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ARTICLE INFO Abstract

A , Structural growth along the peri-urban fringe of Minna city along Minna-Bida
Ar. ”C{ e history road has become a major source of concern to development planners and urban
Received: 2/06/2017 administrators because of the uncoordinated and unplanned nature of these
Accepted: 04/07/2017 structural expansions. This study is aimed at evaluating the household

ecological footprints (EF) within the residential developments in the city; and
the objectives include; estimate the ecological footprint of housing by
households, estimate the size of dwellings, appraise the construction materials
3 used, determine the household energy sources and estimate the ecological
Effnfslf?bpaenf?:r:\glzsr’a::eﬁ footprint of Minna. This r_esearch undertaking was with the use of primary
I‘ ; ! source data collected using prearranged questionnaire that enables the
Malaysia computation of EF and bio-capacity latent of Minna. The procedure involved
the computation of the EF of Minna through the EF calculator to estimate total
consumption for all the components of the EF by family units (commonly in
tonnes), adaptation of the capital consumed to EF (gha) and calculating EF per
capita (gha). Buildings Ecological Footprint is the largest energy flow in
Minna urban metabolism (235,050,499 GJ). Electricity consumption account
for 25.0% (45,770,538.75 GJ) of the total energy in the city usually demanded
for lighting and cooking. An extra 12,992,086GJ of energy is used for
embodied energy within the building construction and maintenance in Minna.
This study therefore recommends that Housing, planning with regulation of
energy efficacy budgets are prerequisite to reducing household EF in the city.
Conclusively, therefore, Urbanization has become the comerstone of
globalization; cities must therefore play a greater role in determining

sustainability potentials of any society,

Ecosystem services,
conceptual framework,

© Journal of Applied Sciences & Environmental Sustainability. All rights reserved,

1. Introduction

Growing human populace with urbanisation had affirmed that the changing strength to the assets usage
(both natural and man-made) is in-gestation. Environment has obstinately played the role of provider of

resources with absorber of the remnants produced through human activities of in- gestation!2, The view that
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: S . 1 influx which in turn requ
international warming. Minna as a fast growing city 1 experiencing poptfaiioa iy

i le land for constructio
the consumption of resources. Therefore the problem of consumption of arab n of

; i f houses. This brj
built-up area has been a problem because agricultural land 1 used for construction o i bring

about the danger of insufficiencies with disruption of precise natural arrangements such as sh(Trtage of
drinkable water (H;O), lack, deterioration of agrarian land, deforestation, with shortem.ed enanonment
damage. The insinuation of this is that the imminent development of vegetation axid WidHECatstenss o
the earth will ultimately be at danger as well as human beings. Numerous difficulties originate from the
problem of sustainable development which is perquisite to this inquiry. The leading among the issues of
sustainable development that relates to in gestation of assets is the level of ingesting of such resources.
Concepts have showed that resources on the globe are persistent and need appropriate organization in other
to be able to provide for the requirement of the current and upcoming society'' . The in-gestation of
nutrients and energy has remained a foremost issue in the nourishment of man in the biosphere hence; the
manufacture of food has turn out to be a universal difficulty as the populace has showed to be growing
further than the food manufacturel4. There is increase in the consumption of resources in Minna as
established by National Bureau of Statistics indicated that the extent of consumption in Minna between
1990 and 2010 increases 25 folds'S. This research is aimed at evaluating the household ecological footprints
(EF) within the residential developments in the city; the following objectives were also set; estimate the
ecological footprint of housing by households, estimate the size of dwellings, appraise the construction

materials used, determine the household energy sources and estimate the ecological footprint of Minna.
1.1 Study Area

Minna is positioned along leeway 9 0 37’ North and longitude 60 33’ East. The northeastern zone of the
urban area has rock protrusions which act as physical restriction to expansion (Minna Master Plan 1980).
Nevertheless the incident of development has result to the infringement of the underground base of the hill
for city expansion. The metropolis of Minna has developed from a meagre resident area to a metropolitan
that now doubles as the Niger State capital and the headquarters of Chanchaga Local government. Owing to
growth of the metropolitan Minna has at present annexed part of Bosso Local Government. These two

Local Government Areas are combined to make up the genuine borderline of Minna metropolis for this

research. The present-day metropolis is extensively extent to both sideways of the key arterial dual carriage
way from Maikunkele in the north to Chanchaga in the south - a trip that is approximately 20 km. There is
unequal expansion of the metropolis (Little expansion at the North-East) owing to sharp slope, wearin$
away, and submerging and soil variety. The additional restrictions are drainage channel at the heart of
metropolis that runs South-Westward with several slight drainage networks, which caused overflowing i

the metropolitan in present time. The properties that exist outside the current developed section appropn'ﬂ“’
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both descriptive and inferential statistics.

3. Results and Discussion

3.1 Ecological Footprint Calculation for Housing by Households

This section of the research estimates for the EF of housing in Minna. This involves calculating the land

enclosed by housing in addition the area that is part of the house including courtyard, garden and garage
Also the woodland part utilizes to supply construction materials and the embodied energy adopted for the

construction and function of the houses. Tablel indicated the land types that make up the EF for housing in

Minna:
Table 1: The Ecological Footprint Land Types used for Housing in Minna
Categories Land Type
Floor area used up The land covered by housing, including houses, sheds and garage
s S.
Floor area for courtyards and The land area covered by courtyards, car parks and gard -
- s raens.
kitchen garden
Forest land The forest land used for producing construction materials for housi
i ' or housing.
7y The energy used for the operation of the domestic activities - illuminating
food preparation, space and water heating .
Embodied energy The ener
gy used for the erecti
tion, upkeep and clearance of houses.

Fieldwork, 2013
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— [ Area (m°)

Building Type

. 155
Dwellings

4
Garage 2
Verandah _E___________
Courtyard 20
Average Total Area 205
L

Fieldwork, 2013

The method of erection of houses needs the dissipation of both straight and unintended Consurpiy;
families to be set in place with the usage by the families yearly. The breakdown reflects the amyy,
materials, embodied energy, conveyance required; energy required for the period of erection and Upkey
the structure, the land needed for building and a number of others required (Barrett et al, 2004), Ty
housing here put into consideration the quantity of land required to satisfy the erection of the houses
by the family units’. The EF of diverse vé.rieties of house has varying transformation issue. House s

separate, joined-houses, domestic house, apartment building etc. is well thought-out in the research |
issues deliberate on the useful lifetime, (age of the structure), strength, face

EF of housing is compared to land taking away from bio-productive undertakings and as a result, usig
the information of farmland for

-lift, use again and upkez.|
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18 summarised in Table 3,

T Aver:gal;le 3: Estimated DG“;C; EF of Housing Cﬂ\ft;uction in Minna
Components Size (m?) i/ m?) otal Energy (Gj) TEF oo
Main Building 155 2.63 182736300 —
Garages 24 1.83 48,913,988 0.009
i Verandah 6 0.30 2411551 T
s the Courtyard 20 0.58 988,760 0.008
n ity Total 205 235,050,499 0.117
00 Fieldwork, 2013
he hoi! 3.3 Building Construction Materials
e H Several building materials were used for construction in Minna. Some of the major materials are sand
the 17 making bricks and wood. The amount of wood used in constructing an average 180m? brick (sandcr
\ and “Fk(: house is estimated to be between 17-18 m3. Around 5 m3is needed to construct a flat. It is assumed that
;aresullf"' approximation does not include the usage of wood used for building gazebos, garages, with others
.tfucﬁoﬂ Minna around 99.0% of buildings are product of sand Crete blocks, with around 82.0% of buildi
' ],mgI? constructed using reinforce slab floor covering. The woodland area therefore required to arrange for log
he : ” computed by calculating the Mean Annual Increment (MAI) of logs gathered. A medium MAI of
bfick pﬂc f m?/ha/yr. usages is, established on the respective MAIs of broad leaved hard wood and the assumption |
‘ smlcdcﬂt. for house constructed in Minna. The assumption for total forest EF of Minna per capita is. An aver
Gdiﬁm& yearly increase 16 m3/ha/yr for wood land use coupled with extra 20.0% of wood usage for garag
l e'ﬂ‘ul‘i gazebos, floors, etc; a projected lifespan of 99 years for buildings, A projected extra 34.0% usage of Ic
}f ; eb‘]ﬂ; for maintenances, preservation, leeway. The estimated timber used for construction in Minna and the EF
Oftb. 1{?[}‘ such wood product is 64,822 m® and that produces 0.0011gha of EF. Furthermore, ca{cu-laﬁﬂg the ener;
5130“10 blﬁjﬂ:’ land imprint includes computing the quantity of energy usage for the process, bm;dmin 1::::;?:
5 0 013@ throwing away of housing: Procedure energy comprises the energ?f usage for thi every i);ances g
ét)f‘ Mﬂ]' 9! domestic homes -heating/refrigerating, illuminating, food P repara’t’lon;f(;w:at: h::ti:sii to extract the
% voﬂs&{f and others; Building energy comprises the “eiticied cnefg)’tur‘: nl:eds vitality for the lifespan of the
f»ba 611 y q(" construction resources from natural resources; Upkeep of the ::z:c structure and dumping of the materials
; d‘ﬂfﬂoiﬂft(» structure, projected to be around 50 years; and the clearance
mg& eﬂd? {; would also need energy.
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3.4 Energy consumption in the Running of the family units
ntinuous usage of energy, for illuminating, f,

The continuing running of the household needs a CO . 3 :
for keeping buildings is growiy

preparation, boiling, and hot water H20 etc. the in-gestation of energy o i o
. m .
Within the period of twenty (20) years from 1990 to 2010, this upsurge was fro P
individual (16%), and is projected (NBS, 2011) to up P
: . t.
supposed to be Minna’s main form of residential energy use but epileptic supply has reduced 1t. The use

surge to 21.6 GJ per individual by 2015, Ener

fossil fuel in generating residential electricity use is on the increase, for example the use of fossil fu
increased from 3254,472 GJ, or 1.84 Gj per person per annum. Kerosene in Minna indicated that abo
4568 PJ (2.64 Gl/individual) of kerosene were aimed at local purposes mostly for space and wat
warming. Fuelwood has a projection of 650,000 tonnes of logs transported annually, and an ener
constituent of 13.2 Gj/tone. This gives a consumption amount of 989,000 Gj (1.99 Gj/person). Very littl

quantity of natural gas is used in Minna homes because of its cost.

3.5 Embodied Energy for Building Erection, Maintenance with Renovation

The power used in the erection and maintenance of houses is known as personified energy which is th
energy used to extract, produce and convey housing resources, also to build the structure. Throughout th
previous 20 years, the energy strength of buildings in Minna has improved owing to modifications in desi
and erection. Present houses are extra classy architecturally and employ the use of building materials which
includes fired clay bricks, aluminium roofing sheets and others which were not used in construction in the
past. Also the magnitude of buildings is growing; the full drive used in erecting houses is increasing
evidently. The quantity of personified energy in precise materials differs; therefore the option of housing
materials influences the entire sum of energy used in a residence. The personified energy necessities of the
constituents of a building, stated as the Gross Energy Requirements (GER), calculated in Mj/ m2, are
summed to offer an estimation of the entire GER for the buildings. The GER is the quantity of all the
energy that has gone into the construction, as well as energy for: mining, processing and conveying the
natural materials, building the machine which was mined and treated the natural materials, producing the
housing constituents, aid services and convey to the construction site and Erection of the structure, together
with means of transport. The entire GER could differ immensely, dependent on the resources used to eret!
the structure. Computing the personified energy in Minna building comprises: determining the quantity and
extent of building with the varieties of building materials used; calculating the GER of the several structt®
constituents; and adding up the constituent GERs to get the entire personified energy needed. Gross Enerf
Requirement (GER) of building constituents comprise of the structure shell, which comprises i

foundation, levels, walls, roofs and other physical constituents, and the fit-out, that comprises the inter®
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Source: Estimates based on Lawson (1995)

36 Embodied Energy in Minna Buildings

Using the GER projections for several housing constituents, the projected embodied energy in the average
nna is shown Table 5. The projections, the entire personified energy in

houses and related buildings in Mi
ith repair of building also

Minna is represented in Table 5. Upkeep W

constituents for erection of houses in
en estimated that the magnitudes of embodied energy usage in

requires embodied energy, which has be

structures maintenance and repair are highlighted:
structure materials on the

i,  60.0% for mining, major and secondary production with fitting of

construction site;
ii. 34.0% for maintenance, renovation and change during a 50 year Jifetime of the structure;
iii.  6.0% for conveyance and dumping of materials.
i e and for every capita EF for energy
age, with the entire ab .
Lok g A projectcd lifespan of 99

Table 5 indic i i
ates the pro ected quantity © e
Pl ated permittin

: bui]ding maintenance in Minna. These numbers are estim iy
nts of 402,706; and, @ projection of 100G/ P

Years for structures; a inhabita
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Table 5: Estimated Total Embodied Energy of Housing in Minna
Embodied Total Energy | Energy (Gj) EF Minna (ha) EF/capita
Energy Use (Gj/a/capita) (gha)
Construction 10,982,821 247 17,82821 0.065
Maintenance 1,010,265 1.03 10,102.65 0.034
Total 12,992,086 3.50 29,713.68 0.069
Fieldwork, 2013

3.7 Total EF of Housing in Minna

Table 6 indicated the estimated EF of housing in Minna. The aggregation of both the direct EF and the

embodied energy of construction and maintenance indicated the per capita EF of housing in Minna.

Table 6: Estimated EF/capita of Housing in Minna

Consumed | Garden Land | Forest Land Energy Land | Total EF
Land
Housing EF 0.063 0.020 0.011 0.023 0.117
Embodied Energy 0.069 0.069
Total Housing 0.063 0.020 0.0011 0.092 0.186

Fieldwork, 2013

The calculation of the EF of housing was carried out based on the response of the households the per capita
EF of housing was obtained for each type of household housing consumptions. Therefore, the average EF of
housing in Minna is 0.186 with households having average 205 m2. Some family units’ also have extra or
small floor extent. This consequently might be (+/—- 0.0011) dependent on the floor extent of the building
s’. The calculation of embodied energy of housing include those of building materials,

for the family unit

transportation of the materials to the site of construction, the energy used per households for heating, fossil

fuel usage and built-up land. This is represented in Table 5.

3.8 Housing and Sustainability of Minna
est energy flow in Minna urban metabolism (235,050,499 GI). Electricity

Buildings EF is the larg

consumption account for 25.0% (45,770,538.75 GJ ) of the total energy in the city that is usually demandéd

for lighting and cooking. Extra 12,992,086GJof energy is used for embodied energy within the buildin?

construction and maintenance in Minna. Residential buildings account for 50% of electricity demand !

land area for construction in the city. The total CO2 discharges from structure running energy usité

electricity are 217,412.71tonnes; larger percentage is associated with residential dwelling operations:

amalgamation of CO: discharges connected with the personified energy of the dwellings in Mi
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e other types of housing such as tenement, terragy

Types of housing I‘

Near Moderate

Densely
populated’ populated

Sparsely

Far

All other Single
typesof  family
housing house

IE! Household M Household member I

Figure 2: Average EF per family and family member in Minna.

Table 7: Housing energy usage

Housing

The usage of bring in construction material
is preferred more than the indigenous
construction materials. About 60% of the

materials are imported (NBRRI 2004)

There is insufficient or no provision of
infrastructure in the buildings such as water,
kitchen, toilet facilities etc.

There is reduced level of upkeep and the
usage of recycled product is not preferred.
Most of the development in the metropolis
is small house which permit huge area
development of land. The extent of Minna
in 1980 has been multiplied within 32 years
thereby producing sprawl and insufficient

infrastructure.

The usage of indigenously source construction
materials ought to be fortified so as to lessen the
EF of conveying of such produces for building.
The wuse Building Code for Maintainable
Households is vital since imposing high standards
of infrastructure will have benefits in future. It is
completely essential that these households are
constructed to the maximum standards to avert the
footmark growing further.

There must be sufficient maintenance of houses
and face-lift by home owners rather than
permitting it to deteriorate.

The growth of the metropolis has to b
compressed so as to lessen the distance an
lessens the EF of Minna. The usage of wl
building ought to be fortified so as to decrease ¥
consequence of loss of arable land to buildi®

purposes.
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3.9 gcenario of Housing and Energy EF reduction in Minna

The delivery of building with the manner families live in their homes places a burden on the environment

not simply for land and building resources, but likewise energy usage inside the building. Building accounts
for 17.0% of the EF of Minna. Consequently, the inquiry is prearranged around three sets of situations that
model the alteration in the housing footmark. The emphasis of these situations is on energy needs in the
nousehold and the variety of choices existing to the individuals to lessen the EF. Housing, planning and
control of energy efficacy funds are all compulsory. This grants a number of choices which can be used to
lessen the housing footmark and which are analysed in the following situations:

i Increasing the supply of contemporary, energy efficient homes

ii. Improving the values of current homes

iii. Substituting lowly quality housing standard

iv. Aiming energy usage by families
Table 7 indicated the energy usage at present and assumption of reduction in both housing and energy EF in
Minna. Household energy usage of non-conventional source in Minna has both health and environmental

consequences. Therefore if 25.0% of charcoal and firewood are reduced and better conventional sources

such as electricity and natural gas is used, there will be reduction of 0.056 gha reduction in the EF of Minna
(final EF will be 1.040 gha). Domestic energy usage adds to greenhouse gas discharges, contamination and

n. This might be reduced through the usage of renewable energy (e.g. solar

ecological unit deterioratio
s). Housing

electrical energy (mains power resulting from renewable source
number of people

n 1991 and 5.2 in

power production) or green
of EF of Minna. It’s an amazing fact that while the

living together in Minna families is progressively reducing (8 people per household i
2006), the average floor area and size of building in Mina s on the increase. The typical extent of new

buildings rose from 115 m2 in the 1980’s, to 205 m2 1990, reaching 327 m2 in 2012 (MLS&TP, 2012).

Over the same period the number of household in a compound has declined from 6.4 household per

choices account for almost 17.0%

dwelling in 1983, down to 4.7 in 1990, and 3.6 in 2000 (Minna master plan, 2000). The request for larger
necessitating extra resources and

houses pushes the demolition of still functional older residences, but
f building have the following EF

CICTRY to construct. The amount of persons per household and the extent 0

' Minna based on Barrette (2004) estimate, this is shown in Table 8.
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Table 8: Household size, Plot size and EF of Minna

No of people/household | Plot size/Capita (mTW@W
1= 18 +0.01 50-100 Tenement
6-10 1.2 0.02 101-200 Tenement
11-15 038 0.03 501300 | SmallFlats
He=dl 0.5 0.04 301-400 Targe Flats
21-25 0.4 0.05 401-500 Duplex

p 0.3 0.06 500+ Large Duplex

Fieldwork, 2013

The use of both solar inert household design with the little environmental influence resources (eg.
reprocessed logs, openings etc, and renewable or remaining resources such as straw bale or fires)
significantly cut the ecological impact houses on the environment. If a house is green designed or built, it
takes off 0.06 gha of housing EF. The EF situations for this inquiry were founded on base-line EF figures
obtained. The scenarios are thus single pointer of the prospective footmark diminutions related with the
diverse situations. Nevertheless, they do provide an overall understanding into possible influences, and

make known individual behaviours and way of life have a huge influence on the general footmark of a city.

4. Conciusion

Urbanization has become the cornerstone of globalization; cities must therefore play a greater role in
determining sustainability potentials of any society. This research initiates a detailed measurement of micro
EF in developing countries. Urban metabolism and EF analysis for an African country is examined.
Explanation of component approach in the methodology for local EF analysis based local consumption. The

use of component method for estimating the sustainability potential of low income countries more

effectively is favoured to address local capabilities and benefits within sustainability potentials of the

people. Cities are the leading form of human habitat in the 21st century, and nearly 75.0% of the global

resources are either directly or indirectly consumed within the cities. The research has proved that within

cities, income is highly correlated to consumption, but urban morphology and management policies adopted

by the government at all level also perform a significant role in the process of resources consumption. A

two way method need to focus on urban sustainability that try to reduce overall consumption (EF) and the

decent and ethical obligation of great revenue users to decrease their individual in-gestation, is evolving i

the city sustainability works. However, as one of the low income city in the world, Nigerian metropolis®

1 relaxed to accept EF that checkmates city consumption with existing bio-capacity. The gF of

have bee

Minna footprint in 2013 is 1.096 gha, Minna city dwellers have an average EF that is lower than 03"

i N
averge of 1.44 gha/ca in Nigeria and nearly three times lower than the world average bio-capacity ne?

Y P age
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world and Sequestrate the Co, :):
comparison with national level because compound methog is usually useznt

than the universal per capita bio-capacity supply projectedat 1
] ] ha/ l

in the world used up at the rate proportionate to that of a ng ? ca
sustainable because it will take 14 months to consume the reso nhab
urces of the

produced and will definitely support a lifestyle. The use of direct compon h
method of estimgfiy,
8 EF limit

to estimate the nationa] FF The

delivery of buildings and the manner families live in thejr houses mounts burd h
cn on the environment
, 10t

simply for land and building resources, but likewi ot
Iewise energy usage inside the hoyge, Structures accounts f
or

17.0% of the EF of Minna. Housing, planning and control of energy efficiency budgets are all reqy;
This offers a quantity of choices which might be used to lessen the housing footmark azda WEqured.
analysed in the subsequent situations: M

i. Increasing the supply of modern, energy efficient homes

ii. Improving the values of current households

iii. Substituting lowly quality building stock

iv. Aiming energy usage by families
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