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Abstract

Affordable and decent housing constitute an impdrteomponent of the urban infrastructure of any
nation. In Nigeria, the housing deficit was estiethtin the year 2012 to be about 17 million.
Understandably, the huge financial and complexdbigal implications of bridging the deficit appetr
have dominated academic discussions on the subjatter. This paper attempts to address the enengy a
CO; emission implications of mitigating the huge hogsiteficit. Using a predominant urban social
housing typology in the highly urbanized city ofjba as a basis, the paper estimated the emboderden
and CQ emissions associated with providing the additiamalising units needed to bridge the deficit. The
life cycle energy analysis framework was adoptedte study with the Inventory of Carbon and Energy
(ICE) as the main source of embodied energy and €@fficients. It was found that given a housing un
footprint of 120rhand a building life span of 50 years, the embodiedrgy and C@emissions intensities
for the prototype were 7378MXand 589kg/rhrespectively. For the additional housing unitsg tibove
intensities translated to about 15.x*401J of embodied energy and 1.2 ¥%@ of CQ. With respect to
the building components, the largest contributarstie embodied energy and carbon profile were the
substructure, frame and upper floors as well agrimal and external walls and the key materials tfoe
components were cement and steel reinforcemerat.der to reduce the estimated embodied energy and
carbon impact of providing the additional housingeds, the targets for mitigation should be the oeteg
steel reinforcement and envelope/partition materiafithe buildings.

Keywords. Embodied carbon, Embodied energy, Life cycle assarsts Mass housing,
Nigeria.
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1. Introduction

Housing constitutes an important part of the irtfragural needs of society providing both a
physical enclave and a social space. In spitesofnportance, housing of the right quality and
guantity has remained a major challenge espedralfieveloping countries such as Nigeria. The
guantitative deficit in housing in Nigeria has besstimated at about 17 million with annual
housing production standing at about 100,000 wastagainst the expectation of about 700,000
units (Okonjo-Iweala, 2014). The magnitude of tbeding deficit is such that government alone
cannot cope with its mitigation. As a result, pakgrivate partnerships are gaining ground as an
important route for mitigating the housing defigiiem and Aduwo, 2012).

Strategies to provide housing in Nigeria includeeci provision by government and
government agencies, private sector provision afdigprivate partnership arrangements. In all
these scenarios and given the magnitude of theidaehe mass housing approach is required.
Mass housing connotes provision of large numbédraefsing in multiple units on a continuous
basis to meet the housing demand of both ownerpiesiand rental tenants. The purpose of
mass housing is to provide decent housing uni@ffatdable costs to households that cannot
cope with the huge investments associated with acglisition and direct construction of
buildings. The major challenges of mass housindigeria include land acquisition, finance,
design-related issues, procurement methods indualmilability of good building materials and
components as well as low adoption of innovativéhoes of mass housing construction.

Of increasing importance in mass housing is tharenmental impact of its provision in
terms of resource use, energy consumption ang édssions. This is against the background
that buildings generally and residential buildingsparticular are responsible for huge energy
consumption and C£&&missions (UNEP, 2009). In addition, given therdtten paid to emissions
from the building sector at the 2015 UN Climate @ Conference (COP 21) and the
subsequent emissions reduction targets agreed, detaiged examination of the energy and.CO
emissions profiles of buildings is necessary. lantdlly the Intended Nationally Determined
Contribution submitted to COP 21 by Nigeria indezhtarbon reduction target of between 20%
and 45% by the year 2030 (FGN, 2015). However,dbect of mass housing has not been fully
studied in the Nigerian context. With the huge mateesources that would be needed to bridge
the housing deficit, the current paper seeks tonexathe energy and C@missions implication
of the provision using the prevailing building méés and construction methods. In order to do
this, a predominant public residential building diggy in the highly urbanized city of Lagos,
Nigeria was selected as case. Specifically, theggnand CQ emissions associated with the
building materials/components and the construcporcesses are examined using mainly the
Inventory of Carbon and Energy (ICE) database dpesl by Hammond and Jones (2011).
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2. Literaturereview

The literature review coverage includes the conoéphass housing and the challenges of
mass housing especially in the context of Nigdnaddition, the environmental impact of mass
housing was also considered. The section conclwitesexamples from several contexts of life
cycle energy assessment of residential buildings

21  Concept of Mass Housing

Mass housing generally implies mass productionoaising units in response to the needs of
a particular context. In this respect, mass housiag its foundation in industrial production.
Even though the concept often points to the phisittdbutes of a project in terms of size and
construction methods, Kwofie, Fugar, Adinyira antadlzie (2014) in defining mass housing
captured the non-physical attributes which includeganizational and operational features.
Mass housing is essentially an urban phenomenoociassd with urbanisation and the
challenges associated with it (Musterd, Van Kempen Rowlands, 2009). It has found
expression in public housing, social housing, profiented private-sector driven housing
programmes and in public-private partnership areamgnts.

2.2  Challenges of Mass Housing

The housing sector in Nigeria is confronted witmgriad of challenges which are further
compounded by a rapidly growing population espgcial the urban areas. With an estimated
population growth in the range of about 2.5%, Htgadaywood and Whitley (2015) estimated
that 1.5 million new homes would be required anlyda¢tween 2012 and 2025. The challenge is
made worse by an existing housing deficit of abbatmillion housing units as estimated in
2012.

Availability of land is fundamental to the provisioof housing but land policy and
implementation have been found to be debilitatingntass housing development in many
African countries (UN-HABITAT, 2011). This was camhed in a study by Makinde (2014)
which found that cost of land and land access psE® are limitations to mass housing in
Nigeria. Also, Ugonabo and Emoh (2013) identifiadd of secure access to land as a barrier to
housing while Oloyede, Iroham and Ayedun (2011)ilaited the continuous patronage of
informal land markets by residential property depelrs in South West Nigeria to the failure of
formal market.

Closely associated with land acquisition is theessf housing finance. The housing finance
situation was assessed by Okonjo-lweala (2014)itawds found that total mortgage market is
just about 0.5% of GDP and total commercial banktgage loans is less than 1% of banks total
assets. The poor state of housing finance was megge for poor implementation of mass
housing schemes in Abuja, Nigeria’s capital astified by Ukoje and Kanu (2014).
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Housing design issues are also paramount in massing especially with respect to
flexibility and adaptability to a wide variety ofwellers (Narendran and Musau, 2014).
Widespread housing transformations witnessed insmiagusing is evidence of design
inadequacies and residents dissatisfaction (Adulbem and Opoko, 2013). Folaranmi (2012)
and Okpoechi (2014) also emphasize the need tdvewend users in design decisions while
Jambol et al (2013) proposed a bottom-up appraaaiess housing design.

Slow pace of innovatiomdoption has also been identified as a challengeass housing
especially in the context of developing countriehta and Bridwell (2006) consider innovative
technologies for mass housing to entail productbhousing in a cheaper, more efficient and
more context-relevant manner. In Nigeria, mass ingusconstruction projects are still
characterized by in-situ construction processe®ifizz 2014). The advantages of innovative
construction methods such as offsite manufactu@gM) to the Nigerian mass housing sector
has been emphasized by Kolo, Rahimian and Goul@0t4; 2015).

2.3  Environmental Impact of Mass Housing

Increasingly, emphasis is being placed on the mglénd construction sector in the drive
towards a sustainable environment. It has beematsd that buildings alone account for about
30% of global greenhouse gas (GHG) emissions oflwkRIQ is the most prominent (Gupta,
2014). This necessitated the prominence given #idibgs in the deliberations of the 2015 COP
21. In mitigating carbon emissions from buildingpecially in rapidly growing countries such
as Nigeria, it is advised that emphasis shouldlaeep on new buildings as they offer the best
opportunities for mitigation (Jennings, Hirst andrbhir, 2011).

Energy consumption and carbon emissions are ofsexl to measure the environmental
performance of buildings. In this respect, energnsumption and carbon emissions can be
considered at two levels: the embodied phase andpbrations phase. Embodied energy is the
energy consumed in the process of bringing a mgldibout and it includes the energy of
building materials and components production as agthe energy of the building assembly or
construction processes. In detail, the embodiecaspf a building covers the following:
material embodied energy (cradle-to-gate), trarigation energy, site construction energy,
recurring energy (energy associated with maintegaand demolition or end-of-life energy.
Embodied carbon is the carbon associated with ieodied phase of a building. The energy of
the operations phase which is outside the scomeimént paper is the energy consumed in the
process of using a building and it includes thagynesed for household appliances, cooking, air
conditioning and lighting. Conventionally, the erdied energy of buildings is estimated using
the life cycle energy assessment framework whichsgreamlined version of the internationally
standardized life cycle assessment framework (ERO6).

A number of methods are used in life cycle assessrard they include: input-output
method, process method and hybrid method. The {opiyut method of life cycle assessment
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was developed by the Green Design Institute of €sen Mellon University based on the

economic input-output model originally encapsulatsd economist W. Leontiff. In process-

based life cycle assessment, account is takenre€tdand indirect upstream energy flows of a
product or process and it was originally developgd SETAC (Society of Environmental

Toxicology and Chemistry) and later adopted bylthiernational Standards Organisation (ISO).
The highly aggregated nature and low accuracy efl#® method coupled with the enormous
time required for the more accurate process methexessitated the hybrid method which
overcomes the shortcomings of the earlier two nat{gVeidmann, 2010).

Full life cycle assessment is conducted using stahgoft-wares but the streamlined version
highlighting for example, embodied energy and carbimxide emissions (Biswas, 2014) can be
carried out using spreadsheet and embodied enadygaabon coefficients estimated previously
from process life cycle assessment methodologiethi$ respect the ICE database developed by
Hammond and Jones (2011) comes to fore as it enapleck lifecycle energy and GO
emissions assessment for the purpose of determitspots in buildings.

24  Life Cycle Energy Assessment Examples

Using the energy input-output analysis and a predant residential apartment typology of
area 85min the Republic of Korea, Jeong, Lee and Huh (2@&2imated material embodied
energy and embodied carbon to be 11.8TOE and 4B:CI® respectively which when
converted translate to 494,042MJ of embodied enaagg 45100kg of embodied GO
respectively. The resultant intensities were 581/8Mand 531kgC@m? respectively, with steel
and concrete accounting for the bulk of the intisi However, the intensities refer to initial
material embodied aspect.

In an Indian study of a residential building of Ra@@footprint, Ramesh, Prakash and Shukla
(2013) using the process method estimated initisthaglied energy intensity to be 7358M3/m
while recurring embodied energy intensity was 718MJmaking a total embodied energy
intensity of 8074MJ/rh The recurring component of the embodied intensig approximately
10% of the initial embodied component. This coudd ditributed to the long life span of the
major building components as assumed in the study.

Similarly in an Indonesian study (Surahman and Kap2013), initial embodied energy of
three housing types using input-output method 8&r8GJ, 130GJ and 367.7GJ respectively in
the order of complexity of the buildings. With tfemtprints of the buildings at 5Zn127nf and
300nt, the embodied intensities were estimated to beM@&w, 1024MJ/m and 1226MJ/rh
respectively. Even though the intensities were dateid by the concrete and steel components,
the relative low values of embodied energy poinintoeased use of materials sourced from the
immediate environment.

Crawford (2008) demonstrated how the hybrid metbend be used to improve the accuracy
of traditional methods of embodied energy analg$i8ustralian buildings. In a residential case
study with 109 footprint and with basic materials made of corgrémber, brick veneer and
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plasterboard, the hybrid method compared with tteegss and input-output method showed
differences of between 41% and 59% respectivelythEu modifications of the hybrid method
have also been evolved. Acquaye (2010) describ&ddhastic model for embodied energy and
carbon dioxide equivalent analysis of the Irish staction industry while Kibwami and
Tutesigensi (2014) proposed a mathematical modetrddodied carbon emissions reduction in
building projects.

Of importance is the growing use of the ICE dataebas life cycle energy and carbon
emissions analysis of buildings in the African éoant. This may be due to the absence of good
quality life cycle inventory data especially for lkodied impact assessment. The economic
input-output tables are over aggregated and enetgysity data are not available on a consistent
basis. Hugo et al (2012) used the ICE databasessesa the embodied energy and carbon
footprint mitigation opportunities of BRT statioms South Africa. Hashemi et al (2015) also
used the ICE database to comparatively evaluatenmzodied energy of walling materials in
low income housing in Uganda. Interestingly, thedgtfound cement-based walling processes
less energy intensive than traditional brick walidue to the inefficient brick firing processes.
Abanda et al (2014) deployed the ICE database topace the embodied energy and carbon
emissions intensities of whole buildings using teemstruction alternatives in Cameroun. The
study found embodied energy and carbon dioxidensities to be 2008MJ/frand 228kgC@m?
respectively for mud-brick house and 3066MJANnd 397kgC@m? respectively for the cement-
block house. All the intensities are however fa ithitial material embodied phase.

The foregoing review suggests that the mass houtgtigery process in Nigeria need to be
subjected to proper environmental assessment ediyeas efforts are being made to address the
huge housing deficit. Also, the literature pointth@ central role materials use and construction
methods play in the embodied energy anc: @@ensity of residential buildings. However, the
differences observed in the cited examples sugbasthe context of the buildings has a role to
play in their embodied energy and £@ofile.

3. Resear ch methodology

The study area is Lagos, Nigeria and survey rekBedesign was used to obtain general
primary data about the buildings. The research ladpn was the public housing units
established by Lagos State Government between &8812005 for low and medium income
earners located in medium-rise multi-family resigdrblocks in residential estates managed by
the Lagos State Development and Property CorpordtiS8DPC). Nine estates were randomly
selected and taking each estate as a stratum gfogidation, a sample size of 1,075 housing
units was drawn systematically and used for questoe administration for the wider study
which comprised of operational and embodied enamyy carbon components. However, only o~
the embodied component is reported in this paper.
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In addition, building-specific inventory data fombodied energy estimation such as types
and quantities of building materials and componests/ell as construction processes and inputs
employed were obtained through observation, inéevsi and from secondary sources such as
contract documents. A typical residential blockdlggy was selected for the building-specific
inventory (see Figure 1 and Figure 2). The blocknpnsed of six apartments on three floors
with gross floor area of 720n(120n% per unit). The selected building was subjectedetailed
embodied energy and G@missions analysis using the ICE database anthatienal energy
and emissions protocols.
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Figure 1: Typical Floor Plan of Building
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Figure 2: Front Elevation of Building

The results obtained from the survey and invenstages were used in conjunction with
relevant international embodied energy protocdis, hventory of Carbon and Energy (ICE)
database and some local inventory data to estiemseyy consumption at the embodied phase of
the selected residential building typology. The mjitees of materials obtained from a standard
bill of quantities were estimated either in masg) (&r in volume () and later converted to
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mass (kg) in order to make the units of measurepatilie with the ICE inventory. The
guantities were also arranged according to cortsbruenilestones namely: substructure, frame
and walls, suspended floors and staircases, rooftaste and covering, finishes, fixtures and
fittings as well as building services in order talicate the relative materials and energy
consumption of each milestone. The energy valueeatrat represent the material embodied
energy or cradle-to-gate embodied energy. In otdetapture the full embodied energy, the
energy of transporting the materials to site, ep@fgsite construction operations and energy of
building maintenance or recurring energy are alstmated as detailed in Ezema (2015).
Recurring embodied energy is estimated using a€ad §fe span for the building and building
component life spans obtained from literature. Gitlge labour-intensive construction methods
prevalent in the study area, manual energy wasattd using the manual energy coefficient for
the tropical region as originally recommended bygbdh (1997).Demolition in the study area is
mostly carried out manually with the products o tlemolition reused in other ways including
construction. Hence, demolition energy was assuimée negligible in the current study.

4, Findings and discussion

The findings of the study are presented under tmheadings namely: embodied energy
and embodied carbon.

4.1  Embodied Energy

The embodied energy profile of the selected bugdsas shown in Table 1. It is dominated
by the initial material and recurring material canpnts (97%). The total embodied intensity of
7378MJ/m2 is lower than that of the Indian stud@7@VJ/m2). However, the recurring
component of the Indian study is lower than thaitvested in present study. The relatively high
value of recurring embodied energy in present study be ascribed to the low durability of
building components used which necessitated fréqeemponent replacement during the
building life span. If the initial material embodienergy intensity in present study (3727MJ/m2)
is compared with that of other studies, it wouldobserved that it is lower than the Korean study
(5819MJ/m2) but higher than the studies in Indaresind Cameroun. The differences may be
explained by differences in primary energy souaesvell as project status (formal or informal)
and scale of the buildings.

Using the estimated embodied energy intensity g18RBI/m2 and a housing unit footprint
of 120n?, the embodied energy content of 17 million housings built with existing materials
and employing existing construction methods willlsx13?MJ. If the target is to totally offset
the deficit in ten years at a constant rate, themtass housing sector will be adding 1.3%%0
to the embodied energy content of the Nigeriantlamnlironment annually. This is equivalent to
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burning 42 billion litres of diesel annually or 1hfllion litres of diesel daily for the next ten
years.

Table 1: Embodied Energy Profile

MEE TE SCE REE TEE(B) TEE(U) EEI

(MJ)
(MJ) (MJ) (MJ) (MJ) (MJ) (MJ/m?)

2,683,461 100,201 60,138 2,468,307 5,312,107 885,351 7,378
(51%)  (2%) (1%) (46%)  (100%)

MEE = material embodied energy (cradle-to-gate) =TiEansportation energy, SCE = site constructioergy,
REE = recurring embodied energy, TEE = total embddénergy, EEl = embodied energy intensity, B =
residential block, U = residential unit.

The estimated embodied energy is mainly due t@alrgind recurring materials used in the
buildings. Transportation and site constructionrgnere negligible. A sizeable percentage of
the material embodied energy is traceable to teeofisement, cement-based materials and steel
reinforcement. These materials were used as the staictural components of the building as
well as for the internal walls and the externaletape (see Table 2). A major contributor to the
recurring component of the embodied energy is pagnds shown in Table 2 which had low
contribution to the initial material embodied ener@his is mainly due to high churn rate for
painting relative to other building components.

Table 2: Relative Contribution of Component to Embodied Energy

Building Component MEE (%) REE (%)
Substructure 13.6 0
Frame and Upper Floors 25.4 0
Walls (Internal and External) 11.7 0
Roof 7.8 8.5
Doors and Windows 6.0 6.5
Fixtures and Fittings 4.9 10.8
Wall Finishes 7.1 16.0
Floor Finishes 8.2 18.2
Ceiling Finishes 15 1.7
Plumbing Installations 4.2 4.5
Electrical Installations 2.6 2.8
Painting 7.1 31.0
Total 100 100
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4.2 Embodied Carbon

The embodied carbon profile of the reference bogds as shown in Table 3. The dominant
components of the total embodied carbon are th@lirand recurring materials components
representing 97% of total carbon dioxide emissioftse total embodied intensity was also
estimated at 589kgCG@On? while the initial material intensity came to 331€@h/m?.

By adopting the estimated embodied carbon intergi§89kgCQ/m? for the 17 million housing
units, the total carbon dioxide emissions from th@bodied phase is estimated to be
1.2x10%gCQ,. If the emissions are to be distributed over teary, the annual addition of
carbon dioxide will amount to 0.12x¥RgCQ,. The figure translates to 120 million tons of
carbon dioxide annually released into the enviramnneainly from the use of building materials
and components as the transportation and site raatish components are rather negligible in
comparison.

Table 3: Embodied Carbon Profile

MEC  TC SCC REC  TEC(B) TEC (U) ECI

(kgCQ) (kgCO) (kgCQy) (kgCOy) (kgCOy) (kgCOy) (kgCO/m?)

238,589 7527 3105 174862 424083 70681 589

(56%) (2%)  (1%)  (41%)  (100%)

MEC = material embodied carbon, TC = transportatiarbon, SCC = site construction carbon, REC =
recurring embodied carbon, TEC = total embodietd@ar ECI = embodied carbon intensity, B = residgnti
block, U = residential unit.

5. Implications of the findings

The study identified building materials and compureas the main contributors to both the
embodied energy and embodied carbon profile obthiklings. In order to reduce the embodied
energy intensity of mass housing, it is importdrat tthe flashpoints in their embodied energy
and embodied carbon profile should be addressethisnrespect, the use of cement, cement-
based products and steel reinforcement stand oaiddntally, these are the most common
construction materials in the study area. Howewerjne with energy and carbon reduction
targets adopted at COP 21, there is the need ® dpkropriate measures to mitigate their
impact. In this respect, the use of low carborradteve building materials is advised. A number
of these alternative materials are available in shely area and efforts should be made to
popularize and improve their uptake.

At the level of policy, while recognizing the almosndispensable status of the \O
aforementioned conventional building constructioatenials, it is important that best practices 0‘3
aimed at encouraging more energy efficient prodagirocesses be encouraged especially in the ivso
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cement industry which is now fully indigenized. drastingly, the main cement production
company in Nigeria had in the third quarter of 2@h®ounced a switch from the use of natural
gas and low pour fuel oil (LPFO) to coal as themenergy source for cement production. Even
though the company cited high cost and irregulailability as main reasons for the switch, its
effect on the energy and carbon profile of cemeatipction needs further study. The adoption
of energy and carbon efficient material produconcesses is an industry-wide issue and can be
facilitated through legislation and institution@dzincentives.

At the research and development level, more reBeanmed at identifying alternative
materials needs to be encouraged. A number of lmevgy and low-carbon materials which
potentially can facilitate gradual substitution @ément in building construction have been
identified and need to be refined further for actise. Also, low carbon composite materials that
can replace cement-based walling materials shoaldxplored. It should be observed that the
huge advantage of cement stabilized earth bricksvaling material have not been fully
exploited in mass housing in Nigeria in spite @itlobvious environmental benefits.

In addition, the building construction processeethd¢o be made more efficient. The
preponderance of in-situ construction methods énstindy area creates room for a lot of resource
waste. Lean construction processes such as thef @8M techniques should be encouraged as
a more resource efficient construction method.

In professional practice, there is the need to wath appropriate regulatory institutions to
standardize and certify alternative buildings materto facilitate their specification by built
environment practitioners. At the construction isity level, more efficient construction
methods such as OSM can achieve substantial reduatithe quantity of high-energy materials
that cannot be fully dispensed with in mass housogstruction.

0. Conclusion

This paper examined the housing challenge in Neggenerally and from the energy and
CO; emissions perspective. It was observed that atuhent state of material use and
construction practice, the energy and-@@plications of bridging the Nigerian housing afi
would be enormous. The flashpoints to target faastantial reductions in energy use and
COzemissions from housing construction were identifi@dncerted efforts involving research
and development, innovation adoption in housinggteand construction as well as policy and
appropriate legislation would be needed to cueladrgy and Céemissions intensities
associated with mass housing and by so doing tamérito achieving the energy and carbon
reduction target of the United Nations Conferenc&€bmate Change.
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