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INTRODUCTION

• This research is based on the proposition “While energetic 
expense measures are being renewed in the technology of 
materials genre including sustainability principles as a viable 
option against which effective materials 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 Ghana. 



PROBLEM STATEMENT
Problem setting
• ”A third of the energetic expense, and therefore of the production 

of  carbon dioxide comes direct ly  or  indirect ly  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. 



PROBLEM STATEMENT continued
• 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 Civil 
Engineers and Designers (CEDs) and encouraging LSRBMs 
selection in Office Building Development (OBD) in Ghana and 
countries situated in the Volta basin, can potentially contribute 
towards energetic expense cut back.   



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

replacement of conventional building materials with green 
building materials but failed to look at LSRBMs 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 OBD 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 OBD and having worked on numerous building 
projects, immediate action for alternative building materials  
to address the housing backlogs was imperative.



STUDY OBJECTIVES

1. To estimate energetic expense /CO2 emission produced 
by all  industrial activities related to the building 
erection—in this case the specific building type.

2. To estimate energetic expense cut back, which can be 
reached by an adequate selection of material



LITERATURE REVIEW - THEORETICAL REVIEW

• Technology of material selection supports building assessment 
methods. It emphasis on quantitative cost analysis from a multi-
criteria approach.

• Furthermore, the Analytical Hierarchy process concept supports 
building materials selection. It emphasis on additive/weighting 
approach from pairwise comparison of criteria.

• Additionally, the sociocultural theory supports locally sourced 
building materials selection. It emphasis on awareness of 
circumstances surrounding individuals. 



LITERATURE REVIEW - EMPIRICAL REVIEW

• There is less emphasis on the use of sociocultural in building 
assessment methods, although there is sufficient evidence of the 
critical role of this factor of the concept of sustainability in 
environmental development (Ding et al., 2010; Sarpong-Nsiah and 
Ahadzie, 2018; Sarpong-Nsiah and Ahadzie, 2019a; Sarpong-Nsiah, 
2020). 

• Existing materials’ selection tools put less emphasis on the effect 
of regional variations in energetic expense, although there is 
sufficient evidence of energy performance as a benchmark to rate 
the level of performance improvement, which may not necessarily 
apply to other regions with an entirely different assessment 
structure (Sarpong-Nsiah and Ahadzie, 2019; Sarpong-Nsiah, 2020)  



LITERATURE REVIEW continued

What was lacking:
According to Ding (2008), regional, sociocultural variations are 
complex and the boundaries are difficult to define. 
Sociocultural issues: Most building material assessment tools, 
focused on the evaluation of building products against a set of 
environmental  cr i ter ia  but  do not  inc lude soc iocultura l 
considerations in the evaluation framework (San-Jose et al. 2007; 
Sarpong-Nsiah & Ahadzie 2018).
Complexity: Environmental issues are difficult to capture by using a 
set of criteria. Striking a balance between completeness in the 
coverage and simplicity of use will be one of the challenges in 
developing an effective and efficient environmental building 
assessment tool (Giorgetti and Lovell, 2010).



Conceptual framework of the analyzed decision factors for 
measuring the energetic expense of materials for the OBD 

• The analysis of the surveyed questionnaires identified a 
f i fty-s ix  (56)  key inf luential  factors  as  important 
components of the material selection process. 

• The factors are compressed into six groupings: 1) 
Environmental/Health; 2) Economy/costs; 3) Sensory; 4) 
Sociocultural; 5) Technical; and 6) Site conditions 

• For the purpose of clarity in the functions, similarities and 
differences in properties, the factors are compressed into 
four groupings namely: 1) Performance capabilities, 2) 
Sociocultural benefits, 3) Environmental Impact, and 4) 
Economy efficiency. 



LITERATURE REVIEW continued

• Conceptual framework of the analyzed decision factors for 
measuring the energetic expense of materials for the OBD 

• The analysis of the surveyed questionnaires identified a fifty-six 
(56) key influential factors as important components of the 
material selection process. 

• T h e  fa c t o rs  a r e  c o m p r e s s e d  i n t o  s i x  g r o u p i n g s :  1 ) 
Environmental/Health; 2) Economy/costs; 3) Sensory; 4) 
Sociocultural; 5) Technical; and 6) Site conditions 

• For the purpose of clarity in the functions, similarities and 
differences in properties, the factors are compressed into four 
groupings namely: 1) Performance capabilities, 2) Sociocultural 
benefits, 3) Environmental Impact, and 4) Economy efficiency. 





LITERATURE REVIEW continued

Definition of key Influential criteria

Main Criteria Sub-criteria Definition

EN :Environmental 
Impact

• EN1: Amount pesticide treatment
• EN2: Material environment impact
• EN3: Level of carbon emissions
• EN4: Environmental statutory 

compliance
• EN5: Climatic condition of the region

General conditions promoting the 
completion of a project without 
major accidents of injuries to 
users

EC: Economic 
Efficiency

• EC1: Life cycle 
• EC2: Availability of material
• EC3: Clients financial budget
• EC4: Affordability of material
• EC5: cost Energy spent in manufacturing

The long-term financial impact of 
housing projects when selecting 
building materials

SC: Sociocultural 
Benefit

• SC1: Material compatibility with 
tradition

• SC2: Costume and life style
• SC3: Compatibility with clients 

preference
• SC4: Material compatibility with regional 

settings

Define the architecture of the 
region, as well as promote the 
image of the community.

TN: Technical 
Performance

• TN1: Weight and mass
• TN2: Resistance to chemicals
• TN3: Resistance to heat

A rational framework for building 
design and construction that is 
flexible and amenable for 
accommodating innovations and 
change



LITERATURE REVIEW continued
Abridge: Conceptual framework of the analyzed decision factors for measuring 
energetic expense of locally sourced building materials for office building 
construction sector of the construction industry of Ghana and countries situated in 
the Volta basin



ANALYSIS OF RESULTS
• AHP is tested to derive weights of criteria by the prioritization of their 

impact to energetic expense cut back in the selection of LSBMs in office 
building development assessment. The AHP calculates the inconsistency 
index as a ratio of the decision maker’s inconsistency and randomly 
generate index.

• If the value of the consistency ratio is less than 10%, indicates a good level 
of consistency in the comparative judgements represented in that matrix. 

• In contrast, if consistency ratio is more than the acceptable value, 
inconsistency of judgements within that matrix has occurred and the 
evaluation process should therefore be reviewed, reconsidered and 
improved. 

• An acceptable consistency property helps to ensure decision-maker 
reliability in determining the priorities of a set of criteria (Saaty, 2000). 



ANALYSIS OF RESULTS continued

: 

SUMMARY OF THE ROOFING OPTION

 A B C

Roofing Material

420mm x 330mm, 
Structurally 
insulated Natural 
Slates

420mm x 330mm, 
concrete 
interlocking tiles

420mm x 330mm, 
Long-Span 
Corrugated 
Aluminum Roofing 
Tile

Rate of carbon 
dioxide emissions 
kgCO2/m2

0.235 kgCO2/m2 0.5 kgCO2/m2 8.24 kgCO2/m2



ANALYSIS OF RESULTS continued

Comparison scale adapted

Degree of importance  Definition  

1  Equal Importance  
3  Importance of one element over another   

5  Strong importance of one element over another   

7  Very strong importance of one element over another   

9  Absolute importance of one element over another   

2,4,6,8  Intermediate values between two adjacent degrees of 
importance   



ANALYSIS OF RESULTS continued

Pairwise comparison matrix of the main criteria

 Environment Economics Sociocultural Technical Priorities

Environment 1 0.25 0.167 0.25 0.0563

Economics 4 1 0.333 3 0.2817

Sociocultural 6 3 1 4 0.4732

Technical 4 0.333 0.25 1 0.1887

   CI RI CR CR ˂ 0.08

  0.0721 0.9 0.0721 OK



ANALYSIS OF RESULTS continued
Priority weights for energetic expense main and sub-criteria

Main criteria
Local  weight  Sub-criterion Local  weight  Global weight  

(1)1  (2)2 (3)1x2

Environment 0.0563

EN1 0.0323 0.0018
EN2 0.1527 0.0086
EN3 0.2613 0.0147
EN4 0.1032 0.0058
EN5 0.4505 0.0254

Economics 0.2817

EC1 0.0286 0.0081
EC2 0.2393 0.0674
EC3 0.2930 0.0825
EC4 0.1017 0.0286
EC5 0.3374 0.0950

Sociocultural 0.4732

SC1 0.0259 0.0122
SC2 0.2067 0.1023
SC3 0.2569 0.1253
SC4 0.0919 0.0435
SC5 0.4143 0.1899

Technical  0.1887
TN1 0.0556 0.0105
TN2 0.4497 0.0849
TN3 0.4947 0.0934



ANALYSIS OF RESULTS continued

The eight (8) highest weighted sub-criteria for standing list are as follows:

0.0674
0.0825

0.095 0.1023

0.1253
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0.0849 0.0934
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ANALYSIS OF RESULTS continued
OVERALL CARBON DIOXIDE INDEX SCORE 
Main 
Criteria

Local 
weight 

(1)

Sub-Criteria Local 
weight 
(2)

Local weight (3) Global weight (2) 
A B C A B C

EC 0.2817 EC5 0.3374 0.0590 0.5176 0.4235 0.0056 0.0492 0.0403

 0.2817 EC2 0.2393 0.0881 0.4088 0.5031 0.0059 0.0276 0.0339

 0.2817 EC3 0.2930 0.0909 0.4545 0.4545 0.0075 0.0375 0.0375

 SC 0.4732 SC2 0.2067 0.0556 0.4497 0.4947 0.0054 0.0440 0.0484

 0.4732 SC3 0.2569 0.7999 0.0993 0.1008 0.0972 0.0121 0.0123

 0.4732 SC5 0.4143
0.0881

0.4088 0.5031 0.0173 0.0801 0.0986

TN 0.1887 TN2 0.4497
0.0544

0.4178 0.5278 0.0046 0.0355 0.0448

 0.1887 TN3 0.4947
0.0556

0.4497 0.4947 0.0052 0.0420 0.0462

Carbon dioxide utility index (Normalized priorities)  0.1488 0.3279 0.3619

Carbon dioxide utility index (Idealized priorities) 0.4112 0.9060 1



COMPARING NORMALIZED AND IDEALIZED PRIORITIES

Roofing materials  Normalized 
Priorities 

Idealized 
Priorities
(%) 

Energetic 
Expense 

cut back     
(%) 

420mm x 330mm, Structurally Insulated 
Natural Slates 
0.235 kgCO2/m2

0.1488 41 95.6

420mm x 330mm, Concrete Interlocking Tiles
0.5 kgCO2/m2 0.3279 90 201

420mm x 330mm, Long-Span Corrugated 
Aluminum Roofing Tile 
8.24 kgCO2/m2

0.3619 1 0



DISCUSSIONS OF STUDY RESULTS

Objectives 1 and 2 Research Findings 
To estimate energetic 
expense /CO2 emission 
produced by all industrial 
activities related to the 
building erection—in this 
case the specific building 
type.

Structurally Insulated Natural Slates is about 41% 
as good as Long-Span Corrugated Aluminum 
Roofing Tile and Concrete Interlocking Tiles is 
90.6% as good as Long-Span Corrugated Aluminum 
Roofing Tile in energetic expense/CO2 emissions

To estimate energetic 
expense cut back, which can 
be reached by an adequate 
selection of material

Structurally Insulated Natural Slates is 95.6% 
energetic expense cut back and Concrete 
Interlocking Tiles is 201% energetic expense cut 
back



DISCUSSIONS OF STUDY RESULTS continue

Research Findings 1 and 2 Deductions from the Results
Structurally Insulated Natural 
Slates is about 41% as good as 
Long-Span Corrugated Aluminum 
Roofing Tile and Concrete 
Interlocking Tiles is 90.6% as good 
as Long-Span Corrugated 
Aluminum Roofing Tile in energetic 
expense/CO2 emissions

Possible explanation of the finding:
1.  The low carbon emission of natural 

slate
2. Materials’ compatibility with regional 

settings
3. Compatibility with client’s preference
4. Clients financial budget

Structurally Insulated Natural 
Slates is 95.6% energetic expense 
cut back and Concrete Interlocking 
Tiles is 201% energetic expense 
cut back

Possible explanation of the finding:
1. Cost of energy spent in manufacturing
2. Availability of material
3. Low weight and mass of material



DISCUSSIONS OF STUDY RESULTS continue

Research Findings 1 and 2 Relationship to other research
Structurally Insulated Natural Slates is 
about 41% as good as Long-Span 
Corrugated Aluminum Roofing Tile and 
Concrete Interlocking Tiles is 90.6% as 
good as Long-Span Corrugated 
Aluminum Roofing Tile in energetic 
expense/CO2 emissions

It is important to reduce the use of 
non-renewable materials 
(Venkatarama et al., 2003; Lee and 
Chen, 2008; Abeysundara et al., 2009; 
Sarpong-Nsiah, 2020)

Structurally Insulated Natural Slates is 
95.6% energetic expense cut back and 
Concrete Interlocking Tiles is 201% 
energetic expense cut back

Natural materials sourced locally, 
climate-friendly materials, are 
generally lower in embodied energy 
and toxicity than man made materials 
(Godfaurd et al., 2005; Shams et al., 
2011; Monahan and Powell, 2011) 



CONCLUSION AND SUMMARY continue
Research Findings  1 and 2 Practical implication Theoretical implication

Structurally Insulated Natural 
Slates is about 41% as good as 
Long-Span Corrugated 
Aluminum Roofing Tile and 
Concrete Interlocking Tiles is 
90.6% as good as Long-Span 
Corrugated Aluminum Roofing 
Tile in energetic expense/CO2 
emissions

Promote best practice guide 
in LSBM selection, and 
attempt to stimulate 
motivation of its use in a 
wider industry context. 
The establishments of such 
precedents would spark and 
facilitate a considerable 
shift in awareness as to the 
potential role of LSRBM 
selection could help in 
combating climate change 
and in effect might be a 
declaration by government 
that alternative approaches 
to their selection process in 
OBD may be encouraged. 

Serve as a future 
reference for researchers 
on the subject of LSBM 
selection and managerial 
practices, and in turn act 
as a primary locus for 
further innovations and 
technological progress in 
building construction. 
The results of the study 
will also be beneficial in 
enriching knowledge on 
the energetic expense 
cut back of each material. 

Structurally Insulated Natural 
Slates is 95.6% energetic 
expense cut back and Concrete 
Interlocking Tiles is 201% 
energetic expense cut back



CONCLUSION AND SUMMARY continue
Three gaps in knowledge have been filled by the study as follows:
1. The lack of informed knowledge in deriving weights of criteria by the 

prioritization of their impact to energetic expense cut back in the selection of 
CBMs in office building development assessment and the existing green 
building materials in housing development assessment and in the Ghanaian 
context towards climate change mitigation in countries situated in the Volta 
basin. 

2. The lack of informed knowledge in the awareness and the application levels of 
sociocultural in building material selection process and in the Ghanaian 
context towards revival of lost cultural traditions. 

3. The lack of informed knowledge in implementation levels and the benefit of 
energetic expense cut back in materials selection best practices in office 
building development assessment in Ghana and countries situated in the 
Volta basin.

 



THE END


