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INTRODUCTION

• This research is based on the proposition that “carbon dioxide 
measures are being renewed in the technology of materials genre 
including sustainable principles as a viable option against which 
effective materials and components selection can be validated." 

• Whilst there are a number of related research in this area, 
limitations have been identified regarding the lack of input of 
sociocultural factors in the context of developing countries. 



PROBLEM STATEMENT

Problem setting
• ”A third of the energetic expense, and therefore of the production of carbon dioxide 

comes directly or indirectly from the construction activity.” (Goldenberg, 1998)
• Thus, while decisions involving sociocultural factors need to be traded off, they have to 

be measured alongside Sustainability Principle Indicators (SPI) impacting the selection 
of building materials whose measurements must also be evaluated as to, how well, they 
serve the selection of Locally Sourced and Recycled Building Material (LSRBM) with the 
least  CO2 emissions. 

• There have been little systematic efforts to examine the role of the sociocultural as vital 
resources for strengthening the material selection decision-making process (San-Jose et 
al., 2007; Sarpong-Nsiah and Ahadzie, 2018).

• To this effect, bringing cultural issues to the attention of CEDs and encouraging LSRBMs 
selection in Mainstream Housing Development (MHD) in Ghana and countries situated 
in the Volta basin, can potentially contribute towards future reduction in CO2 emissions.



PROBLEM STATEMENT continued
• Prior Research Effort: Previous studies have proposed 

replacement of conventional building materials with green 
building materials but failed to look at locally sourced, 
climate-friendly, building materials and the critical role of 
sociocultural.

• The Research Gaps: The established and addressed gaps 
failed to point out the significance of sociocultural as the 
basis for office building development assessment. 

• Why Address the Gaps: Address of the gaps is essential as it 
would offer an alternative way to building assessment 
methods.



RATIONALE OF THE STUDY
• Scientific research on climate and climate change has been 

intensified in West Africa (UNEP-GEF Volta Project, 2003 and 
GLOWA Impetus, 2011), consideration of local actors within 
the sub-region is still limited (Anoumou and Runge, 2016).

• Whilst there are related research in this area, limitations 
have been identif ied regarding the lack of input of 
sociocultural factors in the context of developing countries

• As an Engineer with special interest in low-energy/low-
impact office building projects and having worked on 
numerous building projects, immediate action for alternative 
building materials  to address the housing backlogs was 
imperative.



STUDY OBJECTIVES

1. To indicate views and background information on themes 
re lated to  economic,  env i ronmenta l ,  technica l  and 
sociocultural impacts of construction activities, with emphasis 
on the role of building material  selection in housing 
construction. 

2. To compare and contrast various technologies used in 
developed and developing economies for modeling decision in 
the selection of building material; to highlight their strengths 
and weaknesses



FACTORS AFFECTING THE SELECTION OF SUSTAINABLE 
BUILDING MATERIALS: STATE OF ART

• Material selection is not about choosing the strongest, cheapest, or 
most obvious materials available but considering a wide range of 
variables that affect the choice of materials during the design and 
selection processes (Wastiels and Wouters, 2009). 

• Accordingly, the importance attached to the selection of materials in 
construction projects have necessitated several research studies on 
factors that can affect the decision-making and selection processes 
(Chan and Tong, 2007; Glavic and Lukman, 2007; Florez et al., 2010). 

• There is less emphasis on the use of sociocultural in building 
assessment methods, although there is sufficient evidence of the 
crit ical  role of this factor of the concept of sustainabil ity in 
environmental development (Mohamed and Celik, 1998; Perera and 
Fernando, 2002; Rahman et al., 2009; Ding et al., 2010; Sarpong-Nsiah 
and Ahadzie, 2018; Sarpong-Nsiah, 2020). 



METHODOLOGY 

Objective Task Method Reason 

To indicate views and 
background 
information on themes 
related to economics, 
environmental, 
technical and 
sociocultural impacts 
of construction 
activities, with 
emphasis on the role 
of building material 
selection in housing 
construction

Examined relevant 
literature through 
synthesis and analysis of 
recently published data, 
using a range of 
information collection 
tools such as; books, peer 
reviewed journals, articles 
and dissemination notes 
from libraries and internet 
base source

Archival analysis Current information 
on  sustainability 
principle indicators 
impacting climate-
friendly building 
materials selection 
with the least carbon 
dioxide emissions



METHODOLOGY continued

Objective Task Method Reason 

To compare and 
contrast various 
technologies used in 
developed and 
developing economies 
for modeling decision 
in the selection of 
building material; to 
highlight their 
strengths and 
weaknesses

Reviewed relevant 
literature Archival analysis Current information 

on  sustainability 
principle indicators 
impacting climate-
friendly building 
materials selection 
with the least carbon 
dioxide emissions

Conducted the main study 
by questionnaire to 
targeted CEDs, who 
influence the selection of 
building materials from 
throughout the 
construction value chain 
in Ghana

Questionnaire 
Survey



PRESENTATION AND ANALYSIS OF RESULTS

Designation of respondents
• 22% Architects, 28.5% Civil 

Engineers, 19.9% Quantity 
Surveyors, and 29.6% 
Surveyor. 

• On the average, the size of 
each group was balanced.

• Therefore, views of CEDs 
can be reasonably 
compared and contrasted 

(Hair et al. 1995).

Experience of Respondents
• 88.7% had sufficient 

knowledge in the selection of 
building materials, and 11.3% 
had less than 5-years working 
experience in building 
materials selection. 

• More than half of the 
respondents had reasonable 
experience, to provide 
information that were reliable 
and credible

 (Zhou et al. 2009).



PRESENTATION AND ANALYSIS OF RESULTS continued

Areas of Project Interest
• 30.11% all aspects, 24.73% 

design, 23.12% construction, 
13.44% costing, others 9%.

• The encourage findings is that 
design and all aspect 54.84% 
make a significant proportion of 
the responses. 

• Therefore, the intended focus of 
the research, design, is reflected.

Project Phases for Material 
Selection

• 51.07% decision, 30.65% design 
development, and 18.28% 
construction. 

• The encouraging finding is that 
decision at the conceptual phase 
of design brings to bear greater 
chance of lessen life-cycle cost

(Ding, 2008).



PRESENTATION AND ANALYSIS OF RESULTS continued

Factor Importance Rating 

• Kendall’s coefficient of 
concordance of 0.854 which 
was significant at 95% 
confidence level, suggesting 
that 85.4% of all survey 
respondents has assigned the 
same order to the list of 
concern

• The implication here is that, 
the P value of 0.000 less than 
0.05, the null hypothesis was 
not supported and thus rejected. 

The ranking results in order of 
relative importance 

• 1st Technical, 
• 2nd Sociocultural, 
• 3rd Environmental, and 
• 4th Economics.
 
• These can be used as the basis to 

evaluate material option to know 
if moving towards or away from 
carbon dioxide reduction. 

(Singh et al., 2007)



PRESENTATION AND ANALYSIS OF RESULTS continued

Material Assessment Techniques 
used by CEDs

• Kendall’s coefficient of 
concordance  of 0.924 which was 
significant at 95% confidence 
level, suggesting that 92.4% of all 
survey respondents has assigned 
the same order to the list of 
concern: trend of agreement 
amongst the respondents.

• The implication here is that the P 
value is less than 0.05, the null 
hypothesis was not supported and 
thus rejected. The alpha reliability 
coefficient for the factors was 
0.754, suggesting that 75.4% 
internal consistency of the criteria 
scale. 

Ranked Material Assessment 
Techniques used by CEDs 

1st   Multi-criteria analysis, 
2nd   LEED 
3rd   EPM 
4th   BREEAM 
5th   BEE.
 
• Multi-criteria analysis is 

acceptable in deciding the choice 
of materials due to its ability to 
address both tangible and 
intangible variables 

(Singh et al., 2007)



PRESENTATION AND ANALYSIS OF RESULTS continued

Material Assessment Methods: 
Perceived Obstacles to usage

• Kendall’s coefficient of 
concordance 0.870 which was 
significant at 95% confidence 
level, suggesting that 87% of all 
survey respondents has assigned 
the same order to the list of 
concern.

• The alpha reliability coefficient 
for the factors was 0.714, 
suggesting that 71.4% internal 
consistency of the criteria scale. 

• The implication here is that the P 
value 0.000 less than 0.05, the 
null hypothesis was not supported 
and thus rejected.

Material Assessment Methods: 
Ranked Perceived Obstacles to 
usage

1st   Lack of clear and simple    
       assessment method
2nd   lack of adequate project  
       information
3rd   High cost involved in its use
4th   High time consumption in its 
use
5th   lack of skill in using the tool

• The sub-optimal performance of 
existing tools.

(Giorgetti and Lovell, 2010) 



PRESENTATION AND ANALYSIS OF RESULTS continued

Pairwise Comparison Matrix of the Main Criteria
The main criteria listed on the left are one by one compared with each 
criterion listed on top as to which one is more important with respect to 
the goal of selecting the material with the least carbon  emissions

 Environmental Economical Sociocultural Technical Priorities

Environmental 1 3 5 7 0.5072

Economical 0.33 1 3 5 0.2959

Sociocultural 0.2 0.33 1 3 0.1437

Technical 0.14 0.20 0.33 1 0.0531

  CI RI CR CR ˂ 0.08

  0.0395 0.9 0.0395 OK



PRESENTATION AND ANALYSIS OF RESULTS continued



PRESENTATION AND ANALYSIS OF RESULTS continued

Final weights of each criterion 
To find the final global weight of each sub-criterion, the results of the 
weighting vector for standing carbon dioxide emission criteria list were 
arranged. 
The main criteria weighting vectors (1) are multiplied by the corresponding 
sub-criteria weighting vectors (2) to obtain the (global) criteria weight (3). 
The seven (7) highest weighted sub-criteria for standing list.

Main Criteria Local weight (1) Sub-Criteria Local weight (2) Global weight (1x2)

 
0.5072

EN1:Amount of pesticide treatment 
required 0.0544 0.0276

Environmental 0.5072 EN2:Material environmental impact 0.4178 0.2119

 0.5072 EN3:The climatic condition of the region 0.5278 0.2677
Economic 0.2959 EC1:Affordability of materials 0.0881 0.0261
 0.2959 EC2:Clients financial budget 0.4088 0.1210
 0.2959 EC3:Life cycle cost 0.5031 0.1489

 
0.1437

SC1:Material compatibility with client's 
preference 0.0668 0.0096

Sociocultural
0.1437

SC2:Material compatibility with regional 
settings 0.1928 0.0277

 0.1437 SC3:Material compatibility with tradition 0.7404 0.1064

 0.0531 TN1:Resistance to heat 0.0556 0.0030
Technical 0.0531 TN2:Resistance to chemicals 0.4497 0.0239
 0.0531 TN3:Weight and mass of materials 0.4947 0.0263
    1



PRESENTATION AND ANALYSIS OF RESULTS continued
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DISCUSSIONS OF STUDY RESULTS

Objectives 1 Research Findings 
To indicate views and 
background information on 
themes related to economic, 
environmental, technical 
and sociocultural impacts of 
construction activities, with 
emphasis on the role of 
building material selection 
in housing construction. 

1. Aspects of the literature review indicated 
increase demands for housing and their resultant 
impacts could be addressed through adequate 
selection of climate-friendly building materials 
taking into account a range of key sustainable 
principle indicators 
2. Findings from the study revealed that current 
material information systems lacked the capacity to 
adequately assess carbon dioxide emissions, taking 
into account a range of key sustainable principle 
indicators (factors), hence identified the need for a 
more appropriate resource.



DISCUSSIONS OF STUDY RESULTS

Objectives 2 Research Findings 
To compare and contrast 
various technologies used in 
developed and developing 
economies for modeling 
decision in the selection of 
building material; to 
highlight their strengths and 
weaknesses

3. The literature review indicated that most existing 
tools treat the sustainability impacts of the wider 
built environment as simply a matter of energy and 
mass flows with little or no consideration to other 
dimensions of the concept
4 . The study revealed that bivariate analyses is 
inadequate in addressing tangible and intangible 
factors and the majority of the respondents 
emerged with a relatively strong degree of 
commitment in terms of the need for more current 
and up-to-date information. This exercise also 
formed significant basis upon which the model was 
conceptualized.



DISCUSSIONS OF STUDY RESULTS continue
Research Findings Deductions from the Results
1. Aspects of the literature review 
indicated increase demands for 
housing and their resultant impacts 
could be addressed through 
adequate selection of climate-
friendly building materials taking 
into account a range of key 
sustainable principle indicators 

1. Possible explanation of finding is the  
rapid population growth

2. Incremental development of housing 
over a period of 5 to 15 years.

3. Majority of houses in the country are 
provided by  individuals through personal 
savings and assistance from family 
members

2. Findings from the study revealed 
that current material information 
systems lacked the capacity to 
adequately assess carbon dioxide 
emissions, taking into account a 
range of key sustainable principle 
indicators (factors), hence identified 
the need for a more appropriate 
resource.

1. Possible explanation is that tools 
were developed for local use 

2. The energy performance assessment 
adopted may not apply to other 
regions with an entirely different 
assessment structure

3. Existing tools are established on the 
case- based reasoning of the 
developer and the country in 
question. 



DISCUSSIONS OF STUDY RESULTS continue

Research Findings Deductions from the Results
3. The literature review indicated that 
most existing tools treat the 
sustainability impacts of the wider 
built environment as simply a matter 
of energy and mass flows with little 
or no consideration to other 
dimensions of the concept

1. Possible explanation is that socio-cultural 
variables are much difficult to quantify and 
as such have not received as much 
attention in the architecture literature as 
other groups of factors

2. Material choice also must be compatible 
with specific regional and local cultural and 
aesthetic conditions

4 . The study revealed that bivariate 
analyses is inadequate in addressing 
tangible and intangible factors and 
the majority of the respondents 
emerged with a relatively strong 
degree of commitment in terms of 
the need for more current and up-to-
date information. This exercise also 
formed significant basis upon which 
the model was conceptualized.

1. Decision-making in reality is rarely based on 
a single dimension.

2. A strong tendency towards incorporating 
multiple criteria and objectives in product 
appraisal

3. Avoiding the ethical debates surrounding 
the issues of monetary valuation, as 
environmental matters are largely priceless 
and unique



DISCUSSIONS OF STUDY RESULTS continue

Research Findings Relationship to other research
1. Aspects of the literature review 
indicated increase demands for housing 
and their resultant impacts could be 
addressed through adequate selection of 
climate-friendly building materials 
taking into account a range of key 
sustainable principle indicators 

Measures are required to address the 
housing situation with implications for 
energy consumption and potential 
climate change impact 
(Ofori 2006; Anderson et al. 2009; 
Quandzie 2011). 

2. Findings from the study revealed that 
current material information systems 
lacked the capacity to adequately assess 
carbon dioxide emissions, taking into 
account a range of key sustainable 
principle indicators (factors), hence 
identified the need for a more 
appropriate resource.

Material management system for  
material selection did not encourage 
the integration of a broader range of 
factors into the material selection 
process.
(Perera and Fernando, 2002 Rahman 
et al., 2009; Ding et al., 2010) 



DISCUSSIONS OF STUDY RESULTS continue

Research Findings Relationship to other research
3. The literature review indicated that 
most existing tools treat the 
sustainability impacts of the wider built 
environment as simply a matter of 
energy and mass flows with little or no 
consideration to other dimensions of 
the concept

Most tools were developed for local 
use and do not allow for regional 
variations.
(Ding, 2008; Malanca, 2010; Seyfang, 
2010; ) 

4 . The study revealed that bivariate 
analyses is inadequate in addressing 
tangible and intangible factors and the 
majority of the respondents emerged 
with a relatively strong degree of 
commitment in terms of the need for 
more current and up-to-date 
information. This exercise also formed 
significant basis upon which the model 
was conceptualized.

Using only one assessment criterion 
should not be regarded as a correct 
approach, as decision-making in 
reality is rarely based on a single 
dimension
(Van Pelt, 1994; Meier, 2000; 
Papadopoulos and Karagiannidis, 
2008)



CONCLUSION AND SUMMARY continue

Research Findings  Practical implication Theoretical implication

1. Aspects of the literature review 
indicated increase demands for 
housing and their resultant impacts 
could be addressed through 
adequate selection of climate-
friendly building materials taking into 
account a range of key sustainable 
principle indicators 

The inclusion of 
sociocultural, issues 
is often lacking, 
within both literature 
and material 
selection resources. 
However, this 
framework was 
designed to reflect 
this in order to 
enable 
mainstreaming of 
some of the cultural 
dimensions such as 
pride of place, 
symbols, and sense 
of belonging.

There was, however, a lack 
of reference to 
sociocultural implications 
in the reviewed studies, 
which indicated the need 
for further study to 
incorporate not just the 
sociocultural aspects of 
the sustainability principle 
but also the 
aforementioned 
dimensions of the concept

2. Findings from the study revealed 
that current material information 
systems lacked the capacity to 
adequately assess carbon dioxide 
emissions, taking into account a 
range of key sustainable principle 
indicators (factors), hence identified 
the need for a more appropriate 
resource.



CONCLUSION AND SUMMARY continue

Research Findings  2 Practical implication Theoretical implication

3. The literature review indicated that 
most existing tools treat the 
sustainability impacts of the wider 
built environment as simply a matter 
of energy and mass flows with little 
or no consideration to other 
dimensions of the concept

Thus, this research 
can help to inform 
building practitioners 
on low-energy 
building material 
research and housing 
policy development 
dialogue, and it is 
hoped will make a 
significant 
contribution to the 
on-going debate.

The research presents a 
detailed understanding of 
the drivers and barriers, 
which influence the 
selection of locally sourced 
building materials in the 
design of  mainstream 
housing development, a 
topic that is lacking within 
current literature.

4 . The study revealed that bivariate 
analyses is inadequate in addressing 
tangible and intangible factors and 
the majority of the respondents 
emerged with a relatively strong 
degree of commitment in terms of 
the need for more current and up-to-
date information. This exercise also 
formed significant basis upon which 
the model was conceptualized.



THE END


