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Emerging climate change crisis, resources scarcity and global sustainability agenda
are putting pressures on developing nations and demanding actions. This study aimed
to examine the significance of introducing green building technologies (GBTs) in
construction projects in Ghana by conducting a literature review and identify key
drivers, barriers, and promotion strategies for their implementation based on a survey
conducted among stakeholders relevant to the Ghana's construction sector. The
research revealed that (1) government-linked barriers are critical barriers to GBTs
adoption, (2) environmental and health-related drivers have a significant impact on
the implementation of GBTs and (3) effective communication strategies and public
support from the government through the introduction of regulations and standards
were established as essential promotion strategies to the effective integration of GBTs
in Ghana. All participating stakeholders would prefer to see GBTs integrated into the
construction industry.
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INTRODUCTION

The growing population and increased urbanization have triggered a steady growth in
the construction sector (Anaman and Osei-Amponsah, 2007). The expansion of the
worldwide economy thrives on the extraction and consumption of natural resources
which generate waste and emissions that threaten the environment (Cotgrave and
Riley, 2013). Pachauri and Meyer (2014) asserted that developed countries have
immensely benefitted from fossil fuels, however, the end products of these fossil fuels
such as greenhouse gases endanger the environment. The built environment is
responsible for about 40% of worldwide energy consumption and use of resources
which, in turn, negatively affect the well-being of the environment and humans (Yates
et al., 2015; Mawat et al., 2019; Masia et al., 2020). Common views are shared by
Twumasi-Ampofo et al., (2012) and Djokoto et al., (2014) on the nature of processes
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adopted in the construction environment in developing countries contributing to high
energy use, environmental pollution, etc. At present, green technologies are widely
discussed across various industries as viable solutions to the issues and can be
applicable in construction projects.

GBTs are concerned with the use of efficient building materials and construction
practices to ensure the minimal use of energy and apply sound management practices
to promote waste and water efficiency which are also among the main GB principles
(Richardson and Lynes, 2007; Glavinich, 2008). Integration of GBTs lead to the
optimum consumption of energy and water and their application in construction
promotes the efficient use of natural resources. To meet the sustainability goals the
integration of green technologies is the way forward due to technologies such as
efficient water heating, energy-efficient HVAC systems, solar technologies, building
orientation optimisation technologies, etc. which allow designers to achieve minimal
energy use. To improve sustainable construction within the industry, newer
technologies and methods have emerged such as Building Information Modelling,
lean construction, value engineering, life-cycle assessment, etc. which impact project
design and collaboration (Oke ef al., 2018).

There is the need for cooperation from all stakeholders across different stages of
construction, who should make environmentally friendly decisions and choose energy
efficient solutions and practices. If stakeholders do not consider aligning with green
construction policies and processes, the consequences could be negative to the
ecosystem (Sharma, 2018).

This study aimed to examine the significance of introducing green technologies in
construction projects in Ghana and identify key drivers, barriers, and strategies for
their implementation. This was carried out by (1) assessing the views of stakeholders
in Ghana on aspects hindering the adoption of GBTs as well as drivers of their
successful integration; (2) examining the availability of a legal basis for integration of
green buildings and GBTs in Ghana, and (3) evaluate the effects of various strategies
to promote the integration of such technologies.

LITERATURE REVIEW

The construction industry of Ghana is in the process of addressing the growing
demand for residential, industrial as well as commercial spaces, while still preserving
the physical environment of the country and social welfare by adopting principles of
sustainable development (Ahmed et al., 2014). Ghana is a slow, upcoming market in
Africa. The progress of the country is partly supported by the outputs of the
construction industry (Assibey-Mensah,2009; Ahmed et al., 2014). Recently, the
construction has been one of the fastest-advancing business directions in Ghana and it
was found to be the key contributor to economic growth (Osabutey ef al., 2013).

There was also no specific government legislation found to support GBTs
implementation in Ghana, so the concept of GBTs is seen to be down to the
stakeholders' option. Anzagari et al., (2019) reported that, the industry is burdened
with planning challenges and a lack of sustainability standards, despite the current
regulations in the industry meant to manage the practices of the construction
stakeholders. Thus, there is a need to integrate the concept of sustainability to
improve the industry and reduce the negative environmental impacts.

In the Ghanaian construction market, the demand for innovative construction has been
low which creates an obstacle to the adoption of GBTs (Addy et al., 2020).
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According to Ahn et al., (2013) and Chan et al., (2017), among the top obstacles to
green construction in the United States, for example, are lengthy payback times, the
propensity to retain existing procedures, limited skills and experience of
subcontractors, higher prices of renewable goods and resources, resistance to reform
and the absence of government incentives. In Singapore, in turn, poor commitment
and coordination among the project team, high costs of green tools and materials,
indifference from clients and market demand, etc. were all established as barriers
(Hwang and Tan, 2012).

A study in Hong Kong by Zhang et al., (2012) described high maintenance costs, lack
of incentives, limited knowledge, etc. as the most important hurdles to the integration
of comprehensive GB systems. According to Winston (2010), insufficient
construction legislation, as well as a lack of experience and skills, are obstacles to
sustainable housing growth in Ireland. As other countries have different laws, a
thorough comprehension of the obstacles to GBTs acceptance in specific countries is
needed as it will aid in overcoming barriers and support the use of GBTs (Aktas and
Ozorhon, 2015).

According to Agyekum ef al., (2020), among the drivers identified during interviews
with some members of relevant professional bodies are observability of the
advantages of green-certified buildings, incorporation into professional bodies' code
of conduct, governmental commitment, public recognition, green building
certification rewards, policies and legislation. Other critical considerations, such as
"set rules and regulations" and "green design requirements and building
specifications," were also evaluated in the results. Also, economic conditions
continue to have a significant influence (Agyekum et al., 2020).

According to Hwang et al., (2017), some viable results to encourage the
implementation of GBTs in business parks in Singapore are green growth strategies
and respective legislation, government co-funding and incentives, and partnering with
academic organizations to analyse the effects of GBTs integration in business parks.
Hwang and Tan (2012) acknowledged the schemes which boost the GB acceptance,
including the education of clients about GB benefits, expanding the scope of
government incentives to include GBTs adoption, the use of construction tours as a
form of education to the public and the development of a GB project management
structure.

METHOD

A quantitative research strategy was adopted as an optimal approach in this study,
requiring robust data to be collected from construction-related experts using a survey
and assessing it applying statistical analysis (Johnson and Onwuegbuzie, 2004;
Fellows and Liu, 2015). This research implemented a non-probability sampling
approach in determining the sample size as there is no data on the availability of
sustainability-related experts in Ghana and it was deemed to be difficult to assess the
population size. A similar methodology was used by Owusu-Manu et al., (2018)
where the use of this technique helped to obtain an effective sample size and minimise
bias often linked with the sampling technique.

The survey questionnaire was used as it was seen as the best tool to gather the
opinions of many construction stakeholders and to ensure objectivity (Tan, 2011).
The questionnaire has been formulated to evaluate the themes discussed above and
comprised the following sections shown in Table 1.
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Table 1: Sections of the questionnaire survey

Sr. No Sections under the Questionnaire

1 Letter to Participants

2 Background Information of Participant including their organisational position and profession
3 Perception About the Benefits of GBTs in the construction Industry of Ghana

4 Barriers to GBT implementation

5 Drivers for GBT implementation

6 Promotional strategies for the implementation of GBTs

The questionnaire contained mostly close-ended questions with its length designed not
to exceed 15-minute engagement time, with straightforward answers in some sections
and some answers structured into categories and values for evaluation using 5-point
Likert scale where respondents are asked to evaluate the level of agreement on the
defined parameters. Zhang et al., (2011) emphasised the use of the Likert scale for
evaluating the comparative relevance of distinct factors based on the views of survey
participants. In this study, the Likert scale was used to denote “1” as “Not important”
to “5” as “Very important”.

Prior to distributing the questionnaire, a pilot study was undertaken to wholly assess
this approach regarding the design of the questionnaire, ensuring all relevant themes
are captured in the survey research as well as tweaking the content to incorporate the
use of five options which will be evaluated using the 5-point Likert scale. This pilot
study was achieved with the aid of an experienced professor and a knowledgeable
researcher in the subject of sustainability to undertake a content validity assessment of
the draft questionnaire ensuring all terminologies are easily understood and the
appropriate technical words are included.

Data Collection

Due to COVID-19 Pandemic limitations, the drop-and-pick method was not feasible
so only the web-based survey via google forms was used. The link was shared with
survey respondents through e-mails, referrals, and social networks using a snowball
sampling approach due to limited access to a sampling frame as well as their
knowledge and willingness to partake in the study (Owusu-Manu et al., 2018). The
target population for this research was the construction stakeholders within Ghana.

56 responses were received when the survey concluded. A review of the survey
feedback showed six were incomplete and hence, omitted leaving 50 responses. Out
of the targeted 114 respondents, only 50 responses were used indicating a response
rate 0f 43.9%. The slow integration of sustainability in the Ghana also contributed to
the participation of a few experienced professionals in the survey. According to Ott
and Longnecker (2010), the response rate is higher than the recommended value of
30% which implies that this sample size is considered valid for the central limit
theorem. Also, Nulty (2008) asserted the difficulty in ensuring the participation of
survey respondents, as well as their reluctance, could result in lower response rates
from online surveys.

Data Analysis

From the questionnaire, the feedback from the respondents was entered into Microsoft
Excel spreadsheets, other analytical tools employed for this study were descriptive
analysis and mean score ranking approach.
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FINDINGS

From the survey, in terms of educational background, 4% of participants have a PhD,
62% have a master’s degree, 32% with a bachelor’s degree with just 2% with
elementary school background. There is a fair representation of different construction
stakeholder types as evidenced by 60% as consultants, 26% as contractors, 10% as
developers with 2% in government and the same in urban water supply which shows
diversification in survey research. Based on their professional designations, there was
higher participation by engineers with 58%, 14% being architects, 14% being project
managers, 2% participation each by clients, construction managers and quantity
surveyors and 8% being site supervisors.

72% of the respondents are aware of green technology with 16% unfamiliar with this
concept. Only 14% have just over 6 years of experience in green buildings with the
majority having lesser years of experience in this concept as shown by 54% with no
experience in green buildings. This explains why GBT adoption has been extremely
slow in Ghana. Also, it is worth noting from the survey analysis that 94% of the
respondents are keen to see the implementation of GBTs in this construction
environment, due to a few green developments in Ghana recently and this aspect of
the survey aided in improving the reliability of the obtained results.

In ranking the theme variables of barriers, driving forces and strategies, the most
popular descriptive statistics of mean and standard deviation were used to rate them in
order of importance as seen by the participants (Mao ef al., 2015). According to Mao
et al., (2015), where two or more variables share the same mean score, the higher
score is assigned to the variable with the least standard deviation value. This was used
in evaluating the research data for the theme variables to the implementation of GBTs.
The rankings established based on the statistical analysis using mean and standard
deviation are subjective based on the feedback expressed by the survey respondents
and their understanding of the sustainable themes used in the questionnaire.

Barriers

Based on the 17 barriers used in the questionnaire, the responses for each barrier as
evaluated by the Likert scale. The mean and standard deviation were established for
each barrier and ranked using the mean score ranking approach. As all the mean
scores for the barriers exceeded 3, it implies all the barriers have significant
importance and mitigation measures must be employed to improve the adoption of
GBTs. The top-ranked barriers, as identified by the respondents, were the absence of
policies and regulations for green building, unfamiliarity of GBTs and their benefits,
lack of initial capital to support GBTs, lack of political commitment, non-existence of
GBTs database as well as the absence of GB training programmes for project staff.
The respondents felt the top barriers are linked to government, economic and
knowledge related elements which imply sustainable construction is obstructed due to
a combination of factors such as the accessibility of information and the readiness of
the market. Darko et al., (2018) affirmed the importance of government-linked
barriers as they hinder the implementation of GBTs and this is also emphasised by
Djokoto et al., (2014), who reported the absence of government backing has affected
the integration of sustainable construction. The interventions from government can
improve stakeholder motivation and encourage GBT implementation through
incentives and provision of GB policies and regulations. Also, effective
communication strategies such as heightened public awareness and GB workshops can
lead to successful integration of GBTs in Ghana. These results of cost and
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knowledge-linked barriers may be because the survey respondents felt the strategies of
financial support and training programmes can aid in the successful adoption of GBTs
and address the barriers.

Drivers

The drivers in the questionnaire were identified as a result of extensive literature
review as well as professional opinion and the effectiveness of the drivers are
evaluated based on the feedback from the respondents using descriptive statistical
analysis.

It can be established from the analysis that the top-ranked drivers from the survey are
minimal environmental impact, enhanced indoor environmental quality, the
conservation of non-renewable resources, enhanced occupancy comfort, devising a
standard for innovative construction as well as minimal consumption of materials in
construction. The respondents agreed the top drivers are environmental and social
related elements but that notwithstanding, all the drivers in the questionnaire are
significant as their mean score values exceeded 3 which is the middle value on the
Likert scale.

The results from this study may be because sustainable construction in Ghana is at its
inception stage and has not been fully accepted by all and there is still a general
unawareness about the benefits GBTs offer. The essence of environmental and
health-related drivers stems from the fact that the respondents feel there is a gradual
depletion of natural resources due to unsustainable construction practices and feel a
change in the methodology of construction will mitigate the adverse environmental
impact and promote efficiency in the use of resources.

Strategies for promotion

In supporting the implementation of GBTs, the effectiveness of the strategies
identified in the questionnaire have been evaluated based on the feedback of the
survey participants and these strategies may include resources and platforms which
are essential to improve the adoption of GBTs on a national level.

The top-ranked strategies from the analysis are media publicity, the use of workshops
and seminars for public environmental awareness, proper enforcement of GB policies
once developed, the introduction of green rating and labelling programs as well as
public acknowledgement and rewarding schemes for GBT adopting companies. With
an overall mean score higher than 4, it implies all the strategies listed are rated
‘important’ and must be considered for the promotion of GBTs. The essence of
evaluating these strategies in order of importance allows stakeholders to appreciate
which ones require more focus towards GBTs implementation. The respondents felt
effective communication strategies, in conjunction with, public support from
government through the introduction of regulations and policies, will activate the
drive towards sustainable construction and nullify the identified key barriers from the
survey. This reflects the consistency in their feedback and contributes to the
reliability of the survey. Table 2 illustrates the highly ranked barriers, drivers and
promotion strategies.

CONCLUSIONS

GBT implementation in Ghana is influenced by knowledge, cost and risk-related
factors which have a major adverse effect on its application. This research aimed at
investigating the themes involved in the GBT adoption and the use of the
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questionnaire survey allowed the collection and analysis of data using mean score
ranking technique as well as statistical analysis to evaluate the level of awareness and
how GBTs can be adopted.

Table 2: Highly ranked barriers, drivers, and promotion strategies to the adoption of GBTs

Rank Barriers to GBTs Adoption

Absence of policies and regulations for green building
Unfamiliarity of GBTs and their benefits

Lack of initial capital to support GBTs

Lack of political commitment

Non-existence of database and information about GBTs

Absence of GB training programmes for project staff
Absence of rating systems and labelling programs for green buildings
Inadequate local institutes and facilities to support GBT's

oo N R W N =

Reluctance to switch from the use of traditional technologies

—
(=]

No backing from senior management on the use of GBTs
Rank Drivers for GBT Integration

Minimal environmental impact

Enhanced indoor environmental quality

Conservation of non-renewable resources

Enhanced occupancy comfort

Devising a standard for innovative construction
Minimal consumption of materials in construction
Advancement in the efficiency of GBTs
Increased building value

Reduced whole lifecycle costs

10 New technology and information systems

Rank Strategies to Promote GBTs Integration

O 0 N s W N =

1 Media publicity (e.g., print media, audio-visual media, social media campaign)
2 The use of workshops and seminars to create public environmental awareness
3 Proper enforcement of green building policies
4 The introduction of green rating and labelling programs
5 Public acknowledgement and rewarding schemes for companies that use GBTs
6 Training programmes on GBTs for project stakeholders
7 Accessibility of corporate framework for effective adoption of GBTs

Support from public institutions such as Environmental Protection Agency on
8 the use of GBTs
9 Accessibility of adequate information on the importance of GBTs

10 Strict GB regulations and guidelines

This research evaluates the survey results on the variations in themes to GBT adoption
in Ghana where the criticalities of the identified drivers, barriers and strategies have
been assessed from the perspective of the local construction stakeholders. From the
survey results, it was deduced (1) government-linked barriers are significant barriers
to GBTs adoption, (2) environmental and health-related drivers will contribute
immensely to the implementation of GBTs in Ghana and (3) effective communication
strategies through the use of workshops and media publicity and public support from
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government were established as major promotion strategies to the integration of GBTs
in Ghana.

It is imperative for academic and professional bodies who are among the key
stakeholders and are required to play a vital part in terms of promoting environmental
awareness and insight on green building technologies. Besides, a conducive
environment offered by the government demonstrating a commitment to sustainability
through the provision of guidelines and incentives to admonish local firms to be
innovative and achieve GBT expectations. Notwithstanding the achievement of the
research goals, some of the research limitations were the inadequate sample size,
limited experts on sustainability, and the low response rate of the construction
stakeholders to the questionnaire survey as a higher response rate could have
enhanced the credibility and reliability of the findings collected. Another limitation of
the study is related to the fact that the term GBTs is rather too generic encompassing a
wide range of technologies and principles. The further studies should consider
specific technologies or sustainable construction measures and associated aspects
driving or hindering their implementation.
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