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ABSTRACT

Hich rare of environmental degradation by wraditional buildings have been
attirmed v rescarches  across the globe This revelation has  spurred
imvestigations into the adoprion of green buildings as an cffective ways to
manaee construction related environmental impacts. Conventional butldings
impact the environment neLann v from construction to deconstruction stages.
| laree quantity of natural and human resources are consumed  during
Construction. Buildings continue theiw impacts on the environment through
cnergy and water (‘«m\!ml/’”“H and waste ceneration amony others, Acc unlmL'
o the World Business Council for Sustainable Development, building block
accounts for 40% of total energy consumprion (WBCSD. 2010). At the end of
lite of buildings, the {/1_\.;14;\.:/ of buildines s also associated with CHergy
consumption and wash production Green buildings: however, have been
found to offer a number of hencfits  amony  which are  environmental,
ceonomic. health and community benctits (CSGBC. 20095 The green building

dosten focuses on inercasing the efficiency of resources ke, energy, water,
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INTRODUCTION
oblems has spurred people

wess of environmental pr
or decrease environmental

Increasing rate of awarci
and government into devisin
degradation. The built environme
considering its high consumption of ¢
This consequently leads o severe impacts

The environmental 1mpacts of de
As observed by Roodman, ¢t al (2004),

roxiamately 45% of the world's total energy
o of wood use in North Amenca.

g new ways 10 solve
nt purliculurly has been of great concern
and resources of the environment
on the health of the people and
velopments on homes and

nergy

environment
buildings are profound globally.
Traditional buildings consume ap
use: 50% of all matenals and resources, 50°
159, of the world's CO2 emissions; 80% of potable water use; 25% of
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freshwater withdrawal (including power plants); 40% of municipal solid waste
desuned for local landfills; and 50% of ozone-depleting CFCs sull in use. In
the specifics, the building sector in Canada is responsible for 33% of all
energy consumed: 50% of natural resources used: 12% of non-industnal water
usage: 25% of landfill waste; 10% of airborne particulates: and 35% of
greenhouse gases.

While in the United States alone, buildings account for 72% of electricity
consumption; 39% of energy use; 38% of all carbon dioxide (CO2) emissions:
40% of raw materials use: 30% of waste output (136 million tons annually)
and 14°% of potable water consumption. These figures are startling and the
development needs 1o be urgently arrested to achieve the sustainable goals set
by the United Nations.

Green building is one of the ways to curtail these numerous unsustainable
energy and resource consumption in the built environment. This concept has
been found to offer a number of benefits among which are environmental,
economic, health and community benefits (USGBC, 2009). The green building
design focuses on increasing the efficiency of resources like, energy, water,
and building materials, while also reducing the impacts of building on human
health and the environment. This can be achieved through better use of site
design of building, construction, operation, maintenance and deconstruction,
The basic principles behind sustainable architecture include the concept of
optimum size, cnergy efficient, water conservation, use of local natural
material, recyching capabihties, and self-sufficiency i matenal used. Such
practices ensure minimum material use, reduced energy use and consequently
reduce wastes,

Several studies globally have lent credence to the efficacy of green buildings
in managing the environment. Specifically, a USA study showed that green
D —————
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comparatn e study for consumption

another

of resources. green butlding  designs
reduced water use by 0% and solid wastes

Confederation of Indian Industry asserted
consume 30 10 80°%,

generation by 70 Semilariy

that green burldings on India
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REMIEW OF LITERATURE
W hat Makes a Green Building?

Green Buildings are designed 10 reduce the overall mmpact of the bud

et ironment on human health and the natural environment by Fifhocnthy
using energy, water, and other resources. protecting occupant heatth and
mmproving employee productivity, reducing waste and pollution as aell o

environmental  degradation.  These are  aclieved  through

meorporating
sustainable matenals in thewr construction (¢

g, reused. recscled-content, <0
made from renewable resources). creating healthy ndoor eny onments W ith

nmsmmal  pollutants  (c.g. reduced  product  enmissions).  and  fcatunng

landscaping that reduces water usage (¢.g. by using native plants that sun e
without extra watenng).’

mcucmum

A recent report by the Canadian Green &u&dmg Council (2007) describes the
purpose of green buildings thus

(-n-e? luqldmg; mw to balance environmental, ccomomic. and soco
.c-ammkrmitm in design. construction und opcration. Eagrgy sater o
. feﬂg;ﬁW AMiciency: sccupant comtort and wellheme, sie develapment wnd
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comnuauly context; the cconomics of building construction and operanon dre
kev considerations. In comparison to comventional buildings. grcen buildings
rake advantage of natural processes to generate less waste less pollution and
reduce their overall environmental ;‘,,”[;,-m; In other words. grccn hlllldlng Or
sustainable building 1s aimed at being 1n total comphance with environmental
dictates n order to ensure that no strain is impacted on the several elements of

the environment so as to consequently achieve a balanced system.

Environmental Benefits and Costs of Green Roof Technology

As an integral part green building, though. not a must m all such twvpe of
building. green roof has been found to effectvely render certam
environmental benefits. In some of the carliest reported research.
measurements in Berlin conducted in 1984 revealed not only that green root
installation is capable of reducing the maximum surface temperature but also
reduced temperature amplitudes by half (Kohler er al., 2002).

Akbari ¢r al. (1999, 2001). while investigating means of reducing building
energy in mid-latitude cities as one of several means for reducing the urban
heat 1sland (UHI), documented the enhanced air conditioning demands (up to
10%) brought about by the UHIL This elevated load generally occurs in the late
afternoon hours, corresponding to the peak summer electric utihity load
Akban also demonstrated that the afternoon electric utility load for Southern
Cahforma increases by more than 2% per degree Celsius increase i wir
temperature. Also noteworthy, was the determination that ozone concentration
mn the Los Angeles basin was positively correlated with air temperature.
increasing at a rate of 3% per degree Celsius (Akban ¢ al.. 1990 Sailor,
1993). By making roofs cooler, designers can reduce the amount of absorbed
solar energy. and consequently reduce the amount
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Concept of Green Building

Green building, also known as sustainable or high performance building i
defined by the United States Environmental Protection Agency (( 2017) g lh:
e of creating structures and using processes that are cnvironmcmallv
-efficient throughout a building's life-cycle frop
maintenance, renovation and

g energy costs.

practic
responsible and resource
to design, construction, operation,
deconstruction. This practice expands and complements the classical building
design concerns of economy, utility, durability, and comfort. It also refers 1
nt friendly structure which 1s built in such a manner that ¢

siting

an environme

continues 1o be environmentally responsible and resource efficient throughou

its life KeTTHA. (2010). By this, 1t includes everything right from an eco-
friendly design to the use of material which will make sure that the
environment is not harmed even when the structure in question is demolished
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I'he concept of green architecture has come a long way, with modem green
butldings being built by taking into consideration all the needs of people who
would use them - right from expenditure incurred to comfort and durability.
Basically. the main idea of green buildings is to promote the preservation of
the natural environment of the project location, while still being able to build a
structure that serves its purpose.

According to CaGBC (2007), in principles, A Green Building is one that is
built considering the following five factors.

I. Selection of appropriate sites and environmentally sustainable site
development

2. Efficiency in the use of water resources

3. Conservation of energy, Use of renewable energy and Protection of
atmospheric resources |

4. Conservation of building matenals, reduction of construction waste and
sensible use of natural resources

5. Protection and enhancing indoor environmental quality

However, most green buildings do not incorporate all of these measures
altogether, but at least the project team selects those that are appropriate for a
project’s budget and overall goals.

“Green™ or “sustainable™ buildings use key resources like energy, water,
materials, and land much more efficiently than traditional buildings built on
standards. They also create healthier work, learning, and living environments,
with more natural light- and cleaner air. By these numerous benefits.
Sustainable buildings are cost effective, by reducing the cost of operations and
maintenance as well as by lowering utility bills.

-Eal_g__“—
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Planning and Management of Sustainable Infrastructure Development in Nigeria
Thc traditional buildings in which people hve. work, and play protect them
from nature’s extremes. vet they also affect people’s health and environment
in countless ways- The energy used, the waste generated. water usage and
materials used from the environment among others are capable of degrading
the environment in several dimensions
Some of the principles on which green buildings are based according to
Amina, et al (2012) are summarized as: ~Small is beautiful; Heat with the sun:

Keep your cool, Let nature cool your food. Be energy efficient; Conserve

water: Use of local natural matenals; Save the forests, Recyele matenals,
Build to last; Grow vour food and Share the facilities™.

These principles underscore the care given to human environment and the
dangers to be avoided with the introduction of green buildings. Furthermore,
for green building to really achieve the performance of environmental
benefits. the material used from the construction 1o finishing must be those in
the following categores and sourced from within the natural environment.
s respect the limitations of nonrenewable resources such as coal and

they must
they work within the pattern of nature's cveles and the

metal ores,
interrelationships of ecosysiems.

Green building materials are nontoxic. They are made from recycled matenals
and are themselves recvclable. They are energy-efficient and water-efficient.

They are green in the way they are manufactured, the way they are used, and

the way they are reclaimed after use.
Green building matenals are those that earn high marks for resource

management. impact on indoor-environmental quality (1EQ), and performance
(energy cfliciency, water efficiency. etc.) Mehta and Sharma (2014)
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Green Buildings and their Environmental Benefits

The various parts of green building that sum up the emvironmental as well as
health benefits of the concept are histed below-

. Siting: This 1s the location of building 1n a particular site. The siting is 10 be
given adequate attention such as locating projects om sites away from
wetlands. away from prime agricultural land and away from endangered or
threatened species habiat Siting projects on sies where there is alr cady urban

infrastructure 10 serve them. These steps are impontant to forestall further
threat to the already disturbed ecosystem and s accompanied dangers.
Observing this measures largely prevent the development of urban sprawl and
its attendant 1lls

ii. Design: The green building approach applies a project life cyele cost
analysis for determining the appropnate up-front expenditure. This analyucal
method essentially calculates costs over the useful life of the asset n order 10
cut cost, though. in the long run. These and other cost savings can only be
fully realized when they are incorporated at the project’s conceptual design
phase with the assistance of an mtegrated team of professionals (Architects,
Engineers, Town Planners and Contractors among others). Also,

sysiems approach ensures that the burlding is designed as one
than a collection of stand-alone svstems.

the integrated
system rather

In order to create a successful green building, the entire building team must
work together, everyone from the owner. desi
a building site and use products that enhanc
fii. Conmstruction: At the construction stage of green bwldings. careful
evaluation of construction material must be done to allow for selection of
sustainable construction materials and products. This is done by werghing the
several characteristics of the materials as well as their efficiency. Issues such

650
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as reused and recycled content, zero or low off gassing of harmful awr
emissions, Zero or low toxicity, sustainably MVCS(Cd matenals, high
recyclability, durability. longevity, and local production are greath
considered. Matenials of the aforementioned features highly promote resourc
conservation and efficiency. Similarly, the use of dimensional planning anc
other material efficiency Stralcgies reduce the amount of building matenal:
needed and are also capable of cutting construction Costs.

iv. Operation: operation involves the day to day occupation and use of the
facilities of the green buildings. It goes a long way in determining and
perception of the benefits or otherwise of other various aspects of green
building as claimed. It ranges from installation of permanent locations for
recycling bins 10 encourage reuse. Reuse existing building matenals, both
interior and exterior matenals, to reduce the energy use and environmental
impacts associated with producing new ones. For instance, the use of salvaged
and reclaimed building matenals such as decorative brick and wood tumbers
that are still structurally sound may go a long way in reducing the cost
incurable on home items. Also, the use of materials that are harvested and
processed not far away from the location of the buildings, to cut the
transportation impacts associated with bringing them from farther away. While
purchasing 50% or more of the wood products in the building from forests
certified for sustainable harvesting and good management practices can also
aid sustainable operation.

v. Maintenance and Renovation: The maintenance and renovation of green
t’mildi'ngs must take into consideration activities incapable of injunng the
inhabitants and degrading the environment. Prevention of unhealthful
50 ‘? w materials such as paints, solvents, cleaners, batienes.
yard chemicals, pesticides and others must be a target. Maintenance such as

et =
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acement of fittings, doors, windows and other materials need be done
‘hin sustainable practices. A
+i. Deconstruction: Like an organism, buildings have a life cycle within
which they exist, grow old and die i.e natural collapse or demolition. At this
stage, like every other aspects, deconstruction of green buildings should
incorporate sustainable practices. The materials from the demolition should be

recyclable and reusable so that they don’t constitute environmental nuisance or
health hazards either to the environment or its inhabitants.

Other Benefits Associated with Green ﬁuilding

Environmental Benefits

Aside the various parts of green building and the environmental purposes they
crve, green building generally are of different other benefits to the
environment and the people. These include but not limited to:

i. Provision of opportunities and building of infrastructure for people to
commute to work using public transit and bicycles.

ii. Minimizing parking to discourage excessive use of automobiles.

iii. Provision of low-emission vehicles and car-sharing arrangements to
reduce the use of fuel.

iv. Protection of open space in site development and restoring open space
on already impacted sites.

v. Management of storm water to reduce the rate and quantity of storm
water runoff, and use best practices to clean storm water before 1t
leaves the site.

’ . 652
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vi. Judsicious management of landscaping and parking lots 10 reduce usban
heat sslands. This prevents excessive heating of the area around a
buslding and limits the use of air-conditioners

Economic Benefits: Cost advantage ~ Initial investment on green building
may be on the high side. cost is saved through lower operating costs over the
life of the building. For instance, cost incurted on energy. wasie disposal. and
water are lesser because of energy saving devices and materials used. coupled
with lower environmental and cmissions costs, lower operations and
maintenance costs. This can however be recouped in the gverall life cycle of
the building.

CHALLENGES OF GREEN BUILDING
Despite considerable knowledge and benefits related to green building. the
project is faced with numerous challenges. Some of these are real and
perceived while others bother on regulatory and non-regulatory. Some of these
problems are iteized and as follows:
i Availability: This has 1o do with the availability of current technology
to satisfactonly meet desired green building standards. Certain
barriers limit the availability of higher performance green building
components in the world market. This means that builders and
developers have limited markets from where most energy efficient
or environmentally low impact products can be sourced. This 1s a
daunting problem both in the developed and developing countrics.
ii. Accessibility: This bothers on the ability of the market to respond to
the improvements required for green building products for
residential buildings. Meeting the demand need of the developers
_and builders without hindrances cannot be guaraniced. This results

———————————— e —
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from low number of market players in the supply of green building
materials (.. manufacturers, distributors and  contractors).
Construction industries are also skeptical 1o adopt new practices
and technologies, some of them prefer to count on their past
SUccesses 1o enter into the risk of innovation. Furthermore, legal
and administrative institutions have created regulatory problems,
the conventional planning standards and codes do not easily
accommodate green building concept as most of them are contrary

to already known standards by which development permits are
granted
. Affordability:  This aspect involves the financial aspects of
technologies and processes required to put green building in place.
[t ranges from the cost of materials to cost of maintenance of the

buildings 1.¢c the entire Iife cycle maintenance. Although, the cost
can be recouped in the long run making green building less
expensive. the miual cost is always on the high side. Therefore,

the¢ additional costs of design,
analysis, engineering, energy modeling, etc.. can act as deterrents

higher mitial costs including

to green building.
iv. Inadequate awareness and knowledge: This 1s in two folds, one, on
the part of the industry and the other as concerned the users of

buildings. Most, if not all actors in construction industries seem to

be lacking n the knowledge of relevant green building
technologies as well as practices (Mutinta Sichali er @l.2017). Low
level of education, trainmng and technical expertise within the
building industry

greatly hampers the use and adoption of green

building technologies and standards. making building green more

S V—
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b_ecausf f“ l:t‘i‘ila‘;:\re ;;refer¢nce to the conventional types of
:fn':ic:::l housing development. Even ip Fhe developed world, no
level of government has set specific policies, 'sm.ndards. or targets
to encourage or regulate green residential building. The financial
and insurance sectors are also not exempted from this; as they are
cither slow in accepting green buildings or recognizing the long-
term potential for economic gain. They give preference to
financing and insuring traditional building projects rather than

those using new and innovative green technologies.
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