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ABSTRACT Greening of any curriculum through the infusion of green skills is needed in the construction
sector. This study identified important green skill areas in relation to building energy efficiency that are
suitable for inclusion in the Building Construction Programme (BCP) at universities for the attainment of
environmental sustainability. A questionnaire was used with 308 respondents. Data analyses were carried out
using Descriptive Statistics, Exploratory Factor Analysis (EFA), and Confirmatory Factor Analysis (CFA).
The supremacy of the identified energy efficiency skills over the non-energy efficiency skills is confirmed as
its integration into BCP helps in realising environmental sustainability. Findings include the important areas
to be included into the building construction programme curriculum. Findings can be used by the government
for the adoption and practical implementation of these findings.

INDEX TERMS Curriculum, building construction, energy efficiency, environmental sustainability,
greening, green skills.

I. INTRODUCTION
The (physical) environment is an important sustainability
dimension. If the environmental problems are unresolved,
the social and economic dimensions cannot be improved
because they are dependent on the environment. Activities
conducted particularly in the construction sector is one fac-
tor that can lead to environmental hazard. [11] described
that the erection, maintenance, and life cycle of construction
projects cause pollution and have unintended effects on the
environment.

Environmental sustainability or sustainable development
is the ability of the environment to support an indefinite
natural resource extraction rate while maintaining environ-
mental qualities. [4] notes that environmental sustainability
activities focus on the potential impact of resource usage,
hazardous substances, waste, and emissions on the physical
environment. Reference [5] noted that this aspect of sustain-
ability focuses on the effects of development activities on
living and non-living natural systems and their effectiveness
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can be assessed in terms of the inputs (materials, energy,
and water) and results (emissions, discharges, and waste) of
development processes [6]. At the same time, environmental
effects which have caused ecological problems due to climate
change, require constant and immediate attention across the
world to preserve the environment for the next generation.

Reference [3] suggests that it is possible to find a
medium that generates sufficient economic growth and suffi-
cient environmental protection as humanity has the capacity
to implement sustainable development by meeting present
needs without compromising the ability of future generations
to meet their needs. The Australian Green Skills Agreement
views green skills as the technical skills, knowledge, values,
and attitudes needed by the workforce to develop and support
sustainable social, economic and environmental outcomes in
business, industry, and the community [2]. According to [1],
green skills can decrease negative environmental impacts
and support economic reformations that address climate
change and create effective economies which can eventu-
ally achieve environmental sustainability and decent working
conditions.
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Following an agreement on green economies by world
leaders during Rio+ in June 2012, [10] reported that the
world was ready to adopt green economies to achieve sus-
tainable development, eliminate poverty and inequality, and
create jobs. Aware of the importance of green practices to
combat the world economic and ecological problems, many
countries have begun moving towards a greener economy by
infusing green skills into various occupations.

Reference [8] suggests that environmental sustainability
could be instilled among workers through education, particu-
larly by inserting the element of green skills in engineering
programmes’ curriculum. Green skills have been taught in
various educational institutions either as new courses or by
being added into the existing courses. Reference [8] sup-
ported the feasibility of sustainability integration into exist-
ing courses while maintaining the original technical content.
Such integration can be done by connecting tangible exam-
ples of environmental sustainability with the overall concepts.
An awareness of environmental sustainability improves stu-
dent environmental knowledge.

This study focuses on the assimilation of green skills into
the Building Construction Programme (BCP) curriculum as
part of the initiatives to achieve environmental sustainability
in Nigeria. Specifically, the study aims to identify the energy
efficiency skills to be integrated into the BCP curriculum. The
findings could pave way for the preparation of the Nigerian
workforce towards a more sustainable development.

II. LITERATURE REVIEW
A. ENERGY EFFICIENCY IN BUILDING CONSTRUCTION
In the climate change debate, according to [13], reduced
building energy consumption has been identified as one of
the main ways to tackle the problem on environmental sus-
tainability. Energy consumption is an important source of
CO2 emissions from the consumption of fossil fuels. Energy
consumption is regarded as the root cause of CO2 emissions
that create environmental problems. Reference [14] noted that
energy consumption has been labeled as a major source of
CO2 emissions, particularly fossil fuel consumption. Ref-
erence [14] further pointed out the ability to use computer
simulation software to predict building energy and carbon
performance to minimize energy consumption and reduce
CO2 emissions, as well as the ability to calculate andmeasure
carbon emissions and integrate passive and active energy
designs to enhance building energy efficiency. Reference [15]
showed that the residential and commercial energy usage of
buildings is gradually increasing over time in the manufactur-
ing and transportation sectors. Energy use in both residential
and commercial buildings in the United States accounted for
40% of total energy consumption. To this end, [16] indicated
that sustainable construction is being accepted in courses,
as energy prices and health/safety issues as driven energy
efficient and ‘green’ practices in the construction sector.

With regards to the above development [2] in Green Skills
Australia (GSA) pointed out that to bridge important gaps

in energy efficiency, maintainable painting, and the execu-
tion of workplace projects, Sustainability Victoria focused on
courses in green skills. To address the energy efficiency gap
according to Adult and Experiential Learning (CAEL), [17]
evaluated home energy efficiency and home design to com-
municate the value of their proposed work to homeown-
ers/clients as well as to perform the recommended activities
to measure their effectiveness. In encouraging energy effi-
ciency in building construction, [18] demonstrated that green
economy jobs require various skills, educations, and occu-
pational profiles from engineering, architecture, and con-
struction programs. Considering the importance of energy
efficiency to achieving sustainability, [19] pointed out that
energy availability, economic growth, and sustainable devel-
opment goes hand in hand so that solutions to energy sup-
ply constraints should use prospective energy mixes that are
environmentally friendly, sustainable, and efficient. Energy
is important to every socio-economic endeavor, such as con-
struction, that accumulates wealth and requires energy for
its survival/development. Reference [20] posited that the
impact of anthropogenic on the environment, increased cli-
mate change, allowing for unprecedented changes in the
frequency of extreme events. Supporting the above asser-
tion, [21] propound that ‘‘energy-efficient high-performance
buildings demand a synthesis of architectural design, con-
struction methods, and energy systems’’, which implies a
need for green skills for energy efficiency in BCP. In line
with the above, Manufacturing Skills Australia [4] demon-
strated that energy is a significant cost for most businesses
and energy efficiency skills are essential for all site workers
as they provide a framework for the skills, knowledge, and
performance required to achieve specific energy efficiency
workplace outcomes. The auditing of energy usage for a work
area includes: auditing the energy efficiency of a work or
process area; assisting in a ‘‘gate to gate’’ site-wide or ‘‘door
to door’’ audit in a department or process area; and identifying
a range of sustainability issues and environmental sensitiv-
ities in a work or process area. Energy and waste use data
were acquired by ranking waste in equipment and processes,
comparingwaste to external targets, identifying the root cause
of waste, and proposing a range of solutions and strategies to
improve energy efficiency. (Asia-Pacific Education Research
Institutes Network (ERI-Net) [22].

The above requires a detailed understanding of renew-
able and conventional (fossil and nuclear) energy resources,
the infrastructure and networks that transform and transport
energy resources to consumers, as well as the technical,
economic, social, and institutional factors needed to manage
and transition current energy systems toward energy effi-
ciency and sustainability [23] Batterman et al. [23] stressed
that, as presently understood, most green energy efficiency
jobs need high levels of expertise and therefore, colleges
have the challenge of preparing low-income individuals with
technical skill for higher level positions. Green building
skills are needed in all construction operations and services,
ranging from site meetings to the completion of a building.
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With reference to services and operations in building con-
struction, [24] noted that some occupations are more chal-
lenging to organize for low-skilled workforces as the gap
between basic green jobs, such as manual work for solar
installation, to more technical work such as the installation of
lighting systems is wide. For example, energy efficiency tech-
nicians must possess strong conceptual and analytical think-
ing skills to comprehend the functioning of complex energy
and air systems in homes and buildings. To identify green
energy efficiency construction skills, Manufacturing Skills
Australia [4] recommended that all construction companies
include the ability to acquire and analyze data as well as the
ability to apply mass balancing, energy balancing, and com-
binedmass and energy balancing to calculate resource/energy
loss. Other skills are needed to determine calculation bound-
aries, such as as the selection mass or energy balancing on
a per process basis; the identification of processes that are
not energy efficient, and the provision of recommendations
on how to improve energy efficiency over the short and
long-term [4].

To explain the rationale for energy efficiency skills in
the construction industry, [25] pointed out that frequently,
greenhouse gas emissions are produced during processing
and waste removal which generates pollution. As energy and
the environment remain the main concerns of producers and
consumers despite the economic recession, energy efficiency
and ecologically friendly practices are of great importance.
For example, [11] noted that for sustainable construction
practices, the Malaysian government via the Tenth Malaysian
Plan (2011e2015) stresses the simplification of the affordable
housing delivery system, the delivery of high quality and
environmentally sustainable buildings, and the cultivation of
healthy and sustainable building practices. In essence, there
is a need to infuse green skills that involve energy efficiency
skills in the BCP curriculum.

B. RESEARCH QUESTION AND HYPOTHESIS
This study answers the following questions and tested the
following research hypothesis.

1) RESEARCH QUESTION
RQ1: What are important green energy efficiency skills in
construction that are appropriate for inclusion into Building
Construction Programme for the attainment of environmental
sustainability in Nigeria?

RQ2: What is the relationship between data samples and
important green energy efficiency skills for construction that
are considered suitable for integration in Building Construc-
tion Programme?

2) HYPOTHESIS
H: There is a significant relationship between the research
data samples and important green energy efficiency skills in
construction that are considered appropriate for integration
in BCP.

III. RESEARCH METHODOLOGY
This section discusses the following sub-headings.

A. PARTICIPANTS (POPULATION) FOR THIS STUDY
This study had two groups of respondents, professionals in
the construction industry and university teachers in Nigeria.
The target population of this study was 308, of which
214 were BCP teachers and 94 were building construction
professionals. Since the population was manageable no sam-
pling was carried out in this study.

B. DATA COLLECTION
Data collection is a vital feature of any educational study.
The reason data gathering was conducted was its useful-
ness in allowing for a full range of data collection possi-
bilities, its organization of methods by their predetermined
nature, and its focus on numeric versus non-numeric data
analysis [26]. In this study, a structured questionnaire was
used to seek respondent opinions. Quantitative data collec-
tion methods aid researchers in collecting data about diverse
research phenomenon aspects from numerous respondents.
The structured questionnaire was developed after an intensive
literature review in line with the specific objectives of this
study. Subsequently, the 12-item structured questionnaire was
the same for both respondent groups. It consisted of two
main sections, ‘‘A’’ and ‘‘B’’. Section A solicited information
on demographic characteristics while section B consisted
of 12 items on important green energy efficiency construction
skills for infusion into BCP in universities for the attainment
of environmental sustainability.

IV. DATA ANALYSIS AND FINDINGS
In determining the research results, suitable techniques and
statistical tools were used for data analysis. Data acquired
by this study was analyzed using descriptive statistics such
as mean and standard deviation, Exploratory Factor Analysis
(EFA), inferential statistics, Confirmatory Factor Analysis
(CFA), and Structural Equation Modelling (SEM) with the
help of IBM-SPSS version 21 and IBM-SPSS-AMOS (Anal-
ysis of Moment of Structures) version 18 statistical software
packages (SPSS, 2011). EFA was applied (using 136 respon-
dents out of 308) to identify important green skills involv-
ing energy efficiency by exploring and summarizing the
underlying correlational structures of collected data using 12
questionnaire items [27]. CFA was carried out (using the
remaining 172 respondents) to test the correlational structure
of the data sets against the hypothesized structures and to rate
the goodness of fit of the analyzed data.

Additionally, quantitative validity checks instrument accu-
racy using certain procedures [28]. The instrument (12-item
questionnaire) was validated by three experts in the depart-
ment of Industrial and Technology Education, Abubakar
Tafawa Balewa University Bauchi, Nigeria. Each expert was
given a copy of the questionnaire to determine if it evaluated
what it intended to evaluate. The objectives and research
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questions of this study were also provided and experts were
asked to suggest changes in question structure and suitabil-
ity. Validator suggestions were further included in the final
draft of the questionnaire. When testing Cronbach’s alpha
during reliability analysis, SPSS version 23 was used to
analyze responses to the 12-item questionnaire. According
to Nunnally and Bernstein [29], in research of this nature,
Cronbach’s Alpha coefficient scores greater than 0.70 are
sufficiently reliable for questionnaires [30], [31]. Tomake the
questionnaire sufficiently reliable, under each of the 11 con-
structs, three items were deleted from each construct due
to low Cronbach’s Alpha coefficient values. Table 3.3 and
3.4 presents the analyzed data, with overall Cronbach’s Alpha
coefficient scores of 0.785, which is greater than 0.7.

A. EXPLORATORY FACTOR ANALYSIS OF GREEN SKILLS
INVOLVING ENERGY EFFICIENCY SKILLS
RQ1: What are important green energy efficiency skills in
construction that are appropriate for inclusion into BCP for
the attainment of environmental sustainability in Nigeria?

Table 1 shows the EFA results for green energy efficiency
skills, including estimates for ENF1 to ENF12. The value for
KMO was .774, which exceeded the factor analysis validity
threshold value of 0.500 recommended by [32], [33]. This
cut-off value was supported by Bartlett’s Sphericity test,
which is significant at 0.000, establishing that the results
were significant (see Table 1). Additionally, the inter-item
correlation of all the 12 energy efficiency skill items were
greater than 0.3 except for ENF4 and ENF6, which shows a
relationship between the remaining 10 variables.

TABLE 1. Sampling adequacy for green energy efficiency skills (KMO).

More so, Table 2 indicated that Measures of Sampling
Adequacy (MSA) justified the KMO value of as all AIs
anti-image correlation diagonal values were greater than 0.5.

Upon re-examination, the contents of ENF4 (‘‘Identify
ways to improve energy efficiency in the short and long-term
in a building’’) and ENF6 (‘‘Apply the techniques of energy
balancing to calculate energy loss in a building.’’) were not
included in EFA. The results of this test signified that the
sample was adequate for EFA as its assumptions were con-
siderably met [34]. Table 3 indicates that there were two
components with initial eigenvalues greater than 1. These
components collectively accounted for 70.088% of variable
variation, which is greater than the minimum accepted vari-
ance of 60% recommended by [35]. This suggests that only
two extracted factors had associative relationships. Similarly,
the Extraction and Rotation Sums of Squared Loadings was

TABLE 2. Sampling adequacy for green energy efficiency skills
(Anti-image).

also equal to 70.088%. Hence, the variation explained by the
initial solution was because of latent factors, which implied
the suitability of the extraction method.

Table 4 presents the variance observed for every item
against other green skill items. All values were above 0.4,
excluding ENF9 and ENF10, which signifies that the extrac-
tion communalities obtained through principal component
analysis were satisfactory. Upon re-examination the content
of ENF9 (‘‘Quantify the carbon footprint in each process
step in CO2 equivalent tonnes.’’); and ENF10 (‘‘Identify and
shortlist the sustainability issues in the work site’’) were
excluded from EFA. For factor analysis, all 8 remaining items
for energy efficiency skills (ENEFSKILL) were loaded into
two factors.

From Table 5, Factor 1 consisted of five items, which were
ENF5 (‘‘Identify ways to improve energy efficiency in the
short and long-term in a building.’’), ENF7 (‘‘Evaluate the
sustainability impact of a worksite to identify the sustainabil-
ity issues for the steps within a selected process.’’), ENF11
(‘‘apply the principles of sustainability and issues such as cli-
mate change.’’), ENF3 (‘‘eliminate or reduce resource loss to
improve energy efficiency.’’), and ENF8(‘‘Determine energy
usage by defining boundaries for an energy audit for all or
part of a building.’’). Factor 2 consisted of three items, \
which were ENF1 (‘‘use mathematics and process data to
identify the energy-intensive steps of a construction pro-
cess.’’), ENF12 (‘‘analyse and evaluate sustainability risks
using root cause analysis.’’), and ENF2 (‘‘select of energy
balancing for the building being examined.’’).

B. MEASUREMENT MODEL OF GREEN SKILLS FOR
ENERGY EFFICIENCY IN BUILDINGS
RQ2: What is the relationship between data samples and
important green energy efficiency skills for construction that
are considered suitable for integration in BCP?
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TABLE 3. Total variance for green energy efficiency skills.

TABLE 4. Total communalities and rotated component matrixes for green
energy efficiency skills in construction.

H: There is a significant relationship between the research
data samples and important green energy efficiency skills in
construction that are considered appropriate for integration
in BCP.

This data analysis section tested the measurement model
for green energy efficiency skills, which addressed research
question 2 and tested the hypothesis at >0.05 based on
the EFA.

Results for Green Skills for Energy Efficiency in Build-
ings (GSEEB). GSEEB was observed as a second-order
latent construct identified using two first-order latent con-
structs. Additionally, among the initial 12 measurement items
GSEEB, ENF9, ENF10, ENF6, and ENF4 were deleted after

the EFA, and the remaining 8 items were extracted into two
factors (1 and 2). Building on the above, in CFA factor 2 of
GSEEB in EFA was a first-order latent construct named
ENEF1 that consisted of four items: ENF1, ENF12, and
ENF2. Factor 1 of ENEFSKILL in EFA was a first-order
latent construct of GSEEB called ENEF2 that consisted of
four items: ENF7, ENF11, ENF3, ENF8, and ENF5.

In the CFA of ENEFSKILL via Amos 23, the computed
values for model fit indices from the measurement model
(initial model) for GSEEB did not satisfy goodness of fit
indices with 3.071 for (x2)/DF (normed CMIN), GFI (0.962),
TLI (0.920), CFI (0.945), AGFI (0.927), RMSEA (0.076),
and P<0.000. This resulted in the modification of the ini-
tial model by removing variables that decreased the model
goodness of fit [36]. Figure 4.15 shows the structure of the
measurement model.

Figure 1 shows a total of eight important GSEEB areas:
ENF1 (‘‘use mathematics and process data to identify the
energy-intensive steps of a construction process.’’), ENF12
(‘‘analyze and evaluate sustainability risks using root cause
analysis.’’), ENF2 (‘‘select of energy balancing for the build-
ing being examined..’’), ENF5 (‘‘identify ways to improve
energy efficiency in the short and long-term in a building.’’),
ENF7 (‘‘evaluate sustainability impact of a worksite to iden-
tify the sustainability issues for the steps within a selected
process.’’), ENF11 (‘‘apply the principles of sustainability
and issues such as climate change’’), ENF3 (‘‘eliminate or
reduce resource loss to improve energy efficiency.’’), and
ENF8 (‘‘determine energy usage by defining boundaries
for an energy audit for all or part of a building.’’). These
factors were used to determine relationships in respondent
responses for integration in BCP. The model revealed that
ENF11 and ENF7 had high standardized residual covariance
values of 2.647 and 2.757, which were >.4, that contributed
to model unfitness. Therefore, to further model analysis,
the contents of these items were covered in CFA.
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FIGURE 1. GSEEB Measurement Model.

After the second CFA run via Amos 23, the validity inspec-
tion of the ENF measurement model indicated that the model
fit standardized estimates were satisfactory (Figure 2.0), indi-
cating that CMIN was 51.802 with 18 DF. as the p-value
associated with this result was significant at p<.005 and the
sample size for CFA was quite large (N = 172), a significant
p-value was expected [37]. In addition, the normed CMIN
(2.878) was accepted (between 1 and 3). A good value for
normal CMIN (less than 3) is enough to indicate a goodmodel
fit [38]. GFI (0.967), CFI (0.953), TLI (0.927) and AGFI
(0.933) were greater than 0.9. RMSEA was 0.072, which is
less than 0.08. These results suggest that the modified model
for energy efficiency skills revealed a satisfactorily fitness as
recommended by [36]. Therefore, the hypothesis of a signifi-
cant relationship between research respondent responses and
GSEEB was upheld at <0.05 as shown in Figure 2.
Figure 2 shows a structural model for the significant rela-

tionship between respondent responses and the eight energy
efficiency skills areas for integration in BCP curriculum for
universities in Nigeria. From the modified model (Figure 2)
it can be concluded that for the suitable integration of green
skills into BCP curriculums these important GSEEB areas
need to be given priority.

C. COMPUTATION OF VALIDITY AND
RELIABILITY OF GSEEB
Convergent validity was achieved as all items in the measure-
ment model were statistically significant and the calculated

Average Variance Extracted (AVE) for every construct was
equal to or greater than 0.5 according to [36]. Similarly,
construct validity in this study was achieved as the Fitness
Indexes for every construct achieved the desired level [35].
Additionally, discriminant validity in this study was achieved
as the modified model was free from redundant items and all
correlations between the exogenous constructs (second-order
latent construct) were less than 0.9 [36]. The evaluation of
modified model reliability in this study was carried out using
Internal Reliability, which was achieved as the Cronbach’s
Alpha value for the construct exceeded 0.7. Composite Reli-
ability (CR) was achieved all CR values for the second-order
latent construct modified model was greater than 0.6. This
was computed using CR = (

∑
) 2 / [(

∑
) 2 + (

∑
1- 2)];

where = factor loading for every item, n = number of
items in a model, and D (Delta) was equal to

∑
1- 2 as

transmitted in columns E-J in Table 6 below. For Average
Variance Extracted (AVE) all calculated value were greater
than 0.5 as computed using AVE=

∑
2 / n; where and n

were the same as in CR above according to [36] as shown in
columns A-D in Table 4.0 below.

1) SUMMARY OF VALIDITY AND RELIABILITY
RESULTS OF GSEEB
The summary of the output estimate for GSEEB in CFA via
Amos 23 (Table 7) shows that factor loadings were acceptable
(all items over 0.7). In addition, Table 5.0 indicates that the
AVE for ENEF1 was 0.67 and the CR for ENEF1 was 0.89.
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FIGURE 2. Modified Measurement Model for Energy Efficiency Skills.

The AVE for ENEF2 was 0.73 and the CR for ENEF2 was
0.91. These results show that all AVE values were greater than
0.5 and all CR values were greater than 0.7, which signifies
that ENEF1 and ENEF2 had acceptable convergent validity
as recommended by [36].

The first-order construct of GSEEB also had good internal
reliability (0.87) and an examination of inter-correlations
between the two dimensions (ENEF1 and ENEF2) of GSEEB
showed an estimate of 0.52, which is significantly above the
threshold value of 3.0 and below the cut-off value of 0.90
(Table 5) as recommended by [36], implying distinctness in
construct content or discriminant validity. The congeneric
measurement model with all uni-dimensional constructs did
not contain any cross-loadings among measured variables
or among error terms. Taken together, these results support
the modified measurement model’s validity and, as such,
the proposition that GSEEB was a second-order latent con-
struct composed of ENEF1 and ENEF2 was confirmed.

D. IMPORTANT AREAS OF ENERGY EFFICIENCY SKILLS
CONSIDERED APPROPRIATE FOR INFUSION
IN BCP CURRICULUM
Table 8 presents important energy efficiency skills appropri-
ate for infusion in BCP curriculums.

TABLE 5. Rotated component matrixes for green energy efficiency skills
in construction.

V. DISCUSSION
This study found that computational skills such as the
ability to use mathematics to process data to identify the
energy-intensive steps of a construction process and the selec-
tion of an energy balancing method for a building under
examined need to be incorporated into BCP to achieve
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TABLE 6. Computation of AVE and CR for GSEEB modified model.

TABLE 7. Summarized results for AVE, CR, and internal reliability for the GSEEB modified model.

TABLE 8. Important energy efficiency skills.

environmental sustainability. This finding corresponds with
the recommendation of [14] that the ability to calculate and
measure carbon emissions and integrate energy designs is
an important skill for enhancing building energy efficiency.
Computational skills will prepare BCP students for construc-
tion work where sustainability issues need to be addressed.

NBTE should look into the possibility of embedding these
important areas into the BCP curriculum of Nigeria univer-
sities. Respondents agreed that energy efficiency knowledge,
which includes the ability to eliminate/reduce resource loss
as well as the ability to determine energy usage by defining
boundaries need to be integrated.
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More so, considering that global warming is negatively
affecting the ozone layer, students must adequately trained
on energy efficiency to ensure environmental sustainabil-
ity in Nigerian states. The finding supports the report of
Strietska-Ilina et al. [38], who found that the UN Decade on
Education for Sustainable Development (ESD) had spurred
further initiatives in this field and developed a wide range
of good practices by integrating the principles, values, and
practices of sustainable development into all aspects of edu-
cation and learning. The finding is also supported by [39],
who found that green buildings are an outcome of designs that
focus on increasing sustainable resource use. Yu et al. [40]
demonstrated that green buildings minimize pollution, reduce
natural resource consumption, and create an environmentally
friendly energy-saving environment. Dasmani, [41] recom-
mended that the embedment of green skills in course cur-
riculums produces students that can combat problems facing
energy and resource efficiency. Having students that take part
in combating environmental problems is highly needed in
Nigeria. This study also identified ways to improve build-
ing energy efficiency over the short and long-term. This
finding is in line with the recommendation made by [21]
that ‘‘energy-efficient high-performance buildings demand a
synthesis of architectural design, construction methods, and
energy systems’’, which implies the need for energy effi-
ciency skills. In line with the above, Manufacturing Skills
Australia [4] demonstrated that energy is a significant cost
for most businesses and energy efficiency skills are essential
for all workers on a site as they provide a framework for
the skills, knowledge, and performance required to achieve
specific workplace outcomes for energy efficiency.

The above also supported by the Asia-Pacific Education
Research Institutes Network (ERI-Net) [22] report that there
is a need for a range of solutions and strategies to improve
energy efficiency. Respondents in this study also agreed that
education should integrate the ability to evaluate the sustain-
ability impact of a worksite as well as the ability to identify
sustainability issues for the steps of a selected process. This
finding in line with the report of the European Centre for
the Development of Vocational Training CEDEFOP [42],
which found that the impact and energy costs of business
activity influences behavior and affects demand for green
skills. Additionally, Dayue [43] recommended that in edu-
cation, teachers and students should be aware of greening
by recognizing the impact of green education on students
overall development, including interpersonal and intraper-
sonal competence, employability, environmental protection
skills, life-long learning, and low-carbon transition abilities.
This prompted some teachers to vigorously study greening
concepts and create an international movement to embed
greening content in their instructions. Reference [44] recom-
mended that sustainable accounting be used to ensure that
development is based on a scientific approach that takes into
account social, environmental, and economic impacts. Ref-
erence [45] supported the assumption that the main impacts

of climate change regulation on labour markets are primarily
related to skills rather than actual levels of employment.
This study’s findings also includes the ability to analyze and
evaluate sustainability risks using root cause analysis. this
supports the recommendation of [21] that auditing energy
usage for a work area includes identifying sustainability
issues and impacts and environmental sensitivities that apply
to the work or process area.

Accordingly, [21] also stated that energy use andwaste data
includes the ranking of waste in equipment and processes,
comparing waste to external targets, and identifying the root
cause of waste. Reference [46] found that the working def-
inition of UNEP describes a ‘‘green economy as one that
results in improved human well-being and social equity, while
significantly reducing environmental risks and ecological
scarcities.’’ UNESCO [47] reported that building techniques
should be adapted to natural disasters such as earthquakes.
According to [48] green technology is an emerging concept
with the ultimate goal of achieving sustainable development
by reducing environmental risks, ecological scarcities, carbon
emissions, and pollution as well as enhancing energy and
resource efficiency to prevent the loss of biodiversity. Refer-
ence [49] found that Asian countries are pressured to prepare
themselves for the risks of climate change as well as develop
strategies for more resilient economic and social systems
by redefining and reworking their educational systems. This
study also found that familiarity with sustainability issues
(which involves the ability to apply the principles of sus-
tainability) needs to be embedded into educational systems
to enable the attainment of environmental sustainability. The
ability to put the principles of sustainability into practice
is needed for the attainment of environmental sustainability,
which if embedded properly will encourage environmentally
sustainable development. Roufechaei et al. [50] reported that,
with the Brundtland Commission report published in 1987
(Brundtland, 1987), the structures for sustainable develop-
ment had been laid across the globe, nationally and locally,
for all organizations. This finding supports [51] recommen-
dation that to achieve change in environmental sustainability,
emphasis should be placed on the role of Technical Education
and Vocational Training (TVET) in developing generic green
skills. This clearly implies that if sustainability issues could
be incorporated into TVET by greening the construction
sector, the attainment of sustainability would be guaranteed.

Additionally, the Asia-Pacific Education Research Insti-
tutes Network (ERI-Net) [22]maintained that auditing energy
usage for a work area includes identifying a range of sus-
tainability issues. This finding signifies the impact and
environmental sensitivities that apply to the work or pro-
cess area, which allows for the proposal of a range of
solutions and strategies to improve energy efficiency. Con-
scientiously, looking at the aforementioned energy effi-
ciency skills, it is convincing that when this framework is
fully put into practice environmental sustainability could be
achieved.
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VI. CONCLUSION AND RECOMMENDATIONS
The findings of this study were used to develop a conceptual
model for infusing green skills into the curriculum of BCP
students to realize environmental sustainability in Nigeria.
Significant green energy efficiency construction skills were
identified using respondents/participants made up of teachers
and industry professionals. A model was developed in adher-
ence to the analyzed data that indicated important areas based
on their appropriateness towards green skills. This conceptual
model has some implications for the supervisory agency
National Board for Technical Education (NBTE) to consider
to ensure that identified areas are infused into curriculums
and properly imparted to students. The conceptual model
could be used as a guide for the effective infusion of green
skills to BCP students.

Environmental problems are a global issue caused by
unsustainable development in many developing countries like
Nigeria. This study provides a detailed understanding on
the roles of green energy efficiency skills in construction
towards achieving environmental sustainability by develop-
ing a conceptual model comprised of important energy effi-
ciency skills elements. The findings if fully utilised could
pave way for the preparation of workforce towards sus-
tainable development and curriculum development. Also the
methodology used in this paper an instrument was developed
and In-depth analysis of the reliability and validity of the
developed instrument. For the effective implementation of
this model, the following recommendations are provided:
• There is a need for Federal and state Governments via
NBTE to adopt and implement this model for BCP in
universities in Nigeria.

• It is recommended that policymakers plan, organize, and
implement this study’s model into the BCP curriculum
of universities in Nigeria.

• The model should be implementation by university BCP
units under the supervision of school administrators to
ensure that students acquire green skills to promote
environmental sustainability.
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