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Abstract This study investigated the extent to which
building professional practices in Abuja, Nigeria are
knowledgeable and integrate 29 energy efficiency design
features in selected office buildings in the study area, with
a view to making contributions on how to enhance users’
comfort and satisfaction within office environments. A
structured questionnaire was used to gather data from 80
participants drawn from architectural and engineering
design firms in the study area. The survey data were
analysed by descriptive statistics, and the key finding is
that the knowledge and integration levels of the energy
efficiency design features in the selected office buildings
by the sampled firms, are high. Appreciably, 71% of the
respondents declared that they are aware of the energy
efficiency design features in question, while only 29% of
them acknowledged having little or no knowledge of any of
the features investigated. On the level of integration of the
features in office buildings, 64% of the firms stated that
they have integrated some of the features, while 35% of
them declared not to have integrated any of the features
under investigation in this study. One of the
recommendations of the study is that relevant professional
bodies of the building industry should provide forums such
as seminars and training workshops towards promoting the
benefits of energy efficiency design features in
communities, thereby fostering better understanding and
wider deployment of the features by more building design
and construction professional practices. This will

ultimately help in reducing global warming and the adverse
effects of buildings on the environment, both locally and
globally in the long run.
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1. Introduction

The building construction industry is both unique and
dynamically constituted, forming a significant part of the
larger economy of any nation. It is of utmost significance
in Nigeria, accounting for over 1.4% of its GDP and being
a huge employer of labour according to [1]. Office
buildings abound in the cityscape of most modern cities
locally and internationally. These buildings comprise of
existing stocks and new builds. This has resulted in most
city planning authorities developing energy efficiency
building standards and building codes towards enhancing
reduced energy dependence and energy consumption
which adversely cause office building structures to affect
their immediate vicinity. As a result of these effects of
buildings on the environment in Nigeria due to high
energy consumption and dependence, the Government of
Nigeria - while collaborating with the German
Development Agency (GlZ) - came up with the energy
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sector support programme which places more importance
towards achieving energy efficiency in office buildings
with more reliance on renewable energy generation.

The government of Nigeria has also developed a three
pronged approach towards energy efficiency, namely a
guideline that consists of codes which is the Action Plan
2015-2030 and a Code for the country. Of major
significance in this code (Federal Government of Nigeria
Building Energy Efficiency Code, 2017; 1) is the specific
deliverables that can translate to energy savings in office
buildings by 40 per cent. Among the several measures
identified that can be engaged in achieving this are the
placement of windows to shade the interiors of buildings,
and a significant reduction of installed lighting power
density. Other measures towards achieving further energy
savings in office buildings include having a minimum
requirement for roofing insulation, improving on specified
air conditioning performance and having an installation of
non-inverter split units to be restricted (Federal
Government of Nigeria Building Energy Efficiency Code,
2017;1).

According to [2], generally speaking, saving energy use
in buildings seeks to ensure usage of power within office
buildings in such a way that they meet the office users’
comfort level. This is followed by enhancing health and
safety of office users, and at the same time reducing the

harm which offices have on the surrounding environments.

The authors further observed that certain energy
efficiency design features and principles that enable office
designers achieve energy efficiency in office buildings are
usually based on two major principles and strategies,
namely: firstly, passive design strategies and secondly,
active design strategies. Whereas the former consist of
strategies that take advantage of the bioclimatic
environment of buildings, the latter are based on
mechanical systems and fixtures on the buildings. On the
one hand, [3] have suggested that energy efficiency design
features in office buildings can be achieved by using
alternative sources of energy in the form of going green
with natural ventilation and electricity systems.

Based on this understanding, several research works
have been published on integrating energy efficiency
design features in office buildings internationally and in
Nigeria. For example, [4] argued that the use of energy
efficient design features that rely on improved covering
efficiencies of cladding materials used in buildings plays a
very important role in office buildings user comfort. The
author further argued that there should be more training in
the skills in the areas of energy efficiency in buildings. [5]
were of the view that being able to insulate buildings by
the type of insulation used, the type of urban and
architectural design and also placing a high level of design
that promotes sustainability, will enhance the thermal
comfort for occupants. [6] have also argued that design
features when carefully selected and applied in office
buildings will further reduce the cooling loads in them,
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while [7] insisted that introducing landscape design in the
scheme of works is a very vital constituent in the
development of energy efficient buildings and therefore,
more work needs to be done in order to understand the use
of landscape in providing thermal comfort in office
buildings. Furthermore, [8] examined the perceptions of
architects on energy efficient decisions required for the
Ghanaian building industry and concluded that there
should be a policy by its government to enforce the
Leadership in Energy and Environmental Design (LEED)
framework which is appropriate in improving the
performances within commercial buildings in Ghana. In
their study on sustainable hospital architecture, [9]
revealed the potentials underground spaces possess
towards improving energy efficiency, environmental
friendliness and harmonization of healthcare facilities
with the artificial and natural environment. They argued
that locating hospital functions at underground levels,
helps to maintain stable natural temperature and reduce
noise from the environment, amongst others.

In  Nigeria, [10] examined electricity use in
mechanically cooled commercial office complexes in five
major cities in Nigeria using computer software packages.
It was observed that there was difficulty in achieving
thermal comfort in office buildings in Abuja without
mechanical cooling. The authors therefore noted that
applying phase change materials like ice which absorb or
release latent heat as they change in their physical
structure from solids to liquids provide cooling in these
building types and user comfort can be improved within
them. [11] highlighted the need for using energy
efficiently in buildings in Nigeria because according to
this author, renewable energy use is completely absent in
the Nigerian Building Industry. The author therefore
suggested that governments at all levels in Nigeria should
embark on enlightenment campaigns on the importance of
using energy efficiently within office buildings. Another
study by [12] identified the passive and active design
features that were used in areas with extreme weather
conditions of the North- Eastern part of Nigeria. [13]
recommended in a research on a building in the Federal
Capital Territory (FCT) Abuja, a successful sustainable
improvement of existing public office buildings where
facilities should be given more attention from the users’
perspective than the other design variables.

All these studies cited here provided insight into the
various design features integrated in office buildings
towards achieving energy efficiency in them. As a result,
energy efficient buildings play a vital role in ensuring
good working environments, improving the health of
office users thereby accelerating the comfort and
productivity of its users. However, [14] noted in their
study that there was a paucity of research which had not
adequately investigated energy efficiency in office
buildings especially in countries in Sub-Saharan Africa,
and thus argued that more work needs to be done on the
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subject of energy efficiency and the integration of energy
efficiency design features and their effects on users’
comfort in office buildings. Moreover, [15] also observed
that in Nigeria there was a lack of awareness among
building professionals of the various energy efficiency
design features that are applicable to office buildings.

From the above, it can be inferred that empirical studies
on adoption of energy efficiency design features in office
buildings are rare in Nigeria, and that building
professionals including Architects and Engineers may not
have adequate knowledge of these features. Furthermore,
no research work was found to have been carried out to
investigate the extent to which building design and
construction firms that work in Nigeria know about the
various energy efficiency design features which are
applicable in office buildings design and construction,
especially in a fast growing city like Abuja. In addition, it
was also observed that there is paucity of empirical
studies on the extent to which energy efficiency design
features influence users’ comfort in office buildings,
especially in Nigeria. These imply that adequate research
attention is yet to be given to investigations into energy
efficiency design features and how these impact on users’
comfort in office buildings in Nigeria. This has partly
obscured our understanding of the specific contributions
building professionals are making in Nigeria to achieve
energy efficiency in office buildings and by extension
slowing down the attainment of the eleventh goal of the
sustainable development goals (SDGSs), which specifically
deals with sustainable cities and communities. This has
become very important due to the effects of global
warming on the environment which has resulted in
understanding  whether  design and  construction
professionals in designing energy efficient buildings, are
aware of the various design features available in
delivering energy efficient buildings. As a result of this
identified gap in literature, [15] further observed that it
had become expedient that this study should investigate
and understand the extent to which Architectural and
Engineering practices in  Abuja, Nigeria, were
knowledgeable and integrated the different energy
efficiency design features that were available for
attachments in office buildings towards achieving user
comfort within them. In order to achieve this aim, the
fundamental objectives developed for the study were
firstly, to investigate the awareness levels of architects
and engineers in the study area of the several identified
energy efficiency design features necessary for
deployment in office buildings. Secondly, and of most
significance was to understand the extent of integration of
the different energy efficiency design features in the office
buildings designed and constructed by the design and
construction experts.

The study area was strategically selected due to the
following reasons. Firstly, is Abuja’s current status as the
fastest growing urban city in Nigeria which has a high

volume of office buildings situated in one location.
Secondly, due to the fast pace of development of buildings
and infrastructural facilities in the city, it has become the
Eldorado of most design and construction firms where
they can earn a measurable level of income. Thirdly,
Abuja is situated in the North Central Geopolitical zone,
its central nature makes for a cross fertilization of design
and construction ideas from different design and
construction professionals. The research scope was
limited to architectural and engineering practices
domiciled in the city of Abuja that designed and
constructed the office buildings selected for the study that
place emphasis on achieving energy efficiency in office
buildings. The central business district of Abuja was the
primary area of focus with an emphasis on selecting
practices that placed emphasis on design and construction,
and had been involved in designing and constructing
buildings in this vast area. Furthermore, the study was
carried out with a focus on 29 energy efficiency design
features identified from literature.

According to [16] efforts should not be spared in the
field of research and development towards the reduction
of energy consumption and wastes as a result of their
harmful environmental consequences. This calls for
studies such as this whose findings will contribute to
existing literature on ways of developing sustainable
office buildings, improving green building design,
mitigating the effects of buildings on the environment and
enhancing user comfort within office buildings. The study
is further itemised and subdivided into: literature review,
methodology, results and discussion, conclusion,
acknowledgments and references.

2. Literature Review

2.1. Benefits of Energy Efficiency in Office Buildings

According to [1], sustainability and green design
practices are being used as solutions to issues relating to
environmental sustainability in developing climes like
Kenya, South Africa and Ghana. [17] argue that energy
efficiency serves a fundamental in all climes due to its
cost benefit analysis and its ability to offset the need for
some generation capacity. It is the belief of [18] that
energy efficient buildings could offset the global energy
demand that could have emanated from the commercial
sector by 40 percent. Again, they argue that it is the
Architect that will play a strategic role in the process of
mitigating this energy efficiency menace of buildings. [19]
found that there are advantages and savings/profits gained
from adopting features that reduce and enhance energy
usage within buildings. They further defined these as long
term benefits which are quantifiable and they have
identified the following benefits to support their
submissions.
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Firstly, they identified a high price premium for energy
efficiency and competitions that will arise from multiple
suppliers of energy efficient materials and components.
Secondly, they believe there will be improvements in the
perception of the public towards construction
professionals that design their buildings in an energy
efficient manner, as well as improvements in the
productive capacity of workers within the office buildings
who no longer call in sick from work due to the “sick
building” syndrome. Thirdly, there will be benefits gained
in the health and comfortability of office building users,
which are an advantage within the buildings and are also
increasing the benefits of energy security by relying less
on fossil-based fuels for energy generation.

On the economic side of the value chain, there would
be an increase in availability of jobs for skilled
professionals to be engaged in new office building
construction and renovation works. This is as a result of
the value chain having the ability to provide products and
services that enable the reduction of the negative effects
of construction/building towards mitigating climate
change by an efficient use of resources and preventing
unnecessary demolitions of buildings that contribute to
construction waste and the protection of the environment.

2.2. Enablers of the Integration of Energy Efficiency
Design Features in Office Buildings

[20] identified enablers that promote the integration of
energy efficiency design features in office buildings at the
third (COP-3) to the United Nations Framework
Convention on Climate Change held in Japan in 1997 to
negotiate a legally binding treaty to reduce greenhouse gas
emissions into the environment. Of major importance and
significance to this convention was the reduction of
carbon dioxide from the atmosphere to which office
buildings are believed to contribute majorly. As a result,
one of the fall outs of this meeting was the identification
of the approaches towards promoting energy efficiency in
buildings, and the following were steps suggested towards
solving this major problem of energy efficiency in office
buildings namely regulatory instruments, voluntary
instruments, management and leadership related factors,
skills and knowledge factors and market factors.

Regulatory instruments are means that governments use
in intervening in the markets towards achieving positive
gains in the society. These could include imposing bans
on energy consumption or bans on importation and
exports of certain building materials that could be harmful
to the environment. Therefore violations of these
regulations are subject to penalties and sanctions as
imposed by government. Governments can enforce these
regulatory instruments by coming up with methods such
as imposing mandatory codes, carbon/energy tax policies,
tradable permits.
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Voluntary instruments include offering rebates to
suppliers and building professionals who make it a point
of duty in making their buildings comply with energy
efficient standards regarding the types of energy efficient
materials they acquire and use on their building projects.
As a result, steps towards achieving this could take the
form of unilateral agreements, negotiated agreements,
voluntary programmes on the parts of all those involved in
the construction process. This further involves
development and selection of the right personnel during
construction and also the motivation of personnel towards
new methods. Skills and Knowledge factors deal with
increase in the awareness and education of management
and personnel, new construction methods and technology
adoption, proper application of right tools and techniques.
Again, Market factors have to do with the increasingly
competitive economic market. This factor can encourage
construction companies to adopt energy efficiency design
features technology so there is great competition in the
market.

2.3. Empirical Studies on the Integration of Energy
Efficiency Design Features in Office Buildings
across Countries and Long-Term Trends

Literature search has revealed the research interest in
this area of study on energy and energy reduction around
the world which have highlighted energy conservation and
efficient design features which have been adopted in
office buildings towards enhancing users comfort within
such buildings. [21] observed that the interest in energy
efficiency in buildings has become important amongst
governments and construction professionals within the
same period because of the importance that has been
placed on energy efficiency in buildings. This has been an
ongoing measure within the last three years and was
recently made a standard based effort due to the sudden
interest in environmental damage issues and how this
affects buildings and the environment. Arising from this,
building regulation standards that lay emphasis on green
buildings used in different climes possess green buildings
standards on energy efficient designs like LEEDSs in the
USA. Others are BREEAM (Building Research
Establishment Environmental Assessment Method) used
in Britain and the green building label of China and until
recently the energy efficiency codes and standards in
Nigeria.

Firstly, in a study on encouraging the adoption of green
technologies in building construction in Ghana, [22]
observed that setting standards, improvements on energy
efficiency and occupants’ health and well-being,
conservation of non-renewable resources and a reduction
in the whole lifecycle cost were the key deliverables in
adoption of green building technologies in Ghana.
Secondly, in another study conducted by [23] on reduction
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of energy usage in the work place and at home of users of
such buildings in the United Arab Emirates, the authors
observed that energy efficiency actions adopted at home
by the building occupant more than doubles the likelihood
of the same action being taken at work, and vice versa.

Furthermore, in studies conducted in the United States
of America by [24], it was observed that in understanding
the energy conservation patterns and attitudes towards this
in the workplaces in America as being a threefold concept
of motivation, opportunity and ability, opportunity was
first on the list of effects, followed by motivation and
ability. In another study conducted by [25] on energy
consumption in Caribbean office buildings, the authors
argued that short term solutions to energy concerns in
typical office buildings in the Caribbean Islands have an
inherent 10% inefficiency.

There are also researches that were conducted by [26]
on encouraging the adoption of the principles of energy
efficiency in buildings in China through clean
development mechanisms where they discovered that
there was limited awareness of clean development
mechanisms in the building sector in China due to
identified limitations that exist in the Chinese construction
industry. Also, [27] in a study conducted on climate
change effects, implications and impacts on building
energy use in different climatic zones in China, observed
that adopting the use of energy-efficient lighting and
raising the summer set point have good mitigation
potentials with regard to office buildings in China.
Thereafter, there was another research conducted by [28]
on the effects of green building incentives and skills and
supply factors that affect green commercial property
investment in Malaysia. The authors argued that by
applying green skills such as green design, green
construction, green maintenance and green procurement
are major factors that could improve green commercial
building investments in Malaysia.

Further empirical studies conducted by [29] on
understanding the effective usage and efficiency of steady
electricity in developing countries, with Kyrgyzstan as the
main focus revealed that energy efficient light bulbs can
indeed lead to significant reductions in energy efficiency.
Also, [30] in a research conducted in Hong Kong on the
optimization of low/zero energy buildings using both
single and multiple optimization methods, observed that
there was a higher performance obtained from buildings
that adopted the renewable energy systems optimized by
both methods than that of the benchmark building in most
scenarios. In a similar research on adoption of energy
efficiency in office buildings in South Africa by [31] on
cost and benefits analysis of sustainable building
production in the Western Cape province of South Africa,
it was observed that achieving sustainability in buildings
depends on the collaborative efforts of all construction
stakeholders. [32] in conducting a research in Ethiopia on
the current and future States of Ethiopia’s Energy Sector

also observed that there is a huge renewable energy
potential in Ethiopia that has been under-utilized, and
could be useful as a major resource for rural energy access.
Finally, in a research study conducted by [33] in New
Zealand on the comparison of construction costs between
green and conventional buildings, it was observed that
green buildings are not inherently expensive because of
the use of sustainable materials and systems.

Nigeria is highly vulnerable to the impact of climate
change according to [34]. In Nigeria, in a study conducted
by [35] on the extent of incorporation of green features in
office properties in Lagos, Nigeria, observed firstly that
there was a low integration of green features into existing
office properties, and secondly that green features relating
to material use and conservation is the most incorporated
green feature in office buildings in Lagos, Nigeria. [12]
observed that comfort in spaces can be enhanced through
the use of adequate energy conscious design elements.
They further observed that buildings in Nigeria currently
lay more emphasis on aesthetic values with little or no
consideration for energy efficiency so more research
should be carried out on energy efficiency in office
buildings in Nigeria.

3. Research Methods

The materials of data collection used for this study were
sourced from an on-going research thesis centred on
energy efficiency design and users’ comfort in office
buildings. The research further sought to investigate the
implementation of energy efficiency design strategies, the
integration of energy efficiency design features in office
building design and construction and their effects on users’
comfort within these office buildings. The study therefore
adopted a quantitative research methodology by collecting
data by the administration of structured questionnaires to
architecture, civil, electrical, mechanical and structural
engineering firms in Abuja, Nigeria. The sample frame
was comprised of architects, civil, mechanical, electrical
and structural engineers working for architectural and
engineering firms that designed and constructed 16
selected office buildings in the central business district of
Abuja. Quota sampling technique was used to select 16 out
of 79 office buildings for the study. The 16 buildings that
constitute the sample size were those found to have
sufficient number of energy efficiency design features
integrated in them. Their selection was based on the type of
office building and the number of floors in them. The
adoption of quota sampling technique was to ensure that
each category of office buildings ranging from 1 and 2
floors, 3to 5 floors, 6 to 9 floors, 10 to 13 floors and those
of between 14 floors and above were represented in the
study as shown in Table 1.

The Data collection instrument used for the study was
designed by the researchers and divided into sections
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covering six key components. However, only data
retrieved from three sections of the questionnaire that are
in line with the objectives of this present study are
presented in this article. The sections from where the data
were drawn from are, firstly, Section A, which covers the
respondents’ firms and number of floors the buildings
they designed and constructed comprise. Secondly,
Section B was used to collect data regarding the level of
knowledge of energy efficiency design features. In this
Section, the respondents were asked to indicate their level
of knowledge of the 29 energy efficiency design features
identified in previous literature based on a 5-point Likert
type scale ranging from “1” that represents No Knowledge
to “5” for Very High Knowledge. Section C was used to
gather data on the extent to which the firms have
integrated the 29 energy efficiency design features in the
selected office buildings using a 5-point Likert type scale
similar to the one used in Section B. The surveys took
place in Abuja between February and June 2020. In each
of the selected firms, 5 building professionals (architects,
civil, mechanical electrical and structural engineers) were
given a questionnaire to complete. In total, 80 copies of
the questionnaire were administered and all were retrieved
and useful. The (SPSS) software was used to analyse the
data obtained from the survey and subjected to descriptive
statistics and content analysis which involved the
calculation of percentages and frequency distribution. The
results are presented using tables and charts.

4. Results and Discussion

4.1. Information on the Selected Office Buildings

In total, 80 hardcopies of the questionnaires were
distributed to the building professionals of the firms that
designed and constructed the sixteen selected office
buildings. All the administered questionnaires were
retrieved and were found useful and analysed, meaning a
100% retrieval rate was achieved in total. The data in the
following Table 1 show relevant information on the
selected office buildings that the firms designed and
constructed which constituted the selected office buildings
used in the research.

The data in Table 1 show that the first office building,
the Shehu-Musa Yar’Adua Centre was designed by Julius
Berger Nigeria Ltd in collaboration with its in-house
engineering subsidiaries. The majority of the buildings
were designed by EI-Mansur Atelier, who also worked
with their in-house engineering subsidiaries. Two of the
buildings, Nigerian Society of Engineers and Nicon
Insurance, were designed by Archon in collaboration with
their in-house engineering firms. Each of the other
buildings were designed by Custom Realties, Archiform
Consultants, Belel Abdullahi and Associates, Interstate
Architects,  Silverbird  Properties, SI-SA, Sterling
Properties and Design Group, all in collaboration with
their in-house engineering firms.

Table 1. Information on the Selected Office Buildings

S/N Office Buildings Archi:if/t:hr/a;IdFirms Engir:(re](\e/r(')ilr\\/%girms Number of Floors
1 Shehu Musa Yar’Adua Centre Julius Berger In House 1-2 Floors
2 Nigerian Bar Association Custom Realties In House 3-5 Floors
3 Edo State Liaison Office Archiform Consultants In House 3-5 Floors
4 Nigerian Society of Engineers Archon In House 3-5 Floors
5 NICON Headquarters Archon In House 6-9 Floors
6 Nig. Elect. Regular Comm. El Mansur Atelier In House 6-9 Floors
7 Adamawa Plaza El Mansur Atelier In House 3-5 Floors
8 Coscharis Office El Mansur Atelier In House 3-5 Floors
9 AFDB Building Interstate Architects In House 6-9 Floors
10 Plateau State Liaison Office Belel Abdu]lahi and In House 6-9 Floors
Associates
11 PPPRA Building El Mansur Atelier In House 6-9 Floors
12 Silverbird Galleria Silverbird Properties In House 6-9 Floors
13 Bank of Industry Building SI-SA In House 10-13 Floors
14 Sterling Bank Building Sterling Properties In House 3-5 Floors
15 PTDF Building Arabi Bello and Associates In House 10-13 Floors
16 Churchgate Building Design Group In House 14 Floors and Above
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4.2. Knowledge of the Firms on Energy Efficiency efficiency design features used in office buildings. 29

Design Features employed in Office Buildings identified Energy Efficiency Design Features were used
for this purpose. Table 2 is a representation of the Type of
organisation and Energy Efficiency Design Features
identified from existing literature.

This section is a presentation of the results on the level
of knowledge of the professionals sampled in the
architectural and engineering firms regarding energy

Table 2. Descriptive Statistics on Knowledge Level of the Firms on Energy Efficiency Design Features

Types of Organisations .
Energy Efficiency Design Chi Asym
S/No ¥ Y g Architects Civil Engrs Elect Mech Struc Square ymp
Features 9 Engrs Engrs Engrs 2 Sig
n(%) n(%) : . : (X9
n(%o) n(%o) n(%o)
Colours as Design -
1 Features 8(54.66) 4(29.56) 5(33.41) | 6(41.84) | 6(43.03) | 12.112 017
2 Window Size 8(50.88) 7(47.91) 4(25.13) | 6(38.91) | 6(39.69) | 13.147 | .011*
3 Wall Cladding 7(47.69) 6(41.81) 4(30.66) | 6(39.47) | 6(42.88) 5.557 235
4 Heat Sink 7(46.56) 6(37.63) 6(44.50) | 4(2359) | 8(50.22) | 15.018 .005%
5 Trombe Walls 7(44.41) 6(35.78) 5(32.31) | 6(36.44) | 8(53.56) 9.767 .045%
Autoclaved Aerated .
6 Concrete Walls 6(41.38) 7(49.59) 5(31.69) | 5(32.38) | 7(47.47) | 10.012 | .040
7 Double Skin Facades 8(50.22) 7(49.72) 5(30.06) | 4(29.09) | 6(43.41) | 13.742 .008*
8 Ve”t"atedv‘\’/;:f;’“b'e Skin | g(53.28) 8(56.13) 5(3L84) | 4(2844) | 5(32.81) | 22221 | .000*
9 Climate Adaptive Shells 7(48.22) 8(51.25) 5(31.94) 5(35.31) 5(35.78) 10.385 .034*
10 Kinetic Facades 7(48.56) 7(46.75) 6(36.25) | 4(24.75) | 7(46.19) | 14.994 .005*
11 | Energy Efficient Ceilings | 6(38.91) 7(49.50) 4(26.75) | 6(38.75) | 7(4859) | 11.107 .025%
12 LED Lighting 5(35.16) 8(53.84) 4(29.06) | 5(37.06) | 7(47.38) | 13233 | .010*
13 | Low Emgf;‘;'itggw'”d"w 6(40.53) 8(50.41) 4(2822) | 5(33.28) | 8(50.06) | 12612 | .013*
14 | Energy Recovery Vent 6(41.63) 10(65.56) 4(28.41) | 6(39.88) | 4(27.03) | 31491 | .000*
Systems
15 HVAC Systems 6(40.44) 8(51.78) 5(32.28) 6(40.44) 6(37.56) 6.561 161
High Efficiency Solar
16 Water Heator 6(38.63) 8(51.13) 5(36.13) | 6(41.44) | 5(35.19) 5.532 237
Energy Efficient
17 L andscaping Elements 6(40.53) 8(53.63) 4(29.94) | 6(38.44) | 6(39.97) 9.072 .059
18 Layer of Insulation 8(51.50) 8(53.28) 5(32.53) | 6(38.31) | 4(26.88) | 17.315 | .002*
19 Str“Ct“Fr,Z'n'eTS“'ated 7(48.69) 7(49.19) 5(35.28) | 5(34.94) | 5(3441) | 9.059 060
20 Insulated Block Wall 8(51.81) 7(49.19) 5(3156) | 5(34.75) | 5(35.19) | 11.962 .018*
21 Wide Overhangs 8(53.56) 7(48.69) 4(28.25) | 6(38.66) | 5(33.34) | 13970 | .007*
22 Sun Shading Device 6(41.94) 8(50.41) 4(27.94) | 5(35.78) | 7(46.44) | 10.005 | .040*
23 Smart Windows 6(43.69) 7(49.56) 4(28.31) | 5(32.59) | 7(48.34) | 11.659 .020*
24 Smart Doors 6(38.91) 8(50.75) 3(24.25) | 5(34.03) | 8(54.56) | 19.235 .001*
25 Solar Panels 7(44.19) 7(46.22) 4(28.91) | 5(35.88) | 7(47.31) 7.857 .097
26 Wind Mills 7(44.63) (49.94) 4(27.28) | 5(36.50) | 7(44.16) 9.816 .044*
27 Green Roofs 6(43.63) 6(45.88) 4(29.75) | 6(39.22) | 7(44.03) 5.301 258
28 Vents in the Roof 7(45.06) 7(49.28) 4(26.38) | 5(35.44 | 7(46.34) | 11.448 .022%
29 | AtriaasaDesign Feature | 6(38.31) 7(46.06) 6(37.09) | 6(39.09) | 6(41.94) 1.633 .803
a. Kruskal Wallis Test
b. Grouping Variable for Type of Organisation
*Statistically Significant

n=frequency, %=percentage
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The results in Table 2 shows that regarding the
differences in knowledge about the 29 energy efficiency
design features among the professionals, the descriptive
analysis shows that among the architects in the sample,
the highest proportion (54.66%, 50.88%, 50.22%, 53.28%,
51.50%, 51.81% and 53.56%) know very well about
colours as design features, window size, double skin
facades, ventilated or double skin walls, layer of
insulation, insulated block walls and wide overhangs,
respectively as energy efficiency design features in office
buildings (Table 2). For the civil engineers sampled, the
highest proportion of them have known very well about
ventilated or double skin walls (56.13%), climate adaptive
shells (51.25%), LED lighting system (53.84%), low
emissivity window glazing (50.41%), energy recovery
vent systems (65.56%), HVAC systems (53.78%), high
efficiency solar water heater (51.13%), energy efficient
landscaping elements (53.63%), layer of insulation
(53.28%), sun shading device (50.41%), and smart doors
(50.75%). Whereas the results (Table 2) show that a
majority of the electrical engineers and mechanical
engineers sampled claimed to know little or have no
knowledge about each of the 29 energy efficiency design
features investigated in the current research, greater
proportion (50.22%,53.56%, 53.56%, 50.06% and 54.56%)
of the structural engineers sampled responded that they
knew about heat sink, trombe walls, low emissivity
window glazing, and smart doors, respectively as energy
efficiency design features in office buildings.

Furthermore, of the 29 energy efficiency design
features investigated, the highest proportions of the
professionals who know very well about colour, window
size, double skin facades and wide overhangs were the
architects, while highest proportions of the professionals
who knew about ventilated or double skin walls, climate
adaptive shells, LED lighting systems, low emissivity
window glazing, energy recovery vent systems, HVAC
systems, high efficiency solar water heater, energy
efficient landscaping elements, layer of insulation and sun
shading device were civil engineers as shown in Table 2.
However, a high proportion of the structural engineers
stated that they knew about heat sink and smart doors as
energy efficiency design features in office buildings.
These results show that a higher proportion of the civil
engineers sampled apparently knew more of the energy
efficiency design features in office buildings than the
other professionals, closely followed by the architects and
structural engineers, respectively.

Kruskal-Wallis tests of significance were conducted to
investigate whether the observed difference in the
knowledge of energy efficiency design features among the
professionals was statistically significant, and the results
are also presented in Table 2. A kruskal-Wallis Test or the
one way Anova test is usually a rank based non parametric
test usually used to determine statistically differences

421

between two or more groups of an independent variable
on a continuous or ordinal dependent variable. The test
results revealed that apart from difference in knowledge
on eight design features, including wall cladding (X* =
5.56, p=0.235), HVAC Systems (X*= 6.56, p=0.161), high
efficiency solar water heater (X?= 5.56, p=0.235), energy
efficient landscaping elements (X? = 9.07, p=0.059),
structural insulated panel (X*= 9.06, p=0.060), solar panel
(X?=7.86, p=0.097), green roof (X?= 5.30, p=0.258) and
atria (X? = 1.63., p=0.803), which is not statistically
significant because they all emerged with p>0.05, the
difference in knowledge about the other 21 design features
with p<0.05 is statistically significant (Table 2). This
result means that differences as demonstrated by the
professionals in their knowledge about the 21 energy
efficiency design features with p<0.05 was because of
their different roles as architects, civil engineers, electrical
engineers, mechanical engineers and structural engineers
in the design of the office buildings investigated.

The results in table 2, for clarity’s sake, are summarized
in Figure 1 for concise understanding.

16.66% 6.23%
Very High—__ _None
23.49%
__Very Little
/
20.98%/
High
32.61%
Moderate
Figure 1.  Summary of the Awareness Level of the Sampled

Professionals employed by the Sampled Firms regarding Energy
Efficiency Design Features employed in Office Buildings.

The descriptive analysis shows that the majority
(32.61%) of the professionals declared to have moderate
knowledge, some (20.98%) stated a high knowledge and
few (16.66%) professed to a very high knowledge as
shown in Figure 1. However, a minor proportion (6.23%)
of the professionals has apparently no knowledge of
energy efficiency design features at all. This result
indicates that the professionals who participated in the
research mostly have knowledge about the existence of
different energy efficiency design features that was
investigated. This implies that most of the professionals
are competent enough to provide valid data on their
integration in the design of the office buildings
investigated in this study.
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4.3. Integration Level of the Firms of Energy Efficiency Design Features in Office Buildings

This section presents the results on the extent to which professionals in the architectural and engineering firms
investigated integrated energy efficiency design features in office buildings. The result of the descriptive analysis
conducted in this regard is presented in Table 3.

Table 3. Descriptive Statistics on Integration Level of the Firms of Energy Efficiency Design Features in Office Buildings

Integration Level (N = 80) Chi

Energy Efficiency Civil Elect Mech Struct Asymp
S/No . ; : . Square .
Design Features Arﬁ?{:/tf;cts Engineers Engineers  Engineers  Engineers ) Sig
° n(%) n (%) n(%) n(%)
Colours as Design
1 oo 6(42.53) 6(40.00) 5(35.44) 6(39.69) 7(44.84) 1500 0811
2 Window Size 6(39.41) 6(38.56) 5(32.97) 7(45.63) 7(4594) 3781 0437
3 Wall Cladding 7(45.78) 6(41.38) 5(37.25) 6(39.59) 6(3850) 1368  0.850
4 Heat Sink 6(40.34) 3(23.81) 4(30.38) 8(54.72) 8(53.25) 23462  0.000*
5 Trombe Walls 6(38.63) 6(40.56) 4(31.69) 7(44.09) 7(4753) 4517 0341
Autoclaved Aerated
6 Conorete Walls 6(43.28) 5(36.06) 4(30.25) 7(45.69) 7(4722) 649  0.165
7 Double Skin Facades 6(40.69) 5(36.09) 5(33.75) 7(47.25) 7(44.72) 4.125 0.389
Ventilated or Double
8 Sk Walls 6(42.41) 6(41.03) 4(33.38) 7(47.13) 6(3856) 3281 0512
9 Climate Adaptive Shells  6(37.94) 6(38.16) 5(35.53) 7(49.16) 6(4172) 3585  0.465
10 Kinetic Facades 7(43.81) 5(37.44) 4(28.59) 7(46.09) 7(4656)  7.409 0116
11 E”egg“iEg':'e”t (42.53) 8(50.34) 4(2897)  A(3466)  T7(4600) 9699  0.046*
12 LED Lighting 7(47.22) 5(33.66) 5(33.44) 4(34.97) 8(53.22)  10.646  0.031*
Low Emissivity
13 Window Glazing 6(42.69) 6(39.75) 4(28.31) 6(42.25) 7(4950) 7544 0110
14 Energy RecoveryVent ) 5g) 5(31.31) 5(33.59) 7(49.19) 7(46.81) 7766 0.101
Systems
15 HVAC Systems 6(41.47) 7(44.34) 4(26.19) 7(47.44) 6(43.06) 8900  0.064
High Efficiency Solar
16 Wator Homor 6(44.66) (33.63) 5(31.81) 7(46.81) 6(4559) 6503  0.165
Energy Efficient
17 | andscaping Elements 0(@434) 7(49.31) 5(31.00) 6(43.56) 5(35.22) 7325 0120
18 Layer of Insulation 7(47.53) 6(38.06) 4(30.50) 7(48.84) 6(3756) 7324 0120
19 StrUCt”;?nLTS”'ated 6(40.94) 6(40.25) 5(3206)  7(4853)  6(4072) 4320  0.364
20 Insulated Block Wall 5(36.38) 7(46.13) 5(34.00) 7(45.75) 6(40.25) 3816 0432
g Wide OV;;CSS”QS/ Roof 641.00) 5(32.78) 5(31.69) 7(44.75) 8(52.28) 10560  0.032*
22 Sun Shading Devices 6(43.25) 6(39.53) 4(25.84) 7(44.94) 7(48.94) 11611  0.020%
23 Smart Windows 6(38.34) 7(44.44) 5(31.69) 7(44.56) 6(4347) 3968  0.410
24 Smart Doors 6(43.56) 6(39.81) 5(30.28) 7(44.50) 7(44.34) 5289 0259
25 Solar Panels 6(40.06) 6(42.75) 5(33.63) 6(42.72) 6(43.34) 2160  0.706
26 Wind Mills 6(43.00) 6(43.63) 5(30.31) 6(44.09) 6(41.47) 4376 0357
27 Green Roofs 7(46.03) 5(38.28) 5(34.28) 7(43.75) 6(40.16)  2.805  0.591
28 Vents in the Roof 6(43.41) 5(37.22) 5(32.00) 7(46.78) 6(43.09) 5348 0253
29 Atria 7(49.81) 5(31.00) 5(35.19) 6(44.94) 6(41.56)  7.346  0.119

a. Kruskal Wallis Test
b. Grouping Variable for Type of Organisation
*Statistically Significant

n=frequency, %-=percentage
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Further examination of the results in Table 3 reveals
that the highest proportion of the architects (49.81%) and
structural engineers (53.25%) declared to have integrated
atria as a design feature and heat sink, and the highest
proportion of mechanical engineers reported to have
integrated heat sink (54.72%), energy recovery vent
systems (49.19%) and climate adaptive shells (49.16%). It
is also evident in the results that the highest proportion of
structural engineers stated that they have integrated heat
sink (53.25%) and LED lighting design features (53.22%),
while the highest proportion of those who apparently have
integrated energy efficient ceilings (50.34%) and energy
efficient landscaping elements (49.31%) and insulated
block wall (46.13%) were civil engineers (Table 3). In
addition, the highest proportion of those who claimed to
integrate atria as a design feature (49.81%), layer of
insulation (47.53%), LED lighting (47.22%) were
architects. The results in Table 3 indicate that the
mechanical engineers sampled in the study have
integrated more of the 29 energy efficiency design
features in office buildings than the other four design
professionals investigated. They are followed by the
structural engineers, architects, electrical engineers
respectively, and lastly by the civil engineers. In addition,
these results generally show that there are variations in the
extent to which the professionals sampled had integrated
the different energy efficiency design features in office
buildings.

In view of the above, it was important to investigate
whether the observed difference in the integration of the
energy efficiency design features across the different
professional groups is statistically significant. To achieve
this, Kruskal-Wallis Tests of significance were conducted,
and the results are also presented in Table 3. A
kruskal-Wallis Test otherwise also called the one way
Anova test is usually a rank based non parametric test
usually used to determine statistically significant
differences between two or more groups of an
independent variable on a continuous or ordinal dependent
variable. The test results revealed that differences in
integration of heat sink (X? = 23.46, p<0.000), sun
shading device (X?= 11.611, p<0.020), LED lighting (X?
=10.646, p<0.031), wide overhangs (X?=10.560, p<0.032)
and energy efficient ceilings (X? =9.699, p<0.046) is
statistically significant. However, the differences in
integration of the remaining 24 energy efficiency design
feature with p>0.05 is not statistically significant. These
results mean that on the one hand differences in
integration of the five previously listed energy efficiency
design features with p<0.05 is because of differences in
the professionals’ role as architects, civil engineers,
electrical engineers, mechanical engineers and structural
engineers in the design of the office buildings investigated.
On the other hand, differences in the rating of the extent
of integration of the other 24 energy efficiency design
features is not due to the different roles the professionals
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play in the design of office buildings.
The results in table 3, for clarity’s sake, are summarized
in Figure 2 for concise understanding.

19.17%
None

22.38%
Very High

16.02%

13.86% Very Little

High

—_28.65%
Moderate

Figure 2.  Summary of the Integration Level of the Sampled
Professionals employed by the Sampled Firms regarding Energy
Efficiency Design Features in Office Buildings.

The descriptive analysis shows that most (28.65%) of
the professionals stated to have moderately integrated
energy efficiency design features, few (13.86%) stated to
have highly integrated them, whereas some (22.38%)
stated to have very highly integrated them. However, a
significant percentage (19.17%) professed to have never
integrated any energy efficiency design feature in any
office development. This result also indicates that most of
the professionals who participated in the research
apparently have integrated the different energy efficiency
design features investigated in this study. This implies that
majority of the professionals are competent enough to
provide reliable data on their level of integration of these
design features studied in these office buildings in Abuja.

4.4, Discussion

Ensuring Energy Efficiency in office buildings is an
uphill task, locally, nationally and internationally. This is
also true for the Nigerian design and construction industry
that is currently in its infancy with regard to the latest
modern trends. Barriers exist that prevent the attainment
of energy efficiency in Nigeria but government policies
that will aid in achieving this are currently been drawn up
as a starting point, such as the provision of the Building
Energy Efficiency Guideline for Nigeria (2016). In their
study on contributions of sustainable buildings to meet the
European target 20-20-20 targets, [36] also noted that
since integrated design processes are now the norm in
building construction, adhering to energy efficiency
standards should be the principle priority of a building
project team. Again, the authors suggested that project
team members should start considering energy and
performance issues earlier and all through the design
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process and also the operational phases of the building.
Therefore, there should be a close collaboration between
the different design professionals on how to choose, use,
implement and integrate the various energy efficiency
design features during the design stage of the project. In
addition, building facades - which is one of the energy
efficiency design features known across the different
professional groups sampled - according to [37] are one of
the most technologically challenging, multifaceted and
interdisciplinary components of a building from both
architectural design and engineering perspectives. This is
so because facades are firstly responsible for the
appearance of buildings and secondly, for how they
perform. The authors further believe that building fagades
can impact the level of users’ satisfaction from their
indoor living and/or working environment. The above
may help to account for the knowledge base of these
professionals on these aspects of energy efficiency design
features in office buildings as reported in this study.

5. Conclusions

In this study, the levels of knowledge and integration of
energy efficiency design features by firms in the design
and construction industry in Abuja, Nigeria, was studied.
The study identified two major findings. Firstly, it was
observed that most of the professionals in the firms
investigated have expert knowledge about energy
efficiency design features in office buildings. Secondly is
that this research reveals that the highest proportion of the
architects (49.81%) and structural engineers (53.25%)
sampled reported to have integrated atria as a design
feature and heat sink, and the highest proportion of
mechanical engineers reported to have integrated heat sink
(54.72%), energy recovery vent systems (49.19%) and
climate adaptive shells (49.16%). From the research, it is
evident that although the level of knowledge of energy
efficiency design features among firms in the Nigerian
building industry apparently is on the high side, the level
of integration of the features is still relatively low. As a
result, it is most likely that the Nigerian building industry
is yet to reap the full benefits of energy efficiency design
features in office buildings. To reverse this trend, it is
suggested that the relevant stakeholders in the building
industry in the country should provide platforms from
time to time for promoting the benefits of energy
efficiency design features in the country. This calls for
awareness programmes on energy efficiency design
features practices by professional associations in the
Nigerian building industry such as the Architects
Registration Council of Nigeria (ARCON) and the
Council of Registered Engineers of Nigeria (COREN).

The authors of this present study are aware that the
scope of the study was only limited to design and
construction firms in Abuja, this could pose a limitation

for the findings of the study. It is therefore suggested that
a wider scope should be embarked upon with more
Nigerian cities and states included. As a direct fall out of
this is that further studies can be carried out on a more
international and global scale worldwide. More studies
can be carried out on other existing office buildings and
extended to other design and construction firms both
locally and internationally. Whilst the research was
conducted on a particular location in Nigeria, the research
nonetheless is helpful for local researchers and for other
researchers worldwide.
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