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Abstract

The building sector is the world’s largest conttidnof global greenhouse gas emissions. More tl386 3

of global energy use is consumed in offices, hored,other buildings. This figure is expected talde

by 2030. It is imperative that new constructionjects, and renovations to existing constructiom, ar
focused on eco-friendly building, which providetoa-cost means to battling climate change, reducing
energy bills, and diminishing our reliance on fofiséls. This paper will present the importancaidian
planning in terms of eco-communities by discusdiogv building designs and materials can achieve
energy neutrality. Consideration of climate musbdigure prominently into eco-planning, emphagjzin
the most appropriate forms of renewable energyhferegion. Many factors need to be considered when
creating an energy efficient built environment,lugting: making the best technical use of local ueses

to avoid the costly (financially and ecologicallghg-distance transportation of construction materi
determining the most optimum balance between haimg®atural sunlight and insulating the inside of
structure from its accompanying heat; and creatiatyral ventilation and air filtering through desig
rather than focusing on energy draining air conditig systems. Of these three, the last may bentist
important, as the highest percentage of househmdyg consumption is associated with the coolind) an
heating of living spaces. These aspects greatlgcaffuality of life and will not be forsaken. Their
ecological adaptation is necessary in order foufains to adopt more sustainable lifestyles. fhoes

of this paper is balance: balancing the planetts@r communities’ future needs with the sustainnoén
home comforts and quality of life; the balancewiife urban development with renewable energies; th
balance of ecological building design with highelifycle materials and balance between people and
nature.

Keywords. eco-friendly, energy, climate change, design, bedaigreenhouse gas emissions.

1. Introduction

Over the last 150 years, much of the world hasuch advances were having on other aspects of
experienced some level of major industrial andumanity or on the planet. However, we are now
technological revolution. Industry and technologypeginning to understand the importance of
have developed at a phenomenal pace. During thialancing these advancements with the future
relatively short period, hundreds of individualsustainability of our resources. If our current way
fields (medicine, aviation, manufacturing, etc)pf interacting with our environment are allowed to
have progressed more than over the entire previotentinue unaltered, people all over the world will
existence of mankind. Progress was made earliexperience rapid and increasingly detrimental
for the sake of progress and then for the sake effects to their quality of life. One point of majo
profit, mostly without any concern for the effectconcern is that as global greenhouse gas levels
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continue to rise, the planet's temperature wilhouse, office space, or commercial property, 80-
correspondingly rise, resulting in the meltingleét 90% of the GHG emissions it creates are derived
polar ice caps and seriously altering global weathduring its operational phase: when the building is
patterns. In fact, we are already seeing thaeing heated and cooled, when lights and
evidence of these changes. A major consequenceafapliances are being used and when water and air
this specific scenario is that ocean levels wakri is being filtered and supplied (UNEPSBCI, 2009).
and coastlines will significantly recede. Rising se
levels will be a catastrophe for every coastalamati
on the planet, but especially in the Arabian Gul
where the majority of the Gulf nations’ populate
areas lie along the sea line. If water levels ase
predicted, almost every major city along the Gul
and possibly the entire territories of Qatar an
B el T o1 e Skl Closively afect GHG fevels witi this cetury
. , ).

become submerged. Current estimates calculate
that the world’s built environments account forThe Middle East is in a unique position and is
approximately one third of all global greenhousélessed with the fortune of being able to choase it
gas (GHG) emissions whilst consuming 40% of thdestiny. Fifty, even thirty years ago, most of the
world’s energy (UNEPSBCI, 2009).These figurediddle East’s current urban landscape was non-
are expected to nearly double by 2030(UNEPBxistent. Cities in the UAE, Qatar, and Bahrain
Kyoto, 2008). That means that within the next 16ave sprung into their current form virtually
years, themajor ecological threat to the populatedovernight. This is very liberating in the fact that
regions along the coast of the Arabian Gulf is theur Middle Eastern countries do not find
world’s new and existing buildings and builtthemselves bogged down by the historical
environments. This should provide a majoconsiderations and pre-existing layout of European
incentive for the residents and governments @untries. In terms of eco-friendly and green urban
these nations to lead the way in terms afesign, there is an unobstructed and fresh caovas t
developing ecologically minded buildings,work upon. This fresh canvas then presents Gulf
pertaining to both design and material, as well aggion nations with the capacity to develop their
eco-conscientious communities. cities not just to meet present needs, but with a
forward-thinking mindset. With a little bit of extr

Since built environments comprise such a large
fand ever-increasing portion of the world’s total

HG emissions and since the majority of those
missions are derived from a building’s life cycle,
his is obviously the area of urban development
%/Tr'lere meaningful and long-term change must
) mediately be implemented, if we are to

It is important to keep in mind that a built

; . lanning, and a little bit of creative innovatidhe
environment changes only periodically and evek)}I

then. verv slowlv. A building constructed toda iddle East can develop entire environmentally
en, Very Y 9 ) Yeonscientious landscapes that will produce benefits
will realistically still be standing and in uselaast

fifty years from now (Jablonska et al., 2010)whlch will multiply many times over, well into the

possibly more. It is not expected that a newl{/]eXt century.

constructed home or facility will immediately need
to be renovated or updated. In fact, it is theuesat )
of a well considered, designed and developed
structure that it will need to be refurbished rgrel Arabian Gulf countries do not currently employ
if ever. For this reason, for most of the worldlyon eco-designs and considerations into their new
1% of new construction is added to a builtonstruction planning, as a matter of policy or
environment annually (Jablonska et al., 2010). regular practice. There is a huge dependence upon
carbon resources, above and beyond that required

ono S
Only 10 20% of a building’s _lifetime €NeTYY in other regions of the world, even to obtain such
consumption is derived from the energy used fqr

. . o . asic survival necessities such as fresh water. For
its production: acquiring raw materials, manufac-

turing and transporting building supplies, consa:rucmc’St.Of.thIS area, water is supplied throu_gh
. ; ; . desalination plants, which rely on a massive
tion, renovations and finally demolition

(UNEPSBCI, 2009). This means that for anconsumption of petroleum fuels. Furthermore,
’ ' )f)ublic transportation options are limited, increase

Eco-Communitiesare Key
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ing the use of fossil fuels to power high volumés dlocks have the goal of energy sustainability, then
individual vehicles. These are only a few of théhey can collectively work towards meeting their
challenges that Gulf building and communitygoals by borrowing and lending energy and
planners will need to overcome in order toesources and by sharing responsibilities. Maybe
implement a sustainable and eco-friendly way dfvo of the buildings receive a lot of sunlight and
life for the area’s residents. In order to accosipli can produce the majority of the energy needed for
this goal, however, Middle Eastern urbarall of the buildings. Then a recycling station for
developers will need to keep the following mairuse by all of the buildings will only take up space
considerations in mind. in one of the structures, and so on. Pedestrian
It is not sufficient to adopt or encourage onl enters can be built between.the structures qnd
arge awnings stretched over this space can provide

individual low-scale eco-friendly building incorpo- Igade that protects all of the buildings from being

rations. This statement is not meant to discouraéx osed to too much heat. By sharing the efforts
the individual or minor changes, but in terms o posed 1o n heat. by 9 '
each individual building will lower its own

country-levelcontributions to theglobal goal of esponsibility and expense and be more likelv to
significantly reducing GHG emissions, a handful €SP y P o Y
uccessfully meet the overall emission reduction

of homes in each neighborhood with solar panel§bals
or one beautifully designed entirely green offic® '
building per city center, simply does not provide.1 Building Materials

any measurable impact, nor does it increase t . . : .
y P Irl'_‘)eevelopers in Arabian Gulf countries will need to

qua}lity of an eco-conscigntious lifestyle for t.heremove themselves from the Western mindsets of
majority of the population. In order to galnbuiIding designs and materials and think on how

measurable and significant GHG reductions th‘?llnose designs might be altered to be sustainable

meet country level goals for contributions to glk)baancl energy neutral. The ecological impact of

g?ae:]lf]’e defcoor-f:r?goiu\yco?egrlg{]es d g;]uitm?ﬁwr?i?ri:,tijg%onstruction materials can be significantly reduced
Ioevels The maiorit pif not all. of the ybuilt %y encouraging the use of the best eco-innovation
' jonty, ’ in production plants and substituting the use of

environments in an area must incorporate ecgQ-. :
ositive desians and modifications Ner'i neutralitﬂmte natural resources for waste generated inrothe
P 9 ' anufacturing processes, thus resulting in

o 0 e el more o man0et Mressea compettion 1o prodice more eco
' : . . “efficient products (Ignacio et al., 2011).
members are also more likely to be invested in the
effort of achieving the goal and in holding eacl®ther attempts, to migrate only the individualgin
other accountable for maintaining the goals, ona®mmunity towards more eco-friendly construction
achieved. It is more difficult and initially and practices, have met with varying levels of
expensive for one building to achieve neutralityninor success. Countries in the West have
than for a group of buildings to meet a goahttempted everything from incentives to penalties
collectively. That is to say, if only one buildingy in order to coerce their populations into the
designed to be self-sustaining, then that indiidugirection of eco-conscientiousness. Research and
building must generate enough power (througexperimental eco-communities throughout the
solar panels or wind turbines or geo-thermakorld are proving that providing a group with
piping) to meet all of its energy needs, whilsialsoverall goals and the means to achieve those goals
having the facilities to generate the power it reeedollectively, yields higher rates of success and
from these sources and to recycle its wastes, andleetter attitudes about participation and contri-
on. For instance, that one building must bbution. In this way, eco-communities offer better
appropriately oriented towards the sun or windjalance for people to cooperate towards the GHG
with no obstacles or the risk of future obstacleseduction goals, than when they feel they are
Such impediments make it less likely then, that thearrying these burdens by themselves. This
individual building owner or builder will exert balance, between the individual and the
much effort towards eco-design. On the otherommunity, is a key factor.
hand, if ten buildings located together over sdvera
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Wood PVC Others

1.5% Additives Wood PVC

1.5%

Ceramic

Others

- 21,5% Aluminium 5,0%
4’cl%xﬂm.lrwlnlum % Ceramic
7,7% Pre- 20,3%
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fabricated concrete
concrete 2%
“ G;::::] Steel
Gravel Steel ' 18,7%
3,5% G 25,5% Mortar

6,9% Lime

3,0% 1M7% i3t Cement

30,3%

Contribution of primary energy demand for the manufacture of ~ Contribution of CO2 emissions associated with the
the materials needed in the construction of 1 m2(gross floor manufacture of the materials needed for the construction of 1
area) (Cuchi, 2007). m2 (gross floor area) (Cuchi, 2007).

Figure1: A comparison of building materials. Energy demasadCQ emissions

(Note: The high impact of commonly used materialshsas steel, cement and ceramics is notable)

Importing building materials into the Gulf regio i production. Aluminum can be used with a wide
expensive. Often high-quality and eco-conscienvariety of alloys, has a long life, low maintenance
tious materials are more expensive. It can bmosts, and improves a building's energy perfor-
argued that any positive gain from the extra effornance by either conducting or reflecting heat.
of producing building materials in an environ{Association, 2006) It is also an ideal material fo
mentally sound way might be cancelled out by thachieving air-tightness, which is essential in the
waste produced in transporting them to the locdlattle to reduce GHG emissions by affecting
area. Remember, however, that all of the effort arieeating and cooling energy expenditures. Alumi-
pollution created in acquiring, manufacturingnum is versatile and particularly suited for thdfGu
transporting and constructing materials onlglimate. It functions equally well to maintain
accounts for less than 10-20% of a built envirorthermal comfort by reflecting heat away or by
ment's overall lifetime of GHG emissions. It isharnessing solar radiation as a conductor in
better than to possibly create a little bit more@&H photovoltaic cells (Association, 2006). Table 1,
emissions in the manufacture and delivery of highiustrates the criteria for eco-neutral materitds
quality eco-materials that will then operatdbe considered for use in the UAE and similar
efficiently throughout the lifetime of the building countries.

Material production can significantly be reduced

by encouraging the use of the best eco-innovation

in production plants, and substituting finite nakure3. Ener gy Neutrality and the Arabian Gulf
resources for the materials made from the WasAe

generated by other manufacturing processes. district or community can be considered energy

neutral if, on an annual basis, a net energy import
Business policies that focus on acquiring ani$ not necessary from outside the district, in orde
building with such materials would result in anto offset the energy consumption within the distric
increase in competition to produce more ecdqdablonska et al., 2010). For the purpose of this
efficient products (Ignacio, et al., 2011).Similarlypaper, a building is considered to be energy neutra
there must also be a focus on so-called ‘life-Cyclavhen its energy demand is met or offset by locally
materials. A prime example is aluminum, which isenewable energy resources (preferable on-site or
extremely durable and versatile and can beearby). This can also be referred to as “energy
repeatedly recycled, using only a tiny fraction §5%self-sufficiency” (Jablonska et al., 2010). When a
of the amount of energy needed for its initial
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building or community produces more energy thaA huge proportion of the average building’s energy
it consumes, it has a surplus and can export thexpenditure comes from heating and cooling the
(green) energy. When the demand for energy isterior spaces. This is particularly so in theecab
higher than the amount created through renewaldeid environments like those found in the Middle
resources, then other, usually carbon basé&thst or in very cold climates. While current
energies must be imported (Jablonska et al., 2010)ilding cooling (heating) methods require large
Avoiding this latter scenario is the ultimate goalamounts of energy to produce the artificially
Long-term studies of six test communities in theooled or heated air, this expenditure is com-
Netherlands prove that with proper planning andounded by the loss of such air through poor
implementation, this is entirely feasible for allbuilding construction, materials, and insulation.
aspects of community functioning, except foEven more energy is then used to force the cooled
running private vehicles (Jablonska et al., 201h0).lor heated air into different parts of the structure
order to determine how best to offset a building’urthermore, this aspect of a building’s function
energy consumption, we must first understandever declines in importance and its efficiency
where and how it uses and loses that energy. only decreases over time.

3.1 Adapting Building Design and Construction
Tablel to Achieve Energy Neutrality

Criteria for Eco-Neutral Materials to be considere@u”ding design must also think outside the box
for use in the UAE moving away from the tried and true “ducting and

Eco Criteria Material And Technical Solutions forced air” method of heating and cooling, to more
Eco-standardsand ~ — International LEED standard and environmentally ~ appropriate and ecologically
regulations local building regulations sound systems. Currently popular methods for
, space heating and cooling are extremely ineffi-
E)ﬁr_oﬁggln;:?nga%e — Renewables (Solar, wind) cient, wasteful, and make up the largest portion of
— Control Mechanisms a built environment’s GHG emissions (Jablonska
_ Double Glazed windows and doors €t @l-, 2010). Many methods can be applied to the
to reduce heat absorption design of a building in order to alter its

functionality. For most of the time, people havé no
had the means to artificially alter their environ-
— Aluminum Cladding ments as we do now. Yet ancient civilizations were
able to design buildings in such a way that heat

Eco Architect — Green Roofs

— Air circulation
. - was reflected (or absorbed where needed such as
— Direct sunshine lighting for heating water), light and shade were utilized f
Environmental — Reduced water consumption maximum benefit, and airflow was directed in such
Eco-Communit Introducing the E munit a way so as to circulate air within and around a
co-Lommuniiies - — fntroducing he =co communty structure. Our ancestors were at balance because
measures experimentally and .
modelling they used the elements to their advantage and
figured out the best uses for local resources. They
Eco resources — Encourage local manufacturing were often the only ones available.
seeking local raw materials reducing _ _ _ _
none recycled waste While technology is wonderful, it sometimes
Eco materials — High quality eco materials finite makes us lazy in terms of our creativity. One & th
natural resources will have long life ~ Major obstacles to be overcome in the global battle
cycle to reduce GHG is the battle to fight our own

— Eco-innovation in production plants, ~ mentality in favor of just continuing to do things

— Eco-efficient products through the way we are or have been doing them. We must

business competition be willing to accept those ideas that might seem
— Low maintenance costs materials strange if they have the potential for weaning our
(e.g. Aluminum) dependence on fossil fuels and unheeded energy

consumption. For instance, in very cold climates

(Ignacio, etal, 2011) some buildings are now constructed with double
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walls set a meter apart. Between these walB9-50% of electricity used on conventional cooling

natural straw is used as an insulator. The strasystems and 70% or more of the energy used to
traps heat in and significantly reduces the amouheat hot water. These systems do not waste
of inside heat that is lost to the outsidevaluable window real estate, are not unsightly, do
environment (over conventional constructiomot cause energy leakage through instillation, do
methods). Obviously straw is not a native resouraeot freeze in winter, and eliminate water scale

to the Gulf environment and walls of suchbuildup common to tank systems (SolarFirst,

thickness would be difficult to maintain on tall,2014).

multi-storied buildings, but it may be possible toA wind cone is a revolutionary concept to our

take these ideas and apply them to the challenq%%dem thinking but examples of wind towers can

of living in a hot climate. In those cases where Be found throughout ancient architecture. In the

building is only a couple of stories tall, perhap?nost basic terms, a tall tower is constructed as a

gggl; rt\)N te;]lles oﬂltlseigevr:;gt ?ﬁ:}% r?;ir']?:ilrj]li?]tlogoov;lr']lgentral part of a structure. It is designed in sach
9 V\?ay that it draws in air and pushes the air to a

inside. Light pipes are ideal for directing suntigh ubterranean level, where it is cooled naturally an

through thick walls and can be used to dire(ishen cycles back up through the structure,

sunlight into the corners of a room rather than t&ansferring the cool air as it passes back othef

have a wall of windows that would overheat th?ower The headquarters building for the new

house. This method, 6!'0”9 W'th. I|gh_t wells, Wh'd}\/lasdar City project incorporates modern examples
can also be used to direct sunlight into the céntrgf wind towers

areas of the home, can help to eliminate the need
for electric lights during daytime hours.

3.2 Applying Renewable Energy Sources to Table2

Achieve Ener gy Neutrality Solutions for Achieving Energy Neutrality

There are so many options for applying r‘?new"ﬁ‘_biﬁlrposes Net Neutral Designs
energy resources towards the goal of eliminating— —

carbon dependence. In the Middle East the sun(?g‘)"ng — Increased thermal efficiency to reduce
both the most plentiful resource to be tapped and need fc?r alrcondltlonlr?g .
the biggest challenge to overcome. Obviously solar — Reflective outer materials, protective
panels are the first things that come to mind when roof or awnings, thicker walls, natural

. . . insulations
considering renewable resources in the sunny, arid
climates. Creativity in their application might ger Environment — Increased urban waste production
the dual purpose of harnessing solar energy, whilst — Wastewater/ Grey water treatment

— Sustainable urban drainage
— Rainwater harvesting
— Vacuum sorted underground waste

protecting a structure from becoming too over-
heated by the sun’s heat. One way this could be
achieved is by applying solar collection cells

! removal
vertpally tq the ngls that absorb most of a — Well lit, safe, and well-drained
building’s direct sunlight. walkways, especially over or under
Solar powered air conditioning systems, or so- major foads and as access to public
transportation

called “Chinese air conditioners” are used predom-

. . . . . — Maxi ter effici includi
inately in Asia. They are far superior to window aximum twe'er ewaiency neuding

low-flow toilets, on demand sinks and

units by creating their own energy rather than showers, high efficiency washing
consuming massive amounts of electricity and machines and dishwashers
draining city wide electrical grids during high — Indoor plant air filtration

temperature days. Furthermore, in addition tq . )
. . . : echnical — Energy ONLY from renewable sources:

operating optimally in temperatureg ranging from - — Solar panels, wind turbines, geothermal

15°C — 55C, they also heat and filter water, on- ducting, biomass fuel generation

demand, thus eliminating the extreme amount of ,

energy wasted by conventional Western multi¥entiation — Wind Cones

gallon hot water heater tanks. They save between
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Rooftop gardens and wall

gardens are nic#/ind is also a major natural resource to be tapped

ecological features, not only for their asceticugal and turbine technology is constantly developing.
or for the fact that plants clean carbon dioxidé od’he latest wind turbines don't actually have
of the air and replace it with fresh clean oxygerpropellers at all but look more like large dougtsut
but because they absorb and convert the sun’s heatsatellite dishes. This could be a better fumstio
energy and create a better heat reflective surfaicgy option in sandy environments where blowing
than traditional heat absorbing asphalt tiles or t@and could damage and increase maintenance costs

pitch. Wall gardens, which climb vertically up aon moving

turbines. The new design also

building’'s walls or are incorporated into desigreliminates noise and light flicker concerns and
into walls that feature steeped levels, serve bettemakes this a more acceptable option for urban
than reflective glass not only by capturing théandscapes where those complaints caused concern
sun’s energy, but by not reflecting its heat bagk ofor implementing older turbine technology. Solu-
between the buildings, which in turn raises thdons are shown in table 2.

urban environment temperature increasing the

buildings’ energy effort to cool the insides. They

insulate and bring greenery and plant life into thd. Sustainable Energy Community

urban landscape. This aids in the mental balan
between man and nature, which can sometimes

lost to city-dwellers.

Table3

at is developed through planning and organized

policies for the implementation of renewable
energy systems towards the goal of creating and
ensuring the community’s future functionality and
comfort.“A planned community can consume

e . L .
ﬁlsustamable energy community is a community

Sustainable Neutral Carbon Community Develomabout 45% less land, cost 25% less for roads, 15%

ments

Measures Action

Create Direct Encourage customers to install
Incentives renewable energy technologies by

Adopt Feed-In Tariffs

Offer Loans for Energy
Efficiency and
Renewable Energy
Systems

Create Clean Energy
Financing Program
Improve Renewable
Energy Access Laws

Engage the Utility

Improve net-metering
rules

Encourage the
Recycle and Reuse
Wastewater

helping reduce high equipment
costs

More capital to the market, and
more renewable energy
implementation technology used in
the new green buildings

Allowing consumers to spread up-
front equipment costs over the life
of aloan

Long term fixed cost loans

Protecting the rights of property
owners to install solar systems

Work with the power supplier to
promote energy efficiency

Net metering encourages customer
investment in renewable energy

Suitable for cases where large
amount of power needed to import
water.

(Shanghai Manual)

less for utilities and 5% less for housing,”

(Burchell, et al., 1991). Measures presented to
encourage sustainable and neutral carbon
community developments are summarized in Table
3, below.

The transformation towards an Energy Sustainable
Community can be achieved by:

— Increasing the community’'s awareness for
energy consumption and problems.

— Involving the community over all social levels,
from end-users to regional decision makers to
government and super-governmental organi-
sations.

— Gaining public acceptance for renewable
energy systems through the use of energy
technologies and emphasising that the tech-
nologies will not detrimentally affect quality of
life and comfort.

— Implementing continuous financial support and
other significant incentives to encourage the
development of new projects.
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4.1 SMART Technologiesand Intelligent Trans-

ort stems .
port Sy 5. Conclusion

SMART technologies and Intelligent Transport i i o .
Systems (ITS), in particular, can positively impacpareful consideration to building and community

the development of a sustainable community bgesig_n_ is essential for Gulf countries to help in
providing cleaner, safer and more efficient publif@nsition from a carbon energy based urban
transportation systems. These systems redu ndation to one that incorporates sustainable
vehicle congestion and its resulting negativB'actices and renewable energy resources. How-
externalities that is, fuel consumption, while®Ver it is necessary for this transition to ociur
simultaneously adding the benefits of increasdePUntry level goals towards global greenhouse gas
comfort and adding valuable time (as communit§Missions are to be achieved. It is by embracing
members are free to otherwise utilize their tim&'e future and the change it brings, that we will
whilst riding on these transportation systems). IRChi€ve a balance between ourselves, our lifestyles
order to implement a reduced energy consumptiofif!d Our environment. Our planet is in a phase of
emissions policy, planner should consider thEapid transition, dlr_ectly caused by our careless-
following three factors: demand managemenf€SS: Through the ideas and adaptations presented

traffic management and city access restrictioff thiS paper, we can ease this evolution with the
(European Commission Report, 2013). PIaneRESt _possmle outcomes. SMART technologies and
should also consider employing automated systerfjéelligent systems are one of the key factors for

to eliminate human error and increase efficiencigIe transitioning of a net neutral community in the
Smart ticketing will provide fast and easy serviced?AE and similar countries.

saving time and energy and maintaining a SMART
public operation and increased mobility.
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