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Abstract: Green Building Practices (GBPs) are gaining prominence in many countries around the
world. However, in many developing countries, Tanzania inclusive, little progress has been made in
achieving its implementation. The current study sought to examine the factors attributable to low
uptake, focusing on an appraisal of the stakeholders” knowledge of GB design features, triggers, and
the pathways for uptake. The study was conducted in Dar es Salaam City in Tanzania, involving
different stakeholders sampled from the construction industry, including architects, engineers, quan-
tity surveyors, and property managers. Valid data were collected through 412 questionnaires. The
study revealed a general consensus among the respondents that GBs are environmentally friendly
and cost effective. However, it appeared that the ranking score of GB design features according to
the respondents did not correlate with their ranking in existing GB rating systems. It was concluded
that there exist misconceptions among the constructions industry stakeholders regarding what green
building practices entail and the essential requirements for their implementation. Therefore, the
study recommends pragmatic educational trainings to stakeholders in the construction sector of
Tanzania on GBPs. Mandatory legislation of green building codes and regulations is also suggested
as a potential pathway for enhancing GB practices in Tanzania.
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1. Introduction

The Sustainable Development Goal SDG 11, titled “Sustainable cities and commu-
nities”, requires the development of inclusive, secure, and resilient cities with zero net
emissions [1]. This has become essential since 55% of the world’s population live in cities,
and the number is projected to rise to 85% by 2100 [2]. Omisore [3] observed that more
than 50% of SDGs are linked directly to environmental sustainability, and that African
countries require the most attention as they are the most vulnerable. Green Buildings
(GBs) are essential for achieving Sustainable Development Goals; they help mitigate and
reduce adverse climate change, increase the use of renewable energy [4], encourage the
development of eco-cities [5] and reduce environmental impacts arising from planning,
construction and operations in the construction industry [6,7]. Wen et al. [8] proposed a
realistic mapping tool using GBRS to scientifically quantify and intuitively demonstrate
GB’s contribution to the SDGs. The tool revealed that SDGs 3, 7, 11, and 12, namely Good
Health and Well-being, Affordable and Clean Energy, Sustainable Cities and Communities,
and Responsible Consumption and Production, are strongly supported by GBRS. Among
these, SDG 12 exhibited the greatest benefits. Goubran et al. [9] illustrated how three GBRS,
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namely LEED, BOMA BEST, and GRESB, contribute to SDGs 3, 7, 11, and 12. In Jordan,
Alawneh et al. [10] observed that implementing water and energy efficiency measures in
green buildings plays a significant role in achieving SDGs. However, achieving the above
SDGs requires environmental awareness and sensitivity on the part of the stakeholders,
which can promote the green building movement in developing countries.

The “Green Building” concept has been defined by the EPA [11] as “the practice of
creating structures and using processes that are environmentally responsible and resource-
efficient throughout a building’s life-cycle from siting to design, construction, operation,
maintenance, renovation and deconstruction. Green building is also known as a ‘high
performance’ building” [12]. Green building certifications examine buildings in areas
including indoor environmental quality, energy efficiency, water use, and materials choices
and offer points or ratings depending on the sustainability level attained [13]. The well-
known standards used across the globe include: BREEAM-UK, LEED-USA, Green Star-
Australia, Green Mark-Singapore, CASBEE-Japan, DGNB-Green Star SA-South Africa, and
Excellence in Design for Greater Efficiencies (EDGE) [14,15].

Green Building Rating Systems (GBRS) encourage stakeholders to design and develop
green buildings that reduce environmental effects and energy usage. Early adopters in
Africa, such as South Africa [16] and Egypt, have attained uptake achievements of the
GBRS and have consequently adapted their own rating systems, such as Green Star SA
(adapted from Green Star Australia) and Green Pyramid Rating System (GPRS) (adapted
from LEED), respectively. However, the main observation underlying this paper is that GBP
uptake in Tanzania has remained too low. Likewise, there is no indication that the status
could change for the better. The uncertainty on the prevailing state of affairs regarding
GBP uptake prompted us to conduct a study aimed at critically examining the knowledge
held by stakeholders in the construction sector of Tanzania regarding GBP uptake, design
features and their importance, barriers, and the way forward.

1.1. Barriers and Drivers of Green Building Uptake in Africa

Despite the apparent benefits of green buildings in the built environment in Africa,
only fifteen out of fifty-four recognized countries have a green building council [17]. Regard-
less of whether the council is considered as established or emergent, the decision to adopt a
green building council improves an uptake [18,19]. However, in these countries, it is still
challenging to uncover concrete evidence of concerted uptake of GBP. Dadzoe et al. [20] and
Anzagira et al. [18] identified a lack of awareness as one of the limiting factors hindering
the uptake of GB in Sub-Saharan Africa. Other impediments include but are not limited
to inadequate training and education, existing policy/regulation, implementation capa-
bility, higher initial costs of green construction practices and materials [16,18,21-24], lack
of integration of local culture, traditional construction methods [18,19,25], and challenges
related to design and construction implementation of green building processes [19,22,24].
Inferring from the cited literature, low GBP uptake seems to be a crosscutting feature
prevailing in most African countries. Considering the significance of GBP in energy saving
and environmental sustainability of buildings especially in the global South, low intake
presents a challenge that must be more vigorously addressed. The study was therefore
inspired by a scholarly desire to examine the knowledge levels held by stakeholders in the
construction industry in Tanzania on the aspect of GBRS, the factors linked to uptake and
the interventions required.

1.2. Architectural Trends and Status of Green Buildings in Tanzania

Urban Tanzania’s architectural patterns show little attention for sustainable construc-
tion. Marwa [26] examined architectural trends from 2002 to 2013 and discovered that
buildings employ a lot of glass glazing on the facade, and they overlook sustainable
design and construction. The author asserted that few buildings in Dar es Salaam are
sensitive to a hot, humid climate and encouraged sustainable design and construction.
Nkini et al. [27] also conducted a study in Dar Es Salaam that compared traditional office
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buildings constructed between 1970 and 2000 and modern office buildings constructed
between 1999 and 2016. The findings revealed that traditional office buildings, which
incorporated a greater number of climate-responsive design elements, exhibited lower
energy consumption compared to modern office buildings.

Tanzania is among the few developing countries that are trying to achieve progress
in green building practices and development. The Tanzania Green Building Council
(TZGBC), a Non-Governmental Organization, was established in 2014 with a view to
promoting awareness of green building design and construction through conferences
and to propel the green building movement through influencing policy, building codes,
regulatory bodies, and the community at large [28]. Nkini et al. [29] studied two office
buildings that had obtained certification under separate green building rating systems. The
historical projection of progressions in green buildings constructions can be observed as
follows. The first is the National Housing Cooperation (NHC) Kambarage Building (GK), a
government-owned building, which was certified by BCA Green Mark in 2014. The second
one is the Luminary building (GL), a privately-owned office building certified by LEED-
V4.1 BD +C; Core and Shell from the USA. This is the first LEED gold certified building in
Tanzania, recognized in 2016 under the categories of shell and core. The Citibank Tanzania
Serengeti building conducted LEED interior design and construction certification process
for floors 0, 2, and 3 and became the first LEED ID+C Commercial interiors in Tanzania.
The private Hotel Verde Zanzibar which received a 5 Star Rating South African Excellence,
accredited in March 2019, is the first Green Hotel as Built certified by Green Star South
Africa; the hotel uses numerous green technologies to encourage sustainable tourism [30].

There are no clear government policies and regulations mandating the application of
GBP practices in building development in Tanzania. The construction industry policy of
2003 was the first to acknowledge that there are a number of activities in the construction in-
dustry that are not environmentally green/sustainable, and that there is a lack of awareness
and technological know-how regarding the green building practices, but the policy lacks a
clear definition of GB and it has hardly been enforced, especially insofar as three pillars
of sustainability, namely, environmental, social, and economic, are concerned [26]. The
National Environmental Management Act (EMA) No. 20 of 2004 through the National Envi-
ronment Management Council (NEMC) guides all issues pertaining to the environment in
the country. However, the Environmental Impact Assessments (EIAs) that were undertaken
for building construction as a consequence of EMA have been insensitive of green building
practices and have been unable to influence the selection and use of building materials and
design to reduce greenhouse gas emissions. Moreover, the Professional Registration Acts,
such as the Architects and Quantity Surveyors Registration Act No.4 of 2010, the Engineers
Registration Acts No 15 of 1997, and the Contractor Registration Acts of 1997, do not offer
adequate guidelines for GBP. As such, these current acts and policies do not provide clear
mandates to create tangible instruments for green buildings practices in the country.

The previous policy-level discussion has indicated that there is a certain level of
recognition of GBP in Tanzania, but it is uncertain whether there is awareness and uptake
at the same level. Arguably, ‘awareness’ is a relative and subjective construct. The current
study sought to analyze the concept of GBP using quantitative methodologies intended
to scrutinize the data and explain findings more objectively. The researcher focused more
attention on examining the design features of green buildings and the importance attached
to them by different stakeholders in the construction sector. The study sought to answer
four research questions. First, what is the stakeholders’ level of awareness of GBP? Second,
are the green building features that are considered important by stakeholders in line with
what is considered important in GBRS? Third, what are the triggers of GBP? Fourth and
last, how can GBRS uptake be attained to enhance GBP in Tanzania?
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2. Materials and Methods
2.1. Study Context

The study was conducted in the City of Dar es Salaam, Tanzania, employing par-
ticipation of a diverse groups of construction industry stakeholders, including property
managers, engineers, architects, and quantity surveyors. Dar es Salaam city is near to the
Indian Ocean Coast, at latitude 6°52’ S and longitude 39°12’ E. The region is located in a
hot, humid tropical climate as indicated in Képpen-Geiger climate class Koppen-Geiger
Climate classification Aw map for Eastern Africa [31], shown in Figure 1. The yearly
average temperatures vary from 28 °C to 32 °C while the average minimum temperatures
range from 19 °C and 26 °C. There is a monthly average temperature variation of 4.5 °C.
This location offers minimal seasonal fluctuations throughout the year, which is crucial
for making informed decisions regarding green building designs and the integration of
renewable energy sources. The city is also rapidly growing in terms of population and
building complexities, to the effect that it is almost becoming a mega city. These critical
factors rationalized a need to consider building designs that are sensitive to energy con-
sumption. The current study is built upon a previous study conducted by [29] focusing on
an evaluation of the occupants’ satisfaction rate with two certified green office buildings
and fifteen non-green office buildings in Dar es Salaam. Nkini et al. [27] conducted an
additional study that compared the energy performance of these green and non-green office
buildings in Dar es Salaam.

Tropical, rainforest (Af)

Tropical, monsoon (Am)

Tropical, savannah (Aw)

Arid, desert, hot (BWh)

Arid, steppe, hot (BSh)

Temperate, dry summer, hot summer (Csa)
Temperate. dry summer, warm summer (Csb)
Temperate, dry winter, hot summer (Cwa)
Temperate, dry winter, warm summer (Cwb)
Temperate, dry winter, cold summer (Cwc)
Temperate, no dry season, hot summer (Cfa)
Temperate, no dry season, warm summer (Cfb)
Temperate, no dry season, cold summer (Cfc)
Polar, tundra (ET)

Figure 1. Climate classification map for Eastern Africa adapted from [31].

2.2. Surveys among Construction Professionals

The questionnaire survey method has been a successful technique widely used in green
building awareness research [13,32-34]. The questionnaires were organized as follows:
The first stage involved data collection on the respondent’s background information. In
the second section, the respondents were asked questions related to their basic awareness,
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knowledge, and understanding of green building practices and were thereafter prompted
to select their own perspective on the matter. They were also asked if they had ever used or
heard anything about GB rating systems. Afterwards, the questionnaires collected data on
the perceived importance of features of GB practices, GB drivers, and GB triggers using
the Five Likert scale rating ranging from the worst (1) to the best (5). The last section
explored strategies that can enhance awareness and uptake of the green building design
and performance. The questionnaires were delivered in person, through email, and via an
online survey using the available contact information from professional registration boards
and property management firms. The researcher administered some questionnaires at Con-
tinuous Professional Development (CPD) conferences where a wide range of stakeholders
participated. Participants in this study encompass a diverse range of professionals, includ-
ing individual architects, engineers, quantity surveyors, and property managers employed
in private firms, non-governmental organizations, government officials (policy makers),
and cooperative organizations such as financial institutions. The firms actively involved in
the design and construction of green buildings in Tanzania were contacted to identify the
initial respondents. A comprehensive analysis was made on the documentary evidence,
including CPD documents and university curricula, to identify concerns pertaining to GB
practices. A total of 412 respondents were obtained overall.

2.3. Data Analysis and Statistical Methods

The most prevalent descriptive statistics of mean and standard deviation (SD) were
utilized for the analysis of survey data ranking the importance of design features, drivers,
triggers, and strategies used in ensuring green building practices as perceived by stakehold-
ers. Stakeholders’ perceived importance of design features was studied through ranking
and comparing with LEED 4.1 and Green Mark 2017 credits. To conduct comparison of the
stakeholders, and owing to the ordinal distribution of the data, the Kruskal-Wallis H test
and ordinal logistic regression were used. The Kruskal-Wallis test tests whether there was
a difference between several groups of the values of an ordinal variable. An ordinal logistic
regression allowed evaluation of the impact of several independent variables Xi on an
ordinal dependent variable Y. It assumes a causal relationship of all the Xs on Y. To test if the
respondents assigned comparable importance to two ordinal variables, the non-parametric
Wilcoxon’s signed rank test was used as recommend by Darko and Chan [35] and Wu
et al. [36]. Given that in the Wilcoxon's signed rank test comparisons there were many
combinations of variables to test, the Holm—Bonferroni correction was used to interpret
these results for ‘statistical significance’. Due to the number of tests, differences were
regarded to be significant when p was smaller than 0.001.

3. Results and Discussion
3.1. Results and Discussion

This section presents the study results and discussion. The section is structured in six
subsections that are organized as follows: Description of the respondents’ characteristics
(Section 3.2); Level of green building awareness (Section 3.3); Perceived importance of GB
design features (Section 3.4); Drivers of green building practices (Section 3.5); Triggers of
GB practices (Section 3.6); and Strategies to improve GB practices (Section 3.7).

3.2. Description of the Respondents’ Characteristics

Table 1 presents the composition of the study population: 421 study participants,
of which 67% were males and 33% were females. Moreover, 43% of the respondents
were aged between 31-40. The respondents with a Bachelor’s degree accounted for 67%.
Approximately 38% of the respondents were architects, while 25% were property managers;
32% of the respondents had professional experience ranging between 6—10 years and 30%
5 years or less. As such, it can be inferred that quite a diverse group of stakeholders
participated in the study.
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Table 1. Respondent’s profiles.
Respondents’ _
Characteristics N =421 Frequency Percent
Gender Male 275 67
Female 137 33
Under 30 114 28
Age (in years) 31-40 176 43
41-50 86 21
51-60 20 5
above 61 16 3
Level of Education Secondary school/certificate/diploma 9 2
Bachelor degree 274 67
Postgraduate diploma/Master degree 117 28
PhD or above 12 3
Current occupation Architects 157 38
Property managers 104 25
Quantity surveyors 80 19
Engineers 71 18
Professional experience 5 or less 125 30
6-10 131 32
11-15 94 23
16-20 22 5
Above 21 40 10

3.3. Stakeholders’ Level of Awareness of Green Buildings

The study examined the level of awareness of green building practices among the stake-
holders sampled from the construction sector in Tanzania. In a response to the question “what
is your level of awareness of GBP”, Figure 2 demonstrates that 50% of the stakeholders consid-
ered themselves moderately aware of green building practices, while 33% called themselves
very aware. These findings are consistent with those of Anzagira et al. [37] from Ghana, who
reported that 88.4% of practitioners were aware of GBP, and Kibwami and Tutesigensi [38]
from Uganda, who reported a moderately high awareness rate of 53%.

Lewvel of stakeholders awareness

Extremely Aware

Very aware

Moderately aware

FRank of Awareness

Slighfly aware

Mot aware at all ]

20 30 40

Awareness level (%)

Figure 2. Stakeholder’s level of awareness of GB practices (N = 412).

50

60
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An ordinal logistic regression analysis was conducted to examine if the awareness
level of stakeholders depended on gender, age, occupation, education, years of professional
experience, and sources of awareness the respondent had experienced. Only those variables
that had a significant impact on the level of awareness were retained in the regression
equation: education, occupation, and source of awareness. The variables gender, age, and
professional experience appeared not to have a significant impact on the level of awareness.
These findings are consistent with those of Xie et al. [39] who found that gender, age, and
years of experience in green building do not have significant moderating effects on the
level of GB practices awareness.

In Table 2, the reference occupation is ‘architect’, while the reference education is
‘Bachelor’, and the reference source of awareness is ‘none’. If the estimate is positive or
negative, the awareness either increases or decreases relative to the reference situation
respectively. The grey boxes mark statistically significant variables.

Table 2. Factors determining stakeholder’s levels of awareness in a logical regression.

Analysis of Maximum Likelihood Estimates

Parameter DF Estimate Standard Error Wald Chi-Square Pr > ChiSq
Intercept 5 1 —4.17 0.34 149.15 <0.0001
Intercept 4 1 —1.25 0.23 30.56 <0.0001
Intercept 3 1 173 0.24 50.79 <0.0001
Intercept 2 1 5.93 1.02 33.91 <0.0001
Education PhD 1 1.67 0.62 7.35 0.007
Education master 1 0.66 0.22 8.69 0.003
Education secondary 1 —1.69 0.68 6.09 0.013
Occupation other 1 —2.18 0.73 8.81 0.003
Occupation electrical engineer 1 —1.10 0.55 4.09 0.043
Occupation mechanical engineer 1 —0.96 0.44 4.85 0.028
Occupation structural engineer 1 —0.91 0.39 529 0.021
Occupation property manager 1 -0.37 0.26 1.96 0.162
Occupation quantity surveyor 1 —0.42 0.28 227 0.132
Awareness_FT 1 0.98 0.21 21.56 <0.0001
Awareness_BR 1 1.27 0.30 17.37 <0.0001
Awareness_DP 1 0.90 0.25 12.97 0.0003

Legend: source of awareness: FT = formal training; BR = building regulations; DP = demonstration projects.

3.3.1. Level of Green Building Awareness with Education Level and Occupation

Table 2 demonstrates that an increase in education was linked to an increase in the
level of stakeholder’s stated awareness of GBP. The results show that there was a significant
difference (p < 0.05) in the level of stated awareness of those with a PhD or postgraduate
or Master’s degree compared to those with a Bachelor’s degree. The stakeholders with
lower education level (secondary) were significantly less aware than those with Bachelor’s
degree. There is a correlation between declared awareness and education and training (The
concept of “training” will be discussed in Section 3.3.2). The respondents regarded training
as the most important strategy for GB uptake.

Regarding occupation, architects were significantly more aware of green building
practices than all other occupations. This observation was unsurprising since the high level
of awareness demonstrated by architects might have been linked to frequent engagements
in designing and constructing buildings, familiarity with theoretical the issues emerging in
the field, participation in formulating regulations, and demonstration of projects. Consistent
with this argumentation, Song et al. [40] remarked that architects, as guardians of the built
environment, were particularly aware of GBRS compliance in architectural design from the
early GB movements.
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3.3.2. Level of Green Building Awareness and Attained Sources of Awareness

Table 2 reveals that stakeholders who had learned about green practices from for-
mal training, building regulations, or demonstration projects are significantly (p < 0.05)
more aware of green building than those without these sources of awareness. Novieto
etal. [41] and Xie et al. [39] support formal training and education for raising awareness
of GB practices. The development of green building demonstration projects served as
learning strategies, thereby increasing GB awareness [13,42]. Reinforcing the findings of
the current study, the researcher, as a practicing architect, attended one of the seminar
presentations bearing the title: “Green Buildings Concepts” in March 2014. The researcher
closely observed the seminar proceedings, emerging discussions, and reactions to the paper
presented. The resource person who presented the paper was from Singapore, using the
KAM building as a case study. The main topics discussed were green design, energy
efficiency, environmentally friendly design, and integrated design, with a specific focus on
design and construction activities. Many participants at the conference had a poor grasp of
the concept of Green Building. The attendees held a widespread belief that it was unnec-
essary to prioritize the energy consumption of the building given the insufficient energy
production in the country. Others seemed to question the legitimacy of green buildings
as merely a business label. Considering that Tanzania has been grappling with frequent
power-cut interruptions, which are counterproductive to the development of the nation, GB
uptake could be one of the viable methods for power saving. This suggests the necessity to
enhance training and comprehension of GBPs and GBRS among the construction industry
stakeholders in Tanzania.

3.3.3. Level of Green Building Awareness and Listed Green Building

The respondents were asked to name a green building they were aware of in Tanzania.
Figure 3 shows that out of 412 respondents, 40% mentioned only correct green buildings,
6% mentioned both correct and wrong buildings, 8% of the respondents mentioned only
wrong buildings, and 46% did not mention any building. The correct green buildings were
subdivided into two groups: ‘real” green buildings and ‘almost” green buildings. The ‘real’
green buildings are those with certification from sustainability rating system (Green Mark,
LEED, and Green Star). The ‘almost’ green buildings are buildings with green building
features observed by the first author, such as solar panels, solar water heater, integrated
rainwater harvesting, grey water recycling, shading of external buildings facades using
a combined system of vertical and horizontal louvers, and natural ventilation. Only two
of the four certified buildings, namely GK and GL, were specifically identified. The GK
building appears to be better-known as a certified green building than the GL building. GK
was mentioned by 36% of the respondents whereas only 3% mentioned GL. This might
be linked to the fact that GK was a public building and is more often presented in media
articles and seminars, whereas GL was a private building and is therefore less promoted
as a certified building. Additionally, the location of the GK building, which is adjacent
to a shared transportation corridor (Ali Hassan Mwinyi Road), might have an impact on
popularizing the building.

3.4. Importance of GB Design Features Perceived by Stakeholders vs. in LEED 4.1 and Green
Mark 2017

Table 3 shows the overall importance that stakeholders assigned to detailed features
for evaluating and implementing green buildings. The mean score for each feature was
greater than 3, which was the midpoint of the rating scale, indicating that each feature
was considered important. From the mean score results in Table 3, the top four important
features of GB practices (mean > 4.33) were: use of daylighting (IF05), use of renewable
energy sources (IF07), increased ventilation (IF11), and use of energy efficient appliances
and equipment (IF09). These four important features of GB practices, ranked among
different stakeholders, are discussed below, along with the use of local materials (IF15), as
the relatively low rank of this features seems surprising.
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Table 3. Assigned importance design features of green building practices on a scale 1 to 5.

All Respondents Architect N = 157 Quantity Surveyor N = 80 Engineers N = 71 Property Manager N = 104

Important Design Features of GB Code Mean SD Rank Mean SD Rank Mean SD Rank Mean SD Rank Mean SD Rank K-W  p-Value
Use of Day lighting 1F05 442 092 1 4.41 0.92 3 4.50 0.89 1 437  1.07 3 4.40 0.85 3 1.53 0.675
Use of renewable energy Sources IF07 437 098 2 4.37 0.99 5 4.30 1.05 2 432 103 8 4.46 0.90 2 1.08 0.782
Increased ventilation IF11 436 092 3 4.48 0.88 1 4.23 091 3 428 097 11 4.35 0.95 5 7.63 0.054
Use of Energy Efficient Appliances and Equipment 1F09 433 096 4 4.25 0.99 6 4.14 1.10 4 451 083 2 448 0.82 1 8.12 0.044 2
Thermal Performance of Building Envelope IF06 430 098 5 441 0.89 2 4.03 1.16 7 434 098 5 4.32 0.93 7 7.58 0.056
Indoor thermal comfort 1F10 430 099 6 4.37 0.98 4 4.04 1.08 5 431 1.04 9 4.39 0.87 4 8.72 0.033 2
Water efficient Fixtures IF02 423 1.00 7 411 1.04 8 4.04 1.14 6 458  0.69 1 433 0.93 6 13.68 | 0.0082
Building Energy Management system 1F08 415 1.01 8 4.10 1.01 9 3.94 1.02 11 434 097 6 4.28 1.00 9 1122 | 0.011¢2
Rain Water Harvesting IFO1 413 1.05 9 398 1.14 12 4.01 1.16 8 435  0.68 4 4.30 1.00 8 740 0.060
Water recycling 1F03 409 1.03 10 3.96 1.08 13 3.95 1.03 10 434 091 7 4.24 1.00 10 11.92 | 0.008 ¢
Use of materials that can be reused or recycled after ) 49 109 11 409 105 10 374 118 14 414 114 12 4.06 1.02 13 731 0.063
the building life.

Prevention of noise within and outside the building.  IF13 400 122 12 3.99 1.05 11 3.85 1.10 12 385 1.21 14 4.10 1.02 12 2.83 0.419
Innovative waste water use IF04  4.00 1.00 13 3.94 1.07 14 3.84 1.04 13 413 098 13 413 0.83 11 4.99 0.173
]a“g(;"cff;llﬁg;g materials-flooring systems, paints IF12 389 060 14 417 099 7 399 095 9 431 102 10 4.03 1.07 14 817 | 0.0432
Use of local materials (No imports) 1F15 356 1.24 15 3.82 1.21 15 3.29 1.12 15 328 141 15 3.55 1.21 15 14.46 | 0.002 2

Note: @ The Kruskal-Wallis H test (K-W) result is significant at the significance level of 0.05 (p-value < 0.05).
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Buildings perceived to be Green Buildings

Only wrong buildings - 8

o
5 Only correct green buildings 40
£ Gives no buildings 46
Both correct and wrong buildings 6
0 10 20 30 40 20 60

Responses (%)

Figure 3. Buildings perceived by the respondents to be “Green Buildings”.

3.4.1. The Use of Daylighting (IF05)

The use of daylighting (IF05) received the highest mean score (M = 4.42) and thus
was ranked first (Table 3). All professional groups ranked IF05 as one of the three most
important GB design features. Moreover, the Wilcoxon’s signed test results in Table 4
indicates that IF05, together with IF07, was statistically significantly more highly assessed
than the nine features not ranked among the top four features: IF02, IF08, IF01, IF03, IF14,
IF13, IF12, IF04, IF12, and IF15 (the meanings of these codes can be found in Table 3). These
results represent that IFO5 was considered the most important GB design feature. Different
countries and regions have a range of GB design features [43] and stakeholders have shown
that the use of daylighting is an essential GB design feature. This is consistent with Owoha
et al. [43], who remarked that daylight features increase the value of green buildings by
substantially contributing to annual energy savings for both lighting and cooling systems.
The importance of this feature is also supported by Chien and Tseng [44], Nkini et al. [29],
and Gupta et al. [45], who disclose that use of daylighting is a matter of concern to enhance
building performance, energy efficiency, and productivity as well as occupants comfort
and satisfaction in buildings.

The stakeholders’ ranking on the use of daylighting did not correlate with the rankings
given in both LEED 4.1 and Green Mark 2017 credits. For example, the use of daylighting
is ranked by LEED 4.1 in the first third of the categories but also in the last part of the
ranking, while Green Mark 2017 ranked it in the last third of the categories (Table 5). This
is because the use of daylighting has an impact on both thermal comfort, lighting comfort,
and electrical lighting energy efficiency, all of which are sub-criteria that are ranked in
both LEED 4.1 and Green Mark 2017 credits. For LEED certification, 90% of building
occupants must have individual daylighting control [46], hence efficient daylighting design
can save energy.
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Table 4. p-values of Wilcoxon’s signed rank test comparing the assessment of important design
features of GB practices.

IFo5 IF07 IF11 1IF09 1IF06 IF10 IF02 IF08 IF01 IF03 IF14 IF13 1F04 IF12 IF15

1F05 0.289 0.162 0.048 0.003 0.012 0.000* 0.000* 0.000* 0.000* 0.000* 0.000% 0.000% 0.000% 0.000%
IF07 0.846 0.243 0.036 0.104 0.001% 0.000* 0.000* 0.000% 0.000% 0.000% 0.000% 0.000%  0.000%
IF11 0.605 0.111 0.093 0.007 0.000*  0.000*  0.000% 0.000% 0.000% 0.000% 0.000%  0.000%
IF09 0.396 0437  0.029 0.000*  0.001%  0.000% 0.000 # 0.000%  0.000%  0.000% 0.000 @
1F06 0913  0.157 0.000 2 0.003 0.000® 0.000® 0.000% 00002 0.000%  0.00?
IF10 0.218 0.002 0.004 0.000 0.000® 00002 00002 0.0002  0.000%?
IF02 0.088 0.074 0.004 0.000*  0.000%  0.000% 0.053 0.000®
1F08 0.741 0.363 0.010*  0.001° 0.004 0.654 0.000 ®
IF01 0.307 0.059 0.008 0.009 0.933 0.000 ®
1F03 0.110 0.016 0.044 0.449 0.000 ®
IF14 0.349 0.640 0.073 0.000?
1F13 0.522 0.004 0.000 ®
IF04 0.015 0.000 2
1F12 0.000 ®
IF15

Note: ® “Due to Holm-Bonferroni correction” the Wilcoxon’s signed rank test result is significant at the significance
level of 0.001 (p-value < 0.001) suggesting that the two compared variables are statistically different.

3.4.2. The Use of Renewable Energy Sources (IF07)

The use of renewable energy sources (IF07) was ranked the second most important
feature of GB practices by stakeholders (M = 4.37) (Table 2). All professional groups ranked
IF07 as one of the most important GB design features (except engineers, who ranked it 8
of 15). Stakeholders ranked renewable energy sources second, whereas LEED 4.1 rated it
fourth and Green Mark 2017 credits ranked it sixth (Table 5). Although the proportions of
renewable energy are weighted differently by GBRSs [47], the use of renewable energy was
assigned considerable importance in both LEED 4.1 credits and Green Mark 2017 credits.
Green Mark 2017 was rated a maximum of 6.5 points for the implementation of renewable
energy sources within a building, whereas the LEED “On-site renewable energy” credit
scored 5 points in its entirety [48].

Nevertheless, integration of renewable energy sources into building designs is hardly
observed in Tanzania [49]. Currently, Tanzania is significantly dependent on non-renewable
energy sources. It is imperative that stakeholders acknowledge the importance of renewable
energy resources as essential green building design features. This may be attributed to
the academic environment in higher education institutions, where there is a focus on
training about renewable energy technology in both undergraduate and postgraduate
courses. However, there is still a shortage of exposure to Green Building Rating Systems
(GBRS) in our academic curriculum that could inspire the future professionals to become
aware and confident in adopting GBP. Despite the efforts made in intensifying training in
Tanzania about renewable energy technologies, there have been no notable changes in GB
practices. Connected to that, previous scholars [50], including Kassenga [51], recommended
the uptake of renewable energy technologies for self-sustainability in order to reduce the
environmental impact caused by the consumption of fossil fuels.
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Table 5. Comparison of stakeholder ranking of GB important design features with LEED 4.1 and Green Mark 2017 credits.
Stakeholders GB
. : Total  LEED ST Stakeholders GB Important . Green Mark 2017 (2020 : GM ST :
Categories LEED 4.1 Credits Point Rank  Rank Design Features Categories Update) Credits Total Point Rank Rank ImpoFrézmrlg:mgn
Use of Energy Efficient Appliances
Optimize Energy and Equipment Natural /Mechanical Tt
Energy Performance 18 1 45 Thermal Performance of Building Energy Ventilation Performance 17 1 3 Increased ventilation
Envelope
. e Use of Energy
Water Indoor Water Use 6 2.5 7 Water efficient Fixtures Energy Alr Cond} tioning .System 16 2 4 Efficient Appliances
Reduction Operating Efficiency :
o and Equipment
Energy c Enhanced 6 25 8 Building Energy Management IEQ Energy Monitoring 1 3 8 Building Energy
ommissioning system Managemen.t system
Energy Renewable Energy 5 4.5 2 Use of renewable energy Sources Water Water Efficient Fittings 7 4.5 7 Wa{:(if(teglec;ent
. Building Life-Cycle Use of materials that can be reused - : Use of local materials
Material Impact Reduction 5 45 11 or recycled after the building life. Material Green Products and Materials 7 45 15 (No imports)
- . Low-emitting materials—flooring Use of renewable
IEQ Low-Emitting Materials 3 6.5 14 systems, paints and coatings Energy Renewable Energy 6.5 6 2 energy Sources
Use of Energy
IEQ Daylighting 3 6.5 1 Use of Day lighting Energy Lighting System Efficiency 6 7 4 Efficient Appliances
and Equipment
Outdoor Water Use Indoor thermal
Water Reduction 2 12.5 IEQ Occupant Comfort 5.5 8 6 comfort
Water Cooling Tower Water Use 2 12.5 1IEQ Demand Control 5 9.5 8 MBulldmg Energy
anagement system
Energy Grid Harmonization 2 12.5 IEQ Integration and Analytics 5 9.5
Material 2 12.5 1IEQ Lighting Quality 4 11
Material Sou;/c[lartlgr?aflSRaw 2 12.5 15 Use of local materials (No imports) Material Recycling Facilities 3.5 12
Material Material Ingredients 2 12.5 Energy Ventilation in Common Areas 3 13 3 Increased ventilation
Reduction in Water
Material Waste Management 2 12.5 Water Consumption of Cooling 2.5 15
Towers
IEQ Enhanced Indoor Air 2 12.5 3 Increased ventilation 1IEQ Enhanced Filtration Media 2.5 15
Quality Strategies
IEQ Indg‘;;égﬂ%ﬁ?hty 2 12.5 3 Increased ventilation IEQ Indoor Contaminants 2.5 15
. . Thermal
IEQ Interior Lighting 2 12.5 4 Use of Ener%yg] ff1.c1ent lipphances Energy Facade performance 2 20 5 Performance of
and tquipmen Building Envelope
Water Water Metering 1 21 7 Water efficient Fixtures Energy Ventilation in Car Park 2 20 3 Increased ventilation
e - . Use of Energy
Advanced Energy Building Energy Management Energy Efficient Practices and > :
Energy Metering 1 21 8 syStem Energy Features 2 20 4 Efficient APphances
and Equipment
Enhanced Refrigerant Building Energy Management Use of Alternative Water Rain Water
Energy Management 1 21 8 system Water Sources 2 20 ? Harvesting
Construction Indoor Air I i "
[EQ Quality Management 1 21 Water Promotion of Waste Reduction 2 20 13 rmovat 1ve waste
Plan water use
IEQ Thermal Comfort 1 21 6 Indoor thermal comfort Material Waste Monitoring 2 20
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Table 5. Cont.

Stakeholders GB
. : Total  LEED ST Stakeholders GB Important . Green Mark 2017 (2020 : GM ST :
Categories LEED 4.1 Credits Point Rank  Rank Design Features Categories Update) Credits Total Point Rank Rank ImpoFrézmrlg:mgn
IEQ Quality Views 1 21 1 Use of Day lighting TEQ Biophilic Features 2 20 1 Use of Day lighting
P tion of noi ithin and Use of Energy
IEQ Acoustic Performance 1 21 12 rev%ﬁigﬁg tfllglbfleli‘ll\élinél.’l an Energy Vertical Transportation System 15 24.5 4 Efficient Appliances
and Equipment
1IEQ Outdoor Air Control 15 24.5
Water Landscape Irrigation 1 28
Water Monitoring and Leak
Water Detection 1 28
Water Usage Portal and
Water Dashboard 1 8
Material Storage Ar%?, for Recyclable 1 8
aste
Prevention of noise
IEQ Acoustics 1 28 12 within and outside
the building.

ST—stakeholders, GM—Green Mark, IEQ—Indoor environmental quality.
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3.4.3. Increased Ventilation (IF11)

The GB design feature “increased ventilation” (IF11) was ranked third (M = 4.36) in
Table 2. All professional groups ranked IF11 as one of the most important GB features
(except engineers who ranked it 11th out of 15). The architects assigned IF 11 the highest
(M = 4.48) score. The Wilcoxon’s signed rank test results in Table 4 indicate that increased
ventilation is an important design feature whose assessment was statistically significantly
higher than eight other features. Comparing the rankings of stakeholders, LEED v4.1, and
Green Mark 2017, the results in Table 5 indicate that natural and mechanical ventilation
(increased ventilation) are ranked first by Green Mark 2017 and third by stakeholders,
whereas in the LEED v4.1 these parameters were ranked moderately. The intent of in-
creased ventilation, based on LEED, is to provide additional outdoor air ventilation to
improve indoor air quality (IAQ) in order to enhance occupant comfort, well-being, and
productivity [52]. However, the rankings suggest that LEED appears to place less emphasis
on tropical climates, such as Dar es Salaam, in comparison to Green Mark. Increased
ventilation has been ranked a high priority by Green Mark 2017 and stakeholders. This
finding is consistent with Song et al. [40], who suggested that natural ventilation is an
essential passive design strategy emphasized in GBRSs for energy-efficient design and is
therefore mandatory for Green Mark (GM) buildings. The alignment between the stake-
holder ranking for enhanced ventilation and the priorities delineated in the GM credits
ranking is pronounced. In Green Mark 2017, an emphasis is placed on the efficacy of both
natural and mechanical ventilation, with a maximum of 17 points required for each [53].
This observation might be representative of tropical environments, where the evaluation
scope encompasses both natural and mechanical ventilations.

3.4.4. Use of Energy Efficient Appliances and Equipment (IF09)

The GB design feature “the use of energy efficient appliances and equipment” (IF09)
was ranked fourth with a mean score of M = 4.33. All professional groups ranked IF09’s
in the top rank with engineers scoring the highest mean (M = 4.51). The Wilcoxon's
signed rank test results in Table 4 indicate that the use of energy efficient appliances and
equipment is an important design feature whose assessment was statistically significantly
higher than the eight other features. Use of Energy Efficient appliances and equipment is
ranked fourth by stakeholders, second ranked in the GM 2017, and ranked first priority
in LEED 4.1. The GBRS rankings place a higher emphasis on the use of energy-efficient
equipment and appliances in contrast to the stakeholders ranking. For example, GM
insisted on the use of energy efficiency and appropriate size of air conditioning systems,
refrigeration, lightings systems, and elevators as per the standard code for building
services and equipment [53].

Although Tanzania has no guidelines specifying energy efficiency requirements and
labelling for energy end-use equipment, stakeholder ranking points to a need to utilize
energy-efficient appliances and equipment, thus providing valuable insights for advanc-
ing uptake and integration of green building design features, such as energy-efficient
appliances and equipment, resulting in substantial energy savings. Consequently, in light
of the nation’s electricity cost constraints and power rationing, the implementation of
energy-efficient equipment and appliances appears to be a critical strategy for managing
these challenges.

3.4.5. Use of Local Materials (IF15)

Table 4 shows that the use of local materials (IF15) was the lowest ranked GB fea-
ture (M = 3.56). All professional groups ranked IF15 the lowest important feature. The
Wilcoxon's signed rank test results in Table 4 indicate that IF15 is ranked statistically sig-
nificantly lower than all other important features. The analysis of stakeholder ranking
indicates that materials with a low environmental impact, regardless of whether they are
local materials, are regarded as somewhat unimportant. This aligns with the finding by
Kongela [54] that although the majority of construction materials are accessible locally, more
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than 80% of the materials utilized in the construction of high-rise buildings in Tanzania
are imported. The researcher is of the opinion that the respondents’ ranking order was in
some measures hugely affected by the sourcing of the local materials. Empirical evidence
indicates that in many countries, particularly in sub-Saharan Africa, the primary factors
hindering widespread usage of local materials are the high costs and limited availability,
leaving users with few viable alternatives [55].

Local material use is mandatory for all GBRSs [40]. Agyekum et al. [56] provide
evidence that the One Airport Square building, which holds the Green Star SA-Ghana
certification, exemplifies the use of local materials in green building construction. These
materials include “rammed earth or atakpame walling (derived from laterite)”, “sun-dried
brick walling/adobe (derived from clay)”, and “timber-framed construction”. In LEED
4.1, the sourcing of primary materials issue, pertaining to local materials, was ranked fifth.
LEED 4.1 designates two credits for the use of locally sourced and manufactured products
and materials [57], thereby requiring architects to exhibit reverence for such practices. In
Green Mark 2017, a total of eight points can be obtained by adhering to the requirements
and utilizing green products that have been certified by authorized local certification bodies.
This practice serves to not only conserve local resources but also alleviate environmental
consequences linked to transportation while also providing insights for future measures
aimed to enhance the uptake of GBP.

In addition to the overall ranking of the importance of GB design features perceived by
stakeholders, the Kruskal-Wallis H test (K-W) was implemented to check which of the GB
design features would have difference in views to be significant if all the four professional
groups are compared. The use of local materials (No imports) (IF15), Water efficient Fixtures
(IF02), Water recycling (IF03), Building Energy Management system (IF08), Indoor thermal
comfort (IF10), Low-emitting materials-flooring systems, paints and coatings (IF12), and
Use of Energy Efficient Appliances and Equipment (IF09) among the four professional were
statistically significant (p-value < 0.05) as shown in Table 3. All professional groups ranked
IF15 as the least important feature. However, the architect group’s assessments of the im-
portance of IF15 were higher than those of other professionals, implying that the identified
IF15 encouraged architects to adopt GB practices. This finding is consistent with [58], which
stated that architects have the responsibility for making decisions and selecting green local
building materials during the design decision-making process. Additionally, there were
statistically significant differences regarding the importance of IF02, IF03, IF08, and IF09. It
can be observed that these GB design features are primarily concerned with energy and
water efficiency, which continue to be contentious issues in the uptake of GB [10,59,60].
Consequently, it is unsurprising that professionals have different rankings on these issues,
with engineers ranking them higher than other professionals. This may be because of the
involvement of engineers in building engineering services works that contribute to the
project’s uptake of GB design features, including IF02, IF03, IF08, and IF09. Based on a com-
parative analysis, the GBRS ranking prioritized the use of energy-efficient appliances and
equipment (IF09), water-efficient fixtures (IF02), and building energy management systems
(IF08) over stakeholders. This finding is consistent with [61], that indicated that buildings
certified with LEED v4.1 and Green Mark 2017 require greater energy and water efficiency.
This implies that, over time, the certified buildings could substantially reduce utility costs,
saving building owners and occupants money while the facility is still in operation.

Indoor thermal comfort (IF10) is statistically significant, implying that professionals
perceived it as one of the most important GB design features. The property manager group
assigned IF10 a higher ranking compared to other professionals. This aligns with the
findings of Goulden and Spence [62], who observed that property managers significantly
influence the energy consumption of their workplaces while also ensuring the desired level
of indoor thermal comfort is maintained, controlled, and satisfied. Based on comparisons,
it can be observed that both stakeholders and Green Mark 2017 assign more importance
to thermal comfort in comparison to the ranks of LEED 4.1. The similarity in climatic
conditions between Dar es Salaam and Singapore, which allows occupants to have control
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over indoor temperature, might contribute to the close ranking between the stakeholder
and Green Mark 2017. Nkini et al. [29] observed that in regions characterized by warm and
humid climates, the implementation of mixed mode design, which involves the integration
of natural ventilation and mechanical air conditioning systems, has been observed to
enhance the comfort and satisfaction of occupants.

3.4.6. Correlation between the Rankings of GB Design Features by Stakeholders, LEED 4.1,
and Green Mark 2017

The scatter plot analysis performed to illustrate the correlation between stakeholder
ranking and the LEED and Green Mark is depicted in Figure 4. No correlation was
found between the ranking of stakeholders and the LEED and Green Mark. Moreover,
stakeholders misconceived green building practices and the essential requirements for
effective implementation of GBRS. As a result, the rankings do not align with GBRS
expectations. The results imply that stakeholders have very limited knowledge of green
building practices. That can help explain why GBRS is only well known by the stakeholders
in the construction sector whose daily preoccupations expose them to it. Furthermore,
the prevalence of inconsistencies between stakeholder priorities and those of LEED and
Green Mark underscores the limited knowledge of GBP. This implies a need for broadening
understanding of GBP and application of the participatory approach by policy actors and
stakeholders in the construction industry of Tanzania. That could lead to more exposure
and in the run efficient uptake of GBRS in the country.
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Figure 4. Correlation between the rankings of GB design features by Stakeholders, LEED V4.1 and
Green Mark 2017.

Equally importantly, the study finding revealed a significant positive linear correlation
between the rankings of LEED and Green Mark, as indicated by the scatter plot. The
results are consistent with Suzer’s [63] finding that GBRS showed a strong positive linear
correlation, indicating that evaluation outcomes should be highly related. Thus, if one
GBRS awards a project a high score, the other will probably do the same, and vice versa. An
analysis of ranking comparisons between LEED v4.1 credits and Green Mark 2017 credits
revealed a significant degree of similarity with respect to credits. In contrast to LEED
v4.1, the Green Mark 2017 imposes greater ranking criteria and allocations for ventilation
credits. The use of natural ventilation is required for Green Mark (GM) buildings and is
an important passive design technique that is stressed for energy-efficient design. This
approach is particularly suitable for a location like Dar es Salaam, which is why stakeholders
accord the Green Mark 2017 credits.

3.5. Perceived Drivers of Green Building Practices in Tanzania

The respondents were asked to rate the drivers of GB practices in the construction
industry of Tanzania. Table 6 shows that the mean scores of the important drivers of
the GB practices ranged from 4.20 to 3.62, all greater than 3.00, indicating that all GBP
drivers were considered important. Increased awareness among stakeholders (DGO08)
and increased training and education (DG06) were the most important drivers according
to the stakeholders’ responses. Increased awareness among the stakeholders (DGO0S) is
ranked first with the greatest mean score (M = 4.20). The Wilcoxon’s signed rank test
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results in Table 7 indicate that DGO8 is the driver whose assessment was statistically
significantly higher than the other nine drivers. In Zambia, Oke et al. [64] and Zulu
et al. [65] identified the increase in stakeholder awareness as one of the primary drivers
of GB construction practices. In Ghana, Darko et al. [66] proposed that an increase in
stakeholders awareness is a crucial driver in the promotion of GB practices on a large
scale. Anzagira [18] indicates that stakeholders’ awareness is a motivating factor that
drives the adoption and implementation of GB practices. In Nigeria, Opoko et al. [67]
advocates for an intensive campaign to raise awareness of the tremendous benefits of green
practices. According to Ebekozien et al. [23] and Komolafe and Oyewole [68], awareness
and sensitization regarding green building certification is a crucial driver promoting GB
practices. While stakeholders consider increased awareness among stakeholders (DGO08) to
be the most important perceived driver, there is still limited uptake of GBP due to a lack of
knowledge and awareness on the advantages of GBRS. This lack of awareness hinders the
project’s execution and uptake.

In Table 6, increased training and education (DG06) is ranked second with the highest
mean scores (M = 4.05). Compared with other professionals, engineers ranked increased
training and education (DG06) as the most significant driver. The Wilcoxon’s signed rank
test results in Table 7 indicate that DG06 is a perceived driver whose assessment was statisti-
cally significantly higher than other five drivers. The importance of the provision of training
and education to stakeholders cannot be overestimated, as it is a crucial driver for uptake of
GB practices. In Ghana, Darko et al. [69] noted that stakeholders” awareness of GB practices
will increase as a result of improved education training and information dissemination.
Aghimien et al. [70] identified an increase in education and training regarding GB as the
most important driver in the execution of GB projects in South Africa. Marsh et al. [71]
insisted that stakeholders should have access to education, training, and upskilling through
GB organizations such as Green Building Council of South Africa (GBCSA).

Table 6 shows the results of the Kruskal-Wallis H test, four perceived important
drivers of GB practices, Increased training and education (DG06), Tenant satisfaction and
productivity (DGO05), Competitive advantage (DG10), and Rising energy costs (DG01), were
statistically significant. The result indicates these DGs are significantly important in driving
and shaping the GB practice in the Tanzania construction industry. Property managers
consider “Tenant satisfaction and productivity” (DG05) an essential factor in driving GB
practices, possibly because they are responsible for day-to-day operations. Nurick and
Thatcher [72] assert that green buildings significantly impact occupants’ health and comfort,
thereby enhancing productivity. This driver could explain why incorporation of personal
control with natural lighting, air movement, and ventilation was recommended in [29,73]
for further improvement of tenant satisfaction and productivity in green buildings. The
statistical significance of competitive advantage (DG10) suggests that professionals are seen
as the primary driver of GB practices. This result aligns with the findings of Windapo [74]
in South Africa, where the integration of green building principles into projects is driven by
the pursuit of competitive advantage. In comparison to the present embryonic stage of the
green building and the absence of a regional GBRS, the potential to achieve a competitive
advantage through GB practices would be relatively less. The Kruskal-Wallis H test indi-
cates that rising energy costs (DGO01) is statistically significant, indicating that professionals
consider it to be the most significant GB driver. This implies that given the prevailing
electricity cost limits and power rationing in the nation, professionals have identified rising
energy costs as the important driver for the uptake of GB practices. Windapo [74] asserts
that green building importance drivers are the rising energy costs and the consequent
reduced building operating costs. Although ranking professionals emphasized training
and education as the most significant driver, rising energy costs demonstrate key factor
influencing GB practices.
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Table 6. Important drivers of green building practices.
Important Drivers Code  All Respondents = 412 Architect N = 157 Quantity Surveyor N = 80 Engineers N = 71 Property Manager N = 104
Mean SD Rank Mean SD Rank Mean SD Rank Mean SD Rank Mean SD Rank K-W  p-Value

Increased awareness among the stakeholders DG08  4.20 1.01 1 434 092 1 4.04 1.21 1 411 1.06 2 4.18 0.91 1 5.00 0.172
Increased training and education DG06  4.05 1.09 2 409  1.09 2 3.74 1.19 4 423 097 1 411 1.05 2 8.68 0.034 2
Building code DG03  3.89 1.19 3 392 126 4 3.66 1.26 5 410 112 3 3.88 1.04 5 6.03 0.110
Tenant satisfaction and productivity DG05  3.88 1.03 4 3.84 1.08 8 3.61 1.02 6 393 092 6 4.10 0.99 3 11.82 | 0.008 %
Competitive advantage DG10  3.83 111 5 373 122 9 3.56 1.07 8 4.08 0.89 4 3.99 1.05 4 11.45 | 0.0102
Greater availability of green materials and products DG07  3.82 114 7 3.86 1.16 7 3.60 116 7 397 124 5 3.82 0.99 6 6.16 0.104
Lower lifecycle costs DG04  3.82 1.19 6 390 113 5 4.00 1.01 2 345 144 10 3.80 1.19 7 5.55 0.136
Rising energy costs DG01  3.77 1.24 9 394 123 3 3.89 1.16 3 3.65 1.23 9 3.52 1.29 10 9.28 0.026 2
Government policy DG02 377 1.25 8 386 125 6 3.54 1.25 9 3.89 137 7 3.74 1.15 8 6.04 0.110
Green building council DG09  3.62 121 10 371 126 10 3.34 1.26 10 382 110 8 3.56 1.12 9 7.84 0.049

Note: @ The Kruskal-Wallis H test (K-W) result is significant at the significance level of 0.05 (p-value < 0.05).
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Table 7. p-values of Wilcoxon’s signed rank test comparing the assessment of important drivers of
GB practices.

DGO08

DGO06 DGO03 DGO05 DG10 DGo07 DGo04 DGo1 DGo02 DG09

DGO08
DGO06
DGO03
DGO05
DG10
DG07
DG04
DGO01
DG02
DG09

0.0012 0.000 2 0.000 2 0.000 2 0.000 2 0.0002 0.000 2 0.000 2 0.000 2

0.012 0.002 0.000 2 0.0002 0.002 0.0012 0.000 2 0.000 2
0.830 0.250 0.212 0.287 0.110 0.013 0.000 2

0.374 0.392 0.482 0.241 0.226 0.000 2

0.702 0.873 0.580 0.621 0.0012

0.747 0.694 0.367 0.000 2

0.87 0.348 0.006

0.914 0.040

0.040

Note: ? “Due to Holm-Bonferroni correction” the Wilcoxon’s signed rank test result is significant at the significance
level of 0.001 (p-value < 0.001), suggesting that the two compared variables are statistically different.

3.6. Perceived Triggers of GB Practices in Tanzania

The respondents were asked to rate the importance of triggers suggesting why their
companies would be interested in green building practices or otherwise. Table 8 shows
the mean scores for the importance of the triggers of GB practices ranged from 4.17 to
3.12. Notable is the fact that the mean score of all triggers was greater than 3, which is the
midpoint of the rating scale, indicating that all triggers were considered important. The
Wilcoxon’s signed rank test results in Table 9 indicate that IG06 is a perceived trigger whose
assessment was statistically significantly higher than other five triggers.

Based on the results of the mean analysis, environmental benefit (IG06) is regarded
as the most important trigger promoting GB practices for a company. IG01 (financial
benefits /reduced costs/increased property value) are also assessed significantly higher than
the other four triggers. Contrary to the current study, previous studies [66,75-77] confirmed
that most ‘green’ decisions are not taken because of their benefit for the environment, but
for other reasons, mainly costs; this is the second highest concern among stakeholders.
The respondents have highly rated the environmental drivers of GB while the literature
suggest otherwise. This suggests that their choice of the environmental triggers point to
an indication of low awareness. The cost factors might be overriding, especially in Third
World countries where poverty is rampant. However, it is important to note that the efficacy
of green button triggers varies among countries as a result of contextual environmental,
economic, and social elements [75,78,79].

Table 8 presents the findings of the Kruskal-Wallis H test, indicating that the p-value
associated with the perceived trigger “right thing to do” is statistically significant. Results
show that there are differences in perceptions of the trigger “right thing to do” between
the four professional groups in relation to GB practices. This result is consistent with [76],
where “doing the right thing” is cited by a number of professionals as their primary trigger
for promoting GB practices in South Africa. Even though architects were driven by the
belief that GB practices were the “right thing to do”, cost considerations for future green
construction may have been more influential.
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Table 8. Important triggers of the GB practices for companies.
_ Architect . _ Engineers Property Manager
All Respondents = 412 N =157 Quantity Surveyor N = 80 N=71 N = 104
Mean SD Rank Mean SD Rank Mean SD Rank Mean SD Rank Mean SD Rank K-W  p-Value

Benefit to the environment 1G06 4.17 1.19 1 4.32 1.17 1 4.06 1.14 1 415 112 1 4.02 1.27 2.00 8.70 0.032
Financial benefits/reduced costs/increased IG01 399 133 2 383 13 3 391 127 2 414 133 2 417 1.28 100 736 006
property value

Right Thing to Do 1G04 3.64 1.35 3 385 140 2 3.48 1.34 4 362 131 4 3.45 1.28 4.00 9.45 0.02°2
Environmental Regulations 1G05 3.59 1.36 4 3.56 1.40 4 3.50 1.34 3 375 138 3 3.59 1.33 3.00 1.57 0.67
Market demand 1G03 3.26 1.35 5 3.11 1.37 5 3.14 1.28 6 346 140 5 3.42 1.33 5.00 5.56 0.13
Client demand 1G02 3.12 1.31 6 2.92 1.33 6 3.20 1.26 5 337 140 6 3.17 1.23 6.00 6.35 0.10

Note: @ The Kruskal-Wallis H test (K-W) result is significant at the significance level of 0.05 (p-value < 0.05).



Sustainability 2024, 16, 2963

21 of 29

Table 9. p-values Wilcoxon’s signed rank test comparing the assessment of important triggers of GB
practices for companies.

1G06 1G01 1G04 I1G05 1G03 1G02
1G0o6 0.011 0.000 2 0.000 2 0.000 2 0.0002
1G01 0.000 2 0.000 2 0.000 2 0.0002
1G04 0.318 0.000 2 0.000 2
1G05 0.000 2 0.0002
1G03 0.015

1G02

Note: ® “Due to Holm-Bonferroni correction” the Wilcoxon’s signed rank test result is significant at the significance
level of 0.001 (p-value < 0.001), suggesting that the two compared variables are statistically different.

3.7. Strategies to Improve GB Practices

The respondents were asked to rate the importance of strategies to improve GB
practices. The results indicate that the mean score of the important strategies aimed at
improving GB practices ranged from 4.60 to 4.04 (Table 10). The mean score of all influential
strategies was greater than 4.00, indicating that all GB strategies were considered important.
Education and training for stakeholders focusing on green buildings practices (5T02) and
availability of better information on cost and benefits of green buildings (ST05) were
considered highly important strategies capable of promoting GB practices. The Wilcoxon’s
signed rank test results in Table 11 indicate that ST02 and STO5 are perceived strategies
whose assessment were statistically significantly higher than the other nine strategies. The
current findings are in line with Alrashed and Asif [80] and Hafez et al. [60], who noted
that education level tend to positively influence the awareness and appreciation of green
building practices. Validating the findings generated from the study and the claims that are
being made here from previous scholars, quite a lot of documentary evidence was perused.
Several universities curricula were reviewed. These include the university prospectus of
three Tanzanian universities, namely, the Ardhi University (ARU) [81], the University of Dar
es Salaam (UDSM) [82,83], and Mbeya University of Science and Technology (MUST) [84].
The focus was on examining the extent to which the curriculum used by students pursuing
Architecture and Engineering reflects the GB component. This review indicated that built
environment courses very marginally reflected GBPs and GBRS. The prospectus indicated
that the curricula, in both postgraduate and undergraduate programs, are focused on
renewable energy and alternative technologies. The design and construction of green
buildings were only notable in certain sections of postgraduate courses, including, for
example AR 722: Housing Policies and Architecture (ARU) and SD 682 Low Energy
Architecture (UDSM). This suggests that architectural and engineering education does not
assign sufficient importance to teaching about GBPs and GBRS. This necessitates the need
for the integration of a comprehensive foundation into the education and training program
of built environment courses within the higher learning institutional curricula, and the
integration of a comprehensive foundation into the education and training program of built
environment courses within the higher learning institution’s curriculum. This integration
can effectively respond to the knowledge gap related to GBPs and GBRS. ST02 was ranked
first by all professional groups, while ST05 was ranked second by all professionals with the
exception of architects. This is consistent with the findings from previous studies [85-87],
which established that the availability of more financing plans and education and training
for GB practices promotes awareness and encourages the adoption and implementation of
GB projects.
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Table 10. Influential strategies to improve the level of awareness of the GB practices.
. s All Respondents Architect Quantity Engineers Property Manager
Strategies to Improve Green Buildings N = 412 N =157 Surveyor N = 80 N =71 N = 104
Mean SD Rank Mean SD  Rank Mean SD Rank Mean SD Rank Mean SD Rank K-W  p-Value
Education and training for stakeholders focusingon  ory 460 g4 1 460 085 1 456 0.85 1 463 090 1 461 0.77 1 139 0707
green buildings practices
Availability of better information on cost and STO5 450 082 2 445 097 4 456 078 2 459 067 2 446 0.70 2 377 0288
benefits of green buildings
Availability of green building codes and regulations  gppc 447 g6 3 448 094 2 4.40 0.87 4 455 073 4 4.44 0.81 3 279 0425
(mandatory to apply)
Public campaign toward green initiatives through ST09 445 087 4 444 094 5 441 0.90 3 45 071 3 441 0.85 4 175 0627
seminars, workshops, and discussions
Promotion of successful GB practices through case grpe 441 099 5 448 093 3 428 090 5 445 082 5 439 0.90 5 657 0087
(Demonstration projects)
More publicity of green building through television  ory; 435 94 4 443 098 6 420 0.93 7 430 090 8 438 091 6 696  0.073
programs, internet, newspaper, and radio
Availability of institutional frameworks for the STI0 432 091 7 434 099 8 419 093 8 435 078 7 436 0.86 7 355 0315
effective implementation of GB guidelines
Recognizing and rewarding Green building STI1 429 099 8 432 1.08 9 411 0.98 9 444 079 6 4.29 0.88 9 6.81 0.078
adopters publicly
Development of green building check list by STO3 422 099 9 441 089 7 4.10 1.01 10 38 120 11 427 1.00 8 15.13 | 0.0022
local government
Financial incentives from the government (e.g., taxes, —groy 415 105 10 415 116 10 423 099 6 408 105 9 414 0.90 10 194 0584
soft loans) for green building practices.
Promoting green building rating systems ST01 404 110 11 4.02 1.25 11 4.03 111 11 407 095 10 4.05 0.94 11 0.88 0.831

Note: # The Kruskal-Wallis H test (K-W) result is significant at the significance level of 0.05 (p-value < 0.05).
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Table 11. p-values Wilcoxon’s signed rank test comparing the assessment of influential strategies to
improve the level of awareness of the GB practices.

Code ST02 STO05 ST06 ST09 STO08 STO07 ST010 STo011 STO03 ST04 STO01
ST02 0.002 0.0012 0.000 2 0.0002 0.000 2 0.000 2 0.0002 0.000 2 0.000 2 0.0002
ST05 0.326 0.194 0.045 0.000 2 0.000 2 0.0002 0.000 2 0.000 2 0.0002
ST06 0.797 0.341 0.007 0.004 0.0002 0.002 0.000 2 0.0002
ST09 0.505 0.008 0.0012 0.0002 0.0012 0.000 2 0.0002
STO8 0.109 0.037 0.0002 0.009 0.000 2 0.0002
ST07 0.570 0.017 0.381 0.0012 0.000 2
ST10 0.101 0.637 0.004 0.0002
ST11 0.215 0.102 0.0012
ST03 0.009 0.000 2
ST04 0.105
STO01

Note: ® “Due to Holm-Bonferroni correction” the Wilcoxon’s signed rank test result is significant at the significance
level of 0.001 (p-value < 0.001), suggesting that the two compared variables are statistically different.

The most surprising aspect of the results was the comparatively low ranking of the
“promoting green building rating systems” (ST01) strategy. Although the stakeholders
perceived this as an important strategy for implementation of GBP, even those who declared
to be aware actually did not really know what GBRS were all about. This implies that
there are misconceptions among the stakeholders about what GB practices are and what is
necessary for their better implementation. Regarded from another point of view, there was
low awareness of the importance of GBRS. That could be a reason why the green council
was ranked as the lowest driver of GB practices, and government policy the second lowest.
Argued along the same line of thinking, promotion of green building rating systems was
ranked the lowest among the strategies required to improve GB practices awareness. These
contradictory scenarios highlight that the road map to a full-fledged uptake of GB practices
remains thick and thorny. To address this misconception among stakeholders, several
developing countries, such as South Africa, Kenya, Ghana, and Egypt, have employed
their respective Green Building Councils to adapt green building rating systems to the local
context and encourage the adoption of GB practices.

Table 8 displays the Kruskal-Wallis H test results, with local government green build-
ing checklist development (ST03) being the only statistically significant strategy. The
significance of this strategy is further supported by the findings of [88], in which the local
green building checklist in Kenya was highly recognized as a viable technique for GB
practices. The author proposed stricter urban land and planning regulations, increased
government enforcement of green principles, and prioritized education and training in
GB practices. In Tanzania, Marwa [26] noted that municipal officials are responsible for
inspecting the site prior to issuing permits and subsequently verifying that the building
construction process aligns with the approved drawings. This implies that the strategies
of using local government green building checklists and incorporation of green building
principles, such as water efficiency, energy efficiency, and resource and waste reduction, is
feasible during the building permit application process. By adopting a local government
green building checklist strategy that incorporates both local and international green build-
ing standards, stakeholders can effectively address misconceptions about GB practices and
enhance awareness of the significance of GBRS. On the one hand, as the study has disclosed,
there exists considerable “subjectively perceived” awareness of what GB as a concept en-
tails, but on the other hand the real practice is overshadowed by an evident tendency
to avoid the high costs associated with the implementation of GB practices [89,90]. This
mismatch between the knowledge of GB practice on the ground might possibly be rooted
on a lack of responsive and affirmative policy action providing for the implementation of
GB in the construction sector in Tanzania.
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4. Conclusions, Limitations and Recommendations

The study concludes that a significant majority of the stakeholders in the construction
sector in Tanzania are inadequately informed of GBP. The ranking score of GB design
features revealed no correlation with their ranking in GB rating systems. Some of the GB
design features rated highly by the respondents were in fact less prioritized in GB uptake
in the practical sense. Since green building is still in its infancy stage in Tanzania, there is
still a long way to go in terms of GB uptake and awareness creation among stakeholders.

Additionally, the findings of this study demonstrate that the use of daylighting, use
of renewable energy sources, increased ventilation, and use of energy efficient appliances
and equipment constituted four important GB design features promoting GBP uptake. Fur-
thermore, each GB design feature exhibited a statistically significant difference. Moreover,
upon comparing the top and the bottom GB design features of the stakeholders ranking, the
features largely diverged and show no correlation from those of LEED 4.1 and Green Mark
2017 credits ranking. This implies that stakeholders misconceived green building practices,
green building design features, and the essential requirements for the implementation of
GBRS. The implication of this finding is that these GB design features were prioritized by
stakeholders and GBRS need more attention to promote GBP uptake in the country.

The analysis demonstrates that stakeholders prioritize the integration of daylighting
methods to a greater extent, while mostly overlooking material-related GB design features
such as the use of local materials, low-emitting materials, and the use of materials that
can be reused or recycled. Despite its relatively low ranking compared to the GBRS rank-
ing, stakeholders expressed significant agreement over the utilization of energy-efficient
equipment and appliances, water-efficient fixtures, and the implementation of energy man-
agement systems. This suggests that stakeholders are conscious of the cost associated with
building operations, and that this action is intended to preserve energy and water while
encouraging the adoption of green building features. Additional comparisons indicate that
certain stakeholders give higher importance to the use of renewable energy sources in their
rankings, which closely corresponds to the ranks of LEED 4.1 and Green Mark 2017.

Although there is currently no local (GBRS) in place, it is important to acknowledge
and adapt the range of worldwide tools used as performance-based tools and design guides,
such as LEED and Green Mark, to the local context. In fact, it may even be necessary to de-
velop a locally based tool to effectively address the unique requirements and considerations
of the region. Stakeholders suggested implementing a local government green building
checklist as a potential strategy. Local governments or municipal councils, as responsible
stakeholders in the construction sector, can include green building checklists, featuring
items such as water efficiency, energy efficiency, and green building materials, during the
design and construction approval process. This approach can be implemented to comply
with local governmental rules to obtain building permits and certificates of occupancy,
hence facilitating the adoption of green building practices. By adopting a local government
green building checklist strategy that incorporates both local and international green build-
ing standards, stakeholders can effectively address misconceptions about GB practices and
enhance awareness of the significance of GBRS. Several adaptation considerations must be
considered for a GBRS to adequately evaluate GBP in Tanzania, including the evaluation
of building energy consumption and the incentive of superior performance on water or
materials in particular regions.

4.1. Study Limitations

Considering the study’s limitations, although the objective was successfully accom-
plished, the research was not free of limitations. One of the limitations of this study was the
respondent’s subjective experiences regarding evaluation of the GB design features. This
limitation was encountered by involving the stakeholders directly involved in the design
and construction of existing certified green buildings. This assisted in the triangulation of
results, which revealed that the limitation had no effect on the overall outcome. Further-
more, it was noted that the GB design features that were considered unimportant by GBRS
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were not necessarily considered important by stakeholders. The absence of plausible expla-
nations for why stakeholders consider their ranking to be more significant than the GBRS
ranking may also contribute to a knowledge gap, thereby underscoring the significance of
this study. Also, the potential impact on the respondents’ ranking may be influenced by
absence of knowledge, skills, and practices of GBRS in Tanzania. Further limitation may re-
sult from regional climatic differences in Tanzania, which impact stakeholders” experiences
regarding GB practices; therefore, this research suggested this be addressed in the further
study. This points to a need to devise some realistic, concrete, and objective measures that
can trigger GB uptake, some of which are recommended below.

4.2. Study Recommendations

The study provides the following recommendations:

4.2.1. For Building Professionals

e  Professionals in the construction sector should emphasize GB practices uptake, focus-
ing on the cost-benefit analysis of these building designs.

e Registration Boards for architects, engineers, and contractors should acknowledge,
advocate for, and lobby for uptake of green building practices and certifications
(GB). This involves taking a proactive stance in convincing clients and developers to
embrace GBP. Professional development seminars should prioritize the involvement of
stakeholders in GB practices, with a specific emphasis on the design and construction
processes employed in existing certified buildings.

4.2.2. For Government and Building Policymakers

e  The government should develop and enforce policies, standards, laws, and incentives
that provide sufficient guidance for the planning, design, and construction of GB
projects. For example, the government can formulate beneficial policies that support
the extensive use of renewable energy and GBRS for buildings as part of global efforts
to achieve GB practices.

4.2.3. For Green Building Certification Systems

e Considering that Tanzania is yet to have her own green building rating systems,
integrating local and international standards and prioritizing credits to resolve local
challenges can improve local design practices.

4.2.4. For Researchers and Educators

e  Universities should play a more proactive role in providing education, research, and
innovation, which are essential to promoting GB practices awareness in the construc-
tion industry. It appears necessary and worthwhile to integrate GB practices into
undergraduate and graduate curricula and to prioritize research on green building
rating systems order to promote GB uptake. Research on GB uptake has to be commu-
nicated through organizing conferences, public lectures, leaflets, and policy briefs, to
be disseminated countrywide and shared regionally and globally.

e Additionally, the Tanzania Green Building Council ought to strengthen ties with
domestic and international green building researchers and construction players to
streamline the process of contextualizing GBRS or create a locally applicable tool.

Author Contributions: Conceptualization, S.N.; methodology, S.N.; formal analysis, S.N.; investiga-
tion, S.N.; data curation, S.N.; E.N.; writing—original draft preparation, S.N.; writing—review and
editing, S.N.; supervision, G.V., GK., ENN. and O.S. All authors have read and agreed to the published
version of the manuscript.

Funding: This research was funded by a special research fund of Hasselt University Belgium and
Ardhi University Tanzania.



Sustainability 2024, 16, 2963 26 of 29

Institutional Review Board Statement: The study was conducted in accordance with the Declaration
of Helsinki, and approved by the Social-Societal Ethics Committee (SMEC) of Hasselt University
(Reference No. REC/SMEC/107-ARCK-Verbeeck and date of approval: 15 February 2024).

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.

Data Availability Statement: The data presented in this study are available on request from the
corresponding author. The data are not publicly available due to confidentiality requirements.

Conflicts of Interest: The authors declare that they have no known competing financial interests or
personal relationships that could have appeared to influence the work reported in this paper.

References

1. UN. The-Sustainable-Development-Goals-Report-2022. Available online: https://unstats.un.org/sdgs/report/2022/The-
Sustainable-Development-Goals-Report-2022.pdf (accessed on 23 January 2023).

2. UN. UN 2022: United Nations, Department of Economic and Social Affairs, Population Division (2022). World Urbanization
Prospects 2022: Highlights (UN DESA /POP/2021/TR/NO. 3). Available online: https://www.un.org/development/desa/pd/
sites/www.un.org.development.desa.pd/files/wpp2022_summary_of_results.pdf (accessed on 5 June 2023).

3.  Omisore, A.G. Attaining Sustainable Development Goals in sub-Saharan Africa; the need to address environmental challenges.
Environ. Dev. 2018, 25, 138-145. [CrossRef]

4. Schwerhoff, G.; Sy, M. Financing renewable energy in Africa—Key challenge of the sustainable development goals. Renew. Sustain.
Energy Rev. 2017, 75, 393-401. [CrossRef]

5. GhaffarianHoseini, A.; Dahlan, N.D.; Berardi, U.; GhaffarianHoseini, A.; Makaremi, N.; GhaffarianHoseini, M. Sustainable energy
performances of green buildings: A review of current theories, implementations and challenges. Renew. Sustain. Energy Rev. 2013,
25,1-17. [CrossRef]

6. Omwoma, S.; Lalah, ].O.; Kueppers, S.; Wang, Y.; Lenoir, D.; Schramm, K.-W. Technological tools for sustainable development in
developing countries: The example of Africa, a review. Sustain. Chem. Pharm. 2017, 6, 67-81. [CrossRef]

7. Usman, A.U.; Khamidi, M.F. Green Building for African Countries: Opportunities, Approaches and Challenges. In Proceedings
of the 2012 11th International Annual Symposium on Sustainability Science and Management, Kuala Terengganu, Malaysia, 9-11
July 2012 ; Available online: https://books.google.co.tz/books/about/Proceeding_of_the UMT_11th_International.html?id=
VmaonQAACAA]&redir_esc=y (accessed on 4 February 2024).

8. Wen, B,; Musa, S.N.; Onn, C.C.; Ramesh, S.; Liang, L.; Wang, W.; Ma, K. The role and contribution of green buildings on
sustainable development goals. Build. Environ. 2020, 185, 107091. [CrossRef]

9. Goubran, S. Green building standards and the United Nations” Sustainable Development Goals. J. Environ. Manag. 2023, 326,
116552. [CrossRef] [PubMed]

10. Alawneh, R.; Ghazali, EE.M.; Ali, H.; Asif, M. Assessing the contribution of water and energy efficiency in green buildings to
achieve United Nations Sustainable Development Goals in Jordan. Build. Environ. 2018, 146, 119-132. [CrossRef]

11.  EPA. Green Building | US EPA. Available online: https://archive.epa.gov/greenbuilding/web/html/about.html (accessed on 9
November 2018).

12.  Kibert, C.J. Sustainable Construction: Green Building Design and Delivery, 4th ed.; Wiley: Hoboken, NJ, USA, 2016.

13. Sichali, M.; Banda, L.J]. Awareness, Attitudes and Perception of Green Building Practices and Principles in the Zambian
Construction Industry. Int. |. Constr. Eng. Manag. 2017, 6, 215-220. Available online: http:/ /article.sapub.org (accessed on
5 May 2023).

14. Isimbi, D.; Park, J. The Analysis of the EDGE Certification System on Residential Complexes to Improve Sustainability and
Affordability. Buildings 2022, 12, 1729. [CrossRef]

15. Zhang, Y.; Wang, H.; Gao, W.; Wang, F.; Zhou, N.; Kammen, D.M.; Ying, X. A Survey of the Status and Challenges of Green
Building Development in Various Countries. Sustainability 2019, 11, 5385. [CrossRef]

16. Agbajor, ED.; Mewomo, M.C. Green building research in South Africa: A scoping review and future roadmaps. Energy Built
Environ. 2022, 5, 316-335. [CrossRef]

17.  WGBC. Global Directory of Green Building Councils. World Green Building Council. Available online: https://worldgbc.org/
global-directory-of-green-building-councils/ (accessed on 13 January 2023).

18. Anzagira, L.F; Duah, D.; Badu, E. A conceptual framework for the uptake of the green building concept in Ghana. Sci. Afr. 2019,
6, €00191. [CrossRef]

19. Assadiki, R.; Merlin, G.; Boileau, H.; Buhé, C.; Belmir, F. Status and Prospects of Green Building in the Middle East and North
Africa (MENA) Region with a Focus on the Moroccan Context. Sustainability 2022, 14, 12594. [CrossRef]

20. Dadzoe, F; Addy, M.N.; Adinyira, E.; Opoku, D. The Market for Green Buildings in Sub-Saharan Africa: Experts Perspective on
the Economic Benefits in Ghana. JCDC 2022, 27, 173-188. [CrossRef]

21. Aste, N.; Della Torre, S.; Talamo, C.; Adhikari, R.S.; Rossi, C. (Eds.) Innovative Models for Sustainable Development in Emerging

African Countries; in Research for Development; Cham Springer International Publishing: Berlin/Heidelberg, Germany, 2020.
[CrossRef]



Sustainability 2024, 16, 2963 27 of 29

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

Ayarkwa, J.; Opoku, D.-G.J.; Antwi-Afari, P.; Li, R.Y.M. Sustainable building processes’ challenges and strategies: The relative
important index approach. Clean. Eng. Technol. 2022, 7, 100455. [CrossRef]

Ebekozien, A.; Ikuabe, M.; Awo-Osagie, A.L; Aigbavboa, C.; Ayo-Odifiri, S.O. Model for promoting green certification of buildings
in developing nations: A case study of Nigeria. PM 2022, 40, 118-136. [CrossRef]

Ismaeel, W.S.E. LEED in the MENA Regional Chances and Challenges of Change. In Green Building in Developing Countries; Gou,
Z., Ed.; Springer: Cham, Switzerland, 2020; pp. 237-252. ISBN 978-3-03024-650-1. [CrossRef]

Assefa, S.; Lee, H.-Y,; Shiue, F-J. A building sustainability assessment system (BSAS) for least developed countries: A case of
Ethiopia. Sustain. Cities Soc. 2022, 87, 104238. [CrossRef]

Marwa, V.H. Factors Hindering the Adoption of Sustainable Design and Construction Practices: The Case of Office Building
Development in Dar es Salaam, Tanzania. 2016. Available online: http://elib.uni-stuttgart.de/handle/11682/9166 (accessed on 3
October 2017).

Nkini, S.; Nuyts, E.; Kassenga, G.; Swai, O.; Verbeeck, G. Comparative analysis of the energy performance in green and non-green
office buildings in Dar Es Salaam, Tanzania. Energy Build. 2023, 293, 113202. [CrossRef]

TZGBC. Introduction to Green Building Tanzania Green Building Council; TZGBC: Dodoma, Tanzania, 2018. Available online:
http:/ /tzgbc.com/more-about-green-building-2/ (accessed on 16 October 2018).

Nkini, S.; Nuyts, E.; Kassenga, G.; Swai, O.; Verbeeck, G. Evaluation of occupants’ satisfaction in green and non-green office
buildings in Dar es Salaam-Tanzania. Build. Environ. 2022, 219, 09169. [CrossRef]

GBCSA. Green Star South Africa Hotel Verde Zanzibar. Available online: https://api.gbcsa.org.za/storage /uploads/5ce27c2a0
1ce9.pdf (accessed on 20 July 2023).

Beck, H.E.; Zimmermann, N.E.; McVicar, T.R.; Vergopolan, N.; Berg, A.; Wood, E.E. Present and future Képpen-Geiger climate
classification maps at 1-km resolution. Sci. Data 2018, 5, 180214. [CrossRef]

Darko, A.; Chan, A.P.C. Critical analysis of green building research trend in construction journals. Habitat Int. 2016, 57, 53-63.
[CrossRef]

Ntshwene, K.; Essah, E.A.; Dixon, T.]J. Investigating the Level of Awareness of Building Assessment Tools in the Construction
Industry of Botswana. 2014. p. 12. Available online: https://centaur.reading.ac.uk/37716/1/ARCOM%202014%20Keneilwe.pdf
(accessed on 4 February 2024).

Omar, B.; Hiyassat, M.; Sweis, G.J.; Abdallah, A.B.; Saleh, R.; Sweis, R.J. Evaluation of Green Building Awareness in the
Construction Industry: The Case of Jordan. 2016. p. 23. Available online: https://www.engineeringscience.rs/article// /40362
(accessed on 4 February 2024).

Darko, A.; Chan, A.P.C. Strategies to promote green building technologies adoption in developing countries: The case of Ghana.
Build. Environ. 2018, 130, 74-84. [CrossRef]

Wu, P; Low, S.P; Liu, ].Y,; Pienaar, J.; Xia, B. Critical Success Factors in Distance Learning Construction Programs at Central
Queensland University: Students’ Perspective. J. Prof. Issues Eng. Educ. Pract. 2015, 141, 05014003. [CrossRef]

Anzagira, L.F,; Duah, D.Y,; Badu, E. Awareness and Application of Green Building Concepts by Construction Industry Stakehold-
ers of Sub-Saharan African Countries. 2021. Available online: https://infinitypress.info/index.php/jsds/article/view /2046
(accessed on 18 January 2023).

Kibwami, N.; Tutesigensi, A. Enhancing sustainable construction in the building sector in Uganda. Habitat Int. 2016, 57, 64-73.
[CrossRef]

Xie, X.; Chen, X.; Wang, C.; Shuai, C.; Zhu, M.; Chen, Y. Does self-face awareness influence green building project performance?—
An empirical evidence from China. Energy Sci. Eng. 2023, 11, 1960-1984. [CrossRef]

Song, Y.; Lau, S.-K,; Lau, S.S.Y.; Song, D. A Comparative Study on Architectural Design-Related Requirements of Green Building
Rating Systems for New Buildings. Buildings 2023, 13, 124. [CrossRef]

Novieto, D.T.; Kulor, F.; Apprey, M.W.; Ayeke, E. Appraisal of students’ perceptions on green building concepts in a technical
university. Front. Eng. Built Environ. 2023, 3, 122-136. [CrossRef]

Bossink, B. Learning strategies in sustainable energy demonstration projects: What organizations learn from sustainable energy
demonstrations. Renew. Sustain. Energy Rev. 2020, 131, 110025. [CrossRef]

Owoha, F,; Simpeh, E.K.; Fapohunda, J.A.; Ahadzie, D.K.; Mensah, H. Categorising green building features in developing
countries: The case of South Africa. |. Eng. Des. Technol. 2021, 20, 1627-1647. [CrossRef]

Chien, S.; Tseng, K.J. Assessment of climate-based daylight performance in tropical office buildings: A case study. Int. ].
Low-Carbon Technol. 2014, 9, 100-108. [CrossRef]

Gupta, S.; Kushwaha, P.; Chauhan, A.S.; Yadav, A.; Badhotiya, G.K. A study on glazing to optimize daylight for improving
lighting ergonomics and energy efficiency of a building. AIP Conf. Proc. 2023, 2521, 040023. [CrossRef]

McArthur, J.; Herrera, N.; Mantha, P. International Sustainability Systems Comparison. Arup & CoreNet Global, 2014. Available
online: https://www.arup.com/-/media/arup/files/publications/i/international_sustainability_systems_report.pdf (accessed
on 26 October 2021).

Awadh, O. Sustainability and green building rating systems: LEED, BREEAM, GSAS and Estidama critical analysis. . Build. Eng.
2017, 11, 25-29. [CrossRef]

Gurgun, A.; Arditi, D. Assessment of Energy Credits in LEED-Certified Buildings Based on Certification Levels and Project
Ownership. Buildings 2018, 8, 29. [CrossRef]



Sustainability 2024, 16, 2963 28 of 29

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

Bishoge, O.; Zhang, L.; Mushi, W. The Potential Renewable Energy for Sustainable Development in Tanzania: A Review. Clean
Technol. 2018, 1, 70-88. [CrossRef]

Al-Ghamdi, S.G.; Bilec, M.M. On-Site Renewable Energy and Green Buildings: A System-Level Analysis. Environ. Sci. Technol.
2016, 50, 4606-4614. [CrossRef] [PubMed]

Kassenga, G.R. Promotion of renewable energy technologies in Tanzania. Resour. Conserv. Recycl. 1997, 19, 257-263. [CrossRef]
USGBC. Increased Ventilation. Available online: https://www.usgbc.org/credits/eq13 (accessed on 12 June 2023).

BCA. GM ENRB: 2017 BCA Green Mark For Existing Non-Residential Buildings: Technical Guide and Requirements.
Available online: https://www.bca.gov.sg/GreenMark/others/GM_RB2016_Technical_Guide_Requirements.pdf (accessed
on 12 May 2020).

Kongela, S.M. Sustainability potential awareness among built environment stakeholders: Experience from Tanzania. Int. J. Build.
Pathol. Adapt. 2021; ahead-of-print. [CrossRef]

Mensah, S. Explaining the lower usage rate of indigenous construction materials in Ghanaian public buildings using bounded
rationality. Heliyon 2023, 9, e17645. [CrossRef] [PubMed]

Agyekum, K.; Kissi, E.; Danku, J.C. Professionals” views of vernacular building materials and techniques for green building
delivery in Ghana. Sci. Afr. 2020, 8, e00424. [CrossRef]

USGBC. LEED v4.1 Building Design and Construction; Getting Started Guide for Beta Participants. Available online:
https://dcqpo543i2ro6.cloudfront.net/sites /default/files /file_downloads/LEED_v4.1_BD_C_Beta_Guide_1_22_19__ with_
requirements_final. pdf (accessed on 10 December 2023).

Ogunkah, I; Yang, J. Investigating Factors Affecting Material Selection: The Impacts on Green Vernacular Building Materials in
the Design-Decision Making Process. Buildings 2012, 2, 1-32. [CrossRef]

Cheng, C.-L.; Peng, ].-J.; Ho, M.-C.; Liao, W.-].; Chern, S.-J. Evaluation of Water Efficiency in Green Building in Taiwan. Water
2016, 8, 236. [CrossRef]

Hafez, F.S.; Sa’Di, B.; Safa-Gamal, M.; Taufig-Yap, Y.; Alrifaey, M.; Seyedmahmoudian, M.; Stojcevski, A.; Horan, B.; Mekhilef,
S. Energy Efficiency in Sustainable Buildings: A Systematic Review with Taxonomy, Challenges, Motivations, Methodological
Aspects, Recommendations, and Pathways for Future Research. Energy Strategy Rev. 2023, 45, 101013. [CrossRef]

Doan, D.T.; Tran, H.V,; Naismith, N.; Ghaffarianhoseini, A.; Ghaffarianhoseini, A. Green building rating systems: A critical
comparison between LOTUS, LEED, and Green Mark. Environ. Res. Commun. 2023, 5, 075008. [CrossRef]

Goulden, M.; Spence, A. Caught in the middle: The role of the Facilities Manager in organisational energy use. Energy Policy 2015,
85, 280-287. [CrossRef]

Suzer, O. Analyzing the compliance and correlation of LEED and BREEAM by conducting a criteria-based comparative analysis
and evaluating dual-certified projects. Build. Environ. 2019, 147, 158-170. [CrossRef]

Oke, A.; Aghimien, D.; Aigbavboa, C.; Musenga, C. Drivers of Sustainable Construction Practices in the Zambian Construction
Industry. Energy Procedia 2019, 158, 3246-3252. [CrossRef]

Zulu, S.; Zuluy, E.; Chabala, M. Sustainability awareness and practices in the Zambian construction industry. Acta Structilia 2022,
29, 112-140. [CrossRef]

Darko, A.; Chan, A.P.C,; Gyamfi, S.; Olanipekun, A.O.; He, B.-].; Yu, Y. Driving forces for green building technologies adoption in
the construction industry: Ghanaian perspective. Build. Environ. 2017, 125, 206-215. [CrossRef]

Opoko, A.P,; Obiakor, C.J.; Odutayo, A.A.; James, O.A. Investigation of Architects’ Awareness of Green Building Technologies in
Lagos Metropolis. IOP Conf. Ser. Earth Environ. Sci. 2022, 1054, 012021. [CrossRef]

Komolafe, M.O.; Oyewole, M.O. Awareness and Perception of Office Property Users on Green Building in Lagos, Nigeria. Int. ].
BES 2018, 5, 208-213. [CrossRef]

Darko, A.; Chan, A.P.C; Yang, Y.; Shan, M.; He, B.-J.; Gou, Z. Influences of barriers, drivers, and promotion strategies on green
building technologies adoption in developing countries: The Ghanaian case. J. Clean. Prod. 2018, 200, 687-703. [CrossRef]
Aghimien, D.O.; Aigbavboa, C.O.; Thwala, W.D. Microscoping the challenges of sustainable construction in developing countries.
J. Eng. Des. Technol. 2019, 17, 1110-1128. [CrossRef]

Marsh, R; Brent, A.; De Kock, I. Understanding the barriers and drivers of sustainable construction adoption and implementation
in South Africa: A quantitative study using the Theoretical Domains Framework and COM-B model. J. S. Afr. Inst. Civ. Eng. 2021,
63, 11-23. [CrossRef]

Nurick, S.; Thatcher, A. The Relationship of Green Office Buildings to Occupant Productivity and Organizational Performance: A
Literature Review. J. Real Estate Lit. 2021, 29, 18-42. [CrossRef]

Cheung, T.; Schiavon, S.; Graham, L.T.; Tham, K.W. Occupant satisfaction with the indoor environment in seven commercial
buildings in Singapore. Build. Environ. 2021, 188, 107443. [CrossRef]

Windapo, A. Examination of Green Building Drivers in the South African Construction Industry: Economics versus Ecology.
Sustainability 2014, 6, 6088-6106. [CrossRef]

Akreim, M.A.S. Motivators for Green Buildings: A Review. Environ. Manag. Sustain. Dev. 2018, 7, 137-156. Available online:
https:/ /www.macrothink.org/journal /index.php /emsd/article /view /12690 (accessed on 4 February 2024). [CrossRef]

Data, D. Analytics. World-Green-Building-Trends-2016-SmartMarket-Report-FINAL-2.pdf. Available online: https:/ /worldgbc.
org/wp-content/uploads/2022 /03 /World-Green-Building-Trends-2016-SmartMarket-Report-FINAL-2.pdf (accessed on 24
November 2023).



Sustainability 2024, 16, 2963 29 of 29

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

Tjenggoro, FEN.; Prasetyo, K. The usage of green building concept to reduce operating costs (study case of PT. Prodia Widyahusada).
Asian J. Account. Res. 2018, 3, 72-81. [CrossRef]

Berawi, M.A.; Miraj, P.; Windrayani, R.; Berawi, A.R.B. Stakeholders’ perspectives on green building rating: A case study in
Indonesia. Heliyon 2019, 5, €01328. [CrossRef]

Mushi, EV.; Nguluma, H.; Kihila, J. Factors Influencing Adoption of Green Buildings in Tanzania: A Qualitative Case Study. Int. ].
Build. Pathol. Adapt. 2023; ahead-of-print. [CrossRef]

Alrashed, F; Asif, M. Saudi Building Industry’s Views on Sustainability in Buildings: Questionnaire Survey. Energy Procedia 2014,
62, 382-390. [CrossRef]

ARU. Ardhi University Prospectus 2022-2023. Available online: https:/ /www.aru.ac.tz/uploads/documents/en-1678177810
-ARDHI%20UNIVERSITY %20Prospectus%202022-2023.pdf (accessed on 4 February 2024).

DUP. University of Dar Es Salaam, Undergraduate Prospectus 2023/2024. 2023. Available online: https://www.udsm.ac.tz/
/upload/20231129_104125_28-Nov-2023_UG_2023-2024_for_online_publication.pdf (accessed on 4 February 2024).

DUP. University of Dar Es Salaam, Postgraduate Prospectus 2023/2024. Available online: https:/ /www.udsm.ac.tz/ /upload /20
231129_104242_28-11-2023_PG_2023-2024_for_online_publication.pdf (accessed on 20 January 2024).

Mbeya University of Science and Technology (MUST). Undergraduate Prospectus 2022/2023; Mbeya University of Science and
Technology: Mbeya, Tanzania, 2022.

Darko, A.; Chan, A.P.C. Review of Barriers to Green Building Adoption: Review of Barriers to Green Building Adoption. Sustain.
Dev. 2017, 25, 167-179. [CrossRef]

Liu, T.; Chen, L.; Yang, M.; Sandanayake, M.; Miao, P; Shi, Y.; Yap, P.-S. Sustainability Considerations of Green Buildings: A
Detailed Overview on Current Advancements and Future Considerations. Sustainability 2022, 14, 14393. [CrossRef]

Oguntona, O.A.; Akinradewo, O.1.; Ramorwalo, D.L.; Aigbavboa, C.O.; Thwala, W.D. Benefits and Drivers of Implementing
Green Building Projects in South Africa. J. Phys. Conf. Ser. 2019, 1378, 032038. [CrossRef]

Were, S.W.; Diang’a, S.; Mutai, A. Challenges Faced by Practitioners in the Adoption of Green Building Concepts: A Case of
Nairobi City County. Int. J. Eng. Res. 2015, 4, 6.

Dwaikat, L.; Ali, K. Measuring the Actual Energy Cost Performance of Green Buildings: A Test of the Earned Value Management
Approach. Energies 2016, 9, 188. [CrossRef]

Dwaikat, L.N.; Ali, K.N. The economic benefits of a green building—Evidence from Malaysia. J. Build. Eng. 2018, 18, 448-453.
[CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.



