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Abstracts

The principle of the embodied energy (EE) has drawn more recognition from various professionals
within the construction industry. This is in line with the sustainable development goal (SDG),
towards minimisation of environmental impacts and global warming effect caused by construction
activities. However, in support of sustainable construction objectives and the reduction of
embodied energy (EE) impacts, this study examines EE minimisation techniques in the Nigerian
construction industry. This paradigm is important in light of the continuous efforts towards a
drastic shift by professionals for less embodied energy structures. This prompts the identification
of numerous EE minimisation techniques from literature from four categories consisting of design,
material management, manufacturing and policy makers considerations. Subsequently, a mixed
method approach consisting of 105 questionnaire survey and three (3) expert opinion survey was
conducted to gather insight from the Nigerian construction processionals. A multi criteria decision
technique using the provided initial weights, the VIKOR method was implemented to determine
the priority ranking of the alternatives. The findings indicate that design for deconstruction and
selecting low embodied energy material are the most significant design factors towards achieving
building with low embodied energy. The material management factors are: using energy efficient
material, substitution for bio-based material and distance in transporting material. The study
contributes to sustainable construction by providing a structured framework for prioritizing EE

reduction strategies in developing country contexts.
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1. Introduction

Presently, Ecological involvement is moderately little in the construction processes. It is necessary
for the construction industry to shift from its usual systems of operation due to the needs to secure
the natural environmental by preventing ecological deterioration (Abidin 2009). There are
currently a lot of efforts being made to encourage environmentally friendly construction practices.
The focus of the building sector is now shifting away from creating an adverse deleterious
environment into having a greener sustainable habitat. Sustainable improvement is now the new
norm in the built environment (Pearce 2006). Similarly, Du Plessis (2005) examined several
definitions of environmentally friendly building development.. Notwithstanding, achieving
sustainability in the building business is critical. In Nigeria, non-sustainable power sources are
fundamentally the energy used in the generation of the needed construction materials (Mari 2007).
Energy utilised in building operation can promptly be realistic, whereas, the EE contain in the
building is hard to measure. In spite of the Nigerian government recommendation to contractors
on industrialised building system (IBS), the construction practice in Nigeria is as yet base on the
conventional cast in situ (Ajayi, Faremi et al.). The most weight put on the common habitat
originates from the built environment, which accounts for approximately 42% of definite energy
utilisation, with ozone depleting substance outflow of around 35% and waste conveying about
32% (Moldan, Janouskova et al. 2012). The demand for building materials in Africa's construction
industry is greater than what local producers can supply. Countries that produce cement confront
a number of obstacles, mainly in terms of material availability due to demand shifts and a shortage
of investment. The manufacturing of cement is the biggest driver of greenhouse gas emissions.
While, concrete and steel are the most influential elements in the impact of climate change. The
average concrete mix contains 12-14% cement; however, transportation, aggregate production,
and manufacturing all contribute to the EE.

This paper, is aimed at assessing the embodied energy (EE) minimisation techniques by
professionals in the Nigerian construction industry. This is as a result to the needs for a shift
towards more sustainable construction in the Nigerian building sector. A hybrid approach
consisting of questionnaire and semi structure interview was utilised in order to assess the EE

minimisation techniques employed by construction professionals. Considering the lack of research



on EE minimization in Nigeria's construction industry, this study contributes to knowledge by

enriching the literatures thereby filling the existing research gap in the study area.

2. Literature review

2.1 Sustainability in Nigerian Construction Industry

Sustainable construction aims to create buildings and infrastructure that balance the natural and
built environments. Promoting human dignity and economic equality, improve quality of life and
customer satisfaction, provide flexibility for future user changes, and promote desirable natural
and social environments is sustainability (Omopariola, Olanrewaju et al. 2022). Numerous pilot
projects have been the outcome of the Nigerian government's active promotion of sustainability
efforts in the construction industry. According to Sev (2009), buildings consume the most energy
and are the primary source of both direct and indirect carbon emissions, negatively impacting the
environment. The Nigerian government has committed to adopt an indicator of voluntary reduction
of emission intensity as a way to compliment the sustainable development goal (SDG). The
construction sector contributes to the country's socio-economic development, but also uses non-
renewable resources and pollutes the environment significantly. The construction industry
contributes to the environmental disaster by depleting resources, consuming energy, polluting the
air, and creating waste throughout raw material acquisition, building, and facility use (Windapo,
Omopariola et al. 2021). Nigeria's building industry, including the government, increasingly relies
on foreign contractors. Therefore, the constraints in home-grown construction capability in Nigeria
have generated an undesirable dependence on imported inputs such as construction supplies,
machinery, and experts (Omopariola, Albert et al. 2019). In the majority of cases, foreign
contractors specify building materials in accordance with their own country's norms. This results
in a high use of foreign building materials and a low use of locally sourced building materials. The
procedure has a negative influence on the sustainability of the building materials supply chain,
resulting in increased transportation emissions. Many stakeholders in construction enterprises lack
appropriate information on sustainable construction (Abolore 2012). Therefore, the effects of the
construction stage arise from energy use, primarily involving petroleum, gas, diesel and power
during the establishment of construction materials, items and administrations up to extend of

project consummation.



2.2 Embodied Energy (EE) in the Built Environment

A major contributor to climate change is the accumulation of greenhouse gases (GHGs) in the
atmosphere, which is mostly caused by the burning of fossil fuels. To stabilize global
concentrations by 2100, GHG emissions must be reduced by at least 50% (Menzies, Turan et al.
2007). EE is the energy consumed throughout building material manufacturing, construction,
demolition, and disposal (Dixit, Fernandez-Solis et al. 2010). Numerous studies have been
conducted on operational energy of building, i.e., energy used in heating and cooling of buildings.
There is a long-term neglect on EE in the construction industry. When assessing embodied energy
levels for building materials, it's important to consider the energy used in transporting materials
from production to the construction site, as well as the potential energy savings from recycling
(Sattary and Thorpe 2012). Concrete, blocks, and timber are examples of building materials with
lower embodied energy levels that are frequently utilized in enormous amounts. Other building
materials with higher embodied energy levels, for example, stainless steel, are normally used in
much littler sum (Sattary and Thorpe 2012). According to Sattar Sattary (2012), construction
strategies essentially decide the magnitude of embodied energy of the structures from low or high
due to the material usage. Several factors are considered at design stage in minimising embodied
energy (Yeo and Gabbai 2011, Foraboschi, Mercanzin et al. 2014, Park, Lee et al. 2014, Hakkinen,
Kuittinen et al. 2015, Miller, Doh et al. 2015). This includes the application of construction
automation and techniques such as building information modeling (BIM), bioclimatic design and
the re-use and recycling of building materials. Conceptual design considers structure scope,
orientation, and appearance to construct a structure that will generate the best: warming, cooling,
and lighting loads from the start. Embodied energy estimation is usually tedious due to the required

number of data involved. Figure 1 shows the detail of element required for its estimation.
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Figure 1: Embodied energy estimation

3. Methodology

This study employs a mixed-methods approach which was employed to examine the previously
mentioned considerations consisting of design, material management, manufacturers and policy
makers regarding embodied energy minimisation techniques in Nigerian construction industry as
shown in Figure 2. This approach involves collecting, analysing, and combining both qualitative
and quantitative data, which includes conducting interviews and administering expert opinion
surveys (Creswell 2014). The Exploratory Factor Analysis (EFA) analysis using pilot survey was
used to examine the comprehensiveness and clarity of the factors in conjunction with the research
of these factors and their categories. A structured questionnaire developed was used to gather data.
The evaluation comprised 52 items divided into four embodied energy minimisation categories:
design, material management, manufacturers and policy makers consideration. A 5-point Likert
scale, spanning from strongly disagree to strongly agree, was used to record responses.
Participants completed it anonymously and it was given online. To determine the relationship
between the EE minimisation techniques and validate the EFA results, the Pearson correlation
analysis was used. Additionally, the relative importance index (RII) study was performed to look
at the many elements and groups that are essential for successful implementation of EE
minimisation in the Nigerian construction industry. A multi criteria decision technique using the

VIKOR method was used to determine the priority ranking of the alternatives.
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Figure 2: Research Design

3.1 Embodied Energy (EE) Minimisation Techniques

The identified factors of the EE minimisation techniques were extracted from numerous studies as
can be seen in Table 1 and 2. The factors have been categorised into four groups namely: Design,

material management, manufacturers and policy makers considerations.

Table 1: Design and Material management considerations to EE minimisation

Code

Design Considerations

References

DO1

D02

D03

D04

D05

D06

Select low embodied energy material

Specify standard sizes

Specify low carbon concrete mixes

Limit carbon-Intensive efficiency

Maximize structural efficiency

Minimize waste

(Danatzko, Sezen et
al. 2013, Lupisek,
Nehasilova et al.

2016, Morini,

Ribeiro et al. 2019)

(Orr, Drewniok et
al. 2019)
(Bostanci,
Limbachiya et al.
2018, Hawkins, Orr
et al. 2020)
(Victoria and Perera
2018, Kumari,
Kulatunga et al.
2020)
(Pacheco, Ordofiez
etal. 2012,
Basbagill, Flager et
al. 2013)
(Holtzhausen 2007)




D07 Use fewer finish materials
Barreneche et al.
2013)
D08 Design for deconstruction (Kanters 2018)
(Choi, Oh et al.
D09 Optimize design 2016, Park, Choi et
al. 2016)
(Ampofo-Anti
2010, Tingley and
. . . Davison 2011)
D10 Design for durability and longevity (Cabeza,
Barreneche et al.
2013)
. (Wiik, Fufa et al.
D11 Use local materials 2018)
(Holtzhausen 2007,
D12 Use of recyclable material Danatzko, Sezen et
al. 2013)
(Lupisek,
Vaculikova et al.
D13 Re-use of Building part and elements 2015, Malmqpvist,
Nehasilova et al.
2018)
. (Myers, Fullera et
D14 Reducing the amount of cement al. 2012)
D15 Optimization of structural system (Yeo;giif otra
D16 Low maintenance design (Holtzhausen 2007)
(Shadram,
A, Johansson et al.
D17 Optimization of layout plan 2016, Azari and
Abbasabadi 2018)
D18 Use of innovative material (Chen, Burnet et al.
2001)
. . (Reddy and
D19 Use material produce using renewable energy Jagadish 2003)
D20 Increase use of prefabricated element (Abeyzaz)nl(;)A nand
(Lupisek,
L . . Nehasilova et al.
D21 Using lightweight material 2016, Pan, Iturralde
et al. 2020)
. ol . (Hamida, Alsudairi
D22 Efficient building envelop design et al. 2022)
Material Management Consideration
MO1 Use of innovative materials with lower environmental (Reddy and
impacts Jagadish 2003)
(Galimshina,
MO02 Substitution for bio-based materials Moustapha et al.
2022)
MO3 Material manufacture through low density industrial (Reddy and
process Jagadish 2003)

(Bribian, Capilla et
al. 2011, Cabeza,




(Hammond and

MO04 Using Energy efficient material Jones 2008,
Mandley 2014)
MO05 Material that comes from Renewable source (Mor;?l’z?ll;e)lm ot
(Duflou, Sutherland
MO06 Ease of manufacturing et al. 2012, Mawson
and Hughes 2019)
MO07 Amount of raw materials involved (Kara azrz)dl Il‘t;botson
MO8 Distance covered in transporting material (Ding 2018)
M09 Deleterious nature of the material (Ashby 2012)
. . (Saghafi and
M10 Recycling of materials Teshnizi 2011

Table 2: Manufacturers and policy makers consideration to EE minimisation

Code Manufacturers Consideration References
Using sustainable material (Tingley and
Davison 2011,
MFol Dixit, Fernandez-
Solis et al. 2012)
MF02 Use sustainable energy source (Ampofo-Anti
2010)
Establish target for performance improvement (Yeo and Gabbai
MFO03 2011)
MF04 Better supply chain management (Seow 2011)
Improving the recycling of product (Hékkinen,
MFO05 Kuittinen et al.
2015, Dixit 2017)
MF06 Use LCA to improve manufacturing (Dixit, Fernandez-
Solis et al. 2012)
New- Innovation in product (Duflou, Sutherland
MEO07 etal. 2012)
Offer take back guarantees (Cabeza,
MFO08 Barreneche et al.
2013)
Decentralize production (Duflou, Sutherland
MF09 etal. 2012)
Maximize the use of local skill (Akadiri, Chinyio et
MF10
al. 2012)
Minimize transportation (Dixit, Fernandez-
Solis et al. 2012,
&, Akbarnezhad and
Xiao 2017)
MF12 Eliminating waste in fabrication (Watson and
Taminger 2018)
MF13 Inclusion of waste in building material (Thormark 2002)
Policy Makers consideration
Consider embodied energy in national building regulation ~ (Goggins, Keane et
POl al. 2010, Dixit,

Fernandez-Solis et
al. 2012)




Mandating the declaration of environmental impact of (Cooper and

P02 product Gutowski 2017,
Resalati, Kendrick
et al. 2020)
Promoting the use of low-impacts material during design (Zaini, Ibrahim et
P03
al. 2015)
P04 Develop national LCA Database (Dixit, Fernandez-
Solis et al. 2012)
P05 Certification systems of embodied impacts (Crawford and
Stephan 2013)
Provision of freely data and tools (Cabeza, Rincon et
P06 al. 2014, Rock,
Saade et al. 2020)
P07 Consideration of embodied energy in Residential (Dixit, Fernandez-
Building Solis et al. 2012)
3.2 Pilot Survey

EFA brought the pilot questionnaire to the appropriate number of participants (105 construction
professionals), a pilot survey was conducted to examine the results in the Nigerian
construction industry (Tabachnick, Fidell et al. 2013). The Cronbach alpha test was used to
gauge the reliability of the research instrument. This test enables the accuracy of the
questionnaire and the completeness of every component taken into consideration to be evaluated.
The surveys used in the study had high reliability levels, with alpha values ranging from 0.76 to
0.85 (Moser and Kalton 2017).

3.3 Main Survey

Due to the newness of EE minimisation studies in the Nigerian construction industry, a stratified
sample of the particular categories has been considered (Bressanelli, Perona et al. 2019). In
stratification, the construction stakeholders’ diverse demographics are considered.
Questionnaire as suggested by Fellows and Liu (2021), was utilised to conduct the survey in
order to evaluate the EE minimisation techniques utilised from various context which includes

design, material selection, manufacturing and policy consideration.

3.4 Pearson Correlation Analysis
Examining the relationships in the survey data is necessary to achieve the study's aim. A
descriptive statistic, such as the Pearson correlation coefficient, summarises the features of a

dataset. The intensity and direction of the linear relationship between two quantitative variables are



specifically described (Hellebrand 2023). The following equation is used to determine the
correlation between two variables X and Y, whose estimates range between -1 and 1.
(1)

_ X=X (v;-Y)
\/zz;l(xi—)?)z Jz’iglm—?)z

r

where, r is the Pearson correlation coefficient and X and Y are the means of the two samples,
respectively. The range of r's estimated values is between -1 and 1. The degree of correlation
increases with increasing absolute value. The degree of correlation increases as the coefficient
of correlation approaches 1 or -1. In contrast, the correlation is lower the closer the coefficient

of correlation is to 0.

3.5 Ranking Analysis
Construction management researchers frequently utilise the relative importance index (RII) to
analyse structured questionnaire responses that are measured ordinally (Sakhare and Chougule

2019). This can be obtained using equation (2).

>w Snst4nat+3n3+2n2+1
RII — — ns n4 n3 n2 ni (2)
AXN 5XN

where, w is the weight given to each factor, A is the highest weight, N is the total number of

respondents.

3.6 Expert Opinion survey

The study utilised the expert survey to gather primary data on embodied energy minimisation
techniques that are more suitable from the existing top ranked factors initially assess through
questionnaire survey. Experts’ perspectives were solicited to identify the most critical factors for

minimising EE in sustainable construction.

3.7VIKOR Approach
Serafim Opricovic first introduced VIKOR, which stands for Vise Kriterijumska Optimizajica I
Kompromisno Resenje in 1998 (El-Santawy 2012). VIKOR is an MCDM strategy that selects the

most effective choice from the closest perfect alternative. The ranking steps are then determined



by comparing the discrepancy to the optimal solution. The VIKOR technique uses uniform

normalisation to reach the ideal solution. VIKOR can be computed by the following phases:

Phase 1: Identifying the best yj+ and worst value y; of all criterion operation

j=1,2,...,n. If the jth function is valuable, thus

Vi =Maxyi, Y = Min Vi (3)
Phase 2: Applying equation 4 to normalise the choice matrix.
(7 =)
T =TS “4)
Yo f-p)

Phase 3: Using equations 5 and 6, calculate the Utility measure (Si) and Regret measure (Ri)
values. To calculate Si and Ri, we need to know the criteria weighting values. The criteria weight

(wj) is intended to express relative relevance.

- vij)
Si = Xi=1 Wjﬁ (%)

(6)

where, wj are the weights of the criterion, indicating their impact.

Phase 4: Using equation 7, compute the VIKOR index value.

S;—S*t

0 =v =5+ a-»] ™

Assume that v = 0.5 is introduced as the weight of the strategy of "the majority of criteria" (or "the

Ri—R"']
R™—-R*

maximum group utility").
where,

S* =minS; S™ =maxS; and R = minR; R~ = maxR;

Phase 5: Graded values for the Utility Measure (Si), Regret Measure (Ri), and VIKOR Index (Q1)
are available. As Si, Ri, and Qi are ordered in ascending order, the smallest value acts as the most

significant EE minimisation technique.



4. Results

The following section seeks to give the findings from the evaluation of the tools utilised, based on

the methods described. As a result, the findings in of the study are examined, and conclusions are

drawn based on the outcome.

4.1 Pearson Correlation Analysis
Using SPSS software, the Pearson relationship between the EE minimisation techniques were
examined. The outcomes are indicated by the descriptive and correlation results in Table 3.
Design consideration with a mean and standard deviation values of 3.854 and 0.825 respectively,
it is then followed by manufacturers consideration having a mean value of 3.682 and standard
deviation of 0.908. Material management consideration has a mean value of 3.545 and standard
deviation of 0.926, lastly policy makers consideration has a mean value of 3.365 and a standard
deviation of 0.916. The Pearson correlation indicates the strength of a relationship between two
variables as well as its direction (positive or negative). The findings indicate that there is a
positive correlation between the variables as the Pearson correlation alternates from negative to
positive (Pallant and Manual 2011). The results also show a P value of < 0.01 indicating
statistically significant relationship.

Table 3: Pearson correlation Analysis for EE minimisation Techniques

EE Minimisation Design Manufacturers Material Policy Makers
Constructs Management
Design 1 0412 0.385 0.276
0.000 0.001 0.001
Manufacturers 1 0.324 0.160
Material 1 0.002
Management 0.324
Policy Makers 1
Mean 3.854 3.682 3.545 3.365
SD 0.825 0.908 0.926 0.916
P <0.01

4.2 EE Minimisation in Construction Industry

EE minimisation in the construction industry is considered to be very limited among
stakeholders in the built environment. To determine the relative importance of EE minimisation
factors, the survey data obtained was imported into SPSS and the RIIs is subsequently evaluated

as shown in Table 4. Results shows that design for deconstruction and selecting low EE material



are the most significant design factors towards achieving building with low embodied energy.

This can be seen from the RlIIs values of the factors obtained which are 0.87 and 0.84

respectively.
Table 4: EE Minimisation RII and Significance Level
EE Design Consideration Factors
Items Codes RII Ranking Significance level
Selecting low embodied energy material D01 0.84 2 H
Specify standard sizes D02 0.57 22 M
Specify low carbon concrete mixes D03 0.81 4 H
Limit carbon-Intensive efficiency D04 0.73 12 H-M
Maximize structural efficiency D05 0.63 20 H-M
Minimize waste D06 0.78 7 H-M
Use fewer finish materials D07 0.68 17 H-M
Design for deconstruction D08 0.87 1 H
Optimize design D09 0.77 8 H-M
Design for durability and longevity D10 0.67 18 H-M
Use local materials D11 0.75 10 H-M
Use of recyclable material D12 0.76 9 H-M
Re-use of Building part and elements D13 0.71 13 H-M
Reducing the amount of cement D14 0.81 3 H
Optimization of structural system D15 0.61 21 H-M
Low maintenance design D16 0.70 14 H-M
Optimization of layout plan D17 0.69 16 H-M
Use of innovative material D18 0.79 5 H-M
Use material produce using renewable energy =~ D19 0.78 6 H-M
Increase use of prefabricated element D20 0.69 15 H-M
Using lightweight material D21 0.75 11 H-M
Efficient building envelop design D22 0.64 19 H-M

Material management factors that are most significant towards EE sustainable construction are
using energy efficient material, substitution for bio-based material and distance covered in
transporting material with RIIs values of 0.92, 0.89 and 0.78 respectively. This can be seen in

Table 5 having high (H) significance level.

Table 5: EE Minimisation RII and Significance Level

EE Material Management Consideration Factors

Items Codes RII Ranking Significance level
Use of innovative materials with lower Mo1 0.77 5 H-M
environmental impacts
Substitution for bio-based materials MO02 0.89 2 H
Material manufacture through low density industrial MO3 0.74 6 H-M
process
Using energy efficient material MO04 0.92 1 H
Material that comes from Renewable source MO5 0.74 7 H-M
Ease of manufacturing MO06 0.65 10 H-M
Amount of raw materials involved MO7 0.67 9 H-M

Distance covered in transporting material M08 0.78 3 H-M




Deleterious nature of the material M09 0.70 8 H-M
Recycling of materials MI10 0.78 4 H-M

For manufacturers considerations, using sustainable material during manufacturing and the
application of new- innovative products as shown in Table 6, are the most significant factors to
minimise EE in construction having RlIs values of 0.88 and 0.86 respectively. Among the factors
considered by manufacturers, decentralising production was rated the least important. This is

supported by the studies conducted by (Kara and Ibbotson 2011, Myers, Fullera et al. 2012).

Table 6: EE Minimisation RII and Significance Level

EE Manufacturers Consideration Factors

Items Codes RII  Ranking Significance level

Using sustainable material MFO01 0.88 | H

Use sustainable energy source MFO02 0.86 3 M

Establish target for performance improvement MFO03 0.58 12 H
Better supply chain management MF04 0.69 8 H-M
Improving the recycling of product MFO05 0.73 7 H-M
Use LCA to improve manufacturing MF06 0.77 6 H-M
New- Innovation in product MFEO07 0.86 2 H-M

Offer take back guarantees MFO08 0.61 11 H
Decentralize production MF09 0.52 13 H-M
Maximize the use of local skill MF10 0.81 4 H-M
Minimize transportation MF11 0.77 5 H-M
Eliminating waste in fabrication MF12 0.64 9 H-M
Inclusion of waste in building material MF13 0.64 10 H-M

Table 7 on the other hand, shows that considering embodied energy in national building regulation
and mandating the declaration of environmental impact of product by policy makers are the most
crucial factors to be considered towards EE minimisation in the Nigerian construction industry.

This findings has supported the assertions made by (Acquaye, Duffy et al. 2011).

Table 7: EE Minimisation RII and Significance Level

EE Policy Makers consideration Factors

Items Codes RII Ranking Significance level
Considering embodied energy in national building PO1 0.86 1 H
regulation
Mandating the declaration of environmental impact P02 0.84 2 H
of product
Promoting the use of low-impacts material during PO3 0.76 5 H-M
design
Develop national LCA Database P04 0.84 3 H
Certification systems of embodied impacts P05 0.79 4 H-M

Provision of freely data and tools P06 0.69 7 H-M




Consideration of embodied energy in Residential 0.71 6 H-M
S P07
Building

4.3 Expert opinion Survey

The study used an expert survey to gather three participants comments on the MCDM-based
VIKOR technique. The experts were picked from the group that participated at the initial interview
based on their expertise in EE minimisation. All the three experts are engineers working with

private companies with more than ten years working experience.
4.4 VIKOR Approach

The performance index for the provided criteria is used to identify ways for minimising embodied
energy in the Nigerian construction industry. Weights are assigned to each criterion according to
the requirements of the set standards. The performance index was calculated utilising three (3)
professionals in this research. Factors with high performance index values are prioritised, with a
lower VIKOR Index value. Table 8 contains the required criteria and weight, whereas Table 9
contains the weighting alternate values. In this paper, equal weight of 25% is used for all elements

under consideration.

Table 8: Criteria and Weight for EE Minimisation Techniques

Criteria  Description of EE Minimisation Techniques = Weight

C; Design Considerations 25%
C, Material Management Considerations 25%
Cs Manufacturers Consideration 25%
C, Policy Makers Consideration 25%

4.4.1 Linguistic Variable

Vinodh, Sarangan et al. (2014), suggest that it is difficult to effectively quantify and depict
decision-makers' judgement, instinct, and excitement in plan selection. As a result, employing
numerical numbers to represent these language variables would improve precision. This study
classifies linguistic qualities into five tiers: Very Significant (VS), Significant (S), Neutral (N),
Insignificant (I), and Very Insignificant (V1) as can be seen in Table 9.



Table 9: Weighting Alternative Values

Description Weight
Very Significant (VS) 5
Significant (S) 4
Neutral (N) 3
Insignificant (I) 2

Very Insignificant (VI) 1

Table 10: EE minimisation techniques expert Survey

Participants Design Material Manufacturers Policy
Management Makers
Expert 1 5 5 4 4
Expert 2 5 4 5 4
Expert 3 4 3 4 5

Normalised matrix is computed from equation 1 as shown in Table 11. The normalised results
indicate that design, material management and manufacturers consideration with normalized

values of 0.00 are the most significant in EE minimisation towards achieving sustainability.

Table 11: Normalised Matrix

Participants Design Material Manufacturers Policy
Management Makers
Expert 1 0.00 0.00 1.00 1.00
Expert 2 0.00 0.50 0.00 1.00
Expert 3 1.00 1.00 1.00 0.00

The result then utilises equations 3 and 4 to get the utility measure (Si) and regret measure (R1i) as

shown in Table 12. The presentation of the Si and the Ri is shown in Figure 3.



Table 12: Utility Measure (Si) and Regret Measure (Ri)

Participants Utility Measure (Si) Regret Measure (Ri)
Expert 1 0.50 0.25
Expert 2 0.38 0.25
Expert 3 0.75 0.25
St =10.38 Rt =0.25
v=0.5 ST =0.75 R™ =0.25

Utility Measure (Si) and Regret Measure
(Ri)

Expert 3 —
Expert 2 N —
Expert 1 N —

0 0,2 0,4 0,6 0,8

H Regret Measure (Ri) B Utility Measure (Si)

Figure 3: Utility and regret measure

The VIKOR (Q1i) index value is then calculated using equation (5). Table 13 shows the VIKOR

index computation findings for the most significant embodied energy minimisation approaches.

Table 13: VIKOR Index value and Ranking

Participants Qi Rank
Expert 1 0.16 2
Expert 2 0.00 1

Expert 3 0.50 3




From the VIKOR index results obtained as shown in Table 15, the significant embodied energy
minimisation techniques are design and material management as indicates by expert 2. These
techniques include: design for deconstruction, selecting low EE material and reducing the amount
of cement. Also, using sustainable material, new- innovation in product and using sustainable
energy source in the Nigerian construction industry are ranked high having the least VIKOR index
value of 0.00 which was ranked first. Expert 1 was ranked second with a VIKOR index value of
0.166, which indicates that the factors considered by the respondent to be significant technique in
minimising EE in the Nigerian construction industry are: design and material management factors.
These include using energy efficient material, substitution for bio-based materials and distance
covered in transporting material. This is also in agreement with expert 2 design consideration.
With a VIKOR index value of 0.50, The respondent indicates policy makers consideration such
as: Consider embodied energy in national building regulation, Mandate the declaration of
environmental impact of product and Develop national LCA Database as the best achievable
strategies towards EE minimisation in the built environment. Results are consistent with the
research carried out by (Haruna, Shafiq et al. 2020). Figure 4 shows the representation of the
respondent opinion on the EE minimisation techniques that should be employed towards

sustainable construction in the Nigerian construction industry.

VIKOR Index Chart

L —

EXPERT 1 EXPERT 2 EXPERT 3

= Q) Rank

Figure 4: EE minimization Index value

5.0 Conclusion

This research pinpoint about a new method that uses a set of criteria to give a full assessment of

the MCDM VIKOR approach for embodied energy minimisation in the Nigerian construction



industry. By reviewing literatures on the subject matter, and also by collecting data from a
questionnaire survey and conducting semi structured expert opinion survey, the research has
provided important insights into the EE minimisation techniques that needs to be implemented in
Nigerian construction industry. Despite the EE minimisation is increasingly adopted in the
construction industries of developed countries in the western world, its implementation remains
rare in developing nations. There is a limited literature on EE in the Nigerian built environment.
This necessitates a complete systematic literature assessment of the EE minimisation strategies
towards sustainable construction. There is a need for all stakeholders in the Nigerian construction
industry to accept the EE minimisation as an important tool in their project delivery system.
However, EE minimisation is gaining acceptance, with both developed and developing countries
debating its potential environmental impacts (Guerra and Leite 2021). The EE minimisation
techniques were extracted for this study from design, material management, manufacturers and
policy makers considerations that are consistent with Yoon, Kim et al. (2014), findings. Despite
the increased emphasis on sustainable construction, the EE implementation still faces a number of
obstacles in the built environment. Among which are; Inadequate awareness and lack of
understanding, lack of interest by stakeholders involved, and resistance to change. On the other
hand, the design techniques towards EE minimisation are found to be design for deconstruction,
selecting low embodied energy material and reducing the amount of cement. The Nigerian
construction industry will strive higher and achieved sustainability when EE is managed and its

minimisation adequately supported and implemented by the construction stakeholders.

The study has limitations despite its contributions, such as its dependence on particular criteria and
the availability of data that may differ depending on the region and type of project. In order to
increase the model's robustness, future research could employ hybrid decision-making techniques

and add life-cycle cost analysis, carbon emissions, or social sustainability indicators.

Overall, the study supports the wider use of the VIKOR technique in encouraging sustainable
construction and environmentally friendly building practices and validates its value as a tool for

developing embodied energy minimization measures.



6.0 Limitation and Future Studies

This study's focus on the Nigerian construction industry restricts its generalizability, and its
reliance on expert assessment may introduce subjectivity. A small number of criteria and options
were also considered in the analysis. Future studies should use hybrid decision-making techniques,
include more sustainability indicators, and test the framework using case studies from various

construction categories and geographical areas.
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