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Energy consurmptioninresidential buildings i< ane of the increasing phenomenal in the built envirgnmant.
It has become imperative 1o react to the state af rapidiy dwindling natural resources, environmental
pressures and chimate change posing fundamental threat to economic systems and human survival in
Nigeria and globally. Until fairly recently, green considerations for existing residential buildings have
receved less gttentign In Migena, theusands of households of low income buildings spends large

Fthewr earmnge, on energy bills, while getting less energy-driven services for their appliances and
ulilibes 1o meel ther necds Thus paper explores possible alternatives for less dependsnce on raticnal
energy supply wath rmore envirenmental benelits through sustainable retrofit and resource-etficiency
Interventions for low-income houses The objective 15 1o address 1ssues relating ta ensrgy genaration,

SuUmsS o

censervation and other assocated resource management valh a view to achieving the gevelopment of
alow carbon and more eco-fnendly butlt enviconment [U1s expected that the outcome of this paper wall
make anrnperlant contnbution in the form of recommendations tor future policies and programmss
regarding retrofiting ol exsting residential houses and the construction of new cnes in Nigena. It
concludes that of policies and requlatory mechamsm are put in place for greening low-income heousing
fithgena, this could deliver a pathway to iImproving energy efficiency of the exisung building sector.

KEYWORDS: I'nergy conservation, Low income houses, Retrofiting. Greening, Sustamability.

Glabally, it 15 acknowledged that there 15 need 1o devote much atlention to how buildings are

designed and canstructed 1o reduce their energy consumption. A major (ssue arising from the lntrOdUCtlon
toncern about climate change 15 the reduchon of enerqgy use in residential buildings. Presently, it

1w eshimated that nearly half of mullion tonnes of CO, emissions each yzar is attributed to energy ktu

use by residennal buldings. Given that globally by 2050, the number of households 1s projected =

Wincrease by 67 percent, this make the residential seclor a significant area that requires more S

demmupeatirw 3wl T Egeeienny

AMertion However, while the reductions in greenhouse gas ermissions from residential sector is 57 70
considered critically wnportant; efforts geared towards achieving this is still inadequate to meal w50

) - " - CCs '2E74L O sace 53 ISNRY
the requited level of reductions predicted by cirnate change experts to prevent catastrophic cbi- & vonds, Cobaraiaor Nt

[T —
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R ttute of Architects (AIA) along with US. Grep,
in the 2030 challenge, the American Ins Buildn

Council advocated that new construction of resnden'lual Elflld comme.rt:laégwldlngs should yse half
the fossi tuel of average existing buildings and a gradua ;“Clreaiea::u)mew msnce of the Existing
nuiddings so that by 2030 new buildings are carbon-neutral. d i 9radua|
b o eneray performance of existing residential buudmgs would require IOBQIng-edGE en.
erqy retrofits. Presently, in Nigeria ceveral thousands of housing units for the low fncome 9roup
are desianed and constructed with litle or no reqgard for low energy use and other ‘greery desig

-onsiderations. Thus, high levels of additional energy are required to keep the houses coq| the
it et =" -

mrea

hot season months.

In Nigena, the eneray inefficiency of the existing housing stock result to the demand for more ep.
ergy to reach comfortable temperatures. Most limes, the required mdoor comfort levels canngy e
reached without considerable expenditure on energy. Hence, Nigeria is faced with the reality that
requires retrofitting and greening strategies for vast majority of existing houses that provides less
adequate internal comfort to reduce their environment burden.

This paper aims 1s o explore the avenues for potential retrofit in Nigeria existing residential byig.
ings. The specific objectives include; () to identify areas where retrofits measures can be applied
to low income houses with a view to reducing their energy consumption through major renoya-
tions, (2) toidentity the green fealures that can be retrofitted into existing residential buildings for
efcient energy utilization and conservation; and (3) to highlight the challenges several dividends
accruable from green buildings.

he methodology 1s based on secondary data collection approach which includes a comprehensive
ssessment and analysis of scientific literature from Google Scholar, Science direct Scopus and
Web of Science. Relevant materials were consulted from refereed journal articles, government
reports. books, theses and research reports 1o achieve the purpose of the paper. Other methods
include literature search with the aid of the use of keywords altered according to the database
searched. In general, the major keywords searched revolved around: (1) some policy instruments
en greening of low income housing; (2) analytical framework towards selecting, evaluating &

o 1 |
examining best praclice case studies of greening low income housing projects; and (3) examining
different promising areas.

T
2

add
n addition, some bibliographies Were reviewed using Scopus, Web of Science, and Google Scholz"

0 !
:2; O;?;:'s;:b;caec:)(:ngi)nal Materials relevant to the topic. Consequently, the paper is organizedﬁaf
el b Sgr:n retrofits are presented along with examples of global efforts in.retro :>
able to prcmote‘C_Jrge-f.;nmlS IS-fOHOWEd by energy conservation and management strateg'es SUrlxa
o e o g existing bwldmgs. Implementation challenges associated to retrofitt s
85 1 existing low INCome houses are evaluated. Finally, recommendation® o

suggestions are proffered f ’
Or possible realigati ' nagemert
sustainability of low-Income houses wonsof R Cnsenm e

The Co -
X ncept of Green retrofitg and Global efforts on existing buildings
reen

It

environmentg
and quality of the space N terms of rF:

as pulling in newy heating. ventilatin
ing. According Ma et g, (2012)

erformance, reduce water use, and improve thé C; .
atural light, air quality, and noise. It can be equa“:: ace
9. and air-cooling parts, mounting solar panels oaches °
9réening existing buildings is one of the primary 3PP

e
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achieving sustainability in the built environment at relatively low cost and high consumption rates.
Aithough there is a broad range of retrofit technologies readily available, methods to identify the
most cost-effective retrofit measures for special projects is still a major technological challenge.

Across the world, several attempts have been made in developed countries like the US, Australia
and UK towards improving energy efficiency of existing buildings. These attempts include ap-
proaches such as provision of policy quidance, financial and technical support to implement ener-
av efficiency measures. Likewise, a substantial number of works by numerous authors (Asadi et
3l. 2012: Flourentzou and Roulet, 2002; Goli et al, 2011) have been carried out to explore energy

sficiency through diverse avenues directed for improved performance in energy use of exisling
residential houses.

{

)

chen et ol (1991) investigated saving energy and efficiency in cost retrofit options of individual
ngle family bulldings and analysed metered energy consumption with the real cost of installa-
tion. The author’s findings indicated that insulating ceilings and walls are cost effective retrofil and
window replacement a feasible retrofit option but has a result of smaller normalised annual ener-
ay saving (of between 2-5 percent. Gorgolewski (1995) produced a method to optimise renovation
strategies for housing retrofit by adopting a life cycle cost approach to evaluate and compare

periermance of different retrofit measures. The outcomes indicated that the paybacks are higher
than the entire retrofit measures.

nor

Goloman et ol (1998) reported findings from their studies on the retrofit of US multfamily build-
ings. The authors’ results were based on analysing data that were measured and obtained from a
recerd of diferent apartments. It was found that it cost much less to retrofit a fuel-heat buildings
when compared to electric-heat buildings with the payback periods for the two buildings indicating
six (6) and twenty to twenty five (20-25) years respectively. Al-Ragom (2003) examined residential
uidings retrofit in hot and arid climates the study revealed that significant energy reduction is
3chizvabla if the cost of implementing the retrofit cost was supported fully by the government.

Alanne (2004) performed an analysis of a Finnish apartment and tested the applicability and func-
tenzalty of a multi-criteria *knapsack’ model proposed by the author. The model was developed to
aid in the selection of the most viable renovation actions in the conceptual phase of a renovation
eroject Mahlia et ol (2005) used annualised costs and cash flow in calculating the economic im-

ftighting retrofits in residential sector in Malaysia. The authors presented the cost-benefit
anziysis and emission reduction of lighting retrofits. Their findings indicated that in the retrofil of
eficiant lighting systems, cost-benefit was a determinant factor for saving energy.

pact o

A = 4
4FA
R Cite
C’

H

rent method undertaken by Zavadskas et af, (2008) was adopted to know the effectiveness
retrofiting houses on the basis of expected energy savings and increase in the worth of re-
urtrished buildings in the market. The study found that choosing retrofit situations depends on
strateqic urban development programmes, renovation cost, healing energy saving and expect-
ed mcrement of market value. Dodoo et al. (2010) evaluated the implication of primary energy
through bfe cycle assessment in the retrofit of a four-storey apartment building to the standard of
#Passive house. The results showed that reduction in final energy use was achieved, although the
Primary energy is still determined by the type of energy supply system used.

8in and Parker (2012) observed the environmental performance of a century home and compared
s oniginal and after retrofit environmental footprint. The findings indicated through renovation,
'?:"9"9)’ performance of existing buildings’ can be enhanced and be made environmentally sustain-
30le sound. Additionally, research on existing non-residential buildings by several other scholars
5uch as Hestnes and Kofaed, (2002): Chidiac et of. (2011); and Ardente et al. (2011) showed sig-
nificant reduction in the use of energy from existing buildings is achievable through appropriate

retroﬁt arrenovation defined by Flourentzou and Roulet (2002) as the work that require upgrading
an existing old building.

L b S
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trated pilot projects carried outin South Africa shows hoth €COonomc
societal benefits of more sustainable design in low-income housing. Thebgreenmg lmervem,z:i
into existing houses were not only found to llranslate into enfergy f_;a:mgs. utalso resyl|pg wg,
ter and financial savings and reduced qssocnated illness, sa el‘y risks, greenhouse gas e’“‘$$non5
and environmental impact. Similarly, it was also noted that job creation also became , Cruciy
component in the successful delivery of the projects. Thus, according to Ma er.ol., (2012 Fetrofy
or refurbishing of the building constilutes atype among several methods lo achieve 3 reduction iy
energy use and the consequent greenhouse gas emissions from buildings.

Based on the foregoing, while it1s can be seen that there is a glqbal drive _for IMproving the exist.
ing building stock yet the available literature ind@algd that there is less drlvg anq altention pajg "
improving the environmental performance of extsu‘ng low cost hquses in Nigeria, This is in Spite
of building retrofit technologies available to maximise energy savings. Thus, this paper has | den.
lified and posits the need to find retrofit solutions to reduce energy consumption and rising carbgn

footprint in existing residential buildings.

In Africa, a few demons

Energy Conservation and management Strategies for greening existing
buildings

In recent years, there has been an increasing effort in the building industry to develop and apply
different retrofit strategies and management tools to ensure improved performance in exisling
building energy consumption. The current state of the art of the strategies employed to date ac-

cording to Ma et al. (2012) 1s categorised into three, namely: supply and demand side manage-
ment, and change in energy use patterns (1.e. human energy use behavioural factors).

Supply side management

The sirategies for building retrofit through supply side management comprise of electrical sys-
tems. and the use of renewable energy (e.g. solar hot water, solar photovoltaics (PV), wind en-
ergy. geothermal energy, etc ) as alternative energy supply systems to provide electricity and/or
thermal energy for buildings (Ma et al, 2012). Recently, there has been an increase in the atten-
tion given to the use of renewable energy technologies as one of the building retrofit strategy due
to the greater impact of environmental damage. The application of renewable energy technol-
pgies in retrofiting millions of houses in Nigeria will be more beneficial to several households.
.rjns 15 as a consequence of a cost increase In electricity tariffs with energy consumption charged
S‘L:: :gﬁ:f" ho:r withoul a notpwquhy 'mprovement in electricity generation, transmission. and
that ab:)usrl,(ljrv‘»ato?jalr - The Nigerian Electricity Regulatory Commission (NERC) has estimaled
heinn = s rps.ﬁic, ric power customers fall within the R2 band (i.e. a consumer who uses s
CoEecs. nce - house) with R2 as one of the calegories of residential electric power

Demand side management

through building fabric reyrof ine demand for cooling and heating a building can be rinimise?
windows shading, etc OtheO;tllng and the application of other strategies such as alf tight
hatural venlation, 5 d;fancpr ) ;)::rzrlwer?y stralegies applicable to building retrofit projects In "
<= control sc .
'eémes, etc. Ma et al,, (201 2) noled that retrofitting bu! ol

fabric, buildin
- q sery ;
''Ng systems will require a reduced cost in investm®

p—— 1Ces syslems ang mete
>rable envirgnm
mental benefits when compared with other retrofit intervention® Su

as
renewah|e energy technologjeg

clucé
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Change in occupant’s energy consumption pattern

This is the biggest and the most significant strategies for energy conservation and management
in low income houses. It requires proper orientation of the building users on their consumption
pattern and clasely working early and frequently with occupants in the process of retrofitting. This
would enhance the occupants’ understanding of energy management required at different times
ol the year through behavioural and system controls.

Implementation Challenges of Retrofitting for Energy Savings in Existing
Houses

To execute retrofitting projects and achieving improvements to existing low income houses
means having to deal with some challenges. For instance, in Nigeria, the estimated number of
ewisting housing units is about 10.7 million (Pison Housing Company, 2010) putting the existing
housing stock at 23 per 1,000 inhabitants (Makinde, 2014) and of these, about 88% are self-built
with evidence of poorly constructed and under maintained houses. The success of implementa-
tion will targely depend on the combination of readiness and involvement of the federal and state
government, support from local authorilies, and cooperation of the householders, appliance and
energy supply industries. This implies that active stakeholder engagement would be necessary
throughout the implementation project and particularly with the community of local residents.

Other anticipated implementation challenges include the technical aspects of retrofiting projects
in the following areas:

Insulated ceilings

In tropical and sub-tropical climates, insulated ceilings tend to trap heat built up during the day,
unless there is effective ventilation and sufficient levels of insulation or heat moderation (through
methods thal keep summer radiant heat out). Different technologies may be more applicable or
appropriate due to difference of climatic zones. For instance, solar water heaters (SWHs) could be

the most appropnate intervention in a particular zone while insulated ceillings could be the most
applicable in others.

Electrical rewiring

In most cases the occupants of several low-cost houses are not the only electricity users connect-
ed to a household meter. It's not unlikely that one or more other informal house shares the same
electricity source as a particular tenant might be giving electricity to extended family members or
selling 1t to a neighbouring non-electrified tenant's house. Meanwhile, the number of occupants
on these properties can vary significantly, which could affect any retrofit measure on metered
data. Thus, electrical rewiring of the entire building may be required in such retrofit where many
llegal and non-compliant electrical installations to safely standards exist.

Absence of rainwater harvesting mechanism

In Nigeria, most houses are not designed with guttering or built in such a way to make gutter ret-
rofits simple for rainwater harvesting purposes. Hence, innovative guttering systems would need
to be devised as part of retrofitting strategies. However, installing guttering systems to existing
houses could become challenging, especially where the houses are not designed with external
umber rafters, purlins or trusses to which gutter brackels could be attached. This could result in
having !uncnonah’ty problems and may not last as long as conventional gutter systems.

Poor quality roofing

Poor quality roofing can become a significant hazard to workers installing SWHs and can im-
Pact the polential success of the SWH installation. Where roof struclures are weak, installation of
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Nigerias existing housing stock present energy efciency problems thal require urgen; gy,
tion. This needs to be driven by increasing focus [ro‘m the Government and the privale Seclor 'L;
find ways of helping households save money on their energy bils qecrease their emissions, a’;d

the following should apply for efiegy,,
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d enhance significant reduction in energy consumption, '
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pliance. Dimmable switches should be introduced along with other lighting energy efficiency
technigues such as the use of timers or sensors for electrical appliances.

The low pressure solar heating system that delivers water at a low flow rate (less than ten li-
tres per minute) should be installed to encourage water conservation and improve efficiency.
Existing inefficient water delivery services should be replaced wilh waler efficient laps hav-
ing aeralors, Sensors with designing flow rates. Similarly, PVC pipes should be substituted
with High Density Polyethylene (HDPE) pipes. This is considered to have better properties for
water conservation through its properties such leak-free performance, better resilience and
flexibility than PVC in terms of damage from digging and surges. Additionally, existing old
WC should be exchanged with low flush capacity WCs or be incorporated with a dual flush
1oilet with lesser Litres of water per flush. On the alternalive, extra space within the WC tank
can be reduced using a lightweight block to minimise the quantity of water used.

Active stakeholder participation should be encouraged with adequate resources directed to-
wards the process. Collaboration with services providers such as electricity suppliers and
involvement of the local community leaders through community briefing is essential to en-
sure the achievement and the smooth running of the project. This way, less literate residents
would have time to get to grips with the project.

To contribute to the global efforts in alleviating the challenges associated with climate change,
Nigerian government needs to explore and employ innovative approaches and tools to lessen its
contributions to global CO2 emissions. A synergistic relationship is needed between house own-
ers, housing developers and housing industry take advantage of the opportunities of retrofitting
of mefficient existing houses which hold huge prospect for reducing energy consumption. Mean-
while, the use of policy to establish and mandate resource conservation and energy management
in existing buildings would serve as an effective mechanism through which residential building
retrofit can be successfully implemented. Thus, the current proposed climate change policies in
Nigeria need to be reviewed to integrate minimum energy use standards for existing buildings. In
the maantime, mandatory building codes as a form of regulatory mechanism have the potential to
influence the retrofit of existing residential houses. Thus, this regulatory mechanism to the extent
that it exists and applied in Nigeria can deliver a pathway to iImproving energy efficiency of the
existing building sector. Retrofitting operations supported by utilities and included in emissions
reduction mechanisms are a decisive solution to the problems of energy expenditure and cost.
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Alanne, K Selection of renovation actions us-
ng multi-criteria knapsack model, Automation
in Construction, 2004, 13- 377-391. http.//dx.don.
org/ 10 1016/ autcon.2003.12 004

Al-Ragem, F. Retrofiting residential buildings
n hot and arid climates. Energy Conversion and
Management, 2003. 44 2309-2319. http-//dx doi.
org/10.1016/50196-8904(02)00256-X

Ardente, F, Beccali, M, Cellura, M., Mistretta, M. En-
ergy and environmental benefits in public buildings
s a result of retrofit actions, Renewable and Sus-
tainable Energy Reviews, 2011: 15 460-470. htip://
dx.doi org/10,1016/).rser.2010.09.022

Asady, E, Silva, MG, Antunes, CH., Dias, L. Mul-
U-objective opimization for building retrofit strate-

gies: a model and an application, Energy and Build-
ings, 2012; 41: 81-87. http.//dx.doi.org/10.1016/).
enbuild 2011.10.016

Bin, G. Parker, P Measuring buildings for sus-
tainability: comparing the nitial and retro-
fit ecological footprint of a century home - the
REEP house, Applied Energy, 2012, 93. 24-32.
http-//dx doi.org/10.101 6/j.apenergy.2011.05.055

Chidiac, S.E.. Catania, E.J.C, Morofsky, E. Foo. 5.
Effectiveness of single and multiple energy ret-
rofit measures on the energy consumption of
office buildings, Energy, 2011; 3é: 5037-5052.
http://dx.dor.org/1 0.1016/1.energy.2011.05.050

Cohen, S., Goldman, C.. Hamms, J. Energy 5avings
and economics of retrofitting single-family build-

References

Scanned with CamScanner



IR S

Journal of Sustamalbie

nas. 1991; 17: 297-311.
s, Energy and Buildings. & :
::?p://dxdos org/10 1016/0378-7788(91)90012-R

Dodoo, A. Guslaveson. L Sathre, R. Life cy-
cle ;;nmary energy  1mplication ol trjret|rl3:
lilling a wood-framed  apartment ) :Ju“
ing to passive house standard, Re.,ou”(.a,
Conservation and Recycling. 2010, 54: 1152~ 16 .
hup;//dwo-.orq/w.lm6/1 resconrec 2010020

Flourentzou, F. Routet, CA Flaboration of rr_'lvo{ll
scenarios, Energy and Buildings, 2002, 34 185-192.
hitp://dr.dor crg/ 10 1016/50378-7788(01)001054-2

Goldman,C A, Greely, K M Harms, J.P Retrofitexpe-
rience in US multifamily bulldings. energy savings,
costs, and economics, Energy, 1983, 13, 797-811
htip //dz dororg/ 10 1016/0340-5462(88)70085-0

Gall K., Koson, V., Furundz A ¥. General madel ol
solar water heating system integration in residen-
ual bulding refurbishment - potential energy sav-
ings and environmental impact, Renewable and
Sustamnable Energy Reviews, 2011, 15: 15323-1544
hitp //dz.dol.org/10 1016/ reer2010.11.052

Gorgolewsws, M Optimizing renogvation strat-
eges for energy conservation in housing,
Bulong and Enwronment, 1975, 30: 583-589.
hitp.//dudorerg/10.1014/0340-1322(95)00011-T
Hens, H.  Energy
end of the row house: contronting predic-
tons  wath  long-term  measurements,  En-
ergy and Buildngs. 2010; 420 1929-1947.
htip //dr dor.org/10.10146/) enbuild 2010.05.030

efficient  retrofit  of  an

b4
. b

Architecture and Civil Enginecring o

. ~
Q'Jl(‘]:y”‘ .
- ‘\

Hestnes, AG, Kofoed, NU fhg, ),
narios for energy efficiency AN g e
thedesignandevaluaton .J"ll‘.‘n!sr;-e.\'.'w.r';"_‘ feng

project, BulldngandEnvironmeny 5. . ¢

- wt.’{x’\.‘.’j) "7:
http.//dr.dovorg/ 10101675034 - %

Vel e,
S £

”1'.‘{,‘.{;-.:
R
Ledy ;.‘!
=T - R ‘-'.
“-:f‘j u’"? oy’
D02y gt
) enbuitd 2017 g .-
Mahha, ]f-4|_ Sr'lld. M FM ’-1'1"|HL.1 Hi -
jis, MR Cost-bhenehy anatya and e
duction of bghting retrofite, re%ideng,
tor. Energy and Builldinge 2008, '5'1”«)'--, "
http.//dx.doi org/10 101 b/} enbuilg 2041, [’-:j:'-:-'il?l:
18 09
Makinde, 0. 0. Housing dhlwr-ry Syslemy, pap
demand. Environ Dev Sustan, 2014, i(, I.;T:
http.//dx.doiorg/10.1007/510468-1 39471, ';‘ "’
Pison Housing Company. Overview of the hoe,

finance sector in Nigena Commissionesd by EF i
and FinMark, Finmark Trust, 2010, yol I'p

Ma, ZJ. Cooper. P, Daly, .
building retrofits Meth«_:duh)q,,
art. Lnergy  and Buildings,
http.//dx dotorg/ 10 1014/

[&l4 A -

s

-

.

P ISz
Thomas, 0., Alan, M, Lamberts, R Rating 1he ¢,
ergy performance of buildings. The Interrs
Journal of Low Energy and Sustainable n, ae
2004; 3: Retrieved May 22, 2016, from the 115 5,
partment of Energy’s Energy Citations Database

Zavadskas, E. Raslanas, S Kaklauskas o

»

selection of effective retrofit scenangs lor nor

e
houses in urban neighborhoods based on erpcted
energy savings andincrease inmarket value the /-
nius case, Energy and Bulldings, 2008, 40 572-5

http.//dx dor org/ 10,1016/ enbuild 2007 0401

About the
authors

PhD. OLUWAFEMI K. AKANDE

Senior Lecturer
Fed

ersl University of Te

chnology. Department of
Architecture, PMB 45

Minna, Nigenia
Main research area

Tl s - )
?Jc “ng Energy Performance and Environments|
sustanabiity in Arch

meclyre
Address

Usgarment of Architectyre
Fedarg! Universiy of Ter_hn:-',cgy
FMB 45, Minna, Nigena
Tel DAL VETN
E-mail fhakanderren

‘Ar30de275 #g0Cglernal com

PhD. REMI E. OLAGUNJU

Associate Professor

Federal University of Technology, Department &
Architecture, PMB 45, Minna, Nigena

Main research area

Building Maintenance

Address

Cepartment of Architecture
Federal University of Technology
PMB 65, Minna, Nigena

Tel. +23470065003255

E-mail: rembenz@gmail.com

Scanned with CamScanner



