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Abstract
Sources of energy are the most important challenges facing the world in this
century. The global interest in energy and its relation to the construction sector that
consider the most energy consuming sectors, which led to a search for methods of
energy conservation. Research assumes a methodology to apply the modern
technology in buildings and gaining advantages of developed building materials,
outer envelopes, and conserve energy systems to reduce energy waste and increase
its efficiency by integrating natural and renewable energy applications. This
methodology could be applied to buildings during the design phase to achieve
energy rationalization.
Keywords Energy rationalization, Modern techniques, Renewable energy,
Building life cycle
1. Introduction
Energy sources are one of the most important challenges facing the world in
this century, which greatly affects the national economy and postpone the
movement development. Accordingly, studies have shown that the construction
sector is one of the most energy-consuming sectors in the world. Besides, it
consumes about 40% of the world's total energy, and about 68% of the total
consumed electricity [1]. Most of this energy is produced from non-renewable
sources, that warning the world countries to think about new energy sources, and
explore other various resources to reduce their consumption, or move towards
construction methods that preserve energy and look for raising energy efficiency
during the building life cycle.
1.1 Research Problem
Developed countries concerned with sustainable architecture and energy
rationalization in all types of buildings during their life cycle, by basing on the
precautions, regulation, requirements and energy codes. While in developing
countries, including Egypt, buildings were often designed and implemented without
taking into consideration the effect of building materials and outer envelopes on
energy efficiency. This due to either the lack of construction regulation
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requirements or the limited availability of techniques for buildings’ design and

implementation in a manner that conserves and rationalizes energy.

Therefore, the research problem arises due to the absence of a process that
governs how to earn the advantages of both developed building material techniques
and outer envelope systems, to clarify their role in achieving the building energy
efficiency, to use it in rationalization methods of energy consumption during
building life cycle starting from the design phase until recycling phase.

The proposed methodology utilizes modern techniques in various building
elements to help in rationalizing energy consumption in buildings and increase their
efficiency. The application of this methodology on buildings during the design
stage, which effects also on the other building stages from implementation to
demolition.

1.2 Research Aims

The research aims to find a methodology to utilize modern techniques in the
building, either from the external elements, outer envelope systems or internal
building systems, for using in rationalizing energy consumption and upgrading the
building’s efficiency. This can be achieved by a number of objectives as follows:

e Explain ways to conserve non-renewable energy sources, and how using
strategies to raise energy efficiency in buildings.

e Defining the energy status in Egypt and the impact of the construction sector on
consumption.

o Classification of using modern technologies to rationalize energy in buildings.

e Determining the modern technologies’ impact on buildings during the design
stage and verify its effect on building life cycle.

1.3 Research Methodology

For achieving the purpose of this work, the research adopts two steps;
theoretical and analytical study:

e First, Theoretical study: via studying the energy in buildings; by defining its
sources, applications and the categories of rational consumption. Moreover,
identifying the usage of modern technologies to rationalize energy consumption
in buildings, through clarifying its applications in all building elements,
(external elements-internal elements-the outer envelope).

e Second, Analytical study: Developing a methodology for rationalizing energy
consumption methods in buildings by using modern techniques through
analyzing some case studies that applied these techniques.

2. Energy in Buildings
2.1 Energy Resources:

There were many energy types surrounding us, most of them were converted
to electric or kinetic energy, that could be classified into either non-renewable
energy or renewable energy:
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2.1.1 Non-renewable energy sources:

This kind requires a long time to develop, like (petroleum, coal, gas), it also

considered one of the main causes of environmental pollution and global warming.
2.1.2 Renewable energy sources:

It is generated by a natural continuous source (wind, water, sun, hydrogen
power, geothermal energy). Egypt had several resources in the renewable energy
field and aims to increase the ratio of generating renewable energies to 20% of the
total energy capacity by 2020. The energies that used in Egypt, are [2]:

Hydropower energy; It is produced from High Dam power station and
Aswan reservoir, with production average 13350 GW/H, Fig. 1 [3].

Solar energy; Egypt is one of the solar belt countries, and suitable for solar
energy applications with a brightness rate 9:11 h/day. The vertical sunbeam average
Is 2000/3200 kW/H, but until 2011 the output rate of solar energy electric power
does not exceed 206 MW/H at the Elkorimat station in Giza, however by
completing the implementation of Kom Ombo project the rate will be 100 MW/h
rate, Table 1 [3].

Wind Energy; There are many suitable areas in Egypt for producing wind
energy. Consequently, the production has increased from 140 MW/H in 2005 to 545
MW/H in 2011, Table 1 [3].
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Figure 1 The development of electric production from hydropower in Egypt [3]

Table 1 The development of solar and wind production in Egypt [3]

Report/year 2005 2006 2007 2008 2009 2010 2011
Total efficacy (MW) \ 18775 \ 20452 21944 22583 21330 22750 23470
Zafarana winds 140 225 225 300 425 517 545

Ghergada winds 5 5 5 5 5 5 5
Solar thermal station - - - - - - 140
Energy production (GW/H) \ 101229 \ 108690 100708 | 108788 @ 131063 139000 @ 141885
Zafarana winds 523 552 627 840 941 1152 1489
Ghergada winds 9.6 9 8.3 7 7 7 7
Elkoraimat solar station - - - - - 206

2.2 Renewable Energy Applications:
2.2.1 Solar Energy
Solar energy is generated by thermal motors or photovoltaic transformers. Thus,
they were either negative or positive solar systems, in accordance with the way of
utilization, conversion and distribution. So, solar energy systems can be classified
into two main types, as in Table 2 [4,5]:
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Table 2 Solar energy devices [4,5]

It 15 a metal insulated box with a glass or transparent plastic|
cover, with an mside sheet from copper or aluminum or alloy|
from both (often in black) for best heat absorbing, then water or
air flew in the mner pipes to be heated. As a result, hot water 1|
stored inside heat-insulated tanks, which could be from glass or
fiberglass to keep the water's heat, especially during night.
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spin due to this steam to generate electricity.

Parabolic
Buifters

t

lit generates the electric power by assembling of solar modules
"PVs" in an integrated system for the electric power
CONVErSion.

Converting selar energy into

Photovel
afe
panels

2.2.2 Wind power

Wind turbines are widely used to produce electric power, such as windmills for
mechanical energy, and wind pumps for water pumping. Moreover, 95% of the used
land as wind fields can be used for agriculture or grazing, and it could be also placed
above buildings. Conversely, its disadvantages, is the visual effect of turbines' rotation
and noise, so it was preferred to be located in isolated areas, Fig. 4 [6].

2.2.3 Hydropower Energy

When water flows through levels, it rotates the turbines that move the
generators. The electric power can also be generated by using the natural tidal
movement near the shoreline, where special turbines were placed in the tidal stream
operated by rising and falling of water, then the water returns and runs again [6].

2.2.4 Biomass Energy

Bioenergy is one of the most renewable energies that can be used to provide
clean and usable energy for residential buildings, especially in rural and non-urban
areas, which are produced from renewable organic substance origin from plant and
animal [7].
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Figure 4 Wind power horizontal ad vertical axis [6] Figure 5 Geothermal Energy [6]

2.2.5 Geothermal Energy

Underground heat is a clean, environmentally friendly energy, that characterized
by low cost after calculating the initial costs of station’s production. In opposition,
it requires large areas and hard to dig deep wells with depths up to 5 km at high
temperatures, Fig. 5 [6].

2.3 Energy charge rates in buildings

Buildings are the largest consumer of energy, with an 40% average of the

consumed energy. America is considered one of the largest energy consumers, then
Europe and the Gulf countries. In addition, the consumption rate of the Egyptian
individual in 2007 is (1384 kW/h), and the global rate is (4,190 kW/h), which is less
than one-third of the world average. So Egypt was ranked the 85" from world
consumption of electricity [2]. Fig. 6 displays energy consumption in Egypt,
according to activity. Consequently, when designing a building, it is necessary to
take into account the total consumed energy through building phases, from
construction to repair or even the case of removal and restoration. The building’s
energy needs vary in each stage of its life cycle, that depends on the building’s
supply of the required energy, so these needs depend on a number of factors:
e Location, climatic and natural conditions.
Access easily to energy sources.
Variable usage of technologies and systems and its cost.
Changing the building’s installation and construction methods.
Nature of building maintenance, its components, and services.

M resedental buildings ® industry  others
& public lighting W agreculture H Public utility

B Government agences

Figure 6 Energy consumption in Egypt according to activity [2]
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Subsequently, the energy consumption during the building phases could be
classified as follows; [8]

Table 3 Energy consumption during building phases [9,10]

E#;L%'Sng Environmental design principles Rationalizing energy methods
- Architectural environmental design (orientation and
Thermal shape)
A . comfort - Outer envelope design (walls and ceilings)
Adjus_tlng with . efficiency - Using of design elements (used building materials)
(?_:(')T?;tﬁ) Ngggg:]’e Landscape elements.
Ventilation |-  Openings design and orientation
% efficiency |-  Using of traditional and advanced design elements
= Natural light |-  Openings design and orientation
= efficiency |- Using of traditional and advanced design elements
g Renewable Positive ; erﬁxl\/g%l e | Solar energy — Wind energy
Energy design energy - Biomass energy - Ground heat energy.
- Using of available local building materials.
Eco-friendly . |- Choosing of most suitable materials that consume less energy during
Building Industrial manufacturing.
Materials methods | _ Long-edged materials that continuously enable using for periods.
- Using environmentally friendly recyclable materials.
- - Implementation methods that reduce the wasted energy in transportation
2 Natural and installation ... etc.
% § Conserving | Methods |- Engineer and the site director performance efficiency to implement the
3 g Energy . work in a manner time.
S Ig‘i‘:ﬁg‘gzl - Reduce the consumed energy in construction and finishing.
- Natural |-  Using of water spray on the building's cover for evaporative cooling.
= § methods |- Instructing users about the importance of energy rationalization.
sSg Water - Replacing Air conditioning with desert air conditioning.
=R S | Conversation Industrial |~ Using saving lamps as much as possible.
= -% = Strategy methods | Heating water by solar heaters.
8— = - Energy conservation during warming.
- Water recycling (lead water)
c - Reuse buildings and spaces for other functions and activities instead of
S Natural d S
E=a _ methods emolishing them. _ _ _
o g Recycling - Using of materials with a long lifespan in construction.
g = Industrial |-  Reusing of building materials or structural elements from old buildings.
Q methods |-  Recycle materials and make them a source of new materials.

2.3.1 Energy consumption in the design phase
In design phase, we can define the building’s shape and orientation,
geographical location, nature of its work, selection of the cladding components or
building service systems, and many design decisions that have a direct and indirect
impact on the building's energy consumption.

2.3.2 Energy consumption in the construction phase
In each stage of the building material’s life, it consumes energy and produces
harmful wastes. Therefore, the materials production’s energy includes all processes
of extraction, processing, disposal or reused, which is called the material life cycle,
so the closed material life cycles the less the negative waste.
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2.3.3 Energy consumption in the operation and maintenance phase
It means the energy consumption that help the building to perform its
function, and achieve the comfort levels for users by utilizing the building systems
that responsible for lighting, ventilation, cooling, and heating, as well as the
consumed energy by the equipment and devices. It varies depending on the building
type and the usage nature. There are many ways that help in the rationalizing energy
consumption during the operation phase, including the use of negative design
methods by using natural lighting, that includes negative cooling, ventilation and
heating systems, and selecting cooling and heating high-efficiency systems.
2.3.4 Energy consumption in the demolition phase
It includes the required energy for demolition process, by involving the
potential energy during materials’ construction or post-implementation
construction, which expected to obtain with minimal waste. Table 3 shows energy
consumption during different building stages, and the methods that help in
rationalizing energy consumption [9].

2.4 Rationalization in energy consumption
This part deals with the definition of rationalization in energy consumption,
and the rationalization fields through different building elements.
2.4.1 Rationalization concept of energy consumption
It means the best consumption of energy resource, to limit the waste without
compromising the user’s comfort and productivity or the efficiency of the used
equipment. Accordingly, this objective is attained by means of the wise operation
methods in various consumption’s sectors. These benefits can be summarized as
follows:
e Optimal utilization of non-renewable energy sources, which helps to preserve
these sources  for next generations.
e Reducing fuel consumption, which help in improving the environment.
e Make provisions in the energy sector, helps to develop other fields.
e Reduce the amount of energy consumed and thus reduce the consumption bill on
users.
2.4.2 Fields of rationalizing energy consumption
Energy consumption can be rationalized via two methods; First, by
rationalizing the current energy, so it can reduce the waste amount of consuming
energy. Second, depends on the future energy, with long-term rationalization by
replacing current energy with permanent efficiency one.
The fields of energy rationalization in the building and improving the
efficiency of its use could be defined in the following elements, as in Table 4:
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Table 4 Methods Of Rationalizing Energy Consumption [11,12]

Methods Of
Rationalizing
Energy
Consumption

Application

Related To
Equipment, Tools
And Used Devices

[The building needs to reduce the required energy for lighting, cooling, and heating, by selecting
efficient appliances either electrical, or air conditioning systems to achieve high efficiency that
require less power. In Egypt, the General Organization for Standardization and Quality of the
Industry and Commerce Ministry sets the standards for most energy-efficient household
appliances, that required a placed sticker on the device in a visible place to recognize the degree|
of energy efficiency and help users make the decision.

Related To
Energy-
Consuming
Systems

[The misuse of equipment (heating, cooling, lighting, etc.) tends to lose energy even if it is highly
efficient. Subsequently, mechanical instead of manual systems are used to manage energy tof
iprovide control that reduces energy consumption and costs.

ERelated To The
Building Itself and
The Surrounding
Elements

[Energy consmnppL.ion in buildings 1s rationalized during design and implementation stages in
accordance with environmental standards, taking into account the adaptation with the|
surrounding environmental, geographical and climatically conditions to increase its thermal
efficiency.

Related to the
Outer Envelope
Design;

[The outer envelope plays an important role in separating the outside climate conditions and the
inside required functions to achieve comfort levels in the building. Therefore, the outer envelope’
type and the used techmques should be studied to take in consideration the energy conservation|

in the building.

Related To The
Building’s Users

[Training of the building’s users help in achieving low energy buildings by using cooling and|
megative heating systems in an optimal way. Accordingly, this i1s done via the development

awareness programs in the audio, video media and the civil-society system, especially from|

individual behavior.

2.5 Classification of buildings according to energy consumption

This classification depends on the intensity of building's energy consumption,
and compares it with same buildings’ types that meet standards and requirements of
construction. These buildings can be classified into; intensive-energy buildings, low-
energy buildings, zero-energy buildings, with ensuring that the users’ comfort levels
and the building performance are kept efficiently [1], Fig. 7.

2.6 Measuring programs and systems for energy in buildings:

There are many energy simulation programs that could analyze by using an
interactive interface different inputs via various design structures and calculation
equations. These tools are used in the design stage to make different decisions that
effect on the energy consumption in the following stages mainly in operation and
maintenance phase and directing the developing design. The most famous program
is HEED program, that combines the energy simulation search engine in buildings
with an easy interface [13].

*High eregy
consumption

*Harmful building
materials on users and
enviroment

*Depending on

*Begining in energy
rationalization

*Using negative design
systems

* Rduce cooling and
heating loads

* Using rationalization
systems

+ Integrate renewable
energy resources

* Self-sufficient energy
building

* Using rationalization
systems in low energy
buildings

« Integrate renewable
energy resources

*building produce

mechanical eregy «Local and energy more than its
systems enviromental building needs
materials

Figure 7 Building levels according to energy consumption [Author]
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The used techniques in Buildings

building location and
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Cooling and heating

outer cladding types techniques

Building shape Design criteria Ventelation techniques

The used devlopment
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Landscape elements The used appliences
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Figure 8 New techniques classification according to place in the building [Author]

3. Modern Techniques in Buildings
The research deals with the concept of using modern techniques in buildings
and their classification according to their location in the building. These techniques
cannot be separated from each other, due to the mutual influence on each other
either directly or indirectly with varying amounts. Consequently, the research
assumed theoretically divided these elements to facilitate their study, into three
sectors, Fig. 8.
3.1 External elements
The external elements provide shading for buildings by preventing thermal
radiation from the surroundings, to control the ambient temperature. These elements
are; orientation, geographical location, building shape, external shading and
landscape elements, which play a vital role in reducing thermal loads and helping in
energy rationalization [12].
3.2 Outer envelope
The building’s outer envelope is a direct expression of the used functional
and structural elements in the building facade, whether concrete, iron, glass or other
construction materials. Besides, the building outer envelope is the link between the
inside and the outside, and affects by the noise, heat or overcome external climatic
conditions for the user’s convenience. Thus, the outer envelope design is affected
by many factors [14]:
e External factors: which include external air temperature, wind speed and
direction, relative humidity and the amount of solar radiation.
e Internal factors: such as internal air temperature, surface temperature, air
change’s rate, relative humidity and lighting intensity.
e The design of the outer envelope: successful envelopes take into consideration
the functional standards (ventilation, natural lighting, acoustic performance,
thermal insulation, shading, photovoltaic cells, passive design, cooling and
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heating), structural, aesthetic and environmental availability. As a result, by
using new techniques in the outer envelope design such as; smart materials,
power generation materials, dynamic casings, solar skis, etc., especially with the
emergence of nanotechnology will increase all the materials efficiency.

For example, in Champillion building at Dubai that used hexagonal units to
form the outer envelope from many layers of glass and solar panels on a structural
frame. These units are aligned mechanically with the sun, closed to block the sun or
open to inter the natural lighting inside the building. In addition, the outer envelope
contains layers of micro-energy generating cells that generate power during the day
and provide energy during working hours, Fig. 9.

e = A LY o A58 68 S &

Figure 9 Champillion building in Dubai [15]
3.3 Internal elements

Internal elements that affect energy consumption in buildings, involve
service systems to achieve the users’ comfort levels, which vary from ventilation,
cooling and heating, lighting systems, and the selected building’s materials.

3.3.1 Lighting

The required lighting for comfort levels in spaces affects by the used
strategies of energy rationalization in the building, which depend on: the building
type, internal spaces, work nature, and the operating and lighting periods that has

two main types [15]:

- Natural Lighting; For building operation, natural lighting greatly reduces the
required energy in the internal spaces, by taking into account the site and
building shape. Accordingly, the factors that maximize the benefits of natural
lighting are; the building location and shape, external openings ratios, the used
glass, and the geometric shape of internal space.

- Artificial Lighting; Artificial lighting is used as an auxiliary element for natural
lighting to achieve proper lighting for the internal space, such as LED
illuminations that are used currently to minimize consumption as much as
possible. Therefore, control systems help to combine natural and artificial
lighting in spaces by several strategies, such as using of wireless sensors that
close or reduce the intensity of artificial light according to the occupied spaces at
certain periods of time, or according to the amount of the external lighting.

3.3.2 Ventilation

The natural ventilation in the internal spaces depends on the differences in

the temperature and pressure between inside and outside to create the wind
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movement, which is considered the most important factors affecting the energy
consumption; this happened in two ways [16]:

Natural ventilation; Windows helps in natural ventilation by avoiding the heat
lose during the winter and allow the fresh air to pass through the outer envelope
in moderate heat periods during the year. Besides, some architectural elements
can be used such as; solar chimneys or air intakes to benefit from the natural air
ventilation in the internal spaces.
Mechanical ventilation; To keep the air change’s rate constant in the internal
spaces, it is better to use mechanical ventilation units that are responsible for
providing fresh air and disposal of bad air, especially in non-natural ventilation
spaces. These are suction units with filters and delivered air pipes.
3.3.3 Cooling and heating:

Cooling and heating requirements must be designed carefully, due to it

affected on the building cost and operating expenses. So, thermal comfort levels can
be achieved via several strategies [17]:

Negative cooling and heating strategies: by using of conductivity, radiation
load, evaporation features, and using of the environment as natural sources of
energy "Sink Heat". Therefore, their use in buildings help in creating sustainable
buildings and reduce consuming fuel to achieve comfort thermal levels.

Using of mechanical cooling and heating systems: which are divided into; air-
based systems such as; window air conditioning, split units, and air-conditioning
with tubes, and water-based systems, that are divided according to the coolant
type into; water-cooled and the air-cooled system, Fig. 10.

air condition

"Window Unit"
air condition
"Air Cooled Systems” ) )
"' Split Unit"
Ducted Air Condition
£ variable air volum
E [ llVAV"
E "Water Cooled"” —
wn fan cooling unites
‘_:n | " FCU"
variable air volum
water cooled systems ) "VAV"
""Air Cooled™ —
" chilled Water" . .
| fancooling unites

" FCUF!
(VRF) cooling system

Air floor cooling Distribution

Figure 10 Mechanical cooling and heating systems [18]
Cooling and heating control systems: used in controlling the air amount’s
levels, temperature and humidity to achieve the users’ comfort levels. In
consequence, a fully control of each space by sensors helped in energy
rationalization that used in the building operation.
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3.3.4 The used materials

Building materials consumed energy during three phases in parallel to the
construction stages itself. Starting with; the pre-construction phase of material
extraction, manufacturing and transport, then the construction phase of the
implementation, installation, maintenance, and post-construction phase, which
includes final disposal either by reusing or recycling [18].

The selection of building materials must be evaluated to meet the environmental
sustainability standards. Subsequently, these standards related to the building’s life
cycle and includes efficiency standards for material sources, internal environment
quality, and energy efficiency standards. The technological development in the
construction field led to many building material’s productions with advanced
properties. Such as; the nanotechnology and the enormous potentials of smart materials
to support the building’s performance and improve rationalization of energy
consumption, either in structural or compatible materials [17], Fig. 11.

.

Technical development of building materials
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Figure 11 Technological development in the construction materials [17]

4. Analytical study
In this section, some case studies were analyzed, these buildings used
modern techniques in different building elements (external elements, outer
envelope, internal elements), which effect on energy consumption. In order to reach
the correlation between the used technologies and rationalization of energy
consumption, helped in attaining a methodological design of energy rationalization
in buildings, that can be utilized and applied either on new or existing buildings. A
descriptive, analytical methodology is used for this purpose, though three tables
describe the used technique and its evaluation by colored points; 1 for ‘weak’, 2 for
‘moderate’, and 3 for ‘good’ in their application in buildings.
4.1 Case Studies
The selected buildings attained the usage of modern technologies to achieve
the functional efficiency and energy rationalization. These buildings won
international awards, and obtained the accreditation of an international organization
of evaluating energy efficiency.
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4.1.1 Institution & exhibition of earth environmental, Renzo Piano,
2008

Figure 12 Institution & exhibition of earth environmental [19]

Table 5 Evaluation of used techniques in Institution & exhibition of earth
environmental [20]
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{* Insulatiom: All building elements are good insulated, starting from the roof with the plant cover, using of
prefabricated concrete units in walls "Structural Insulated Panels", and the northern facades are of transparent
glass with high coefficient efficiency.
The used windows are from three layers Low-E glass with low absorption coefficient. for protection from the sun
and to benefit from natoral lighting.

Structural skeleton: was made from high durability, recyclable and reusable metal Reinforced concrete with
I. recycled content, a large proportion of cement was replaced with fly ash.

Notes
=
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Table 5 continued
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Energy control programs and devices: are used to observe energy consumption for lighting, ventilation, cooling, and

heating with the generated energy by photovoltaic cells, for continuous evaluation to achieve energy efficiency.
Canopies: used fo shade the entire building and mntegrated high-energy photovoltaic cells with the used glass panels.
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4.1.2 Siemens Head quartz, Masdar City, Sheppard Robson, 2014

Figure 13 Siemens Head quartz, Masdar City [21] [22]
Table 6 Evaluation of used techniques in Siemens Head quartz, Masdar City [22]

Energy conservation
Technical elements

g & g g1 g E ' 3
S HHES B HREE M HRHER
g g mg i -még'g“m |
I LR ERR R
BEEETHE I 1HHHE

CEEIE (IR JEIEIEIE

* Insulation: the building double-layer envelope’s design consisting of inner layer act as an insulated glasg
curtain. The outer layer from aluminum solar skis, separated by a distance for the maintenance.
®  The used structural system allows high flexibility in the interior space design. The administrative spaces arg
columns free, where the used spans between columns up to 15 meters.
* The uwsed structural system 15 from flat pre-tensioned unifes with “Integrated void-Forming™ with plastig
units inside concrete slabs in low load locations that reducing the concrete usage, and save more than 60% o
used materials in similar systems.

Notes
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Table 6 continued
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» A wide range of sustainable materials and innovative technologies were used to reduce electricity

Lf and water consumption significantly.
Z |»  The building was designed to be high on the ground with columns, and the ground floor was emptied
from the office spaces.
Table 6 continued
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Notes

spaces.

Software and control devices: the integration of advanced system for the overall energy management (BMS)
that controls the humidity, temperature and light level mtensity, which greatly reduces energy consumption.

*  Solar skis: around the windows in the south and west facades are carefully designed from lightweight and highly
reflective aluminum_ to protect from sunlight and reduce heat loads while allowing natural light to reach offi

A34



Randa Reda Kamel /et al/Engineering Research Journal 162 (June 2019) A19- A

4.1.3 Al-Dar Central Market Abu Dhabi, Fosters+ Partners, 2010.
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Table 7 continued

Building features External elements
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* TLarge multi-story shopping mall with many shops and handicrafts.
§ e  Terraced roof gardens covering the central market to reduce the building’s thermal loads,
z besides the selection of green plants and trees according to the local environment and the
landscape elements.

Table 7 continued

Energy conservation
Technical elements

Envelope kind

TERIE

The criteria
Envelope shape
Sun refractions
Energy efficiency
Loeal materials
Natural materialz
Feuze materials

ic units mside roof tiles

wo mbemal glass layers and alummmm external Double emvelope

Firges

The used technigues
Double envelope with protective layer as
solar skis
Feuse large percenfage of construction

Insulated concrete pallets

Solar dors m South West Facades
GR.C panels for exterior facades
Whulti-layer glass windows
Moveable shidng ceilngs

Low energy combmed matenals
Usmg of some local materials
Using of some natural stones
Usmg high-temperad ahummmm

An openable wimdows

Using

s Insulation: Reinforced glass fiber concrete panels supported by alominum sections were used to cover
the exterior walls and provide good levels of thermal insulation and protection from solar radiation.

s Structural system: Based mainly on a concrete structure, the internal courtyard covered with sliding
units, supported on six metal columns up to 15 meters high and spans &.4 meters wide.

+ Internal courtyard: covered with a movable roof system with 84 m * 16.8 m, consists of 8 units each
with 4.2 m * 4.2 m, each consists of @ lighting openings from aluminum segments welded together and
fitted with aluminum finz moving horizeatally by hydraolic arms.

Notes
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4.2 Results and Discussion
From the analytical study by comparing the case studies through the used
techniques and design methods to rationalize the energy consumption, a set of
results between these examples was drawn to achieve the energy rationalization

criteria as follows, Table 8.

Three ways of rationalizing energy consumption in buildings were
concluded:

- First: Rationalize energy consumption: by reducing the demand energy
"Reduce Loads" and then meet the needs efficiently "Meet Loads Efficiency" by
using modern technologies in different building’s elements (external elements-
outer envelope-internal elements) to achieve the required function efficiently.
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Table 8 Analysis of the used techniques in the case study examples [Author]

- Second: Energy generation from renewable sources: by integrating the energy
generation systems in the building’s outer envelope by installation in external
facades and ceilings, to help in providing the needed energy for operation, some of
them reach to self-sufficiency.
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- Third: Energy control and management systems: that assist to reduce the lost
energy even with using high-efficiency equipment, even with the misuse of services
equipment and systems as lighting, ventilation, cooling, and heating.

From the above theoretical and analytical study, it was possible to develop a
methodology to rationalize energy consumption in buildings during its life cycle, Fig 15.

Methodology of energy conservation in buildings
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Figure 15 The proposed methodology for energy rationalization in buildings [Author]

A38



Randa Reda Kamel /et al/Engineering Research Journal 162 (June 2019) A19- A

5. Conclusion and Recommendation
As a result, from the theoretical and analytical study in rationalizing energy
consumption in buildings, some points were concluded followed by some
recommendations.
5.1 Conclusion

e Rationalization of energy consumption means the optimal consumption of energy
resources, to limit their waste without compromising the user’s comfort, productivity
or affect the used equipment efficiency.

e Energy conservation fields in the building and the improving the user’s efficiency were
determined by the following rationalization methods:

- Associated with the used equipment, tools, and devices

Related to the used energy-consuming systems in the building.

Connected with the building itself and the surrounding elements.

Combined with the outer envelope design.

Related to the person who uses the building.

e The modern technologies used to rationalize the energy were applied on three elements
(external elements — outer envelope- internal elements).

o Rationalization strategies for electricity consumption are based on several fields begins
with reducing consumption by applying design criteria, next use modern technologies
efficiently and then integrate renewable energy generation systems.

e Buildings that succeeded in achieving good levels of ventilation, cooling and heating
relies on the negative design, using modern technologies with high-efficiency systems,
and building control systems to reduce cooling, heating loses and total control of its
loads.

e The most common systems that used in energy generation are photovoltaic cells with
various types, including chips united in glass facades, their location varies in the
buildings either in the front facades or in flat and tilted ceilings.

e A methodology was set up to use modern technologies in the various building elements
to contribute in rationalizing building’s energy consumption and increase efficiency
during its life cycle.

5.2 Recommendations

e The proposed methodology of the rationalization building energy consumption should be
applied to the new projects during the design process.

e The need to formulate a scientific mechanism to evaluate the alternatives and selecting
the strategies from the proposed methodology, by converting the used technology’s
standards for rationalizing energy consumption to a digital scale, that can be applied in
different buildings during the design and operation stages.

o Designers in different fields should integrate the building energy management systems to
control the operation of electrical appliance, cooling systems, heating, lighting and
manage renewable energy systems.

o Architects should study and analyze the global experiences that concern in energy saving
mechanisms for existing or new architectural projects to benefit from them in the case of

Egypt.
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The importance of holding seminars for architects and architecture students to warn them
about the expected environmental dangers and to strengthen the rationalization concept.
The need to organize awareness campaigns in the visual and audiovisual channels
carried out by the Ministries of Information and Culture and directed to different society
sectors about the importance of rationalizing energy consumption in buildings.

The State must put the time plan rules to replace the used lighting, ventilation, cooling
systems and appliances in low-efficiency with better efficiency ones, which are based on
the latest technologies in this field, without compromising the required performance
level.

Encouraging the public and residential buildings owners to integrate renewable energy
generation systems, especially in remote areas, by providing technical support and long-
term financing loans.

The consultants should subject the buildings at the licensing stage to energy analysis and
simulation programs.
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