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Abstract: Across the global construction industry, climate change mitigation is achieved using design and construction
practices that optimise energy efficiency. The scope of these practices varies with regional contexts. In Nigeria and
other regions, their adoption is slow due to the absence of cost benchmarks to drive their implementation decisions. In
this study, we appraised the first cost premium (FCP) and the payback periods of selected passive designs strategies
(PDS) in retrofitted residential buildings. Using cost data from two categories of 150 retrofitted residential building
designs, analytical estimating processes showed that integrating five PDS would attract FCP totaling ¥ 3,612.17/m?
and ¥ 9,250.00/m? for bungalow and maisonette buildings. Procuring these FCPs also has varying levels of reduction
in energy consumption that are necessary to mitigate the impacts of climate change. The financial benefits in energy
savings from two PDS (roof insulation and overhang) could only pay-off the FCP for bungalows with cost-savings of
81%, while reducing the FCP for maisonettes by 70% in one year. The discounted FCP after one year becomes zero for
the bungalow and N 2,650.00/m’ for the maisonette. The short-term payback periods provide a significant incentive for
developers to adopt energy-efficient designs in building development.
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1. Introduction

One of the pertinent contributions of buildings to climate change is the increase in embodied and operational carbon
[1]. The projected growth in building electricity expenditures [2] suggests that climate-responsive designs and buildings
are desirable. Climate change mitigation essentially focuses on energy efficiency, and the resultant expenditures are also
contingent on the savings in buildings’ energy consumption [2]. The scope of energy saving represents the effectiveness
of climate change mitigation response [3]. The term “climate change mitigation” refers to the practices that abate
greenhouse gas emissions and enhance the sequestration of terrestrial carbon [4]. This paper reports on the research
which determined the first cost premium (FCP) of passive designs strategies (PDS) for the Nigerian hot and humid
contexts. Sustainable buildings (SB) encourage the efficient use of resources such as energy, water and materials [5].
However, the practices enabling SB are subject to regional standards, patterned on the bioclimatic conditions of a place.
Based on inherent variation in regional climates, sustainable building design (SBD) therefore encompasses passive and

Copyright ©2022 Samuel Ekung, et al.

DOI: https://doi.org/10.37256/gbce.3120221283

This is an open-access article distributed under a CC BY license
(Creative Commons Attribution 4.0 International License)
https://creativecommons.org/licenses/by/4.0/

Volume 3 Issue 1]2022| 1 Green Building & Construction Economics


https://orcid.org/0000-0002-1288-9252
https://orcid.org/0000-0002-5353-8926
http://www.wiserpub.com/
http://ojs.wiserpub.com/index.php/GBCE/
http://ojs.wiserpub.com/index.php/GBCE/

active energy-efficient design strategies.

In Nigeria, two design guidelines are evolving to direct energy-efficient building development, namely: Building
Energy Efficiency Guidelines [6] and Building Energy Efficiency Code of Nigeria (BEECN) [7]. These guidelines set
out criteria for achieving energy efficiency during the design and use phase of buildings. Limited research, however,
championed their financial implications and FCP. Due to the dearth of knowledge about the financial implications
of SBD practices, their adoption is low [8]. Therefore, the stakeholders in developing countries are laggard in
implementing SBD due to the absence of cost benchmarks to navigate project decisions at the design stages [9,10].
The dearth of the relevant cost benchmarks in SB triggers low adoption and cost uncertainties [11,12]. Research in
SB in Nigeria examined conceptual, institutional, and regulatory issues. This paper advances the cost of SBD using a
quantitative approach developed using analytical estimating.

The paper connects SB to the realization that building energy efficiency can reduce greenhouse gas emissions
associated with climate change [13]. The focus of the paper lies in passive energy-efficient designs capable of reducing
the operational carbon footprint of buildings [14]. This paper is based on the financial assessment approach that
integrates annual energy-savings outputs with construction cost inputs. The research evaluated the construction costs
and financial benefits of passive energy-efficient designs in Nigeria. The objectives were to establish the potential FCP
and financial benefits of implementing passive energy-efficient design requirements in residential project development.
Since construction stakeholders often prioritise budgeting for SBs on established rational economic criteria [15], this
study will improve the adoption of SBs [16]. In addition, the research outputs would promote SB awareness [17] as well
as improving SB implementation decision-making processes [12].

2. Theoretical development
2.1 Climate change and building energy efficiency

The term “climate change” refers to changes in the earth’s climatic conditions caused by variations in atmospheric
conditions caused by human activities [4]. Buildings are responsible for the consumption of numerous of the earth’s
resources: energy, water, materials, agricultural lands, timber, coral leaves, and rainforest destruction [18]. The uptake
of these resources in the development and operation of buildings contributes to climate change, ozone depletion,
pollution, and landfill waste, among other environmental degradations. The impacts of resource depletion stretch into
generations, thereby distorting the flow between the sustainability of today’s environment and the future [18]. Buildings,
therefore, affect the natural environment through energy use, global warming, climate change, resource depletion, waste
generation, and pollution [18,19].

In Nigeria, evidence abounds to show that the climatic conditions are changing, e.g., rise in temperature, variation
in mean sea level, frequent harsh weather conditions and flooding [20]. These impacts have produced commonly spread
implications across the country, even though the states in the northern hemisphere are more vulnerable than those in
the south [4]. The implications for energy generation and its availability, however, continue to be the most acute effect
of climate change on buildings [20]. Enabling climate change strategies therefore advocate passive and active energy-
efficient design strategies to optimise energy consumption in buildings [21]. However, their costs remain an unsettled
concern [4,21]. Designing new buildings and retrofitting existing buildings to be energy-efficient is the way to reduce
climate change. The financial analysis of climate change adaptations also relies on energy cost savings in buildings [2].
As a result, Nigeria’s construction industry should focus on building more efficient housing infrastructure as a way to
fight climate change [4].

2.2 Passive design strategies for climate change mitigation in building development

The term “PDS” is used to depict ways of achieving internal comfort in a building using non-active practices.
However, the use of the natural movement of heat, air, balanced solar gain and cooling are prevalent considerations in
passive design practices [22]. Strategies associated with PDS include building orientation, thermal massing, efficient
lighting, daylighting, and transparency ratio optimisation [6,22,23]. Building orientation represents the most strategic
approach to achieving passive cooling and is responsible for 80% of the energy efficiency achievable through PDS [8].

Green Building & Construction Economics 2 | Samuel Ekung, et al.



This is achieved by orienting solar glazing to the north-south for optimal heating, shading, and daylighting. Thermal
mass refers to the heat absorption and emission rate of a material [24]. Thermally efficient materials regulate space
temperature by absorbing and emitting heat when the ambient temperature drops [6]. Lighting is clearly one of the
building’s major energy-consumption elements. [8]. However, both artificial lighting and daylighting system solutions
are often considered in PDS. The use of low-energy lights and re-lamping by reducing lighting intensity during
design are examples of contemporary PDS for artificial lighting. “Controlled entry of natural light into space through
windows, clerestories, or skylights” [24] is what daylighting implies. The use of daylighting effectively in PDS has been
associated to a 25% reduction in the use of artificial lighting during the day [24]. Although a variety of factors influence
the efficiency of daylighting, the visual transmittance index dominates the critical literature. The window-to-wall
ratio (WWR) is a measurement of a building’s natural ventilation and daylighting. The amount of heat gained by the
building is reduced through shading. It is considered one of the most effective PDS for tropical climates [25]. Internal
shading devices, such as fin walls, vertical or horizontal shading overhang devices, and extended roof overhangs, are
integrated into the building structure, whilst external shading devices include eaves, awnings, screens and shutters,
louvres, verandahs, pergolas, trees, and shrubs [25]. Based on the foregoing, the literature on PDS is extensive. The
specifications for each strategy also vary with the bioclimatic condition in which it is applied. Table 1 shows the energy
savings associated with incorporating selected PDS in the study area. Gyoh et al. [26] demonstrated that a variety of
PDS yield varied energy savings through design simulation experiments utilizing bioclimatic data in Nigeria’s hot and
humid environment.

Table 1. The classification of green facades [6]

Strategies/cost variables Savings Energy saved (kWh/m?a)

1 Conventional concrete building -

2 Centralized air handling system +6% 205
3 Secondary ventilated roof +8% 195
4 Large overhangs to shade walls +5% 35
5 Roof insulation + 6% 75
6 Wall insulation +6% 20
7 Floor insulation +4% 5
8 Airtightness +2% 100
9 Double glazing +4% 15
10 Light colour walls +0% 15
11 Landscaping to create shade +5% 15

2.3 Putting contexts to costs

The most prevalent approach to evaluating the costs of SB is to compare the costs of SBD with the costs of
similar conventional designs [27]. The second strategy to price the financial implications of SB adopted analytical
estimating. This strategy was used to price the costs of SBD schemes by putting costs on local green design policies
[28,29]. A plethora of cost benchmarks in the SBs are also developed from historical cost data of completed projects
[30]. Due to the limitations posed by low adoption of SBD in developing countries and the resultant dearth of cost
data from completed projects [31], this study progressed using analytical estimating. Analytical estimating refers to the
breakdown and pricing of the aggregated activities of the project systems using current market values [32]. The process
also compares the outputs with the cost of conventional designs to establish the cost differential resulting from energy-
efficient retrofits. The use of this approach is global [27,28] and also represents the most sophisticated approach based
on a theoretical standpoint, robust processes and data requirements [33]. The use of historical data is criticised for
the inability to enhance the lifecycle socio-economic analysis associated with the SB [1]. This theoretical gap further
supports the advocacy on the use of analytical estimating. Socio-economic analysis is important to the emerging markets
in producing evidence of how insignificant extra investment can produce future benefits in the short-medium term [8].
Analytical estimating, on the other hand, is based on current market values and a combination of different data needs
that are flexible to enhance lifecycle costing [34].

Volume 3 Issue 12022| 3 Green Building & Construction Economics



3. Material and methods
3.1 Research design and population

The study was descriptive research aimed at attributing the financial implications of varying energy-efficient design
practices in buildings. The research design combined secondary data synthesis with archival studies. The building’s
150 samples consist of two categories of residential buildings (bungalow and maisonette). A bungalow traditionally
refers to buildings on a single floor, having living rooms and bedrooms, a kitchen, toilets, and other functional spaces. A
maisonette, on the other hand, refers to a single-household dwelling on two floors with only a guest room on the ground
floor. The study optimised different building sizes in order to characterise different energy consumption levels. The
sizes of the bungalow buildings varied from 45 to 350 m?, while the sizes of maisonettes ranged from 163 to 802 m?.
The interest in studying residential property is directed towards solving the housing problems faced by households in
Nigeria.

3.2 Data collection and sampling

Two categories of data were collected in the study, namely: secondary and primary. The secondary data comprised
published data on the performance of sustainable retrofits in the research environment [6,26]. The study also collected
primary data through auditing and analytical estimating processes of conventional building designs (CBD) obtained
from architectural firms in the South-South Region of Nigeria. The primary data collection was set out with the
screening of 450 approved CBD (bungalow and maisonette) for energy efficiency using three parameters: orientation,
building form factor, and compactness ratio. The screening produced 150 designs that met the sampling requirements.
30 research clusters comprising five groups in the six states of the South-South Region of Nigeria were set up; each
group comprised an electrical engineer, a quantity surveyor, and an architect. The responsibilities of the research clusters
included retrofitting selected designs using the requirements of the BEECN, performing cost estimating, and producing
relevant data needed in the study. The data collection for the study, therefore, involved the six stages shown in Figure 1.

h (" ) ( )
Conventional building design Auditing of design inf(.)rmation Estimating the cost of
selection from selected designs conventional building designs
/ \, J \, J
I
Y
3 4 2 ( )
Retrofitting conventional designs o Analytical estimating/cost
Estimating the cost of retrofitted f ;
using passive design strategies fﬁg ient building desi analysis of conventional and
in BEECN energy-efficient building designs energy-efficient designs
J \, y, \, J

Figure 1. Data collection flow chart
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3.3 Data analysis

The study engaged in descriptive and inferential data analysis using percentages, mean, analytical estimating, and a
one-sample #-test. In the inferential statistics category, the study adopted paired sample #-test to evaluate the hypothesis,
which examined whether the cost premium for bungalow and maisonette buildings is related or different. The test was
directed at developing a logical underpinning for aggregating the FCP in both categories for cost management purposes.
The validity of the #-test involved the p-value (£ 0.05).

In the descriptive analysis, mean, percentages, and analytical estimating were applied. The data was initially
normalised to a common unit, that is, cost per square area, since each conventional and retrofitted energy-efficient
building design is similar in terms of its sizes. The study thereafter performed a trade-off between the costs of both
designs to obtain the cost premium for achieving improved energy efficiency in building designs. The study further
priced the energy savings of SBD (secondary data) using current electricity tariffs obtained from Port Harcourt
Electricity Distribution in Nigeria to obtain their financial benefits. The trade-off between the average cost premium
and their financial benefits per annum produced the payback duration for investment in SBD. Equation 1 shows the
payback duration (PD), while Equation 2 shows the derivative of the percentage cost premium (PCP). In Equation 1,
CP represents the cost premium, while C is the financial equivalent of energy savings achieved. Similarly, in Equation 2,
CCBD represents the cost of conventional building designs.

PD = 2 (1)
C

PCP = cp x100% @)
CCBD

3.4 Research variables

Table 2 shows the design interventions for achieving energy efficiency in buildings in Nigeria. The requirements in
Table 2 largely follow the recommendations in BEECN. The basis flows from the understanding that the most important
strategy for mitigating climate change in the construction sector is to optimise energy consumption [21]. This research
synergised this knowledge and past studies to extract only the PDS imperative to energy efficiency. Two scoping studies
[6,7] provide in-depth discussions of the scientific experiments underpinning the development of BEECN. The scope of
this study is limited to the five PDS listed in Table 2.

Table 2. Measurement of PDS in the study

Variable Passive sustainable design strategies Unit  Costing unit
1 WWR 20% of external walls Percentage Naira/m?
2 Shading (Extended 1.2 m projected distance from the wall Metre Naira/m?
Roof Overhang)
3 Lighting Lighting at 6 W/m? low energy lamps W/m? Naira/m?
4 Thermal massing Aluminum long-span roof covering, 0.55 mm thick, 50 mm mineral wool U-value  Naira/m?
5 Daylighting Solar e-Clear glazing with 60% visual transmittance index (VTI) VTI Naira/m?
6 Energy-savings Financial savings in energy consumption using passive design retrofits only - $ 2.84 or N 1,364/m? kWH Naira/m?
4. Results

The results of the study are presented in two sections, namely: the cost of PDS, tests of hypothesis, and energy
savings from energy-efficient designs.
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4.1 The costs of passive energy-efficient designs

The results in Table 3 show that seeking to improve the building’s energy performance in this region would
add to the construction cost. This implies that implementation of the design interventions in Table 2 would attract
an incremental cost. However, the CP results from only four design interventions, namely: extended roof overhang,
energy-efficient daylighting, WWR, and insulated roof covering. The fifth design intervention, on the other hand, has
no added cost effect but cost-savings. In specific terms, efficient lighting (at 6 W/m?) would result in a reduction in
construction costs. The five PDS were grouped to reflect the elements of the building in which each occurs. Roof-related
interventions, that is, extended roof overhang and insulated roof covering, made the most significant contributions
to the total additional cost of energy-efficient designs. Table 3 shows the average cost premium for three elements
(window, roof, and lighting). The CP for roof-related interventions is ¥ 5,400.00/m? and ¥ 5,040.00/m? for bungalow
and maisonette buildings, respectively. The amounts are equivalent to 6.00% and 5.09% extra expenditure on the cost
of similar conventional buildings. Window-related interventions (low-energy solar e-glass - Pilkington with safety
shield clear glass and a WWR of 20%) have the second most significant CP. The CP for window-related interventions
is N 3,985.00/m* and ¥ 4,670.81/m?. This is equivalent to 4.43% and 5.09% extra expenditure on the cost of alternate
designs. On the other hand, lighting intervention has no extra cost but produces significant cost-savings; the net extra
cost is - N 262.50/m* and - ¥ 341.00/m? respectively for both categories of buildings. The implication indicates that
efficient lighting (6 W/m?) reduces the total cost of construction. Table 3 also shows the minimum and maximum extra
costs of improving each intervention. These benchmarks are objective to guide decision-makers about the upper and
lower cost thresholds for budgeting decisions. The variance suggests the average cost benchmarks are not fixed but vary
with the uncharacterised properties of the building.

Table 3. Cost premium in SBD using PDS

Element Building type Net additional ~ Net percentage Maximum Maximum Minimum Minimum
cost addition additional costs  additional costs  additional costs percentage
(%) addition (%)

Window Bungalow N 3,985.39/m? 4.43%/m? N 5,670.94/m? 6.30%/m? N 1,035.05/m? 1.15%/m?
Maisonette N 4,670.81/m? 5.09%/m? N 9,337.14/m? 10.37%/m? N 1,646.35/m? 1.83%/m?

Roofing Bungalow N 5,400/m? 6.0%/m? N 5,750.00/m? 7.50%/m? N 4,050.00/m? 4.50%/m?
Maisonette ¥ 5,040.00/m? 5.09%/m? ¥ 6,300.00/m? 7.00%/m? N 3,780.00/m? 4.20%/m?

Lighting Bungalow -N262.5/m? 0.47%/m? - N 420.00/m? 0.47%/m? - N 105.00/m? 0.12%/m?
Maisonette - N 341.00/m? 0.38%/m?> N 525.00/m? 157.00/m> N 0.58%/m? 0.18%/m?

$1=N410.352

The combined CP for the five PDS in Table 3 is presented in Figure 2. The total mean CP for bungalows is ¥
3,612.17/m* with upper and lower limits of ¥ 8,262.14/m? and N 571.35/m?. For the maisonette building category, the
mean CP is N¥ 9,250.00, while the upper and lower limits are ¥ 11,841.32 and ¥ 6,275.32, respectively. In terms of
percentage addition, the mean CP is 3.90% and 10.56% for bungalow and maisonette buildings, respectively.

The difference between the upper and lower limits of the CPs and between the mean CP for bungalow and
maisonette is numerically significant (Figure 2). This premise was further examined to ascertain the statistical
significance of the perceived variations with a view to guide appropriate cost management decisions. The analysis is
imperative as the discrepancies may pose prejudice to the future estimation of CP relying on these benchmarks. A paired
sample -test was conducted to determine whether the aggregated average CP of both categories of buildings differed
significantly. The paired sample #-test, otherwise referred to as the dependent sample test, was valid based on the critical
p-values.

The result in Table 4 shows a negative correlation coefficient » (150), - 0.023, p > 0.05 (0.868). The null hypothesis,
H,, was accepted. The correlation is weak, insignificant, unrelated and cannot be aggregated for cost management
purposes. As a result, it is not possible to have a unified CP benchmark for bungalow and maisonette buildings.
Moreover, since 7 is the degree of association, - 0.023 indicates an inverse order relationship and an increase in the CP
of the bungalow is expected to cause a decrease in the CP of the maisonette. Similarly, the f-statistic also indicates a
negative value, and since the p-value is less than 0.05, ¢ (55) = - 9.336, p < 0.000, the null hypothesis is rejected. The

Green Building & Construction Economics 6 | Samuel Ekung, et al.



inference agrees with the result of the correlation, buttressing that both samples are different.

Building types
Maisonettes and Bungalow

10%
8%
6%
. 4% .
Standard deviation Minimum
N 3,129.07 (10.28%) 29, N 6,275.32 (10.26%)
N 178.69 N571.35
0% .
..
..
. - .
8- . -.
L] Py s . ..
- . L]
* L L] ..
.
Mean cost premium ®  Maximum
¥ 9,250.00 (10.28%) N 11,841.32 (13.16%)
N 3,612.17 N 8,262.14

Figure 2. Combined cost premium for bungalows and maisonettes

Table 4. Paired samples #-tests of aggregated costs premium of bungalow and maisonettes

Category N Correlation Sig. Decision
Pair 1 C1 and C2 56 -0.023 0.868 Accept H,
Pair 1 C1 and C2 t-test Df Sig. (2-tailed)

-9.336 55 0.000 Reject H,

Cl1 refers to maisonette buildings; C2 refers to bungalow buildings

4.2 The financial benefits of PDS

Nydahl et al. [2] stated that energy efficiency represents climate change mitigation across sectors. Accounting for
the cost of climate change mitigation depends on the savings in energy consumption. The benefits of passive designs
reported in this study are established energy-savings from secondary data. Energy-savings from each intervention in the
literature [26] are used to calculate the financial benefits in this section, which are based on the current electricity rate of
N 60.00/kWh. Table 5 shows the total financial benefits accruable to roof-related PDS is only ¥ 6,600.00/m? per annum.
When the financial benefits are discounted from the CP in Table 3 (¥ 9,250.00/m? and ¥ 3,612.17/m?), the net CP in the
research environment becomes - ¥ 2,987.83/m’? and N 2,6500.00/m? at the end of the first year. The payback duration
and financial savings could be greater when the energy-savings accruing from other interventions are incorporated into
the trade-off calculation. The total CP could be paid off in less than a year and two years, respectively, for the bungalow
and maisonette. Therefore, the payback duration of an energy-efficient bungalow is less than a year and two years for a
maisonette SBD.
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Table 5. Financial benefits of selected PDS

Strategies/cost variables Savings Energy saved (kWh/m?a) Cost/m? (N)
1 Large overhangs to shade walls + 5% 35 2,100.00/m’a
Roof insulation + 6% 75 4,500.00/m*a

3 Inclusive PV
Total 6,600.00/m?%a

Adapted from Table 1

5. Discussions

Based on the increasing difficulty of implementing full-scale SB in developing countries due to the dearth of
relevant standards, PDS are often adopted to define the scope of SB by optimising building energy consumption. The
delimitation follows the empirical evidence in which various researchers in Nigeria interpreted SB using energy-
efficient strategies [35,36]. The enabling guidelines for SB in Nigeria (BEECN) also support energy efficiency; the CP
reported in this study therefore develops from the financial implications of energy-efficient SB praxis. The results of the
study showed that energy-efficient SB requires extra funding averaging ¥ 3,612.17/m? and ¥ 9,250.00/m? respectively
for bungalow and maisonette buildings. The discounted CP from the financial pricing of potential energy savings due
to roof-related PDS intervention was - ¥ 2,987.83/m? and N 2,6500.00/m?, one year into the use phase of the buildings.
This implies that the CP of the bungalow has a payback duration of less than one year and less than two years for
maisonette buildings.

The standard deviation of the individual CP estimated from their means is significant, thereby making the CP
unduly disconnected from the mean. As a result, the dispersion of the mean CP from the total sample in each category
is diverse. Moreover, the average CP for the two buildings, in addition to the significant deviation within each sample,
also shows a significant dispersion (Table 3). This result poses a significant reliability bias to the CP’s characterisation
using a common benchmark. A vista of research windows is conceptualised for the need to explore the appropriate
yardstick for attributing the cost of SB in practice and research. This study, therefore, posits that the cost of SB is
contingent on other critical parameters different from the size of the building adopted in this study as well as in other
global studies. Alternative normalisation of CP could offer newer dimensions for explaining the unchartered territories
in CP characterisation since cost/m? is laden with significant variance.

The results of the study validate three converging views from the literature on the cost of SB. The first viewpoint
posits that energy-efficient SB has varying CP, which varies according to regional standards [23]. This study affirmed
this position through the varying CPs reported for the different PDS interventions. The second view affirms that the
cost of SB could be similar to the cost of conventional buildings. The short-term payback periods of less than one to
two years in this study back up this assumption. The third view asserts that SB may be less expensive than conventional
buildings; this study shows that the CPs are extinguished in less than one to two years. Therefore, against the popular
perception that has increasingly linked SBs with only long-term financial benefits [37], this research provides new
evidence to buttress that those benefits could be short-term. The implications suggest that SB (using PDS) would be
financially freestanding in less than one to two years. Two years into the use-life of the project, energy-efficient SBs are
more economical than conventional buildings. The study also shows that certain SB features are available at little or
no extra cost. Examples include efficient lighting. The cost of efficient lighting in this study has a negative cost effect;
overall, this strategy reduces construction costs by ¥ 302.00/m” Sun et al. [22] showed that efficient lighting represents
a more cost-effective PDS, while Onyenokporo and Ochedi [38] asserted that low-cost PDS are effective in achieving
energy efficiency in buildings in Nigeria.

From these results, the adopters of SB are likely to implement PDS with low or zero extra cost due to the accruing
CP, e.g., efficient lighting. The adopter’s inclination for low-cost PDS is consistent with Morris et al. [39] findings’
in the United States. Morris et al. [39] showed that green adopters in the United States implemented low-cost design
strategies. From this position, stakeholders are not likely to implement roof shading due to its higher CP. The effect of
CP in this context agrees with the theoretical implication of rational decision consumption theory. Rational economic
decision theory links consumption decisions to certain factors in which cost is overarching. The implication is that,
with the established CP information, adopters of SB would imperatively not respond to cost-laden PDS. But in order
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to upscale the adoption of SB among stakeholders, it is important to decouple cost-laden decision-making to allow
the tangible and non-tangible benefits of related practises to interplay at the adoption decision interface. Stakeholders
must likewise engage consciously in research and practises that can reduce the CP as a departure point for driving
education for sustainable development in the construction industry. Future and existing professionals, as well as
clients and the general public, must be exposed to the understanding that SB is achievable at a low-cost or a zero-cost
investment through modification of existing conventional building practices. This is very significant for promoting the
implementation of energy-efficient passive design practises in order to mitigate the impacts of climate change. It is also
important to stress that the benefits and payback period of SB could be short-term compared to the long-term orientation
popularly propagated in the literature.

Amidst its grandstanding outputs, the study is limited by the prospective structure of its data as well as excessive
reliance on hard costs alone. To improve this limitation, future studies may seek out post-project data as well as data
incorporating soft costs in order to model a robust scientific path to resolve the regional cost issues inhibiting the
implementation of SB. Again, even though the FCP did not strictly address lifecycle cost concerns, issues of inflation
would not influence the performance of the established cost benchmarks. As shown in a previous study [39], cost
inflation of over 25% did not dissuade adopters, even though other contexts could have accounted for this resilient
consumption behaviour. Moreover, the study arrived at this benchmark through a trade-off between SB and conventional
building costs, with inflation expected to have a uniform impact on both construction approaches.

6. Conclusion

SBD complying with passive energy-efficient design requirements are operative to mitigate climate change. The
mitigation of climate change through SBD practise in the construction industry also draws extra expenditure above
the cost of the conventional construction approach. Even though SBD is in operation to minimise energy consumption
at a cost premium, it also provides financial benefits by reducing energy use. This study affirmed that the scope of the
added expenditures attributed to SBD varies along with regional contexts, bioclimatic design specifications, and policy.
In Nigeria, the adoption of five PDS (efficient shading, WWR, daylighting, lighting, and thermal massing) to improve
the energy performance of conventional building designs requires extra expenditures. The estimated cost premium
associated with these PDS varies with the type of building. For residential buildings, the established cost premium for
bungalows is ¥ 3,612.17/m* and ¥ 9,250.00/m? for maisonette buildings. The annual financial benefit in energy savings
attributed to roof insulation and extended overhang (shading) alone is ¥ 6,600/m? per annum. The discounted cost
premium after one year into the operational life of the buildings shows over 82% cost savings for the bungalow and a
71% reduction in the cost premium for the maisonette. Bungalow and maisonette residential buildings adopting PDS
have less than one to two years’ payback periods, respectively. The short-term payback periods established provide
ample incentive for the viable promotion of investments in SBDs as a significant departure from the traditional long-
term orientation known across the globe. The cost benchmarks are likewise adequate to drive SBD implementation
in developing markets with similar bioclimatic conditions towards climate change impact mitigation. The research
provides insight on the expenses of SBD and establishes cost benchmarks for advising the decision to implement
passive energy-efficient building design during the planning stages of project development.

Conflict of interest

The authors declare no conflict of interest.

References

[1] Clarke L, Eom J, Marten EH, Horowitz R, Kyle P, Link R, Mignone BK, Mundra A, Zhou Y. Effects of Long-Term
Climate Change on Global Building Energy Expenditures. Energy Economics. 2018; 72: 667-677.

Volume 3 Issue 1|2022| 9 Green Building & Construction Economics



[2] Nydahl H, Andersson S, Astrand AP, Olofsson T. Including Future Climate Induced Cost When Assessing Building
Refurbishment Performance. Energy and Buildings. 2019; 203: 109428.

[3] European Standard. EN 16627:20155 Sustainability of Construction Works - Assessment Economic Performance of
Buildings - Calculation Methods. National Standards Authority of Ireland. 2015.

[4] Haider H. Climate Change in Nigeria: Impacts and Responses. Institute of Development Studies. K4D Helpdesk
Report: 675, 2019.

[5] Kibert CJ. Sustainable Construction: Green Building Design and Delivery. 3rd ed. New Jersey: John Wiley and
Sons; 2013.

[6] Arup O, Genre D. Building Energy Efficiency Guideline for Nigeria. Abuja: Federal Ministry of Power, Works and
Housing; 2016.

[7] Geissler S, Osterreicher D, Macharm E. Transition Towards Energy Efficiency: Developing the Nigerian Building
Energy Efficiency Code. Sustainability. 2018; 10(8): 2620.

[8] Ekung S. Development of Sustainability Costs Models and Optimisation Strategies for Buildings in South-South,
Nigeria. Unpublished PhD thesis. University of Uyo; 2019.

[9] Ade-Ojo CO, Ogunsemi DR. Cost Prediction for Green Affordable Housing in Nigeria. In: Olanrewaju A, Shari Z,
Gou Z. (eds). Green Affordable Housing: An Interactive Approach. 1st ed. Boca Raton: CRC Press; 2019. p. 264-
281.

[10] Hu M, Skibniewski MJ. A Review of Building Construction Cost Research: Current Status, Gaps and Green
Buildings. Green Building & Construction Economics. 2021; (2)1: 1-17. Available from: doi:10.37256/
gbce.212021768.

[11] Shi Q, Yan Y, Zuo J, Yu T. Objective Conflicts in Green Buildings Projects: A Critical Analysis. Building and
Environment. 2016; 96: 107-117.

[12] Park JY, Choi SG, Kim DK, Jeong MC, Kong JS. Credit Optimization Algorithm for Calculating LEED Costs.
Sustainability. 2017; 9(9): 1607.

[13] Anand CK, Amor B. Recent Developments, Future Challenges and New Research Directions in LCA of Buildings:
A Critical Review. Renewable and Sustainable Energy Reviews. 2017; 67: 408-416. Available from: doi:10.1016/
j.rser.2016.09.058.

[14] Kneifel J. Life-Cycle Carbon and Cost Analysis of Energy Efficiency Measures in New Commercial Buildings.
Energy and Buildings. 2010; 42(3): 333-340. Available from: doi:10.1016/j.enbuild.2009.09.011.

[15] Taemthong W, Chaisaard N. An analysis of Green Building Costs Using a Minimum Cost Concept. Journal of
Green Building. 2019; 14(1): 53-78.

[16] Ramboll. Sustainable Buildings Market Study 2019. 6th ed. Denmark: Ramboll Group; 2019. Available from:
https://ramboll.com/-/media/files/rgr/documents/markets/buildings/s/sustainable-buildings-market-study 2019
web.pdf?la=en [Accessed 22nd October 2020].

[17] Portnov BA, Trop T, Svechkina A, Ofek S, Akron S, Ghermandi A. Factors Affecting Homebuyers’ Willingness
to Pay Green Building Price Premium: Evidence from a Nationwide Survey in Israel. Building and Environment.
2018; 137: 280-291. Available from doi:10.1016/j.buildenv.2018.04.014.

[18] Willmott-Dixon Group. The Impacts of Construction and the Built Environment. United Kingdom: Willmott-Dixon
Group; 2010.

[19] Mensah J. Sustainable Development: Meaning, History, Principles, Pillars, and Implications for Human Action:
Literature Review. Cogent Social Sciences. 2019; 5(1): 1653531.

[20] Ebele NE, Emodi NV. Climate Change and its Impact in Nigerian Economy. Journal of Scientific Research and
Reports. 2016; 10(6): 1-13.

[21] Dioha MO, Emodi NV. Energy-climate Dilemma in Nigeria: Options for The Future. International Association for
Energy Economics. 2018; 2: 29-32.

[22] Sun X, Gou Z, Lau SS. Cost-effectiveness of Active and Passive Design Strategies for Existing Building Retrofits
in Tropical Climate: Case Study of a Zero Energy Building. Journal of Cleaner Production. 2018; 183: 35-45.
Available from: doi:10.1016/j.jclepro.2018.02.137.

[23] Ekung S, Odesola IA, Adewuyi T. Green Cost Premium for Attaining Energy-Efficiency Rating in Nigeria’s Hot-
Humid Residential Buildings. International Journal of Building Pathology and Adaptation. 2021; 40(2): 248-268.
Available from: doi:10.1108/1JBPA-01-2021-0008.

[24] Attoye DE. Manipulation of Daylight as a Post-Construction: A Partial Comparative Analysis. In: Ebohon OJ,
Ayeni Dorcas A, Egbu CO, Omole FK. (eds.) Proceeding of The Joint International Conference (JIC) 2016 on 21st
Century Human Habitat: Issues, Sustainability and Development, 21st - 24th March 2016, The federal University

Green Building & Construction Economics 10 | Samuel Ekung, et al.



of Technology, Akure (FUTA), Nigeria. Nigeria: Joint International Conference Editorial Committee; 2016. p.
124-130. Available from: http://eprints.lincoln.ac.uk/id/eprint/25194/2/COMPLETE%20BOOK%200F%20
PROCEEDING%20160923.pdf [Accessed 20th September 2020].

[25] Kamal MA. An Overview of Passive Cooling Techniques in Buildings: Design Concepts and Architectural
Interventions. Acta Technica Napocensis: Civil Engineering & Architecture. 2012; 55(1): 84-97.

[26] Gyoh L, Isona S, Monteyne H. (eds.) Sustainable Building in Hot and Humid West Africa. PIND Project Warri,
Forum of Building Science, Department of Building and Environment, Danube University. 2013.

[27] Rehm M, Ade R. Construction Costs Comparison Between ‘Green’ and Conventional Office Buildings. Building
Research & Information. 2013; 41(2): 198-208.

[28] Gabay H, Meir 1A, Schwartz M, Werzberger E. Cost-benefit Analysis of Green Buildings: An Israeli Office
Buildings Case Study. Energy and Buildings. 2014; 76: 558-564.

[29] Gan X, Zuo J, Wu P, Wang J, Chang R, Wen T. How Affordable Housing Becomes More Sustainable? A
Stakeholder Study. Journal of Cleaner Production. 2017; 162: 427-437.

[30] Matthiessen LF, Morris P. Costing Green: A Comprehensive Cost Database and Budgeting Methodology.
London: Davis Langdon; 2004. Available from: https://vgbc.vn/wp-content/uploads/2018/12/Costing-Green
A-Comprehensive-Cost-Database-and-Budgeting-Methodology.pdf [Accessed 24th March 2022].

[31] Ekung S, Ujene A, Otali M. Effects of Dissemination Practices on Organisational Change to Adopt Sustainable
Construction. Journal of Sustainability Science and Management. 2019; 14(4): 174-188.

[32] Jacomit AM, Silva VG, Granja AD. Can Sustainable Buildings Cost the Same as Conventional Buildings. In:
Proceedings of the 3rd CIB International Conference on Smart and Sustainable Built Environments, SASBE 09,
15-19 June 2009, Delft, The Netherlands. Delft, The Netherlands: CIB & TU Delft; 2009. Available from: www.
researchgate.net/publication/284186948 [Accessed 24th December 2020].

[33] Meron N, Meir IA. Building Green Schools in Israel. Costs, Economic Benefits and Teacher Satisfaction. Energy
and Buildings. 2017; 154: 12-18. Available from: doi:10.1016/j.enbuild.2017.07.044.

[34] Khoshbakht M, Gou Z, Dupre K. Cost-benefit Prediction of Green Buildings: SWOT Analysis of Research
Methods and Recent Applications. Procedia Engineering. 2017; 180: 167-178.

[35] Faremi O, John IB, Nwokediuko C. Sustainable Building Construction Practices in Lagos State, Nigeria. In: /3th
International Postgraduate Research Conference, IPGRC 2017, 14-15 September 2017, Manchester, United
Kingdom. Manchester, United Kingdom: University of Salford; 2017. p. 870-880.

[36] Ogunde A, Amos V, Tunji-Olayeni PF, Akinbile B, Ogunde A. Evaluation of Application of Eco Friendly Systems
in Buildings in Nigeria. International Journal of Civil Engineering and Technology. 2018; 9(6): 568-576.

[37] Dwaikat LN, Ali KN. Green Buildings Life Cycle Cost Analysis and Life Cycle Budget Development: Practical
Applications. Journal of Building Engineering. 2018; 18: 303-311. Available from: doi:10.1016/j.jobe.2018.03.015.

[38] Onyenokporo NC, Ochedi ET. Low-Cost Retrofit Packages for Residential Buildings in Hot-Humid Lagos, Nigeria.
International Journal of Building Pathology and Adaptation. 2018; 37(3): 250-272. Available from: doi:10.1108/
1JBPA-01-2018-0010.

[39] Morris P, Matthiessen LF. Cost of Green Revisited: Re-examining the Feasibility and Cost of Sustainable Design
in the Light of Increased Market Adoption. Council of Tall Buildings and Urban Habitats. 2007. Available from:
https://global.ctbuh.org/resources/papers/download/1242-cost-of-green-revisited-reexamining-the-feasability-and-
cost-impact-of-sustainable-design-in-the-light-of-increased-market-adoption.pdf [Accessed 22nd April 2020].

Volume 3 Issue 1/2022| 11 Green Building & Construction Economics



	_ENREF_1

