building construction sector due to its attached environmental 
impacts not only during the construction phase of the building 
but also during the operational period. It is a proven fact that 
people are spending 60-90% of their lifetime in buildings, and 
this trend has increased [1].  

Even though studies have made concerns about the 
importance of moving into green measures, in practice, it is 
seen that there is a significant lag in moving existing 
buildings towards energy-efficient green buildings [2]. 
However, in many instances, people believe it is not an 
attractive option to grab due to many difficulties in practice 
and higher initial costs [3]. Office buildings being one of the 
highest energy-consuming building sectors, proper 
knowledge of energy-efficient green buildings has to be given 
to encourage the construction and conversion into green 
buildings. 

There have already been several studies in the current 
literature focused on green building development challenges 
in various nations or locations. Gou et al. [4] concluded in 

their study that the slow progression of green building 
construction is because of the high initial construction costs 
and the more extended payback periods of investments into 
green building technologies. According to Williams and Dair 
[5], Green building development in England is hampered by 
high embodied costs and lack of awareness. In a study of 
stakeholders in Hong Kong, Lam Patrick et al. [6] found 
several challenges to green requirements, including increased 
costs, delays, and the scarcity of dependable suppliers. The 
contributing factors were also explored in underdeveloped 
countries. Masrom et al. [7] revealed that in Malaysia, 
increased costs and a lack of green awareness hampered the 
sustainable restoration of commercial buildings.  
 
Structural Equation Modeling (SEM) has become a popular 
analytical tool for assessing cause and effect relationship 
models with latent variables [8]. SEM is the approach of 
choice when the purpose of the investigation is to gather 
substantial knowledge about the drivers of unrevealed factor 
relationships. The covariance-based SEM (CB-SEM) and the 
partial least square SEM (PLS-SEM) are the two types of 
SEMs. According to Wei et al. [9], the CB-SEM can reduce 
the divergence between the estimated and sample covariance 
matrices. In contrast, the PLS-SEM uses an iterative sequence 
of ordinary least squares regressions to estimate partial model 
associations. Also, it’s recognised in the field of construction 
management. This is because the data distribution used to 
calculate the Likert scale is unknown, and its normality is 
unproven. 

 

The main objective of this study is to identify issues and 
beliefs which hinder the conversion of office buildings to 
energy-efficient green buildings as to the perception of 
decision-makers. It is expected to recognise the reasons 
behind this lag in green building construction, specifically in 
the office building sector and how we can further address 
those issues and misbeliefs with proper education on green 
buildings and other measures such as developing policies and 
regulations. 
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II. METHODOLOGY 

A.  Identification of factors that may challenge decision-

makers’ effort to convert their office buildings to green 

buildings. 

A comprehensive literature survey has been conducted to 
identify potential barriers to green building development. 
According to the literature, 25 potential challenges to 
converting the existing buildings to green buildings were 
identified (TABLE I). 
 
 

TABLE I.  IDENTIFIED CHALLENGES OF CONVERTING 
BUILDINGS TO GREEN BUILDINGS 

Code Challenges Key reference 

C01 Lack of policies and regulations [11] [14] [15] 

[17] [18] [19] 

C02 Lack of guidance from the industry [11] [14] 

C03 Ineffective green building development 

paths 

[11] [14] [18] 

C04 Inadequate supervision of the government [12] [13] [18] 

C05 Insufficient support from established 

related institutions 

[12] [15] [16] 

[19] 

C06 Added construction cost [11] [16] [17] 

[18] [19] 

C07 Can potentially damage the existing 

building structure 

[11] [13] [17] 

C08 Immature green technology available in 

Sri Lanka 

[10] [13] [15] 

[16] [19] 

C09 Higher initial cost [10] [11] [12] 

[14] [ [19]  

C10 Ineffective financial plans from the 

government 

[10] [11] [12] 

[14] [15] [19] 

C11 The local green material market is 

immature 

[11] [13] [19] 

C12 The quality of green materials in the 

market 

[11] [14] [18] 

C13 Lack of green technology awareness of the 

contractor/client 

[10] [15] [18] 

C14 Lack of technology awareness of engaged 

professionals 

[10] [15] [18] 

C15 Lack of green technology awareness in the 

community 

[12] [15] [16] 

[18] 

C16 Industry demand for green buildings is 

low 

[11] [13] [15] 

[16] [19] 

C17 Lack of training in green building 

construction 

[10 [11] [12] [17] 

[19]  

C18 Industry popularity for green buildings is 

low 

[10] [12] [18] 

C19 Enterprise reputation is not specifically 

benefited 

[10] [14] [17] 

C20 Clients do not seek the green rating to do 

business 

[10] [14] [17] 

[20] 

C21 Longer payback period to recover the 

initial cost 

[10] [11] [12] 

[14] [ [19] 

C22 Lack of professionals attached to the 

energy management of the building 

[10] [15] [18] 

C23 Issues based on building ownership (E.g., 

rented office building/leased property) 

[21] [22] 

C24 No potential benefits are foreseen [10] [14] [17] 

C25 It does not positively affect your business 

relationships 

[23] [24]  

 

B. Data Collection 

A questionnaire survey was designed to collect the accurate 
process of social phenomena [25]. The survey was designed 
in three main sections; Section 01: Building description 
(Office category, location, building size), Section 02: 
Demographic information of the respondent (Age, gender, 
designation, educational level), Section 03: Evaluation of the 
identified 25 challenges of the relevant office building to be 
converted to green. The opinions were rated using a five-
point Likert scale (1: Strongly disagree 2: Agree 3: Neutral 4: 
Agree 5: Strongly Agree).  
 
As Colombo is the largest city and the commercial capital 
(judicial capital) in Sri Lanka, 50 low-rise office buildings in 
Colombo were selected to conduct the questionnaire. The 
sampling method used was the random sampling technique. 
Three decision-makers/persons influencing decision-making 
to convert the existing building to a green building were 
contacted from each office, and the questionnaires were 
distributed online. There were 150 responses from 50 
randomly selected low-rise buildings.  

C. Data analysis methods 

The data analysis has conducted in two phases. Phase I: The 
descriptive and inferential analysis using Statistical Package 
for Social Science (SPSS) 29.0. Phase II: Establishing an 
initial Structural Equation Model (SEM) using SmartPLS 
3.3.7 software.  
 

Phase I 

The descriptive statistical analysis was conducted by 
determining the central tendency (sample mean: x̄) and 
standard deviation (sd: σ) [26]. The inferential analysis was 
done using a one-way variance (ANOVA) test and 
exploratory factor analysis (EFA). 
A one-way ANOVA was conducted to determine a) if 
decision-makers from different office buildings had varied 
perspectives about the identified challenges, b) Evaluate 
which of the EFAs could lower the number of 
challenges(variables), and c) determine the relevant variables 
[27]. Principal Components Analysis (PCA) was used as the 
critical factor analysis; the rotation method used was Varimax 
[28]. The Kaiser–Meyer–Olkin (KMO) and Bartlett 
sphericity tests were used to assess the factor analysis' 
applicability. Bartlett's sphericity test was conducted to test 
whether the correlation matrix differed significantly from 
zero. The KMO coefficient should be greater than 0.7 [28]. 
 

Phase II 

PLS-SEM is capable of solving complicated issues without 
the need for a significant number of samples [29,30]. Initial 
hypothetical PLS-SEM was established in this study using 
SmartPLS 3.3.7 software.  

III. RESULTS AND DISCUSSION 

A. Phase I 

 

Descriptive statistics 

 
TABLE II shows the results of the descriptive statistics 
analysis of the 50 office buildings using the SPSS software 



package. The table shows that 42% of offices belong to the 
private sector, and 30% of government and other facilities 
belong to semi-government and NGOs. Most buildings 
(40%) are in the range of 800-1000m2. The respondents' 
working experience is essential; 72% of the respondents had 
more than ten years of experience in their relevant industry. 
The majority of the designation of the respondents (71%) 
were General managers and above. 
 
 

TABLE II.  BUILDING RELATED DATA AND DEMOGRAPHIC 
PROFILES OF THE RESPONDENTS 

  Building-Related data 
Variable Frequency  Percentage 

Sector Category 

Private sector 21 42% 

Government 
sector 

15 30% 

Semi-government 5 10% 

NGO 9 18% 

Building Size (m2) 

400 - 600 4 8% 

601-800 15 30% 

801-1000 20 40% 

1001-1200 11 22% 

Demographic Profile 

Gender 
Male 33 22% 

Female 117 78% 

Level of Education 

Diploma 6 4% 

Bachelor degree 60 40% 

Postgraduate 
degree 

84 56% 

Age 

21-30 25 16.6% 

31-40 22 14.6% 

41-50 90 60% 

Above 50 13 8.7% 

Working experience 
(Years) 

0-5 11 7.3% 

6-10 30 20% 

11-15 87 58% 

Above 16 22 14.7% 

Designation 

Executive 13 8.6% 

Manager 30 20% 

General Manager 60 40% 

Director and 
above 

47 31.3% 

 
Using the mean and standard deviation of the values, a 
ranking of identified challenges was created. The mean value 
of the opinions of the three respondents from each building 
was considered for the analysis. Variables with higher means 
were given a higher ranking. When two variables had the 
same mean value, the variables with a minor standard 
deviation were assigned a higher order. Table 3 shows the 
ranked list of challenges. According to TABLE III, C11- 
Immature green material marker, C09- Higher initial cost, 
and C04- lack of adequate supervision from the government 
are the top three challenges of converting the existing 
buildings to green buildings. 
 

TABLE III.  RANKINGS OF THE IDENTIFIED CHALLENGES 

Rank Code Mean SD 

1 C11 3.96 .699 

2 C09 3.94 1.038 

3 C04 3.92 1.066 

4 C15 3.90 .863 

5 C06 3.90 1.074 

6 C10 3.88 .872 

7 C18 3.86 .857 

8 C13 3.84 .866 

9 C17 3.82 .596 

10 C03 3.82 .896 

11 C08 3.76 .771 

12 C02 3.74 .944 

13 C21 3.70 .735 

14 C01 3.70 1.015 

15 C05 3.68 .819 

16 C20 3.64 .898 

17 C22 3.64 .898 

18 C12 3.60 .948 

19 C19 3.58 .971 

20 C14 3.54 .838 

21 C23 3.18 1.190 

22 C16 3.14 .948 

23 C07 3.12 1.023 

24 C24 3.00 1.107 

25 C25 2.82 1.137 

 

One-way analysis of variance test (One-way ANOVA) 

 
An analysis of variance (ANOVA) was performed to see if 
the respondents had varied perceptions based on their 
backgrounds and the building specifications. TABLE IV 

shows the results of the ANOVA. If the p-value of a variable 
is less than 0.05, it is usually assumed that there is a large 
degree of difference between the tested groups [31].  
 

TABLE IV. ANOVA P VALUES BETWEEN THE PERCEPTION OF 
THE CHALLENGES AND DEMOGRAPHIC/BUILDING RELATED 

VARIABLES 
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C01 .542 .989 .469 .389 .003 .645 .003 

C02 .164 .893 .319 .231 .202 .491 .081 

C03 .179 .383 .150 .124 .032 .287 .073 

C04 .352 .664 .269 .735 .669 .628 .066 

C05 .605 .679 .273 .254 .403 .220 .596 

C06 .528 .287 .077 .543 .287 .582 .060 

C07 .557 .628 .002 .087 .343 .348 .657 

C08 .726 .220 .399 .425 .941 .444 .416 

C09 .567 .582 .011 .092 .827 .122 .241 

C10 .989 .220 .054 .943 .896 .036 .150 

C11 .893 .582 .037 .268 .369 .348 .111 

C12 .383 .190 .132 .491 .067 .444 .837 

C13 .664 .117 .006 .287 .793 .542 .072 

C14 .679 .061 .929 .628 .786 .164 .394 

C15 .432 .907 .017 .220 1.000 .179 .022 

C16 .906 .950 .348 .582 .037 .352 .632 

C17 .600 .438 .444 .190 .775 .247 .282 

C18 .367 .800 .122 .117 .550 .179 .006 

C19 .573 .110 .036 .061 .907 .352 .638 

C20 .773 .797 .003 .019 .950 .605 .670 

C21 .046 .247 .073 .551 .438 .247 .005 

C22 .773 .179 .112 .390 .800 .254 .002 

C23 .208 .352 .022 .725 .110 .543 .565 

C24 .790 .605 .463 .564 .797 .087 .111 

C25 .187 .042 .045 .049 .247 .425 .478 

 
According to the ANOVA test, having different perception 
between different buildings were limited to a few challenges 
(Gender: C21, Age: C25, Designation: C07 C09 C11 C13 
C15 C19 C20 C23 C25, working experience: C20 C25, Level 
of education: C01 C03, Building size: C10, Sector category: 
C01 C15 C21 C22). It can be concluded that even though the 
demography of the respondents and building specifications 



differed, they had a better consensus on the reasoning behind 
most barriers.  
 

Exploratory Factor Analysis (EFA) 

 
An EFA was conducted for 25 challenges (TABLE I) to 
reduce the dimension of the factors and make building 
classification more manageable. Principle component 
analysis (PCA) was used to extract data from the factor 
analysis, and Varimax was used to rotate the data [32]. PCA 
technique is particularly useful in processing data where 
multicollinearity exists between the variables. Since the 
variables were tested on a Likert scale, they fall under both 
categorical and continuous variables. The PCA was chosen 
because it ensured minimal data loss and allowed the study to 
investigate the dataset's underlying structure [33]. TABLE V 
shows the factor analysis results for the identified possible 
challenges. 
 
The EFA consisted of eight repetitions of the Rotation, and 
the significance is 0.000, sampling adequacy KMO: 0.600; 
Bartlett’s test of sphericity, Approximate chi-square 
1122.684, and degree of freedom (df) 300. 
 

TABLE V. EFA ANALYSIS RESULTS OF THE IDENTIFIED 
CHALLENGES 

Cod
e 

Variable 
Rotated Component Matrix New 

code 1 2 3 4 

C03 

Ineffective 
green building 
development 
paths 

0.740 - - - 
ITE
1 

C22 

Lack of 
professionals 
attached to the 
energy 
management 
of the building 

0.723 - - - 
ITE
2 

C05 

Insufficient 
support from 
established 
related 
institutions 

0.714 - - - 
ITE
3 

C02 
Lack of 
guidance from 
the industry 

0.702    
ITE
4 

C20 

Clients do not 
seek the green 
rating to do 
business 

0.644 - - - 
ITE
5 

C11 

The local 
green material 
market is 
immature 

0.625 - - - 
ITE
6 

C18 

Industry 
popularity for 
green 
buildings is 
low 

0.612 - - - 
ITE
7 

C16 

Industry 
demand for 
green 
buildings is 
low 

0.555 - - - 
ITE
8 

C21 

Industry 
demand for 
green 
buildings is 
low. 

- 0.743 - - CI1 

C23 

Issues based 
on building 
ownership 
(E.g., rented 
office 
building/lease
d property) 

- 0.670 - - CI2 

C19 

Enterprise 
reputation is 
not explicitly 
benefited. 

- 0.623 - - CI3 

C06 
Added 
construction 
cost 

- 0.594 - - CI4 

C07 

Lack of 
training in 
green building 
construction 

- 0.579 - - CI5 

C24 
No potential 
benefits are 
foreseen. 

- 0.557 - - CI6 

C09 
Higher initial 
cost 

- 0.500 - - CI7 

C15 

Lack of 
environmental 
awareness of 
community 

- - 0.747 - SA1 

C13 

Lack of 
environmental 
awareness of 
the 
contractor/clie
nt 

- - 0.741 - SA2 

C17 

Lack of 
training in 
green building 
construction 

- - 0.680 - SA3 

C14 

Lack of 
environmental 
awareness of 
engaged 
professionals 

- - 0.634 - SA4 

C12 

The quality of 
green 
materials in 
the market 

- - 0.562 - SA5 

C01 
Lack of 
regulations 
and policies 

- 
- - 0.702 GI1 

C04 

Inadequate 
supervision of 
the 
government 

- - - 0.680 GI2 

C10 

Ineffective 
financial plans 
from the 
government 

- - - 0.586 GI3 

Initial Eigenvalues 4.659 3.751 3.477 3.177 - 

Variance% 24.782 20.43
4 

18.73
9 

13.04
3 

- 

Cumulative% 24.782 45.21
6 

63.95
5 

76.99
8 

- 

 
According to the EFA data, C08 and C25 variables had a 
loading of less than 0.500, and those variables were 
eliminated. The remaining 23 challenges were identified 
from four components. According to Hair et al., 2013 [34]. 
The threshold of overall cumulative explanatory variance is 
60% and 76.998% in the study. Table 05 explains the new 
codes given according to the results of EFA components. The 
new components are Industry and Technology Environment 
(ITE), Corporate Issues (CI), Stakeholder Awareness (SA), 
and Government Intervention (GI). 



B.  Phase II  

 

Establishing Initial Hypothetical Partial Least Square 

Structural Equation Model (PLS-SEM) 

 
SmartPLS 3.3.7 software was used to undertake measurement 
and structural model assessment to analyse the impact of 
different components to construct a hypothetical PLS-SEM. 
Fig: 1 depicts the initial PLS-SEM.  
 
The objective of establishing the hypothetical model was to 
identify the simultaneous indirect effects of the impact of the 
challenges to the development of green buildings. 

 

IV. CONCLUSION 

 
Twenty-five challenges initially hinder the development of 
green buildings identified in the comprehensive literature 
review. The challenges were assessed to determine according 
to the Sri Lankan context. The 23 challenges extracted from 
the EFA, C08- Immature green technology available in Sri 
Lanka and C 25 - It does not positively affect your business 
relationships were eliminated according to the analysis.  
 
 
The variables were further reduced to four main components 
in the PCA. It is observed that the Industry and Technology 
Environment (ITE) majorly caused to hinder the green 
building development in Sri Lanka. Even though the Green 
building concept has evolved by addressing the minimisation 

of embodied energy, use of fewer resources (water, materials, 
and energy) during its lifetime, and also producing less waste 
or treating the waste, respondents believe that there are other 
corporate issues (CI) such as more extended payback period 
to recover the initial cost, Potential damage to the existing 
building structure, higher initial cost, and construction cost 
which are directly impacting to their financial plans are 
causing for them to move forward with converting their space 
to a green building.  
 
 
 
 

Stakeholder Awareness (SA), such as awareness of the 
community, clients, and professional, were also believed to 
be necessary for the decision-making or treating the waste; 
respondents believe that there are other corporate issues (CI), 
such as more extended payback period to recover the initial 
cost, Potential damage to the existing building structure, 
higher initial cost, and construction cost which are directly 
impacting to their financial plans are causing for them to 
move forward with converting their space to a green building. 
Stakeholder Awareness (SA), such as awareness of the 
community, clients, and professionals, was also proven 
necessary for decision-making.  
 
The respondents expect government interventions (GI) 
financially, legally, and visionary to encourage the green 
building concept in Sri Lanka.  The results of the PLS-SEM 
can be further analysed and interpreted by evaluating the 
exterior measurement model and the inner structural model. 

Fig 1. Initial hypothetical partial least squares structural equation model (PLS-SEM) 
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