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Abstract:

Scholars have emphasized the need for residential buildings as spaces for rest
attain maximum comfort. In attaining such comfort, using sustainable energy
strategies is significant. The United Nations (UN) has acknowledged this by
establishing affordable and clean energy, sustainable cities and communities as
some of its sustainable development goals. Similarly, different studies have
expressed diverse views towards attaining sustainable energy solutions in
residential buildings across the globe. It is to be noted that sustainable energy
solutions in residential buildings are dynamic and contextual. This study
therefore investigated the current strategies for sustainable energy conservation
in residential buildings across the global landscape using the semi systematic
review method. Data was collected through desk study which involved the
exploration of academic research repository using the key terms: sustainable
energy, residential building, clean energy and renewable energy. The findings
of the research showed that several strategies have been established as solutions
towards sustainable energy conservation in residential buildings However,
Nigeria is yet to explore the application of the sustainable strategies that are
suitable. In conclusion the paper suggests suitable solutions and how they can
be implemented in residential buildings to achieve sustainable energy
conservation in Nigeria.

Keywords: Energy conservation, Residential buildings, Sustainability, Renewable energy,
Green energy.

BACKGROUND

Energy conservation is reducing energy consumption by using less of an energy service
(Ramya 2015). According to the organization for economic cooperation and development
(OECD) (2015), by 2030, if the current trends in the world are not changed, the world’s energy
consumption will increase by 53% and 80% of the energy will be produced by fossil fuels
which will increase CO2 emissions by 53%.

In Nigeria only 45% of the population has access to electricity (index-mundi, 2018) which is
the main source of energy consumption in residential buildings, during the buildings useful
phase. This energy is generated majorly with fossil fuels (80%) while the other 20% is through
hydroelectricity. However, this 45% of the population, make up the faction that consumes the
most energy in the county as seen in Figure 1, the residential sector of Nigeria has the highest
amount of energy consumed. This energy consumed by the residential sector is relatively high
compared to some other nations as seen in figure 2, irrespective of the amount of the amount
of megawatts generated by the country yearly if the current trend continues, the residential
sector will always be the largest consumer of that energy in Nigeria.
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Figure 1: Pie chart showing the rate of Energy consumption in Nigeria, Source: energypedia 2012
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Figure 2: Chart showing the rate ratio of energy consumption in Nigeria and other countries Source: EMRC
Nigeria

If the number of houses that has access to electricity is increased, and the source of electricity
is not diversified to more renewable sources, it is safe to assume that the energy consumed and
CO2 produced will have a lasting degrading effect on the atmosphere and at large the country.
It is therefore necessary to come up with sustainable practices to ensure a comfortable life for
the current and future generations.

The aim of this research is to establish best strategies for energy conservation in residential
buildings.

Energy conservation practices for residential buildings

Ogini et al. (2017) proposed contemporary design options to improve the thermal comfort of
buildings. They believe that if buildings are made to fit their environment less amount of energy
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will be used and there will be adequate thermal comfort. Some of the design options they
suggested include creation of microclimate, proper lighting, proper ventilation and using
shading devices. They believe that it is possible to have buildings without artificial means of
cooling and heating. They however did not make consideration for all types of weather and
climate, and no solution to already existing buildings was suggested.
The chief function of a building is to provide a comfortable indoor environment to the
occupants (Garima, 2016). He believes the focus of energy conservation practices is to optimize
the energy performance of a building while reducing dependence on energy guzzling devices
without compromising the comfort of the inhabitants. He also states that the amount and energy
used in a building depend mainly on three factors: Quality of life of inhabitants, Climate and
Nature of building use. Unlike Ogini et al. (2017) he analyzed the different energy use in
different seasons, providing necessary data that could be used to propose a balanced design
that is functional in all seasons. He, however, did not come up with solutions to already existing
buildings and does not share the same belief with Ogini et al. (2017)that secondary sources of
heating and cooling could be eliminated completely, he believes their use can be reduced,
reducing the amount of energy used.
Akande (2015) states that the availability and the use of energy in buildings is pivotal to the
building’s functionality but if the energy use in buildings is not regulated, it can steadily lead
to costly waste to the building users and more importantly to continuous release of CO2 into
the atmosphere leading to global rising temperatures and climate change. Unlike Ogini (2017)
and Garima (2016), he believes already existing buildings can be retrofitted to conform to
current sustainable trends and practices and also improve the indoor comfort of the users. He
did not take into consideration the lifecycle of the buildings but only focused on the energy
consumed during the middle phase of the building.
Ganahao (2015) recognizes the fact that the building lifecycle is to be considered when
establishing sustainable practices to aid energy conservation. He believes the amount of energy
used depends on the standard of living of the occupants of the building, people who desire more
thermal comfort use more energy services. He believes assessment tools should be used to
determine the possible amount of energy a building will use before it is constructed. However,
he did not propose possible solutions for the whole life cycle of the building but only the middle
phase.
The level of energy provided determines the amount of energy used (Okerieimoh, 2019). A
lower amount of energy will have to be used in large amounts and since energy is essential for
daily living if it is produced in small quantities large amounts of it will have to be used to
achieve the end goal. He believes that energy efficiency does not eliminate the use of energy
but it’s a process where energy is used in a manner that will minimize the amount of energy
needed for services. He believes that there are 2 ways to ensure energy efficiency, technological
approach which involves the change of obsolete technology to a more efficient one, and
behavioral approach which involves a change in the manner of doing things. He believes that
one of the major ways energy can be reduced in Nigerian residential buildings is through the
use of energy efficient bulbs instead of the usual incandescent ‘yellow bulb’.
Previous researchers have established and recommended the following variables to be
considered for studies on energy conservation in residential buildings. The variables were used
to analyze literature to determine the best energy conservation practices that should be adopted.
1. Climate: the climate of the area where the building is located determines the

amount of energy that will be used for heating or cooling. (Akande 2015)
2. Building use: the nature of activities carried out in the building and their

duration determine energy use. (Garima 2016).
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3. Quality of life of inhabitants (standard of living): people with a higher standard
of living tend to have more need for energy. (Garima 2016).
4. Contemporary design options: orientation, zoning and other factors considered
during the design stage of buildings affect their energy use. (Ogini et al. 2017)
5. Building lifecycle: the amount of energy expended from inception to
demolition. (Ganahao 2015)
6. Amount of energy supplied and used: the lower the energy, the more of it that
is required. The type of energy supply is also one of the factors to be considered.
(Okerieimoh 2019).
7. Nature of equipment’s/additional facilities: the amount of equipment’s in the
building and their energy consumption rates. (Garima 2016)
METHODOLOGY
Semi systematic review method was used. It is a type of qualitative research method which is
used for topics that have been conceptualized differently and studied by various groups of
researchers within diverse disciplines (Wong et al 2013). it is applied when it is impossible to
review all relevant material concerning a subject and it often looks at how research within a
selected field has progressed over time or how a topic has developed across research traditions.
In general, it seeks to identify and understand all potentially relevant research traditions that
have implications for the studied topic and to synthesize these using meta-narratives instead of
by measuring effect size (Snyder 2019). This method was used because of the focus of this
research, which involves a study of previously established principles for energy conservation
in residential buildings and to postulate the best strategies amongst the numerous proposed.
Survey research design was used in this research, it is a form of research where data is collected
from samples to make inferences about a population, and it is used to study attitudes and
opinions. Longitudinal survey design was used, it is used to collect data over a long period of
time. The Trend studies aspect of longitudinal survey research design was focused on, which
involves identifying a population and observing changes within that population over a period.
This was used because the focus of this research involves an in-depth study of literature over a
wide period. (Creswell 2012).
When applying semi systematic review method, researchers streamline their study to the area
of interest in question and observe the theories postulated overtime about it and this serves as
their study area (Snyder 2019). Therefore, the study area of this research was energy
conservation in residential buildings as the researchers aim was to analyze various theories by
several authors in that field. Convenience sampling was used to select a suitable subset of data
to be analyzed, because of its ability to select relevant data from a wide range of ideas and this
research required precise data gathering from a large selection. Literature were chosen based
on the necessary criteria to fit the established study area, Energy conservation practices,
sustainable energy & residential buildings were used as criteria in the selection of articles from
literature.
Observation schedule was used for this research because of the research design that was
adopted, which requires an observation of trends of the various established variables. Primary
Data was collected from Academic research repositories based on the developed variables
using the observation schedule developed by the researcher. The data was organized using
appropriate codes that were assigned to each variable that was identified in the literature
review. The organized data was analyzed manually via content analysis which involves a
researcher quantifying and analyzing the meaning of words or text and making inferences from
it (CSU 2004), This method was used because content analysis is a commonly used technique
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and can be broadly defined as a method for identifying, analysing, and reporting patterns in the
form of themes within a text (Braun & Clarke 2006).

Results and Discussion

After the data was analyzed the following results were obtained:

Number of resources used = 50

Number of entries of recommendations =64

Number of single recommendations by authors = 35

Number of multiple recommendations by authors = 14

As shown in Table 1, from the 64 recommendations gotten from previous researches majority
of the researchers proposed contemporary design options and regulation of the amount of
energy supplied and used as strategies to be adopted to achieve energy conservation in

residential buildings. This however does not exclude the other variables established.
Table 1: Observed Measures for energy conservation

VARIABLES CODE NUMBER OBSERVED
Quality of life QL 0

Climate C 9

Building use BL 0

Contemporary design option CDO 30

Building lifecycle BL 3

Energy supplied and used E 20

Nature of EQ 2

equipment’s/additional

facilities

Climate

Designing with the climate of a region aids in establishing buildings that are best suited to the
environment however they cannot be used as a universal standard, the use of local building
materials and natural landscape features also aids in creating sustainable environments.

Further analysis of climatic recommendations by authors can be seen in table 2.
Table 2: Implicit climate data

RECOMMENDATIONS INTERPRETATION

Use of energy efficient | This aids in developing resilient buildings for harsh climate zones
materials

Regular audit of buildings This aids in observing the reaction to buildings to various weather conditions
Developing and implementing | This gives laid down rules to be followed to ensure efficiency of buildings in
energy building codes various climatic conditions

Heat storage and time lag Buildings should be constructed in ways that they give off excess heat to the
should be minimal environment, especially in hot and dry climates

Materials should be permeable | Building materials should be able to allow air efficiently pass through in order
to air to provide protection to aid thermal comfort and prevent stale air in buildings.

from precipitation

Passive cooling This is used majorly in hot climatic conditions to aid the indoor comfort of

buildings for its occupants

Trees and vegetation at | Landscape features shouldn’t be installed half hazardly but should be precisely

strategic locations located to ensure shading and protection from harsh climate
Thermal modernization of | The exterior walls of the building bear the pressure of the climate of the
outer walls environment and should be fortified i.e. made permeable or air/water resistant

depending on the nature of climate
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Passive solar techniques

This applies to cold climatic conditions, ways to absorb and trap heat in
buildings like insulation should be adopted

Well insulated design

This applies to cold climatic conditions that require compact design with no air
leaks

Use of phase change materials

Materials that change based on the nature of the exterior weather condition
make designing with the climate less tedious as the weather of an environment
changes based on times and seasons

Use of local standard materials

This aids in design as materials found locally have already through the process
of evolution adapted to effectively suit the environment

Building Life cycle

Designing with building lifecycle ensures that the whole process from inception to demolition
is sustainable, it ensures that the overall cost of the building over a long time is sustainable,
although the initial cost of this process may be much.

Table 3: implicit building lifecycle data

RECOMMENDATIONS

INTERPRETATION

Cost effective design options
to achieve minimum life cycle
cost

The entire life cycle of a building (from preliminaries to demolition) should be
simulated and the most cost effective path chosen, this will aid in the reuse of
energy and highlight various ways to conserve energy in buildings apart from
during its active period of use

Use of green construction to
reduce the negative impact on
the environment

Green construction ensures that all materials and methods used in the
construction of buildings are sustainable

Building condition assessment

The assessment of buildings intermittently help to observe the changes in the
energy conservation of buildings as years pass and aid in preparing effectively
for future buildings

Contemporary Design Options
The use of contemporary design options have gone a long way in aiding sustainable design as
they have evolved overtime with the changes in Architecture and design.

Table 4: contemporary design options implicit data

RECOMMENDATIONS

INTERPRETATION

Use of passive and active
systems

This helps create a balance and efficiency, it also involves the use of mixed
mode design I.e. the use of both mechanical and natural means of ventilation

Developing and
energy use index

adopting

The amount of energy used should be monitored effectively

Use of local building materials

Local materials help regulate the building temperature effectively

Contemporary design elements

Design elements like shading and over hangs should be incorporated

Use of appropriate colours

Light or dark colours should be used to trap or release heat from buildings

Proper orientation of buildings

Buildings should be placed effectively on site to maximize the sun direction,
slope, wind direction etc.

Proper ventilation

The use and placements of windows is important in maintaining indoor comfort
of buildings

Use of shading devices

Shading devices prevent solar glare and heat gain

Proper lighting

Lighting reduces the dependence of mechanical means of lighting and thus
reduces the amount of energy consumed

Creation of micro climate

The creation of a sustainable micro climate around the building envelope
ensures the buildings efficiency regardless of the prevailing weather conditions

Preventing infiltration

Buildings should be air tight

Insulation

Buildings should be insulated to prevent loss of energy

Use of computer programs

Smart buildings should be proposed to measure levels of energy consumed,
indoor comfort and other relevant data
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Nature of Equipment
The nature of equipment used buildings must be energy efficient, thus, obsolete equipment’s
must be updated overtime.

Table 5: nature of equipment implicit data

RECOMMENDATION INTERPRETATION

Efficiency of All equipment’s used in buildings should be energy efficient to prevent the

electromechanical systems overuse of energy

Higher efficiency systems The systems used in the design and construction of buildings should be the best
established by constant improvement and recommendations

Amount of Energy supplied
The amount of energy supplied has to be sufficient in order to prevent demand for more. This

will need to be monitored and regulated by governing bodies.
Table 5: amount of energy implicit data

RECOMMENDATION INTERPRETATION

Tracking energy usage through | This enables facilities managers and architects to detect how energy is used in

software buildings and propose counter measures effectively suited

User behaviour modelling for | Simulations of buildings models help to see the amount of energy proposed

optimization of energy buildings will likely consume

consumption

Building energy simulation Simulations of buildings models help to see the amount of energy proposed

programs buildings will likely consume

Renewable energy sources Renewable energy makes sure the source of energy is always available and
ensures the continuous production of energy

Use of light colour paints Light paints allow light and heat to bounce off, therefore they do not trap energy

Use of LED bulbs These have been proven to be better than incandescent or filament bulbs

Sealing doors and windows This ensures lack of waste of artificial heating or cooling and prevents more
amount of energy to be used

Implementation of adequate Established building codes should be strictly followed for efficiency

energy codes

Thermal insulation of the Insulation of the whole building envelope prevents air leeks and optimizes the

building envelope production of energy by artificial means

Managing heat flows by | Architects should design buildings such that they aid the flow of air within the

architectural design building

Zero energy buildings This ensures the use of minimal energy in buildings and creates self-sustaining
facilities

Energy-efficient equipment’s | All equipment’s used in buildings should be efficient to prevent over use of
energy

Installation of smart meters These help monitor building performance

CONCLUSIONS

From the research it is evident that the decisions taken during the design and construction
phase of buildings affects the overall performance of the building throughout its lifecycle, it

is evidently easier to design energy conservative buildings from inception than it is to retrofit
existing buildings to be more energy conservative, as such great care and detail should be
taken when designing buildings. The type of energy supplied and the equipment’s installed
should also be noted as the quality of life of occupants does not have a direct effect on the
energy used if all the right principles are implemented

Multiple methods can be used to ensure energy efficiency, however the most widely adopted
are contemporary design options which gives specific details on several parts of the building
and designing with climate. This can be achieved with standardized building codes for
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different localities as general building regulations are not a viable means to ensure
conservation of energy. However, buildings should also be designed with the end goal in
mind, all or most of the building should be recyclable or reusable after its lifecycle has
expired.

It is also clear that the residential sector in Nigeria is the greatest consumer of energy in the
country, and these numbers are steadily growing as more people and communities get access
to electricity. The implementation of energy conservation strategies not only ensures the
reduction in energy usage for individuals but also if sustainable strategies are established and
implemented, Nigeria as a whole will become more sustainable and in the long run have
healthier neighborhoods. The establishment of sustainable strategies must be thoroughly
thought out and an adequate combination of suitable and effective strategies will be most
useful. Each strategy has several subsets that can be varied to fit different regions ad this
should be the optimum approach, rather than having a general strategy for the whole country.

REFERENCES

Akande, O. K., Fabiyi, O., & Mark, I. C. (2015). Sustainable Approach to Developing Energy Efficient Buildings
for Resilient Future of the Built Environment in Nigeria. American Journal of Civil Engineering and
Architecture, 3(4), 144-152.

Braun, V., & Clarke, V. (2006). Using thematic analysis in psychology. Qualitative research in psychology, 3(2),
Q77-101.

Creswell, J. W. (2012). Educational research: planning. Conducting, and Evaluating, 260,375-382

Energypedia (2012). Retrieved from

Garima, S., & Ankur, T., (2016). Assessment of energy conservation practices in residential and commercial
buildings in India and opportunities for improvement. International journal of engineering sciences and
management research. 1-4

Ganhdo, A. M., & Amado, M. P. (2012). Sustainable Construction: Energy Efficiency in Residential
Buildings. Acedido em, 22, 2-5

Index Mundi. (n.d). Retrieved from https://www.indexmundi.com/facts/Nigeria/energy-use

Oginni, O., Chukuma, F., & Olusola, A. Enhancing thermal comfort in residential buildings through contemporary
design options for sustainable development in Nigeria. 19-32.

Okorieimoh .C.C.(2012).Energy Efficiency. Global scientific journal, 2,5. d0i:10.11216/gsj.2019.04.20902

Organization for economic cooperation and development (2015). Energy for sustainable development. 10-12.

Ramya, L.N. (2015). Energy Conservation—A Case Study. lamp, 9(40), 360.

Snyder, H. (2019). Literature review as a research methodology: An overview and guidelines. Journal of Business

Research, 104, 333-339.

Wong, G., Greenhalgh, T., Westhorp, G., Buckingham, J., & Pawson, R. (2013). RAMESES publication

standards: meta-narrative reviews. BMC medicine, 11(1), 20.

BIBLIOGRAPHY

Adebisi, 1.1, Ayinla, A.K,& Okeyinka, Y.R.(2018) Energy efficient buildings in tropical climate through
passive techniques-an overview. Journal of environment and earth science8 (4) 6

Ammar, W.A, Karam, M.A, Hanizam, A, & Abdul, M.A.R (2015) Achieving energy efficiency through
industrialized building system for residential buildings in Irag. International journal of sustainable
built environment. 12

Anom, R.G.N (nd) How a Balinese traditional home creates a comfortable internal environment
without resorting to energy usage. 15-16

Anzazu, G.G, Sophie, T, Aristide, A, Arnaud, E, Philippe, B, & Consolacion, A.R (2012) Old buildings,
New cities. 1

Athina, G.G, Evangelos, N.D. Athanassios,A.A, Elffie, K. Dimitris, T. Dimitris, S. & Kostantinos,

M.L. (2018) energy performance of European residential buildings : energy Use ,technical and environmental
characteristics of the Greek residential sector-energy conservation and CO2 reduction. Science direct
183(86-104) 1

SETIC 2020 International Conference:

“Sustainable Housing and Land Management” E-117
School of Environmental Technology, Federal University of Technology, Minna .

31— 51 May 2021.


http://www.indexmundi.com/facts/Nigeria/energy-use

Azina, A.A., Mahlakah, K. & Alias, R. (2015) Energy conservation of residential sector in Malaysia. Journal of
business and social development 3(2). 11

Behnaz, R. Ibrahim, D. Ebrahim, E. (2012) Energy options for residential buildings assessment. Science direct
65(637-646). 10

Budhi, M.S, Amar, A.A.A, La O.M.F, nely, T.b, Erianda, A.P. & Ismail. (2019) the heat efficiency of residential
buildings in Libya. Journal of mechanical engineering research and development.42(1) 1

Capeluto, I.G. & Shaviv, E. (1994) MULRES-ENERGY a cad tool for determining the optimum configuration
of multifamily residential buildings. Renewable energy 5(1159-1166) 8

Christopher, T, Eftychia, S, Miaomiao, H. & Kevin, L (2018) Evaluating energy savings retrofits for residential
buildings in china. 9

Dany, P.S, Yun-Shang, C. (2019) Do energy conservation strategies limit the freedom of architecture design? A
case study of minsheng community, tapei, Taiwan. 20-21

Droutsa, K.G, Kontoyiannidis, S. Dascalaki, E.G. & Balaras, C.A. (2013) Ranking cost effective energy
conservation measures for heating in Hellenic residential buildings. Science direct 70 (318-322) 2

Dusan, V, Vera, M, Nikolay, V. & Viktor, P. (2016) Optimization of microclimate in residential buildings. Applied
mechanics and materials 680(459-466) 7

Edward, V, & Jeff. H. (1988) An evaluation of energy conservation programs for new residential buildings. 1

Elisa M. Emanuele, B, Cinzia, B. & franco, C. (2013) Development of innovative heating and cooling systems
using renewable sources for non-residential buildings. Energies 6(51114-5129) 12

Ghaddar.N, & Bsat, A. (1998) Energy conservation of residential buildings in Beirut. International
journal of energy research 22(523-546).24

Hayder, M.J. Tawfeeq, W,M, & Marwa, H,W. (2018) Experimental study on thermal performance of glazed roof
with phase change materials as an application of energy conservation in residential buildings. Journal of
engineering and sustainable development. 10

Index Mundi. (n.d). Retrieved from https://www.indexmundi.com/facts/Nigeria/energy-use

Josifas, P, & Andrius, K. (2010) Possibilities to reduce the energy demand for multistory residential buildings.6

Jorge, M, Georgiod, C, Bernhard, F, & Thomas, N. (nd) Realistic user behavior modeling for energy
saving in residential buildings. 1

Keerthijain, K. Kishore, N.K. Krishnan, S.M. & Ramesh. L. (2015) comparative analysis of residential houses for
effective reduction in power demand. International journal of applied research 10(6) 4-5

Khaled, B. & Ayham, A. (2018) Improving the energy efficiency of the residential buildings in Jordan. 13

Khushid, A, Amer.F.R. & Seed, B (2014) Energy efficient residential building in Pakistan. 13

Lee, W.L, Hua, C. (2008) Benchmarking hongkong and china energy codes for residential buildings. Science
direct 40 (1628-1636) 9

Leen, P. Richard, D, Jan, H,& William, D. (2009) thermal comfort in residential buildings: comfort
values and scales for building energy simulation. Applied energy 86(5) 1

Lorentz, J. Murgur, B. Margareta, E.P, & Sorana, D.B. (nd). Thermal energy efficiency analysis for residential
buildings. 1

Mohammad, J.A, Rohit, V, Bishun, K.S, Dhwanith, K.C, Misbah, B. & Mandeep, K. (2018) Energy efficient
sustainable residential buildings — a critical review. 3-5

Mohammad, F, Mohamed,M.M, Marialena,N. (2013) Prediction of future energy consumption reduction using
GCR envelope optimization for residential buildings in Egypt. Science direct 70(186-193) 7

Mohammedreza, H.S, Farideh, A. Morteza, K.A, Ehyaei, M.A, Nohammad, H.A. (2014) Economic and
environmental assessments ofenergy conservation in residential building to meet the electrical

heating and cooling loads with micro gas turbine units. 16

Mohammed, E, & Carlo, C. (2017) Envelope retrofits in hot arid climates. Science direct 38(264- 273)10

Natasa, N, Ola, S, Stian, F.E. & Tymofi, T. (2018) Energy pathgways for future residential building
areas in Norway. 1, 13

Olana, F, Oleg, Y. (2018) Energy performance of residential buildings. 8

Organization for economic cooperation and development (2015). Energy for sustainable development. 10-12.

Raeissi, S. & Taheri, M. (1999) A study of thermal energy conservation in Iran. 13

Ramya, L.N. (2015). Energy conservation —A case study

Rodrigues, F. Matos, R. Di, P, Moises, Costa & Anibal. (2018) Conservation level of residential  buildings:
methodology evolution. 10

Saleh, N.J. A (2006) Envelope design for thermal comfort and reduced energy consumption in residential
buildings. 228

Sergey, G, Nikolay, K, Elena, S, & Victoriya, G. (2016) Estimation of energy efficiency of residential buildings.4

SETIC 2020 International Conference:

“Sustainable Housing and Land Management” E-118
School of Environmental Technology, Federal University of Technology, Minna .

31— 51 May 2021.


http://www.indexmundi.com/facts/Nigeria/energy-use

Adeniji et al: A Review of Sustainable Energy Conservation for Residential Buildings.

Sesana, M.M, Salvalai, G. Grecchi, M, & Masera, G. (2013) Guidelines for residential zero energy
buildings by an integrated design approach with a support toolbox. 5

Svend, S. Jacob, B.L, & Jesper, K. (2014) Energy gaining windows for residential buildings. 9

Sumarac, D.M, Todorovic, M.N, Djurovic-Ptetrovic, M, & Trisovic, N.R. (2010) Energy Efficiency of residential
buildings in Serbia. 1

Tatiana, M. (2018) Increase in energy efficiency of the residential building in Russia. 1,7.

United States Department of Agriculture. (n.d). save energy save money. 1-2.

Veridiana, A.S, Michael, F, Rogerio, S.V, Marcio, J.S, Roberto, L. & Claudia, M. (2011) Innovations in the
Brazilian regulatons for energy efficiency of residential buildings. Architectural science review. 1

Vinod. K.V, Mahalle, A.M. (2016) Green roofs for energy conservation and sustainable development:A review
4-6

Wagih, F.Y, Marwa, M.A. & Omnya S.Z. (nd) Light shelf system in energy conservation to residential area,
overcast condition in Sinai. 8

Zerrin, Y. Basak, K. (2006) An approach for energy conscious renovation of residential buildings in  instanbul
by trombe wall system. Science direct 43(508-517) 9

Zhigiang, J.Z, Miles, L.L, Abarr, saleh, N.J, Al-saadi, & porter, Y. (2014) Energy storage technologies for
residential buildings. 1

SETIC 2020 International Conference:

“Sustainable Housing and Land Management” E-119
School of Environmental Technology, Federal University of Technology, Minna .

31— 51 May 2021.



