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Abstract:

In Egypt, residential and commercial buildings energy consumption has been increasmg to
than 44% of the total energy consumption, partly due to Egypt’s rapid increase in population,
which led to the aggravation of the energy crisis. Building energy codes havdyreeeonime an
effective technique to enhance energy efficiency in buildings, as regulatitgitimgs' energy
performance - via energy standards - can be regarded as an effective means to reduce energy
consumption.

This research focuses on improving the energy performance of the buildielppn using the
principles of environmental design, in the hot-arid climatic context of Egypt, atmiregduce the
energy consumption in the residential sector. This will reflect on meglube use of HVAC
systems, subsequently reducing the energy running costs and the correspondiemi€3»ns.

This is carried out through studying the building envelope section in the i&gyResidential
Energy Code (EREC). The work focuses on the residential sector, as in almost every country this i
the major energy consumer, and more specifically, the large housing projemtdennio identify

the validity of EREC under future climate change, the research aims to studfférentidesign
solutions and construction methods recommended by the code or commonly used in the building
industry sector in Egypt and evaluate them under the different climate change sceridensfy

the climate change effects on the indoor thermal comfort, the energy consumption anadhe fina
implications (investment vs. running costs). The Buildindpermal performance simulations
(BPS), was adopted as the major techniguee research.

The BPS tool "EnergyPlus" and its architectural friendly interface gn8siilder" were used to
simulate the buildings thermal behaviour in the different climatic periadstder to assess and
modify EREC to adapt to the future climate change effects. The future weatheredgtavliich
represent the climate change conditions, were generated via the morphinguechising the
Climate Change World Weather File Generator tool (CCWorldWeatherGen). Moreowerg a |
term financial analysis method was employed to relate the theoretical study td therleiabased
on the financial theory of Discounted Cash Flow (DCF) and its practical formula&s=r® Value
(NPV), to produce an accurate estimation of the financial efficiency of the projects.

The research outcomes are considered as an attempt to highlight curreatiolimitof the
residential energy code, especially in its behaviour against climate changeestilis focus on
energy consumption reductions for the residential units, along with financiditserm the long

term, while maintaining the indoor thermal comfort conditions using active asiy@aschniques.
Through the results analysis, it was found it is not necessary to use the pwwiex materials

and techniques in order to achieve the most effective thermal insulationfeaardineome cheaper
materials and techniques in the Egyptian market, more beneficial and cost effgetitbe long

term (under future climate change scenaridge results have proven that, only two parts of the
code's recommendations are compatible with the predicted climate changes on the long tern
(fenestration and shading devices), and they can mitigate the associated temperadases amck

could continue to be used efficiently through the prescriptive approach in the Wbde the

code's recommendations for the external walls' specifications, was found nadeguate and
inefficient over the long term. Thus, the study recommends not to use the code's pescript
approach to determine the external walls' thermal specifications, and to use theocedsls
performance path instead. In addition, the research has provided what seems to be theapptimum
the most cost-effective combination of specifications to be used (in thfeeedifclimatic zones),

in order to achieve the best levels of performance in terms of indoor theomédrt levels and
energy consumption reduction for the project over the long term. The resulikedy to be of
interest to a wide range of designers, architects and to support both policy and decision maker:
taking steps forward towards energy efficiency obligations, particularly in Egypt.
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Chapter 1: Introduction:

Sustain the planet and change it for a better place to live, is of the maimnsofwrethe
civilized communities. This includes implementing the main principles of sasiisity, to ensure
the preservation of the environment in good and clean condition for the §igneeations. In this
regard, the energy dilemma has always been a challenging and complex problem of increasing
importance for the mankind.

Unto the eighteenth century, most of the energy needed for man&swsupplied through several
energy sources, such that provided by human and animal efforts, wood and coal, asvivell as
and water. With population growth and the emergence of industrial revolatioa goods and
services beaae available, and the world’s need of fuel has increased significantly (Fig. 1-1). Many
development activities that followed the industrial revolution have hartre@rvironment and
depleted its resources, which led to threaten the natural ecologicalebflzaebas 1994). It has
become clear that the energy uses required for development is accompanied with adverse
environmental impacts cannot be avoided, though it can be alleviated. Among the pav&tnm
environmental impacts for energy use what is known as "global warmingjtreerihouse effect"”
which is linked to the planet temperature rise and climate change. This phenomenon is @f result
increased concentrations of what called greenhouse gases (GHG) in the atmosphae @€§ich
which is mostly caused by the use of fossil fuels.

10 Population
9 growth

= 8

5

E 7

[}

s 6

=]

g

2 5

(=]

s 4

=]

S

= 3 Fossil fuels energy

Supply

2
1

1750 18001850 1900 1950 2000 2050 2100

Figure 1-1: The growth of the world population in return for fossil fuelsenergy supply|[(Edwards 199p).

The widening gap between population growth and the available engy can be clearly noticed, as various research
have shown the inability of existing energy resources to facedlincreasing demands of energy expected in 2015,
with increasing rate of failure beginning in 2020 and what followd.




According to IPCC (International Panel on Climate Change) recent reports andenoefén
Doha-2012 | (UNFCCC 2012), the climate change physical concept is getting morefiscienti
understanding as "most of the observed increase in global average temperatures siitc2atie m
century is very likely due to the observed increase in anthropogenic GHG catioastr Fossil

fuels such as oil, natural gas and coal is responsible for the most of carbon diosisiersm
starting from the search process, then exploration, transportation, manufacturifigaindhe
consumptior] (Mohamed Amin 19P9). The increase of the greenhouse gases due to burning of foss
fuels increase the greenhouse effect which reduces the amount of heat which hheh&ald
radiate back into spade (McMullan 2007), causing a kind of thermal imbalareegsslt of the
amount of excess heat that retained within the atmosphere.

In the past few decades, the depletion of fossil fuel and global climate changebéav
challenging concerns facing most people around the world. According to the Internatiengy
Agency (IEA) today we are facing the global peak of oil production, which iscéegb by the year
2020 [(Macalister and Monbiot 2008, Sherman 2009). It is expected that, between 2@23&nd
the oil and gasoline will be rare and very expensive, so both developed and developirigscountr
within the next 30 years will need to find new methods to acquire energy. Bbiwrpoint is
reached, the use of these fuels must be reduced in an endeavour to diminish ghabalctlange
Botkin and Keller 201f1).

In most of the modern cities, the built environmisnbne of the largest energy consuming sectors
{McMullan 2007}, Huovila et al. 2007). The production and transportation of buildingrectien
materials and the construction process in most of the countries consumes abde2Df the
total energy usedl (Huovila et al. 2007). Buildings through their lit#ecfincluding construction,
operation, maintenance and demolition) consume approximately 50% of the final energy
consumption in the members states of the European Union, and contribute alnd@8tfof the
CO, emissions released in the atmosphettch is considered to be the basic gas responsible for
the greenhouse effeft (Ali et al. 2913). Residential and commercial buildingy esesumption
has beelincreasing to record more than 44% of total energy consumption in Egptn partto
Egypt’s rapid increase in population {Ahmed et al. 201)], HBRC 20p8). While buildings produce
GHG emissions at all stages of their life-cycle, the operation ofidergml building generally
accounts for 80 - 90% of the total emissions, mainly due to space heatingaddind, hot water,
lighting and other household appliandes (Ren et al. [2011). In Egypt, about 50%eopfnibe
energy used in urban areas during the peak time, consumed due to the air-condigorands
alone|(Attia and Herde 20p9). Therefore, the reduction of this consumption willéeteéfon the
amount of GHG emitted and may contribute significantly to mitigating global warming

One of the solutions to this problem is to reduce the energy consumptimumghthsophisticated
building design. Moreover, the IPCC identified that the reduction of energy consuptiddHG

emission from the building sector has one of the highest benefit-cost ratios araonpgossible
mitigation measures across different sectprs (Ren et al.| 2011). Therefoent @mactice of
construction industry in Egypt as a mid-latitude region needs to considerepasshitectural
design for residential buildings as a crucial strategy for climate chanigatinit through reducing
the reliance on the mechanical means to achieve the indoor thermal comfort.

The depletion of non-renewable resources and the environmental impact of energy consumption
particularly energy use in buildings, have awakened considerable interest in effeigpcy.
Building energy codes have recently become effective techniques to achieve sfficiayats
(Radhi, 2009). Regulation of building energy performance (via energy standarth€) msost

effective means to reduce energy consumpfion (Mansy|2013). Energy standards achieve thi




objective by specifying the minimum levels of energy performance in the doitonment,
including the minimum specifications for building materials and the mininegiiciency of
appliances used in buildings. Consequently, energy codes are considered one of the most frequent
used instruments for energy efficiency improvements that can play an impoféaint enhancing
energy efficient design in buildings (Ahmed et al. 7011).

Many governments have realized the importance of applying the energy codes. le tt@&/Gs

many countries throughout the world (firstly in Europe and North Amenitegduced building
regulations aimed to reduce the energy consumption in different kinds of buif@Rgs 201],

[Liu et al. 2010). Typically, these regulations concentrate on aspects of heahrtmsgh the
building envelope with minimum levels of required insulation, and is often charactdy being
prescriptiveto reduce the need for complex calculatigns (Hanna [2010, Hanna et gl. 2011). There
has been a clear increase in formal governmental efforts to promote climate chtgggomi

since the last Assessment Report (AR4/2007) of the Intergovernmental Parghate Change
(IPCC). The aforementioned efforts are different in terms of approach, scale, and emphasis, bu
most of them take the form of legislation, strategies, policies, and coordimagicimanisms, and

often target the design or early implementation stage. Since global greenhswseigsions have
continued to increase in recent years, it is clearly important to monitor thiedexafforts to
evaluate if it was sufficiently strong and effective to lead to the remhsctiequired to stabilize
global temperaturg (IPCC 2014b).

In Egypt, this step was taken a few years ago, in 2006, by issuing The Egyptiarfo€Code
Improving the Efficiency of Energy use in Building®art 1: Residential Buildings (HBRC 2408).

For simplicity, it will be referred to as EREC for Egyptian Residentiakr@n€ode. In 2000, the
Housing and Building Research Centre (HBRC) of Egypt obtained a goamtlie United Nations
Development Programme (UNDP) to develop and apply energy efficiency buildingfooaesv
residential and commercial buildings in Egypt, with an additional fund from thgptiag
government| (Sheta and Sharples 4Q#0Dang et al. 2043). Over the next three years work
continued with the help of an international consulting team adding their marsyofeaxperience

in the development of building energy standards in the US and other countries. Thisoa@dedpr
scientific assistance in several areas, including surveys of existiminigudonditions and energy

use, the use of computer simulations to analyze building energy performancee aeditim and
construction of energy-efficient buildings. In June 2003 the proposed version of the EREC
completed, followed by the proposed commercial energy code in 2004, then both codes underwen
public review before submitting them to the government for promulggation (Hetaalg2008). The
energy standard for housing EREC has turned to law in 2005, and issued i|] 2006 (Ahm]ad et al
2011).

Any new system faces many problems, likewise the energy codes in spite of itstananda
application leads to many economic advantages that can overcome market Parriers glju
). The new regulations have been dealt with reluctance by different sectioesbufilting
industry, probably due to the additional costs implied in meeting higher perferetandards for
more energy efficient buildings (Morrissey et al. 2011). Moreover, the consumEgypt have a
lack of interest to use the energy efficient technologies, due to thengoental subsidies for
energy prices particularly in the residential sector (Liu et al., 2010), iticadth the ineffective
implementation and enforcement for the energy efficiency cpde (Ahmed et alf. 2841)
mentioned, Egypt appears to face daunting challenges to implement their twiogbeiheérgy
codes (residential buildings issued in 2006 - commercial buildings in 2009) in aoneneit
where basic building code requirements are not effectively enforced.




In practice, an effective strategy to enforce optimum design is through apprégyiatation for
energy efficiency (Radhi et al. 2009). However, these codes must be enforceable ainttingoeg
of the process of transforming a country’s construction sector toward more energy-efficient
buildings [(Liu et al. 201)0). It is important for the countries that have ndiedpmy energy codes
before, to start with realistic goals and full awareness of the costedcaccordingly. Then a
positive feedback loop will be initiated: enforcement, supply of technologiesnatetials, then
accordingly, the ability to comply will evolve, expand and be strengthened me({(tiu et al]
). Successful implementation of energy codes is a complex and multi-faceted atomssy t
take several years to achieve (Liu et al. 2010). Enforcement failures meaitributed to the lack
of available technical, institutional, or market capacities. Neverthelles main point often is the
lack of necessary governmental support, interventions and persistency which dial ¢éssarable
the development of those capacifjes (Liu et al. 2010).

The committee involved in writing the Egyptian code, EREC, developed a detaiksriemtation
plan. This plan was meant to clarify the different aspects involved into dtéical side of the
code's implementation, such ps (Huang et al. R003) : Strengthen the code's enforceatere str
and administration, establish a systematic compliance process, develop a user’s manual, conduct
training program on the code, initiate outreach programs to advertise the coddinaaie @nergy
savings and cost effectiveness when using the code through energy and economic analysis
However, in the early period of implementation the code was not mandatory arfidréhect very
well accepted, and unfortunately this situation remains the same. As stated BBEfafe,is far
from being integrated into the construction industry in Egypt due to two main reéBptie lack

of awareness of the topic of energy efficiency amongst common construction prergitio
Egypt. (2) the absence of legislative support and enforcgment (Ahmed et TI. 2011).

Energy efficiency in the marketplace in Egypt can be achieved through enforciemgetiyy codes

by the law, or by encouraging higher levels of performance in buildings voluntarilgregrams

that award participating buildings a sort of excellence or privilege suaivasling an Energy Star
Building, Green Building, or the privilege of tax credfts (Mansy 3013). Atogreen building
community (which is newly formed in Egypt) might provide a new motivation in constructing more
energy efficient buildings. In addition to the aforementioned suggestionstubisis expected to
provide one of the motives that could urge people to comply with thereemgrits of the code.
This self commitment will be reflected in personal benefit through lomy-ferancial gains, as

will be illustrated later in the rest of the chapters.

This confidence in people's cooperation stems from a previous survey conducted by the Arab
Forum for Environment and Development (AFED) in 2009, covering 19 Arab countriksliimg

Egypt) in order to collect public attitudes toward climate change issues. Tley sinawed that,

93% of the survey sample pledged to personally participate and take actiedut® rtheir
contribution to the problenmy (AFED 20[)9, Reiche 2010). Aside from the people, the befefits
applying the new codes will also benefit the state, in terms of reducing energy deniemavil

save the cost and time of the establishment of new power plants; which is cheaperestarginv
increased energy capaci|ty (BPIE 2p11).




1.1: Research problems

The Building sector in Egypt is faced by many fundamental problems, such agbiliy ina
to provide indoor thermal comfort for the buildings inhabitants at chedip wdathout the
governmental subsidy. This process costs the country's annual budget billions of Egyptian pound:
every year. At the same time it is not appropriate to rely significantthe renewable energy, due
to its high price in terms of initial and maintenance costs. Another proladdressed in this
research, such as the deficiency in the amounts of the produced energy to meetgshendeed
requirements of the consumers. In addition to the proper available ways to ensuat tbenfart
in residential buildings under current and future climate conditions.

Achieving the desired thermal comfort level using the principles of enviroaimédasign (the
passive techniques) is the initial proposed solution. In other words, redbeinge of mechanical
equipments (the active systems - HVAC) in the process of indoor acchii@tizin current
climatic conditions and under future climate change scenarios, as much as possider ito

reduce the energy consumption; subsequently reducing the operational costs andssons.

In general, there are three main approaches to reduce the energy consumption idethiates
sector, without considering the occupants’ behaviour {Ren et al. 201[1): First, energy demand
reduction through improving energy performance of building enveldpecond, reducing the
energy needs via switching to use energy efficient appliances. Third, the iimstaifarenewable
energy (such as solar PVs, wind turbines, etc.). This research will theofitst solution through
studying the building envelope section in the Egyptian Residential Energy Code. Ttiensolu
could be implemented in the construction practice through the strict and compulsarsitappfor

the energy code (EREC) mainly, and any other associated regulations that supportsethe sam
approach. This obligation should be the next step after the process of prwviability of the
energy code to protect the buildings in the long run and keep the indoor thermaltcander
climate change scenarios. Which will give confidence to the venture capitalistshéhat t
implementation of this code or a revised version thereof will retain thedsiment in the future,
and they will not be forced to invest more funds in order to mitigatelitmate change effects
later.

This proposed solution was taken based on the consensus of many expehs thastt cost-
effective way of meeting climate change targets is through improved eneigjgnef§
). The justification for focusing on the energy efficiency in buildings can be summarised in th
following argumentg (BPIE 2011):

- Securing of energy supplies.

- Lower the GHG emissions (which means a major contribution to climate change strategies).

- Reducing the energy costs for customers.

- Cheaper than investing in increased energy producing capacity.

- Improving the indoor thermal comfort (using active techniques) with reasonable running costs.
- A major contribution to the objective of sustainable development.

Political courage and will, innovative investment tools and societal awaremeksyafactors for
transforming the construction sector (BPIE 2011).




1.2: Research Hypothesis and Objectives

In 2006, on course to achieve thermal comfort in affordable price, the Miafdttousing
in Egypt issued the first Egyptian energy code. EREC was originally prddiacprescribe the
minimum requirements and specifications for the construction of buildingsaittmato provide
comfort in the built environment for the occupants, with minimum energy consumatid
minimum running costs. The Egyptian Residential Energy Code (in its Aralsiorernd in any
related published papers or reports) dad contain any reference to climate change as one of the
determinants in the current construction operatfons (Huang et al] 2003, HBRIC 20G8] Ahat)]
[2011}] Mansy 201[3). So, there are concerns about the ability of the current codeajpersfi
(EREC) to mitigate the expected climate change effects, whilen@dessary to design the energy
codes today to be able to mitigate the effects of the global wajming (BEr2e1]). Hence it was
necessary to test the hypothesis of whether the code, as it stands, is apke wititaghe future
climate change effects on the residential buildings. Consequently the folloegiegrch questian
emerged:

1- Is EREC in its current form (specifications and recommendations) resistédme future
climate change ?

2- If not, what is the required measures to be taken to develop the code to keep pdue with t
projected changes?

3- Are the measures that will be proposed economically feasible?

In brief, EREC can be divided into five main parts (Section 4.4). Among thesgdits is the
building envelope section (represents the architectural part) whittbevthe main focus in this
thesis. A thorough analysis of this part will show the major four sectiaihe @frchitectural part of

the code, which will form the spine of the research. These four parts will be tested separately and ir
combination with each other (Chapter 6) to examine the compatibility of the code's
recommendations in each part against the future climate change, and address potentia
incompatibilities.

The work will focus on the residential sector, as in almost every gotms is the major energy
consumer| (Swan and Ugursal 20p9a). The large housing projects will be the maim,cohder

testing the research hypothesis, in order to achieve the maximum savinggincamsumption in

the case of actual application.

In order to identify the relevance between EREC and future climate change,chehesims to

study the different design solutions and construction methods recommended by the code ol
commonly used in the building industry sector in Egypt for the current weatheriocnadithese

are evaluated under the different climate change scenarios to identify thtedimange effects on

the indoor thermal comfort, the energy consumption and the financial implicationgrtieness.
running costs).




1.3: Research methodology and techniques

1.3.1: The methodology

The methodology used in the research, in order to assess the hypothesis and achieativies,obje
can be summarized as follows:

1

Test the currently used construction materials in Egypt, and its ability tederdve
required indoor thermal comfort using the free running mode (natural ventilation) under the
current climatic conditions.

Expand the testing scope to include different external wall specifications, aindltiston
of the climate change scenarios into the simulations. In addition to perfémangial
appraisal to ealuate the effect of the different external walls on the project’s initial and
running cost.

Examine the code's recommendations for the external walls specifications, in three
different climatic zones in Egypt (Alexandria, Cairo and Aswan), under the current and
future climate change scenarios, in order to obtain the optimum externd' wal
specifications for each climatic zone.

Test the ability of the shading calculation method, listed in EREC, to createveffect
shading devices that can work efficiently under the future climate changes.

Assess the multiple relationships between the different fenestrationicgtemifs in the
energy code, which includes a large number of uncorrelated recommendations aimd data,
order to specify the optimum combination of these specifications to rédecenergy
consumption in economical ways.

Test a passive technique used in the vernacular architecture but not includeddae,
shading the opaque parts of the external walls, in order to identify étieffness to be
used in a contemporary form.

Employ four different residential building typologies, in order to ensure theaagcaf the
overall recommendations and the possibility of generalizing the applicatibess results
over various residential buildings in Egypt.

Energy efficiency in the marketplace in Egypt can be achieved through enforcemetiyy codes
by the law, or by encouraging higher levels of performance in buildings voluntarilygregrams
that award participating buildings a sort of excellence or privilege suatvasled an Energy Star
Building, Green Building, or the privilege of tax credffs (Mansy 2013). In taddito the
aforementioned suggestions, we are looking forward to the outcomes otitlyigsbe one of the
motives that could urges people to comply to the requirements of the code. Thansaitment
will be reflected in personal benefit through long-term financial gamsyill be illustrated later in
the rest of the chapters. This confidence in people's cooperation was built basgutemipus
survey conducted by the Arab Forum for Environment and Development (AFED) in 2009, covering
19 Arab countries (including Egypt) in order to collect public attitudesatdvelimate change
issues. The survey showed that, 93% of the survey sample pledged to persornaihateaend
take action to reduce their contribution to the probjem (AFED I'ZOOQ, Reich¢ 2010).




1.3.2: The employed techniques

Many technigues were adopted to implement in the research methodology (see Fig. 1-2):

1- Simulation: building thermal performance simulation tools (BPS) is utilineédg$sessing
and modifying the Egyptian Residential Energy Code to adapt to the fulmagecichange
effects, as the building simulation is considered the most appropriate tool ei@yen
performance evaluation. It gives the ability to predict the energy perfoentdrdifferent
design configurations and to assess various efficiency mealsures (Radhi T2@MIPS
tool "EnergyPlus" and its architectural friendly interface "DesignBuildeste used to
simulate the buildings thermal behaviour in the current weather conditions and hender t
future predicted climatic conditions.

2- Future Insight: future weather data files, which represent the climate chamgjdors,
will be generated via the morphing technique, using the Climate Changd Wedther
File Generator tool (CCWorldWeatherGen). The new data will be in the dbriuture
weather data files for 2020, 2050 and 2080 for the different climatic zones in Egypt.

3- Financial Analysis: in order to relate the theoretical study to tHewedd, a long term
financial analysis (based on the financial theory of Discounted Cash Flow -aD@Hs
practical formula Net Present Value - NPV) will be employed to producacanrate
estimation of the financial efficiency of the projects.

In view of the above, the code will be modified and recommendations will be addgtsure
maximum compatibility with the requirements of future climate, in the presehlong term cost
effectiveness.

Results analysis
(thermal + energy
financial)

Different weather
data files

Figure 1-2: Research Methodology.




1.3.2.1: Building performance simulation (BPS) tools

Building energy and environmental performance simulation programs have beenrused fo
more than 40 years, where it was invented in the 1960s and 1970s to address building therma
performance, load calculation and energy analysis (Clarkel|R@@Lda 199PAttia 2010} Baba 6t
[al. 2013] Crawley 2008). The first attempt was in the 1960s when the US governagent w
concerned in some projects to evaluate the thermal environment in fallout sfi€ligrda 199P)

As a result of the growing interest in supporting the early decisions fdesign process and their
impact on energy performance and cost, a lot of BPS decision support tools have been develope
since the 1980s in order to have an early clear vision about energy performdngklings to
produce more energy efficient and sustainable buildings (Hensep 2004).

Crawley in ASHRAE meeting at Chicago, 20p3 (Baba et al. [2013) and Jlarke @ae)
defined the Building Performance Energy Simulation (BPES) tools as a powerful tipohg e

find design solutions that ensure occupant well-being, reduce energy consumption, meet
sustainability aspirations, mitigate environment impact and contribute to climate chateyeaxiia

The above-mentioned benefits of this kind of tools, became available dualdiftsto emulate

the dynamic interactions of heat, light, mass and sound within the buitdprgdict its energy and
environmental performance according to the surrounding climate, occupants, conditistémgssy

and noise sources.

These software tools (building energy simulation) are used by practitiomeesatuate and
simulate the building's (virtual model) performance. This kind of simmistmust be undertaken

for of a given climate data for a certain location, in order to investipatduilding's dynamic
response (thermal response for the different heat transfer mechanisms) for thandsogr
environment and the inner influences (see Fig 1-3). The thermal performance siniatadtidas
overheating prediction, heating and cooling equipment design, evaluating alteteclirelogies
(energy efficiency and renewable energy), regulatory compliance], etc. (Crawldy P88jind

of simulations (BPS) can provide a substantial improvements in fuel consumpticrorainatt
levels, results in reducing the greenhouse gasses emissions, by treating the barlditigsir
systems as complete optimized entities not just as the sum of a number of segasigeked and
optimized sub-systems or componefits_(Hensen |2004). The great improvements in computing
power, algorithms, and physical data in the past few years allow these tools ttesipyisical
processes at high levels of detail and time schles (Hensefy 2004). The useBBStheols is
considered an important trend for modern building energy codes development, in ordgr to hel
understanding the complex issues of building energy performance.

Figure 1-3: The continuous dynamic interactions between the different systen[s (Hens2004).




Since its initial conception this discipline has been continuously evolving, ngsufti the
production of a variety of BPS tools used globally by design professionaliadamental way to
support their design decisions for energy efficient buildihgs (Attia et al.b0The number of
tools listed on the U.S. Department of Energy (DOE) Building Energy Software Toelsddy
(BESTD) website reached more than 389 by the year 010 (Attia 2010).

Architects are more concerned with design issues (such as geometry, orientatieticaesatural
ventilation and day lighting), while engineers are more concerned with mechsystais and

control, hence, the difference in the type of tools required by each poof¢Baba et al. 2013)
Dynamic thermal simulations were employed for this research using EnerdyPlis Z012)

which is a modular, structured code based on the features and capabilities ofcedsliBLAST
and DOE-2.1E, with input and output of text files. The integrated solutiomisisnsimulation
module provides more accurate space temperature prediction, realistic system caualias, r
heating and cooling systems, and indoor air flow (Crawley et al.|2008). Unfortunatelyptriampr
is considered one of the less attractive for architects (Fig. 1-4). The mordlyfriaterface
(Graphical User Interfaces - GUI) DesignBuilder (DB) in its thiedsion (V.3.0.0.105) (DB 20}2)
was used to overcome this problem, while benefiting of all the features and hstréngt
EnergyPlus. The single zone system was used in the DesignBuilder compact HVAGandue|
simulation processes. In this system, local cooling coils are used to comdfitianich is supplied

to the
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Figure 1-4: Ranking of some of major BPS tool$ (Attia et al. 2012b).

1.3.2.2: Future weather data files

In order to simulate the thermal response of a building, all the widely usktinBuPerformance
Simulation (BPS) programs have to use weather conditions data (hourly meteorolog)dalhkath

[2011)] Guan 20Q9). Which are often typical data derived from hourly observations reabaied

specific location by the national weather service or meteorological ¢€izaviey 2008). In Egypt
like most of the developing countries, these climatic data required to condugy efesign
analysis are not easily available. The main challenges are the breadth (the nurgbarsof




recording the weather data) and the depth (the detailed hourly coverage of the ntagr wea
variables) of the weather daja (Moustafa and Hegazy|2013). Taking into adtaiuthiet main
hourly weather variables required for detailed energy simulations and eocréation of the
required weather data files (EPW/TMY?2) for that, inclufles (Moustafa and HegazyJ2disch ef
[ 200%)

o Dry-bulb temperature.

o Wetbulb temperature.

e Dew-point temperature (or relative humidity).

e Wind speed and wind direction.

e Global horizontal solar radiation (or cloud cover information), and sunshine duration.

e Atmospheric pressure.

e Precipitation.

The Typical Meteorological Year format (TMY2), is one of the most widelgilable hourly data
files, which used for predicting the average energy requirements for builtieafing, cooling and
ventilation). It was developed by the U.S. National Renewable Energy LaboratoBL)NRthe
beginning of the 1990s, using the weather data that have been measured in the pericdl880961
{Jentsch et al. 2008). The TMY2 files represent a data set of hourly valuestedrological
parameters for a typical one year period, the typical months which constitutypital TMY2
weather year are identified from the measured long-term data using a Fink&3tafer statistic
{Jentsch et al. 2008). This format (as representing a typical year) exctudgtreme conditions
(peak). Therefore, the Test Reference Year (TRY) format was developed (Iyhéneered
Institution of Building Services Engineers, CIBSE, in the UK), and it has beepilednin a
similar way to TMY2 files using FinkelsteiSchafer statistics (Jentsch et al. 2008). However, the
TMY files wasfound to give a good representation of the long-term typical weather condiéon ov
a year, better than the TRY weather data which found less reliableioatieyl average historical
conditions|(Chan 2011).

In this context, four different weather data files for the climatic peri6d002, 2020, 2050 and
2080 were generated to be used in the simulations (for each location), to providesthe m
comprehensive simulation period available to test the hypothesis, starting from &md weather
conditions (2002), then the predicted weather data files (2020, 2050 and 2080).

Through the use of Climate Change World Weather File Generator (CCWorldVGethESERG
[20129), the future weather data files for 2020, 2050 and 2080 were generated, fanakie cli
zones that have been tested in Egypt. The aforementioned files covers the periods of 2010-203¢
2040-2069 and 2070-2099 respectively (Du et al. P012). The available weather data fitkes gorov
maximum test period of 88 years, as the beginning of year 2012 was assubeethéostarting
construction year. The WDFs were divided as follows:

2002 weather data file (cover the period of 14 years): from 2012 to 2025.
2020 weather data file (cover the period of 14 years): from 2026 to 2039.
2050 weather data file (cover the period of 30 years): from 2040 to 2069.
2080 weather data file (cover the period of 30 years): from 2070 to 2099.




CCWorldWeatherGefi (SERG 20]2a) is a Microsoft® Excel based tool employs the "Morphing"
methodology for climate change transformation of weather data, that has beeovpeldviey
Belcher, Hacker and PoWeBelcher et al. 20Q%, Ren et al. 20{11, SERG 2[]12b, Jentsch| et al.
), to generate climate change weather data files, which can be used in BPS programs. This ce
be applicable through transforming current Energy-Plus Weather data files (BW]Jimate
change EPW or TMY2 weather files that are compatible with the majority of BPS progranes.

tool uses data obtained from the IPCC Third Assessment Report model summary tteta of
HadCM3-A2 experiment ensemble, and coarse General Circulation Model (GCM) data [SERG
[2012H). Therefore, all the results (climate change weather data generated wathifaietsubject

to the limitations and uncertainties that are mentioned in the IPCC asséseportsregarding

the climate chage ([SERG 2012k, Jentsch et al. 2008). Additionally, the current weather &les ar
also subject to uncertainties, due to their reference timeframe, theiryimgletata collection or
calculation methods and natural climate variatipns (Jentsch et a. 2008).

The following figure (Fig. 1-5) shows the predicted scenarios for the futumatelichange, from
the present current conditions (2002) to the 2080 projections in the three cliunats
(Alexandria, Cairo and Aswan respectively) in Egypt. The left graphs preseiatgetiagie monthly
outside temperatures for the current and the three future scenarios, whilagthe gn the right
shows the direct solar radiations for the same climatic periods. As notieedemperature
increases by moving from a climatic period to another with a ciffarehce in all of the three
tested climatic zones. While the solar radiation graphs did not show the sanoé chgasge at any
of the different zones, on the contrary the solar radiation rates were veeytoldhe existing
conditions. In Alexandria, the graphs show a difference in the outdoor temperatuieg feorg
2.75 °C to 4.85 °C between the current weather conditions and the predicted futitiensoimd
2080. The gap increases especially in the summer hot period, where the increase of the outdoc
temperature has a direct effect on the human's thermal comfort. In Cairofdberdamperatures
difference is ranging from 2.8 °C to 5.4 °C, while in Aswan, it ranges from 3.4 °C to 5.8 °C.

L EPW files (EnergyPlus/ESP-r Weather): has been created by the devefop8R-r and EnergyPlus. This
files in essence represent a modification of the original TMY?2 file type steyand it allows integration of
sub-hourly data. It is based on the file generation methodology and thewdéieble within the TMY2

format (Jentsch et al. 2008).

2 http://www.ipcc.ch/publications_and_data/publications_and_data_reports.shtml
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1.3.2.3:Financial Analysis

In real world the decision for implementation is influenced by many factors, and these® major
factors is the financial effectiveness. In order to enhance the theosttidgaland boost it to mimic
the real world decision making, a financial appraisal was conducted to analyssuhe of the
different outputs of the simulations. Additionally, this assures the applicabilitiyeofesults for
implementation in the construction industry in Egypt, and highlights its berefthe long run,
and the compensation for the possible high initial investments.

This study investigated the potential pathways (posed through EREC) and theierongost
effectiveness for climate change adaptation in terms of the total energy caosum@mpd related
initial and running costs in the residential sector in Egypt. (Ren et al| 20ttgii study about the
adaptation pathways for Australian residential buildings, defined the effieetig as the initial cost
at the current year for an adaptation option to reduce annual energy consumpgions of the
costs per kilowatt energy reduction ($/kWh), or per kilogram of equivalent catimxide
reduction ($/CO2-e kg), the lower the value of cost-effectiveness, the mectvefthe adaptation
option. In the current research, the long term concept has been added, as the buildings' adaptatic
to the different climate change scenarios in the future has been assessed.hdhungjat
construction cost, the annual running cost in addition to long term investhamdeen involved
in this issue.

There are many techniques of project appralisal (Bierman and Schmid{Br@édly and Myers
[1991|f Hawkins and Pearce 1971) and others. These techniques vary in their methodatibealcul
and the investment decision criteria, but they all appraise any investmeatt pmajfitability. The
financial appraisal involves calculating the expected return of an investmenpfoject) based

on the interaction of cash flows of the project. The "Discounted Cash F@F method of
evaluating projects cash flows has been proven to be the most attractive amoegshenv
decision makers. This is because of its intuitive simplicity and easy ailatbn, a calculable
value using the DCF always exits for all scenarios, it takes unique value for eachaasiguand
offers adequate basis for comparigon (Brealy and Myers|1991). The DCF is used |atecttieu

"Net Present Value - NPV", which is net value of a project cash flakisg into account the time
value of money. The future cash flows are estimated based on different scenarios antediscoun
their equivalent Present value (PV), the sum of all future cash flamssrthe initial investment
costs, and any other running costs is the Net Present Value (NPV). The NPV is aiséadicator

of profitability. NPV is commonly used in the world of corporate finance and also can implemented
for making decisions about everyday purchases and investments. Any constructidrirpriojgées

an initial cost that will affect the annual operating costs (running dosti)e project's equipments

and processes. Increase the initial cost, by employing better materials and mcient effi
equipments, mostly reflects on reducing the running costs. This reduction in the runnireyeosts
seen as cash inflows in future years and dealt with as payback to the higHeénugtiament. The

NPV converts the project's expected future cash flows to their "present sl beginning of

the project, then all of the present values (over the project's life spanddded together to
calculate a single number that can characterise the overall value of jge fpoofitability of the
investment), NPV typically is calculated over a specific time period efést{(UNEP 200P, Prdtt

and Niculita 200“5, Ross et al. 2007).




Different aspects and procedures of the research are demonstrated in thmamind
(Fig. 1-6). The map has four main branches: (1) the research work, (2) thetwdiss, (3) the
thesissections, and (4) the computer software used. First of all the proldsmdefined, then the
sub questions appeared. These questions will be covered in the "research world p838v
different simulations (Chapter 6). The overall conclusions and findings will plerimented and
tested using the "case study models" and the results will be analysedlifif@rent "computer

software" (Chapter 7). All the research steps, procedures, findings and recotimnesrtti@n will
be written in the different sections of the "thesis".

: A
EXTERNy, ” 43“1/0 )
(o VP % o
. T, N &
FENESTRATION CHAPTER o ’%0 Ew 6\\‘ 6 CMCULMI'ONJ?DL
: £ 3
o % L BN HTER s N | §) o8O
soDPATS &, XA
%, PRICES % &/
¢ e LWE N ECYPT §]
% A i
%/ ) 0E F
% &, a6 9 £ (GMATERAS
PRAETER, %, § N*"Eﬂ" e LR L
o Ry WO ¢
CHAPTERT:APPLIGS 9 & 2
O % N W cCTURE L)
O, % o AW pRerl 2
P %, % & s R
£ t4 IS ¢ of 9 _—
p % & 4 8 ‘
15 0, ) ;Y > A
RESUL 7 \& 9 & N>
&, \5
1, 0, ® i\
7 \2 & S N
CONCLU % \% V*“\P\’?
Siong & \o e NERGY
HAPTERBCONOUSONS MO Ry N <
ATioy W
S v
).(».oF.NgN\"As rE NEEDFOR SUSTANABIL Ty | ESEOMENT
RECO CHAPTER 2. engRaY USE R
- )
; RE\‘N& c%uwmv
s FUT
— Sk, 4
7. C‘/,q " QOBLEM
¢ 2
3 §
2 Xy %)
g ’?ODL/ ég) CH HYPOTHESIS
£ CTioy, * faeseARC HYPOTHESE
© D
Step 2: HVAC (Mechany, £ 6%%
¥,
eTono106e 6 )
== o
& ’is\u !
&/
¢/
qops EREC TR
tef

sion abity o e
Jation abi Y 10 encoy,
e —Jorg

I
N
e
e

l’ DesignBuilder

Figure 1-6: The research mind-map.




The aforementioned procedures and efforts were conducted in an attempt to improvgpttas Eg
energy code (EREC) in order to:

1- Accommodate the future predicted climate changes, and adapt new or existing buildings to
the increasing temperatures in the future in a cost effective way. So timdmiitan be
designed or refurbished to accommodate the future temperatesevilsout consuming
more energy.

2- Encourage and induce the people to use the modified code to build compatible buildings
for their own benefits, whether financial or environmental. Through provingltitiey of
the low running costs of the compatible buildings to compensate its high initigkltast
the ordinary buildings) during the operation lifespan.

1.4: Research location and the climate

1.4.1: Egyptian climatic regions

Egypt is a large country with an area of approximately 1,000,000 km2, located between
22° N -31°37' N latitude and 24° 57" E - 35° 45’ E longitude. Egypt possesses a diversity of climate
conditions ranging from extremely hot conditions in the desert regions such as teenViestert,
to cold conditions in Mountain St. Catherine in Sinai Peninsula (Mahmoud 2011gveigwhe
general climate of Egypt is characterized by the hot arid climate "BWh"diegoro Képpen
classification as shown in Fig. 1{7 (Kottek et al. 2006, Peel et al.| 2007), erighhigh solar
radiation intensity most of the yepr (Solar-GIS 2p13, SODA P013). As in thgtiBgysolar Atlas
(Fig. 1-8), the average direct normal solar radiation is 208200 kWh/m2/year, the sunshine
duration ranges between-911 h/day from North to South with very few cloudy dgys (NREA
2011).Egypt is divided into eight climatic zongs (HBRC ZWEBWakeeI and Serag 1989):

1- Northern Coast zone.

2- Cairo and Delta zone.

3- Northern Upper Egypt zone.
4- Southern Upper Egypt zone.
5- East Coast zone.

6- Highland’s zone.

7- Desert zone.

8- Southern Egypt zone.

The current research will focus on the main three climatic zones (shown in®ig(1)-Cairo and
Delta zone (Cairo governorate), (2) North coast zone (Alexandria governorate) atite (3)
Southern Egypt zone (Aswan governorate). About 50% of the construction projects carired ou
Egypt are located in Cairo and Alexandria governorgtes (Huang et al. 20G8)dition to that,
Cairo and Alexandria were among the most three cities in Egypt in using aiti@oed, where

the three cities (Cairo, Alexandria and Asyut) contain about 88% of the airiooeditapartments

in Egypt according to the 2006 cengus (CAPMAS 2006), making them of the mosiaBgytis

in energy consumption in the residential sector. While Aswan governorate is considemgd a v
different zone in terms of the climatic aspects compared to the other [Ed+WakKeel and Serag
198£1| HBRC ZOOW, Gira 2002).
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Figure 1-7: Egypt in the Koppen’s classification.

(Adapted From: http://koeppen-geiger.vu-wien.ac.at/present.htm)
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1.4.2: Climatic analysis of Egyptian cities

Egypt's climate is influenced by a number of factors, foremost the geograplitidn
between latitudes 22° N341° 37’ N. At the north east of Africa, it overlooks the Mediterranean Sea
in the north front with length of $9km, and on the Red Sea in the Eastern front with length of
1941 km, while surrounded by the deserts on the rest of the sides. As a resulbsthienportant
characteristics of the climate in Egypt can be summarized as: hot , low tywwitdli light rainfall.
The distinction can be made between two climatic seasons only nametirythet summer
(extends between May and October), and the mild winter with light rain ¢(Extbatween
November and April). In the winter, temperatures reaches their lowestifexbe month of
January, but the influence of the Mediterranean Sea appears clearly in Heatmaythern coast
region. While the average temperature reaches the maximum in the month of Jybaitsaif the
country except for the northern coast region, where this occurs slowly and risthaprtaximum
in the month of August(for more details see the next sectipn) (Met.Office et al. [PBtWVakeel|

and Serag 1989).




1.4.2.1: Climate overview

The significant differences in temperatures appear between summer and wintéetaadn
coastal and inland areas. Generally, the extent of change in maximum and mininparateras
ranging between 6 -10 °C. The typical maximum temperatures during the dayniidttie of the
summer ranging between 30 °C at Alexandria to 41 °C in the south at Aswan, while thes
maximum temperatures in the middle of the winter ranging between 18 °C in the north and 23 °C in
the south| (Met.Office et al. 20[LE|-Wakeel and Serag 1989). An overview of climate of the major
cities in the three main climatic regions will be discussed:

1- The North coast zone (Alexandria governorate): Represented by the city of Alexandria

Latitude Longitude Elevation above sea level | CDD (25°C) | HDD (18.3°C)

31.20°N 29.95°E 7.00 m 153 469

x

HBRC 200§)

The average annual temperatures shown in Tablg 1-1 (WMO and EMA 2012).

Table 1-1: The average annual temperatures for Alexandria.

Mean Temperature _
Month " | Mean Total Rainfall Mean Number of
Daily Daily (mm) Rain Days

Minimum Maximum
Jan 9.1 18.4 52.8 11.0
Feb 9.3 19.3 29.2 8.9
Mar 10.8 20.9 14.3 6.0
Apr 13.4 24.0 3.6 1.9
May 16.6 26.5 1.3 1.0
Jun 20.3 28.6 0.01 0.04
Jul 22.8 29.7 0.03 0.04
Aug 23.1 30.4 0.1 0.04
Sep 21.3 29.6 0.8 0.2
Oct 17.8 27.6 9.4 2.9
Nov 14.3 24.1 31.7 54
Dec 10.6 20.1 52.7 9.5

The maximum recorded temperature was 44.5°C in 30/5/1991, while the minenarded
temperature was 2 °C in 9/2/1990 (EMA 2[012, Zakaria P009).

2- Cairo and Delta zone (Cairo governorate): Represented by the city of Cairo.

Latitude Longitude Elevation above sea level | CDD (25°C)y | HDD (18.3°C)

30.13°N 31.40°E 74.00 m 296 344

" [bere 200d)

The average annual temperatures shown in Tablg 1-2 (WMO and EW‘\ 20



http://www.worldweather.org/059/c01268f.htm#climate

Table 1-2: The average annual temperatures for Cairo.

Mean Temperature _
Month _ _ Mean Total Rainfall Mean _Number of
Daily Daily (mm) Rain Days
Minimum Maximum
Jan 9.0 18.9 5.0 35
Feb 9.7 204 3.8 2.7
Mar 11.6 235 3.8 1.9
Apr 14.6 28.3 1.1 0.9
May 17.7 32.0 0.5 0.5
Jun 20.1 33.9 0.1 0.1
Jul 22.0 34.7 0.0 0.0
Aug 22.1 34.2 TR 0.0
Sep 20.5 32.6 TR 0.0
Oct 17.4 29.2 0.7 0.5
Nov 14.1 24.8 3.8 1.3
Dec 104 20.3 5.9 2.8

The maximum recorded temperature was 47°C in 21/5/1987, while the minimurdegkcor
temperature was 6 °C in 6/2/1996 (EMA 2“)12, Zakaria R009).

3- The Southern Egypt zone (Aswan governorate): Represented by the city of Aswan.

Latitude Longitude Elevation above sea level | CDD (25°C) | HDD (18.3°C)

23.97°N 32.78°E 194.00 m 1278 127

HBRC 2008)

The average annual temperatures shown in Tablg 1-3 (WMO and EMA 2012).

Table 1-3: The average annual temperatures for Aswan.

Mean Temperature _
Month . . Mean Total Rainfall Mean _Number of
Daily Daily (mm) Rain Days
Minimum Maximum
Jan 8.7 22.9 TR 0.0
Feb 10.2 25.2 TR 0.0
Mar 13.8 29.5 TR 0.0
Apr 18.9 34.9 TR 0.0
May 23.0 38.9 0.1 0.1
Jun 25.2 41.4 0.0 0.0
Jul 26.0 41.1 0.0 0.0
Aug 25.8 40.9 0.7 0.5
Sep 24.0 39.3 TR 0.0
Oct 20.6 35.9 0.6 0.25
Nov 15.0 29.1 TR 0.0
Dec 10.5 24.3 TR 0.0
The maximum recorded temperature was 49°C in 9/6/2006, while the minimum recorded
temperature was 1.4 °C in 16/1/2407 (EMA 1[)12, Zakaria|2009).
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1.4.2.2: Climate projections

According to|(Met.Office et al. 20]1), temperatures in Egypt are expectedréase by around
3°C to 3.5°C. The CMIP3 ensemble output (Coupled Model Intercomparison Project Phase 3,
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Figure 1-10: Change in average annual temperature by 2100 from 1960990 baseline climate, which based
on the multiple climate model simulations of a businesas-usual scenario of greenhouse gas emissions
Met.Office et al. 2011).

While the projected future temperatures all over Africa that are mentiongae IPCC fifth
Assessment Repoft (IPCC 20}4a), indicates that, the future annual average temparatures
projected to increase and exceed the 1986-2005 baseline by about 3°C to 6°@ry dfiehis
century under CMIP5 GCMs (RCP8.5) as shown in Fig. 1-11.
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Figure 1-11: The annual average temperatures in the past (Observed and sitated variations), and the future
expectations over the East African community and Egypt, using the RZ2.6 and RCP8.5 emissions scenarios
IPCC 20143)




1.5: Thesis Outline

The thesis addressed the different topics and points of the research througtber of
different chapters and sections. The most important points that have been aduirabese
different parts can be summarized as follows:

Chapter 2: Energy use and the need for sustainability

This chapter aims to discuss different aspects of energy and its irrationatnuse beyond the
industrial revolution. The phenomenon of the greenhouse effect and its substantial tlode i
global warming (as one of the main contributors to climate change), all of thesés asilielse
discussed along with some proposed sustainable solutions to remedy the piiidesnergy
policy in Egypt, either conventional or renewable, occupied a great interiss$ ichapter as the
main field for the research.

Chapter 3: Thermal properties and the role of passive architecture

This chapter introduces a review for the most important factors that affedisildiegs' thermal
performance, through the related studies and existing literature materials.nidechaf heat
transfer, thermal and physical properties of building materials, in additioe &v#ilable building
materials in Egypt will be discussed. The thermal comfort issue is also considered, dtosget
different aspects of passive architecture techniques (which were used in the Eggpteoular
architecture) to reduce the energy consumption and achieve indoor thermal comfort.

Chapter 4: The Egyptian residential energy code

This chapter reviews in general and in brief the origination of The Egy@iode for Improving
the Efficiency of Energy Use in Buildings, and some of its limitationd smplementation
problems, along with an explanation for some of the most important parts whidiewiile main
focus in this study. Some methods for the buildings to comply with the requiremehts afde
will be mentioned, besides some of the physical and thermal properties of some budtnigls
commonly used in Egypt are identified.

Chapter 5: Model Development

In this chapter, many of the key research aspects will be discussed in asbish some bases
that will be used during the work. The thermal comfort zone in Egypt and theowabtdin the
future weather data files due to climate change, will be among the togiesdiscussed. As well
as, some computerized aiding tools, thermodynamic simulation tools and its calibiepisntise
typical occupancy schedules and HVAC systems, and the commonly used buildinglsnateria
Egypt which will be used in the simulations. The financial analysis that hasaldeeessed in the
research will be also discussed combined with the associated prices of buildinglsnatet

energy in Egypt.




Chapter 6: Evaluation elements of building’s thermal performance

In this part, the different questions that contributed in achieving tharobsebjectives will be
described. The main theme of these inquiries was the architectural ffetBgyptian Residential
Energy Code (EREC), which consists mainly of the basic components of the buildingpenvel
These main components are the external wall insulation, fenestration specifications,iom &aldit
the proposed part of solid elements shading. Many questions have been addressed such as t
potentials of the commonly used or the new materials in the Egyptian market to dopénate
change, the applicability of EREC's recommendations regarding the extertginvtle future
climatic conditions. Moreover, other questions regarding fenestration wallithessed such as the
expected efficiency of the shading devices' calculation method listed in the cagle of iclimate
change, and the best combination of the different variables that affectseitt@agbrocess of the
building fenestration and its associated shading devices. Finally, the benefits srofettmarmal
comfort and financial returns on the long term of te@ise of one of the vernacular architecture
passive methods (solid parts shading), with the implementation of martye afutrent code
recommendations.

Chapter 7: Application of design recommendations

All the research work findings will be implemented and tested through four calsersodels, in

order to assure the accuracy and validity of the results. Additionally,aligeethese findings over
the different climatic zones in Egypt, in order to obtain the buildings' getherahal behaviour in

each zone under the different climate change scenarios. The aim is to enaahgetement of the
various recommendations to the main objectives of the research, of mamnttiei adequate
thermal comfort at the present time and in the future, with a commithoe reduce energy
consumption over the current levels of consumption, as well as achieving longcostm
effectiveness.

Chapter 8: Conclusions

The most important results that have been reached through the research evileed, in order

to extract the conclusions and recommendations that can benefit and contribute to the ioonstruct
industry in Egypt. The research outcomes considered as attempt to highlight thais¢sdergy

code weaknesses points, especially in its behaviour against the climate changeepbanom
Leading to the suggestion of regionally replicable energy retrofitting sadubiased on the code's
recommendations and main suggestions. The conducted simulations for the used models, using tf
research findings, indicate potential energy consumption reductions for the riabideitg, along

with financial benefits on the long term. In addition to retain the indoor #ieromfort within the
allowable comfortable limits. In light of these findings, this chapter presentdusmms and
recommendations that are potentially replicable across the region. Alsoyidentis for further
research and next steps for this work.




1.6: Papers produced from this research

e MAHDY, M. M. & NIKOLOPOULOU, M. 2012. From construction to operation:
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e MAHDY, M. M., NIKOLOPOULOU, M. & FAHMY, M. 2013. Climate Change
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In addition, there are three papers currently underway:

a) The Ability of the Egyptian Code Specifications for the External Walls Insulation to
Adapt the Future Climate Change Scenarios.

b) Solid Parts and Fenestration in Building Envelope are They Working in Series or in
Parallel under Climate Change - Study in Egypt.

c) Evaluation of Shading the Solid Parts of Building Envelopes under Climate Change
Scenarios in Egypt.




Chapter 2: Energy use and the need for sustainability

Chapter Introduction:

To address the research problem and its causes from a holistic peesplistichapter aims
to discuss different aspects of energy and its irrational usestreayond the industrial
revolution. The phenomenon of the greenhouse effect and its substantial role iabthle
warming (as one of the main contributors to climate change), all of thesesagjiette

discussed along with some proposed sustainable solutions to remedy the prbblenerfy
policy in Egypt, either conventional or renewable, occupied a great intetast chapter as

the main region for the research.

2.1: Disruption of ecological balance and the need for sustainability

Ecosystems are dynamic systems that changes over time and under the influence of the
external environmental effects and by their own internal processes. These systentpea
recover and overcome any disturbance by modifying the species behaviour within the system
commensurate with the new situation if the damage is not enorpous (Botkin asd 2(dlll,
[Faggal 200p). Ecosystems poise is the secret of continuity and the ability of the eamirénm
sustain life on earth without substantial problems, and it means a balance in sdiscolubasic
food and methods of transmission of energy within the ecosystem. In other wordalahee
between production and consumption and decomposition within the ecosystem.

The human reacts with the environment positively or negatively, the posigradtibn is what is

called development. Human society uses elements of the environment to extract ravisnaaitria
energy resources then convert them into goods and services. Every stage arfiufecturing or
consumption emits waste to the environment, which is considered as a negative correlation betwee
the human and the environment. While the efforts to protect the environment and conseave natu
resources is considered within the positive correlations (Wagnef 1994).

Ecosystem imbalance began with the increase of global population (Fig.2-1) and thesintreas
environmental resources consumption after the industrial revolution. Subsequently, thevexcess
use of natural resources caused fast disruption and degradation in many environments an
ecosystems. Many of the problems that threaten humans have emerged such as, galhger,
desertification and the depletion of natural resources as a direct resultai miervention in the
natural life in various ways such ps (Faggal 1'002Najjar 1994):

a- Introducing strange elements in the ecosystem as insecticides or gases from burning the fuel
b- Abnormal increase in one of the ecosystem elements such as increasing the fastedhw
rivers and streams.
c- Human direct intervention such as drying lakes, deforestation and filling ponds.
d- Many urban development activities in human societies.
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Figure 2-1: Increasing population density in the world throughout theages
Cunningham and Cunningham 2008).

Construction activities in human societies are the focus of attentithisinesearch. As buildings
require a lot of uninterrupted energy supplies during the construction prbeggming with the
extraction of raw materials, transportation, installation and ending with demadf the building

at the end of its life cycle and the transformation of these materials te wasreuse it
{NY.consultants 1999). The irrational energy use in construction industrysafifiecenvironment,
and necessitates using different sustainability principles to secure the futtlre opcoming
generations. The process of reducing energy consumption begin in the early stages of urbat
planning and through the site design stages and the building design then the comgiracgss
{Hui 2003). This operation carried out on several levels, what concerns us is tg ener
conservation at the building level (Jong-Jin Kim 1998), via providing theiregtjenergy for the
building's operation through utilizing of passive heating and cooling techniques, achmiatting
ventilation, taking advantage of day lighting and using energy efficient equipmerdapgiahces.

In addition to follow some other key aspects that makes the design compliesptindiges of
sustainability] (RIBA 200[), Makram 20“)8, USGBC 1p96):

1- Minimizing the use of fossil energy even if it was embodied in the matesiadsien if it was
used in transport or construction process, and the energy used in the operationopitheess
building during its lifetime.

2- Reduce the total costs over the life span of the building which includesitthlecosts of the
project establishment, in addition to operating costs (energy, maintenance and aeses)
as the costs of renovation or demolition.

3- Utilization of passive design techniques and solar energy strategies (buildntpiion -
openings locations glass types - shading methods - thermal mass - natural lighting - natural
ventilation - Summer cooling methodsusing of Photovoltaic cells),without hurting any
other aspects of the building, with the use of machines in the minimalistic.

4- Make sure that the design has the highest specialized standards in addition desthesit
excellence.

5- Raise the level of performance of the building’s internal environment through: increasing
energy efficiency, improving lighting and interior comfort, in additionptovide a healthy
indoor environment for life.




2.2: Energy dilemma

People use energy to obtain services such as heating, cooling and lighting. €hehefor
energy is a commodity related to humanitarian needs and interests, innatiditi® influence on
their social life and surrounding environment. Until the eighteenth centsyenergy needs were
supplied locally via traditional energy sources provided by human, animal, wood and eeell, as
as wind and water. With population growth and the emergence of industueiition more goods
and services became available, drovtorld’s need of fuel has increased significantly. In 1960 the
world consumption of fuel was 3.3 billion tons of oil equivalents (TOE), while1990
consumption was 8.8 billion-TOE, an increase of 166% and an average annual ioti28%6.
However, the rate of energy consumption varies from place to another. In 138@thge energy
consumption per capita in North America was 7.82 TOE, while in South Asia 0.39a8QEpwn

in Fig. 2-2|(Faggal 20Q2).

7.82

Figure 2-2: Energy per capita per year in 1990, according to thgeographical distribution [Council 1993).

World primary energy consumption grew by 2.5% in 2011, generally in line with the average of the
past ten years. Consumption in the countries of OECD (Organization for Econorojgezdion

and Development) were cut down by 0.8%, while the Non-OECD consumption grew by 5.3%. The
average energy consumption per capita for the year 2011 is demonstrated in f&P 2€12),

which reflects on the carbon emissions as shown in Fig.2-4.
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Figure 2-4: Total carbon emissions by region (left) compared by total populatiosize (right) [Elgendy 2012).

The peak for wood use in USA was in 1880s, and during this period the use of coal was popular bu
it began to decline after 1920, when oil and gas started to become available, Todayacmare

the global peak of oil production which is expected by 2020, after thisitpisadxpected between
2020-2050 that the oil and gasoline will be rare and very expensive, so both devaloped
developing countries within the next 30 years will need to find new methodguoeaenergy.

Before this point is reached, the use of these fuels must be reduced in an enttedirairish

global climate chang

b (Botkin and Keller 2

11).

Fossil fuels (petroleum, coal and natural gas) provided more than three quéft2®s)(of the
overall requirements of a world energy in 1990, traditional non-commercial ernveogyg fuel)

10.3%, nuclear energy 4.5%, hydroelectric energy 5.7% and renewable energy 2.3% (Council
). Despite the expected contributions increase for the renewable energy sources (htm-fossi
meet energy needs (see Figs 2-5 and 2-6), but the bulk of these needs will corimpectidded

by fossil fuels for a long time to come. Fossil fuel resources, which toolomsilof years to form,

may be exhausted in just a few hundred years, so the current decisions will affegtusector

generations

(Botkin and Keller 20

11).
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Figure 2-6: Fuel shares of total primary energy supplies (TPES) (IEA 2010).
*QOther includes geothermal, solar, wind, heat, etc.

2.3: The concept of energy

In terms of physics, work is the product of a force times a distancéifgxarforce over a
distance moved), while the energy is the ability to do the work itsedftdy is always transformed
from one form to another, while maintaining the same amount, i.e. Energy cannot bgedestr
created out of nowhere but is always conserved (the first law of thermodyrgriics
fundamental energy unit in the metric system is the Joule; 1 Joule is defirredosse of 1
Newtorf applied over a distance of 1 mefBotkin and Keller 201}1).

The sun is the origin for all kinds of energy sources on Earth, such as heat, dinchizn
movement, and it is the cause of all weather events. The sun and the distribution of dry laad and th
sea on the surface of the Earth are among the factors affecting the movemieit, 6émperature

and rainfall and other climatic phenomepa (McMullan 2007). The amount of erfeagys t
exploited by humans is too small for what is offered annually by the sun (se®Hi, as humans

just use 1/250000 of the amount of energy radiated by the sun. 47% ofedtdgy @ones to heat
surface of Earth and sea and atmosphere, while 23% for the evaporation ofrevati&akes and

! “Thermodynamics is the science that keeps track of energy as it undergoes various transformations from
one type to another. We use the first law to keep track of the quantity of energy” Ehrlich, P. R., A.H. Ehrlich,
and J.P. Holdren (1970) Eco-science: Population, Resources, EneinbonSan Francisco: W.H.Freeman.
2«A Newton (N) is the force necessary to produce an acceleration of 1 m per second to a mass of 1kg”

Botkin, D. B. and Keller, E. A. (2011) Environmental Science, Eartn Esing Planet.



oceans, which falls in the form of rain flowing in rivers then again in the seas and ocedh8)Fig
either 0.2% of the sun's energy causes the difference in temperature of the land andnie oce
causing the movement of winds from high pressure areas to low pressure areas (OEP 1998b).

100% Total outgoing
infrared radiation
(earthshine)

30% Reflected
to space (25% from
atmosphere, 5% from
surface of Earth)

100% Incoming
solar radiation

45% s
25% Absorbed Absorbed by Earth
in atmosphere at surface .

Figure 2-7: Rates of solar energy that is reflected and absorbed by the EarfBotkin and Keller 2011)).

Figure 2-8: The hydrologic cycle on Earth, showing the transfer of water ithousands of kn¥/year
Botkin and Keller 2011J).

Therefore, the sun had a strong impact directly on human’s life on earth, but it is like the coin, the
first flip is the negative and undesirable effect that leads to the increasmpérature over the
limits required for the convenience of humans in some regions of the world, the set®isl si
positive, which is to take advantage of the sun's energy which used in differenteguifios most
important uses of this energy in buildings is heating, cooling and producing hot domestic water.




2.4: Greenhouse effect and climate change
2.4.1: The phenomenon of greenhouse effect and global warming

Environmental issues occupy the list of concerns in today's world, scientists and experts are
interested in analysing the impact of energy issarethe environment and on the development
process. It has become clear that the energy uses required for development is acddmypanie
adverse environmental impacts that cannot be avoided, but it is possible féo theneduced.

Among the most important environmental impacts of energy use what is knowgloasl "
warming" or "greenhouse effect" which linked to the planet temperature riseliarade change

(see Fig. 2-9). This phenomenon is a result of increased concentrations ofswdated
greenhouse gases (GHG) in the atmosphere, suc&s According to IPCC (Intergovernmental
Panel on Climate Change) recent reports and conference in Dohgd-2012 (UNFCQC 2012), th
climate change physical concept is getting more scientific understanding asofrttestobserved
increase in global average temperatures since the mid-20th century is ketyydiie to the
observed increase in anthropogenic GHG concentratidssil fuels such as oil, natural gas and
coal is responsible for the most of carbon dioxide emissions, starting from tble pearess, then
exploration, transportation, manufacturing and findie consumption (Mohamed Amin 1999).

HOW THE GREENHOUSE EFFECT WORKS

Carbon dioxide
released by aircraft o

—_—

~ . Buming of
fossil fuels

Figure 2-9: diagram showing the greenhouse effect.
(Incoming visible solar radiation is absorbed then re-emitted in the infared form, but it

is absorbed again by the atmosphere maintaining the greeabse effect)

One of the causes of the greenhouse effect is the dissimilarity in thermabragraperties (such
as the wave length) of objects at different temperatures (see Fig.i21@)e sun at a very high
temperature emits a short wave length radiation which can pass througiméispleere and glass.
This heat will be absorbed by the objects inside a greenhouse or a building, Whiehradiate

the heat in the form of long waves due to their low temperature comfmated sun. The long

®The CQ concentrations in the atmosphere have increased by 35% over the pagea280 The
climatologists caution that mean global temperatures will possibly raise 168Ct?.7>11°F) by 2100, If
present trends continue. Cunningham, W. P. and Cunningham,. N0OA8) Environmental Science: a

global concern. , Tenth ed., New York: McGraw-Hill.




wave length radiation do not easily penetrate the glass, as theigjylapaque to long wave
radiation (Fig 2-11), so the re-radiated heat will trapped into the closed spaceesad tice
temperature inside the green house tolrise (McMullan|2007).

Relatively
short-wave

radiation ~_ &
from sun .
Relatively long-wave radiation
lLLLLL\ (mosty vizble) from Earth (mostly infrared)

% B

~~— Peaks in the
[ N
107 |- Sun = [

visible light
\ spectra

N Radiation flux is

l N amillion (10°) times

greater for the sun 7
than the Earth

|
All in infrared

A\
Earth —-/ \ \\part of a‘psctrum

T NN

0.01 0.1 1 10 100 1000

[=]
n

(=]
2}

Radiation flux (W/mZ/jum)
s,

‘Wavelength (Lm)
Figure 2-10: The sun emits energy in the visible and near infrared (Short wavelegth) contrary to Earth
which emitsenergy in far infrared (Long wavelength)| (Botkin andKeller 2011).
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Figure 2-11: Greenhouse effect and the different thermal radiation wavelengths.

The greenhouse effect is one of the most important mechanisms that haiplliigake it possible

on Earth,as the atmosphere acts like a large green house (Fig. 2-12), protecting theaarth f
harmful radiation coming from space and allowed to retain a certain gyeeot the heat that
comes from the sun. The increase of the greenhouse gastshiuaing of fossil fuels increase

the greenhouse effect which reduces the amount of heat which the Earth shauéback into

space (McMullan 20Q7). l.e. a kind of thermal unbalance occurs, as a result of the amount of exces
heat that retained within the atmosphere, leading to global warming.
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Figure 2-12: The importance of greenhouse effect mechanisin (Elder 20110

- Left: Naturally occurring greenhouse gases-carbon dioxide (02), methane (CH4), and nitrous oxide (N20) -
normally trap some of the sun’s heat, keeping the planet from freezing.

- Right: Human activities, such as the burning of fossil fuels, are incesing greenhouse gas levels, leading to an
enhanced greenhouse effect. The result is global warming andprecedented rates of climate change.

Greenhouse gases are those which have influence on the greenhouse effect, godrttitixis
may be influenced by human behaviour (see Fig. 2-13). Among the most signifieanhguse
gaseg (McMullan 200Q7) are:
e Carbon dioxide CO2): result from the burning of fossil fuels, forests, chimneys and motor
vehicle exhausts.
e Methane CH4): produced by decay of organic matter and it is the main component of
natural gas supplies.
e Nitrogen oxides NOXx): the various oxides of nitrogen, which mainly generated from
vehicle gas emissions.
e Chlorofluorocarbons (CFCs): this chemical compounds produced mainly to be use in
refrigerators, spray cans, and insulation. CFCs are among the marginal gregyasasse
but they have a very hazardous role as they can break out to the upper atmosphere the
chemically react with it, that cause the depletion of the ozone layer whiets fout
ultraviolet light which in large amounts can hurt life forms on Earth and ckirseancer
for humans. For this reason many international conventions have been developed since
1990 to reduce the use of this family of gases as much as possible.
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Figure 2-13: Major contributors to greenhouse effect|(McMullan 2007).




As shown in Table 2-1 the consumption evolution for petroleum and natural gas prodtgygt.
The consumption increased from 27 million tons in 1990/91 to 34 million tor997/98,
consequently the emissions increased from 75 million tons to 94 million [tons POER
However, due to the significant efforts to maintain the environment, the cptisanihas been
reduced in subsequent years 2009-2011, and thus emigsions (NREA 2011).

Table 2-1: Energy consumption and equivalent emissions in Egypt (1990 - 2011).

Year Fuel consumption Emissions of carbon dioxid
(million TOE) (million tons)
1990/91 27 75
1991/92 27 75
1992/93 27 74
1993/94 27 73
1994/95 28 77
1995/96 30 83
1996/97 31 85
1997/98 34 94
2009/10 30 76
2010/11 29 78

Arab region's carbon emissions are relatively modest, at the level of each ceastiyid. 2-1%
and at the level of the Arab region as a whole (Fig. 2-4). Where there is abouttb&owadrld's
population while it produces less than 5% of the total greenhouse gas emisstibaswiorld.
However, emissions in the Arab region are increasing very quickly (Fig. 2-1&priédicted that
the Arab person by 2015 will cause gas emissions that are higher than the peesagElgendy

2013).
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Figure 2-14: Share of Arab countries (including Egypt) in total world carbonemissiong (Elgendy 2012).
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Figure 2-15: The current and rapid expected carbon emissions growth ithe Arab region (Elgendy 201;).




Table 2-2 shows the detailed consumption of the petroleum products and naturatdgseant
sectors in Egypt in the year 1997/98, and its corresponding emissions. As noticed, tioityelectr
generation sector consumed the maximum amount of fuel, consequently produced most@mounts
greenhouse gas emissions, which requires action to reduce the consumption of \eleztricit
maintain the environment as much as possible. Especially as the annual consungdidar rat
electric power generation is on the rise, as evidenced by the recent Statisthos years from
2001 to 2011 and shown in Table 2-3, resulting in more emissions.

Table 2-2: Consumptions and emissions from petroleum products and natal gas, according
to all the service sectors in Egypt - 1997/98 (OEP 1998a).

Butane Gasoline Kerosene Solar Diesel Other Natural gas
E m
35 850
N 5 5 5 § § SE| S 253
ectors = [4) = [} = [} = ) =i o) 3 [ © = 1)
E|S|E|lS|E|&8|E|&|E| & | E |8 |22 |5 |gad
2] w0 w0 2] 1] 123 hisd o 123 (o] O o
) Ko 0 k) 0 k) 0 k) 0 7] 0 ) & ) [
S| E|S5|E| 5| E | &5 | E 5 = 5 e | 29| § £ )
o [} (8] L0 (8] L0 (8] ] (8] [} (8] [} o [}
Industry 68 203 | O 0 3 10 2078 | 6669 | 4067 | 12646 | 1116 | 868 7332 | 3078 | 4628 | 10410
Transport 0 0 |[2155|6690| 408 | 1312 | 4074 | 13075| 847 2634 257 393 7741 0 0 7741
Agriculture 0 0 0 0 81 260 5 16 0 0 42 62 128 0 0 128
AT = 1800 | 5371 O 0 | 1077 | 3464 0 0 0 0 0 0 2877 222 | 580 3099
Commercial
Electricity 0 0 0 0 0 0 208 | 668 | 4101 | 12752 12 18 4321 | 6506 (16990 | 10827
Petroleum 0 0 0 0 0 0 437 | 1402 | 315 979 7 10 759 711 | 1857 1470
Total 1868 | 5574|2155 | 6690| 1569 | 5046 | 6802 | 21830| 9330 | 29011 | 1474 | 1452 | 23158 | 10517|24055| 33675

Table 2-3: Table shows the consumed fuel by type in electricity productiorompanies
from 2001- 2011 (MOEE 2011).

Fuel type 01/02 02/03 03/04 04/05 05/06 06/07 07/08 08/09 09/10 10/11
Heavy fuel oil (thousand tons) 1498 3232 1237 4070 3722 4348 4774 5321 5929 5302
Natural gas (Million m3) 14812 15600 19372 18298 20496 21008 21907 23013 24314 25894
LIGHT FUEL OIL (thousand tons) | 2.408 5.449 4375 | 28.778 | 6.722 3.7 2.7 5.37 4.4 3.3
Special L.F.O (thousand tons) 0.84 0.87 35.02 61.32 63.35 49 102 116 170.81 81.7
Total consumption(thousand TOE)] 14377 | 17053 | 15261 | 19725 | 21234 | 22286 | 23562 | 24895 | 26772 | 27430

2.4.2: Climate change

In previous eras, architects considered seasonal changes, however the long terrherise in t
temperature was not considered (they were designing based on the premise of uncharagly cli
which means that, the building that provides thermal comfort at the beginning of its life is suppose
to continue the same level of performance in the future until the end of its lifefulhis
assumption is no longer valid. It is becoming increasingly difficult norig the element of global
climate change, as evidenced by the reports of the Intergovernmental Panel on Climate Chang
(IPCC) [IPCC 2007p). Climate change is a fact that has been proven in the sciemtifiunity
worldwide. The temperature of the planet has risen by 1°C in the last 250 yeassapddted to
rise again by about 4°C in the coming 100 years, which shows the fast escalation of &m.probl
The evidence of climate change is growing more alarming every year; the emabytihot
summers (2003/2005) warned experts that the pace of this warming is fastehdinaworst




scenario%[Roaf et al. 2009). Meteorological data from most of the globe shows chanties in
patterns of precipitation, glacial formations and animal habitats. These changesehegétct
many environmental services that peoples of the world rely on, such esltagei energy and
healthy living environments (Omar and Ayyad 2P13).

Climate change has been a rich topic for research around the world inttbeulple of decades.
Numerous institutions and organizations are engaged in scientific researchi@idth&he IPCC
was established in 1988 to address the issue. One of the main activities BTQC is the
preparation of comprehensive assessment reports about the state of scientificaltenith
socioeconomic knowledge on climate change, including its causes potential impécesponse
strategied (Omar and Ayyad 2(13). The recent IPCC reports and conferences haveteinsinm at
to the increased likelihood that unexpected climate events and changes might deymasally
after reaching the 400 ppm @dimit {IPCC 20074). This concept is getting more scientific
understanding as "most of the observed increase in global average temperatures wiitc2Qatte
century is very likely due to the observed increase in anthropogenic GHG corimesft
20071', Ren et al. 20"1, UNFCCC 2012).

2.4.2.1: Historical Background

The beginning of the industrial revolution in mid 18th century (its resultd ¢& denied)
eliminates the clean environment concept. Burning of millions of tons ofl finsdi causes
Greenhouse Gas emissions (GHG) such as carbon dioxidg, @@ as a result this caused the
Global Warming which leads to Climate Change. Climate change is a global chalbarsgs
mainly by human civilization and its urban and industrial developments due to globahtpmpul
growth in the last 200 yeals (Levermore 2(")8a, Levermore ﬂ008b, IPCC 2007D).

In 1827, Joseph Fourier acknowledged the global warming phenomenon for the first time in a
scientific paper "... Such effects are able to make to vary, in the course ofcemnyies, the
average degree of heat, because the analytic expressions contain coefficients adlatiistpte of

the surface and which greatly influence the temperature” (Omar and Ayyafl 2¢ll3, 2010,
[Connolley 2014). Physical measurements of global @@issions have been taken since the year
1950s° (These Mauna Loa 6 atmospheric O@®easurements which began in 1958 constitute the
longest continuous record of atmospheric,@dncentration available in the worlfl) (Roaf et]al.
). The possibility that the climate could be changing was first identifiéar dsck as the
1960s, and the battle against climate change and its main contributory gaeg2@[ (Roaf et .
2009).

In the early 1970s other issues came to attention: acid rain, upper atmosphetimpaihd ozone
depletion. Ground based measurements of ozone were first started in 1956, at Hally bay,
Antarctica. While the satellite measurements of ozone started in 1970s. In 1974, M.J.Molina and
F.S.Rowland published a laboratory stydy (Molina and Rowland|1974) demonstrating thefbilit
chlorofluorocarbons (CFCs) to catalytically break down the ozone in the presendghof h
frequency ultraviolet light (UV). Further studies estimate that the ozoneviaydd be depleted by

CFCs by about 7% within 60 years. Based on such studies and its recommendations, the US/
banned CFCs in aerosol sprays in 1978, and then slowly other countries started to do so.

“For the global weather warning that extreme weather events are on increase
[www.unic.org.in/news/2003/pr/pr111.htiml
>Mauna Loa Solar Observatory $kigp://miso.hao.ucar.edu/

®Mauna Loa volcano: on the Pacific island of Hawaii.



http://www.unic.org.in/news/2003/pr/pr111.html
http://mlso.hao.ucar.edu/

Later on in 1979, the World Climate Conference of the World Meteorological Organizat
concluded, "It appears plausible that an increased amount of carbon dioxide in the atna@sphere
contribute to a gradual warming of the lower atmosphere, especially at higielett[(Omar and
[Ayyad 2013). By the mid of 1980s the simulated predictions of the scientistseonarming
climate began to demonstrate a close approximation to what was actually hapipe ey
measured records, with clear evidence of increasing temperature and the frequentgnaitg of
extreme weather even{s (Roaf et al. 2009). In 1988, the UN Environment Programme and the
World Meteorological Organization established the Intergovernmental Panel on Glhmatge
(IPCC), which consists of hundreds of leading scientists and experts on global waP@day
mainly formulate realistic strategies to deal with the prollem (Roaf et all 2009).

2.4.2.2: Reasons

It is believed that global warming and climate change are caused by urban populati@escrea
human welfare and the worldwide industrial grojvth (IPCC paahy of the gases emitted out of
the combustion of fossil fuels lead to altering the climate on Earth. These ayasbuilding up in
the upper atmosphere to form an increasingly dense layer that allows solar radiatitme
Earth’s atmosphere, however as this layer gets dense it prevents more and more heat from radiating
back out into space, so warming the lower atmosphere and changing the climate §RA2G0%)
There is great concern that higher ‘greenhouse’ gas levels and, in particular, CO, from burning
fossil fuels are subtly increasing the insulation of the atmosphere, thus causing a rise in the world’s
average temperatufe (Thomas and LLP 2006). Chemicals, mainly chlorofluorocarbonsg@Cs)
hydro-chlorofluorocarbons (HCFCs which are depleting the ozone layer), alsdotnta global
warming|(Thomas and LLP 20D6).

Buildings’ construction is one of the main consumers of land and raw materials, and a significant
user of fossil energy which emit greenhouse gases. According to data froiottte Watch
Institute, the construction of buildings consumes 40% of the stone, sand and gravel, B&% of t
timber and 16% of the water used annually in the wprld (Ali et al. [2013).pFbduction and
transport of building materials and the construction process in most of countriesnesnsbout
25-40% of the total energy used. Buildings through their life-cycle (constnuptriod, use and
demolition) consume approximately 50% of the final energy consumption in theare states of
the European Union and contribute almost 50% of the €flssions released in the atmosphere,
which is considered to be the basic gas responsible for the greenhousg diflecal(2013). The
IPCC identified that the reduction of energy consumption and GHG emission Heoyuilding
sector has one of the highest benefit-cost ratios among many possible mitigedéisares across
different sectorg (Ren et al. 2Q11).Therefore, current practice of coiwstrinctustry in Egypt as a
mid-latitude region needs to consider passive architectural design for riesitbeiitlings as a
crucial strategy for climate change mitigation.

While buildings produce GHG emissions at all stages of their life-cycle (imgjuzbnstruction,
operation, maintenance and demolition), the operation of a residential building lyeaeralnts

for 80-90% of the total emissions, mainly from space heating and coolingjaket, lighting and
other household appliances (Ren et al. 2011). Therefore, GHG emissionisuitdimg operation
may contribute considerably to the global warming. It should be noted that thengasimate
may add more pressure on building energy consumption and subsequently GH®nsmissi
particular, the increase in building cooling energy consumption and its relat&de@ii$sions, in
addition to associated Urban Heat Island effects (Fig. 2-16), can further exeseghzbal
warming that leads to even higher cooling demands in the future (Ren et 4{I 2011, Fahmy 2010).
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Figure 2-16: Urban heat islands (UHI) phenomenor| (EPA 2008).
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2.4.2.3: Symptoms

With the increased scientific certainty of the climate change concept accoodifg United
Nations Framework Convention on Climate Change recent reports and conference in Doha
{UNFCCC 2012). We have to admit that, the effect of global warming will chiwegecology of

many parts on Earth and will cause trouble for the residents in those dnees jtwill change the
pattern of their lives and their way for providing their needs. Climate ehiamgacts, from higher
temperature and health issues to floods and energy consumption increases, can lead sycomplet
different master plans for urban developments in order to adapt cities in theewegkbdades
(Fahmy 201p). Some of the common effects might[be (McMullan |400inningham and
[Cunningham 2008):

¢ Global warming causes melting permafrost at the poles which raises sea levels, flooding low
islands and coastal regions, changing the patterns of snow and ice sheets thandusual a
reduces the average ice cover of earth, causing it to absorb more heat and thng warm
further more{ (Theis and Tomkin 2Q[L2, Omar and Ayyad P013).

e Causing severe weather events and change rainfall patterns, which trigger droughts anc
emergence of new deserts in some areas and floods in others.

e Changing ocean currents which will cause local climate change in many regions of the
world.

¢ Humans and other forms of life have not developed biological mechanisms to protect
themselves from large amounts of high-energy ultraviolet radiation, (WMgh is filtered
out by the ozone layer. The depletion of ozone will led to higher incidensldrotancer,
eye cataracts and damage to land and marine vegetation (Thomas and LILP 2006)

e The potential impact of climate change on the operating performance of gsildinthe
IPCC’s Third Assessment Report (IPCC 2001) summarizes the impact on the built
environment simply as “increased electric cooling demand and reduced energy supply
reliability” [Crawley 2008).

The intergovernmental Panel on Climate Change tone is getting loud to utiye stetions as the
number of climate change related disasters is incregsing (Hulme et dl. 2002, Hotiridackef
[2007,| Jentsch et al. 2008). In Africa and Mediterranean region, air temperatuedrelzay
increased between2LC since 1970 and is expected to increase another 4°C by 2100 as the Special

Report on Emission Scenario (SRES) tells (IPCC R000).

International reports and studies show that Egypt is one of the countries tleapeacted to be
influenced greatly by those climate changes. These effects may entail drowningeopasof
the northern delta of the Nile, in addition to increasing salinity of its #od part is the home to
around 20 million inhabitants and responsible for around 15-20 % of the nationgbrfmbete.




Accelerated desertification of agricultural land in the Nile valley reptesenonsiderable threat to
land fertility and food production (Omar and Ayyad 2PD13). This issue can have werstating
consequences on Egypt and its people, in the form of big deficit in food productionjrdyamfn
large urban and agricultural land, prolonged power shortages, fresh watéy saactas a result
wide economic and societal decline. The IPCC AR4 report has also warned abont2dav;i
"Unmitigated climate change would, in the long term, be likely to exceed theitgapiacatural,
managed and human systems to adfpt” (IPCC 2007b). Egypt may have to revise its iconstruct
methods, consumption patterns, agricultural techniques and land use schemes under titednticip
global warming consequences (Omar and Ayyad P013), and follow a smart growth saenario i
combination with tackling the renewable sources seriqusly (Fahmj 2010).

2.4.2.4: Solutions

Assessment Report, AR4, of the IPCC confirmed that global warming is happening andHheked
anthropogenic emissions of green house gases and climate change, then focused on tbé impact
the phenomenon on the world’s population and species. AR4 then reported the means of mitigating

the impacts on the economic implications and the technological options for tacktibal gl
warming. The report emphasized the need to start reducing emissions by 2015 to prevent the
world’s temperature from rising more than 2°C over pre-industrialized temperatu al.
), the same concept was confirmed in 2008 by (Hansen et al. 2008), claiminljrthe
stability could only be guaranteed by reduction of,@&els from the current level of 385ppm

(and rising 2ppm a year) to 350ppm .

Civilization will fight civilization, the built environment will cauggople to suffer uncomfortable
future with about 70% of world population living in urban areas by 4050 (IPCC pomitie
context of global climate change, buildings considered as one of the main enengyemsnand
carbon emitters “it is from the building sector that the great cuts have been predicted as possible,

and must be forthcoming” {Raof et al. 2009). According to IPCC buildings consumed 40% of
energy sources and led to 36% of energy related carbon emission in iridaslt[iaUntrie
) The 4°C air temperature increase scenario (A1FI) means that energy consumption could

be doubled. The hours of sunshine and the proportion of direct radiation to dlifdsation are
projected to increase in the future, while the modelling studies demonstratel\aistgaase in
cooling capacity and associated energy consumption required for buildings (Levernar¢ et
). If this hasn't been considered towards reducing energy consumption in redidddinags,

the running cost of housing might be unbearable keeping in mind the originaluctostrcost
(Fahmy et al. 201l4). Therefore, the need to minimize overheating will becomereasing factor

in design. For that reason, it is even more critical for the designers tawrthg performance of
their buildings under future climatic conditions, to provide an indication offutee thermal
behaviour of the building and its ability to provide acceptable conditions, pewitpsome
modifications during their service lif¢ (Levermore et al. 2012).Climate gehanitigation and

adaptation are two general approaches in response to global wtrming (Ren ef al. 2011):

1. Climate mitigation: is designed to reduce GHG emissions and in return to tedugiebal
warming impact.

2. Climate adaptation: is designed to adjust actions in the society to copeimgtecthanges
that are already happening or are the likely consequences of current GK&opsmi
Practically, it can be implemented py (Ren et al. 2011): (a) Reducing the pat&pbtalires
to climate change. (b) Increasing the ability to adapt to changing enviroritrieninlikely
to avoid the exposure to the climatic changes, while improving the ability tondegpo
climate change (adaptive capacity) by enhancing the building's energy performance is
considered to be one of the easiest and the lowest cost options to decrease a building’s energy




use, owner operating costs, and carbon footprint (Ali et al.[2013). Reducing GKHSoz®i
by improving building energy performance may include the implementation of additional

insulation, better ventilation, double glazing, shading devices, thermalamdssdoption of
renewable energy technologigs (Ren et al. P011). Generally, there are somealpracti

approaches to reduce the energy consumption of residential al. 2011):
a) Reduce the energy demand by improving energy performance of building envelops.

b) Use of energy efficient appliances.

¢) Installation of renewable energy, such as solar PVs, wind turbines, solar hot water, etc.
d) Fuel switching by switching to appliances that use alternative low greenhouse gas

emissions energy sources.

Climate mitigation and adaptation are not a welfare mode of sustainalilityrosperous idea of
architectual design and building construction rather than a necessity. Climate adaptatiahtshoul
properly considered in both building design and operation stages to reduce the impacatef cl
change whether for existing or new residential buildings, by enhancing theiivadzggacity to
accommodate the impact and maintain total energy consumption and GHG emissions no more tha
the current level in the period of their service Iffe (Ren et al. f011). &dgntboth GHG
mitigation and climate adaptation were suggested to be added to building enegygrobteermal

comfort standard

5 (Kwok and Rajkovich 2“10, Fahmy HOlO, Ren et a

2.5: Energy sources in Egypt

. 2011).

Fossil fuels originated from plants and animal materials existed millions &f gga. It is
a form of storing solar energy in this geological non-renewable resefver §iiurces of energy
such as geothermal, nuclear, hydropower, and solar are known as alternative energy source
because they will act as alternatives to fossil fuels in the future. Sémsplar and wind energy,

are non-depleted resources so they are known as renewable energy sources (Botkiteahd Kel

2011)). The energy resources in Egypt vary from the fossil fuel sources (pedtatal gas - coal)
to the renewable sources (solar energy - wind energy). The fossil fueésairenergy are in the
process of depletion, as confirmed by the reports of the Egyptian Ministrrofd@en, therefore

it is necessary to rely on new energy sources before the end of the availab

e stock (C

2.5.1: Traditional natural sources (fossil fuel/depleted fuel)
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2.5.1.1: Crude oil

Egyptian crude oil is obtained from the Gulf of Suez, Sinai and the Western desert (see Fig.
2-17). Total reserves (Fig. 218t the end of 1998 were about 2.97 billion barrels of crude oil
equivalent| (OEP ZOf}O)by the year 2010 they reached 4.4 billion barrels of crude oil equivalent
NREA 2011).

16
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Billion barrels

O N B OO 0

1996/97 1997/98 2010/2011
M Petrolum 3.03 2.97 4.4

M Natural gas 6.32 7 13.54

Figure 2-18: Proven reserves of oil and natural gas in Egypt (OEP 201&IREA 2011).

2.5.1.2: Natural gas

The presence of a large inventory of natural gas sufficient for many geased the
spread of gas usage in Egypt within several sectors (Fig) 84t® as industrial, residential and
commercial sectors. This stock located in the Delta area, western desert and Gulf dh&uetal
reserves at the end of 1998 were about 7 billion barrels of oil equivalerite lyear 2010 they
reached 13.54 billion barrels of oil equival¢nt (NREA 7011).

Production of natural gas and its derivatives increased from about 12.86 m#idn tons (14.29
million tons oil equivalent barrels) in 1997/96 to 13.28 million metric tods7@ million tons oil
equivalent barrels) in 1998/97 with an annual average growth rate of 3.28%, andiigciea
energy produced from 24.4% in 1997/96 to 25.62% in 1998/97. These rates contineeatoais
result of the continuing discoveries of natural gas over the past[years (OBP 2001).

3%

M Industry.
M Electricity production.
Oil and its derivatives.

M Fueling cars and houses.

Figure 2-19: The rate of natural gas consumption in various sectors for thegar 2009/201Q (MOP 201J2).




2.5.1.3: Coal

Types of coal and other carbonaceous ores have been found in central Sinayearthe
1959 at depths of 418 meters and even 2960 meters during the search for oil. Holeever
Egyptian General Authority for Geological Survey began the search for coa%r(Helal 200[1).
The sources of coal in Egypt are limited and are concentrated in the areas ofTBidiah),Ouoon
mosses, Kalabsha and Magharaa. Even though, coal reserves were estimated7witiilion
tons, the industrial sector still needs to import additional 2 mitbos of coal annually for use in
the manufacture of iron and stg¢el (OEP Z001).

2.5.2: Renewable sources

The major renewable energy sources in Egypt are the solar energy, wind energy and
hydropower. The Ministry of Electricity and Energy (MoEE) invested in a lasgale
developments to take advantage of the available renewable resources, to achieve the goal c
increasing the share of renewable energy to cover 20% of the energy n&ggstitby the year
2020[(NREA 201]1). The map in Fig. 2-20 shows the existing renewable energy projectsitiiong
experimental and future projects.
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Figure 2-20: Renewable energy locations in Egypt (NREA 2011).

2.5.2.1: Solar energy

Solar energy projects are considered a cornerstone in disseminating the renewayple energ
utilization. The Egyptian Solar Atlas was issued in 1991, and shows that the avesageatimal
solar radiation is 2000 3200 kWh/r/year, the sunshine duration ranges betweenl h/day
from North to South with very few cloudy dafys (NREA 2P11). These high solaricadiates (see
Fig. 2-21) encouraged the implementation of several projects to take advantage eheawg in
generating electricity and thermal energy using solar water heaters, which edwegat and used
in the new cities and resorts as well as industrial sector. The state adopts touarpkan to




increase reliance on solar energy via developing and establishing more electriplamtgeusing
solar thermal systenfs (OEP 2000). As a result of this plan, the total capaoipected to increase
from about 1050 megawatts in 2007 to 4050 MW by 2017,this means the electric mimger
generated from solar thermal stations will rise from around 6.6 billion kildwatis / year in 2007
to 25.5 billion kWh / year in 201f (OEP 2401). PV cells have been used in the ettirifiof an
Egyptian village (Awlad Sheikh in Natrun valley) distant from the eletyrgid, where 40 houses
have been supplied with 212 watts solar cells capacity per house which is enoughigbting
and some electrical appliances, and some other solar cells have been developed fighstrge
and pumping water to the village. This project aims to develop and recomstastfar from the

electric grid using environment friendly systems (OEP 2001).
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Figure 2-21: Annual Direct Normal Irradiation zones in Egypt (NREA 2011)).

Solar energy represents one of the methods for generating electricity in Egyptamging the
following techniques (NREA 2011):

1-

N
1

Solar thermal electricity generation: This system based on the same energy conversion
methods, and the same components that used in conventional thermal power plants ftc
produce electricity, except replacing the used traditional fuel by theematgy resulting

from concentration solar radiation. Such systems can be used in central power pints or
individual units in remote areas with limited capacity. This technique nggjects such as
Al-Kuraymat village (90 km South of Cairo) which integrated solar combined cycle power
plant with total cost of 340 Million US Dollar, and total capacity of 140 M¥pacity of

solar Island 20MW, net electric energy 852 GWhl/year, solar electric energyVBdy&ar,

fuel saving due to the solar portion 10000 TOE/ear (NREA 011). As e fptoject,
Komombo site in southern Egypt was selected to host 200 MW solar thermal power plan
project within the fifth years plan (2012-201if)is expected to start functioning late 2015.
Photovoltaic systems (PV): In spite of being an expensive technology, photovoltaic systems
are considered the most appropriate energy application for ruratemrade areas of

small scattered loads which are far away from national grid. The cost of PV system
maintenance is considered reasonable compared to its life time which is about 25hears. T
total installed capacity of PV systems in Egypt is around 10 MW for lighting, water pumping,
wireless communications, cooling and commercial advertisements on highways. There are
two proposed future projects to implement 20 MW in solar plant in Hurghadaoiperation

with Japan, and another project to implement 20 N\olar plant in komombo in co-
operation with Frare




2.5.2.2: Wind energy
Electric power generation by the use of wind power, is considered one of methods less

polluting and damaging to the environment as it only use the force of air. Wingl gggtems

depend on mechanical energy as the wind moves turbine blades, and this mechanicdk energy

converted to electricity through electrical generators. Wind energy has achievegrggeass in

the average capacity for each turbine, in addition to enhancing the efficidrtby operation

control and grid connection. However, the high wind speed element remains the kegrtpeitis

economical success. Egypt Wind Atlas (NREA et al. 2005) was issued in Dec2®@Bein co-

operation with Riso laboratories of Denmark and Egyptian Meteorological Aiyth&A); it

aims to indicate the areas with high wind speed which is qualified for windyepeogects.

According to the wind atlas (NREA et al. 2005 of the world’s great potential wind power

resources are located in Egypt, so it can be exploited to construct wind turidnssd farms to

generate electrical power. Among the most important of these areas are the Red Sedveeaist

Ras Gharib and Safaga (gulf of Suesee Fig. 22), north-west coast to Mersa Matruh, Sharq

Alowaynat, and west and east Nile valley where the wind speed in these areas 20-G®%m's)

and this speed is sufficient for the economic feasibility of generating elec}riéigAN011).
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Figure 2-22: Areas with high wind speed which is qualified for wind energy pojects in Egypt[(NREA 2011).

Wind farms has been established on the coast of the Red Sea with capacity of 4 [rvi&@ski
since 1988 then it has been linked to a local network for electricitybdigtm. This success
encouraged a local program for manufacturing wind energy equipment. Other windlistedsir{

Table 2-4) hae been constructed with local manufacturing components amounted t (OEP
2000).

Table 2-4: Specifications and possibilities of some wind farms in Egypt (NREA 2mrl

s total production saving of oil reducing of CO2 total installed
2010/2011 equivalents emission capacity
Hurghada Wind Farm | 1993 7 GWh 1.5 thousand tons 4 thousand tons 5 MW
Zafarana Wind Farm 2001 1495 GWh 327 thousand tons | 837 thousand tons 545 MW




Number of future wind projects have been planned to reach the desired objectives (NREA 2011):
(1) 200 MW wind farm projects in co-operation with European Investment BarX (@&id
European Commission in Gulf of Zayt. (2) 420 MW wind farm in Gabal El Zayt antofi¢ise

Nile in co-operation with Japan government. (3) 300 MW wind farm with the co-apecitSpain
government. (4) 200 MW wind farm in Gulf of Suez with the co-operatiotJmifed Arab
Emirates. ) 200 MW wind farm in Gulf of Suez with the co-operation of KFERIB, French
Development Agency and the European Union.

2.5.2.3: Hydropower energy

Hydropower is the power genegdtfrom hydro resources, and it is the third major energy
resource in the utilization and considered one of the cheapest and cleaness sdupower
generation in EgyZIMost of the river Nile’s hydropower potential (about 85 %) has
already been exploited to generate about 13 TWh of electricity per annum.

Hydro power generation started in Egypt in 1960 with the construction ofrAdesa to control

the Nile water discharge for irrigation. In 1967 the high dam hydro power (@antGW) was

built, followed by the commissioning of the second Aswan power plant with capa@tsdiw

in 1985. In cooperation with the Ministry of Water Resources and Public Works, Esoadwydr

plant with capacity of 90 MW was commissioned in 1993. Naga-Hammed hydrop@mé(tptal
capacity of 165MW) was built in 200B_(Faggal 2p02). The share for hydropoweratienen
2010/2011 (see Table 2-5) was about 8.9 % of the total power generated i Egypt (MOEE 2011)
New Assuit hydro power plant with total installed capacity of 32 MVéxXpected to start by year

2017[(MOEE 2011).

Table 2-5: Energy Generated from Hydropower Plants (Gwr|;(MOEE 201()

Plant 2009/2010 2010/2011
High dam 8821 9000
Aswan dam-1 1376 1461
Aswan dam-2 1700 1632
Esna 493 495
Naga-Hamady 473 458

Total 12863 13046

2.6: Rates of energy demand and consumption in Egypt

There is a direct relationship between a country’s living level (measured by the gross
national product) and energy consumption of the indiviqual (Botkin and Keller|.2Btif)ary
energy consumption in Egypt increased in 1997/98 where it reached 39.9 million TOE compared t
36.7 million TOE in 1996/97 with an average growth rate of 8.895%. The @atmoenergy
represents 93.1% of the total primary energy consumed in Egypt in 1997/98lIdWweng figures
(Fig. 2-23 and Fig. 2-24) shows the service sectors consumption of electric power innEtpgot
years from 2006 until 2011, which demonstrates the dominance of the residental wect
electricity consumption over the represented years, which requires podiips ®wards
rationalization of energy consumption in this sector.
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Figure 2-23: Sectors consuming of electric power in Egygt (MOEE 2011).
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Figure 2-24: Consumption rates for service sectors of electric power in Egyp0B9/10- 2010/2011 (MOEE 201f1).

2.7: Rationalizing energy use in Egypt

Rationalization of energy consumption was a reaction to the growing demand for
conventional energy and the high costs of the energy consumed, in addition to being @ne of th
most important tools that hadd in the fight against environmental pollution in the world. The
subject of energy conservation and maintaining the integrity of the environmentebecam
characteristic of a civilized society which is free from the causes of pollatid the problems it
caused in the water, air and groupd (Faggal P002). Rationalizing and conservigy refiers
simply to use less energy and adjusting the energy needs and usesinzanihe amount of
energy needed for a given task. Changing the current wrong behaviours in usijyg®ttee most




effective way to achieve this objective, this includes the values and dedisiadsiress global
environmental problems beginning with local lejBatkin and Keller 2011).

Science has achieved significant progress in preparation of studies and pldrte thegyeneans by
which we can conserve conventional energy and activate the optimal exploitatioaroétale
energy. During recent years, many of the warldountries started to conduct studies, develop
policies, enact laws and take practical measures in various sectors of theaemseyvation and
rationalization of consumption and contribute to solve the environmental problems bgtisenh,
depending on the circumstances of each community. The rationalization of energy consismption
based on the following basis (Faggal 20002):

1 - Reduce and organize the energy consumption in the nonessential areas.

2 - Choose appliances and equipment with high efficiency in terms of energy consumption.

3 - Use the available techniques for the rationalization of energy consumption.

4 - Use the new energy sources and renewable alternative to conventional energy.

The building sector's energy consumption represents a high percentage of thenéotsi
consumption. A lot of solutions were founded to increase energy efficiency and ebiosenr
building sector using building materials and architectural design concepts. The new buikiting
be designed and constructed to consume less energy for comfortable livifay, dider buildings
the potential for conserve energy through architectural design is extremiédd) as the location
and orientation of the building in the site has already been determined, and theuettonsnay
not be cost-effective. Therefore best approach to energy conservation irultisrsiis the thermal
insulation, installation of windows shading devices, double glazing windows, regdar
maintenanceg (Botkin and Keller 2q[El;Azzawy 199%).

Chapter Conclusion:

This chapter covers selected major and fundamental topics related to esaegyigeneral
and in Egypt particularly. Among these subjects the phenomena of greenhouse dife
global warming, and the associated global climate change. The different soeirges,

rates of energy demand and consumption in Egypt were among the topics included too.

The irrational energy use trends and the irresponsible construction dagisasiffect the
natural environment, and necessitate using different sustainability printhptecure the
future of the upcoming generations. Otherwise, civilization will figkilization, and the
built environment will cause people to suffer uncomfortable future.

The reduction of the project's total cost over its useful life tmeigtken into consideration
This includes the initial costs of the project establishment, iniaddd operating costs suct
as energy price, maintenance and repair, as well as the costs of renovation or demoliti

Climate adaptation should be properly considered in both building design and @mpe
stages to reduce the impact of climate change whether for existimgvorresidential
buildings, by enhancing their adaptive capacity to accommodate the imphchantain
total energy consumption and GHG emissions no more than the current Iéneepieriod of
their service life. Eventually, both GHG mitigation and climatepaaliion were suggested tc
be added to building energy codes and thermal comfort standards.




Chapter 3: Thermal properties and the role of Passive architecture

Chapter Introduction:

This chapter introduces a review for the most important factors fleatsathe buildings'
thermal performance, through the related studies, and existing literataterials

Mechanisms of heat transfer, thermal and physical properties offguitdaterials, in
addition to the available building materials in Egypt will be disalis§be thermal comfort
issue is also considered, along with some different aspects of passitecchitechniques
(which were used in the Egyptian vernacular architecture) to redeeméngy consumption

and achieve indoor thermal comfort.

3.1: Heat concept

As described in the existing literature, heat was defined as one of thedimenét of nature
(Fire, Air, Water and Earth) (McMullan 20p7). Heat is a form of energy, energyost often
converted or transformed from one form to another, but without effect on energy \gumantit
accordance with the principle that energy cannot be perish or created out ofenbuthisralways
conserved, which known as the first law of thermodynaﬂrﬁB:stkin and Keller 201]1). Energy can
be transferred by interactions of a system (work and heat) with its emera|(Incropera et g.
2011).

The thermal energy is an inner molecular property of a material, and & Bormiddle phase in
other energy forms production. Thermal energy radiated originally from thevBigh is also the
source of most energy forms used on Earth. These energy forms includes fossildhets coal
and oil which were originally forests and other organic forms bendfived daylight [(McMullan]
). Heat is a form of energy, appears in the speed of matter particles mogemehe form
of electromagnetic radiation. Among its most important features:

1. Temperature is not a physical amount it is an indication of matter partiole=nment speed.
It is also the condition of the body which determines whether heat shallrbawitf or vice
versd [McMullan 2007).

2. The material's temperature rises when it absorbs energy in its thermal ivhagiger by the
transfer of molecular motion of adjacent materials or by absorb the electromagnetioradiat

The transfer of thermal energy through the building structure is a major ifatter building's heat
balance. So the thermal insulation is a dominant factor in reducing the thesses ffrom the
building’s fabric, its cost will be paid back through the reduction of energy consumed in heating or

cooling, annual savings in the fuel amount needed, and finally in the reduction of eamtsgions
McMullan 2007).

! Science which tracks energy quantity when transformed from onedaanother.
2 As the heat flows from substanagfshigh temperature to objects at lower temperature.




3.2: Mechanisms of heat transfer

Heat flow is the transfer of thermal energy from one source to anotheheBhenergy
always tends to transfer from a high temperature source to a low temperature Ifowncerous
objects at different temperatures are close together, the heat wilbétween these objects until
the temperature of each one is equal to one another, i.e. they reach the thermalueguilibri
{Bradley and Johnston 20[11). As long as it occurs a difference in temperataresedium or
between media, heat transfer must ogcur (Incropera et all 2011).

Heat transfer takes three main forms (Fig. 3-1), mentioned in most of grenedgEl-Wakeel
[and Serag 1989, McMullan 20{)7, Incropera et al. 2011):
1- Conduction: transfer of heat through the materials particle from the higher graetigle to
the lowest.
2- Convection: transfer of heat energy by the movement of the material [Farticle
3- Radiation: transfer of heat through vacuum by electromagnetic waves.

There are some other references that added some other forms, such as:
1- Heat transfer through natural ventilation or infiltratjon (OEP 1998b).
2- Evaporation and Condensation: change of the material state from liquid to gas anddsce, lea
to the absorption and emission of heat from the same matekH#/dkeel and Serag 1989
[McMullan 2007).

Summer Scenatio
/P .
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Figure 3-1: Certain forms of thermal penetration from the external environment into the building.




3.2.1: Conduction

Known as the transfer of heat energy through material when a temperatueatgeadits
in a stationary medium as solids or fluids (liquids and gases), from theemergetic to the less
energetic particles of the substance, without changing the location of the Isatadkecules
Molecules near the heat source gains thermal energy, appears as acceleration l@s partic
movement, and in turn transmitted it to neighbouring molecules by drifeefdlectron from one
atom to anothef (Bradley and Johnston 2“011, McMullan |FOO7, Incropera et gl. 2011).

The rate at which conduction occurs varies according to the substance and iengtéitean be
reduced via thermal insulation using materials with large distances betwed#oms such as low
density materials (Gases). Such materials used as the active ingreditariiaal insulation in
fabrics like glass fibrend aerated concrete. Poor conductors are called “Insulators” such liquids,
gases and porous materials that trap a lot of air. On the contraiglsnfe.g. copper) are good
conductorg (McMullan 20("7, Bradley and Johnston 2011).

3.2.2: Convection

Heat transfer via convection comprised of two sub-mechanisms. In addition gy ener
transfer due to random molecular motion (conduction), energy is also transferrede by t
macroscopic motion of the fluldthe bulk). Such motion in the presence of a temperature gradient
contributes to heat transfer, because the molecules in the aggregate egtaamttom motion, the
total heat transfer is then due to a superposition of energy transport landoenr motion of the
molecules and by the bulk motion of the fI\Ilid (Incropera et al. [2011).

When an amount of fluid (e.g. air) adjacent to hot surface heated by conduatigparids and be
considerably less density compared to the ambient air, the hot fluid replaced and driven up by
densest cold fluid, that creates a continuous current transfers the heat amongltthisoiligh the
transmission of particles, and creates what is known as convection curt@st§orin can only

occur in fluids (Liquids and gasess) (McMullan 2007).

3.2.3: Radiation

Defined as the transfer of heat energy by electromagnetic waves, wheis agiited
from a body and transmitted across space as energy from the high temperaturesimdgplder
body across the void or any transparent medium such as giass. This form of heat transfer
occurs because the thermal energy of the material's surface molecules gerestitgnaginetic
waves in the infrared rande (McMullan 2007, Incropera et al.|2011). Every object isuooistyy
emitting and absorbing heat to and from surroundifiBsvost’s theory” of exchanges explains
that as, the balance of these two processes determines whether or not theusmsgfeita object
rises, falls or stays the same (McMullan 2007).

All surfaces or bodies of finite temperature emit energy in the formeofremagnetic waves. The
rate of which a body emits or absorbs radiant heat depends upon the nature and tempésature o
surface. This rate is governed by many factors ssfMcMullan 2007(Bradley and Johnstgn
2011):
o The temperature difference between radiating and receiving surfaces. High temperature bodie:
emit a larger proportion of short wavelengths, which have better penetedtiidy than
longer wavelengths.
e The distance between the surfaces.
¢ Rough surfaces present a large total area and absorb or emit more heat than polished surface:

% This motion is associated with the fact that, at any instant largeemsrmbmolecules are moving collectively or as

aggregates (Incropera et al., 2011).




¢ Emissivity of the surfaces: dark surfaces absorb most light and hdatngdtiblack have the
highest absorption and emission of radiant heat), while bright reflectif@cassirare poor
emitters and receivers (shiny silver have the lowest absorption and emission of radiant heat).

Heat radiation is a form of wave energy similar to radio and light wdtefoes not require
medium for its transfer, it can take place across a vacuum, but can be rebiriosdg surfaces
that do not readily absorb or emit radiant heat, such surfaces whiett mdfictromagnetic waves
of heat radiatior| (McMullan 20Q[7, Bradley and Johnston P011). It is clear that wesfetrby
conduction and convection requires the presence of a temperature gradient in soofenfattar.
In contrast, heat transfer by thermal radiation requires no matter. Theioradiabcess also
relevant to many industrial heating, cooling, and drying processes, as well aggiocmersion
methods that include fossil fuel combustion and solar radifition (Incropera et dl. 2011).

3.3: Thermal and physical properties of building materials

Heat transfer rate to and from the building depends on several factangljrigcivhat is
related to the building itself and which is attributed to the surroundintatti factor. Buildings
consist of different building materials, different in physical and thérproperties (thermal
characteristios Changing or modifying these properties by selecting different combinations of
materials affect the building's ability to resist heat flow, thuecafthe thermal performance and
behaviour of the building and its response for surrounding environmental vafEbWakeel and
[Serag 198).

The thermophysical properties for the materials which constitute the outerpmeélthe building

(roof - walls - openings), building mass and orientation, ventilation and air kakag be
considered the most important factors affecting the heat transfer for the buildiagslition to the
external surrounding environment which influence the buildings with many influences such as solar
radiation, wind, and relative humidity.

3.3.1: Thermophysical properties

Heat transfer rate is influenced by several properties of matter. pregserties generally named
thermophysical properties and include two different categories, transport amdotlynamic
properties. The transport properties include the diffusion rate coefficientsasusti (thermal
conductivity). Thermodynamic properties are related to the equilibrium stateystem. Density

(p) and specific heat fcare two such properties used widely in thermodynamic anglysis (Incfopera
et al. 201}).

3.3.1.1: Thermal Conductivity (k-value; W/m K)

Known also as lambda value ()), it is a measure of the heat conduction rate through a material
under certain conditions, and it is measured as the heat flow in watts a¢hisisness of 1m of
material for a temperature difference of 1 degree Kelvin (K) and a surfacefaneé{McMullan |
[2007).

Thermal conductivity is a material’s property provides an indication of the rate at which energy is
transferred through the material by the conduction process. It depends on the physerdiegrof
the material, and its atomic angblecular structure, which related to the material’s state as shown
in Fig.3-2. Generally, the thermal conductivity of a solid state materiargen than for a liquid
material, and certainly larger than that of a gas state material, taluhe differences in
intermolecular spacing for the two stafes (Incropera et al.[2011).
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Figure 3-2: Thermal conductivity for different materials, at normal temperature and pressure
Incropera et al. 2011)

3.3.1.2: Thermal Resistivity (r; m K/W)

Thermal resistance is an alternative index of heat conduction rate through maiteiglan
inverted value of thermal conductivity, as shown in Equatipl-(akeel and Serag 1989
McMullan 2007).

r=1/k (eq.1)

Where: k= thermal conductivity of the material (W/m K).

Values of thermal conductivity and resistivity can vary according to tlmmMag circumstances
{McMullan 2007):

¢ Manufacturing difference in material batches, in terms of density and thicknesigtifisant
effects on the k-values of the products.

¢ Increasing the moisture content increases the conduction and decreases the insulation effect.

¢ The time effect in terms of deterioration in performance for examplé;thkie of expanded
polystyrene typically changes from 0.035 to 0.04 with time.

3.3.1.3: Thermal Resistance (R-value; m2K/W)

Insulation systems consist of low thermal conductivity materials to achighethrermal
resistance combinations (structural elements). Thermal insulation effect depetvds factors
thermal conductivity (k) and the thickness ()each of the used materials in the construction
{McMullan 20071) Thermal resistance is a measure of opposition of heat transfer provided by a
particular part in the building. There are three types of thermal resigtance (McMullgn 2007

a) Material resistance (R) for any part of the building consists of many layers, it depends
separately for each material on the thermal conductivity (k) for thisrisdatend the layer
thickness. The higher the R-value the more insulation effect for this nhaEegization 2) or
another formula can be used (Equation 3).

R=d/k

Where:

R= thermal resistance of that materiaf (V).
d= thickness of the material (m).

k= thermal conductivity of the material (W/m K)

(eq. 2)

R=rXd (eq.3)

Where: ¢ = 1/Kk) resistivity of the material (m K/W)




b) Surface resistance (R- Rsy): The air in contact with a surface forms stationary layer which
oppose the heat flow. One of the factors that affect the rate of heat flewelnethe outside
and the inside medium is the static air layer adjacent to both indoor and outdoor suiffigce of
external walls. These layers increase the wall thermal resistance, as pamoisa@nductor of
heat. The thickness of these static air layers decreases when air spee@sneedsits
thickness increases with increasing wall surface roughness, its affestelyabther factors
such as, direction of heat flow, exposure to climatic influences (sheltered or @xpodeits
surface properties (materials with high or low emissivity) (McMullan P@®\Vakeel and

| Serag 198P). When determining the thermal resistance of a wall, thermal resiftahee
external and internal surfaces must be added.

c) Airspace resistance - empty cavity (B: depends on the nature of the heat transfer forms
(conduction, convection and radiation) within the cavity. Its affected by many factorsssuch a
¢ Thickness of the airspace cavity.
¢ Flow of air in the cavity (ventilated or unventilated).

e Lining of the airspace (normal surface or reflective surface with low emissivity).

Total thermal resistance (R): the total thermal resistance is the sum of the thermal resistances for
all the consecutive layers in a structural element, just like the electritstneg for elements
connected in series.

R=>R (eq.4)

For an external wall the summation will pe (McMullan 2007):

R=Ri+R+R+..+R+R, (eq.5)

For a partial fill there would also be a cavity air space resistangéBiRdley and Johnston 2011).

3.3.1.4: Thermal Transmittance (U-value; W/m2K)

Is the overall rate at which the heat transferred through building envelope, anthésl def: the
rate of heat flow in Watts, passing through a composite structural element, afridriemperature
difference between the outer surface and the inner surface (across the elemé@t)onflik
{Bradley and Johnston 20[11). The U-value of a building element is calculated (Eq)atth8
reciprocal of the total thermal resistand®) (of that element, including the inside and outside
surface resistancgs (Bradley and Johnston|2011).

U=1/R=1/(Ri+Ri+ R+ R+ R (eq. 6)

Where:

U =thermal transmittance.

R: = total thermal resistance.

R.i= inner surface resistance.

R.~ outer surface resistance.

R, = cavity air space resistance (if any).
R, = different layers resistance.

The U-value is used to determine how rapidly heat will pass througlicusé component, for

given internal and external temperatures. The U-value also provides a common lzasigoiming
the thermal insulation of different types of elements,ian$ed to predict the heat gains and losses

from buildings.




3.3.1.5: Heat capacity (pcp ; J/m3K)

It is the product of specific heat capacity; [d/kg. K] and density [p; kgffh Usually termed the
volumetric heat capacity or thermal mass, it is the amount of heat redairedising the
temperature of one volume unit (Yrone degree Celsiy&lfWakeel and Serag 1989).

Heat capacity measures the ability of a material to store themeafye Substances of large
density, such as many solids and liquids are very good energy storage media and havgesimilar
capacities (pe 1 MJ/niK). On the contrary, because of their very small densities, gases are poorly
suited for thermal energy storage pé|:)1ckJ/rn3K). Due to the very tiny difference in specific heat
capacity between building materials, the density is the main factoeffeat the heat capacity for
building materials, in the same time the materials heat transmittance, betaugedter the
amount of heat required to heat the materials of the wall or ceiling the lessathechess through

it {Incropera et al. 2011).

3.3.1.6: Time lag (; hours)

When a wall or ceiling absorbs the thermal energy, that causes its temperaseepy then most
of that heat emits after the sunset, i.e. after the absence of the heat{Eb\vedeel and Serag
). During this iterative process the inner surface reaches its maxemparature after the
outer surface by a certain period, i.e. the effect of the external weatheramntiitinsmitted to the
inner space after a while. This period called time lag, and it is affected lextdraal walls and
roofs thermal resistance, thickness, density and the outdoor and indoor temperature diffaignce
means, by increasing the wall's thermal mass that will need more energe tthei wall's
temperature and subsequently the time needed for that (OEP| 1998b).

3.3.1.7: Surface characteristics

The capability of a material to absorb or emit radiant heat is a surfacertgrop this
material. A rough black surface can absorb and emit most of the radiant hib&t,contrary shiny
silvered surfaces absorb and emit least heat (McMullan|2007). To identify tinsse properties,
coefficients of emission and absorption are used. Any material surface is compaeed t
theoretically material surface named "Black body" which considered as the idit#r eand
absorber with a given coefficient equal to ¢ne (McMullan ﬂ007, Incropera et al 2011).

1.Absorptivity : It is the property that determines the fraction of the incident radiationbegasor
by a surface, and converting this radiation which intercepted by the matter balitkermal
energy [(Incropera et al. 2011). The absorption coefficient is the fractioadint energy
absorbed by a body compared to that absorbed by the black body (McMullgn 2007).
2.Reflectivity: The reflectivity is the property that determines the fraction of itleédent
radiation reflected (redirection) by a surfgce (McMullan 2007, Incropera etld). 20
3.Emissivity(E; Wim?): Emissivity is the fraction of energy radiated by a surface compatad wi
that radiated by the black body at the same tempergature (McMullaj|2007, Incropkra et a

)

Wavelength of the radiation which specified by the temperature of the radiatice,ssuthe main
factor to determine the values of emissivity and absorptivity coefficieftgde\ie colour of most
building materials has an important effect on the heat absorbed by the buitaimthé& sun (high-
temperature radiation) but has little effect on the heat emitted frordirgsl (low-temperature
radiation)|(McMullan 200f7).




3.3.2: Available building materials in Egypt
Building materials are one of the key requirements necessary to meet theohaszmn

expansion in Egypt. The provision of building materials from the natural resources available loca
or through local manufacturing is one of the fundamentals of sustainable developrieatsdt
one of the most important economic fundamentals in the implementation of development plans
especially in the construction secfor (OEP 1998b).
The accuracy of engineering calculations depends on the validity of theopitersical properties
for the used building materials, where the misleading information innihal isystem analysis
process led to many failures to meet a required performance specifications, an fepugpment
and design process. So the selection of reliable data is an integraf payt careful engineering
analysis|(Incropera et al. 2011). Thermophysical properties data used in thiAlppgadix )
were obtained from reliable sources, such as:

1- Egyptian Residential Energy Code (ERHC) (HBRC 2008).

2- Egyptian Specifications for Thermal Insulation Work Items (HBRC P007).

3- Directory of Architecture and energy - Egypt (OEP 1998b).

3.3.2.1: General classification for the traditional raw natural building materials in Egypt

A list for some of the most important raw natural materials available yptBagill be
discussed. These materials can be used in construction or establishment of lbodtinigls
industries that could contribute to the provision of building materials needsldition to some
essential materials in the construction industry such as insulation matehath, can be fully
imported from abroad or some of its components then complete the manufacturing process in Egyp
OEP 1998k, HBRC 2007):

1- Aggregates:
Aggregates can be defined as filler for concrete mix, consists of rocky grdmspecific
characteristics in terms of diameter, gradation, physical and mechanical pypestiwell
as the chemical composition to suit the purpose for which it was designed and
[1998H). Aggregates can be divided to:
a) Natural aggregates: taken from the natural quarries without introdarcyniondustrial
processes that can change its natural state, such as sand and gravel:
1) Sand: Exists in Egypt in the form of sediments in many areas, such as se:
and the banks of the river Nile, and as a superficial cover for otherdfpesks, or
in the form of sand dunes. Sand that contain a proportion of Silica equal tor8
more, are used in construction and following industries: sandstone industry
bricks, concrete bricks, concrete works, mortar, cement tiles and ceramics. 8ai
high-purity (more than 98% Silica) used in the glass industry.
2) Gravel: Used especially in concrete industry, while thin gravel usemed tn
manufacturing concrete bricks.
b) Manufactured aggregates: includes several types according to the treatmesgeg
that introduced to its natural form, such as Allica or different crushiagtplstones
outputs (broken limestone, granite or other rocks). It also can dividedaugdo the
grain size to small rubble, and large rubble.
2- Concrete brick:
Sand located in Sinai can be used in the manufacture of concrete bricks, as grégata
in the concrete bricks mixture, after taking into account the proportion of cementtad
the mixture, and the methods of forming and processing.
3- Calcareous sediments:
Limestone is one of the most common types of sedimentary rocks consisting ofa
calcium carbonate and contains some magnesium carbonate and silicate materials




quartz grains (about 92% of calcium and magnesium carbonate, 5% silicon
Limestone usually characterized by the presence of an amount of fossils and s&dsh
limestone mainly used in building industry as building bricks, but also the brakersstan
be used in the manufacture of concrete bricks. The powder resulted from crushi
limestone sometimes used in tile industry. The limestone sediments considenatiabs
the lime industry, cement and paints.
4- Clay sediments:
The clay rocks are one of the widespread sedimentary rocks that formed as a result o
erosion factors such as wind and water. It can be moved from its place through d
transport factors such as water or wind, and precipitate out in new Sedymesans in
valleys or deltas of rivers, or in the seas and lakes. There are sevdratisngt use the
clays according to their metallic components and its purity.
a) Desert clay: used in manufacturing of clay bricks, in cement industry anc
aggregate industry.
b) Kaolin: the pure kaolin clay, used in ceramics and paints industry and in nanog
of refractory bricks, non-pure types can be used in the clay bricks industry.
5- Gypsum sediments:
Gypsum is a very soft sulphate mineral, composed of calcium sulphate dihydratdyen
chemical formula CaS©2H,0 [Cornelis Klein 198p). Gypsum broadly used in Egyp
several fields, including gypsum blocks industry, salty farmland reclamation and
important adhesive plaster in construction and in building materials indiikrygeological
information and various studies have shown gypsum presence in large quantities in E
6- Basalt rocks:
Mainly reside in the South Sinai Governorate in two sites, mountain Matlanandtain
Tacna. Broken basalt used in manufacturing of special concretes, tiles and paving roe
7-Marble:
Marble is extracted in Egypt from several natural sources exists in Sinai,sscagfstallized
and metamorphic limestone. These rocks can be cut into sheets subject toamef
polishing.
8- Granite:
These rocks exist in Sinai Peninsula, especially in south of Sinai and often locatec
mountains and it extends to several kilometres. Granite divided into sevesahtqueding
to its different colours, which determined by the mineral composition, such &s avid
pink granite.
9- Thermal insulation materials:
Thermal insulation material is a substance or group of substances, can reducankfs
when they used correctly. Insulating materials exists in several forms incl[ldBRC]|
[2007):
a) Loose insulation materials: Granulated powder, can be poured on the surfi
insulate them, or fills the spaces between the double walls. Adhesive rsataniabe
added to the granulated powder to form solid insulating sheets.
1) Vermiculite: Mineral clay similar to mica; exists in Egypt in fRed Sea mines
Consists of crusts produced by heating the raw Vermiculite at high tempesatuir
expands and increase in size several times, volumetric gradient rangeséocrilsts
from 0.15 mm to 9.5 mm. The Vermiculite is a non-flammable material, and i
suitable for the growth of insects or rodents. Can used in its loose oanditimixed
with aggregates and cement to produce light insulating concrete, or foothetion
of insulating panels if added to the appropriate adhesive material.
2) Perlite: Natural rocky material in the form of white granular, pexpy heating




the Perlite volcanic rocks to the temperature of 1200°C, then the Perlite msl
expanded and transformed to the white colour. The loose Perlite resists the gre
fungi and algae. It used in its loose form, or by mixing with cement psuyg to
produce insulating plaster and Perlite insulation panels.
b) Semi-rigid insulation materials: consists of organic or inorganic matewiaish have
different degrees of compressibility. They are usually in the form of, ralhd may
encapsulate with aluminium or copper foil or with plastic or paper from oreosidoth
sides. They may be covered by a grid of metal wires, and can be considered i
cases as a final finishing material.
1) Cork: extracted out of the bark of oak trees after drying then gu&ites in length
of 0.5 cm to 2 cm, then compressed and roasted to achieve the required thic
and densities. The roasting process cause the resins in bark to meltclrabri
granules together to produce cork boards, with different thicknesses ramgmg.&
cm to 15 cm. Cork ignites at a temperature of 300 C, and resists the growtigio
and insects, and used in acoustic and thermal insulation of buildings and may |
in the form of grains to fill the space between the double walls.
2) Mineral wool: Available in three types as follows:
¢ Glass wool: resulting from the smelting of glass then turn it inttassdibre no
more than about 10 microns in diameter. Can be transformed to semi-rigid pal
adding adhesive materials, and can be covered for protection using ref
aluminium foil or ignition-resistant cardboard. Glass wool is non-flammabletsb
fibres are very harmful when friction with the skin or in the casatwlation may
cause bronchitis, so the necessary safety precautions must be taken when |
and use. Glass wool generally used for thermal insulation in several formsss
loose fibre, mats and semi-rigid panels.
¢ Rock wool: fibres resulting from the smelting of high thermal resistametals, and
consists mainly of lime and silica. Panels are formed by adding adhesives fc
wool fibres, and then covered by suitable cover panels of aluminium fc
cardboard. Generally used for thermal insulation, it is available in severa
other than the semi-rigid panels such as mats and loose fibre.
¢ Slag wool: produced by converting molten slag furnaces to fibres with diaafe
about 8 microns via centrifugal method. Adhesives added to the fibres to for
panels, and then it may be covered by aluminium foil or cardboard. Generall
for thermal insulation in several forms like semi-rigid panels, mats and loose fi
¢) Rigid insulation materials: Produced in the form of panels withrdiffedimensions
and made of materials such as glass, rubber or plastic.
1) Expanded Polystyrene: manufactured from polystyrene cells, by using ste
expand the cells and make it integrate. Then processed by a foamed n
(pentane) to create small channels in the liquid polymer, and then chopping the
to sheet with required thickness. Expanded polystyrene used in thermal insula
walls and roofs, acoustic insulation and light bricks manufacture.
2) Extruded Polystyrene: manufactured of polystyrene polymer with inflator
material, and some other additions to control the size, proliferation and distribti
cells in the final product. The product used in thermal insulation of walls ars] aec
well as the production of insulating tiles and in the manufacture of bigtis and
light concrete.
d) Foamed insulation materials: are available in two forms: (1) Two of chel
substances produce the foam when mixed, and can be injected in the required forr
single chemical compound used as a generator of foam inside the concrete mi




produce lightweight insulating concrete.

1) Polyurethane: manufactured by mixing two main compounds Isocyanate and
also by adding other chemicals as catalyst for reaction and other imflaterials tc
form foam construction at the beginning of the reaction. Care should be takenit
is a flammable substance, result in harmful gases. Used to fill the spaces bibiz
double walls and in the form of rigid insulating boards.

2) Foamed concrete: produced by the use of a chemical inflator mixed with wat
blender to generate gaseous cells, and the resulting product added to the
mixture to form thermal insulation concrete. Used to insulate exposed sudace
lightweight material to fill in the gaps and to make the necessary inclinations.

Figure 3-3 shows the locations of some natural sources of raw materials usetiidihg and
construction industry, whether that needs to be manufactured or require just simptatiprepa
before use.
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Figure 3-3: Locations for raw materials used in construction materials industryin Egypt [HBRC 2007)).




3.4: Thermal comfort

3.4.1: Thermal comfort definitions

Thermal comfort is one of the most important factors affecting the physidlegicdort
of the mankind. Human body performs its vital functions better at temperat@®. Itferefore, in
order to keep the body at comfortable temperature, the body needs to gdhdcheht generated
by the metabolic system (depend on the surrounding balance) which varies from 100Woat rest
1000W at very active (Thomas and LLP 2P06) (See table 3-1). Humans feel comfottable w
thermal equilibrium achieved between surrounding climatic effects and human body, véhere th
surrounding medium can removes excess body heat and moisture at the same rate as the
production. So it is necessary that, the rate at which heat is emitted frowdthequals to the rate
at which heat is generated within the body ,while maintaining the body core temperature abnstant
35°C-37°C|(OEP 1998p, CIBSE 2Q07). In other words, the human ability to getaahtinuous
heat generated by the heat exchange between the human and the surrounding thermal environme
This can be achieved through the thermoregulatory system (heat control mechanisms)@mbedde
the human body, through different strategies such shivering and sweating which allows a wide
range of environmental conditions to be tolergted (Bradley and Johnstgn 2011).

Table 3-1: The total rate of heat emission for an adult male for varios activities
Bradley and Johnston 201§ CIBSE 2007).

Degree of human activity Typical application VB El (BB E L
(Adult male /Watts)
Seated at resinactive Theatre, cinema 115
Moderate office work Office 140
Standing, light work, walking Department store 160
Light bench work Factory 235
Heavy work Factory 440
Gym. work Gymnasium 585

Watson|(Donald Watson et al. 1983) defined the thermal comfort as the ment#hatatakes
human satisfied with the surrounding environmental conditions. The same meaning inarthe
was narrated by ASHRAE (ASHRAE 1992, McMullan 2{)B¥adley and Johnston 20/11) as "that
condition of mind which expresses satisfaction with the thermal environment”. Ireanaaning,
the human ability to get rid of continuous heat generated by the heat exbleangen the human
and the surrounding thermal environment. According to CIBSE - {S16 (CIBSE, 20&ahermal
comfort is where there is broad satisfaction with the thermal environment, which meao $haff
the space users are not feeling neither too hot nor too cold, as thermaitderstibjective and
varies from individual to another, and it is impossible to find one seatonélitions at which
everyone will feel completely comfortable. However, usually there is a range withasynditions
that can satisfy the majority of occupants and make them feel acceptably comfortable.

Unlike thermal comfort, thermal discomfort is where people start to feel they are too hotoldtoo
(uncomfortable). The absence of thermal comfort is not only a discomfort subjeetisation
resulting from stress at a particular moment in time, but also has cumuldeets edn the
physiological response reflected on the human behavioural patterns (coordinatiantydekiéty

and concentration) which can cause traffic accidents, street riots, sexuataggrasd domestic
violence. Despite of this, the humans often are not exposed to the adverse health effiets in

4 Over 39.5°C can cause some damage to body systems, from 4B®C tinermoregulatory system can breaks down
causing death. Conversely, bele86°C muscular weakness and exposure result in death (Bradley and dd@isho




phase. While in case of the indoor thermal conditions getting worse, the@kthermal stress will
cause harmful medical symptoms, such as dehydration or heat exhaustion in hot environments
frostbite in cold climates. Weak persons as the elderly may experiengkatairg, respiratory or

other problems due to overheating (Auliciems and Szokolay|2007). Furthermore, the exgosure t
thermal stress may increase mortality rates (Auliciems and Szokolaw 2007, CIBSE 2010).

3.4.2: Factors affecting thermal comfort

In the hot climate zones, heat exchange occurs between the body and the surrounding
environment to allow the body to emit the excess heat via: conduction, convectionpmaalieti
evaporation which use the latent heat content of the water vapour (perspiration)tl@dieath
(respiration) to transfer the heat out of the bpdy (McMullan 007, OEP [L998b).

There are many variables affecting the thermal comfort (OEP §998b, McMullafiE@@ifey and
Johnston 20]"1, HBRC 20“>8, Brager and Dear P001):

1- Physical variables: which dating to the climatic conditions such as air temperatliegit
temperature, humidity, solar radiation and air movement.

2- Personal variables: which are related to humans, such as size, age, gendeg, elctikity
level, health and moreover the body ability to adapt to the surrounding thermal conditions.

3- Other factors are affecting the thermal comfort too, such as: having ple@santhaving
some control on the surrounding indoor environment, and having interesting work. For some
variables defining acceptable ranges are possible, but the overall optimal arahlethe
factors will depends on how they interact with each other (Thomas and LLP 2006).

The indoor climate can be controlled by building’s design to meet human comfort needs. A range

of climatic conditions can be considered thermally comfortable and acceptalile buildings

when it eliminates any sensation of thermal discomfort, whether sense of heatl
m), as thermal comfort occurs when occupants of a building are unaware of their surroundings
(Bradley and Johnston 20j11). Building envelope helps in achieving these needs byngefherat
indoor space from the external surrounding environment and help to mod[fy it. efBrani
[Johnston 201|], USDoE 2004, Okba 2005). Building envelope is subject to externaleamal int
heat influences:

1- External influences: such as solar gains, radiative exchange with the surreuodimgective
heat loss or gain due to the winds flow and gains oesasfanoisture.
2- Internally: lighting, appliances use such as ventilation fans, cooking and heating.

3.4.3: Thermal comfort zone
Even at the same circumstances no more than 50% of the people who have been expose
will give the same estimate about the thermal conditjons (McMullan|2007), teetheal comfort
is a subjective matter and will vary with individugls (Thomas and LLP [200@)efore the aim is
to thermally satisfy the highest possible percentage of the space ocqupants (CIBSE 2007).

According to [(ASHRAE 2004), the thermal comfort zone articulate a rangenwfonmental
variables (air temperature, mean radiant temperature, humidity and air speddarehexpected

to form an acceptable thermal environment at particular values of metaboli@mdte]othing
insulation. In order to set up the boundaries of the thermal comfort zone, an analysibéhdsne

to understand the nature of the thermal discomfort sources (heat or cold), and the relationship of th:
various climatic factord (Givoni 1998). As the thermal comfort zone represemtsveather
conditions that provides the thermal comfort of the human body and assumes when thatheccurs,




physiological activity of the human body (needed to regulate the body's temperataie)its
lowest rate as the external conditions provide thermal staEiIity (OEP [1998D).

Many researchers have conducted a lot of studies to identify the thermal coomerfoz the
humans within the architectural space. The results of somes#shelies have been summarized
in Table 3-2.

Table 3-2: Some studies for the identification of the thermal comfort zonfGira 2002).
Temperatures that
Name Year Place : .
satisfy the majority
Eliss 1952 Tropics 22°C
Ambler 1955 Nigeria 22-26°C
Weiss 1959 Sydney / Australia 22-24°C
Webb 1960 Singapore 22.5°C
Macpherson 1963 Australia 22.5°C
Koenigsberger 1974 - 22-27°C

Moreover, the thermal comfort limits have been measured and found to be for jdniyneoéd
ordinary people between 21°C to 27°C, and the relative humidity of 20% to[ 7B% 1998b).
However, with the presence of solar radiation and air movement, the bordére tfermal
comfort zone differ in complex way and become difficult to study the effect ¢f ieadvidual
element where each influencing the otfier (OEP 1098b). Therefore, many atpmessed to
assess the effects of the overlapping of these variables, and to collect tedrartogthe form of a
direct relationship between climatic variables and thermal comfort in the forhaofs easy to
handle. According to the Egyptian Residential Energy Cpde (HBRC]20@8jeeling of the
surrounding thermal conditions can be divided depending on the effective temperatlienss f
(Table 3-3):

Table 3-3: Thermal sensation as mentioned in EREC.

Thermal sensation Effective temperature (°C)

Very hot >37.5°C

Hot 34.5-37.5°C
Tends to hot (slightly hot) 25.6 - 34.5°C
Comfortable 22.2-25.6 °C
Tends to cold (slightly coldg 17.5-22.2°C
Cold 145-17.5°C
Very cold <145°C

Previous research underpins the theory of Adaptive Comfort (Humphreys et a|. 2043hrdys
(1996 Levermore et al. 20[L2). Demonstrating that people can adapt and can be comfortable 2
higher temperatures than those conventionally adopted. As mentiorfed by (Givohi 1998), people
who live and acclimatized to prevailing hot environment regions, would prigieeritemperature

and would suffer less in hot environment than the people living in cold regionstdiagly (in

this research), the thermal comfort zone (22.2°C-25.6°C) mentioned in EREC (Table 3&mas
extended to the prevailing hot climatic conditions in Egypt and became (20&}-2%he
modification has been applied using Givoni approfach (Givoni|1998) through the inafisioth

mean values of the slightly hot zone (25.6°C-34.5°C) and of the slightly coldZoseC-22.2°C)

to form the new modified thermal comfort zone (20°C-29°C). In addition, this ni@debeen
relying on as the adaptive approach, most probably, would conserve more energy thiaerthe
standards| (Humphreys 1996, Auliciems and Szokolay [2007). Eventually, the expansion of the
thermal comfort zone was carried based on the adaptive model, then the new thermal comnfort z
(that has been expanded) was used in the analysis of the results in a non adaptive way.




3.4.4: The adaptive model

The main thermal comfort factors were known to the ancients. Hippocrates (400 B.C.) has
left a description of physiological climate in terms of some of these fatdonperature, humidity,
wind, and radiation which is still qualitatively valjd (WEBB 192&iliciems and Szokolay 2007).
The philosopher Vitruvius (1st century BC) is quoted sayiWg must at the outset take note of the
countries and climates in which buildings are Buffbktay 2002). The aforementioned efforts
were followed by many attempts and discoveries, for instance (Auliciems andl&z@007)
Heberden (early 19th century) has recognised that humidity is one of the domgritagtors of
thermal sensation, not only the air temperature as it was known. During (19&s)gliand,
Haldane conducted the first serious study on comfort (especially the @fffeigh temperatures).
The engineers started the research for thermal comfort and found that it wasmeoesstablish
design temperatures. In 1923 Houghten and Yagloglou from the American sodmetgtiolg and
ventilating engineers (ASHVE) laboratories tried to define the comfort zoneoWend Warner
(1932), then Bedford (1936) carried out experimental studies among factory workevated by
the industrial hygiene to find out the limits of environmental conditionsviwk, followed by the
analytical work of Winslow, Herrington and Gagge (1937). During and afterdWéar two, other
disciplines (physiology, medicine, geography, climatology and architecture) invoivetiei
thermal comfort research besides engineering. Victor Olgyay (1963) whistlume to gather the
findings of the various disciplines and take advantage of them for practichltectural
applications. In general, thermal comfort indices have been established via two main techniques:

1- Controlled chamber studies (laboratory experimentsypecify an optimum value that has
been assumed to satisfy all people. For instance, Fanger stated and confirmed thefalidity
his comfort equation and PMV index (Predicted Mean Vote) for all humans in spiteirof t
geographical location or climaje (Saberi et al. 2006, Auliciems and Szokolay 2007).

2- Field investigations, that based on people at sedentary work, in their normduilea
environment and wearing the clothing of their choice. This kind of studieducked to a
completely different observations, refers to the importance of the geographic comjponent
the thermal comfort (Auliciems and Szokolay 2P07).

These findings led Humphreys in the 1970s, then Andris Auliciems in Australia (1881) t
investigate the thermal neutrality of the human body, which was defined as theatemnepat
which the person feels thermally neutral "comfortalple” (Saberi et al{[2006, Hursghraly 201]3)
Auliciems and Humphrey's research were based on field investigations of peoplg liiedaider
different conditions, then the experiments results were statistically analyzednigyregression
analysis| (Saberi et al. 2006, CIBSE 2{)07, Humphreys and Nicol.IB8i8)led to formulate the
adaptive model of thermoregulation, which is an approach to thermal comfodefiertds on the
behavioural adaptations that people make in order to stay comforfdie‘adaptive model
reflects a give and take relationship between the environment and tffe{Dsar et al. 1997
[Humphreys and Nicol 20QR, Humphreys et al. 2{Brager and Dear 1998), and it has shown
people's adaptability for a higher temperatures than those conventionally adopted (Leetrahpr
). The adaptation was defined as the physiological, psychological or behaviouraleadjostm
building occupants to the interior thermal environment in order to avoid discofB®EN 2007)

The adaptive model states that factors beyond fundamental physics and physiology plays ar
important role inmpacting people’s expectations and thermal preferences (Brager and Dear 2001),
and has been defined as the model that relates indoor design temperaturegptablacc
temperature ranges to outdoor meteorological or climatological parameters (ASHRAE 2004).




People's behavioural adaptations seems to follow a two-way prpcess (Humphreys et |al. 2013
CIBSE 2010)

1- The process of adapting the people to their surrounding thermal enviroroyeartanging
their clothing insulation, their posture, and perhaps their activity.

2- The process of adapting their thermal environment to their current requirerpgraeme
actions such as opening windows, adjusting blinds, and in some cases adjusting the heating c
cooling.

Through these processes the people can be considered in dynamic equilibrium with their
surroundings. This adaptation can be assisted through facilitating control over thmal the
environment by providing practical, convenient and effective means for thermal cufficient

for the users to adjust the indoor thermal environment to their own eerits (ceiling fans,
openable windows, or local temperature controls in buildings that are heaa@dconditioned)

that's why people have more adaptive opportunity at Home (CIBSHE 2007).

The adaptive model of thermal comfort considers thermal sensations, satisfactiorGegalélity

are all influenced by the match between: (1) the immediate physiologgminses to the indoor
parameters (2) the "climato-cultural" expectations which based on the previousrsgef the
prevailing climatic conditiony (Brager and Dear 201, Humphreys|1996). The indowort
temperatures were as low as 17°C in UK, and as high as 32°C in Irag as mentibhedgbyeys

in 1975 {(Humphreys 1996). It was obvious that the difference is greater thasulation of the
clothes to compensate. Humphreys concluded that other mechanisms were also at work. Moreove
the indoor mean temperature in each of the previous populations was almost so clos@wntheir
comfort temperatures, which prove that people's adaptation mechanisms, were geneeally quit
successful.

Previous research work such [as (Nikolopouloua and Steemerg 2003, Brager and Djgar 1998, De:
and Brager 1998, Givoni 1988, Nikolopoulou et al. 2p01, Humphreys and Nicd| 2002, Huniphreys
et al. 200¥) have tried to clarify the adaptation modality of humans to coaridrhave concluded

to:

1-Through behavioural adjustments, this sometimes refers to cultural, socprsonal
adjustments (for clothing, activities and eating or drinking hot or cdltper times
environmental adaptation may reflect on design considerations and modifigatiomb&n
spaces, for example vernacular buildings normally provide thermal comfort vgiiig enly
modest amounts of fug¢l (Humphreys 1P96).

2-Physiological adaptation is the human reaction when move to a different climatic zone.

3-Human natural or subconscious responses is a part of the psychological adaptation, whict
depicts some human behaviours in urban spaces.

The development of the adaptive approach to thermal comfort was reviewed from 1970 to 1995,
and it was a subject of many investigations and theoretical discussions globedijidate the
hypothesis and to refute the old notion of a constant or static optimum (Humphreys 1996).




3.5: Passive architecture and the reduction of energy consumption

The sun sends immense quantities of energy on Earth, this solar radiation ¢has ithe
Earth is estimated by about 50% of its original strerjgiiWakeel and Serag 1989, Botkin gnd
[Keller 2011). The Sun is having a strong and direct impact on human litdsake origin for all
kinds of energy sources on Eaftfi-{Vakeel and Serag 19B9). However, it is like a coin the first
face is the positive which is to take advantage of the solar energy used fendifferposes, and
the second face is negative represented in the overheating in some regions of the wolder In
climates and winter months, this energy can be quite beneficial, warmihgries and reducing
the need for heating fuel. There is available technology helps to create ejeasiog sunlight
(Photovoltaic’s cells -PV). However, in the warm summer months unmanaged solar energy creates
a thermal heating load that must be removed in order to achieve thermal comfort.

Buildings are designed to meetcupant’s basic needs for shelter, security and comfort. The
building envelope allows these needs to be met by separating the interior of a Huddinte
exterior surrounding environment. The envelope also help modifying the interiooreneint to

sdisfy the needs of the occupants by controlling the flow of heat between pwddandoor
environments by admitting radiant energy and allowing heat from daylight thronglows, etc.
{Bradley and Johnston 20jL1, USDoE 2{p04, Okba P005). Therefore the therfmahaece of the
building envelope is one of the most important determinants of the building’s energy consumption.

Building envelope refers to building materials and finishes used in the shek of the building,

which defined the inner space and separates it from the outdoor environment. [tiveg bui
envelope consists of external walls, roof, windows and doors; it used to ¢battemperature and
humidity inside the inner space, helping to reduce energy use in the building. Whetathe so
radiation falls on a wall, portion of these rays reflects back to the surrounding, in the meanwhile the
other part of the solar radiation absorbed by the wall and transformed gy aises up the
temperature of the wall's external surface, then the heat transfers through thie itvedhth the

wall's inner surface. Appropriate envelope interacts with the surroumsivigonment through

good use of natural lighting and passive solar technigues (Makrary 2008, Kassim and Bathis 2003).

The heat transfer form varies when it flows from outside the building tdeirsi vice, depending

on many factors such as temperature difference and the components of the externalamglls or
other part of building’s envelope. Heat transmitted in the same way through the roofs and walls, but
the amount of solar radiation falling on the roofs are greater as agkthdtlength of exposure to

the sun, so the ratio of heat leaked through the roofs are more than thd watteaOpenings
considered the main source of heat penetrating inside the building through the glass as shown
Fig. 3-4, penetrating varies by the type of glass and by its specificatitnasisizarency and purity
grade(El-Wakeel and Serag 1989). In general the building as a whole (site, fatarials and
structure) have to be considered, all the components can be used to reduce energy consumptic
while maintain comforf (Thomas and LLP 2006).
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Figure 3-4: The difference in heat permeability rate through different bilding envelope components

(El-Wakeel and Serag 198P).

3.5.1: Passive design

Climate has a vital role in the design of buildings. Today we are facingge som
environmental problems such as global warming, Ozone layer depletion and shortagsil of
fuels. These challenges oblige the officials to consider the effects of elonabuilding design
{Khoshsima et al. 2011). The Passive House concept used to slash the energy consumption
buildings. It implies the utilization of theun’s energy together with local climate characteristics
and selected building materials. These aspects used to maintain thermally ddenfartalitions
within the built-environment (Morrissey et al. 2Q11, Rabah P005), insteatlyofg predominantly
on ‘active’ systems that consume a lot of energy to achieve thermal comfort. In this regard, the
construction industry (when using the passive design techniques widely) hiamifacast
opportunity for designing and constructing buildings that enable significant reductiengrgy
consumption during the course of their ise (Morrissey et al.|2011).

The passive techniques used in heating or cooling buildings depend on the study ofile nat
course of the sufE(-Wakeel and Serag 1989). The monthly average temperature and humidity
rates values throughout the months of the year were used to conclude the design regquifement
the means of passive or mechanical climatic treatments for each of theccliegitins in Egypt
{OEP 1998p). Due to the climatic conditions prevailing in Egypt (hot arid cliraatgrding to
Koppen classificatior] (Kottek et al. 2q0Beel et al. 20(7), cooling is the main concern which
needed to overcome it to improve the buildings' indoor climate through the most appnogeiate
for natural thermal phenomen&l{Wakeel and Serag 19B9). It has been abundantly clear for some
time that, the building sector is a primary contributor of climate-changoilytants [(PHIUS
). Therefore, providing a climatically responsive sustainable buildings (lowyeceoling




systems), will increase the users satisfaction, achieve thermal comfort, phmatthier and
sustainable living spaces, reduce greenhouse gas emissions, reduce energy consumptic
subsequently costs and avoid the risk of future over-hepting (Exper[lf 2012, Leylian etfal. 2010).

Human interacts with the environment since ancient times. These interactions were so balanced th:
led to the harmony between the environment and human life, as they were usimajuttad
materials that was available in the surrounding environment to manufdeturadeds. That led to

the development of human skill in dealing with raw materials such as clay, stangle and

wood, as well as deep understanding of their properties. Vernacular architisctoe result of
centuries of optimisation in the use of resources, materials, construstiomques and climate
considerations which are achieved through a trial and error process. Traditichigtcture has
always been a good example of climatic design and represents the techniques which our ancesto
have found to improve their living condition)s (Khoshsima et al. p011). With thenta@y¥ the
industrial revolution humans have lost such inherited technical methods and this kind of
knowledge-based crafts. In the construction industry, the mechanization led to change
traditional construction styles around the world, despite the fact that nietheds -accumulated

over thousands of years- have been working to create an appropriate intenas,clith low

initial cost of establishment due to the use of locally available mat¢Fiatey 198p). Climatic
considerations have been ignored or forgotten by architects in last few decades in anahitect
design decision making process, this resllin buildings and urban spaces which are not
comfortable for the people (Khoshsima et al. 2011).

3.5.2: A brief overview of the vernacular Architecture techniques

Egypt has passed successively on several architectural eras, Pharaonic, Christian,atsami
finally the present era. Architecture in the first three eras were pHggigtian in terms of form

and interact with the environmefit (Fathy 1p82), as well as the used building teshaiog
materials, such as the use of mud, rocks and palm trunks which are available in the local
environment. However in the present era an almost complete abandonment of the old building
techniques - compatible with the environment - in compare to relying on moddradsi€as the
building industry in Egypt relies almost entirely on the construction usiforced concrete
structures when it comes to medium or small size residential projectsh arkiciot compatible in

most cases with the surrounding climatic and social conditions. So there wasfar mesdentific
analysis for the concepts of vernacular architecture, which showed the feasibilgyitafdity of

using many of the old techniques for the work today with some development wvatkHit
contemporary techniquds (Fathy 1p88), such as the Malqaf and the Maghrabia (G3lla1€96).
use of these solutions has brought a distinctive character and aesthetezdingform for the
architecture in addition to achieve thermal comfort. As well as vernaculareziohg can be a
source of inspiration in the contemporary building design to learn from it yanad &dapt modern
buildings with the natural environment as far as possible. Also it can teach us lasaimilate
bioclimatic approach in the practice of architectural design in the contemporarjecitoie
Khoshsima et al. 2011).

Hassan Fathy has admitted the inevitability of using many passive architectuiairteats to
solve the problems resulting from the excessive heat and to maintain the indaoal ther
equilibrium |(Fathy 1988, Fathy 19[{3, lbrahim 1p87) . Many techniques were used to duntrol t
climatic effects on buildings starting with the general planning and coordinatioe sftéhto some

of the solutions that are applied to the horizontal plans and building mass, andnoncldmit
controls the design of the building envelope and the ogsiis shown in Fig. 3-§ (OEP 1998b).

® One of the contemporary pioneers of the environmental architéctigypt (1900- 1989) (Ibrahim 1987).




For example, the window to wall ratio (WWR) must be reduced as approaching ther ¢guat

the amount of heat entering the indoor spaces. In the same time the indoor temparatiso be
reduced by shading external surfaces to prevent the solar radiation from pagetsite the
building. In Egypt, Iraqg, India and Pakistan, for example, the prominent balconies have been usec
to cast shadows, and the large openings have been dealt with by using wooden nets (Mashrabia)
reduce glare of the sun, in addition to allow natural ventilation and increasevthef ftold air. As

it should also isolate the external walls to reduce the flow of heat into thﬁngq

m), and painted it with light colours as increased surface reflection reduteffoivesEl-
Wakeel and Serag 1989).

Other passive techniques can be used, due to the very wide difference between daytand nigt
temperatures, and the almost complete absence of cloud screening. Thus the theforabtctha
occupants inside buildings in such climatic zone depends largely upon the thenpeatips of the
external walls and roof. Therefore, the vernacular architecture has takenagdvahthe time lag

of the building materials resulting from the high heat capacity of theibgilenvelope which

based on the type of building materials used and wall thickness (Leylian et@). @b the other

hand this thermal mass will lose its heat energy to the atmosphere througiomaatiatight by

taking advantage of clear skies, and the stored heat effect fading before thenlgegi the next

day |(Fathy 198"3, Fathy 193, Turner 2003).

Figure 3-5: House shows many of vernacular architecture treatments
designed by Hassan Fathy - Sidi Kreir, Egypt

The following are some of the most important elements of vernacular architectbeetiot arid

zones:

1-Air Catchers (Malkaf / Malqgaf): The Malkaf idea back to ancient histoticas, as it was used
by the ancient Egyptians in their houses in "Amarnah hill" as the mural graggpesr in the
tombs of Thebes. For example, the house of "Neb Amun" (1300 BC) which wast#dson
his grave (Fig. 3-6). The word Malkaf is the Arabic terminology for the Persian Bathanj",
which consists of two parts "Bad" which means wind and "Hanjidan" which me&mdravy
{Suleiman and Himmo 2012). Air Catchers exists in the hot zone countriesPikistan to




Egypt and North Africa. The Malkaf is a chimney jutting out above the house, itz
cross-section took several shapes such as square, rectangle, circular and there types fEw
octagonal section in Irap (Suleiman and Himmo 2012). Although different forms atiediats
were used in their construction, however, they perform the same functiorovaging natural
air stream (especially in dense areas, where surrounding buildings obstruatetieeat flow,
and wind induced ventilation through windows were not effertfee ventilation, passive
cooling and moisturizing the inside of the buildififl-(Vakeel and Serag 1949, Fathy 1P88
[Gallo 1996 Gadi 2009, Montazeri and Azizian 2008, Khan et al.|2008). In most cases wind
Catchers operates via air pressure difference even if they use different metimsd@

[ Wakeel and Serag 19B9):

a- Towers that pull air into the space: Is a shaft above the building with amgfened the
direction of the prevailing wind to grab the passing air over the buildimgh is usually
strong, cold and clegn (Fathy 1$73). Then pushed it into the building to compensated the nee
for regular windows to provide ventilatidn (Fathy 1p88).This techniquerearus from the
need to orientate the house for the prevailing wind diredtion (Fathy| 1973). ExEBtypt
and Irag under the name of (Malkaf), in Pakistan and Iran as (Badjir) and on the wesf coas
the Arabian Gulf as (Barjeel). The air catchers were operatedginithe transmission of air
from areas of high pressure that located at the tower inlet fieated in the direction of the
prevailing winds, to areas of low pressure that exists within the artciiéespace (Fig. 3-7),
leading to create continuous air stream from the outside to the.ing@ efficiency of air
towers is reliant upon creating the maximum pressure difference between the irdatlend
of the air[(Hughes et al. 20[12, Montazeri et al. 2010). The hot air ttosemperature by
touching the inner walls of the tower (shaft) which refrigerated ovet;nilgen the air enters
the rooms through a small hole beneath the tower and be pulled to the outsidie #hiangg
opening in the opposite wall in order to increase the speed of the airiTheay be
moisturized by passing it over a body of water if neededs(Big, 3-9 and 3-10)E[-Wakeel|

and Serag 1989).

b- Towers expelling hot air from inside the building: this kind of towers existsimand the
Arab Gulf countries, usually used when the wind loaded with dust. The tower inlet oriented to
the opposite direction of the wind, thus low pressure generated on the oppuiEsivehsie
there is the tower inlet (Fig. 3-11), leading to pull the warm air frondénttie room then
replace it with clean and pure air from the house shaded couftyard (El-Wakeelrag{l Se
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Figure 3-6: Neb Amun's house air catcher as it was Figure 3-7: Towers that pulls air
illustrated on his grave|(Fathy 1988). ?EI-WakeeI and Seraqp198|9).
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Figure 3-8: Air catcher provided by a source of water to Figure 3-9: Air catcher (Malkaf) in old Cairo
moisturize the air. Steele 199}).

Designed by Hassan Fathy (Fathy 1988).
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Figure 3-10:Malkaf in the house of Moheb El Deen - Figure 3-11: air expelling Towers
Cairo - fifteenth century [Steele 199Y). (EI-Wakeel and Serag 198P).




Many research have been conducted in order to develop the use of Air Catchers. As am exampl
of these attemptg, (Montazeri and Azizian 2008) investigated the Hydrodynamicrzeréer of
a one-sided wind catcher by experimental wind tunnel and smoke visualization

[ et al. 201}) inspected the privileges of equipping the wind towers wittedveblumns or
wetted surfaces, and the gained improvements in ventilation and thermamaexde of the
passive device. In the same arpa, (Saffari and Hosseinnig 2009) found that, a wetted colum
with the height of 10 m was able to reduce the internal air temperatur@é®ythd increase the
relative humidity of air by 22%{Badran 200B) investigated the performance of an evaporative
cooling wind tower system (0.57X0.57 m) with a vertical height of 4 m, asmdfthund it can
generate an airflow of 0.3%s and reduce the internal temperature by 11 K (equivalent to the
capacity of 1 ton refrigeration]. (Attia and Herde 2009) proved hihdtlings equipped with
Malgaf, can significantly benefited of the direction of the prevailing winds kaegh spaces
more comfortable] (Gawad 2010) supports K8iswpoint about the Malkaf technique, where
he believes this technique seems to be a suitable choice for non-fully developes fegain
areas), and can only work well for individual units and not for multi-stbrelglings. Finally,
(Pirhayati et al. 2013) reached a conviction that the use of this techniquee byncient
architects and designers was based on a deep understanding of the principles of many discipline
such as thermodynamics, aerodynamics, heat transfer, material strength and hienaral
comfort.

2- Courtyards: Another key element of Arabic vernacular architecture is tingyaal."Courtyards
are transitional zones that improve comfort conditions by modifying the mioadel around
the building and by enhancing the airflow in the buildipg" (Santamouris and Woutefs 2006
is used to regulate the indoor's climate in the looking-in houses, whigtefesrred in hot
climates rather than the looking-out houses that increases the vulnerabilaysh conditions

Fahmy 2010). Additionally, courtyards provides security and privacy for the resideants,
daylight for the rooms which were built around them (Safarzadeh and Bahaddri 2005).

The inner courtyard is the common denominator in the design of the traditionthdsiin ha
arid region (Fig. 3-12) such as North Africa and the Middle East, where tkeedife between
the temperatures of the day and the night are signifjcant (Waziri[P002 , Gagli 20Ban (in
hot arid climate), the most preferred plan type is the courtyard houses, in orddude the
area affected by the solar radiation (Leylian et al. 2010).

In the evening, hot air starts rising-up from inside the courtyard and:eeply densest cold

air. The yard remains cool in the morning until the afternoon when the sun heats the air inside it
thus begins to climb to the top. The convection currents keeps the building cool irtheaaft

period (Fig. 3-13)[El-Wakeel and Serag 19B9), and with the help of plants and water for
evaporative cooling and by the high walls surrounding the courtyard the floperaure can

be reduced (Leylian et al. 2010).

& "ventilation and Solar Protection in Hot and Dry Climate Zone", Irstitor Technology and Resources Management,
Germany, 2004
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Figure 3-13: Using the inner courtyards to ventilate the house indoor spasTEI-WakeeI and Serag 198P).




3- Sun breakers: Among the most important factors in determining the behaviberamfcupant

is the thermal and day-lighting requirements (Kuhn et al. P001). Among envelopentiem
openings provide physical access to the building, create views to the outside, admit daylight
solar energy for heating, and supply natural ventilafion (Okba|2005). Kascahsidered the
main source of heat penetrating inside the bujdil-Wakeel and Serag 1989, Datta 2p01
Offiong and Ukpoho 200Q4).

Therefore, the most effective way to reduce the solar load on fermstisato intercept direct
sun radiation before it reaches the glass (Offiong and Ukpohq[2004, Marrero et §lt2010
control the indoor temperature, improve thermal comfort and reduce cooling|ma”dar(1imi|

et al. 201}, Corrado et al. 20p4, Radhi et al. 2009). Fully shaded openings dunivepaticer

can reduce solar heat gains by as much as|80% (Okbg/Al00&amimi et al. 201}, Marrero ¢t

al. 2010). A considerable amount of literature has been published on shading devices in

different regions| (Yang and Hwang 1996ffiong and Ukpoho 2004, Radhi et al. 2009,
[Corrado et al. 2004, Marrero et al. 2(A0);Tamimi et al. 201fl, Okba 20[)5, Ali and Ahmed

2013] Ahmed 2012), some of which were in similar climatic zones to Egypt. However they all

agreed about the importance of shading technique. Previous study on a high-rise aksidenti
building in Taiwan|Al-Tamimi et al. 201f1) indicated that envelope shading is the best strategy
to decrease cooling energy consumption, which achieved savings of 11.3% on electricity
consumption. Yand (Yang and Hwang 1P95) found that power consumption readings from
direct air conditioning indicate an average savings of 25% if external shadipmperly
installed.

The ancients have discovered the importance of the sun breakers and its ghiityetd solar
radiation from penetrating into the buildings, thus reduce the amount ofdieat! gvithin the
space. They have developed several forms of sun breakers whether horizontalcat. verti
However Mashrabia was the most form belongs to the Arab heritage refiectseeds,
characteristics, habits and traditions of these communities. The word @d&shis derived

from the Arabic word "shareb" which means drink and originally meant "a drinking place". This
was a cantilevered space with a lattice openings, where the air movement laerggsenings

help cooling small jars via the evaporation efffct (Gallo 1996). Nowngnee "Mashrabla
refers to a kind of oriel window built out from the wall in which is fixe@tidework screen of
turned wood separated by specific and regular distances in accurate geomatriental form

(Fig. 3-14). The Mashrabia provides an external view for the indoor spaces iwgitypfor the
occupants of the house, aibdoftens the harsh external solar radiation before letting it into the
room (Fig. 3-15) (Fathy 19"3, Fathy 1988).

Figure 3-14: Turned wood ornaments which forming the Mashrabial(Steele 1997)




Figure 3-15: Photos illustrating the form of Mashrabia from outside and the insidg $teele 199§).

3.5.3: Lessons learned from the vernacular Architecture

Hassan Fathy stated in 19{Fat “The architect who builds a solar furnace then introduces
a vast refrigerating plant to make it habitable is underestigtite complexity of the problem and
working below the proper standards of architectyfathy 1984, Ibrahim 1987). It is possible to
design buildings to operate in the free-running mode and to be comfortable when théngrevail
mean outdoor temperature lies within the range 10-30°C (Humphreys et dl. 2018iffigtky in
maintaining thermal comfort by natural ventilation alone in the future wasns@wclay et aI|
). Moreover, the use of the majority of vernacular techniques have become fieunjt dif
nowadays due to economic aspects related to the initial cost and the consumption (wiasting) o
internal space of the building because of the large thickness of the extellsalAdditionally, the
old fashion vernacular style does not also allow to build multi-storey builduhgse roofs are
covered by domes or vaults, in addition to the fact that its constructibiadsedre difficult to use
in urban areas and are fit more for the rural afeas (Ibrahim 1987). ohther been numerous
attempts to extract what it can be applied from the elements and techniques efnideubar
architecture to be applied and used in the contemporary buildings:

1- Controlling the thermal transmission in the hot arid Z&#é&\(akeel and Serag 19B9):

a. Increase the thermal resistance of the external walls and ceiling to reduce the hea
transmission from outdoor to indoor and vice versa, using new thermal insulation materials.

b. Light colours for the building envelope plays a key role in protectiagothlding from the
heat flow due to the reflectance properties of these colours.

c. The building materials density cause it a great heat capacity, reflectesl iimctease of the
time lag period which maintains the internal temperature for as long as possible.

d. The use of double walls gives good results, due to the poor thermal conductivtheg fair
trapped between the walls and act as thermal insulation layer. Small openings must be
opened to move this air continuously, otherwise its temperature will risedioph causes
low effective thermal insulation.

2- Protecting the building against the incident solar radidfﬁbm(akeel and Serag 19|89):

a. Building orientation: which preferred in Egypt for the long facade to be fabiegNorth
direction, to minimize the heat amount received by the Northern facade theisgmmer,

while maximizing the amount of heat for the Southern facade in the winter.



b. The form of the building: reflects on the amount of self-shading that the buitdstgon
itself, which it increases by increasing the form complexity.

c. Treatment of the solid parts of the building envelope: the roofs always exposbd to
maximum amount of solar radiation, so it is in need for special treatmeritsasuthe
construction of two surfaces separated from each other and allow the movement of air
between them to act as thermal insulator while the upper surface plays tbheuwibrella,
or using water sprinklers on rooftops. While the external walls exposexsdcamount of
radiation, it still needs special treatments especially in hot climatic zattesigh intensity
of solar radiation. The shaded areas on the fagcades must be increased, by using rougl
materials for the final surface of the wall, or by using the techniqueoaiipence of brick
on the facades to increase self-shading of the wall, and may also resort to sHadadine
by sun breakers or build double skin walls.

d. Treatment of the openings: As the main source of heat penetration insideldmgbuiSo,
the use of sun breakers to prevent direct sun radiation from penetratsgat®econsidered
of the most important factors that controls the amount of heat transfesrthg buildings.
Mashrabiais one of the most successful solutions to address the openings, in addition to its
basic function in blocking sunlight and achieving indoor visual comfort, it laédps in
natural ventilation within the architectural spaces, as it achieve privacy for tngants.

Chapter Conclusion:

The literature review presented in this chapter covers some majduradaimental topics
related to the research. These topics include different heat tranefdramsms and
associated thermal and physical properties of building materials. In cendtiitithermal
comfort different aspects and some vernacular architecture technigues used in Egypt.

Climatic considerations have been ignored or forgotten by architects iasthfew decades.
In this era where we are facing many environmental problems that eifeate, the effects
of climate on building design must be considered. The Passive design concepts must |
to reduce building's energy consumption, instead of relying predominantly oa systems
that consume a lot of energy to achieve thermal comfort. Appropriatdénigislcenvelope
helps in modifying the interior environment to satisfy the needs of the odsugmach reduces
the energy consumption required to achieve the indoor thermal comfort.

Finally we have to admit that, thermal comfort is not only an unplgasibjective sensatior
resulting from stress at a particular moment in time, but alsacinaslative effects on the
physiological response reflected on the human behavioural patterns, and czasen
mortality rates.




Chapter 4: The Egyptian Residential Energy Code

Chapter Introduction:

The Egyptian Residential Energy Cofle (HBRC 2008) was developed in 2006 tdepr
specifications and recommendations for the construction of buildings that ainwvitem

comfortable built environment for the occupants, in light of efficigtilization of energy
Ahmed et al. 201{1).

This chapter reviews in general and in brief the origination of The BAgyode for
Improving the Efficiency of Energy Use in Building$art 1: Residential Buildings (for
simplicity it will be referred to as EREC for Egyptian ResidentialrBpé&ode), and some of
its limitations and implementation problems. In addition to the coestitparts of the code
along with an explanation of some of the most important parts of the ¢ode will be the
main focus in this study. Some methods for the buildings to comply with the eewuits of
EREC will be mentioned, besides some of the physical and thermal propersesnef
building materials commonly used in Egypt are identified.

4.1: Preface

Around the globe, energy is a major component of any national sustainable development
strategy. Energy efficiency is taking a key role in the public and politisabdise, due to the fear
of energy scarcity, er-increasing energy prices, and national security issues. The sustainability of
energy needs a sustainable long term vision for energy supply and energy demand balanc
scenarios, as well as setting quantitative targets and necessary mechanisms tthematioadl
use of all energy resources and to minimize its negative impact on the environeggniatign of
building energy performance (via energy standards) is the most effective meadade energy
consumption] (Mansy 20}3). Energy standards achieve this objective by spedifyingnimum
levels of energy performance in the built environment, including the minimumnfispgons for
building materials and the minimum efficiency of appliances used in buildirgsseGuently,
energy codes considered one of the most frequently used instruments for energycefficien
improvements that can play an important role in enhancing energy dffitedsign in buildings
Ahmed et al. 201]1).

Since 1970s many countries throughout the world introduced building regulations aimed at
reducing energy consumption in residential and commercial buildings. Typitese tegulations
concentrate on aspects of heat loss through the building envelope with milgualsnof required
insulation, and is often characterized by being prescriptive and reduce theonemamplex
calculations| (Hanna 20Ji0, Hanna et al. 4011). However, there are two type#dofg energy
standards (Ahmed et al. 2Q1(Hg. 4-1), and they both were employed in EREC

1- Prescriptive standards: This kind of codes sets separate performance levelddfng bui
envelope and for the used equipment, such as minimum thermal resistance of external walls
It is used more frequently due to the ease of enforcing them.




2- Overall performance-based standards: which prescribing only an annual energy ciamsumpt
level or energy cost budget, and it provides more incentives for innovation.diugrdo
EREC, the proposed design achieves the Egyptian code requirements through the overal
performance track, in case of its annual energy consumption never exceeds the consumptiol
of a standard building. The standard building is a simulation model identical toofhesed
design, and fully complied to all the code's requirements in the prescriptive pash. Thi
implies that, the compliance to the overall performance path is a tacitianoglo the
prescriptive path in somehow.

The method adopted in this work was built on the merger between the two trackstirfoal
results, in an attempt to follow of the methods used in the international chddshased on the

use of overall performance method in reporting and calculating energy consufaptioiidings.

This approach is gradually winning positions in policy-making in many cesnthile revising

their building codes, such as USA, Canada, UK, New Zealand, Australia, Netherlands, ,Sweden
Norway, Singapore and Hong Korjg (Vorsatz et al. 2011). The prescriptive apjftioaahnain
stream in EREC) was tested against the future climate change to measure ytsoabdjte and
provide the required indoor conditions with minimum energy consumption. In the cate of i
inability to provide that, it was resorted to the overall perforraaiechnique to achieve better
performance rates.

Basic / Mandatory
Requirements

Building o . Lifts & Service / Wate
Envelope Lighting HVAC Electrical Escalators Heating

s e FEaET System / Component Energy Bud.ge.t / Cost Whole
Performance Building

Figure 4-1: Energy standards pathg (Ahmed et al. 2011).

While the number of new buildings is growing rapidly, regulations were ssigtoficantly
increase the buildings thermal performance in attempts to meet climate changeomitigals
{Morrissey et al. 201[1). Unfortunately, new regulations usually are met witeme¢ from sectors
of the building industry, probably due to the additional costs implied in medéiigiger
performance standards for more energy efficient build{ngs (Morrissey 20Hl). However, the
current poor buildings' energy performance levels, in addition to the upwardinréodisehold
consumption, are stemming mainly from weak performance standards or much letiseeffe
standards than predict¢d (Morrissey et al. 011, Ahmed et all{#@mma et al. 20]1). In addition
to the discouraging of energy prices and market to the use of energy efﬁchmlmlogiesl (Ahme]j
[et al. 201}) Above all of this, the ineffective implementation and enforcement of the energy
efficiency codes in some of the developing countfies (Ahmed et al] 2011y takionsideration
that the application of mandatory energy codes result in many economic advahtigean

overcome market barriers and provide more energy-efficient builgings (Liu et ?’ 2010).




In practice, an effective strategy to enforce optimum design is through apprégyiatation for
energy efficiency (Radhi et al. 2009). However these codes must be enfor¢éhblbeginning of
the process of transforming a country’s construction sector toward more energy-efficient buildings
{Liu et al. 201Q). It is important (for the countries that have not applied any energybetaiey to
start with realistic goals and full awareness of the cost incurred accordihgty the positive
feeding loop will be initiated: enforcement, supply of technologies and matehiah accordingly,
the ability to comply will evolve, expand and be strengthened over fime (Liu @0&l)
Successful implementation of energy codes is a complex and multi-faceted procesaytiake
several years to achieye (Liu et al. 2D10). The development of the code is just thetfirse
steps needed to successfully launch the process. Development, Implementation, and Adomninistrati
and Enforcement (or voluntary compliance, with incentives) are the three respeipsf{Huang &t
[al. 2003). Enforcement failures could be attributed to the lack of availablécicimstitutional,
or market capacities. Nevertheless, the main point often is the lack edsaeg governmental
support, interventions and persistency which are essential to enable the develdpthest o
capacitieq (Liu et al. 2010).

Egypt appears to face daunting challenges to implement their two building energy codes
(residential buildings issued in 2006 - commercial buildings in 2009) in @noement where

basic building code requirements are not effectively enforced. The consumer's iatdeast in

using the energy efficiency technologies, are due to the governmental subsidiesrdgrpites
particularly in the residential sector (Liu et al. 2p10). The green buildingnoaity (which is

newly formed in Egypt) might provide a new motivation in constructing moeeggrefficient
buildings, but this will not be a substitute for the aforementioned government support.

4.2: The development of the Egyptian code

Regulating energy consumption to achieve an Energy-efficient Building requires
establishing a set of minimum requirements as a baseline to evaluating thengecof the new
buildings. This step was taken in Egypt few years ago (in 2006) by issuing EREGY(I01p).

In the year 2000, the Housing and Building Research Centre (HBRC) of Egyjmtedbsagrant

from the United Nations Development Programme (UNDP) to develop and apply energy
efficiency building codes for new residential and commercial buildings in Egyiht,additional

fund from the Egyptian governmept (Sheta and Sharples|[2010, Huang et al. 2003). Over the nex
three years, work continued with the help of an international consulting team #deimmany

years of experience in the development of building energy standards in the US acdwutbés,

and to provide scientific assistance in several areas, including surveys afigekisiiding
conditions and energy use, the use of computer simulations to analyze building energy
performance, and the design and construction of energy-efficient buildings. In Jun¢h2003
proposed version of the EREC was completed followed by the proposed commercial energy code
in 2004, both codes underwent for a public review before submitting them to thergewerfor
promulgation| (Huang et al. 20P3). The energy standard for housing EREC (wtiibk thie main
concern) became law in 2005, and issued in 2006 (Ahmed et a|. 2011).

EREC has both prescriptive and performance-based compliance paths. The code follows the
ASHRAE-90.1 Energy- Efficient Design of Low-Rise Residential Buildings in masyects
(structure, organization, purpose and compliance padlibpugh it covers all types of residential
buildings [(Ahmed et al. 201{1, Huang et al. 2003). A key component in the developiribat
proposed codes was the use of energy simulation programs (DOE-2.1E) to evaluate building energ
performance. Moreover, the international consultancy team provided technical sipport

developing Egyptian weather data (Huang et al. P003).




4.3: EREC's implementation problems and limitations

The EREC's problems represented in two parts, the first one regtre executing, while
the other regartb the limitations aspects, which will be the main concern in this thesis.

The committee involved in writing the code developed a detailed implementation plampldn

was meant to clarify the different aspects involved into the practichd of the code's
implementation, such as putting the infrastructure, training, and suppoudiegaits and software,

as well as initiate a major outreach program to introduce the concepieady efficiency in
buildings to the Egyptian market as a preliminary step to impose workinghgittode (Huang ¢t

[al. 2003). However, in the early period of implementation the code was not mgneatbr
therefore not very well accepted, and unfortunately this situation remains #@ fstated before,
EREC is far from being integrated into the construction industry in Ey@to two main reasons:

(1) the lack of awareness of the topic of energy efficiency amongst common construction
practitioners in Egypt. (2) the absence of legislative support and enforcement (Ahmed etjal. 2011)

Another limitation, not putting the future climate change into consideratiole wheéparing the

code was the main problem in regard to the technical aspects. The code (abitsvw&rsion and

in any related published papers or reports)raiti contain any reference to the climate change as
one of the main (or even minor) determinants in the current construction opg[@tiuang et a.
[2003] HBRC 2008, Ahmed et al. 2Q[L1, Mansy 3013). The conducted simulations and research ir
this work confirmed this deficit in some parts of the code (while other parts havenptheir

ability to comply with future climate changes). In addition to a word of mouth from one of the code
developing team who confirmed this observation since the beginning.

Climate change has been mentioned many times in the policies that directs dirgbuhergy
efficiency codes, as one of the threats and greatest challenges of our tivas. rtentioned to

show the intention to minimize the energy consumption thus the GHG associatedr@niksi

spite of this, no real reflection on the national energy codes, as none ofidksmot includes a

real application for the future climate change weather files or prediitiinghnpact on energy
efficiency in buildings or the related financial issues on the long run. A quick review to some of the
Middle east codes, and related publications, such as Saudi Arabia, Jordan, Kuadidifion to

Egypt, did not show any evidence of involving the climate change predictions into these codes
{Awadallah et al. 2049, RSS 2QJ8anna 201[JPatlitzianas et al. 20(fReiche 201{}, SBCNEC
M). Putting in consideration, most of these Arab codes were written based on international code
from the USA, Canada, Australia, and also the European Codes.

While investigating the same issue in the European and USA energy codes and related
publications, to the best of the researcher efforts, no clear evidence, squertiiation, or direct
provision to support or decline the idpa (BPIE 2011, Bulkeley and Kerr||P@®&son and Roge
[2006] Byrne et al. 20Q)7, Lutsey and Sperling 2008, Vorsatz et all|RQE 2010). The best that
the researcher got belongs|to (Sanders and Phillipsor} 2003) as they statedittetigs level of
uncertainty, wind loading, with the possibility of structural failung doss of life, is so important
that consideration should be given to the possibility that it may changécsigtly in future when
codes are being revised" ,and as they also explained "Many parts of ldiagBRegulations are
implemented by reference to British and European Standards and Codes produziber by
independent professional bodies, these bodies react to the possibiiityade change in different
ways. Standards have always been based on well-established informativasscanate data
measured over the past 30 years, and to modify them to include uncemamatndn on future
climate changes implies a major change in their way of working. This changehsgst been




confronted by either British or European Standards organisations; considerationkshgiudn

to the ways in which it can be met", and finally they wrote "StandandsCodes of Practice that
underpin many Regulations have always been based on past knowledge antk.piads
important that a mechanism for incorporating uncertain informationfuture climates is
developed to allow Standards to remain relevant”. These statements supports thbat|the

codes does not depend on expected future data, and it is not adopted in the development of code
only if the methodology and the ideology did not changed after all of these years.

Even though, all the aforementioned codes and regulations did not adopt the future datathe
due to the climate change into the code's developing process. However, this isgilerambios
great importance for many reasons such as reducing greenhouse gas emissions, wiick il
maintain the stability of the temperature. In addition to that, relying on futiunatel change data

in the development of codes would have a payoffs and economic returns direotiygeth in the
long run, this point will act as a support power to change the percepti@opiEpmbout the code.
The code will be considered as a useful tool for the people, which will d&eilihe process of
urging and persuading them to apply the new energy codes. Aside from the people, the dfenefi
applying the new codes will also goes back to the state, in terms of reducing émagyd which
will save the cost and time of the establishment of new power plants.

4.4: The code's sections

The Egyptian residential energy code specifies the minimum requirements tovémpr
energy efficiency in residential buildings, in order to attain and improve thenaafisual comfort
in the indoor environment. In additignprovides the minimum performance standards for building
windows and openings, shading devices, natural and mechanical ventilation, air ooditio
equipments, natural and artificial lighting, domestic hot water system andaakeptiver systems
(Hanna et al. 2011, HBRC 2008, Huang et al. 2003). The code is divided into nine <lrapter
addition to the appendice¢s (Huang et al. 1|003, HBRC|2008):

1- Foundations and general concepts: This chapter explains the building components that mus
comply with the code, the buildings that are subject to this code, as well as toateppl
stages, and finally a general explanation for the different chapters of the code.

2- General requirements to apply the code: Describes the requirements that aulstried in
different construction situations (new building rew addition to an existing building - an
amendment to an existing building) in order to correspond to the code, in additen to t
administrative documents needed for that.

3- Building envelope: This chapter identifies the mandatory requirements of threcasieg
of the residential buildings, such as the maximum allowable U-values or minimu
insulation R-values for the opaque elements of the building, in additidre tm&ximum
allowable U-value and Solar Heat Gain Coefficient (SHGC) for glazing as adumd the
Window-+to-Wall ratio (WWR).

4- Natural ventilation and thermal comfort: This chapter contains the minimum requirements
for the area of open windows, ventilation shafts and recommended ventilatiorforates
naturally ventilated buildings.
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Air conditioning and mechanical ventilation: The purpose of this chapterdshieve the
minimum requirements of thermal comfort, health and public safety reséitimgusing
air-conditioning or mechanical ventilation, with utilizing the best methods to sargyen

consumption. The chapter contains the minimum efficiency requirements for air

conditioning equipments, ductwork, piping insulation.

6- Domestic hot water systems: Includes the design foundations for hot water neag/ooks

ensure the efficient use of energy, and the minimum requirements and controlsite se
water heating equipment.
7- Natural and artificial lighting: Chapter seven of EREC contains the mandatpryements
for artificial lighting equipments, as well as the natural lighting ireguents and methods

to improve its efficiency.

8

Electrical power systems: This chapter discusses electric loads and safegsjdential
buildings, and sets the minimum efficiency requirements for the electric powemsyst
including the transformers and mator

9

Overall performance of the building: This chapter explains the requirements &t bden

using computerized dynamic thermal simulation software (for calculating the -whole
building energy performance) to be compatible with the requirements of the code and
reliable rather than using manual methods mentioned above in the previous chéjgers. T

allowance of an alternate performance “path” for compliance is similar to the approach
taken in various US building energy standards such as ASHRAE 90.1 orr@alf@ itle-
24 (Huang et al. 2003).

10- Terminology, definitions and appendices: The last chapter of the standard ieacefer

definitions and abbreviations. The appendices contain many important information, such as:

the steps for the opaque elements or exterior openings to achieve compatibdilithevit

requirements of the code, how to chose and calculate shading devices, some glass type:

physical and thermal properties such as shaded glass ratio due to shading (8&#Res
and thermal transmittanc@J-value, W/niK), some of the thermal properties of some

common building materials in Egypt. In addition there are some appendices foonsing

artificial lighting and electrical power distribution.

In brief, EREC can be divided into five main parts as shown in Fig. 4-2. The Buildingpeavel
provides the main function of buildings (shelter, security and comfort) and leelgstrol the
indoor environment, in addition to its impact on the surrounding environment, energy ptinaum
and human health and well being. Therefore, building envelope (which is the architeattial
EREC) will be the main concern in this thesis. More insight readingisnpart will clarify it is
consists of two sections (Fig. 4:2)

1- Thermal insulation.
2-Fenestration.

Both parts have a direct effect on the indoor thermal comfort through teeediffheat transfer

mechanisms. Besides the effect of the openings dimensions (WWR) on visual comfort, and its

relation to the amount of benefiting natural lighting (Lighting systems section), #izthgit
natural ventilation (Natural ventilation section).




3- Another part was suggested by the author (not originally listed in ERE&@lNd parts
shading, which was one of the commonly used passive techniques in the vernacular
architecture. This part was added in order to utilizing this techriiy@e contemporary
form, as well as testing its benefits in the presence of other means of climatic treatments

[ Electrical Power Systems Natural Ventilation

Natural

) Lighting Systems NC (Cooling)

Artificial
HVAC systems [~ Mechanical Vent.

Heating

Oy

Building Fnvelope
Solid Parts Shading

Figure 4-2: EREC's main parts.

4.5: Building envelope

The building envelope represents the connection between the internal environment and the
outside conditions. Therefore, one of the main functions of this envelopedduce the need to
modify the indoor conditions to be more suitable for habitation than the outdozasiOnally the
envelope fails to meet its objective for some reasons, such as in thef ceseenvironmentally
responsive designs, or extreme weather conditions that make it impossible tee @obimor
thermal comfort through passive meathsis necessitating the use of mechanical means to achieve
the required comfort level. However the reliance on the non-passive means can betredugéd
increasing the harmony of the building envelope with the surrounding environment.

The Building envelope consists mainly of the external walls, roof and fatiestcomponents,
which their proper thermal design considered one of the fundamental design featenesgyf

efficient buildings|(Hanna 2010). Therefore, this part mainly demonstraesddaps to make these
elements achieve the basic requirements of the code.

4.5.1: Steps needed for opaque elements to achieve compatibility with EREC's
requirements

In order for external walls or roof to comply with EREC, the following steps must be applied:

1- Calculate the Thermal Resistance for each element: Thermal ResistanegRalalue;
m’K/W) must be calculated for any layer of the constituent layers of thenakigalls or




2-

4-

6-

roof. This value is obtained according to the layer's thickness and Themmdudivity
value (k- value; W/mK).

Calculate the total Thermal Resistance: By gathering the differentuesvédr each of the
structural element layers. Then adding the R-values (Surface resistancegxtietnal and
internal air layersdjacent to the structural element, which are approximately (CKBAH

for the internal (Rsi) and (0.04°KYW) for the external air layer (Rso) as mentioned in
EREC.

Determine the minimum required thermal resistance: For external walls dt kmsfed on

the geographical orientation and the solar radiation absorbency (Absorptivityg oluter
surface. Tables 4-1, 4-2 and 4-3 are examples for Alexandria, Cairo and Akmatic

zones (as EREC contains 16 tables for the conditioned and unconditioned buildings in the
different 8 climatic zones in Egypt - see Section }.4.1

Achieving the minimum required value of the thermal resistance: By compaentptial
thermal resistance of the structural element with the minimum requiredahegsistance
obtained from the code (Tables 4-1, 4-2 and 4-3). The thermal resistance must cover the
minimum required amount; else, other steps must be followed to work on achieving the
compatibility with the requirements of the code. Such as adding an air gap malther
insulation material to the wall or roof, to achieve the required thermal resistance value.

Modifying the thermal resistance value of a structural element: By subtrabgngptal
thermal resistance of the structural element out of the minimum requailesl of the thermal
resistance. Then according to the occurrence of the result in any oflitwing three
periods 0.4, 0.6 or 0.8, the result will be applied through one of the columns 5, 6 or 7 in
Tables 4-1, 4-2 and 4-3. This will facilitate getting the value of rérguired thermal
resistance that must be fulfilled by the additional thermal insulationhtewecthe minimum
required thermal resistance.

Choosing the proper thermal insulation material: By choosing a thermal insulatieriamat
available locally at a reasonable price and with appropriate layer thickoemshieve the
thermal resistance that cover the value obtained from the previous step.

These steps were used in different attempts to evaluate the effect of exttmabith different
material specifications on the project’s initial cost and running cost for achieving indoor thermal
comfort in the present time and under climate change scenarios.

! By using the tables from (3-2) to (3-17) listed in the code.
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1 ]2 3 4 5 | 6 | 7 8 | o9 10 11 12 | 13 14 15
Element's thermal resistan
minimum 04 | 06 [ 08
External | required Window to Wall Ratio (WWR)
Orientation | surface | thermal Additional thermal
absorptivity| resistancg resistance required for

(R) (mk/w) | thermal insulationm?k/w) | _W<10% _[10%<W<20%20%<W<3%| 30%<W_| W<10% [10%<W<20%20%<W<D%| _30%<W

Solar Heat Gain Coefficient (SHGC Shaded Glass Ratio (SGR)
Roof 0.70 2.15 1.75 1.55 1.35
0.38 0.35 NR NR NR

North 0.50 0.39 NR NR NR NR NR NR 0.71 NR NR NR 40%
0.70 0.47 NR NR NR
N.E 0.38 0.54 0.14 NR NR

: 0.50 0.65 0.25 NR NR 0.71 0.65 0.55 NA 40% 50% 60% NA
N.W 0.70 0.83 0.43 0.23 NR
East 0.38 0.72 0.32 0.12 NR

Walls 0.50 0.88 0.48 0.28 NR 0.65 0.55 0.40 NA 55% 65% 75% NA
West [~ 70 115 0.75 0.55 0.35
SE 0.38 0.62 0.22 NR NR

0.50 0.75 0.35 0.15 NR 0.65 0.55 0.40 NA 55% 65% 75% NA
S.W 0.70 0.97 0.57 0.37 0.17
0.38 0.47 NR NR NR

South 0.50 0.55 0.15 NR NR NR 0.71 0.64 0.55 NR 40% 60% 80%
0.70 0.69 0.29 NR NR

- NR: Not Required.

- NA: Not Allowed.
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1 | 2] 3 4 5 | 6 | 7 8 | 9 | 10 | 11 | 12 | 13 | 14 | 15
Element's thermal resistan
minimum 04 | 06 | 08
External | required Window to Wall Ratio (WWR)
Orientation | surface | thermal Additional thermal
absorptivity resistancg resistance required for
(R) (m/w) | thermal insulationm?k/w) |_W<10% ]10%<W<20%420%<W<2%| _30%<W | W<10% |10%<W<20%20%<W<D%] _30%<W
Solar Heat Gain Coefficient (SHGC Shaded Glass Ratio (SGR)

Roof 0.70 2.70 2.30 2.10 1.90
0.38 0.55 0.15 NR NR

North 0.50 0.59 0.19 NR NR NR NR 0.71 0.67 NR NR 40% 50%
0.70 0.67 0.27 NR NR
N.E 0.38 0.74 0.34 0.14 NR

0.50 0.85 0.45 0.25 NR 0.65 0.55 0.45 NA 50% 60% 70% NA
N.W 0.70 1.03 0.63 0.43 0.23
East 0.38 0.92 0.52 0.32 0.12

Walls 0.50 1.08 0.68 0.48 0.28 0.55 0.45 NA NA 60% 70% NA NA
West |4 70 1.35 095 | 0.5 0.55
SE 0.38 0.82 0.42 0.22 NR

0.50 0.95 0.55 0.35 0.15 0.55 0.45 NA NA 60% 70% NA NA
S.W 0.70 1.17 0.77 0.57 0.37
0.38 0.67 0.27 NR NR

Southf  0.50 0.75 0.35 0.15 NR 0.71 0.64 0.55 NA 50% 60% 70% NA
I o7 0.89 0.49 0.29 NR

- NR: Not Required.

- NA: Not Allowed.
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1 | 2 3 4 5 | 6 | 7 8 | 9 10 11 12 | 13 14 15
Element's thermal resistar
minimum 04 | 06 | o8
External | required Window to Wall Ratio (WWR)
Orientation | surface | thermal Additional thermal
absorptivity resistanceg resistance required for
(R) (m’k/w) | thermal insulatiormk/w) W<10% [10%<W<20%20%<W<3%| 30%<W W<10% [10%<W<20%20%<W<D%| 30%<W
Solar Heat Gain Coefficient (SHGC Shaded Glass Ratio (SGR)
Roof 0.70 3.00 2.60 240 2.20
0.38 1.00 0.60 0.40 0.20
North 0.50 1.00 0.60 0.40 0.20 0.68 0.62 0.59 NA 40% 50% 60% NA
0.70 1.10 0.70 0.50 0.30
N.E 0.38 1.10 0.70 0.50 0.30
0.50 1.10 0.70 0.50 0.30 0.53 0.44 0.34 NA 55% 65% NA NA
N.W 0.70 1.30 0.90 0.70 0.50
East 0.38 1.20 0.80 0.60 0.40
Walls 0.50 1.40 1.00 0.80 0.60 0.43 0.34 NA NA 65% 75% NA NA
West 0.70 156 1.20 1.10 0.90
SE 0.38 1.20 0.80 0.60 0.40
0.50 1.30 0.90 0.70 0.50 0.43 0.34 NA NA 65% 75% NA NA
S.W 0.70 1.40 1.00 0.80 0.60
0.38 0.90 0.50 0.30 NR
Southf 050 1.00 0.60 0.40 0.20 0.56 0.52 0.44 NA 50% 60% 80% NA
I o7 1.10 0.70 0.50 0.30

- NR: Not Required.

- NA: Not Allowed.
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4.5.2: Steps needed for fenestration to achieve compatibility with EREC's requirements

In addition to the data listed in this chapter, the EREC recommenda{idBRC 2008) were

taken as a guidiéne and have been followed to assess the compatibility of the external openings to

the EREC's requirements. The outlines of the verification process wilatied in brief firstly,

and then it will be presented in detail in the remaining part of this sectionpiidaess mainly

consists of two major steps, the verification step then the calculation step:

A. The verification step: The Window to Wall Ratio (WWR) must be determined, and then the
value of the Solar Heat Gain Coefficient (SHGS) must be specified. The maxinuuwalzé
SHGC values must be obtained for each facade. Finally, the verification must be done to
ensure that the value of SHGC does not exceed the maximum allowed in EREC, if this verified
so the openings not in need for any shading devices, otherwise they need a separate treatme
such as the shading devices.

B. The calculation step: In order to provide the appropriate dimensions for the shadieg dié
required), the Shaded Glass Ratio (SGR) must be calculated, and then the sun-breake
Prominence Factor (PF) will be obtained using SGR. Finally, an equation (equatider
one in step five in this section) will be used to calculate the required W (Fitmed-3) for
each window in all the facades. The W value represents the shading devices depth in the
building.

This method of importance as it involves the calculation method for one olishivg architecture
techniques which will be assessed in the following chapters, along wittorisibution to
minimizing the energy consumption. The calculation method is not complicated rather tigan bei
used frequently for each window in each facade, which imposed the provision afdastecise
calculation means (see Section 5.3). This method includes utilizing a part afotkenentioned
tables (Table 4-1, 4-2 and 4-3), besides other tables:

1- Window to Wall Ratio (WWR): Is the ratio between the areas of the openirags enternal
facade to the total area of this faggde (HBRC #008, Hanna et a|. 2011). ThenwSvVRieet
the requirements of EREC in terms of: Solar Heat Gain Coefficient (SHGC3leaded Glass
Ratio (SGR), both according to the climatic zone of the building andribatation of the
openings (as will be shown later) to prevent the penetration of excessigaanftlieat which
would increase the indoor thermal loa8REC has divided the WWR into four intervals as
shown in Table 4-4.

Table 4-4: The WWR intervals according to EREC.

WWR interval WWR (%)
1 | Less than ten percent <10%
2 | From 10 to 20 percent 10% -20%
3 | From 20 to 30 percent 20% -30%
4 | More than thirty percent >30%

2- Solar Heat Gain Coefficient (SHGC): Is the ratio between the sum of penetrated solar
radiation through glass, and the heat emitted from the glass by convection and radiation, to the

incident total solar radiation on the glass surface (HBRC [2008). Specifi@nglue of Solar
Heat Gain Coefficient (SHGS) for the openings was the second step (using TaBlenBg/

B) (HBRC 2008), according to the type of glass and frame used, and whedebrofi
movable.There are many glass categories listed in EREC, four of the main glass estegori

commonly used in Egypt and mentioned and specified in EREE are (HBR{: ape@)gle

glass. b) Single Reflective glass. c¢) Double glass. d) Double Reflective glass.

2 Annex A-3 in the code.
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: S Visible Light
Glass SHGC for direct solar radiation . -
S SHGC for the window and fram Transmittance
Centre incident angles
Glass Type (mm) (VLT)
VLT sc 0° 400 500 600 200 Aluminium f_rame Other frarpes Vertical |nC|c_ience

movable]| fixed | movable| fixed | movable| fixed
Single glass
Clear 32 mm 0.90 1 0.86 | 0.85 | 0.83 | 0.78 | 0.67 0.75 0.78 0.63 0.75 0.65 0.78
Clear 6.4mm 089 | 094 | 0.81 | 0.80 | 0.77 | 0.73 | 0.62 0.71 0.74 0.60 0.71 0.65 0.78
Green 6.4nm 0.74 | 068 | 058 | 056 | 0.54 | 0.51 | 0.44 0.51 0.53 0.43 0.51 0.54 0.64
Single Reflective glass
Cleqr Reflective 6.4 mm 0.08 | 0.22 | 0.19 | 0.19 | 0.18 | 0.17 | 0.15 0.18 0.18 0.15 0.17 0.06 0.07
(Stainless steel Cover 8%)
Clear Reflective 6.4 mm 0.14 | 0.29 | 025 | 0.25 | 0.24 | 0.23 | 0.20 0.23 0.24 0.19 0.22 0.10 0.12
(Stainless steel Cover %)
Green Reflective 6.m — 0.12 | 0.29 | 0.25 | 0.25 | 0.24 | 0.23 | 0.20 0.23 0.24 0.19 0.22 0.09 0.10
(Stainless steel Cover %#)
Double glass
Clear 3.2mm — Transparent / 081 | 0.78 | 0.75 | 0.73 | 0.70 | 0.63 | 0.49 0.66 0.68 0.55 0.66 0.59 0.71
Transparent - (6.0 mm air)
Clear 6.4mm-— Transparent / 078 | 0.81 | 0.70 | 0.68 | 0.65 | 0.58 | 0.45 0.61 0.64 0.52 0.61 0.57 0.68
Transparent - (6.0 mm air)
Clear 6.4mm— Green / . 066 | 0.54 | 0.47 | 0.44 | 0.42 | 0.38 | 0.30 0.42 0.43 0.35 0.41 0.48 0.57
Transparent - (6.0 mm air)
Double Reflective glass
Clear Reflective 6.4 mm -
Transparent (Stainless steel Cq 0.70 | 0.15 | 0.13 | 0.13 | 0.12 | 0.12 | 0.10 0.13 0.13 0.10 0.12 0.05 0.06
8%) / Transparent - (6mm air)
Clear Reflective 6.4 mm -
Transparent (Stainless steel Cq 0.13 | 0.20 | 0.17 | 0.17 | 0.16 | 0.15 | 0.12 0.17 0.16 0.13 0.15 0.09 0.11
149%) / Transparent - (6mm air)
Clear Reflective 6.4 mm - Gree
(Stainless steel Cover &) / 0.11 | 0.18 | 0.16 | 0.16 | 0.15 | 0.14 | 0.12 0.16 0.16 0.13 0.14 0.08 0.10
Transparen- (6mm air)

- VLT: Visible Light Transmittance - SC: Shading Caeéint.
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3- The maximum allowable SHGC: Can be obtained using data mentioned in® RERC|
[ 2009) (for a sample of these data refer to Tables 4-1, 4-2 apdhdedrding to the windows
orientation and WWR, the maximum allowable SHGC values were obtained for each facade.

4- Verifying SHGC compatibility with EREC requirements: It is importémtverify that the
value of SHGC does not exceed the maximum allowed in EREC; otherwise the openings are
not compatible with the requirements of the code. In the latter, EREC recommends one of
the following three methods:

a) Reduce the size of the openings, so that it achieves allowable SHGC.

b) Improve the properties of the glazing or change the frame.

¢) Use shading for the openings patrtially or fully, with one of the external shading means.
If the third option (c) is the appropriate architectural solution, the difth must be used to
calculate the depth of the sun-breakers. If any of the other options (a or b¥es cimothis
case, the previous steps must be re-calculated in order to make sure thethaneet
requirements of the Code.

5- Shaded Glass Ratio (SGR) & Prominence Factor (PF): SGR is the ratio between the shadet
glass areas to the total area of the opening during the period from 9:00 am to 5:00 pm on 21s
September| (HBRC 208). In the case that the openings were not compatible with the
requirements of the code, the minimum SGR coefficient that should be achievéa for t
openings can be determined with help of the éddefer to Tables4-1, 4-2 and 4-3). Then
its equivalent quantity (SGR factor) according to the shading device forrizdjhia,
vertical and combined sun-breakers) and orientation can be obtained usiogaﬁ

[ 2009) (Table 4-6). The SGR factor calculation is subject to the facade oriertatido the
sun-breaker Prominence Factor (PF), which leads to obtaining the required sun-breaker
depth (W) using equation (1), and its parameters are shown in Fig. 4-3.

W =PF X (A+B) (eq.1)

Where: A is the opening width or height, W is the sun-breaker depth and B isttreelis
between the opening and the sun-breaker. Using this equation, the sun-breakers dimension
could be calculated.

-8l

W ' |
| - A _{

Figure 4-3: Horizontal & Vertical Sun-breakers.

% Tables from(3-2) to(3-17) in the code.
* Tables from(3-2) to (3-17) in the code.
® Table 2B / Annex B in the code.




The aforementioned steps were employed in solving two main issues (see Chapter 6), the
first one was to investigate the effect of climate change on the used shedlingtes,

which is one of the most effective passive design techniques in Egypt. The secomihissue

to find and test the best combinations of the different variables fitest #he selection
process of the building fenestration. The effect of these variables (wiwdtwatio and

glass thermal properties) and their associated shading devices (recommended by EREC) ol
the optimization of energy consumption, as well as its long-term cost-efleeis were
investigated according to each climatic zone, to achieve indoor thermal comsfovell as
long-term cost-effectiveness.

Table 4-6: Table 2B / Annex B in EREC.
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PF

SGR coefficient resulting from the use of Horizontat reakers:
SGR coefficient resulting from the use of Combined lteakers:

SGR coefficient resulting from the use of Vertical bueakers:

4.6: Building materials used in Egypt

Most of the main thermal properties for the construction materials commset! in Egypt
were listed in EREE. However, to complete and cover all the specifications and more materials
(to be used in the research), the Egyptian Specifications for Thermal Insulation Wor(HB
[2007) were involved as well. Samples of the combined thermal and physical (Thermophysical)
properties have been listed in Table 4-7.

® Tables 3B and 6B / Annex B in the code.




Table 4-7: Some thermal properties for the construction materials commonlysed in Egypt.

Thickness Thermal Thermal Specific Density
Name (m) Conductivityk | Resistancdr heat (kg/m?)
(W/m.K) (MPKIW) (I/kg.K)

Solid Red Brick - Tafly 0.120 1.000 0.120 829 1950
Solid Red Brick - Tafly 0.250 1.000 0.250 829 1950
Solid Cement Block 0.200 1.250 0.160 880 1800
Hollow Red Brick - Tafly - 0.600 0.000 - 1790
Hollow Cement Block - 1.600 0.000 - 1140
Portland Cement Mortar 0.020 0.900 0.022 896 1570
Reinforced Concrete 0.150 1.440 0.104 1000 2460
Concrete Tiles 0.010 1.400 0.007 1000 2100
Gypsum - 0.150 0.000 1090 320
GRC 0.010 0.670 0.015 1100 2000
GRC 0.015 0.670 0.022 1100 2000
Plaster 0.005 0.160 0.031 1000 600
Limestone 0.500 0.790 0.633 900 1600
Sand - 0.330 0.000 800 1520
Expanded polystyrene 0.020 0.034 0.588 1400 35

Expanded polystyrene 0.050 0.034 1.471 1400 35

Glass Wool 0.050 0.045 1.111 840 20

MW stone wool (board) 0.040 0.035 1.143 840 225
Betomine Damp Insulation 0.020 0.150 0.133 1000 1055
Porcelain - 1.300 0.000 840 2300
Ceramic - 1.600 0.000 840 2000
Mosaic Tiles - 1.600 0.000 - 2450

Chapter Conclusion:

This chapter has discussed in brief many aspects regarding the Egyptian tRédtahengy
Code. The cursory review for the code contents in this chapter clarifies aspagts that
will be discussed in the following chapters.

Some of EREC's limitations and implementation problems were discussed. fEnentlif
methods of compliance to the code requirements were also discussed espacitily -
building envelope which is our main concern in this research. Some of the ¢puildterials

commonly used in local building industry and its associated thermophysigadrgies (listed

in the code) were also incorporated, these materials were emplogedlghe simulations
in order to achieve the research objectives.




Chapter 5: Model development

Chapter Introduction:

In this chapter, many of the key research aspects will be discusseatemtorestablish some
bases that will be used during the work. The thermal comfort zone in Bggipthe way to
obtain the future weather data files due to climate change, will be amongptbe to be

discussed. As well as, some computerized aiding tools, thermodynamiatgmubols and

its calibration steps, the typical occupancy schedules and HVAC systrththe commonly
used building materials in Egypt which will be used in the simulations. ihadial analysis
that has been addressed in the research will be also discussed combinbkd agtbociated
prices of building materials and energy in Egypt.

5.1: Thermal comfort zone

According to the Egyptian energy code for residential buildings (Section 3the3),
thermal comfort zone was defined as 2&2- 25.6 °C. The current thermal comfort range was
modified and expanded to include a wider range (20 °C - 29° C), in order to tyesataify the
highest possible percentage of occupants and to reflect the true thermabhaewmele in Egypt
more accurately. This expansion will reflect in direct reduction in energy consumption egpeciall
the summer periol (Humphreys 1996, Auliciems and Szokolay|2007). The thermal comfort zone
modification was based on:

e The adaptive model (Humphreys et al. 2p13, Humphreys|{1996, Levermore et al. 2012).
¢ Givoni's hypothesis| (Givoni 19198), regarding the acclimatization to theaipngy
environment.

Accordingly, the current thermal comfort zone (22.2°C-25.6°C) has been extended to the prevailing

hot climatic conditions in Egypt and became (20°C-29°C), using Givoni appfoach (GBa)
through the inclusion of both mean values of the slightly hot zone (25.6°C-34.5°C) #énel of
slightly cold zone (17.5°C-22.2°C) to form the new modified thermal comfort zone ZDC-as

shown in Fig. 5-1.
| | | | | |
Very cold Cold Comfortable slightly hot Hot -

14.5°C 17.5°C 22.2°C 25.6°C 34.5°C 37.5°C

20°C 29°C

[New Thermal Comfort Zone]

Figure 5-1: New expanded Thermal Comfort Zone.




To be noted, in this work we have not used PMV (Predicted Mean Value) &t \al, @re working
with the assumption that, higher air temperatures are tolerated iclithégic context. Therefore,
air temperature are used as a solely indicator for indoor thermal comfort.

5.2: Obtaining future climatic data

The current weather data files (2002) were obtained from the offit@lof the U.S
Department of Energly (USDoE 2012). Each file named using the ISO standard thremigtter
abbreviation (i.e. EGY for Egypt), followed by the location name, World Meteorologica
Organization designation (WMO) and the source format (CTZ2, CWEC, CSWDWCETMY,
IGDG, IMGW, IMS, INETI, ISHRAE, ITMY, IWEC, KISR, NIWA, RMY, SWEC, SWERA, or

TMY3) (USDOE 2012).

For this current research, three compressed (ZIP) files were obtained and used in the simulations:
e EGY_Alexandria.623180 _ETMY.
e EGY_Cairo.Intl.Airport.623660_ETMY.
e EGY_Aswan.624140_ETMY.

Each compressed file contains three files for each location:
e Energy-Plus weather files (EPW).
e A summary report on the data (STAT).
e An ASHRAE Design Conditions Design Day Data file (DDY).

The used files (source format) of the Egyptian Typical Meteorological YEaMY), were
developed for standards development and energy simulation by Joe Huang and Adsogiates
data provided by U.S National Climatic Data Centre for periods of record fram3Dyears. The
source of the hourly climatic data is the Energy-Plus (EPW) weather filehweveloped by Joe
Huang using recorded data from 12 to 21 years, all ending in[2003 (Moustafa and Hegazy 2013).

The future weather data files for 2020, 2050 and 2080 were generated for thendiffamatic
zones, through the use of Climate Change World Weather File Generator (CO&attherGen)
cover the periods of 2010-2039, 2040-2069 and 2070-2099 respeftively (D et al.
2017). The new weather data files have been used accordingly for the simulationssiaff¢he
DB weather data converter tool to convert them into an hourly weather data files thausad be
DB. These weather data files provide a maximum test period of 88 years, asitimngeyf year
2012 was assumed to be the starting construction year, and they were divided as follows:

e 2002 weather data file (cover the period of 14 years): from 2012 to 2025.

e 2020 weather data file (cover the period of 14 years): from 2026 to 2039.

e 2050 weather data file (cover the period of 30 years): from 2040 to 2069.

e 2080 weather data file (cover the period of 30 years): from 2070 to 2099.

5.3: Database and shading calculation tool

In order to calculate the EREC-standard measurements, such as U-value for external walls
allowable window-wall ration, and the width of the shading devices given variousicutemifs
about the building model, several tablewith a lot of records - in the EREC need to be scanned
manually to find the required values. Moreover, the frequent manual executitmsf@rocess -
such as required by the multiple simulations in this research - will consumefaifoe and will
be prone to a lot of errors. Therefore, this was the motivation to stoERIBEE data in a database
(SQL Server database) and implement a calculation tool in order to automate thepraoelss.




The overall idea is to give the calculation tool a list of parameters (beglmpecifications), and

the tool (a C# program) will query the stored EREC data in the databéase toef required values
in a reliable and effective manner.

5.3.1: The EREC Construction Database 1

The first component in this automated system is the Construction Database (GpnstDB
which store the EREC various data. ConstDB is design to be easy to undexstanded and use
in terms of querying for any required measurements. Microsoft SQL Server 2012 haséden
implement the database. Fig. 5-2 exhibit the overall diagram of the database.
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Figure 5-2: Structure Chart for the database architecture.

! This section has been done with technical support of Dr. Khalid Salampytmacience UKC).




Each data table in ConstDB represents an entity in the EREC domain. The followilhgie$ a
description of some of these entities and the corresponding table for each.

1. Material Type: This represents the various types of the materials that caedbe asbuilding
envelope, such as, Glass, Wood, Brick, etc. Each material type record in the [Mate}ialType
table has a code and a name. Table 5-1 lists all the material types stored in the ConstDB.

Table 5-1: Material type table.

Cu:u:le. Mame

E Agaregates/Stones
" Brick

Cement /Gypsum
Glass

Insulators

Metal

7 Miscellaneous

o = T B SR R o R

M8 Tiles
MG Wood

(5=l ==]

2. Material: This represents the actual materials that are used in the bwgldietppe. Each
material record in the [Material] has a code, a name, and set of thermaltipsppend is
associated with one Material Type. Table 5-2 shows some of the materials stdiresl i

ConstDB.
Table 5-2: The used materials table.
Code .Name ThemalConductivity  SpecficHeatCapacity  Densty  Themalfbsomtance  SolarAbsomptance  VisbleAbsomptance  Roughness  Color Typelode

1 PAS1 | Limestone 079 500 B0 NULL NULL NULL NUL Yelow M1
2 " Sand 033 ) B0 09 03 03 Roush  Yelow M1
3 Bl Solid Red Brick - Tafly 1 829 1950  NULL NULL NULL NULL Red 2
4 B2 Solid Cament Block 125 880 1800 09 06 06 Rough Gray 2
5 B3 Hollow Red Brick - Tafly 0.6 NULL 1790 NULL NULL NULL NULL NULL M2
68 B4 Hollow Cement Block 16 NULL 1140 NULL NULL NULL NULL NULL 2
7 CG1  Podland Cemert Motar 0.9 896 570 09 s 06 Rough Gray M3
8 (G2 Reirforced Concret 14 1000 260 05 08 b6 Rough Gray M3
§ CG3 Gypsum 015 NULL 320 NULL NULL NULL NULL NULL M3
0 0G4 Portland Cement 0175 NULL 1335 NULL NULL NULL NULL NULL UK}
1 G164 Transparent 5 NULL NULL  NULL NULL NULL NULL NULL 4
12 I Expanded polystyrene 0.034 1400 3B 09 06 06 Rough White M5
13 2 Glass Wool 0.045 840 20 03 06 0s Rough Brown M5
14 I3 Betomine Damp Insulgtion  0.15 1000 1065 09 07 07 Rough Black M5
15 Msl  Plaster 016 1000 600 07 08 06 Smoth Whe M7
16 M2  Argap 03 1000 00 09 07 07 Smoth Transparen M7

7 Concrete Tiles 14 1000 2100 09 7 07 Rough Gray M2
18 T2 Porcelan 13 B840 200 09 04 04 Smoth White g
19 | 713 Ceramic 16 0 2000 03 04 04 Smoth White Mg

3. Material Properties: This represents the extended properties for some spatgfi@intypes,
such as Solar Heat Gain Coefficient (SHGC) values forriadt belonging to the “Glass”
Material Type. Each record in the [Material] table can have one or more recoh@ in t
[MaterialProperties] table. Table 5-3 shows some of the material propftidhe glass

Materials.




Table 5-3: The Material Properties table.

MateralCode Materal TypeCode PropetyCode  Value

1 {GI P M4 SHGCA 0.71
2 G1 M4 SHGC-2 0.74
3 G1 M4 SHGC-3 0.6

4 G1 M4 SHGCH4 0.71
5 G10 M4 SHGCA 0.52
6 G10 M4 SHGC-2 0.54
7 G10 M4 SHGC-3 D.44
g G10 M4 SHGC-4 0.52
9 G11 M4 SHGCA 0.13
10 G111 M4 SHGC-2 0.13
11 G M4 SHGC-3 0.1

4. Layer: This represents a realization of a material in layer. In other words, Eamhhaesyone
Material (each record in the [Layer] table is associated with one record Maberigl] table),
and the “thickness” of the material is what defines the layer itself, and consequently its price
and its thermal resistance. Note that the thermal resistance R of a [A@kress/Thermal
Conductivity. Table 5-4 shows a subset of the layers stored in the database and used in th
experiments.

Table 5-4: The Layer table.

La}fertude MateralCode  ThicknesslD  Thickness FPrice  ThemalResistance
1 LBA B1 12 0.12 12 0.12
2 LB2 B1 14 0.25 5375 025
3 L In1 13 0.02 L NULL © 059
4 LM CG1 11 0.02 NULL  0.02
5  LP-1 Ms1 7 0.005 NULL 0.03

5. Construction Type: This represents the various construction types of a buildingpen\hch
record in the [Construction Type] table has a code and a name. Table 5-5 lidte all t
construction types store in the ConstDB.

Table 5-5: The Construction Type table.

Code  Name
1 EN ......... Extemal Windows
2 EW  Bdema Wals
3 GF Ground Floor
4 IN Intemal Windows
5 15 Intermediate Slab
3 ) Intemal Walls
7 RO Roof
8 SD Shading Device




6. Construction: This represents the actual constructions used in thexpuwidielopes. ConstDB

stored a set of well-known constructions used in various building envelopes in &gpbwn
in Table 5-6. Each record in the [Construction] table has a code, a nameaasaciated with
one record in the [ConstructionType] Table. Note that each construction is compasset o
of layers, which are defined in the [ConstructionComposition] table. The “Total Thermal
Resistance” of a construction is the sum of the thermal resistance values of its layers plus 0.17
(which is external plus the internal air thermal resistance).

Table 5-6: Sample of the construction materials stored in the Constructiotable.

Code Mame  Description TypeCode  TotalThemalResistance
1 iSL1 | Roof Roof with Stone Wool Insulation RO 1.08
2 WU 12em  Haf solid rectbrick wal EW 0.39
3 WLZ 25+ Full solid red-brick wall plus additional 2emof ... EW 1.11
4 WL3  Dair Double wall of half solid red-brick with 5emai..  EW 063
5 Wid4  Dins Double wall of half solid red-brick with additio... EW 193

7. Construction Composition: This defines the various layers that compose a specific

L o ey

construction, plus the position (order) of each layer in this construction envelopehatothd
relationship between the [Construction] table and the [Layer] table is toangny (i.e., one
construction contains many layers, and one layer can present in many construction). & herefor
the [ConstructionComposition] Table acts as a bridge between the Construction and the Layel
entities. Table 5-7 list a set of construction compositions stored in the tabldedBekable

5-8 shows a usédtiendly view of the “External Wall — 12¢m” construction.

Table 5-7: The Construction Composition table.

ConstructionCode LayerCode  LayerOrder
1 sl | CTA 1
2 1| CTA 6
3 SL1 LI-1 4
4 S0 LI-3 5
5 1| LM 2
& SL1 SA-1 3
7 WL LB-1 3
] WL LM-1 2
) WL LM 4
0 Wi LP-1 1
11 Wi LP-1 5

Table 5-8: The details of the external wall "12cm".

ConstnuctionType  Constuction  MatedalType  Materal ThemalConductivity  LeyerThicknes  LayerThemialResistance  LayerPostion  ConstructionTotalThemaResistance  Value
BtemdWds  on Meodmeoss Pl D% 0005 i w 13 2%
BtemdWds Do CenenlGpsm  Fodrd Cement ot 03 7 i 2 1% 25
Bdemal Wals ~ 12cm Brick Solid Red Brick - Ty 1 012 012 3 03 15
BeemalWals  1Zcm Cement/Gypsum ~ Porland Cement Motar 03 002 002 4 1] 5%
Edemal Wals ~ 12cm Miscelangous  Plaster 016 0005 003 ] 03 15




8. Minimum Opening Requirements: This is represented in [MinReq_Opening] table in the
ConstDB. The table contains the EREC maximum allowable Solar Heat Gain @oeffici
(SHGC), and Shaded Glass Ratio (SGR) values, with respect to the orientatddR, W
construction type, conditioning status, and the climatic zone. Table 5-9 show the EREC
specifications stored in the database. Table 5-10 shows a user-friendly ofieve
specifications in the [MinReq_Opening] tableashthere wall direction is “East”.

Table 5-9: The "MinReq_Opening" table.

ZoneCode  Construction TypeCode DirectionCode  WWRCode SHGC SGR  Conditioning

1 CEw E 1 065 055 Yes
2 C7 " Ew E 2 055 065 ‘Yes
1 cz EW E 3 04 075 Yes
4z Ew E 4 1 T Yes
5 cz1 Ew N 1 0 0 Yes
§ Cz Ew N 2 0 0 Yes
7 cz EW N 3 0 0 Yes
g cz Ew N 4 071 04  Yes
s cz1 Ew NE 1 071 04 Yes
10 czl Ew NE 2 065 05 Yes
1 cz EW NE 3 085 06 Yes
12 cz Ew NE 4 1 4 Yes
13 czl Ew N 1 071 04 Yes
14 czl Ew N 2 065 05 Yes
15 CZ1 EW N 3 085 06 Yes
16 C2Z1 Ew N 4 1 4 Yes

Table 5-10: Sample of the stored data in table " MinReq_Opening " for easte facades.

Climati.cZnne Direction  WindowWalRatiolnterval ~ SHGC  5GR
1 Morth Coast {Alex) [0-0.1] 0.65 0.55
2 Morth Coast {#ex) | [01-02 0.55 0.65
3 Morth Coast {Alex) [0.2-0.3] 0.4 0.75
4 Morth Coast {Alex) [0.3-1] -1 -1
] Cairo & Delta [0-0.1] 0.55 0.6
] Cairo & Delta [0-0.1] 0.55 06
7 Cairo & Delta [0.1-0.2) 0.45 7
] Cairo & Delta [0.1-0.2] 0.45 7
9 Caira & Delta [02-03] 0.35 0.8
10 Cairo & Delta [0.2-0.3] -1 -1
11 Cairo & Delta [0.3-1] 0.27 0.5
12 Cairo & Delta [0.3-1] -1 -1
13 South Egypt (Aswan) East [0-0.1] 0.43 0.65
14 South Egypt (Aswan) East [0.1-0.2) 0.34 0.75
15 South Egypt (Aewan) East [0.2-0.3] -1 -1
16 South Egypt (Aswan) East [03-1] -1 -1

5.3.2: The Shading Calculation tool

A tool has been created, using Microsoft.Net C# programming language, tonegnpline
calculation logic of the shading devices dimensions, with respect to the EptEffications stored
in the ConstDB. The shading calculation tool works as follows:




The user supplies the following specifications of the building model at hand as parameters to
the calculation tool:

e Climatic Zone.

e Orientation of each wall in the building.
e The used Window Wall Ratio.

¢ Conditioning Status.

The EREC's recommendatiofs (HBRC 2008) were taken as a guideline and fdhothed
preparation of the database and the calculation tool. The detailed watcideeps were
discussed in sections 4.5.1 and 4.5.2, for both the solid parts and fenestratiohdiitdihg
envelope. The database and the calculation tool have been tested through comparing th
manually carried out calculations to the automated outputs, and found totaligatenhe
database in general is still under development, while the shading calculatide pbmnost
finished. However, both lacks a user friendly interface. While the section oedcén
achieving the compatibility of the solid parts of the building envelope with EREC's
requirements is still under development. The product in its final state (thbadet after
development) may represent the E-version of the Egyptian residential energy code.

5.4: Thermodynamic simulation

5.4.1: The main case study

To test the research hypotheses and confirm the results, a number of case studggypolog
have been selected (Section 7.1.2). The main case study model was selected for beinigeone of t
typologies used in a governmental middle class typical housing projects, and has liken use
extensively in Cairo governorate.

The building consists of six floors, where each has two residential flitawipproximate area of
70 nf/flat. The average number of occupants per flat is four. The building moddbanglfn are
shown in Figure 5-3, the flat consists of living space, kitchen, two bedroonasbatitroom.

Figure 5-3: The model and typical plan for the used prototype.




5.4.2: The calibration

Accuracy assurance is a very important element in any simulation task intml#ain
reliable data, the accuracy assurance process involves the use of a validated (
). In addition to use a correct simulation methodology, it is more effective ttheise
simulation processes in comparing the predicted performance of design aks;natore than
predicting a single design performance in absolute gense (Hensén 2004).

The quality of the inputs affect the accuracy of the redqults (Baba @0&§). According to
Humbert [(Humbert et al. 2011), the sources of deviation in the data input dugingodelling
process, that lead to lack of accurate results for the simulations, can be dividedriatégories:

1- The building's location and geometrical data.

2- Thermal specifications for building materials and for equipments.

3- Weather data used for the simulations.

4- Occupancy pattern and needs.

Different assumptions and choices of input data can lead to discrepanciesnbtteesctual
consumption and the simulated outputs. Wrong choice for the used climatic data can result in
uncertainty up to 23.8% in the energy consumptfion (Humbert et al] 2011). Differemheters
involved in the simulation processes in this work, including the madelthe properties of the
building materials, lighting and HVAC systems configurations, water heaterstfadhousehold
appliances have been examined and calibrated in order to obtain more accurate rethéts for
simulations The main simulation model was used for the calibration process by comparingea whol
year simulation results of the aforementioned model (in Cairo climatic zonéyot@nergy
consumption patterns in Cairo (obtained from two different sources):

1- Utility bills comparison: The electricity utility company (North @aElectricity Distribution
company) has provided the researcher with the monthly consumption rates for 10@m@stpartm
(represent the same used model) for a whole year. The energy consumption rates obtained fror
the bills (represents the real time consumptiwere entered in spreadsheets, to identify the
patterns of use and the prevailing weather effects. The consumption rates are slown as
clustered columns in Fig. 5-4, while the simulation results for the monthly elgctrizige are
shown in the same figure, represented by the blue line, for the purpose of ifagiliket
comparison. As shown in the figure, the model's energy consumption pattern which obtained
from the simulation process, matches by a reasonable margin the average elenthbity
usage pattern.
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Figure 5-4: The utility bills comparison.




2- Field survey for the average monthly consumption: As an extension for many premdas Si

studies, a recent energy survey conducted in Gairo (Attialf2tl2 et al. 2012p), was used
the data source for the second calibration and validation step. This survey relied on rhany of t
previous studies namely:

e The residential energy survey (1998), which was conducted by the Organization for
Energy Planning (OEP) in cooperation with Cairo University. A sample of 2634 flat
scattered in 16 different neighbourhood within the greater Cairo were investighgéed. T
results showed that the average energy consumption per annum per flat was about
2866 kWh|(UNDP/GEF 20083, OEP/DRTPC 1999).

e Another three more surveys have been conducted by OEP during years 2001-2002, in
three major cities in Egypt namely Port Said, Alexandria and Asyut which was
conducted with the collaboration of the Faculty of Engineering in Asyut
(ECEP/DRTPC 200, AU/OEP 2002).

¢ Two more surveys have been conducted through the years 2001 - 2003 by the Egyptian
Housing and Building Research Centre (HBRC), residential and commercial buildings
in Cairo and Alexandria were involved in this wqrk (Aziz et al. 2001).

e More field works were carried out b}/ (Michel and Elsayed 12006) in Cairo and
Alexandria, with a focus on new residential buildings in order to improve thencurr
building practices.

e Attia and associate{s (Attia et al. 2(])09) tried to estimate the fletage energy
consumption in Cairo, but they only focused on a small sample of higher income
apartments with high energy consumption.

The average monthly electricity consumption for a typical residentiainfl@airo (obtained

from the results of this recent energy survey), was used for an energyngios comparison

with the simulated energy consumption of the main model. These surveyed energy
consumption data were plotted in Fig. 5-5 (marked out as clustered columns)jfyotiota
shape of the relationship between the monthly simulated energy consumption (in tieeplue

of the aforementioned model in Cairo with the similar prototype flats avefai;. As shown

in the figure, the average of the simulated monthly electricity usage redheheverall profile

of the data obtained from the recent field survey and follows its general patterns of use.
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Figure 5-5: The average monthly consumption and the simulated monthlglectricity usage.
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In general the aforementioned comparisons illustrates a good agreement between #t@rsimul
results and the different two energy consumption patterns in Cairo. Thahabss agreement
gives us good confidence in the results and its conformity to the realityéasonable ration |
addition to the ability of relying on this simulations when studying the diffexernatives and
solutions proposed in the study.

5.4.3: Automation of the simulation processes (EPP)

A new code has been developed and used to facilitate the huge number of simulation
processes and to ensure the accuracy of the results. The initial simulatioioexstcategy (Fig.
5-6) was to use DesignBuilder (DB) and its Energy Plus integration. Thresegparincluded, a
model, a location setting on the model and a weather data file per location aisét{iags. The
simulation is then run and the results are observed by exporting the simulation resul&vafile C
through DB for the visual representation. The approach was sufficient as a proof of condept and
initial tweaking of the model and other parameters. However, the plan was to run a hbge ofum
simulations, which led to the need of a faster less human dependent solution. Thus Pirergy-
Plus (EPP) was born.

CSv

A 4

- Model < D >
®—> - Location
- WDF

Figure 5-6: The ordinary method used to conduct simulations.

A Java automated runner for Energy Plus simulations (e+), the firgpivésge Fig. 5-7) of which
was used to produce some results in this work. This version provides autcimatf@simulation
step, the most time consuming step of the process. The simulation scriptdg#piare produced
using DB after configuring the location and are independent of the yearly webtbgirdi a single
simulation script can run against all four weather data files the study is wedceith (2002,
2020, 2050 and 2080). So all scripts of a specific model and location is then gathleatchies
and then passed as inputs to EPP along with all the weather files of the $pe&iion. It is then
run to generate Energy Plus output (ESO files), that is parsing usingédBteand then exported
into CSVs.

EPP is modular in design and built with the intention of streamlining tte gmocess including
script generation, output parsing and parallel simulation execution. The end goghrovide a
single model (or models) and a collection of weather data files, and then get Speetslof the
results in a timely fashion. However, at this point the only automated élk simulation
execution. EPP is under development to achieve the above functionality aiming to tteeluce
human intervention in the multiple simulations execution as much as possivgngthe ability

to execute more simulations and cover a broader spectrum of possibilitieseve supporting
evidence.
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Figure 5-7: New technique used to handle the simulations.

5.5: Financial appraisal

The concept for the financial study in this reseag@ummarized in finding the difference
in the long term financial gains over 88 years period (see Section 5.2) between:

1) The investors who prefer to invest a small amount of money in the iodstl of the
construction (refer to as X).

2) Those who prefer to invest a larger amount of money in the initial casiedbuilding
(refer to as Y) to employ better construction materials to the building envelope.

The aim is to differentiate between the various sets of construction materiabsstiisgd from the
recommendations of EREC, and its suitability to adapt the future climate cimrgeh of the

climatic zones that have been tested. In addition to achieve indoor thermal contforizenthe

energy consumption, while attaining the maximum financial benefits, whimiid be more
appealing option for occupants justifying the higher initial cost. The initiedstment and running
costs were the main focus (after achieving the indoor thermal comfertheg are of primary
importance for the people who are investing and occupying the buildings. So thbdedeen on
energy costs for keeping the building comfortable along with the associateddirasts (from

construction to operation), as these are the costs that the user would have to bear.

In the current financial appraisal, we assume that, investor X used one of tmaatmmstnaterials
sets, while investor Y used a higher initial cost set (with higher #iespecifications). For each
building materials set, we calculate the initial cost paid by investor X an@h¥ difference
between the initial costs for the different sets of building matesigli$e invested in a bank with
the regular 9% interest rate in Egypt (NBE 20Te interests is assumed to be compounded on
yearly basis (i.e. the any earned interest will be re-invested in thelbsarke The future value of
the deposited money is calculated using the following formula (See Appendix Xurtber
description of the formula):

Vi= M X (1+0.09)" (eq. 1)
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Where:
Vi The future value of money deposited in a bank for investment in N years’ time.
M;  The difference in initial costs calculated in Egyptian pound (EGP).
N Number of Years of bank investment.

In addition, the bills paid for the consumed energy by each investor is referreth® rasning
costs, the difference in the running cost between any set of materials abdsthease set of
building materials (savings in the annual energy bills in EGP) is assumed to beatkpusity
year into a bank for investment at the same rate of 9%. After N yearduhevalue of the money
deposited for investmen¥,, from the running costs savings is calculated using the following
equation (See Appendixl for further description of the formuta)

_ (140.09)N-1—1

V, = 509 X M, (eq. 2)

Where:
V,  The future value of money generated from annual deposits for N years of investment
M, The difference in running costs in Egyptian pound (EGP).

N Number of Years of bank investment.

In the final analysis, one of the material sets will be taken as thdibasmse (according to the
nature and requirements of each experiment). The financial implications for thes ksthe
simulations will be summarized in the final tables (Table 5-11 for example);hwhill
demonstrate the financial appraisal of the different sets of materitile various climatic zones,
as the financial study was designed to be applied for each climatic zonatalgpdiese tables
show the running costs for the energy consumed in each zone for each climatic period hesed in t
simulations (sub- total), and the average annual running cost obtained bygdiiaelirunning cost
of the four climatic periods added together (overall) by 88 years, as well ia#titiecost of each
building material set. Note that, in each of the results' tables, thetdiah amount of savings
shown in negative indicates that its corresponding set of material is more egtivefthan the
baseline set (i.e. only the negative numbers in the column "saving in oasalvs. saving in
running cost" according to the mathematical equations, indicates financial gdims long term
for any of the various alternatives of the study versus the base case).

The subsidised electricity tariff as well as the interest rate are assarbediked over the study
period. Taking into consideration that, the increase in the electtamiiffs (the removal of
subsidies) or the decrease in the interest rate will reflect inteaised financial benefits in favour

of theresearch hypothesis, where these possibilities have been tested as the worst case scenario tt
can be expected. In one of the case studies, to verify this claim, several attereptenducted on

the economic model. The interest rate was reduced to 2% and the price of energy eesed

to six-fold, despite of this the general indicators of the results nehastationary, although the
figures have been changed.
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inancial analysis tables.

An example of the f i

Table 5-11
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5.6: Typical occupants schedules for residential end use energy simulations
5.6.1: Occupants activities

Many studies have investigated the major end use activities that consumegsseicbrgs
heating or cooling the indoor spaces, domestic hot water (DHW), appliances and I (
[and Ugursal 2009b, Yao and Steemers P005). Energy use in buildings strongly dependant on th
way people use their available systems at home and their general behavipur. AsqR@0BI0E)
has stated, the most complex processes taking place within buildings are thossulbed from
human behaviours. According fo (Page et al. 2008)[and (Robinsoh 2006) the occupantstinfluenc
can be measured through their actions and activities such as cooking, using light etell as
their interactions with the indoor environment controllers such as the HVAEnsysOccupants
attributes such as income, education, family size, occupation hours, home ownership, desire fol
comfort, and energy conservation incentives are highly influential on energynmmim
et al. 2001‘, Nugroho et al. 24[L0, Lutzenhiser and Bendel 2010).

The assumptions for occupants' domestic activity patterns used in the researchtractcons
representative simulation models, were built based on the average size of the Egyptian thmily i
urban places, which consists in average of four people per flat (the national averageufiancy

is 4.19 person / fla) (CAPMAS 20D6). In addition to the prevailing working hours, which identifies
the occupation hours, hourly usage profiles and operation patterns and weekend days. Th
aforementioned data were extracted out of previous and similar research in Egypaimelifeskl,

where many bodies in Egypt have been conducted several energy monitoring aatiditesveys

during the past two decades. Among these bodies the Organization for Energy Rla&ihand
several institutions, universities and research centres (Khali| 2005).

The occupants' domestic activity patterns used in the research was based maindgamt work
introduced by[(Attia 2012) in Alexandria, Cairo and Asyut. This recent sumfesents an
extension of number of previous wofk (UNDP/GEF 2003, OEP/DRTPC|[1999, ECEP/ORTPC
[2001}{ AU/OEP 200RAziz et al. 200)|, Michel and Elsayed 206, Attia et al. 2009) in the same
field (Section 5.8). The work has been conducted in two phases in order to obtain more accurate
information. The first step was an utility bills analysis, while geEond phase was executed
through conducting a field survey. During the first phase, the electricityhaile been analysed
using computer software to identify the different patterns of use, peak demand #mel wiacts
While during the field survey, the energy consuming devices most commonly usedEgyptian
house have been identified such as air conditioning units, lighting, water hetiees, etc., in
addition to their operation's hours in summer and winter. Data resulting fromdlghases were
combined and analysed to form a realistic estimation of the energy performaressdential
buildings, along with hourly usage profiles and operation patterns represemnsitheresidential
flats in Egypt. The results revealed a difference in energy consumption rabediragdo each
typology in each city in accordance to their own circumstances. riielss, the occupant’s
consumption patterns in most of the tested residential buildings still has a prevatienal
character. The most common occupant’s pattern was resulted due to the prevailing lifestyle in
Egypt:
e During the normal weekdays:

- Most of the flats occupants would be away from home between 08:00 and 15:00.

- About 25% of them would finish their work after 17:00.

- Most probably all the occupants would be at home by 23:00.

¢ On weekend days (Friday and Saturday in Egypt):
- Most of the occupants would stay at home at least on Fridays.
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In light of the aforementioned work, the activity schedules (Table 5-12) wepaned to be used

in the simulations processes, where the Y axis represents the proportion of camsdonpdiach
hour of the day, according to the number of family members present in the houséraetbisthe
day. During the sleeping hours, some energy consuming activities continue to opeaate as
conditioners, fans or any other appliances, while in the early morning most of tlEaotscwake

up for work or school, that is why the usage rate increases. During théngvdrours, the
consumption levels decrease but not to zero as a lot of housewives stays at hibie flegular
duties. After the working hours, family members returns successively thus the ptinsurates
increases gradually. This increase continues until the beginning of sleeping hours. The daily routine
differs in the weekend days, where the waking up time will be delayed, thesf gagtoccupants
prefer to spend their time out, so the consumption rate do not reach its mabduals until their
return. Then the bedtime normal consumption rates begins.

Table 5-12: Most prevalent working / occupation hours in Egypt.

112 (3|4|5|6|7|8|9|10(11{12|13[{14|15(16|17(18|19(20]|21|22|23|24
75% 75% 100%) 75%
50% 50%
weekdays 2506
75% 100%) 75%
weekend | so% 50%
days

5.6.2: HVAC Systems

Time schedules are responsible for controlling many certain activities ginthi&ations in
DesignBuilder, sometimes in conjunction with the cooling and heating setpoints. daese
defines the occupancy periods and the operating hours for appliances, equipment, lighting anc
HVAC systems[ (DB 2011). Fixed energy consumption schedules were used for thetisimayl
and has been defined via fixed activity template based on the common lifestyle fesitlents of
Egypt such as holidays, work hours, dtc. (Attia et al. 2012a). For each combiofafiarameters
that have been tested, a simulation has been conducted to evaluate thermal comboobgaid t
the total energy consumption in kWh from room electricity (household appliandessuvashing
machines, fridges, vacuum cleaners, irons, etc.), lighting, DHW, and the HVAC systems.

HVAC systems were used in this simulations as it is possible to design buildings to provide thermal
comfort for the occupants while operate in free mode, when the prevailing mean outdoor
temperature lies within the range 10-30°C (Humphreys et al.|2013), which dighpliid to our

cases especially during the summer hot period. Moreover, natural ventilatemetesufficient to
achieve thermal comfort individually in the summer period in Cairo usingréift external walls
specifications (see Section 6.1.1).

Hybrid systems (mixed mode of HVAC systems and natural ventilation) wereaubedéfit from
passive cooling when available and make efficient use of mechanical cooling systemgs duri
extreme periods. Simple HVAC systems setup were used in the simulations, whezatihg and
cooling systems are modelled using basic loads calculation algorithm (Energy Plus\zb@Ge H
ideal loads)[ (DB 201[1), in order to supply hot or cold air to meetherating or cooling loads
according to the required setpoints. The HVAC specifications include the useliofair-
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conditioning units (with cooling COP = 1.83) for the whole day in the summer when the
temperature exceeds 29°C until it drops below 25°C; otherwise, natural ventilation was used.

5.7: Building materials used in Egypt

Due to the lack of specifications for the commonly used construction msiertagypt in
"DesignBuilder" library, a whole package of these materials were crgatadscratch to be used
in the simulations. These materials were used later in the formation of thersiretements used
in the construction of the building envelope and other internal components of thadsuil@ihe
thermal properties of these materials have been obtained from two officiaesour order to
ensure the information accuracy:

e The Egyptian Residential Energy Code (EREC) (HBRC R008).
e The Egyptian Specifications for Thermal Insulation Work It¢ms (HBRC [2007).

The different properties that were obtained were used in a two stepsspimoesate the different
building construction components needed:

1-Creating new material: By adding the thermal properties of the new aisiteribe formed
such as, Conductivity (W/mK), Specific Heat (J/kgK), Density (Ry/rand Thermal
resistance (Ak/W). as shown in Fig. 5-8.
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Constructions Data
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T — |

115 b3 conerete £
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Materials Data e
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Figure 5-8: : Adding new material in DB.
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2-Forming the constructional componemssembling the materials together. In this phase, the
number of layers involved in each construction component need to be specified. Itresdrequi
to assign specific thickness for each layer, in addition to its order whethdehdt outermost
layer or the innermost layer (see Fig. 5-9). Upon finishing the creatioregs of the
construction component, an image of the component section can be produced as shown ir
Fig. 5-10 (two external wall sections used in the simulations are shown in Fig, B+11)
addition to a full summary for the new component's thermal calculations as shown in

Fig. 5-12, such as the U-value (WH) and the R-value (FK/W).
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Figure 5-9: New construction component specifications.
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Figure 5-10: The new construction component's section.
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Figure 5-11: Sample of the external walls used in the research.
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Figure 5-12: The thermal calculations of the new component.

The specifications for some external wall constructions and glass types ubésirigséarch are
presented in Tables 5-13 and 514 (HBRC 2p08, HBRC |2007). A list of thermal andaphysi
properties for some of the commonly used building materials in Egypt, and diffgpast of
construction sections combined with illustrations will be found in Appendix - 1.
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Table 5-13; External Walls main characteristics.

Thicknesy U-value -
External Walls ABBRV. Description
cm W/m?K P
Half red-brick wall 12cm 12 2.519 Most commonly used
Full red-brick wall 25cm 25 1.898 Commonly used
Pouble wall of half red-brick with 5 cm air gap Dair 29 1463 Commonly used
in between.
Double wall of half red-brick with additional intern
5 cm of expanded polystyrene thermal insulation Dins 29 0.503 Commonly used
layer.
Full red-brick wall plus additional 1cm of expande EREC minimum requiremen
- . 25+ 26 1.22 k
polystyrene thermal insulation layer. for Alexandria
Full red-brick wall plgs add!tlonal 2cm of expande 2544 27 0.897 EREC mlnlmum. requiremen
polystyrene thermal insulation layer. for Cairo
Full red-brick wall plgs add!tlonal 3cm of expande 25 (+3) 28 071 EREC minimum requiremen
polystyrene thermal insulation layer. for Aswan.
Table 5-14: Used glass specifications.
« o U-Value
Glass type ABBRV. | Category | SHGC LT (W/m2K)
Clear 6.4mm Gl Single 0.71 0.65 5.76
Clear Reflective 6.4mm (Stainless steel Cover 8%)] G2 Slngl_e 0.18 0.06 5.36
Reflective
Clear 3.2mm Transparent/Transparent - (6.0mm ali G3 Double 0.66 0.59 3.71
Clear Reflective 6.4mm - Transparent (Stainless s Double
Cover 8%)/ Transparent - (6mm air) 1 G4 Reflective 0.13 0.05 266
"SHGC: Solar Heat Gain Coefficient. "LT: Light Transmission.

5.8: Prices of building materials and energy
5.8.1: Construction Material Costs

The price-list of construction materials, derived from The Engineering Atythodicative Guide
EAAF 2017), was used to calculate the initial cost of the different bgildiaterials in each case
tested in the simulation$hese numbers were used later for the financial analysis.

5.8.2: Electric Energy Prices

For the financial analysis, the cost of the annual energy consumption per flatousted using
the electricity tariff derived by the Egyptian Ministry of Electriciéigd Energy for the residential
sector [[MOEE_201]2), which is referred to as operation cost or running Tustdifferent
categories and prices are shown in Table 5-15.
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Table 5-15: The current electricity tariff.

no. | Category (kW) Price (EGP) no. | Category (kW) Price (EGP)
1 50 0.05 4 351650 0.24
2 51-200 0.11 5 651-1000 0.39
3 201-350 0.16 6 Over 1000 0.48

Earlyin year 2014, after the main simulations and results were finished, the Mufigtectricity
issued a new electricity tariff (not implemented yet - 2014). This new taeafl€T5-16) has been
used in the final financial analysis for the case-studies discussed in chaptaddition to the
previous tariff, for the purpose of comparison between the results in both cases.

Table 5-16: The proposed new electricity tariff.

no. | Category (kW) Price (EGP) no. | Category (kW) Price (EGP)
1 50 0.05 4 351-650 0.29
2 51-200 0.13 5 651-1000 0.53
3 201-350 0.19 6 Over 1000 0.67

Chapter Conclusion:

This chapter discussed the reasons for selecting the study's climatic zones, the differen
obtained climate change weather data files, the expanded thermal comfort zone in Egyj
which has been used for the simulations. Aside from, a full explanations for the compute
aiding tools that facilitates many issues in the simulation processes. Thediramalysis'

assumptions and it role in the comparability between different solutions were discussed

well.

It has turned out from this chapter, how important the role that could be played by&he E
programs in order to help understanding the complex issues related to the thermal
performance of buildings and energy issues related to them, which considered as an
important trend for the development of modern energy codes.
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Chapter 6: Evaluation elements of building’s thermal performance

Chapter Introduction:

In this part, the different questions that contributed in achieving the oésebjectives will
be described. The main theme of these inquiries was the arctateptut in the Egyptian
Residential Energy Code (EREC), which consists mainly of the basic components ¢
building envelope. These main components are the external wall insulation, daast
specifications, in addition to the proposed part of solid elements shading.

Many questions have been addressed such as the potentials of the commoniythisetbw
materials in the Egyptian market to cope with climate change, the apjitjcabEREC's
recommendations regarding the external walls in the future climanidittons. Moreover,
other questions regarding fenestration will be addressed such as the expected effidienc
shading devices' calculation method listed in the code in light of climate chanugineabest
combination of the different variables that affects the selection procesee diuilding
fenestration and its associated shading devices. Finally, the benefaria of thermal
comfort and financial returns on the long term of the re-use of one of thacudar
architecture passive methods (solid parts shading), with the implernentditmany of the
current code recommendations.

In order to achieve the goals in this research, many questions need to be addressed. F¢
each question and unclear issue, many attempts have been conducted in order tthelarify
uncertainty. This chapter includes number of unclear issues that caught attentiomns aetieved
that it will be of importance to complete the research. This chapter coofstbie main parts,
each part will regard certain issue in EREC. Generally, the basic components of tiegbuil
envelope mentioned in the code: External walls, fenestration specifications, andatkd
shading.

As both prescriptive and overall performance methods were used in EREC for reporting and
calculating energy consumption for buildings, both of them were used in thenassess well.

The prescriptive approach in EREC will be tested at the beginning agaén$uttire climate
change, to measure its ability to cope and provide the required indoor conditibmminiihum

energy consumption. In the case of inability to provide that or itsréatb cope with the climate
change, the overall performance approach will be used instead, to select and test othel
specifications, that not recommended by EREC, to achieve better performantkaatebat we

got from the EREC, as overall performance approach is currently used worldwideige r
building codes significantly (Vorsatz et al. 2011).
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6.1: External walls

Due to the nature of the hot arid climate zone in which Egypt is located, largeedsck
external walls have always been preferred in practice. This is to reduce anthdéiawnt transfer
from the harsh external conditiorjfgl{Wakeel and Serag 1989). At present, the widely used
construction sections for the residential external walls are theefidbrick (25cm thickness) and
the half red-brick (12 cm thickness). However, the latter is mostlenpeef in practice in order to
minimize the initial financial cost of the construction project, due tentall initial cost compared
to other external walls specifications, and to maximize the available area spsicies for use
This ignores the negative impact of thermal comfort on the inhabitamisliaas its impact on the
running cost of the energy consumption for cooling, heating, etc.

It was important to determine the relationship between the specificationsmeooled by the code
and the status quo of the construction industry in Egypt. The thermal behavithe ofost
commonly used materials in the Egyptian market to construct the externalweakh verified
against what has been obtained from EREC.

6.1.1: Current construction practice in Egypt

No. of simulations Climatic zones WDFs No. of models
8 Cairo 2002 1

The research starting stepsepresented in the study of the effect of using different
external wall specifications on three essential aspects: the initial cake afonstruction, the
thermal comfort of the inhabitants, and the operation cost in terms of energy coonsuifipé use
of four external walls specifications have been evaluated (Table 6-1). The evaluatidorimgubr
based on simulating both natural ventilation and mechanical means (HVAC). Thaviltddcus
on Cairo and Delta climatic zone (Cairo governorate).

Table 6-1: Main characteristics of the external walls.

Thickness | U-value
External Walls Description
cm W/m?K P
Half red-brick wall 12 2.519 Commonly used
Full red-brick wall 25 1.898 Commonly used
Limestone bearing-wall 50 1.228 Egyptian vernacular architectur
Full red-brick wall plus additional 2cm of EREC minimum
. . 27 0.897 .
expanded polystyrene thermal insulation lay recommendation

Note that the first two specifications, namely the half red-brick wall améuthred-brick wall, are
most commonly used in practice, since they have a relatively low initial cotigtrgost. We aim
to evaluate their cost-effectiveness, considering the energy consumption, in comp&hstire w
second two specifications.

! This work has been published in the form of conference papgetalixI!).
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The model (Section 5.4.1) has been tested under the current climatic conditionfheisiegther
data file for Cairo climatic zone. The simulations results (Fig. 6-1) indicdtat] in natural
ventilation all the scenarios of the different external walls specificatian®uwatr of the thermal
comfort zone between April until October (Summer period). Hence, mechareealsngsplit air-
conditioning units) are required to achieve thermal comfort over the different seasons of.the yea

°C °C
12¢m In Temp. 12em in Temp.
= ——=12cm Out Temp. = ===12cm Qut Temp.
25cm In Temp. 25cm In Temp.
30,00 \====25m-Out Temp, 32,00 | ====25cm-Out Temp,
s0cm In Temp. 50cm In Temp.
50cm Out Temp. ~ == 50cm Out Temp.
f—— 2544 In Temp. — 2544 InTemp.
= === 2544 Out Temp. ====25++ Out Temp. ——
Thermal comfort zone Thermal comfort zone uill h
{0 M
= &
o 5
5 g
= =
22.00 22.00
17.00 r 17.00 7 d
12.00 12.00
& 2 3 a 5 6 7 8 9 10 11 12 1 2 8 a 5 6 7 8 9 10 11 12
Month Month
Indoor/outdoor tempratures when Indoor/outdoor tempratures when
using natual ventilation. using HVAC systems.

Figure 6-1: Monthly mean temperature variations according to the different castruction materials and
ventilation systems.

Among the different tested specifications and while using the HVAC systehes. EREC
recommended external wall, the full red-brick of the 25 cm thickness adidlitional 2cm of
expanded polystyrene thermal insulation layer (25++) has achieved the best theranadgrex
amongst the three other specifications. The 25++ wall reduced the energy consumgtitre ov
whole year by 31%, thus minimizing the annual energy cost as shown in Figs 6-2 and 6-3.

On the other hand, the most commonly used half red-brick (12cm) has the maximum energy
consumption, and is the highest operation cost. In addition, a quick financial comparisombetwee
the best (25++) and the worst (12cm) specificatiteisgng into account the initial and the running
costs, highlights the financial advantage of the 25++ type as an investment over the long term.
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Figure 6-2: Monthly Energy Consumption (kWh).
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Figure 6-3: Annual energy cost for different wall constructions (EGP).

The simulation results recommend the use of the full red-brick of the 25 crmebghkvith
additional 2cm of expanded polystyrene thermal insulation layer (25++) for the ctinatafche
external walls in Cairo, as recommended by EREC. This 25++ specification has stanhrete
the best thermal comfort as well as minimize the energy consumption, effédts the CQ
emissions and the long term running cost.
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6.1.2: Expanding the area of research and engaging climate change

No. of simulations Climatic zones WDFs No. of models
Alexandria 2002
36 Cairo 2020 1
Aswan 2050

The next step involved investigating the use of more wall constructions under climate change
conditions, for different climatic zones (instead of performing the simulations in just a single zone)
The effect of more external walls with different specifications onpifogect’s initial cost and
running cost have been evaluated to achieve the internal thermal comfort irpjiw. prhis
attempts have been conducted in the present time and under climate change scenaria82(2002,
and 2050). This work extends the earlier simulations by testing thifeeedif climatic zones in
Egypt (Alexandria, Cairo and Aswan). The impact of the different externad sjadicifications on
the initial cost of the project as well as on the running cost of the energy consumption has been als
evaluated. The optimum specification case is then selected for each climatic zone, based on therm:
comfort and the best economical solutions.

The simulations evaluate the use of four external walls (Table 6-2): (1) the basadHailick wall
(22 cm) most commonly used in Egypt, (2) the full red-brick wall with 2texternal expanded
polystyrene thermal insulation layer (25++), (3) the double wall of hatbrick with 5 cm air gap
in between (Dair), and (4) the double wall of half red-brick with 5 afhinternal expanded
polystyrene thermal insulation layer (Dins). The previous model was testeEdHWAC systems
installed, the assist of HVAC systems was the only focus in this simula$oascording to the
previous work section 6.1.1, natural ventilation were not sufficient to achiewvaaheomfort
individually in the summer period; under the same experiment conditions in G#irdifierent
specifications. This result was similar to the result$ of (Humphreys et al,, 201} they stated
that, it is possible to design buildings to provide thermal comfort for thgpantaiwhile operate in
free mode, when the prevailing mean outdoor temperature lies within the rabl@&@fC, which
is not always available in the different Egyptian climatic regions. The waalto reduce the
periods in which we will need to use the air conditioning, which will resuleducing the energy
consumption in general.

Table 6-2: External walls main characteristics.

_r Thickness| U-Value

External Walls Abbreviation em W/m2K
Half red-brick wall. 12cm 12 2.519
Full red-brick wall plus additional 2 cm of external 25+ + 27 0.897
expanded polystyrene thermal insulation layer.
Double wall of half red-brick with 5 cm air gap in Dair 29 1.463
between.
Double wall of half red-brick with additional internal Dins 29 0.503
cm of expanded polystyrene thermal insulation Iayerl

The results obtained from the simulation of the four construction envelopetivaded in three
separate graphs: Monthly Energy Consumption (kWh), Annual Energy Cost in Egyptian Pound

% This work has been published in the form of conference papeegéppll ).
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(EGP) and Indoor/outdoor temperature (°C). These measures are plotted for theirtage cl
zones (Alexandria, Cairo and Aswan) in Figs. 6-4, 6-5 and 6-6 respectively. Each graph divided
into three different weather periods (2002, 2020 and 2050).

e For each weather period, the upper left graph represents the monthly energy consiamption
the four types of external walls. As expected, the energy consumption increases bettaise
temperature increase under climate chgnge (Crawley| 2007) in all of the climatic zones.

e The upper right graph in each weather period represents the annual eneagygaaing to the
household electricity tariffs used in Egyjpt (MOEE 2012). As expected, the results show that the
cost is directly proportional to the increase in energy consumption.

e The lower graph presents the indoor and outdoor mean temperature variatidres vidgrote
year, with each number corresponding to the respective month, along with the tenioat
zone. As expected, these vary for the different climate zones, weather periotypearad
construction for the external wall.

As shown, the simulation demonstrated that the double wall of half red-brick wittionddi
internal 5 cm of expanded polystyrene thermal insulation (Dins) wall specificati@tiiased the
best thermal performance amongst the three other specifications, and relacedetgy
consumption for all the different simulations by at least 2% compared to the secbrdebmal

performance wall specification. On the other hand, the most commonly used halitked-becm)

wall has the highest energy consumption.

The financial implications for the results of the simulations are summariseabie ©-3. These
show the running costs for the energy consumed in each city for each period (sub-tetall) aas
the average annual running cost obtained by dividing the running cost of the three pedieds
together (overall) by 40 years period, which is the estimated thdifaatpan of the buildings in
Egypt, without any major retrofitting taking place. Using the result3able 6-3, Figure 6-7
demonstrates the relationship between the initial cost of each external wéicapen (reflects
the U-value for each construction), and the average annual running cost for each sprdifica
each of the climatic zones used in the experiments.

As expected, as the initial cost increases the average annual running coasedecid the
beginning, the curves are very steep, as the initial cost increases (and the ecabases), the
slope is smaller. This implies that the maximum benefit is obtained by reptheingse of the
12cm specification (the first point on the x axis), which has the lowest inigalaca the highest
running cost, by the double wall with air gap specification (the second point orattig) xwhich
has the second lowest initial cost and the second highest running cost. Thelnahegiga in the
running cost decreases as moving from one specification to another with imiglakrcost. It
seems to be more cost effective to use the double wall with air gap atciostiaf 6400 EGP, with
average annual running costs of 1817.30 EGP in Aswan, 1008.30 EGP in Cairo and 657.60 EGI
in Alexandria. Comparing the above by taking into account the long term fihderiefits or
investments provides further insight in the analysis of the results.
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Figure 6-4: Simulation results for Alexandria city.
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Figure 6-5: Simulation results for Cairo city.
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Figure 6-6: Simulation results for Aswan city.



Table 6-3: Summary of the running costs, based on the thermal simulans for the different wall types,
cities and weather periods (all costs shown in EGP).

2002 (2012-2025=14y) 2020 (2026-2039=14) 2050 (2040-2051=12Y) | Oyepany | AVET2ZE
Alex. Initial _ . . runnin annual
cost | Runnming gy | Running Sub total Running Sub total " # | running
cost cost cost cos cost
12 3048 806 11284 1040 14560 1351 16212 42056 10514
25++ 9406 471 6594 602 8428 796 9552 24574 614.35
Dair 6400 497 6958 643 9002 862 10344 26304 657.6
Dins 12590 447 6258 569 7966 738 8856 23080 577
Cairo
12 3048 1300 18200 1608 22512 1911 22932 63644 1591.1
25++ 9406 57 10598 925 12950 1106 13272 36820 920.5
Dair 6400 821 11494 1015 14210 1219 14628 40332 1008.3
Dins 12390 704 9856 850 11900 1016 12192 33948 848.7
Aswan
12 3048 2435 34090 2809 39326 3255 39060 112476 | 28119
25++ 9406 1384 19376 1608 22512 1894 22728 64616 16154
Dair 6400 1549 21686 1809 25326 2140 25680 72692 18173
Dins 12590 1253 17542 1445 20230 1689 20268 58040 1451
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Figure 6-7: The relationship between the initial cost of the external walls and thaverage annual running cost.
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The long term financial study assumes that the buildings' owners invest whatatteefrom the
initial cost, or what they save from the running cost in a bank savings adopthm specified 40
years period, using the regular 9% interest rate in E¢ypt (NBE]2012). Bablshows the
difference in the initial and average annual running cost for every exterdatempared to the
12cm wall, which provides the cheapest option and is the reason thattisonosonly used
across Egypt, along with the accumulated amount for each type after the 40 yestrsiémt. The
comparison also presents the potential savings indicating that there is a figaicibm using
advanced construction instead of the basic 12cm external wall.

Table 6-4: Initial and Running cost based comparison against the 12cmall (EGP/flat).

Alex Differentin  Accumulation Different in Accumulation  Saving in initial cost vs. saving in
initial cost after 40 yrs running costs  after 40 yrs running cost
12 - - - - -
25++ 6358 183212.01 437.05 147671.52 35,540.49 12 over 25++
Dair 3352 96591.17 393.8 133058.10 - 36,466.94 12 under Dair
Dins 9542 274962.09 474.4 160291.43 114,670.67 12 over Dins
Cairo
12 - - - - -
25++ 6358 183212.01 670.6 226583.96 - 43,371.96 12 under 25++
Dair 3352 96591.17 582.8 196917.88 - 100,326.72 12 under Dair
Dins 9542 274962.09 742.4 250843.92 24,118.17 12 over Dins
Aswan
12 - - - - -
25++ 6358 183212.01 1196.5 404276.34 - 221,064.33 12 under 25++
Dair 3352 96591.17 994.6 336057.87 - 239,466.71 12 under Dair
Dins 9542 274962.09 1360.9 459824.21 -184,862.12 12 under Dins

* Only negative numbers in the last column indicates financial gains agairtstdbease.

From the analysis of the results listed in the table, it can be notice that:

e Alexandria: All construction specifications achieve thermal comfort. Howevey tloaldouble
wall with air gap is the one that gains financial benefits comparing to the 12cm wall.

e Cairo: Both the 25++ wall and the double wall with air gap are benefigiatrewtions, where
they both achieve thermal comfort. However, the financial gain of the doubleitteair gap
(Dair) is higher than the 25++ wall by 57%. So it is more cost effective.

e Aswan: All the construction specifications, except the 12cm wall, are more bahefici
However, when we compare with the thermal comfort graphs “Aswan” (Fig. 6-6), it is shown
that only the double wall with insulation (Dins) seems to maintain addeptaermal comfort
for the climate change scenarios, while also achieving the long term financial gains.

Eventually, the simulation results recommend the use of the double wall withtiors|([2ins) as
the optimum external wall in Aswan, and the use of the double wall with ai(Rmp for
Alexandria and Cairo climatic zones. These specifications have shown to achieve hedod t
comfort, minimize the energy consumption, while attaining the maximum financialitsemddfich
would make them a more appealing option for occupants, justifying the higher initial cost.
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6.1.3: Testing the insulation ability to encounter the climate change

No. of simulations Climatic zones WDFs No. of models
Alexandria 38%
72 Cairo 2050 1
Aswan 2080

To finalise this part (Section 6.1) after adding all the information tizs become
available, a new simulation based research has been conducted. As facade confiqareations
predicted to be responsible for up to 45% of the building’s cooling loads ). Hence,
selecting and applying appropriate external walls insulation plays a signifidant mitigating
the various methods of heat transfer into the buildings, and has a directosffdoe energy
consumption to achieve indoor thermal comfort, consequently the amount en@3ions.

The main aim of this section is to evaluate EREC's specific R0determining the
thermal requirements of the external walls in residential buildings (Table #®- achieve the
required thermal comfort with minimum energy consumption, along with optimmitial i
investment and running costs. This work are evaluated for the different climate change scénario
extends the construction materials examined in the previous sections (6.1.1 andbg.1.2)
broadening the research scope to include and simulate the EREC's recommendattbas fo
external walls in Alexandria and Aswan, in addition to testing three more exteafiatypes
commonly used in Egypt.

Table 6-5: EREC requirements for the different climatic zones.

EREC requirements
Climatic regions Min R-value Max U-value
m’K/W W/m?K
Alexandria 0.75 1.33
Cairo 0.95 1.05
Aswan 1.30 0.77

The walls which meet the requirements of the Egyptian code (see Section rt thd)different
climatic zones will be tested against the commonly used walls in the constructionyinal &y pt

(Table 6-6). The optimum specification case is then selected for eacditiclizone, based on
thermal comfort and the best economical solutions. The analysis moves beyond energy
consumption in the present and looks into future scenarios and long-term consumption, based ol
financial analysis for the economic returns in the long-term.
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Table 6-6: Main characteristics of the External Walls.

Thick. | U-value
External Walls ABBRV. Description
cm | W/m’K P
Half red-brick wall 12cm 12 2.519 Most commonly used
pouble wall of half red-brick with 5 cm air gap Dair 29 1463 Commonly used
in between.
Double wall of half red-brick with addltlgnal |nt.erna Dins 29 0503 Commonly used
5 cm of expanded polystyrene thermal insulation 14
Full red-brick wall plus additional 1cm of expanded EREC minimum
. . 25+ 26 1.22 .
polystyrene thermal insulation layer. requirements for Alexandr
Full red-brick wall plgs addl.tlonal 2cm of expanded 2544 27 0.897 EREC minimum .
polystyrene thermal insulation layer. requirements for Cairo
Full red-brick wall plgs addl.tlonal 3cm of expanded 25(+3) 28 071 EREC minimum
polystyrene thermal insulation layer. requirements for Aswan

The results obtained from the simulations are plotted for the three climatic zones in Figs. (6-8 / 6-9
for Alexandria climatic zone, Figs. (6-10 / 6-11) for Cairo and Figs. (6-12 / Gat3Aswan
respectively. Each graph divided into two different weather periods (2002 - 20@2056r - 2080)

for each climatic zone. The graphs are followed by Table 6-7 which containsutie oéshe long

term financial study for each climatic region. The results will be disduseom different
perspectives for each climatic zone, the thermal comfort point of view, the energy consumption and
the financial aspects:

e Alexandria:

a) Thermal comfort: As shown from the graphs (Figs. 6-8 and 6-9), all the exteaiial w
have achieved the required levels of thermal comfort in all the diffeliemdtic periods
that have been tested, and almost followed the same pattern of thermal behaviour with
minor differences in all the different seasons of the year. The Dinshaallalways
achieved the superiority in thermal performance with a very small margirtte/eest of
the tested walls in all the different climatic periods.

b) Energy consumption: The model built using the most commonly used construction
material in the market in Egypt, the 12cm external wall, seems to consume the higher
amount of energy over the year for the different climatic periods. WndeDins and
25(+3) external walls have the minimum energy consumption, however, the Dins wall
section achieved the minimum annual energy cost edging out the 25(+3) with a véry smal
margin.

c) Financial study: The financial implementation of the simulations results show the
superiority of the Dair wall over the other external walls ia thng term (88 years)
financial study, by at least double the gains of the next best externakivea®5+ wall
(which meets the energy code requirements for Alexandria climatic region).

From the analytical study of the aforementioned perspectives, the Dair wathevaselected
as the optimum choice for Alexandria climatic zone, even if it did not achiéeegchinimum
energy consumption, as it achieved the best long-term financial investment inratiditie
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ability to provide indoor thermal comfort under the different conditions ofuthge climate
change.

e Cairo:

a) Thermal comfort: All the external walls that have been tested have achibged t
requirements of thermal comfort in all the climatic period (Figs. 6-10 ali).6Despite
the fact that the 12cm wall was on the threshold of the thermal comfort zame lgst
climatic period (2080).

b) Energy consumption: Similarly, the 12cm external wall has consumed the highest amount
of energy during the year amongst all the external walls that have dsted. tWhile the
Dins and 25(+3) external walls have achieved the minimum energy consumption,
however, the Dins wall section achieved the minimum annual energy cost edgihg out
25(+3) with a very small margin.

¢) The long term financial study for the simulations results shows the stityeoiothe Dair
wall over the other external walls, by about 30% more in the overall fadageins than
the next best external walls, the 25(+3) and the 25++ wall (which nfeetnergy code
requirements for Cairo climatic region).

Thus the Dair wall has been selected as the optimum external wall for Cairo climatic zone, for
achieving thermal comfort along the different climatic periods, accompanied with achieving
the maximum long term financial benefits.

e Aswan:

a) Thermal comfort: All the different specifications have achieved the indoor therma
comfort for 2002 and 2020 climatic periods, though the 12cm wall stands on the threshold
of thermal comfort even with the help of the HVAC systems in the period of RO#te
period 2050, the 12cm and the Dair external walls have exceeded the thermal comfort
zone in the hot summer season, however, the 12cm wall went more beyond the thermal
comfort borders starting from the beginning of June until mid August. Whi2®89 all
the walls exceeded the thermal comfort limits except the Dins wall. The2&@t3)

(which meets the requirements of the code for Aswan) exceeded that baraégndst
two months from mid June to mid August in 2080 climatic period.

b) Energy consumption: As usual the 12cm external wall stands at the forefrbet mbst
energy consuming external walls, thus the highest annual energy cost. The Dind externa
wall achieved the minimum energy consumption, and thus the lowest annual energy cost.

¢) Financial study: All the walls that have been tested financially overcom&2tite base
case. Though, the 25(+3) wall comes in the first place in terms of the fihestcians,
nevertheless it wasn't chosen as the optimum external wall for this climegito due to
its inability to achieve the required thermal comfort in all the clienpériods that have
been tested. Hence the Dins wall was selected for its ability to achievidetimeal
comfort in addition to achieve more financial gains versus the 12cm wall on the long run.

Therefore, the Dins wall found to be the optimum external walhfwan climatic zone, as it
is the only wall specification that complies with the thermal comfort requirenierall the
tested climatic periods, and achieves financial benefits in the same time on the long term.

According to the thermal and the financial analysis, all the resulth#vat been deduced in the
three climatic regions supports the findings from the previous sections (6.1.1 andahd.gjve
the preference to the walls that have been previously selected.
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Figure 6-8 Simulation results for Alexandria climatic zone (2002-2020).
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Figure 6-10: Simulation results for Cairo climatic zone (2002-2020).
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Figure 6-11: Simulation results for Cairo climatic zone (2050-2080).
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Figure 6-12: Simulation results for Aswan climatic zone (2002-2020).
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Figure 6-13: Simulation results for Aswan climatic zone (2050-2080).
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Table 6-7: Long term financial analysis for the different climatic zones.

Alexandria ) 2080 interest years
- iatcom | 20122025 (byears) | 20262030 (1ayears) : 9G0years) | overall annual | o 8.0
Running cost | Subtotal | Runningcost Sub total Running cost Sub total Running cost Sub total running cast ! diff in initial cost | accumul after88 yrs | diff in running costs | accumulation after 88 yrs saving in initial cost vs. saving in
12cm 3048.00 806.18 11286.59 1037.02 14518.28 1349.70 40491.02 1877.50 56325.09 122,620.98 ” .00 running cost
Dair 6400.00 496.58 6952.06 642.05 8988.64 861.05 2583137 1223.68 36710.44 78,482.51 3,352.00 6,045,181.31 501.57 10,949,719.16 -4,904,537.85
Dins 12591.00 448.21 6274.98 567.41 7943.72 738.06 22141.88 1014.95 30448.64 66,809.23 9,543.00 17,210,371.49 634.22 13,845,585.18 3,364,786.30
25+ 8454.00 475.49 6656.87 613.72 8592.09 802.14 24064.16 1159.29 34778.66 74,091.78 5,406.00 9,749,477.97 551.47 12,038,955.32 -2,289,477.35
25++ 9406.00 469.04 6566.59 601.49 8420.84 794.61 23838.29 1111.02 33330.50 72,156.22 6,358.00 11,466,367.17 573.46 12,519,123.40 -1,052,756.23
25(+3) 10360.00 445.37 6235.22 569.31 7970.38 730.29 21908.61 1036.43 31092.92 67,207.14 7,312.00 13,186,863.28 629.70 13,746,872.31 -560,009.03
Cairo 2002 2020 0 interest years
- Iitial cast 2 145 ) £ Ears) | 0-2099 {30 yea Overa.N annual 9% 88.00
Running cost Sub total Running cost Sub total Running cost Sub total Running cost Sub total running cast | diff ininitial cost | accumulation after88 yrs | diff in running costs | accumulation after 88 yrs saving in initial cost vs. saving in
12cm 3048.00 1300.80 18211.20 1608.78 22522.98 1909.80 57293.97 2534.92 76047.45 174,075.60 { 0 running cost
Dair 6400.00 819.40 11471.62 1014.72 14206.14 1217.37 36521.01 1658.00 49739.92 111,938.69 3,352.00 6,045,181.31 15,414,707 34 -9,369,526.03
Dins 1259100 703.55 9849.76 849.51 11893.08 1014.03 30420.77 1352.09 40562.85 92,726.46 9,543.00 17,210,371.49 924.42 20,180,810.58 -2,970,439.09
25+ 8454.00 775.10 10851.46 924.55 12943.67 1136.54 34096.13 1568.11 47043.16 104,934.41 5,406.00 9,749,477.97 785.70 17,152,304.36 -7,402,826.39
25++ 9406.00 756.22 10587.15 923.41 12927.81 1105.66 33169.52 1494.09 44822 63 101,507.50 6,358.00 11,466,367.17 824.64 18,002,440.25 -6,536,073.08
25(+3) 10360.00 706.10 9885.45 838.01 1173211 1021.63 30648.86 1390.69 41720.60 93,987.01 7,312.00 13,186,863.28 910.10 19,868,097.62 -6,681,234.34
Aswan i 2002 interest years
Initial cost |- R M & i 2040- A Ouera_ll annual 9% 88.00
- Runningcost | Subtotal | Runningcost Subtotal | Runningcost Sub total Running cost Sub total runhing cost diff in initial cost [ accumulation after88yrs | diff in running costs | accumulation after 88 yrs saving in initial cost vs. saving in
12em 3048.00 2434.50 34083.04 2807.67 39307.33 3255.97 97679.00 3983.11 119493.30 290,562.67 0.0 00 ).0( 0.0 running cost
Dair 6400.00 1548.55 21679.65 1809.66 25335.19 2139.62 64188.61 2669.18 80075.30 191,278.75 3,352.00 6,045,181.31 1,128.23 24,630,007.87 -18,584,826.56
Dins 12591.00 1255.47 17576.54 1445.49 20236.86 1687.48 50624.49 2090.70 62720.90 151,158.79 9,543.00 17,210,371.49 1,584.13 34,582,828.58 -17,372,457.09
25+ 8454.00 1453.42 20347.90 1699.33 23790.62 2007.94 60238.12 2516.42 75492.47 179,869.12 5,406.00 9,748,477.97 1,257.88 27,460,469.98 -17,710,892.01
254+ 9406.00 1385.25 19393.49 1609.16 23528.23 1892.69 56780.70 2358.94 70768.32 169,470,75 6,358.00 11,466,367.17 1,376.04 30,040,060.99 -18,573,693.82
25(+3) 10360.00 1287.19 18020,68 1487.46 20824.48 1746.13 52384.02 2179.31 65379.33 156,608.51 7,312.00 13,186,863.28 1,522.21 33,230,879.93 -20,044,016.65

* Only negative numbers in the last column indicates financial gains agaitsisbease.




6.1.4: Investigating the new material's thermal characteristics

No. of simulations Climatic zones WDFs No. of models
Alexandria 2020
54 Cairo 2050 2
Aswan 2080

More efforts® have been conducted in order to examine the new materials in the Egyptian market,
the thermal insulation capabilities and potentials of these materiatstested. Building envelope
optimization is investigated with the application of different Glas® fReinforced Cement (10cm

and 12cm GRC-foam sandwich) walls' compositions in comparison to the most commonly used
construction materials in Egypt the 12cm wall. The aim of is to evaluate the bsifgBrigrmance

when using the GRC walls in comparison to using the traditional brick walls matesialprelude

to used them when their price decrease thus could achieve the long term cost effectiveness.

Three wall types were used in the simulations (Table 6-8):

1- single wall of half red brick, which is the most commonly used external waigiypt
named (Ct).

2- 7.5cm Glass fibre Reinforced Cement, GRC which is already produced by one of the
Egyptian companies (C1).

3- 10cm GRC (C2), which is suggested by this study to face the heat stresses expected in th

future.
Table 6-8: External Walls main thermal characteristics.
. . Thermal - Thermal
Material b, Thickness Density conductivity - k Specific heat P R U-Value
Name
(m) (Kg/m®) (W/mK) (IKg.K)  (MKIW)  (M>KIW) |(W/m3K)
GRC 0.01 2000 0.67 1100 0.015
Foam Cc1 0.075 20 0.03 1400 25 2.7 0.37
GRC 0.01 2000 0.67 1100 0.015
GRC 0.015 2000 0.67 1100 0.022
Foam c2 0.1 20 0.03 1400 3.333 3.548 | 0.282
GRC 0.015 2000 0.67 1100 0.022
Plaster 0.005 600 0.16 1000 0.031
Mortar 0.02 1570 0.9 896 0.022
Solid red brick ] Ct 0.12 1950 1 829 0.120 0.397 2.519
Mortar 0.02 1570 0.9 896 0.022
Plaster 0.005 600 0.16 1000 0.031

% This work has been published in the form of journal article (Appeitix
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Two new model§ were employed in this research, both with ground floor and five typical floors
applying HVAC and both with same window wall ration, orientation and envelope omatfans
in the same simulation.

e Building-1: The building consists of six floors; each has four residentia Wath an
approximate area of 86 m2. The average number of occupants per flat is four. The building
floor plan and model are shown in Fig. 6-14.

Figure 6-14: Typical plan and model for building - 1.

e Building-2: The building consists of six floors, where each has four resatlfiats with an
approximate area of 85 m2. The average number of occupants per flat is four (Fig. 6-15).

Figure 6-15: Typical plan and model for building - 2.

* Full description for the models is available in Section 7.1.2.
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The results obtained from the simulations of all the three externk eaalstruction (C1, C2 and

Ct) and the three climatic zones (Alexandria, Cairo and Aswan), were plottedctorbuilding in

three separate graphs, Figs. 6-16, 6-17 and 6-18 for building-1, and Figs. 6-19, 6-20 aond 6-21 f
building-2. Each graph represents the behaviowne of the three used different weather periods
(2020, 2050 and 2080). Each graph divided into three different sub-graghsndications of
Monthly Energy Consumption (kWwh), Annual Energy Cost in Egyptian Pound (EGP) and
Indoor/outdoor temperature (°C).

Generally all the results followed the same patterns, but with an expectedse in the energy
consumption (subsequently the annual energy cost) due to the temperature increaskmatder
change[ (Crawley 207), when moving from a climatic period to the following pefioth the
thermal comfort point of view, the results of the simulations can be analgsdbef two used
buildings as follows:

¢ Building-1: during the climatic period 2020, all the external walls used beki&ved the
required thermal comfort. But during the next period 2050 the Ct wall specificdtisswan
didn’t succeed to achieve the adequate level of thermal comfort and the same wall
specification (Ct) in Aswan too, has failed in the next period 2080 as well. It was noted that Ct
wall at Cairo was at the threshold of thermal comfort in the last climatic péig@ie¥en if it
doesn’t exceed it.

¢ Building-2: The Ct external wall specification failed to achieve the reqtirenal comfort
level in Aswan in the first climatic period 202fay be due to the building's uncomplicated
design, which leads to lack of self-shading (see Section 3.5.3). The Ct repeasasnthe
performance in all the following climatic periods. In addition the Ct walCairo failed as
well at the 2080 period, while the Ct wall in Alexandria was at the hblésof thermal
comfort in the same climatic period 2080.

Generally, the simulations revealed consistent results and demonstratde thatm GRC (C2)
wall specification has achieved the best thermal performance, monthly energy ptoisusnd
consequently the best annual energy cost amongst the two other specificatitmes o®er hand,
the most commonly used external wall, the single wall of half red-brigkh@ the worst thermal
performance, thus the highest energy consumption and energy cost.
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Figure 6-16: Simulation results for Building-1 (2020).
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Figure 6-17: Simulation results for Building-1 (2050).
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Figure 6-18: Simulation results for Building-1 (2080).
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Figure 6-19: Simulation results for Building-2 (2020).
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Figure 6-20: Simulation results for Building-2 (2050).
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Figure 6-21: Simulation results for Building-2 (2080).
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From the aforementioned work in this part ( Section 6.1) the need of use some mechanical
means to reach the thermal comfort zone has been concluded, especially in the surndhéertperi
future aim will be to reduce the periods in which we must use these mechanivadlsnas much
as possible. The inability of the code's recommendations for external walls ta@dagtfuture
climate change, in the three different climatic zones is another conclidienanalysis has
recommended three external walls specifications (commonly used in Egypt)useda order to
provide the indoor thermal comfort and long term financial effectiveness oveffdremti climatic
periods which represents the different climate change scenarios. The suggestetcludbs the
Double wall of half red-brick with 5 cm air gap in between (Daire used in Alexandria and
Cairo climatic zones. While in Aswan, the Double wall of half red-brick adtitional internal
5cm of expanded polystyrene thermal insulation layer (Dins) was the selected éptaore
advanced and high-tech materials and specifications, available in the Egyptian mar&dgsted
in order to be used. However, this trial was faced by the financial barrieck whi prohibit the
people from using them, therefore we turned to the traditional materials and techmfdcies
affordable and available in the local market.

6.2: Fenestration

After investigating the thermal insulation of the external walls, the atiagm component
of the building envelope will be examined. The fenestration is of importance as appringle
views to the outside, admit daylight (visual comfort and benefiting of natghaing), and allow
for natural ventilation[ (Okba 20p5). Openings, however, considered the main souheatof
penetrating inside the building, in the form of solar radiafit\{akeel and Serag 19g8Patta |
[2001}] Offiong and Ukpoho 20p4). Therefore, the most effective way to reduce theoadlami
fenestration is to intercept direct sun radiation before it reachedas®|@ffiong and Ukpohp
[2004| Marrero et al. 2010) to control the indoor temperature, improve thermal candaeduce
cooling loads|Al-Tamimi et al. 201fl, Corrado et al. 20p4, Radhi et al. P009), as fully shaded
openings during hot weather can reduce solar heat gains by as much as 80920 -|
Tamimi et al. 201{l, Marrero et al. 2010).

6.2.1: The effect of climate change on shading strategies

No. of simulations Climatic zones WDFs No. of models
. 2002
Alexandria
24 Cairo 2020 1
Aswan 2050
2080

Before testing the recommendations of the fenestration in EREC, it wassaey to
determine the effectiveness of the current EREC recommended shading parameters under th
future climate change conditiofs This is considered as an extension to the earlier work by
including the shading as one of the main elements that affect the indoor thermal comfort.

® This work has been published in the form of conference papee(ddpV).
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The wall constructions employed for the simulations are obtained from the recomioesadt
Section 6.1. The double wall of half red-brick with 5 cm of internal expanded yrelystthermal
insulation layer (Dins) wall as the optimum external wall in Aswan, and thefube double wall
of half red-brick with 5 cm air gap in between (Dair) wall for Alexandria and Cairo.

The EREC recommendations "Annex A{3" (HBRC 2008) was taken as a guiddlimeetbin the
preparation of the shading devices for this study. The first step was to eltba@giroportion of
the fenestration area to the total fagcade area, Window to Wall Ration (WWRhoas in
Table 6-9. Then the rest of the steps were followed as discussed in Section 4.5.2.

Table 6-9: Window to Wall Ratio for the different facades.

Using EREC's recommendations and according to the building orientation and WWR, the sun-

Elevation Openings Elevation WWR
(m?) (m?) (%)

North 69.6 445 15.6
East 39.6 328 12
South 69.6 445 15.6
West 39.6 328 12

breakers dimensions were determined as shown in Table 6-10.

Table 6-10: Solar specifications for the simulated building.

Alexandria Cairo Aswan
Orientation East South West E S w E S w
SHGC 0.55 0.71 0.55 0.45 0.64 0.45 0.34 0.52 0.34
\S/arc'?é No Yes No No No No No No No
SGR 65% - 65% 70% 60% 70% 75% 60% 75%
Sun-breaker | Vertical - Vertical | Vertical Horz. | Vertical | Vertical Horz. Vertical
PF 0.80 - 1 0.80 0.40 1 1 0.40 1
Dimensions Im - 1.3m Im 0.5m 1.3m 1.3m 0.5m 1.3m

The different external shading treatments for the building model in each clanae (Alexandria,
Cairo and Aswan) are shown in Figures 6-22, 6-23 and 6-24 respectively.
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Figure 6-24: Solar analysis of the model used in Aswan.
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The results show the affect of using shading devices on three different outcomes: Moty
Consumption (kWh), Indoor Air Temperature (°C) and Solar Gains from exterior windgwyg.(k
These measures were taken during the summer period for the three climaticurnieesthe
different weather scenarios (2002, 2020, 2050 and 2080). The results are almost with the sam
indications, so Cairo and Delta climatic zone results (as the intermediatenssaajiscussed and

its results were displayed as a representative for the two other zones, as follows:

1- Monthly Energy Consumption: Energy consumption was calculated for each flat per month
during the summer period, with and without the external shaded devices obtained from EREC
as shown in Table 6-11. As noticed, the effect of using EREC recommended shading device
is almost the same during the different four weather periods that wasatsichuih this
research. For example during July the differences for the various climatic scemaris
4.84, 4.93, 4.99 and 5.53 respectively.

2- Indoor Air Temperature: The indoor air temperatures were investigated during therioot
in Egypt for the different climatic zones, through the aforementioned weathedgeby
calculating the difference in the internal temperatures while using thenaxtsnading
devices, and in case it is not used. The stability of the effagsiof sun breakers has been
observed (Table 6-12), during the various climatic scenarios used in thiatims, and as
an example, in the month of July, the shading effect on reducing the indoor airatmger
while using the HVAC systems, for the different four weather penwei® mentioned as
0.04, 0.03, 0.03 and 0.03 consecutive.

3- Solar Gains from exterior windows: For further verification, the solar gaims &xterior
windows were extracted as one of the simulation results, to find out the amounarof sol
radiation that have been blocked by the use of different sun breakers recomineBREIC.

Table 6-13, shows the solar gains from exterior windows in the different monthisathat
been simulated, using different weather data files. Comparing the effectngf sisading
devices namely (Diff) over the different climate change scenarios, illustatiriness of

the effect of using the recommended sun breakers over the various parameters of the
experiments, as the average blocked solar radiation values over July are 13.30 kivéh for t
current weather conditions, 12.41 kWh for 2020 weather data file, 12.51 kWh for 2050
climate change scenario and 12.50 kWh for the predicted weather in 2080. This is almost
constant, despite the projected climate changes. Complement to the above,2big. 6-
illustrates graphically the effect of sun breakers for all the weathi#Edpeto illustrate the
differences between what obscured by sun breakers at present, and the stabil@yfexdtits
under the impact of various climate change scenarios in the future.

From these results reviews, it became clear that the effect of solar shading égyoeved by
EREC, is almost constant under the influence of climate change scenariits effidiency and
effectiveness will remain in the future. As most probably the climate changeesult of the
observed increase in anthropogenic GHG concentrations, and it does not include anynctienge
solar radiation incidence angles (UNFCCC 2012).

In spite of the previous result, adaptation to climate change on the building schiebeigore
effective if a comprehensive applications of passive techniques took placethathenly shading
windows, or wall construction as we discussed before (Section 6.1). This comprehensive
orientation will be the future research objective.
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Table 6-11: Average Monthly Energy Consumption (kWh).

2002 2020 2050 2080

W S Diff. w S Diff. W S Diff. W S Diff.
May | 433.06| 428.81| 4.25 | 482.23| 477.79| 4.44 | 539.33| 534.62| 4.71 | 654.43| 649.42| 5.01
June | 574.98| 570.72| 4.26 | 628.83| 624.77| 4.06 | 708.02| 703.80| 4.22 | 843.09| 838.67| 4.42
July | 656.17| 651.33| 4.84 | 755.92| 750.99| 4.93 | 888.33| 883.33| 4.99 [1060.841055.31] 5.53
August | 705.44| 698.78| 6.66 | 835.22| 828.30| 6.91 | 958.53| 951.46| 7.08 [1146.211138.9¢ 7.25
Sept. | 521.83| 509.00| 12.83 | 608.29| 595.69| 12.60 | 689.41| 676.67| 12.74 | 871.61| 858.81| 12.80
- W: without shading devices. S with shading devices.

Table 6-12: Average Monthly Indoor Air Temperature (°C).

2002 2020 2050 2080
W S Diff. W S Diff. W S Diff. W S Diff.
May 25.83 | 25.77 | 0.05 | 26.17 | 26.12 | 0.05 | 26.47 | 26.43 | 0.04 | 27.00 | 26.96 | 0.04
June | 26.79 | 26.75| 0.03 | 27.01 | 26.98 | 0.03 | 27.33 | 27.30 | 0.03 | 27.85 | 27.82 | 0.03
July 2715 | 2711 | 0.04 | 2749 | 27.45| 0.03 | 2790 | 27.87 | 0.03 | 28.52 | 28.48 | 0.03
August | 27.22 | 27.17 | 0.05 | 27.62 | 27.56 | 0.05 | 27.99 | 2794 | 0.05 | 28.74 | 28.68 | 0.05
Sept. | 26.72 | 26.62 | 0.10 | 27.08 | 26.98 | 0.10 | 27.37 | 27.27 | 0.10 | 27.97 | 27.88 | 0.10

Table 6-13: Shading effects - the difference with and without using shadindevices (kwh).

2002 2020 2050 2080

w S Diff. w S Diff. w S Diff. w S Diff.

May | 172.04| 158.97| 13.06 | 165.19| 152.43| 12.76 | 165.56| 152.80| 12.76 | 165.64| 152.88| 12.76

June | 169.77| 156.76| 13.01 | 162.25| 150.03| 12.22 | 161.40| 149.15| 12.25 | 161.40| 149.15| 12.25

July | 167.14| 153.84| 13.30 | 157.34| 144.94| 12.41 | 156.23| 143.71| 12.51 | 156.32| 143.82| 12.50

August | 164.10| 146.40| 17.71 | 155.81| 138.71| 17.10 | 154.15| 137.12| 17.03 | 154.83| 137.77| 17.06

Sept. | 174.01| 137.93| 36.09 | 169.29| 134.09| 35.20 | 167.64| 132.95| 34.68 | 167.66| 132.97| 34.69

40.00
{__ |
z 35.00 : , ;
§ 30.00
e V]
B8 25.00 ay
b == June
= 20.00
-2 July
a
& 1500 August
2 10.00 — — f=September
‘o
(]
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3
0.00 T . . . Climatic period
2002 2020 2050 2080

Figure 6-25: Shading devices effect in reducing exterior window's solar gainrsCairo.
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6.2.2: Evaluation of the fenestration specifications in EREC

No. of simulations Climatic zones WDFs No. of models
. 2002
Alexandria 2020
112 /fsf‘,'vg’n 2050 1
2080

The Egyptian Residential Energy Code (EREC) provides specifications and

recommendations for the construction of buildings that aim to offer comfortelmwitonment for

the occupants. Among these specifications are many dependency relationships between differer

variables that affect the selection process of the building fenestraifter ascertaining the
validity of the shading specifications mentioned in the code to work in thecprdjfuture climate
conditions, a further step was takenThis work aims to study the effect of these variables
(window-wall ratio and glass thermal properties) and their associated shadingesdevi

(recommended by EREC) on the optimization of energy consumption, and its long-term cost-

effectiveness. As well as trying to find the best combination between theddea(MWR, glass
types and associated shading devices) in each climatic zone (to strengthesvithes goals), as
such data are not existed in the code.

These attempts were conducted in the main three climate zones in Egypt, tfledemtdilimate
change scenarios. The work involves utilizing the database and shading calculatiavétaped
(refer to Section 5.3). As before, appropriate materials were used for theuctostin the
different three climatic zones, evaluated in previous simulations (SectionvBidh, recommended
the use of the double wall of half red-brick with 5 cm of internal expapdgdtyrene thermal
insulation layer (Dins) wall as the optimum external wall in Aswan, and thefuke double wall
of half red-brick with 5 cm air gap in between (Dair) wall for Alexandria andoC@&ine glass type
from each of the four main glass categories listed in EREC, wasesklecbe employed in the
models during the simulations (Table 6-14).

Table 6-14: Used glass specifications.

* ok U-Value

Name Category | SHGC | LT (W/mzK)
G1 | Clear 6.4mm Single 0.71 0.65 5.76
G2 | Clear Reflective 6.4mm (Stainless steel Cover 8%) Single 0.18 0.06 5.36

Reflective
G3 | Clear 3.2mm Transparent/Transparent - (6.0mm air] Double 0.66 0.59 3.71

G4 Clear Reflective 6.4mm - Transparent (Stainless § Double

Cover 8%) Transparent - (6mm air) Reflective 0.13 0.05 2.66

SHGC: Solar Heat Gain Coefficient. “LT: Light Transmission.

® This work has been published in the form of journal article (Appevigix
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Extensive modelling of different kinds was employed to achieve the objectiveée oédearch.
These include:

1) Development of a computerized shading device calculation tool, to calculatentheesiers
depth (W) for each window in the tested model, based on EREC recommendatibns a
calculation methods.

2) Extensive dynamic thermal simulations (112 simulations), using the buildingrmerice
simulation (BPS) interface tool “DesignBuilder”, to evaluate the effect of the various parameters
on monthly energy consumption (kwh) and indoor air temperature (°C). A typiidential
building (Figs. 6-26 and 6-27) with mechanical air conditioning (HVAC) instaliasl used for
the simulations, in the three main Egyptian climatic zones defined in EREC (HBR{IEBS,

[ 1998H), Cairo and Delta, the North coast, and the Southern climatic zone. These have beel
tested under the current climate conditions (2002), and the different climate chang®sdenari
three periods: 2020, 2050 and 2080.

3) Modelling of long-term financial analysis to identify the most cost-effegjlaging type to be
used in each climatic zone, for each WWR. This takes into account the initial lassviieé
running cost of each glazing type when applied.

Figure 6-27: Solar analysis of themodel used in Alexandria &Aswan.
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WWR is the ratio between the areas of the openings in an external fagadedtal area of this
fagade[(HBRC 2008). The WWR must meet the requirements of EREC in ternSplair :Heat
Gain Coefficient (SHGC), Shaded Glass Ratio (SGR), both according ttinfaic zone of the
building, and the direction of the openings to prevent the penetration edsegoantities of heat
which would increase the indoor thermal loads. EREC has divided the WWR into fovalsies
shown in Table 6-15, all of these four intervals were investigated in the simulations.

Table 6-15: The WWR intervals according to EREC.

WWR interval WWR (%)
1 | Less than ten percent <10%
2 | From 10 to 20 percent 10% -20%
3 | From 20 to 30 percent 20% -30%
4 | More than thirty percent >30%

The results of the simulations can be discussed according to two main aspects, the simulation
results and the financial aspects:
1- Simulation results:

a) Sun-breaker Depth (W) Outputs:

The outputs of the shading calculation tool are shown in Table 6-16. The tablelésidito three

parts, one for each climatic zone. Each climatic zone part in Table 6-16 shows the W values (which
then feed in DB) in the cells with the light gray background. Each cell with \Mf value is a
projection of four parameters (function of) WWR, opening type, shading device typgleesd

type. The first parameter is the WWR, where the four ratio intervals defined by the ERHES:dGre

in the simulation. The second parameter is the opening type. According tantiatisin model

(Figs. 6-26 and 6-27), the building has seven types of openings: O1, 02, O3, in the soutimelevat
04, O5 in the east elevation, and 06, O7 in the west fagade. The first reeadhiW/WR part in

the table shows the actual WWR values for each opening. The third parameter is the shading devic
type used for each opening in the building. The shading device type is \esitieal (V) or
horizontal (H) as shown in the Table. The fourth (and the last) parameter by whithvidae in

the table is defined, is the glass type (G1, G2, G3, or G4). Notththatlls with Zero W values
indicates that no shading is needed, while the cells with dashes indicate that such an apening, g
its corresponding WWR and facade orientation, is not allowed in this dimatie, according to
EREC.

According to the outputs in Table 6-16, there are three important points:

= The glass types Single Clear Reflective 6.4mm (G2) and Double CleartRefe@dmm (G4),
which are both reflective glass types, do not need any shading device (Waralzeso). This
applies to all the three climatic zones with all the allowed WWR intervals.

= The W value outputs of both Single Clear 6.4mm (G1) and Double Clear 3.2mm &S8) gl
types are always the same in each WWR interval.

= As expected (according to the code's recommendations and the current case), duegto the hi
solar radiation intensity in Egypt, the fourth WWR interval (>30%) isatlotved to be used
in any of the elevation orientations in both Cairo and Aswan climatic zahés, it is allowed
in Alex climatic zone only in the south elevation. On the other hand, the thir®R \M#%rval
(20% - 30%) is not allowed in both Cairo and Aswan climatic zones in tlieaBdthe West
elevations.
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LYT

Climatic Zone Alexandria External Walls Dair Climatic Zone Cairo External Walls Dair | I Climatic Zone Aswan External Walls Dins
E-Elevation W-Elevation E-Elevation W-Elevation E-Elevation W-Elevation
S-Elevation (24.36*15, S-Elevation (24.36*15) S-Elevation (24.36*15,
WWR % { ) (14.76*15) (14.76*15) WWR % { (14.76*15) (14.76*15) WWR % { ) (14.76*15) (14.76*15)
o1 02 03 04 05 06 o7 o1 02 03 o4 05 06 o7 o1 02 03 04 05 06 o7
1.00 0.55 0.35/ 0.82 0.82 0.82 0.82 1.00 0.55 0.35/ 0.82 0.82/ 0.82/ 0.82/ 1.00 0.55 0.35/ 0.82 0.82 0.82 0.82
Actual h Actual L Actual h
ua ‘ 920 | o | ;o | 10 | s10 | s | j0 | o val | 928 1 0 | 0 | 10 | 0 | 10 10 10 @l 92 | 0 | o | 10 | 0 | o | /0 | g0
§ Shading § Shading § Shading
- H H H \ \ Vv \ - H H H v " Vv v 5 H H H \ Vv v Vv
Y | Glass Y Glass y Glass
« « «
E G1 L] 0 (] 0.55 0.55 0.74 0.74 E G1 0 0 0 0.55 0.55 0.92 0.92 § G1 0.56 0.56 0.56 0.74 0.74 0.92 0.92
< < c
g G2 0 0 0 0 0 0 [} g G2 [} 0 (] 0 [} 0 0 g G2 L] 0 0 0 0 0 0
£ £ £
H G3 0 0 0 0.55 0.55 0.74 0.74 H G3 [} 0 0 0.55 0.55 0.92 0.92 H G3 0.56 0.56 0.56 0.74 0.74 0.92 0.92
G4 0 0 0 0 0 0 [} G4 0 0 (] 0 0 0 0 G4 0 0 0 0 [} 0 0
1.88 1.10 0.75 1.66 1.62 1.66 1.62 1.88 1.10 0.75 1.66 1.62/ 1.66/ 1.62/ 1.88 1.10 0.75 1.66 1.62 1.66 1.62
Actual H Actual H Actual 4
< - ‘ 1832 | o | y20 | /10 | ;0 | ;0 | 0 | 10 < val 11832 | | 50 | 710 | /0 | 10 10 10 2 val | 1832 | 0 | /0 | y10 | 0 | 0 | 0 | o
S Shading = Shading = Shading
< H H H 3 Vv v \ < H H H 2 ) Vv 2 < H H H \ \ v Vv
S Glass S Glass S Glass
§ G1 0 0 0 141 1.38 1.76 1.72 § G1 0.56 0.56 0.56 141 1.38 1.76 1.72 § G1 0.56 0.56 0.56 1.76 172 1.76 1.72
= G2 0 0 0 0 0 0 [} . G2 0 0 [} L] (] 0 0 = G2 0 0 0 0 (] 0 0
2 2 2
§ G3 0 0 0 141 1.38 1.76 1.72 -;.' G3 0.56 0.56 0.56 141 1.38 1.76 1.72 ; G3 0.56 0.56 0.56 1.76 1.72 1.76 1.72
G4 L] 0 0 0 0 0 0 G4 [} 0 (] L] (] 0 0 G4 0 0 0 0 (] 0 0
2.88 1.63 1.05/ 2.5/ 2.4/ 2.5/ 2.4/ 2.88 1.63 1.05/ 2.5/ 2.4/1 2.5/1 2.4/1 2.88 1.63 1.05/ 2.5/ 2.4/ 2.5/ 2.4/
Actual i Actual 1 Actual A
< @ 7320 0 | 20 | 10 10 | 10 10 10 Q w232 0 | 0 | 10 10 0 0 0 = 1732 a0 | o | 10 | 10 | 10 10 10
= Shading 3 Shading 2 Shading
® H H H \ v \ v < H H H \ ' \ \ < H H H v \ \ \
Q Glass Q Glass Q Glass
s G1 0.56 0.56 0.56 2.6 25 2.6 25 ; G1 0.84 0.84 0.84 E Gl 0.84 0.84 0.84
E G2 0 0 0 0 0 0 [} E G2 0 0 [} E G2 0 0 0
£ £ £
'é'- G3 0.56 0.56 0.56 2.6 25 2.6 25 é- G3 0.84 0.84 0.84 ; G3 0.84 0.84 0.84
G4 0 0 0 0 0 0 [} G4 0 0 [} G4 0 0 0
3.82 2.13 1.40/ 332 317 3.32 3.17 3.82 2.13 1.40/ 3.32 3.17/ 3.32/ 3.17/ 3.82 2.13 1.40/ 332 317 3.32 3.17
Actual K Actual k Actual b
wal 1362 | 0 L0 | 0 | e | 0 | 0 | 1o val | 3612 | 0 | 0 | 10 | s10 | 10 10 10 vl 136421 1o | 0 | 10 | 0 | 0 | /0 | a0
X Shading B Shading ] Shading
a H H H v v v v & H H H v v v v b H H H v v v v
> Glass > Glass > Glass
© « «
§ G1 0.84 0.84 0.84 E G1 E Gl
g g g
£ G2 0 0 0 £ G2 £ G2
B 63 084 | 084 | 084 B G3 B G3
G4 0 0 0 G4 G4

Table 6-16: Shading calculation tool outputs.




b) Energy and Thermal comfort Results:

The results obtained from the simulations are presented for the three climaticagciodisws:
Figs. 6-28 and 6-29 for Alexandria, Figs. 6-30 and 6-31 for Cairo and Figs. 6-32 and 6-33 for
Aswan respectively. The results of the simulations can be analysed from two different parspecti

Perspective 1: Comparing different WWRs for each glass type:

G1 (Single 6.4mm): In terms of energy consumption showed in the upper left gnagbles
different figures, the <10% WWR produced the best results (i.e. minimum yenerg
consumption). The minimum energy consumption implies the lowest running cost (smowed i
the upper right graph). As for the thermal comfort, the same WWR (<10%) protecksst
thermal comfort results (i.e. avoiding the upper limits of the thermaladmbne during the
summer as shown in the lower graph). For G1, the overall results of <10% WWR are
remarkably better than the other WWRs.

G2 (Single reflective 6.4mm): As expected, the <10% WWR produced the bestiretariss

of energy consumption, running cost, and thermal comfort. These results havealgledy

the other WWRs results by significant values. More precisely, the <10% WWR outperfor
the 10 - 20% WWR with only 0.7% in terms of annual energy consumption runnind-opst.
G2, no specific WWR is favoured over another.

G3 (Double 3.2mm): Also, the <10% WWR has the least energy consumption andiéisé |
running cost WWR<10% produced the best thermal comfort results as well. FeG3,006
WWR has remarkable better results. However, the results of 10% - 20% and 20% - 30%
WWRs are almost the same.

G4 (Double reflective 6.4mm): Same as G2, which are both reflective glas® is no
noticeable variation in the performance of the different WWRs in terms of energy
consumption, running cost, and thermal comfort, while the <10% WWR is produced slightly
better results.

Perspective 2: Comparing different glass types for each WWR:

<10%: G4 obtained the best results in terms of the energy consumption, runnirepdost
thermal comfort, followed by G2. However, the differences in the performancacare
noticeable between different glass types in such a WWR.

10%-20%: Similarly, the reflective glass types, G4 and G2 obtained the firsharsd&dond
best results, respectively. Moreover, the differences in the results betweeriaghe igres of
the glasses increase as the WWR increases.

20%-30%: G4 obtained the best results, followed by G2. The difference in tits neghis
WWR is even more noticeable than the difference between the various glass types in
previous WWRs.

>30%: No results were obtained for this WWR, because it is not allowed to opennaioywsi
as mentioned before.

Note that the same results (i.e. the best WWR for a given glass tyihe, loest glass type for a
given WWR), in terms of energy consumption, running cost, and thermal comfort argexahsi

found between the same glass types and WWRs in the various climatic periods and in the three
climatic zones. The absolute values of energy consumption, and temperatures, diffearémtdif
climatic zones, generally increases from a climatic period to a next one, éetdlus temperature
increase under climate chanfje (Crawley 2007). Note also that Clear Ref@etiim (G2), in

spite of being single, achieved better results than the Double Clear 3.2mmof@®ring for the
energy consumption and thermal comfort.
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30-G3: 20% - 30% WWR interval with glass type G3.

30-G4: 20% - 30% WWR interval with glass type G4.

Figure 6-28: Simulation results for Alexandria in 2002 and 2020 weather periods.
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20-G4: 10% - 20% WWR interval with glass type G4.
30-G4: 20% - 30% WWR interval with glass type G4.

Figure 6-29: Simulation results for Alexandria in 2050 and 2080 weather periods.




30-G2: 20% - 30% WWR interval with glass type G2.

Figure 6-30: Simulation results for Cairo in 2002 and 2020 weather periods.

30-G3: 20% - 30% WWR interval with glass type G3.
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30-G4: 20% - 30% WWR interval with glass type G4.
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10-G1: <10% WWR interval with glass type G1.
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10-G2: <10% WWR interval with glass type G2.

20-G2: 10% - 20% WWR interval with glass type G2.
30-G2: 20% - 30% WWR interval with glass type G2.

10-G3: <10% WWR interval with glass type G3.
20-G3: 10% - 20% WWR interval with glass type G3.
30-G3: 20% - 30% WWR interval with glass type G3.

10-G4: <10% WWR interval with glass type G4.
20-G4: 10% - 20% WWR interval with glass type G4.
30-G4: 20% - 30% WWR interval with glass type G4.

Figure 6-31: Simulation results for Cairo in 2050 and 2080 weather periods.
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10-G1: <10% WWR interval with glass type G1.
20-G1: 10% - 20% WWR interval with glass type G1.
30-G1: 20% - 30% WWR interval with glass type G1.

10-G2: <10% WWR interval with glass type G2.
20-G2: 10% - 20% WWR interval with glass type G2.
30-G2: 20% - 30% WWR interval with glass type G2.

10-G3: <10% WWR interval with glass type G3.
20-G3: 10% - 20% WWR interval with glass type G3.
30-G3: 20% - 30% WWR interval with glass type G3.

Figure 6-32: Simulation results for Aswan in 2002 and 2020 weather periods.

10-G4: <10% WWR interval with glass type G4.
20-G4: 10% - 20% WWR interval with glass type G4.
30-G4: 20% - 30% WWR interval with glass type G4.
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10-G1: <10% WWR interval with glass type G1.
20-G1: 10% - 20% WWR interval with glass type G1.
30-G1: 20% - 30% WWR interval with glass type G1.

10-G2: <10% WWR interval with glass type G2.
20-G2: 10% - 20% WWR interval with glass type G2.
30-G2: 20% - 30% WWR interval with glass type G2.

Figure 6-33: Simulation results for Aswan in 2050 and 2080 weather periods.

10-G3: <10% WWR interval with glass type G3.
20-G3: 10% - 20% WWR interval with glass type G3.
30-G3: 20% - 30% WWR interval with glass type G3.

10-G4: <10% WWR interval with glass type G4.

20-G4: 10% - 20% WWR interval with glass type G4.
30-G4: 20% - 30% WWR interval with glass type G4.



2- Financial Analysis:

The four different glass types used in the simulations are compattedespect to the long term
financial aspect. The aim is to point out the best cost effective glass type to be used in each climati
zone for each WWR, taking into account the initial cost and the running cost of each wireh app
The financial implications for the results of the simulations are summaristables 6-17, 6-18

and 6-19 for the three climatic zones (Alexandria, Cairo and Aswan) respectivese $how the
running costs for the energy consumed in each zone for each climatic period used in the
simulations (sub- total), and the average annual running cost obtained bygdilsglirunning cost

of the four climatic periods added together (overall) by 88 years, as well a#tiiecost of each

glass type which calculated according to the glass area for each WWR, and tlef itest
associated shading devices. From the analysis of the results listed in the aforesdeatles and

for each climatic zone, the following can be summarized for each WWR:

= Alexandria:

All the glass specifications with all the different WWRs achieve thermafazbrduring the

various climatic periods as shown in Figs. 6-28 and 6-29. The glass type that seehisvi® ac

the highest financial benefits (Table 6-17) will be listed for each WWR in Alexandria

- <10%: G2 seems to be the only glass type that financially overcomes the &lingths
Window/Wall Ratio.

- 10%-20%: Similarly, the reflective glass G2 is the only the onegdiats financial benefits
comparing to the G1 glass in this WWR.

- 20%-30%: The reflective glass types G2 and G4 both, gain financialiteeneér the
G1 glass. However, G2 has got higher financial returns compared to G4.

= Cairo:

All the different glass types with the <10% and 10% - 20% WWRs seem tevactiiermal

comfort in the four different climatic periods (Figs. 6-30 and 6-31). For the-280% WWR,

the openings are only allowed in the South facade (as previously mentioneol)twite East

and West fagades, so this WWR was ignored in the simulations and consequently in the financial

analysis. The glass types with the higher financial benefits will be listeédcn WWR:

- <10%: Evidenced by the financial analysis (Table 6-18), that GZisrly glass type that
has achieved financial gains over the G1 glass in this Window/Wall Ratio.

- 10% - 20%: As demonstrated in Table 6-18, the reflective glass typemd%4 gained
financial benefits over the G1 glass. Though, G2 has got the maximum financial returns.

= Aswan:

All the glass types with the <10% and 10% - 20% WWRs appear to achieve indooalthe

comfort during the various climatic periods (Figs. 6-32 and 6-33), except for thEagxlvgth

the 10% - 20% WWR in 2080 as shown in Fig. 6-33. The glass types with the bestafinanci

benefits (Table 6-19) will be listed in terms of WWR:

- <10%: G2 and G4 glass types, seems to achieve more financial benefits thani¢he bas
G1 glass. However, G2 solve in the first place.

- 10% - 20%: As usual, G2 and G4 overcome the G1 glass in terms of financial gains for
the long term. However, G2 has got the maximum financial returns.
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Table 6-17: Financial Analysis - Alexandria.

2002 2020 2050 2080 interest years
X K - - o
R Initial 2012-2025 (14 years) 2026-2039 (14 years) 2040-2069 (30 years) 2070-2099 (30 years) Overall annual A\:::g;;::;al 9% 88.00
cost i i i i running cost iff in initi i iff i i i
Running Sub total Running Sub total Running Sub total Running Sub total g (Overall/88) diff in initial accumulation diff in running accumulation after o )
cost cost cost cost cost after88 years costs 88 years saving in initial cost vs. saving
. . "
61 37950.6 | 25519 | 3572708 | 317.50 | 4444936 | 397.04 | 1191121 | 53510 | 16053.03 35981.88 408.89 0 0.00 0.00 0.00 I running cos
G2 35526 244.71 3425.915 300.21 4202.893 370.44 11113.05 490.65 14719.6 33461.45 380.24 - 2,424.60 - 4,372,657.10 - 28.64 - 625,258.77 -4,997,915.87 Gl(\;rzuier
10%
G3 41102.1 250.40 3505.666 310.33 4344.634 387.43 11622.84 518.84 15565.09 35038.23 398.16 3,151.50 5,683,588.57 - 10.72 - 234,098.45 5,449,490.12 G1503ver
G4 40110 241.86 3386.025 295.29 4134.006 363.14 10894.13 479.21 14376.44 32790.60 372.62 2,159.40 3,894,380.82 - 36.26 - 791,681.93 3,102,698.89 GiGO:er
2002 2020 2050 2080
Initial 2012-2025 (14 years) 2026-2039 (14 years) 2040-2069 (30 years) 2070-2099 (30 years) overall annual Average annual
LA cost Runni Runni Runni Runni running cost running cost diff in initial lation aft diff i i lation aft
unning Sub total unning Sub total unning Sub total unning Sub total g (Overall/ss) iff in initia accumulation after iff in running accumulation after o )
cost cost cost cost cost 88 years costs 88 years saving in initial cost vs. saving
. . "
61 771594 | 28360 | 3970363 | 35951 | 5033.153 | 44974 | 1349215 | 61838 | 1855129 41046.96 466.44 0 0.00 0.00 0.00 I running cos
G2 70618 246.49 3450.903 304.04 4256.605 376.61 11298.32 501.76 15052.91 34058.74 387.03 - 6,541.10 - 11,796,579.79 - 79.41 - 1,733,613.41 -13,530,193.19 61 g;der
20%
G3 83423.6 274.68 3845.529 345.57 4837.943 431.11 12933.27 584.75 17542.45 39159.19 444.99 6,264.50 11,297,744.12 - 2145 - 468,312.01 10,829,432.12 GlGo;/er
G4 79730 240.00 3359.949 293.49 4108.921 361.41 10842.16 478.04 14341.11 32652.13 371.05 2,570.90 4,636,502.57 - 95.40 - 2,082,559.01 2,553,943.56 GlGozer
2002 2020 2050 2080
Wik Initial 2012-2025 (14 years) 2026-2039 (14 years) 2040-2069 (30 years) 2070-2099 (30 years) Overall annual A\::rr‘igi:gag:;al
cos Running Sub total Running Sub total Running Sub total Running Sub total running cosf (Overall/8) diff in initial accumulation after diff in running accumulation after o )
cost cost cost cost cost 88 years costs 88 years saving in initial cost vs. saving
i i t
61 120969.4 | 306.14 | 4285.982 | 387.89 | 5430.465 | 489.68 | 14690.44 | 68496 | 20548.69 44955.58 510.86 0 0.00 0.00 0.00 n running cos
G2 105338 249.69 3495.643 308.85 4323.884 383.85 11515.6 515.75 15472.62 34807.75 395.54 - 15,631.40 - 28,190,527.18 - 11532 - 2,517,438.13 -30,707,965.30 6l g;der
30%
G3 130313.9 295.32 4134.413 372.21 5210.899 465.10 13952.91 642.09 19262.69 42560.91 483.65 9,344.50 16,852,385.66 - 27.21 - 594,062.38 16,258,323.28 GlGo;/er
G4 118930 239.39 3351.443 293.24 4105.395 361.43 10842.92 478.77 14363.1 32662.86 371.17 - 2,039.40 - 3,677,966.22 - 139.69 - 3,049,534.19 -6,727,500.41 6l g;der

* The negative red numbers indicates a financial gain against the G1 glass at Rny WW
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Table 6-18: Financial Analysis— Cairo.

2002 2020 2050 2080 interest years
Initial 2012-2025 (14 years) 2026-2039 (14 years) 2040-2069 (30 years) 2070-2099 (30 years) Overall Average annual 9% 88.00
WWR cos: Runni Runni Runni Runni annual running cost P e P e
unning | oo unning | ¢ unning | ¢ ol unning | oo T 2 G (Overall/sg)  diffin accumulation liff in accumulation o )
cost cost cost cost initial cost after88 years running costs after 88 years saving in initial cost vs. saving
G1 38488.8 375.79 5261.026 446.53 6251.453 531.27 15938.16 727.77 21833.08 49283.73 560.04 0 0.00 0.00 0.00 in running cost
Gl
G2 35526 346.85 4855.913 413.08 5783.064 492.58 14777.31 665.12 19953.48 45369.77 515.57 - 2,962.80 - 5,343,276.60 - 4448 - 970,959.57 -6,314,236.17 under
10% G2
G3 41640.3 365.93 5123.067 434.32 6080.493 516.16 15484.73 702.54 21076.06 47764.34 542.78 3,151.50 5,683,588.57 - 17.27 - 376,923.49 5,306,665.08 GlGu?:/er
G4 40110 339.81 4757.313 403.84 5653.691 480.77 14423.1 642.39 19271.82 44105.93 501.20 1,621.20 2,923,761.32 - 5884 - 1,284,489.74 1,639,271.58 GlGo;/er
2002 2020 2050 2080
Initial 2012-2025 (14 years) 2026-2039 (14 years) 2040-2069 (30 years) 2070-2099 (30 years) Overall Average annual
WWRcost [ Runnin Runnin Runnin Runnin annual unnine cost diff in mulation diff in mulation
UNNINg | b total UNNINg 1 g total UNNINE | 5 total UNNINE 1 5 total running cost (Overall/88) _— accumufatio . accumuiatio N .
cost cost cost cost initial cost after 88 years running costs after 88 years saving in initial cost vs. saving
i i t
Gl 80268.7 421.01 5894.117 495.96 6943.376 599.25 17977.45 822.69 24680.75 55495.69 630.63 0 0.00 0.00 0.00 n running cos
Gl
G2 70618 352.18 4930.494 421.22 5897.075 504.01 15120.22 689.89 20696.57 46644.36 530.05 - 9,650.70 - 17,404,603.59 - 100.58 - 2,195,807.87 -19,600,411.46 under
G2
20% 61
G3 86533.2 403.76 5652.673 475.55 6657.709 569.18 17075.46 778.36 23350.73 52736.57 599.28 6,264.50 11,297,744.12 - 3135 - 684,473.27 10,613,270.85 Go,;er
G1
G4 79730 337.88 4730.254 402.24 5631.303 480.26 14407.69 644.88 19346.45 44115.69 501.31 - 53870 - 971,521.23 - 12932 - 2,823,110.77 -3,794,632.00 under
G4
2002 2020 2050 2080
o 2012-2025 (14 years) 2026-2039 (14 years) 2040-2069 (30 years) 2070-2099 (30 years) Overall Average annual
WWR :;SI: Runni Runni Runni Ranni annual running cost T i S ot
U8 Sub total U8 Sub total UNNIng 1 sub total UNNNg | sub total running cost (Overall/88) e accuruiation in accumuiation L .
cost cost cost cost initial cost after 88 years running costs after 88 years saving in initial cost vs. saving
. . "
G1 0.00 0 0.00 0 0.00 0 0.00 0 0.00 0.00 0 0.00 0.00 0.00 n running cos
G2 0.00 0 0.00 0 0.00 0 0.00 0 0.00 0.00 - - - - -
30%
G3 0.00 0 0.00 0 0.00 0 0.00 0 0.00 0.00 - - - - -
G4 0.00 0 0.00 0 0.00 0 0.00 0 0.00 0.00 - - - - -

* The negative red numbers indicates a financial gain against gasdlat any WWR.
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Table 6-19: Financial Analysis— Aswan.

2002 2020 2050 2080 interest years
. 2012-2025 (14 years) 2026-2039 (14 years) 2040-2069 (30 years) 2070-2099 (30 years) Average annual 9% 88.00
WWR Initial Overall annual R e
cost i i i i running cost iff in initi i iff i i i
Running Sub total Running Sub total Running Sub total Running Sub total g (Overall/g) diff in initial accumulation diff in running accumulation after o )
cost cost cost cost cost after88 years costs 88 years saving in initial cost vs. saving
. . "
61 406347 | 575.03 | 8050487 | 65482 | 9167.534 | 759.06 | 22771.84 | 93687 | 28106.03 68095.90 773.82 0 0.00 0.00 0.00 1 Tunning cos
G2 35526 510.95 7153.271 582.57 8155.927 665.73 19971.81 826.74 24802.14 60083.15 682.76 - 5,108.70 - 9,213,310.78 - 9105 - 1,987,775.88 -11,201,086.67 Gl gr;der
10%
G3 43786.2 549.05 7686.748 624.33 8740.599 715.56 21466.77 880.21 26406.28 64300.40 730.69 3,151.50 5,683,588.57 - 4313 - 941,573.58 4,742,014.99 Glcoaver
G4 40110 486.04 6804.491 552.85 7739.899 628.76 18862.81 767.01 23010.27 56417.47 641.11 - 524.70 - 946,272.86 - 13271 - 2,897,144.25 -3,843,417.11 Gl ézder
2002 2020 2050 2080
, 2012-2025 (14 years) 2026-2039 (14 years) 2040-2069 (30 years) 2070-2099 (30 years) Average annual
WWR Initial Overall annual R s
cos! Running Sub total Running Sub total Running Sub total Running Sub total running cos (Overall/sg) diff in initial accumulation after diff in running accumulation after o )
cost cost cost cost cost 88 years costs 88 years saving in initial cost vs. saving
. . "
61 8128645 | 693.12 | 9703722 | 80888 | 1132427 | 947.28 | 2841838 | 1180.65 | 354196 84865.97 964.39 0 0.00 0.00 0.00 fnrunning cos
G2 70618 552.41 7733.708 633.13 8863.804 741.55 22246.37 934.27 28028.08 66871.96 759.91 - 10,668.45 - 19,240,069.96 - 204.48 - 4,463,890.83 -23,703,960.80 Gl é;der
20%
G3 87550.95 647.93 9070.951 744.23 10419.24 868.08 26042.32 1071.55 32146.61 77679.12 882.72 6,264.50 11,297,744.12 - 8167 - 1,782,888.56 9,514,855.57 GlGO;Ier
G4 79730 505.71 7079.909 576.54 8071.621 658.78 19763.41 817.25 24517.43 59432.37 675.37 - 1,556.45 - 2,806,987.60 - 289.02 - 6,309,478.96 -9,116,466.56 Gl ézder
2002 2020 2050 2080
2012-2025 - - -
nitial (14 years) 2026-2039 (14 years) 2040-2069 (30 years) 2070-2099 (30 years) Overall annual Averag'e annual
WWR - oost Runnin Runnin Runnin Runnin running cost IEIOIICEES diff n nitial mulation after | diff in runnin mulation after
unning Sub total unning Sub total unning Sub total unning Sub total g (Overall/88) 2 accumufation arte unning accumuiation arte o .
cost cost cost cost cost 88 years costs 88 years saving in initial cost vs. saving
in running cost
Gl 0.00 0 0.00 0 0.00 0 0.00 0 0.00 0.00 0 0.00 0.00 0.00
G2 0.00 0 0.00 0 0.00 0 0.00 0 0.00 0.00 - - - - 0.00
30%
G3 0.00 0 0.00 0 0.00 0 0.00 0 0.00 0.00 - - - - 0.00
G4 0.00 0 0.00 0 0.00 0 0.00 0 0.00 0.00 - - - - 0.00

* The negative red numbers indicates a financial gain against the G1 glass at Rny WW



Simulation results showed different performances for each specification acrossntitee dones

when using different WWR. However, in general, the results recommend the Single Clear
Reflective 6.4mm, with 8% Stainless-Steel Cover (G2), as the most cosivefiglesss type to be

used on the long term, achieving even better results than the Double Clear(&3jnimterms of
energy consumption and thermal comfort.

For more insight in this final conclusion, instead of analyzing the simulationsresulinonthly
average basis (as all the previous results have been analyzed), a comparison has baaedéreld be
these two glass types (in Cairo, using 2002 WDF and 20% WWR) on hourly basis.

Fig. 6-34 shows the indoor thermal behaviour while using the G2 and G3 glass typeshguhiog t
summer period in Egypt (from April to September), and the attached table illus&ateettheating
hours in each month. It can be seen from the data in the graphs and the table tB&, the
overheating hours significantly exceeds the G2 glass type during all the summer nfosths, t
difference ranges between 13 hours in April up to 129 hours in July, may be due tdetlemchf

in the solar radiation incidence angles in each of these months. This resulttsubgo
aforementioned recommendation about the G2 glass type.
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Figure 6-34: The hourly thermal behaviour and the overheating hours thraigh the summer months in Cairo using

G2 and G3 glass.



6.3: Combining the results

No. of simulations Climatic zones WDFs No. of models
. 2002
Alexandria
72 Cairo 2020 2
Aswan 2050
2080

A new interrogation point has emerged, regarding the joint performance of the two
different aforementioned EREC specifications (solid parts and fenestration recomomes)datie
conclusions of the previous work on the building envelope (Sections 6.1 and 6.2) were tested
together in a new research to establish feasibility. The aim of this new work ikesara that the
use of what seems to be the best combinations for the external walls (splid padition to the
optimum solutions for fenestration (openings), will results in a better overall performance in energy
consumption and thermal comfort, than implementing one of the two choices without the other.

DesignBuilder (DB) was used to investigate the effect of using tlifieseent sets of construction
materials on the buildings' thermal behaviour:
1- Ordinary external wall materials combined with the selected fenestratidtedefiom the
aforementioned work (OS).
2- Selected external wall materials with ordinary fenestration parameters (SO).
3- Selected external wall materials with selected fenestration (SS).
4- The fourth probability: Ordinary external wall materials with ordindgnestration
parameters (OO) was excluded, as it was tested in previous studies (Sections @IL2and
and never achieve satisfactory outcomes.

The ordinary materials (O) are the most commonly used materials in Egypt, mostiypchiEto
their low price. While the selected materials (S) were obtained as restiies @fevious research
(Sections 6.1 and 6.2). the different materials for each O and S category, used inlttessfor
the different climatic zones are listed in Table 6-20.

Table 6-20: General description of the materials used in the simulations.

®)

Category e Alexandria Cairo Aswan
Envelope
External Walls | Half red-brick wall (12cm) | Half red-brick wall (12cm)| Half red-brick wall (12cm)
Ordinary
©) _ _ _ _
Fenestration Single clear 6.4mm (G1) | Single clear 6.4mm (G1)| Single clear 6.4mm (G1)
External Walls Double wall of half red- Double wall of half red- Double wall of half red-
Selected brick-air gap (Dair) brick-air gap (Dair) brick-insulation (Dins)

Fenestration

Single clear Reflective
6.4mm (G2) + 20% WWR

Single clear Reflective
6.4mm (G2) + 20% WWR

Single clear Reflective
6.4mm (G2) + 20% WWR

The results contain indicators for 72 simulations (for two models B-1 andtl&aRhave been
conducted through the research. The aforementioned results divided into thratesgiaahs: the
monthly energy consumption (kWh), annual energy cost in Egyptian Pound (EGP), as el
levels of thermal comfort compared to the outdoor and indoor temperatGed ese measures
were plotted for the three climatic zones (Alexandria, Cairo and Aswan) in F3836, 6-37/38

and 6-39/40 for B-1 building, and in Figs. 6-41/42, 6-43/44 and 6-45/46 for B-2 building
respectively.
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Figure 6-35: Simulation results for Building-1 in Alexandria - 2002 and 202@veather periods.
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Figure 6-36: Simulation results for Building-1 in Alexandria - 2050 and 208 weather periods.
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Figure 6-37: Simulation results for Building-1 in Cairo- 2002 and 2020 weatheperiods.
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Figure 6-38: Simulation results for Building-1 in Cairo - 2050 and 2080 weatr periods.
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Figure 6-39: Simulation results for Building-1 in Aswan - 2002 and 2020 wélaer periods.
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Figure 6-40: Simulation results for Building-1 in Aswan - 2050 and 2080 wélaer periods.
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Figure 6-41: Simulation results for Building-2 in Alexandria - 2002 and 202Qveather periods.
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Figure 6-42: Simulation results for Building-2 in Alexandria - 2050 and 208Qveather periods.
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Figure 6-43: Simulation results for Building-2 in Cairo - 2002 and 2020 weatr periods.
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Figure 6-44: Simulation results for Building-2 in Cairo - 2050 and 2080 weatr periods.
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Figure 6-45: Simulation results for Building-2 in Aswan - 2002 and 2020 wélaer periods.
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Figure 6-46: Simulation results for Building-2 in Aswan - 2050 and 2080 wélaer periods.
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The financial study was involved in order to point out the most cost effectivef ske three
different sets of building materials (OS, SO and SS) in each clin@te, zaking into account the
total initial cost and the running cost for each set. The total ioiisl as mentioned in Table 6-21
was calculated by adding the initial cost of the external wallha@ofénestration cost for each
building (B-1 and B-2).

Table 6-21: Total initial cost of the simulated buildings (EGP).

Climatic zone | Wall cost | Fenestration cost Total

0S Al 1528 3531 5059
Alex 3104 3858 6962

1 ) Cairo 3104 4013 7117
5 Aswan 5969 4064 10033
E Alex 3104 3531 6635
SS Cairo 3104 3531 6635
Aswan 5969 3531 9500

0S Al 1832 3746 5578
Alex 3721 3595 7316

‘:n ) Cairo 3721 3755 7476
5 Aswan 7156 3755 10911
E Alex 3721 3746 7467
SS Cairo 3721 3746 7467
Aswan 7156 3746 10902

In the financial study, the Case SS will be taken as the baseline as it acheV@dest monthly
energy consumption, thus the lowest annual cost for energy, as well as it d¢chebest level of
thermal comfort for the occupants of the spaces in all the simulations.nthisles the two
buildings (B-1 and B-2) that have been studied. The financial implicationddoresults of the
simulations are summarised in Tables 6-22 and 6-23 for buildings B-1 and B-2 redpeE@ch
table demonstrate the financial analysis of the three climatic zones (Alex&ar@aand Aswan)
sequentially.
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G.T

Alexandria

Table 6-22: Financial analysis for building B-1

2002 2020 2050 2080
Wk it ot 2012-2025 (14 years) 2026-2039 (14 years) 2040-2069 (30 years) 2070-2099 (30 years) Overall annual | Average annual running cost 9% 88.00
Running cost | Subtotal | Runningcost | Subtotal | Rummingcost | Subtotal | Runningcost | Subtotal | TUMningcost [Overal/38) diffin nitia cost | accumulation after 88yrs | diffinrunning costs | accumulation after88Yrs | saying n nitil cost s, saving n
5 6635 RT3 [4504.15833) 39832 | 55764366 [ 49138 | 14741496 66950  |20084.8614|  44906.95 51031 0 0.00 0.00 000 running cost
05 | 20% [ 5059 | 35026 [400365889| 43687 |616.7615| 55107 | 16532147| 77385 |23a56438| 5076763 57690 157600 |- 2,800,45.15 66.60 145389547 | -1,388,349.68 | under 0
50 6962 | 37037 [s1gs.0578|  4e8s1  |6559.05428| 59736 [17920941| 4366 | 25309886 5497519 62472 327.00 589,729.80 11441 209769251 | 308742231 |SSover SO
Cairo 0 00 2050 2080
. .- 2012-2025 (14 years) 2006-2039 (14 years| 2040-2089 (30 years) 2070-2099 (30years] | Overallannual | Average annualrunning cost % 88.00
Running cost | Subtotal | Runningcost | Subtotal [ Runningcost | Subtotal | Runningcost | Subtotal | runningcost (Overall/39) diffininitial cost | accumulation after 88yrs | diffinrunning costs | accumulation after 8yrs | - saving ininital cost vs. saving n
$ 6635 | 46316 |64BA27018)  SS000 | 770001947 67649 | 20294589 93035  |279106491( 6238954 10897 0 000 000 000 running cost EGP)
05 | 20% [ 5089 | 51335 [7186.85309 62135 |8G9B%5M6| TIATZ | 2341838 08021 | 36639B| 7159403 81357 1576.00 | 280.45.15 10460 208341969 55882546 |SSunder0S
50 ni 55087 |[T72.09179( 65971 93587695 81331 | M399.099) 111578 | 33T3MTI[ 7482072 850.24 48200 869,205.33 14126 308388332| 395314865  |SSoverSO
Aswan 20 200 2050 2080
| 1 2012-205 14 years) 2006-2039 (14years) 2040-2089 (30 years) 207020900%earS) | oyerall el |Mverageamualuningaost] % 88.00
@5t Runingoost | Subtotal | Rumningcost | Subtotal | Runmingcost | Subtotal | Rumningcost | Subtotal [ runningcost (Overal/8) diffn nitalcost | accumulation after 8yrs | dffinrunning osts | accumulation after 8Yrs | ayingiin ntal cost vs.savingn
N 9500 7229  |10121.3848 85392  [119549368| 101286 [30385.654|  1280.02  |38400.6848|  90862.66 103253 0 0.00 0.00 0.00 running cost (EGP)
05 | 20% [ 5059 | 102149 143008264 122590 [171626214| 147394 | 4421834 | 189451 |568354007) 132517.19 1505.88 444100 |- 8,009,143.85 17335 1033351005 | 232436630  |G1under 62
S0 10033 04901 [13286.1628]  1109.10 | 15527.3926] 129441 | 3883244 160137 |48041.1671] 115687.16 1314.63 533.00 961,241.54 28210 6,158,375.97| 7119,617.50 |Gl overG3

* Only negative numbers in the last column indicabearfcial gains against the base case




9.7

Alexandria

Table 6-23: Financial analysis for building B-2

2002 2020 2050 2080
R Initial 2012-2025 (14 years) 2026-2039 (14 years) 2040-2069 (30 years) 2070-2099 (30 years) Overall annual | Average annual running 9% 88.00
st | Rumningcost | Subtotal | Rumingcost | Subtotal | Rumningcost | Subtotal | Runningcost | Subtotal | TUmning cost cost(Overall/g) diffin nitalcost | accumulation after 88 yrs | - diffin running costs | accumulation after 88Vrs | saying n nital costvs.saving in
) 7067 | 36818 | 5154562 [ 45007  |642840785| 57802 [17340676( 80282  |240845239] 530087 60237 0 000 000 000 runring cost
0S | 20% | 5578 416.13 5825.8373 526.97 7377.63618|  676.00 | 20279.988 968.13 29043.9702] 6252743 710.54 1,889.00 |- 3,406,726.58 108.17 2,361,505.34 -1,045,221.24  |SS under 0S
S0 7316 37720 (5280.75166| 47823 6695.15948|  610.29 18308.608 856.56 25696.8981] 5598142 636.15 151.00 |- 2723171 33.79 737,592.89 465,271.18 S over SO
Cairo 2002 2020 2050 2080
w i o 2012-2025 (14 years) 2026-2039 (14 years) 2040-2069 (30 years) 2070-2099 (30 years) Overall annual  |Average annual running cost| 9% 83.00
Runingcost | Subtotal | Runningcost | Subtotal | Runningcost | Subtotal | Runingcost | Subtotal |  runming cost (Overall8g) diffin nitia cost | accumulationafter 88yrs | diffin running costs | - accumulationafter 88yrs | saying inital cost vs. saving in
S 7461 53845  |7538.29126 651.00 911406295  805.24 | 24157.052 111012 [33303.5451|  74112.95 842.19 0 0.00 0.00 0.00 running cost
0S | 20% | 5578 624.07 8737.03997 776.86 10876.0262 965.00 28949.858 1362.70  |40881.1348 89444.06 1016.41 1,889.00 |- 3,406,726.58 17422 3,803,287.60 396,561.02 S under 0S
S0 1471 556.89  |7796.47295 681.84 9545.71414| 84190 | 25256.883 116329 [34898.5702|  77497.64 880.66 10.00 18,034.55 3846 839,661.78 857,696.33 S over SO
Aswan 2002 2020 2050 2030
i ot 2012-2025 (14 years) 2026-2039 (14 years) 2040-2069 (30 years) 2070-2099 (30 years) Overallannual | Average annual running cost 9% 88.00
Rumningcost | Subtotal | Runningcost | Subtotal | Runningcost | Subtotal | Runingcost | Subtotal | Tunning cost (Overall38) diffininital cost | accumulation after 88yrs | iffin running costs | - accumulation after 88y1s | saying ininitial cost vs.saving n
$ 10902 | 78597 |11003577 9374 [129323098( 109109 | 32732791( 135770 |4073L0421( 9739966 110681 0 000 000 000 funning cos
05 | 20% | 5578 130039 | 18205462 155370  [21751.8061| 1867.47 |56024.029|  2409.95  |72298.5655|  168279.86 1912.27 5,324.00 |- 9,601,594.65 805.46 17583,713.54 [ 7,982,118.88  [SSover0S
S0 10912 85119  |11916.6287] 100052 | 14007.2173( 117880 |35364.029|  1456.83  [43705.0315  104992.91 1193.10 10.00 18,034.55 86.29 1,883,706.03|  1,901,740.58  [SSoverSO

* Only negative numbers in the last colundicates financial gains against the base case




Both the analysis of the simulation results, along with the financial analysis will be used in
the following discussion, by looking at each building (B-1 and B-2) in all of the climatic
zones used in the simulations:

1- Building (B-1):
Alexandria:

e The Case SS achieved the best energy performance (monthly energy consumptior
and annual cost), in addition to the best thermal performance in terms of thermal
comfort.

e As noticed from the thermal comfort curves (Figs. 6-3p/@8 the building
specifications (OS, SO and SS) achieved the requirements of the thermal comfort in
all the different climatic periods, in addition to the convergence levels of thermal
performance for all the specifications. This was especially prevalent in the middle of
the hot period (July and August), which make us resort to the financial studies that
suggest the use of case OS, as the only case that overcomes case SS financially
shown in Table 6-22.

Cairo:

e The Case SS again achieved the best energy performance, as well as the best therm
performance in terms of thermal comfort.

e In spite of achieving higher financial returns (see Table 6-22) compared to SS, the
case OS will not be chosen as the best case for Cairo, as according to the therme
performance curves (Figs. 6-37/38) OS will be so close to a lack of thermal comfort
in the climatic period of 2080. So it seems that the SS combination will be the only
specification that achieves thermal comfort with financial gains.

Aswan:

e Likewise the Case SS achieved the best energy performance, in addition to the bes
thermal performance as shown in Figures 6-39 and 6-40, and the best financial gains
according to the financial study (See Table 6-22).

e In order to achieve thermal comfort, it is necessary to use the SS combination, where
other specifications do not achieve even an asymptotic level of thermal comfort of
the SS specifications in all climatic periods, especially in the period of 2080, where it
didn't meet the thermal comfort requirensent

2- Building (B-2):
Alexandria:

e The Case SS has achieved the best monthly energy consumption and annual energ
cost, in addition to the best thermal performance.

e As shown in the thermal comfort curves in Figures 6-41 and 6-42, all the building
material sets achieved the thermal comfort requirements in all the different climatic
periods with very close levels of performance, which makes us resort to the financial
studies that suggest the use of case OS, which was the only case that overcomes S
financially as shown in Table 6-23.
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Cairo:

e The case SS, seems to achieve the best energy and thermal performance (Figs. 6-
and 6-44), as well as the best financial gains according to the financial study
(Table 6-23.

Aswan:

e Case SS, achieved the best energy performance (monthly energy consumption an
annual cost), in addition to the best thermal performance in terms of thermal comfort
as shown in Figures 45, and 6-46. As well as the best financial gains as shown in
Table 6-23.

The results showed different performance for each building materialsress dhe climatic zones.
However, in general, the results recommend:

e The use of the half red-brick wall (12cm) for the external walls and itngleSclear
Reflective 6.4mm (G2) glass with 20% WWR (OS set), as the most cost-effective
combination to be used on the long run in Alexandria.

The set SS was recommended to be used for Cairo and Aswan climatic zones, as the most cos
effective set of building materials:

¢ In Cairo the SS set consists of the Double wall of half red-brick withabicgap (Dair) for
the external walls, and the Single clear Reflective 6.4mm (G2) glass with 20% WWR.

¢ While the SS set for Aswan consists of the Double wall of half red-brick difienal
internal 5cm of expanded polystyrene thermal insulation layer (Dins) for the external walls,
and the Single clear Reflective 6.4mm (G2) glass with 20% WWR for fenestration.

The work shows that for every climatic region, there is an optimum combinatiomatefrial
specifications to achieve the appropriate levels of indoor thermal comfort as vesiasrim cost-
effectiveness. The study also shows that the material specification (&&)rniecessarily the most
cost-effective in the long term. These results will employed later in @hR@pPD test the research
recommendations for the building envelope design, using four different case study models.
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6.4: Solid part’s shading

No. of simulations Climatic zones WDFs No. of models
. 2002
Alexandria 2020
768 /fsar;’n 2050 1
2080

As a vital method for mitigating the solar radiation effect on buildings, sbaidi
considered of paramount importance, especially in Egypt as a hot arid climatey,caithtivery
high solar radiation intensity most of the year. Hence, the importance ofrgfuthy different
shading strategies against future climate change emerged. The Solid parts shading, dkeone of
commonly used passive techniques in the vernacular architecture (not origstatlyiti EREC),
was suggested to be investigated in this research. The aim is to utili@dntgdhnique in a
contemporary form, as well as testing its benefits in the presence of othes wfealimatic
treatments.

Shading the external envelope can be achieved in different ways, E.g. by surroundintglithg bui
by a group of trees that hinder the exposure to the solar radiation, by cultatjoeen areas to
reduce the reflection of the solar radiation on the walls, or by clustering tdagsiito reduce the
exposure of the external surfaces to direct sunlight. The different heights hofilidiegs and the
small width of the pedestrian streets, lead these buildings to shadetkaghresulting into les
thermal energy penetrating indoors. However, modern development and vehicular traffit made
difficult to keep the narrow roads with human scale and the previous cIimaﬁmtages
Wakeel and Serag 1989).

Not all the design features of the traditional houses might be appropriate newaltdagugh the
traditional house considered the climate as a main determinant. Solar screemsdsr used in

the Middle-Eastern countries for centuries to reduce the required cooling ddevegver, there is

a lack in understanding of their performance gquantitatively, in addition to the ambitstilof
scientific means to develop new efficient designs to suit the harsh desditiccts nowadays
(Sherifa et al. 2012). A considerable number of publications have addressed the effiectimg

the openings (such as windows), on energy consumption in different regions, some withethe sa
climatic conditions as Egypt, all stressing the importance of the shadinggee{{Ali and Ahmed
[2012,| Ahmed 202j2AI-Tamimi et al. 201flYang and Hwang 1995). However, these studies
considered the effect of shading devices over fenestration or on a combinationsaherading
windows. In sharp contrast, a limited number of publications addressed theoéfébetding the
solid parts of the building envelope (opaque solid walls) specially in such adotimatic zone

like Egypt|(Sherif et al. 201fL, Sherifa et al. 2p12). Of these veeymanuscripts, EI-Wake
[Wakeel and Serag 1989), who only mentioned the technique of using another walddhsh
main wall, Kravchuk and Boland (Kravchuk and J. W. Boland P000), who concluded that the wall
shading will improve the indoor thermal comfort in Adelaide city in South AiestraAhmed al-
Sharif, et al| (Sherif et al. 20[L1), paid attention to the effect of shéuknexternal opaque walls

on the potential savings in energy consumption, in order to conclude the bestiarilaf external

wall shading methods.
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The solid parts of the external walls is addressed for exposure to different proportitnrestodr

reflected solar radiation, subject to the direction of the sun during thigldalyburs and to the
changing in the ray's incidence angles in the different seasons of the year. Onsobftitvas for

solid walls treatment is shading it using the sun breakers, such as thoderdsedstration (the
non opaque parts) or by using double walls (Gomez-Munoz and Porta-GandarpE2abaaeel|

and Serag 19lﬂgsomez—Munoz and Porta-Gandara 2003b).

The final investigation focused on the determination of the optimum Haticshading the solid
parts of the building envelope, using the double walls technique (screens) in thredimeiic

zones in Egypt, under different climate change scenarios. The simulations utilizedgaation

between the screens shading technique and the thermal insulation of the extertygbesatls
examined in Section 6.1, in addition to using the different fenestration parameters iagadent
Section 6.2.

The research included the developing and utilizing of the new code (EPP) (discussed in sectior
5.4.3) to facilitate a total of 768 dynamic thermal simulation processes and to tesaceuracy

of the results, this computerized tool provides a partial automation of the simypaticesses in

order to conserve the time and achieve more accurate results. The ratios of the dolgl sha
screens were selected based on the following assumptions:

1) As shown from EREC and previous work Section 6.2.2, the maximum Window to Wall
Ratio (WWR) allowable for the entire climatic zones in Egypt is 20%, whilthbe used in
the work.

2) To represent the effect of the external shading provided by the surrounding suilding
vegetation and other obstacles. A ratio of 30% has been assumed for the solidgmts of
facade.

3) The building self shading produced by the balconies and the other prominence elaments i
the building, assumed to cover another 10% of the building's envelope.

From the aforementioned assumptions, there will be about 60% of the building's envelope covered
and about 40% of each facade left without protection against the direct andtisdliaecadiation

The cost effective protection for these remaining parts will be evaluatéakihg into account all

the possible probabilities in shading these remaining 40% of each facade usingcredits s
mounted on the external walls. The screens are assumed to be 10 cm away from thallmain w
made of light steel frames with iron mesh covered with cement, then painted in light colours, with a
total thickness of 5 cm. This is a commonly used technique in Egypt to cregke laui durable
partition that can resist the outdoor weather conditions with minimamtenance requirements.

All the shading probabilities for the South, East and West fagades have beeseatiyesltering

the different percentages from 10% to 40% of unprotected parts of eade fas shown in Figure

6-47 (for example 10-400% refers to the shading screen’s area: 10% of the total facade area for

the Southern fagade, 40% for the Eastern facade and 20% for the Western fa¢dde)shlding
percentages will be altered for the East and West facades while kelepiSguth constant, then
altering the South and start it all over again to get a sum of 64 probabiliticBafdees-24). This
process will repeated for the three climatic zones (Alexandria, Cairo andnjsesulting in
increasing the probabilities to 192 simulations, while repeating the procehe flour current and
future Weather Data Files (2002, 2020, 2050 and 2080) this gives a tofél8 ofimulation,
providing the results for this work.

" Even though this set of assumptions does not represent all the possittigatities in real life, it can be
considered as a start for more investigations in the same field to phetkeawit is efficient to use this kind
of shading techniques.
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30-30-10%

South Facade

East Facade

40-20-10%

Figure 6-47: Examples for the different probabilities of shading the solid parts.

Table 6-24: Building’s shading probabilities for one climatic zone for one WDF.

South Facaddg

East Facade

10% 10% | 20% | 30% | 40% 20% 10% | 20% | 30% | 40%
g8 g | 20%
=g = | 30%
40% 40%
South Fagade East Facade South Facadsg East Fagade
30% 10% | 20% | 30% | 40% 40% 10% | 20% | 30% | 40%
o o | 10%
7} g 200
=g =% | 30%
40% 40%
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A huge reduction in energy consumption was expected. However, a very small reductied resul
due to the appropriate construction materials that have been used, which obtamethdr
previous work Sections 6.1 and 6.2. The analysis process will address three phaBesrni)
comfort results, (2) Financial analysis and (3) Assessment of different alternatives.

The results obtained from the different simulations are divided ie geparate graphs: Monthly
Energy Consumption (kwWh), Annual Energy Cost in Egyptian Pound (EGP) and Indoor/outdoor
temperature (°C). These measures were plotted for the three climatic ddfezent shading
alternatives and different climate change scenarios in 48 graphs. However, asltegfaeshe

three different climatic zones were consistent, almost with the sametioscatherefore, the
results for Cairo climatic zone (16 graphs) were discussed and some of its geaphdisplayed
(Figs. 6-48 to 6-51) as a representative for the other obtained results. Ressitstqul are
generally followed the same patterns, but with some decrease in energy pmsusubsequently

the annual energy cost in Alexandria (to the North), and some increasedg eoesumption in
Aswan (to the South), due to the general weather conditions in each climatic zone. The graphs wer
listed according to the climatic periods (2002, 2020, 2050 or 2080) and to the sdighzaling

ratio which named after the Southern fagade (10, 20, 30 or 40%).

1- Thermal comfort results:

The thermal comfort is one of the main and the most influential concerhg idesign
process. The thermal comfort (in cost effective way) was already achievedtfar @sted
models with different shading probabilities in all the different climatic zamesperiods,

due to using of the proper building envelope insulation and fenestration treatmdatsghe
case itself already achieved thermal comfort from the beginning). Neveghé#ie goal

was to decrease the energy consumption and enhance the financial aspects using the sol
parts shading technique while maintaining the thermal comfort conditions.

As it turns out, the simulations did not show any remarkable developmére tharmal
comfort curves (see Figs. 6-48 to 6-51), just a very small improvement {madircthe
indoor air temperature) of 2-3% achieved as the best result in Cairo, and-26tnin
Alexandria and Aswan according to the Indoor Air Temperatures resulted from the
simulations, but as mentioned before within the acceptable range of the thermait comf
zone. At the same time this slight improvements have not shown any noticeattie @ife

the financial aspects.

2- Financial analysis:

As all the cases achieved the thermal comfort, a long term financial analysis has bee
conducted to find out which case is more cost effective than the base case on tleriong t
The financial implications for the results of the simulations in Ca@présentative for the

rest of the climatic zones Alexandria and Aswan) are summarized in Table 6-25.
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However, none of the different alternatives has outperform the base casg d@f the
different three climatic zones. As indicated in table 6-25, only the negatiwbears in the
column "saving in initial cost vs. saving in running cost" according to thbemeattical
equations, indicates financial gains on the long term for any of the various alesrefti

the study versus the base case, which proves that a proper thermal insulation and
fenestration treatment are sufficient to achieve thermal comfort in cost\affaety on the

long term and under the climate change scenarios.

Assessment of different alternatives:

In spite of the ineffectiveness of the different tested ratios and the enfycof using the
insulation and fenestration treatments, the energy consumption (running cost)tiahd ini
cost analysis has been conducted to point out the optimum solid shading ratio iitlease o
desire of improving the thermal comfort and energy consumption even by aasmoaitht.
The ratio 10-10-10 was found to be the most cost effective case among the aikén rat
all the climatic zones, when the running cost compared to the initial ctisé dong term,
due to the very small differences in the running cost between the different shatthsg
while the differences in the initial costs was higher (see Tablg.6-25

Simulation results as well as the associated financial analysis showeddhatistho need to use
the solid parts shading technique in the presence of the proper extetisalinaalation ad
fenestration treatments for each different climatic zone, as it is not ethieignificant
improvements to the indoor thermal comfort, and moreover it is not costivefféat any tested
ratio as well.
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Figure 6-48: Simulation results for Cairo climatic zone - Southern Fagade shadg10% (2002 - 2020).
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Figure 6-49: Simulation results for Cairo climatic zone - Southern Facade shaiag 10% (2050 - 2080).
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Figure 6-50: Simulation results for Cairo climatic zone - Southern Facade shadin20% (2002 - 2020).
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Figure 6-51: Simulation results for Cairo climatic zone - Southern Facade shadi20% (2050 - 2080).
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Table 6-25: Financial analysis for the simulation results of Cairo climatic zone.

S5 e 2002: 2012-2025 (14 years) 2020: 2026-2039 (14 years) 2050: 2040-2069 2080: 2070-2099 (30 Overall annual
- Running cost Sub total Running cost Sub total Running cost Sub total | Running cost Sub total running cost
Base B EGP 352.18 49304943 42122 5897.0748 | 50401 15120221 689.89 20696.5694 4664436
10-10 6465.6 339.19 4748 6767 40538 5675375 486.44 14593.138 689.89 206965694 45713.76
10-20 8236.8 338.25 4735.4831 404.22 5659.0949 485.15 14554 649 658 43 197529929 4470222
10-30 10008 337.34 47227081 403.09 5643 2086 48391 14517.383 656.42 19692 5984 44575.90
10-40 117792 336.05 4704.6516 401.53 5621.4381 48223 14466918 653.82 19614.6143 44407 62
20-10 82368 338.46 47384411 404 48 5662.6949 485 44 14563 1 659.12 19773.5674 4473780
20-20 10008 33755 4725.7581 403.36 5646.9871 484.20 14526.137 656.97 19709.0079 44607.89
20-30 117792 336.63 47128417 40220 5630.8554 48293 14488 027 654.94 196480828 44479 81
= 20-40 135504 33533 4694 5651 400.63 5608.7662 48122 14436.581 65234 19569 0018 4430891
= 30-10 0008 337.80. 47292617 403 62 5650.732 484 48 14534 424 657.63 19728952 44643 37
30-20 792 336.86 4715.9973 402 44 5634.203; 483.17 14495243 6553 19661 480. 44506.92
30-30 504 33593 4703.0344 40129 5618108 48191 14457.298 653.3: 19599.774 44378.22
30-40 21.6 334.65 4685 0323 399.74 55964114 48023 14406 812 65074 19522 2909 44210 55
40-10 117792 336.83 47155935 402.35 5632 8343 483.12 14493 558 655.5 196650609 4450705
40-20 135504 33592 4702.9087 401.22 5617.1446 48191 14457.353 653 .4 19602 4606 44379.87
40-30 153216 334.99 46899199 400.07 5601.0484 480.63 14418912 651 .3 19539.0241 44248 90
4040 170928 333.66 4671.2998 39847 5578.6029 478 88 14366.325 6485 19457.1968 4%0_7_ 42
10-10 9388 8 33849 4738.8303 40420 5658.7435 484.98 14549306 65831 19749.262 4469614
10-20 11160 33754 4725617 403.05 5642.7459 483,67 14510.179 656.06 19681.754 44560.30
10-30 129312 336.66 4713.1947 401 93 5626.9977 48246 14473 749 654.09 19622 8228 4443676
10-40 147024 46948772 4003 5604.9347 480.77 14423.223 65143 195427924 44265.83
20-10 11160 4729.0122 403 3 56462637 48401 14520.408 656.73 19701.7957 44597 48
20-20 29312 47164485 4022 5630.9996 482.76 1448273 654.64 19639.2653 44469 44
20-30 4702 4703.3288 4010 5614.342 48146 14443 794 65249 195747388 44336,
X 20-40 6473 4684.601 399.42 5591.9244 479.76 14392801 649.82 19494.5592 44163
= 0-10 12931 4719.6159 4024 5633.7741 483.03 4490949 19657.637. 44501.98
0-2 14702, 47068788 A S618 4785 481.79 4453 844 19591 651 44370.85
0-3 16473 4693 4841 4 5601.6216 48047 4414228 19526982 4423632
0-40 182448 4674.9376 5579.3402 47877 4363 042 19447 266 44064 59
40-10 147024 4705.7021 56159643 481.65 14449 462 19591 7511 44362 88
40-20 16473 6 4693.7653 5601.5141 480.49 14414.645 19531.6098 4424153
40-30 182448 4680.9332 55854905 479.19 14375759 194694217 44111.60
40-40 20016 4662.3304 5563.0672 47750 14324 976 19388.9276 43939.30
10-10 12312 4727.9922 5640.5664 483 40 14501 968 196702753 44540.80
10-20 14083 2 4714 8218 5624.5201 482.09 14462 842 196033319 44405 52
10-30 158544 4702.8423 5609.6618 480.96 14428 724 19548.1189 442890 35
10-40 176256 4684 1111 55870784 479.19 14375847 19464 7668 44111.80
20-10 14083.2 4718.6659 5628 8136 482.46 14473769 196250959 44446 34
20-20 158544 47054045 3612.5559 481.16 1443491 195580901 4431096
20-30 176256 4692.4373 5396.4439 47991 14397.413 194963643 4418266
& 20-40 19396.8 4674.4372 5574.7018 47824 14347.255 19418.7295 4401521
=2 30-10 158544 4709 3275 5616.6055 48151 1444526 19580.5631 4435176
0-20 176256 4696 4255 5600.7686 480.22 14406.622 19515 8381 44219.65
0-30 193968 4683.2334 5584.2776 478.96 14368906 19453.5454 44089.96
0-40 21168 4665.0514 5562.4247 477.26 14317.67 19374.4151 43919.56
40-10 176256 4695 4147 5598.3958 480.12 14403478 19514 8454 4421213
40-20 19396.8 5584.2833 478.99 14369.733 19454.961 44092 51
40-30 21168 5567.9391 477.70 14330.877 19392912 4396224
40-40 22939 5546.0447 47598 14279.356 19312918: 43790.59
10-10 15235. 4715.5939 5618.6574 48141 14442 408 19570.2363 4434690
10-20 17006 4 4702.3476 5602.2398 480.09 1440274 19500 442, 44207.77
10-30 187776 4690.0375 5586.6796 478.89 14366.73 194416638 4408511
10-40 20548 46721191 5565.0838 477.21 1431645 1936399 43917.64
20-10 17006 .4 47057144 5606.104 480,43 14412.933 65081 19524.3797 4424913
20-20 187776 46938927 5591.6422 479.27 14377.999 648 81 19464.1536 44127 69
20-30 20548 8 46799858 5573.9333 477.90 14336.88 646.56 19396.707 43987.51
b 20-40 22320 46619211 55520962 47620 14285942 643.93 19318.0042 43817.96
S 30-10 18777.6 4696.7518 5594.0933 479.49 4384673 64931 194793891 4415491
30-20 205488 4683 7152 5578 0184 47819 4345752 64707 19412.0348 4401952
30-30 22320 4671.0456 5562.0743 476.98 4309.305 645.06 19351.94 43894 36
30-40 240912 4654.8027 55451877 47575 4272475 643.25 19297 4146 43769.88
40-10 20548 8 4684 5381 5580 8958 478 55 14356 561 647 90 19436 8881 44058 88
40-20 22320, 4670.5074 5561.1163 476.89 14306.81 644.99 19349.6397 43888.07
40-30 240912 4657.9368 5545.1028 47561 14268 356 642.92 19287.5498 43758.95
40-40 258624 4639 749 55232165 47391 14217178 640.27 19208 0998 43588 24

* Only negative numbers in the last column "saving in initial cost vs. saving in running cost" indicates financial gains against the base case.

Average annual running cost

(Overall/88)

er:

diff in initial accumulation diffin running | accumulation
cost after 88 yrs costs after 88 yrs | $3VIng in initial cost vs.
saving in running cost
[ 000 000 000
6.465 60 11,660.41803 - 1058 - 230,860.32 11,420,558 62
236,50 14.854,698 51 - 2207 —481,79938 14372,899.13
10.008.00 18,048.978.08 ~ 2331 S13.136.86 17.535.841.22
11,779.20 21,243,257.65 - 55488224 20.688.375.42
§.236.80 13,854,698 51 — 41297192 14.381,726 59
10.008.00 15.048.978.08 ~505.200.40 17.543.777.68
11.779.20 21,243,257.65 ~ 536.97483 20.706.282.82
13.55040 24.437.537.23 - 579.369.26 23.858,167.07
10,008 00 04897808 39639855 17.552.579.53
11,7920 1.24357.65 ~ 530247.55 20.713.010.11
4.437,537.23 - 56217730 23.875,359.93
763181680 ~ 603.771.79 27.028.045.01
21.243.257.65 - 530217.13 20.713.040.52
24.437.537.23 ~ 561,767.49 23.875,769.73
27.631.81680 50425613 27.037.560.67
30,826,096.38 - 637.788.65 30.188.307.73
16.932.278.72 ~483.307.06 16.445.971.66
20,126,538.29 ~517.007.42
2332083787 - 547.652.51
26,515,117.44 59005794
11.16000 20.126,558.29 50778285 19,618,775 44
12.93120 23.320,837.87 539,545 66 22,781,292
14.702.40 26515.117.44 57259947 25942.517.9
16.473.60 29.709,397.01 - 61534734 29,094,049.67
12.93120 3.320,83787 53147506 22.789.362.80
14.70240 6,515 117.44 ~564.003.93
16.473.60 9,709.397.01 59737892
18.244.80 2.903.676.59 - 639.081.30
14.702.40 651511744 - 565.981.68
16473.60 29.709.397.01 ~ 59608472 2911331229
18.244 80 32.903,676.59 ~ 62831728 32.275.359.31
20.016.00 36.097.956.16 - 67106137 35.426.894.79
12312.00 22,204,138.50 521.843.33
14.083.20 25,398,418 08 ~ 355.408.72 24.843.013.36
15.854 40 28.592.607.65 - 584.223.49 28.008.474.16
17.625.60 31.786,97722 - 62826776
14.083.20 25.398 41808 ~ 545.276.00
15.854.40 28.392.697.65 578,861 64 25.013.836.01
17.625.60 31.786,977.22 61069033 31.176.286.90
19.396.80 34.081.256.80 65222043 34.320.027.37
15,854 40 28,502,69765 ~ 568.741.10 28.023.956.55
17.625.60 1.786.977.22 1.185.464.67
1939680 4.081.256.80 4.347.570.80
2116800 8.175.536.37 X 7.499.577.73
17.625.60 31.786,977.22 27,64 - 60337817 31.183.599.06
19396 80 34.951.256.80 ~29.00 ~ 633.053.98 3434820282
21,168.00 38,175.536.37 3048 ~ 665.370.90 3751016548
22.939.20 1.369.815.05 - 04 - 707.953.06 30.661.862.88
747599829 2611 ~ 569.946.82 26.906,051 47
0.670.277.56 27,69 = 604.460.78 30,065,817.08
33.864.537.44 2908 ~634.889.69 33.220.667.15
37.058.837.01 ~ 3099 ~ 67643445 36.382.402.56
30.670.277.86 2722 - 594.200.10 30.076,077.76
33.864,557.44 2360 62432734 33240,230.10
37.058.837.01 3019 - 659.103.12 36.399.733.89
40.253,116.58 3212 ~ 701,162.57 39.551.954.01
33.864.557.44 2829 ~617.574.83 33.246,982.61
2054880 37.058.83701 2983 ~ 651.16090 36407.676.11
320,00 40.253.116.58 3125 ~ 682.209.19 39.570.907.40
2409120 43.447.396.16 3266 ~713,09096 42.734,305.20
20,548 80 37.058.837.01 2938 641,396 18 36.417.44083
2232000 40.253.116.58 3132 ~683.769.86 39.569.346.72
24.09120 43.447.396.16 -~ 3279 ~ 715.803.60 42.731,592.56
2586240 46.631,675.73 — 3473 ~ 758.150.74 45.883,524.99




Chapter Conclusion:

This chapter highlighted the inability of the present construction indusEgypt to mitigate
the future climate change using the currently used construction materiate fexternal
walls. Even the EREC's recommendations, didn't show cost effective resthis long term
under climate change effects. The overall performance method was usddtoaefeasible
solutions, available in the Egyptian market, in order to achieve betealbperformance
and cost effectiveness. The results regarding this issue recommended thediffseeat

construction materials vary according to climatic zone.

The shading devices calculation method listed in EREC has proven the abjilityduce a

proper shading devices that can provide the same shading efficiency in the presenean:
future climate conditions. The financial implication of the simolatresults generally
recommend the use of, the Single Clear Reflective 6.4mm glass with 8fte&teSteel

Cover, as the most cost-effective glass type to be used in the long ruanwithWR in the

different climatic zones.

The results also indicated that, there was no necessity to use the solid palitey s
technique, if appropriate external walls' insulation and fenestratiatmeats have been
used for all climatic zones, as it does not significantly improverntieor thermal comfort
and it is not cost effective.

Generally, the overall results suggested what seems to be the optimum ciomsthugices

for the three different climatic zones tested in Egypt. The resutsnmaend the use of the
half red-brick wall (12cm) for the external walls and the Sirdéar Reflective 6.4mm (G2)
glass with 20% WWR (OS set), as the mositedfective combination to be used on the lor
run in Alexandria. While in Cairo, the Double wall of half red-bnigth 5cm air gap (Dair)

was chosen for the external walls, with the Single clear Refleétmm (G2) glass with
20% WMWR. Finally in Aswan, the Double wall of half red-brickhwadditional internal 5cm
of expanded polystyrene thermal insulation layer (Dins) for the exterria| aad the Single
clear Reflective 6.4mm (G2) glass with 20% WWR for fenestration were chosen.

189



Chapter 7: Application of design recommendations

Chapter Introduction:

Al the research work findings will be implemented and tested through four cadhe
models, in order to assure the accuracy and validity of the resdigiofally, generalize

these findings over the different climatic zones in Egypt, in order to rolit@i buildings'

general thermal behaviour in each zone under the different clchatege scenarios. The
aim is to ensure the achievement of the various recommendations to the main objective:
research, of maintaining the adequate thermal comfort at the ptiesernd in the future,
with a commitment to reduce energy consumption over the currend Evebnsumption, as
well as achieving long term cost effectiveness.

In order to test the aforementioned findings in Chapter six, different mgitgfpologies
were tested using the dynamic thermal simulations technique to assess the buildings therma
performance. Four different middle class buildings in government housing progretemployed
in order to conduct the simulations, with a number of rooms in each flat typiaaljing (in this
class) between 2 and 3 bedrooms. This class of housing were selected as itlisgattine latest
census in 2006, conducted by the Central Agency for Public Mobilization and SttistREIAS |
), it represented the type of housing that is inhabited by the largest mop(#&%6) on the
nationwide. These different building typologies were originally locateAlexandria and Cairo
governorates, which are then tested in the three main climatic zonesph (Egyro and Delta
zone, North coast zone and the Southern Egypt zone) represented by their mainesiéiedria,
Cairo and Aswan respectively (see Fig 7-1). The following section will define iffexredt
configurations of the buildings envelopes.

Mediterranean Sea
N\\ MARSA MATRUH

O Alexandria
© Cairo
@ Aswan
)

Figure 7-1: The main cities that represented the three climatic zones which haween tested.
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7.1: Parameterization

7.1.1: The criteria for selection and the determinants of simulations

The four typologies were selected out of different models have been useddn lar
housing projects in Egypt and have been repeated hundreds of times. This is the tydang$ bu
which we were aiming at to implement the new construction proposals (T-d4bjdn/order to
achieve the maximum savings in energy consumption in the case of actual imppliddtether
on the existing buildings or for the new buildings. Each typology were named afteiginal
construction district whether at Alexandria or Cairo. Zahra2, Helwan agdni3 are different
districts in Cairo, while CD-Beshr is a famous district in Alexandria.

As with previous simulations in chapter 6, each typolegyested against different external
influences and internal conditions. The simulations have conducted according to Table 7-2, which
clarifies the different climatic zones, climatic periods, in addition to Hr@ws treatments that

will be used for each model. Where:

1- The Climatic Region: refers to the climatic zone that will be concerned sirthaation
(Alexandria, Cairo and Aswan).

2- The Climatic Period: which refers to the weather data file usethéosimulation (2002,
2020, 2050 and 2080).

3- The abbreviationsNV, HVAC, EREC and IMPR): refers to the different construction
specifications and HVAC systems used in the model:

¢ NV (Natural ventilation): means the building in its current conditiorteouit any
modifications, neither thermal insulation nor HVAC systems. To verify the
existence of thermal comfort.

e HVAC (Mechanical improvements): refers to the same building after addeng t
HVAC systems, to improve the indoor thermal conditions.

e EREC (Egyptian Residential Energy Code): refers to the building after
implementing the Egyptian code (EREC) recommendations. In order to minimize
the using of the HVAC systems.

¢ IMPR (Further improvementsResearch recommendations): the final step, which
will include the implementation of the research findings. To achieve the indoor
thermal comfort, with minimum energy consumption and long term cost
effectiveness.
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Climatic
region

Alexandria

Construction

type

External Walls

Table 7-1: The different construction materials combinations used in the reseeh.

Different tested combinations

Half red-brick wall
(12¢m)

Half red-brick wall
(12¢m)

Full red-brick wall + 1cm
of insulation (25+)

Half red-brick wall
(12¢m)

Fenestration

Single clear 6.4mm
(G1)

Single clear 6.4mm
(G1)

Single clear Reflective
6.4mm (G2) +20% WWR

Single clear Reflective
6.4mm (G2) +20% WWR

HVAC

No

When needed

When needed

When needed

Natural
Ventilation

External Walls

Half red-brick wall
(12cm)

If applicable

Half red-brick wall
(12cm)

If applicable

Full red-brick wall + 2cm
of insulation (25++)

If applicable

Double wall of half red-
brick-air gap (Dair)

Fenestration

Single clear 6.4mm
(G1)

Single clear 6.4mm
(GI)

Single clear Reflective
6.4mm (G2) +20% WWR

Single clear Reflective
6.4mm (G2) +20% WWR

HVAC

No

When needed

When needed

When needed

Natural
Ventilation

External Walls

Half red-brick wall
(12cm)

If applicable

Half red-brick wall
(12¢em)

If applicable

Full red-brick wall + 3cm
of insulation (25(+3))

If applicable

Double wall of half red-
brick-insulation (Dins)

Fenestration

Single clear 6.4mm
(G1)

Single clear 6.4mm
(G1)

Single clear Reflective
6.4mm (G2) +20% WWR

Single clear Reflective
6.4mm (G2) +20% WWR

HVAC

No

When needed

When needed

When needed

Natural
Ventilation

If applicable

If applicable

If applicable
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Table 7-2: General simulations' table for the application of design recomendations

Weather Periods

Climatic
Region

Zahra2

Helwan

Alexandria
Tagam3

Cd-Beshr |

Zahra2

Helwan

Tagam3

Cd-Beshr

Zahra2

Helwan

Tagam3

Cd-Beshr



7.1.2: Description of the selected typologies

As the main two Egyptian governorates, models from real housing proje&tsxanhdria
and Cairo were selected to conduct the simulations. About 50% of the construgéetsgrarried
out in Egypt are located in Cairo and Alexandria governotjates (Huang 603d). 1 addition to
that, Cairo and Alexandria were among the highest three cities in Egypinm air conditioners,
where the three cities (Cairo, Alexandria and Asyut) contain about 88%te cdir-conditioned
apartments in Egypt according to the 2006 cerjsus (CAPMAS| 2006). Which made these citie
within the highest energy consumption levels in the residential sector in Egypt.

7.1.2.1: Model -1 (Zahra2)

The building consists of six floors, where each has two residential Wih an
approximate area of 70 %flat. The average number of occupants per flat is four. Table 7-3,
demonstrates the basic characteristics of the building, while the building aratifibor plan are
shown in Figure 7-2. As shown, the flat consists of living space, kitchen, two bexiarun
bathroom.

Table 7-3: Basic characteristics of the model.

The model Characteristics
Building floors 6 floors
Number of flats 12 flat
Flat area 70 nt
Floor height 3 m/ floor

Figure 7-2: The building's model and a flat typical plan.

The main layout of the housing project is located in Nasr-city at Cairo, inZ&hra2 district as
shown in Fig. 7-3. The project represents a middle class typical housing project, cohsists
hundreds of buildings of different typologies. The project was built in akgequential stages
over the years, the selected prototype (Fig. 7-4) is the last stage of thet prgj its construct
dates back to about 6 years.
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Figure 7-3: The project layout.

Figure 7-4: The building typology which was used for simulations.
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7.1.2.2: Model -2 (Helwan)

The building consists of six floors, where each has four residential \fiis an
approximate area of 80 %flat. The average number of occupants per flat is four. Table 7-4,
demonstrates the basic characteristics of the building, while the buitdhdgl and floor plan is
shown in Figs. 7-5 and 7-6. As shown, the flat consists of living space, kitchen, three bedrooms anc
bathroom.

Table 7-4: Basic characteristics of the model.

The model Characteristics
Building floors 6 floors
Number of flats 24 flat
Flat area 80 nf
Floor height 3 m/floor

=TT
ARARER T

i R |\ EEw

Figure 7-5: The building's model.

Figure 7-6: The typical flat plan.
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The main layout of the housing project is located in Helwan district witliinoGovernorate
(shown in Fig. 7-7). A photos of the project are shown in Fig. 7-8.

Figure 7-7: The project layout.

Figure 7-8: Some of the buildings in the housing project.

7.1.2.3: Model -3 (Tagam3)

This model consists of six floors; each has four residential flatsamitapproximate area
of 86 nf/flat. The average number of occupants per flat is four. The buildingflan and model
are shown in Figs. 7-9 and 7-10 respectively. While table 7-5, demonstrates the basi

characteristics of the building.
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Domestic Bedroom
Domestic Lounge

Domestic Kitchen

Domestic Bathroom

Common circulation oreas

Figure 7-9: The building floor plan.

=
Table 7-5: Basic characteristics of the model.
The model Characteristics
Building floors 6 floors
Number of flats 24 flat
Flat area 86 nf
Floor height 3 m/floor
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7.1.2.4: Model -4 (CD-Beshr)

The building consists of five floors, where each has four resideftdis with an
approximate area of 86°mrhe average number of occupants per flat is four. The building model
and floor plan are shown in Fig. 7-11, the flat consists of living space, kitchetetlvooms and
bathroom. Table 7-6, demonstrates the basic characteristics of the building.

-
<
5
]
-
[

o
i
[
A
[

Figure 7-11: The building's model and a flat typical plan.

Table 7-6: Basic characteristics of the model.

The model Characteristics
Building floors 5floors
Number of flats 20 flat
Flat area 86 nf
Floor height 3 m/ floor

The main layout of the housing project is located in CD-Beshr districteadaAdria governorate
(shown in Fig. 7-7). A photo of the project is shown in Fig. 7-8.
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12: The project layout.

Figure 7

The housing project photo.

Figure 7-13;
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7.2: Results and analysis

The different aforementioned buildings were simulated using EnergyPlus through
DesignBuilder interface, in order to identify the energy consumption needed t@iméie indoor
thermal comfort conditions in the current climatic conditions and under the future predictaiz cl
change. Many combinations of construction materials and solutions were altered (Teflelet@-

1) to obtain the best combination for each climatic zone, while applyagdncept of long term
cost effectiveness.

As with the work presented in chapter 6, the results obtained from the tsimsilaf the different
construction envelopes are divided into separate graphs and tables for each casehetgdy. T
contains: Monthly Energy Consumption (kWh), Annual Energy Breakdown (kWh), AnnualyEnerg
Cost in Egyptian Pound (EGP) and Indoor/outdoor temperatures (°C). In addition to #at'9roj
overall financial situation analysis. These measures are plotted forffixemdi buildings in the
three climatic zones Alexandria, Cairo and Aswan. The graphs represents trenditfsults for

the four different weather periods (2002, 2020, 2050 and 2080).

1- The first graph includes:

a) The monthly energy consumption for the different types of construction comobinats
expected, the energy consumption increases because of the temperature increase und
climate chang¢ (Crawley 20D7) in all of the climatic zones.

b) The indoor and outdoor mean temperature variations for the whole year, with each
number corresponding to the respective month, along with the thermal comfort zone. A
expected, these vary for the different climatic zones, climatic periods and type of
constructions and treatments used in the model.

c¢) The annual energy Breakdown through the different climatic periods, tdycthd
specific details of energy use in the models according to the results sifriblations.

The cooling demands (via air conditioning) dominates the energy consumptionhia all
different climatic zones through all the various climatic period, thislglsdown in the
southern Egypt climatic zone (Aswan).

2- The second graph includes: The annual energy cost according to the current and et propo
new household electricity tariffs used in Egypt (see Section 5.8.2), for the different fourcclimati
periods used in the simulations. As expected, the results show that the cost Ig direct
proportional to the increase in energy consumption. Additionally, the newretétted on a
higher monthly electricity bills which gives a bad impression on the shiort, but the final
decision will be taken according to the overall financial analysis.

3- The third figure contains two tables represents the financial implementatiahe oésults
based on the Net Present Value (NPV) financial model (see Section 5.5). The fienendif
construction and treatment type$\{, HVAC, EREC and IMPR) used in the simulations are
compared with respect to the long term financial aspect. The two electryy ¢agffs will be
used in the financial study, the current electricity tariff and the new issue ofithevtiéch will
be implemented soon at the end of 2014 or early 2015.
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The aim is to point out the best cost effective construction type toskd in each of the
climatic zones, taking into account the initial cost and the running cost oimerhapplied.

The tables shows the running costs for the energy consumed in any of the climatic zones
concerned in the simulations, for each climatic period (sub-total), as vibk average annual
running cost obtained by dividing the running cost of the four periods added to(f2veeall

annual running cost) by 88 years (the maximum available test period).

In the financial study, theNV" case was neglected as it is never maintains the indoor thermal
comfort for the whole year. While the "HVAC" case was selected as thehssdor being the

first construction combination to achieve indoor thermal comfort with minirmitial cost,
although, it has the highest energy consumption as well (running costs).

The financial study has been performed for each model in each climatic zone sep&aoately
each tested construction combination, the initial cost has been calculated actorttieg
building materials and treatments that have been used in the model. The differtdecimitmal
cost of any case and the base case (HVAC) is invested by saving the maregnikwith tie
regular 9% interest rate in Egypt (NBE 2012). In addition, the bills paidht®orconsumed
energy in each different case is referred to as the running cost. fidrerdie in the running
cost between any case and the base case will reflect in savings in EGP (Huyptids) in the
annual energy bills.

The results are listed according to the climatic zones. In each climatic zone, the completeresults f
the four different buildings will be included sequentially:
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7.2.1: Alexandria

7.2.1.1: Building-1

Building type Zahra2 Climatic zone Alexandria

1-The general results of the simulations for this building (Fig. 7-14) clarfiésrent remarks,
regarding the general differences between the various kinds of the constructioralsnatedi
treatments used in the simulations:

o For the different climatic periods (2002, 2020, 2050 and 2080)NMecase (which
represent the building as it is, in its current condition, without any fioatibns or any
kind of thermal treatments) always achieved the minimum energy consumptiberest
no mechanical means are involved in improving its indoor thermal comfort. Inathgs ¢
the energy consumed mainly in the artificial lighting, and the operations of the hlouseho
appliances (Room Electricity), as well as the Domestic Hot Water (DHW) as dhonv
the annual energy breakdown. Therefore, this type of builddg3 &lways fail to achieve
indoor thermal comfort for at least two months in the year (in the summer period) under the
current climatic conditions, as shown in Fig. 7-14. This period of thermal disdomill
increases to about five months in the future (2080 climatic period), due effébeof the
climate change in the successive climatic periods.

e The integration of the HVAC systems in order to improve the indoor thermaltiomsdi
(Case HVACQC), involved a significant increase in the energy consumption (dspiecibe
summer months) represented mostly in the energy required for cooling in theibdt per
The need for the cooling energy increases as a result for the tempenatease by
moving from a climatic period to the period that followed. Even though, tlem® i
significant increase in the energy consumption, the thermal comfort has Imesreddn
all the different climatic periods, but with expensive andfficient price (as will be
discussed in the financial analysis).

e The implementation of EREC recommendations (case EREC) led to a reduction in energy
consumption of up to about 33% compared toHMAC case (under the current climatic
conditions), but with an increase in the initial cost of 78%. These impentsrhave kept
the indoor thermal conditions within the acceptable range for all the atiffelimatic
periods used in the simulations, and have significantly reduced the required coatiag |
which reflected on the energy use reduction.

e The IMPR case(Further improvements / research recommendations) includes the use of
different construction materials and treatments derived from the energy code or available in
the construction market in Egypt. To ensure achieving the indoor thermal contifotthev
best benefits of the financial aspects. In this case (IMPR) a reduction ofin/3e
project's initial cost has been achieved compared to the EREC case. With an annual
increase in the energy consumption (under the current climatic conditions - 2002)
estimated by about 11%. The thermal comfort still within the acceptaldés lenvith a
slight increase in the necessary energy for cooling in the hot period.
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2- The annual energy cost according to the current and the proposed new household electricity tariffs
is shown in Fig. 7-15. The annual energy cost is directly proportional to treagscin energy
consumption, and this is subject to the different categories in the residdatiaicity tariff. In
other words, high consumption of energy will be reflected in increased prici® ianergy
categories itself (Section 5.8.2). This was clearly appeared in the ttliomatic periods, where
the difference between the various construction combinati¥s HVAC, EREC and IMPR) in
the consumed energy cost increases in non uniformly manner. As shown in Fig. 7-15,662 "ER
and "IMPR" cases always represents the minimum annual energy costs for ththabbese
achieved the indoor thermal comfort (HVAC, EREC, IMPR), during the different periothe o
simulations.

It should be noted that, evaluation of the construction materials and the methodsretresed
in the study is not based on the total energy consumed or the cost of annual comsantptibut
rather is based on the overall financial analysis. Bearing in mind that, iaghibermal comfort
is always the main point.

@

The overall financial analysis benefited from the financial aspects of allaimems involved in
the project, such as the initial cost of the project, the running costs of djeetpwhether
according to the current energy prices or the proposed new tariff which is exjgebtedsed in
the near future. As well as the long term financial investments for therdsof money resulting
from the use of the different construction solutions.

The financial implementations of the results are shown in Table 7-7. The table stows t
difference in the initial and average annual running cost for every construadi@mials used,
compared to the "HVAC" case, along with the accumulated amount for each typ¢hafi@s
years investment. The comparison also presents the potential savings indicatititethas a
financial gain from using the "IMPR" combination instead of the other cABésHVAC and
EREC). This advantage of the "IMPR" case is applicable whether with the current electif€ity tar
or in the case of the application of the new (more expensive) proposed tariff. Whiatflegt in
more financial returns in favour of the "IMPR" construction materials. This medhe case of

the removal or minimize of energy subsidies, the "IMPR" proposed model wilhoento be
applicable for implementation even with better financial benefits.

From the analysis of the simulations results of this building, it can be noticed that:

e All the cases except the initial casBV" have achieved the required indoor thermal
comfort among the different climatic periods, with the assistance of HVAC systédm
aim of using various construction scenarios for the building fabrics isnionire the time
of operation for the HVAC, in order to minimize the energy consumption for cooling.

e Achieving the minimum energy consumption does not necessarily mean that, the
construction type is the best case for application economically. As is the ¢hsypes
"EREC" and "IMPR", where case EREC achieved the minimum consumption of
electricity, while IMPR was less expensive in the initial construction casiorling to the
long term financial analysis, the IMPR case was better to be applied, ifoadditits
ability to maintain the indoor thermal comfort in all the climatic periadd also achieve
savings in energy consumption.
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Figure 7-14: The general results of the simulations.
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Figure 7-15: The annual energy cost.
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Table 7-7: The project's financial analysis.
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7.2.1.2: Building - 2

Building type Helwan Climatic zone Alexandria

1- The general results of the simulations for this building (Fig. 7-16) idardifferent remarks,
regarding the general differences between the various kinds of the constructiomlsnateti
treatments used in the simulations:

o For all the different climatic periods, th&V" case could not remain within the indoor
thermal comfort in all the different seasons of the year especialhg isummer period. The
main energy consumed in this case was for the operations of the household appliances
(Room Electricity), then for lighting and Domestic Hot Water (DHW) as shivam the
annual energy breakdown.

¢ In case HVAC, a significant increase in the energy consumption has been noticed due t
involving the HVAC systems to achieve the indoor thermal comfort when needed. Most o
the energy consumed for cooling demands.

e The energy consumption decreased in case EREC, due to the application of the energy cod
recommendations. The application of EREC reflected on the reduction of cooling loads.

e The IMPR case kept the thermal comfort in the acceptable ranges, while rimgitfie
required initial cost. Thus includes a slight increase in the energy consomgxuired for
cooling in the summer period, without affecting the general financial gains on the long term.

2- The annual energy cost according to the current and the proposed new household electricity tariffs
will be shown in Fig. 7-17. The analysis of the annual energy cost charts iifféhend climatic
periods and under different tariffs, clarifies the different energy costsaih ef the used
construction materials. In general, tR¥ combination consume the minimum amount of energy
annually, thus the minimum cost, followed by the case EREC, then IMPR casesy Hirall
HVAC case, which just depend on the mechanical equipments without any further treatments, thus
the higher energy bills.

3- The financial implementations of the results are shown in Table 7-8. The financial tables (whether
using the current or the new energy prices) showed that, the IMPR construction typee is
beneficial than the HVAC or the EREC case constructions, where all of them liameathe
thermal comfort. However, the financial gain of the IMPR construction is htgherthe others,
thus it is more cost effective.

The other two case study buildings (Appendix X) in the Alexandria climatic zboged the same
patterns of monthly energy consumption, thermal behaviours, and energy breakdowntidn sadi
the same patterns of annual energy costs, and the overall financial analysis.
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Figure 7-16: The general results of the simulations.
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Figure 7-17: The annual energy cost.
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Table 7-8: The project's financial analysis.




7.2.2: Cairo

7.2.2.1: Building-1

Building type Zahra2 Climatic zone Cairo

1- The general results of the simulations for this building (Fig. 7-18)fierdifferent remarks,
regarding the general differences between the various kinds of the constructavialsnand
treatments used in the simulations:

o For all the different climatic periods, th&lV" case could not remain the indoor thermal
comfort in all the different seasons of the year especially in the summed.pEhe main
energy consumed in this case was for lighting, then for the operations of the teuseho
appliances (Room Electricity) and Domestic Hot Water (DHW) as shown from tlialann
energy breakdown.

¢ In case "HVAC", a significant increase in the energy consumption has been it éol
involving the HVAC systems to achieve the indoor thermal comfort when needed. Most of
the energy consumed for cooling demands. It is noticeable that the indoor temperatures
almost reached the threshold of the thermal comfort zone, during the summer mahéhs i
2080 climatic period.

e The energy consumption decreased in case EREC, due to the application of the energy cod
recommendations. The application of EREC reflected on the reduction of cooling loads.

e The IMPR case kept the thermal comfort in the acceptable ranges, while rimgitthie
required initial cost. Thus includes a slight increase in the energy consnmgxuired for
cooling in the summer period, without affecting the general financial gains on the long term.

2- The annual energy cost according to the current and the proposed new household electricity tariffs
will be shown in Fig. 7-19. The analysis of the annual energy cost charts iifféhend climatic
periods and under different tariffs, clarifies the different energy costs for @athe used
construction materials. In general, tN® construction materials consume the minimum amount
of energy annually (without achieving thermal comfort), thus the minimumm Eollowed by the
cases EREC, then the case IMPR. Finally the HVAC case, which just dependnoectianical
equipments without any further treatments, thus the higher energy bills.

3- The financial implementations of the results are shown in Table 7-9. Both cases EREC and IMPR
achieved the indoor thermal comfort for the whole year, in all theatitnperiods that were
tested. However, the financial gains of the IMPR construction is higher thaBREE case
construction, whether using the current electricity tariff or the new gipeices. Thus "IMPR" is
more cost effective to be used in Cairo climatic zone.
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Figure 7-18: The general results of the simulations.
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Figure 7-19: The annual energy cost.
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Table 7-9: The project's financial analysis.




7.2.2.2: Building-2

Building type Helwan Climatic zone Cairo

1- The general results of the simulations for this building (Fig. 7-20)fieldifferent remarks,
regarding the general differences between the various kinds of the constructasialsnand
treatments used in the simulations:

o For all the different climatic periods, th&lV" case could not remain the indoor thermal
comfort in all the different seasons of the year especially in the summed.pEhe main
energy consumed in this case was for the operations of the household appkauras (
Electricity), then for lighting and Domestic Hot Water (DHW) as showmfthe annual
energy breakdown.

¢ In case "HVAC", a significant increase in the energy consumption has been it éol
involving the HVAC systems to achieve the indoor thermal comfort when needed. Most of
the energy was consumed for cooling demands. It is noticeable that the indoor teeperatur
exceeds the threshold of the thermal comfort zone, for almost two months theing
summer period in the 2080 climatic period.

e The energy consumption decreased in case EREC, due to the application of the energy cod
recommendations. The application of EREC reflected on the reduction of cooling loads.

e The IMPR case kept the thermal comfort in the acceptable ranges, while rmgithie
required initial cost. Thus includes a slight increase in the energy consamgduired fo
cooling in the summer period, without affecting the general financial gains on the long term.

2- The annual energy cost according to the current and the proposed new household electricity tariffs
will be shown in Fig. 7-21. The analysis of the annual energy cost charts iifféhend climatic
periods and under different tariffs, clarifies the different energy costs for @athe used
construction materials. In general, tR®¥ combination consume the minimum amount of energy
annually, thus the minimum cost, followed by the case EREC, then IMPR casesy Hirall
HVAC case, which just depend on the mechanical equipments without any further treatments, thus
the higher energy bills.

3- The financial implementations of the results are shown in Table 7-10. Theifihdables
(whether using the current or the new energy prices) showed that, the IMPR camstyye is
more beneficial than the HVAC or the EREC case constructions. The financial giedMPR
construction is higher than the others when using any of the enerdy, témifs it is more cost
effective to be used in this climatic region..

The other two case study buildings (Appendix Xl) in the Cairo cloredne, showed the same
patterns of monthly energy consumption, thermal behaviours, and energy breakdown. In addition tc
the same patterns of annual energy costs, and the overall financial analysis.
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Figure 7-20: The general results of the simulations.
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Figure 7-21: The annual energy cost.
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Table 7-10: The project's financial analysis.




7.2.3: Aswan

7.2.3.1: Building-1

Building type Zahra2 Climatic zone Aswan

1- The general results of the simulations for this building are shown 728, it clarifies different
remarks, regarding the general differences between the various kinds of thectiomstnaterials
and treatments used in the simulations:

o For all the different climatic periods, th&lV" case could not remain the indoor thermal
comfort in all the different seasons of the year especially in the summed.pEhe main
energy consumed in this case was for lighting, then for the operating the household
appliances (Room Electricity) and Domestic Hot Water (DHW) as shown frommthela
energy breakdown.

¢ In case "HVAC", a significant increase in the energy consumption has been minté ol
involving the HVAC systems to achieve the indoor thermal comfort when needed. Most o
the energy consumed for cooling demands.

e The energy consumption decreased in case EREC, due to the application of the energy cod
recommendations. The application of EREC reflected on the reduction of cooling loads.

¢ In this case the IMPR construction specifications has achieved better irciorat
conditions than the EREC case. Thus, less energy consumption for cooling demands during
the summer period. However, this involves a slightly higher initial coghowt affecting
the general financial gains on the long term.

2- The annual energy cost according to the current and the proposed new household electricity tariffs
will be shown in Fig. 7-23. The analysis of the annual energy cost charts iifféhend climatic
periods and under different tariffs, clarifies the different energy costs for @athe used
construction specifications. In general, ¢ construction specifications consume the minimum
amount of energy annually (without achieving thermal comfort), thus the minimunfotiewed
by the cases IMPR, then the case EREC. Finally the HVAC case, which just depend on the
mechanical equipments without any further treatments, thus the higher energy bills.

3- The financial implementations of the results are shown in Table 7-11. The cas8&s HREC
and IMPR achieved the indoor thermal comfort for the whole year, in allithatid periods that
were tested. However, the financial gains af PR specifications is higher than the other
constructions, whether using the current electricity tariff or the new epeiggs. Thus "IMPR
is more cost effective to be used in Aswan climatic zone.
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Figure 7-22: The general results of the simulations.
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Figure 7-23: The annual energy cost.
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Table 7-11: The project's financial analysis.
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7.2.3.2: Building-2

Building type Helwan Climatic zone Aswan

1- The general results of the simulations for this building (Fig. 7-24)fielsrdifferent remarks,
regarding the general differences between the various kinds of the constructiomlsnateti
treatments used in the simulations:

o For all the different climatic periods, th&V" case could not remain the indoor thermal
comfort in all the different seasons of the year especially in the summed.pEhe main
energy consumed in this case was for the operations of the household appkauras (
Electricity), then for lighting and Domestic Hot Water (DHW) as shownhi@ dnnub
energy breakdown.

¢ In case "HVAC", a significant increase in the energy consumption has been it éol
involving the HVAC systems to achieve the indoor thermal comfort when needed. Most of
the energy was consumed for cooling demands.

e The energy consumption decreased in case EREC, due to the application of theahergy
recommendations. The application of EREC reflected on the reduction of cooling loads.

e Further reduction in energy consumption has been achieved by using the IMPR
specifications, especially in the summer period due to the less energy neededlihg
demands. This reduction associated with slightly better indoor thermal conditaanshe
EREC case. However, this involves a slightly higher initial cost, withdectaig the
general financial gains on the long term.

2- The annual energy cost according to the current and the proposed new household electricity tariffs
will be shown in Fig. 7-25. The analysis of the annual energy cost charts iifféhend climatic
periods and under different tariffs, clarifies the different energy costs for @athe used
construction specifications. In general, thi¢ construction specifications consume the minimum
amount of energy annually (without achieving thermal comfort), thus the minimuntotiewed
by the cases IMPR, then the case EREC. Finally the HVAC case, which just depend on the
mechanical equipments without any further treatments, thus the higher energy bills.

3- The financial implementations of the results are shown in Table 7-12. The cas8&s HREC
and IMPR achieved the indoor thermal comfort for the whole year, in allithatid periods that
were tested. However, the financial gains of the IMPR specifications is higherhthanther
constructions, whether using the current electricity tariff or the new epeiggs. Thus "IMPR
is more cost effective to be used in Aswan climatic zone.

The other two case study buildings (Appendix XII) in the Aswan climatic zone, showedribe sa
patterns of monthly energy consumption, thermal behaviours, and energy breakdown. In addition tc
the same patterns of annual energy costs, and the overall financial analysis.
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Figure 7-24: The general results of the simulations.

225



Current tariff

New tariff

Yearly energy cost (EGP)

Yearly energy cost (EGP)

5000.00 i 5000.00 i
@ HVAC @ HvAC
4000.00 4000.00
a W EREC = W EREC
-~ 2 2
g # 3000.00 B PR £ 3000.00 o W IMPR
& : g : 2
& o & o =
8 2000.00 > 5 $ 2000.00 A 9 2
& - 2 2 & <] @
g 5 s =
- bl & &
1000.00 3 1000.00
~
3
0.00 0.00
Yearly energy cost (EGP) Yearly energy cost (EGP)
5000.00 | BNY% 5000.00 S
@ HvAC B HvAC
4000.00 ’ 4000.00
& W EREC " B EREC
= 2 & a
Q & 3000.00 = R & 3000.00 g L
gl ¢ : ; :
3 8 Y
% 5 & . & g =
£ 2000.00 = @ & 9 2000.00 b=t =3
w ~ 2 w - -
= @ hd =
a
a
1000.00 1000.00
0.00 0.00
Yearly energy cost (EGP) Yearly energy cost (EGP)
5000.00 W 5000.00 oy
@ HVAC @ HVAC
4000.00 4
N W EREC 4000.00 ° W EREC
o S g
ﬂ,‘ =) - N
§ 3000.00 3 IR £ 3000.00 il R
S 2 8 R -
& = a o B a -
e : - o ~
£ 200000 = 3 ,,E, 2000.00 2 2
- o it
s
1000.00 1000.00
0.00 0.00
Yearly energy cost (EGP) Yearly energy cost (EGP)
[ BN ;
5000.00 5000.00 s
@ HVAC ﬁ @ HVAC
i
=
4000.00 S W EREC 4000.00 5 W EREC
o o
‘L".' S W MPR 8 i W IMPR
£ 3000.00 ~ £ 3000.00 = =
§ 3 § : g
& 3 2 & 2 2
£ 200000 2 2 £ 200000 =
1000.00 1000.00
0.00 0.00

Figure 7-25: The annual energy cost.
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Table 7-12: The project's financial analysis.
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Chapter Conclusion:

In this chapter the optimum construction specifications developed in chaptera@galied in
four different building typologies, located in the three dominant climaties in Egypt
(Alexandria, Cairo and Aswan) and have been tested, along with the cocorsttuction
specifications commonly used in Egypt nowadays (with and without the afe dfiVAC
systems), and the recommendations of the Egyptian residential energy code (EREC).

This is tested under the future climate change effects, using threetpdedimatic periods
(2020,2050 and 2080) in addition to the current weather conditions (2002). The test
includes a long term financial study, built on the Net Present Valle¥)(financial model, in

order to differentiate between the various construction specificatioashléved thermal
comfort with less energy consumption, and help to choose the best long term ctsge ef
construction specification to be applied in each of the climatic zones.

The various indicators of the simulations results for all building typetothat have been
tested under all the climatic conditions and in all the climatic zones supbetaglection
of the research findings "IMPR", to be implemented in the differenaginzones in Egypt.
The IMPR construction includes the use of the half red-brick wall (12mmthé external
walls and the Single clear Reflective 6.4mm (G2) glass with 20% Wé/mhea most cost-
effective combination to be used on the long run in Alexandria. While imoCdi is
recommend the use of the Double wall of half red-brick with 5cm air Bajr)(for the
external walls, with the Single clear Reflective 6.4mm (G2) gla#s 2% WWR. Finally in
Aswan, the Double wall of half red-brick with additional internal 5cmegpanded
polystyrene thermal insulation layer (Dins) for the externallsyalnd the Single clear
Reflective 6.4mm (G2) glass with 20% WWR for fenestration were chosen.
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Chapter 8: Conclusions

Chapter Introduction:

The most important results that have been reached through the resehbehresiewed, in
order to extract the conclusions and recommendations that can benefit arolo®ndrihe
construction industry in Egypt.

The research outcomes considered as an attempt to highlight the residentigl cemler
weaknesses points, especially in its behaviour against the climate changegiwnorhese
outcomes led to a suggested solutions to improve the thermal performahee editdential
buildings in Egypt, with the possibility to adjust to suit the applicatit regional level. The
conducted simulations for the used models, using the research findings, indieatiapo
energy consumption reductions for the residential units, along with financialtbemefihe
long term. In addition to maintain the indoor thermal comfort within thewalble
comfortable limits.

In light of these findings, this chapter presents conclusions and recommendatioaseth
potentially replicable across the region. Also identify routes for furtheearch and next
steps for this work.

8.1: Starting point

Despite issuing the Egyptian energy code for residential buildings (EREXDPS6, it has
not had the desirable effects with Egypt's construction industry. Additionally,cdde's
recommendations are not taught to the undergraduate architects at any of tbatdtffgmptian
universities, despite the fact that this is a key route for wide dissemiraxiib implementation.
These are the current conditions regarding the energy code in Egypt after milmogears of
issuing it.

The main objective for this study was to assess the ability of ébemmendations and
specifications contained in EREC to cope with the expected future climatic chanddsersure
that the implementation of the research final recommendations will resadhieving the required
indoor thermal comfort with consuming the minimum possible amount of energy. oaddi
assure the long term financial gains, through the rational use of availabl@alsatethe Egyptian
market.

The aforementioned efforts reflect the desire to contribute to spread the useéthy code on a
large scale in Egypt, by working to convince the investors with the importance of tloatiqp of
the code to maintain their investments in the initial cost of the projecbther words, the
construction materials which they have invested will continue to retain itsyatoiliprovide a
thermally comfortable indoor environment to the residents even under the iefl@éngigh
temperatures in the future, and they will not be forced to devote more investméhe same
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building to raise its thermal efficiency. The proof of this hypothesis Ingagne of the important
factors that could support the use of EREC in the absence of the mandatory appbcatiercéde

by the government. This is in addition to what the extensive use of the code mag inclboth

levels: the new buildings or modifying the existing buildings, of huge savingenérgy

consumption, especially during the hot summer months in Egypt.

Therefore, the research relied on the building's thermal performance simulatiosspso(f@PS) to
be the main technique used in the study. Where the BPS is able to provibeli@eatrue picture
for the thermal performance of the buildings, with the possibility of comdutitese tests in the
current weather conditions or under the effects of different climate chaagaries in the future.
This means opening the way to test all the recommendations or constructioralm#teti were

suggested by the code or available in the construction market, in order to knomuotmthose

elements were influenced by the various climatic factors in the future. Througktetomg
economic appraisal (based on existing economic models) the efficiency of dnentreadations,

specifications or construction materials and techniques were determined.

The code has been studied in detail, and it has been divided into different sectioditeTd et
parts were studied separately and integrated with the rest of the paotsler to find out the
optimal combinations and specifications that can achieve the indoor thermal camfibw i
residential buildings under the future climate change.

8.2: Main parameters tested and the new contribution

To achieve the research objectives, 1338 simulations have been conducted, i order t

assess the quality of the recommendations and specifications listed indsB&aally, and in the

Egyptian construction market in gener@ihe research conclusions have passed through several

stages:

1- The first step was testing the specifications of the currently used comsirawierials in
the Egyptian market, and its ability to provide the required indoor thermabdounsing
the free running mode (natural ventilation) under the current climatic conditions.

2- The next step included the use of different external wall construction speéaifs;aand
integrate the climate change scenarios into the simulations. Additionally, ¢t @ffthe
different external walls on the project’s initial cost and running cost (in order to achieve the
internal thermal comfort) have been evaluated.

3- Examining the code's recommendations for the external walls specifications, actording
the prescriptive methodology (Section 4.1). This step extends the previous work in the
same topic by broadening the research scope to include EREC's recommendations for the

external walls in three different climatic zones in Egypt (Alexan@&iro and Aswan),
under the current and future climate change scenarios. The results highlight titg wfabi

the code's recommendations, in its current state, to address the predicted climate changes i
the future. Which imposes the necessity for resorting to use the second proposed
methodology in the code (the overall performance method - Section 4.1). The overall
performance-based path was used to test several construction materials availlable in
Egyptian market, whereby, the optimum external walls' specifications for eachiclimat

zone have been obtained.
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4-

After investigating the external walls (thermal insulation), other aspédise building
envelope (fenestration) were examined. This step included testing the abttigystfading
calculation methodais proposed by the code to calculate the dimensions of the required
sun breakers) to calculate effective shading devices that can workeigare efficiency

under the future climate changes. The different simulations and tests have proved the
validity of the shading calculation method, currently used in EREC, and its ability
calculate solar shading devices functioning almost with the same efficiency in the future.

The outcomes of the previous point paved the way for the fifth step, which incheled
assessment of the multiple relationships between the different fenestration spmwsfica

the energy code. The fenestration specifications in the code contained large number of
uncorrelated recommendations and data, such as the allowable WWR for the external walls
in the different orientations, large amount of glass types with differeniméher
specifications, in addition to the aforementioned shading devices' calcutatbond. The
previously given data were not accompanied with any recommendations to ghecify
optimum combination of these fenestration specifications to reduce the energy
consumption in economical ways. The aforementioned efforts resulted in the development
of general recommendations regarding the selection of the different feo@strati
specifications.

The technigue of shading the opaque parts of the external walls in bsileiisgalso been
tested, as a passive treatment used in the vernacular architecture butudadinclthe

code. Different simulations and financial studies have proven the ineffectiveinesisg

the solid parts shading technique, while using the previously proposed research
recommendations for the external walls and fenestration. This technique did not show any
significant improvement to the thermal comfort levels in the indoor spadhe aresent

time or in the future, but only a very small ratio of energy consumpéduction at very

high financial cost. Thus, the use of this technique is not recommended.

Finally, in order to ensure the accuracy of the overall recommendations (Tablar&il)

the possibility of generalizing the application of these results oveougriesidential
buildings in Egypt. The research findings were applied to four different residewitdihg
typologies, and the models were tested using the different available weathefiles

(2002, 2020, 2050 and 2080), in the three main Egyptian climatic regions (Alexandria,
Cairo and Aswan). The long term financial analysis has also been taken into account, when
evaluating the results of the different case studies.

The aforementioned efforts contribute to the knowledge through defining new aspects to th
Egyptian context:

1-

Assess the ability of EREC to cope with the expected future climate chandbs, wi
identifying the parts which can still be used.

Prove the ability of some of the current used materials in the Egyptian raittetow
initial cost), to perform appropriately in the future under certain conditions.

Confirm the effectiveness and validity of using the current shading spgicifis (listed in
the code) under the future climate conditions.

231



4- Examine and connect the different fenestration parameters mentioned in EREC and
affecting the residential buildings. In addition to suggesting the optimal cotmoloird the
fenestration’s selection parameters (for the different configurations mentioned in EREC) in
each tested climatic zone.

5- Recommend a set of optimum specifications (Table 8-1), to facilitate kievament of
the research objectives.

6- Test and prove the inefficient use of one of the passive design techrstaeing the
opague parts), when using the recommended specifications.

Table 8-1: Specifications recommended by the research for the differenfs of the building envelope .

Cllmgtlc Construction type Research recommendations
region
External Walls Half red-brick wall (12cm)
Fenestration Single clear Reflective 6.4mm (G2) + 20% WWR
Alexandria
HVAC When needed
Natural Ventilation When applicable
External Walls Double wall of half red-brick-air gap (Dair)
Fenestration Single clear Reflective 6.4mm (G2) + 20% WWR
Cairo
HVAC When needed
Natural Ventilation When applicable
External Walls Double wall of half red-brick-insulation (Dins)
Fenestration Single clear Reflective 6.4mm (G2) + 20% WWR
Aswan
HVAC When needed
Natural Ventilation When applicable

8.3: Research findings and recommendations

Through the previous research steps several points have been concluded, these conitldmons
used as the base for the research recommendations. These points concern the opénsito m
address the code and apply it appropriately to achieve thermal comfort withiesitiential
buildings, while reducing the energy consumption at present time and in the future, udu¢egre
climate change, with achieving the cost effectiveness of the project over the long run:
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1-

The research general findings for the external walls and fenestration (glass type and WWR)
are summarized in Table 8-1, sorted by the climatic region. These findings intledes

of the half red-brick wall (12cm) for the external walls in Alexandria, andthéble wall

of half red-brick with 5cm air gap (Dair) in Cairo, and for Aswan, the Doullé af half
red-brick with additional internal 5cm of expanded polystyrene thermal irsulktyer

(Dins) was found to be the most cost-effective external wall. Regardingnistifation,

the Single clear Reflective 6.4mm (G2) glass with 20% WWR, was proven tbebe t
optimum and the most cost-effective combination to be used on the long run with all the
previous external walls in the different climatic zones.

The study recommends using the results and the specifications that have been reached i
this work (the optimum combinations - Table 8-1), with the need to continue ttheest
specifications of the new materials regularly in order to keep the continuous aptiate
proposed specifications. These continuous updates are for the purpose of achieving the bes
levels of performance (in terms of indoor thermal comfort levels and energumption
reduction), in case the prices of these new materials reached the appropriate limits
according to the financial study to ensure the achievement of economic gafireaanil

returns for the project over the long term.

Only two parts of the code's recommendations are compatible with the gdedichate
changes on the long term, and they can mitigate the associated temperatures therease
fenestration part and the shading devices part. These two parts could continue to be use
efficiently through the prescriptive approach (Section 4.1) which used mainly in the code.

However, it would be preferred to use the proposed specifications of this wawk best
possible combination of the code's recommendations for these parts. As the various
simulations proved that the specifications proposed by the research, represeptinthal
combinations between the different fenestration and shading devices paramdtess i
code for the different climatic regions, and it can achieve the required theomébrt

under different climate change scenarios while achieving financial eéfaessg in the long

term.

The code's recommendations for the external walls' specifications, which srefiect
amount of thermal insulation for the building envelope, was found to be inadequate and
inefficient over the long term. Due to the inability of some of the specificatidrich
recommended by the code to achieve the required thermal comfort in some cases (in
different climatic periods and zones), or for the failure to achieve the desordneical
feasibility of using these specifications in some situations.

Thus, the study recommends not to use the prescriptive approach (Section 4.1) to
determine the external walls' thermal specifications, and to use the querfalimance

path instead. This alternative has provided appropriate solutions to achieve the researct
objectives such as achieving the indoor thermal comfort with minimizing théredqu
energy consumption over the long term.
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8.4: Future work

Through working in the different sections of the research, several aspects havedafipear
the researcher where the work could expand. Each of these aspects can bedauhdliggtually
after the completion of the general structure and results of the main work. Of these points:

1- The researcher is aiming to conduct more experiments on new construction materials in
order to achieve better results, in terms of achieving the indoor thermal comitfort
minimum energy consumption, taking into account the project's economic aspetts.
new construction materials available in the Egyptian market are the GRC {iGtass-
Reinforced Cement) panels, the aerated concrete blocks and others manufacttived via
nano technology. However, the current prices of these materials (in spite of their
appropriate thermal characteristics) prevented their use currently, as they wathdve
any economic benefits for the project on the long run.

The researcher has started the work on this point, by testing differenp@i{s against

the current most commonly used construction specification in Egypt (Section. 6.1.4)
Despite the good results, the financial aspects (the high initial cost f@RRepanels)
prevented its use in this research for the lack of economic feasibility.

2- In the future, the researcher is aiming to exert more efforts in gigsanof the simulation
results using hourly basis as recommended by (Raftery et all 2011), andzinigithi
periods of simulations and financial appraisal to 40 years (the half-life gpathd
buildings in Egypt, without any major retrofitting taking place) ineortb obtain more
realistic results.

3- The researcher intends to expand the studies on involving passive architstinigues
(inspired from the vernacular architecture in the middle east), such as Malkaf and
Mashrabia and trying to implement them in contemporary form.

4- The construction materials database and the shading devices calculation tool (mentioned i
Section 5.3), can be considered as a starting point to provide the eleet@mn of the
Egyptian Residential Energy Code (EREC). The database and the calculationthedi in
current state have significant limitations, most importantly the lack of a@nisefiace easy
to handle by non-specialists in scripting. Development work must be done in order to
launch these tools as an e-version of EREC on the internet, and this task will accupy
significant part of the future efforts of the researcher.

5- Another step to give the database more facilitating functions, isitiagration of the long
term financial study into the database. The new function will providentiestors and the
designers with an easy to use decision support tool. This tool will wookighrthe
intended integration between the building performance simulation tools (BRS),
database and the long term financial study. The user will provide the modeipripcat
orientation, weather data files (WDF) and construction materials using thetds8iPS
interface, then the database will alter more available construction materialsurand r
different simulations to provide the user with a range of constructioonspaccompanied
by long term financial analysis of the aforementioned list of constructidongptThe
economic analysis helps in defining the construction materials options withtdomg
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financial benefit, thus functioning as a decision support tool for the designenseensgi
and investors.

The following screenshots mimic the user friendly interface for the memdial function
which intended to be combined into the database. The case study building "Helwan"
Alexandria (Section 7.2.1.2), was used to prepare these illustrations. The thses paet
Figure 8.1 shows the speculative graphical representation for the financial analyss of
three different sets of materials used in the simulations (HVAC, EREC and IMPR)
consecutively.

Initial cost (EGP)
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Aver. annual cost (EGP)
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=
Aver. annual consmption (kW) ’— 4994.04

Aver. annual cost (EGP)

_ 839.61

Figure 8-1: The speculative graphical representation of the financial atysis for the different scenarios.

The top: represents the model when using the HVAC systems, the middle: emusing the code's
recommendations, and the bottom: when using the research mmmendations.

Developing and improving, an easy to use, computerized decision suppoespeaidlly over the
internet), can significantly help in disseminating the use of the code oaesgeasegment of users

in Egypt. In the same time it could be an effective way to involve the stakeddlue people who
want to build their own homes and the new generations of architects (whether studecent
graduates), and sensitizitigem for the importance of implementing the code's recommendations
and the associated recommendations that resulted from this study, as it @idilet economic
benefits for building owners and the state.

The owners will achieve benefits through reducing the prices of the monthlyydrilis, which
would compensate the relatively high initial cost for the project (the pfidhe construction
materials), especially with the increase in energy running costs dueautingthe energy subsidy
in the new proposed tariff which is expected to be used in the near future (Sectian-Hm&&)er,
this has had a positive effect on increasing the financial returns from usngdthods of
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treatment and the construction materials proposed in this work, as is apparettigrnancial
analysis of the results (Section 7.2).

Regarding the benefits for the state, it i in the reduction of energy demand in general, which
will minimize the need to build more energy plants at high financial codbagdime to establish,
as work on reducing the consumption from the current energy resource is much clarajsett

in increasing the energy capacfty (BPIE 2011). Additionally, the reduction in thgyermands,
would reduce the pressure on the existing power plants. As a result, it wierggunumber and
periods of electrical power outages, which the Egyptian Ministry of ElectricitfEandyy (MoEE)
have forced to use in order to meet the growing demands for energy. The waislde reflected

on the overall economical situation of the country.

Wide dissemination of the importance of using the code among the new generationtettarch
and raising the awareness through lectures and articles in professional jowithalgve a
significant impact in mainstreaming the use of EREC. This belief based on the faith in the ability of
the new generation to persuade different kinds of customers to use the code durifigutteeir
career, in light of the government support lack for the mandatory implementation for the code.

The aforementioned efforts in this research can be reflected in some implementatiainoactes
map) for the different parties concerned with the code, such as the government, mearsfeand
archited¢s and engineers:

o Government:

- Support the mandatory implementation for the code.

- Increase the research funds regarding the buildings' behaviour in the future and its celation t
energy consumption.

- Launch a package of incentives in the case of self adherence to the requirements of the code

- Disseminate the engineering awareness of this field between the architects emgirters
at all levels.

- Work to change the mentality and ways of dealing with energy between the peoplé throug
outreach and media programs.

e Manufacturers:
- Attempting to provide the building materials for affordable prices by relgingocally
available raw materials.
- Attempt to manufacture new and high-tech materials in Egypt to facilitate access to them.
- Increase the cooperation with research centres and universities to keéth upewatest
scientific breakthroughs.

¢ Architects and engineers:

- Help in raise the level of awareness in the importance of the code and the ndoessity
commitment to it, in order to save energy and get many benefits on both pubfic\ate
levels.

- Commitment to implement the code's recommendations in the projects they are working on.

- Keep up to date to the latest research work in this field.
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Default Thermal o Thermal
Thickness| U-Value thickness Density Conductivity | SPecific | Resistanc
No. Construction Picture Material name d K heat R
(cm) (W/m?K) (m) (kg/m®) (W/m.K) J/kg.K) | (M?K/W)
Outer surface
Offin Plaster 0.005 600 0.16 1000 0.031
Mortar 0.02 1570 0.9 896 0.022
Half red-brick wall
1 12 2.519 Solid red brick 0.12 1950 1 829 0.120
(12cm) 7
Mortar 0.02 1570 0.9 896 0.022
Plaster 0.005 600 0.16 1000 0.031
Innzv surface
Outer surface
! i a Plaster 0.005 600 0.16 1000 0.031
Mortar 0.02 1570 0.9 896 0.022
Full red-brick wall ) .
2 25 1.898 1 Solid red brick 0.25 1950 1 829 0.250
(25cm)
Mortar 0.02 1570 0.9 896 0.022
Plaster 0.005 600 0.16 1000 0.031
Innsr surface
Outer surface
J i Plaster 0.005 600 0.16 1000 0.031
Mortar 0.02 1570 0.9 896 0.022
3 Limestone bearing 50 1.228 Limestone 0.5 1650 0.93 900 0.538
wall
Mortar 0.02 1570 0.9 896 0.022
Plaster 0.005 600 0.16 1000 0.031

Inner surface
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Default Thermal | Thermal
' Thickness! U-Value . . thickness Density Conductivity | Specific | Resistancs
No. Construction Picture Material name, K heat R
(cm) (W/m’K) (m) (kg/m?) | (WImK) | (Ikg.K) | (mPKIW)

Quter suface
- Plaster 0.005 600 0.16 1000 0.031
Full red-brick wall Mortar 0.02 1570 0.9 896 0.022

plus additional
Expanded
1cm of expanded poI)E)styrene 0.01 35 0.034 1400 0.294
4 polystyrene thermal 26 1.218 R FENIOTE DaRLe . SR
insulation layer Solid red brick| 0.25 | 1950 1 829 0.250
25+

(254) Mortar 0.02 1570 0.9 896 0.022
Plaster 0.005 600 0.16 1000 0.031

Inner surface

Outer surface
— Plaster 0.005 600 0.16 1000 0.031
. Mortar 0.02 1570 0.9 896 0.022

Full red-brick wall
plus additional
Expanded
2cm of expanded polﬁstyrene 002 | 35 0034 | 1400 | 0588
5 | polystyrene thermal 27 0.897 5
insulation layer Solid red brick|  0.25 | 1950 1 829 0.250
+

(25+) Mortar 0.02 1570 0.9 896 0.022
: - Plaster 0.005 600 0.16 1000 0.031

Inner surface
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Default Thermal | Thermal
_ Thickness| U-Value _ ' thickness  pensjty = Conductivity Specific | Resistanc
No. Construction Picture Material name| K heat R
(cm) | (WImK) m) | (kg/n®) | (WImK) | (Ikg.K) | (mPKIW)
Duter surface
- Plaster 0.005 600 0.16 1000 0.031
Full red-brick wall Mortar 0.02 1570 0.9 896 0.022
plus additional
Expanded
3cm of expanded pol;)styrene 0.03 35 0.034 1400 0.882
6 pquStyre_ne thermal 28 0.71 250.00mm red brick egyptian 25cm.-.ok.
insulation layer Solid red brick| 0.25 1950 1 829 0.250
25 (+3) Mortar 002 | 1570 0.9 896 | 0.022
Plaster 0.005 600 0.16 1000 0.031
Inner surface
Outer surface Plaster 0.005 600 0.16 1000 0.031
Mortar 0.02 1570 0.9 896 0.022
Double wall of half gl Gt Solid red brick|  0.12 | 1950 1 820 | 0.120
red-brick with
5cm air gap )
7 in between 29 1.463 50.00mm  Air gap S0mm (downwards) Air gap 0.05 1000 0.3 1000 0.167
(Dair) Solid red brick| 0.12 1950 1 829 0.120
Mortar 0.02 1570 0.9 896 0.022
i Plaster 0.005 | 600 0.16 1000 | 0.031
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Default Thermal » Thermal
Thickness| U-Value thickness| pensity | Conductivity Specific | Resistance
No. Construction Picture Material name d K heat R
(cm) | (W/mPK) (m) (kg/m®) | (WIm.K) | (Ilkg.K) | (M2K/W)
= ihialsid Plaster 0.005 600 0.16 1000 0.031
= Mortar 0.02 1570 0.9 896 0.022
Double wall of half
red-brick with Solid red brick| 0.12 | 1950 1 829 0.120
additional internal 5
8 cm of expanded 29 0.503 Expanded 0.05 35 0.034 1400 1.471
polystyrene thermal polystyrene
insulation layer Solid red brick| 0.12 | 1950 1 829 0.120
(Dins)
Mortar 0.02 1570 0.9 896 0.022
(250000 Plaster 0.005 600 0.16 1000 0.031
Inner surface
Outer surface
GRC 0.01 2000 0.67 1100 0.015
Glass fiber
Reinforced Cement,
9 GRC, wall 75 0.370 Foam 0.075 20 0.03 1400 2.5
(c1)
GRC 0.01 2000 0.67 1100 0.015
|nner surface
Outer surface
GRC 0.015 2000 0.67 1100 0.022
Glass fiber
Reinforced Cement,
10 GRC, wall 10 0.282 Foam 0.1 20 0.03 1400 3.333
(C2)
GRC 0.015 2000 0.67 1100 0.022

Inner surface
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From construction to operation: Achieving indoor thermal comfort via altering external
walls specifications in Egypt
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Appendix Il

The cost of achieving thermal comfort via altering external walls specifications in Egypt;
from construction to operation through different climate change scenarios
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Appendix 1V

Prediction of future energy consumption reduction using GRC envelope optimization for
residential buildings in Egypt
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Appendix V

Climate change scenarios effects on residential buildings shading strategies in Egypt
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Appendix VI

Evaluation of fenestration specifications in Egypt in terms of energy consumption and long
term cost-effectiveness
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Appendix VII

Simulation results for the case study buildings (3 and 4) in Alexandria.
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'sisAfeue [eroueuly soaloud ay

Financial Analysis

2002 2020 2050 2080 interest years
o i 2012-2025 (14 years) 2026-2039 (14 years) 2040-2069 (30 years) 2070-2099 (30 years) Overallannual - | Average annual running cost % 88.00
c Rumningcost | Subtotal | Rumingcost | Subtotal | Rumingcost | Subtotal | Rumningcost | Subtotal | rumningeost (0veral/8) (— accumulation after 88 | diffrance in running | accumulation after 88 | savingininitial cost vs. savingin
§ Ai 6839.25 17871 | 250192 | 17870 250185 17871 536132 17867 5360.11 15,725.19 17870 years costs years running cost
= ve | 6oz | s | smm | swxs | mes | voss | amees | womas | wsssa | 657058 74665 00 00 000 00 000
gz;h- Ec 10296.94 360.44 5046.12 49.16 6288.24 562.70 16881.06 71577 VEPIEWYA 51,488.64 585.10 3457.69 6,235,783.96 161.55 3,526,791.04 2,708,992.93
Fi 7053.00 416.13 5825.83 52697 737159 676.00 20280.01 968.13 29044.03 62,527.46 71054 1375 385,488.52 3611 788318.24 -402,829.12
2002 2020 2050 2080 interest years
- iallse 2012-2025 (14 years) 2026-2039 (14 years) 2040-2069 (30 years) 2070-2099 (30 years) Overall annual [ Average annual running cost 9% 88.00
g Rumingcost | Subtotal | Rumingeost | Subtotal | Rumningcost | Subtotal | Rumningcost | Subtotal | rumingcost (Overal88) —— accumulation after 88 | diffrance in running | accumulation after 88 | saving n intial costvs. saving in
— Ai 6839.25 205.75 288045 205.74 288037 205.75 617246 205.70 6171.04 1810432 205.73 years costs years running cost
= Me | 683925 | 49778 | 696893 | 65139 | 911943 | 85871 | 576125 | 17961 | 3838842 | 8023803 91180 000 000 000 000 000
= ke 1029694 42198 5907.72 529.04 7406.56 67037 20111.09 944,61 28338.25 61,763.62 701.86 3457.69 6,235,783.96 209.94 4,583,065.56 1,652,71840
fi 7053.00 488.60 6840.45 624.98 8749.65 815.86 24475.85 1199.65 35989.39 76,055.34 864.27 1375 385,488.52 4753 1,037,626.65 -652,138.13

* Only negative numbers in the last column "savingitial cost vs. saving in running cost" indicates ficiahgains against the base case.
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The general results of the simulations.
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Financial Analysis

2002 2020 2050 2080 interest years
9 i 2012-2025 (14 years) 2026-2039 (14 years) 2040-2069 (30 years) 2070-2099 (30 years) Overall annual | Average annual running cost 9% 88.00
nitial cost : ;
g Rumningcost | Subtotal | Runningcost | Subtotal | Rumingcost | Subtotal | Rummingcost | Subtotal | unMingcost (0veral/88) france il cog| <<EMEtONater 88 | ifancenruning | accumiationater .| saigininitlcosts. savigin
| 5
E_ A 8632.62 166.53 233145 166.45 233029 166.46 499373 166.43 4993.04 14,648.51 16646 years costs years running cost
§ Me | 863262 | 30957 | 54539 | 45966 | 699518 | 4612 | 1938364 | 93236 | 2797070 | 5980349 67959 000 000 000 000
5‘_ Eh Ec 1176090 M4 444136 392.08 5489.18 48161 14448.25 653.61 19608.45 43987.24 499.86 312828 5,641,712.35 179.73 392363838 171807397
D Fi 893112 350.26 4903.66 436.87 6116.18 551.07 16532.15 773.85 2321564 50,767.63 57690 298.50 538,331.33 102.68 2,41,584.82 -1,703,253.49
S
o,
D
(@)
—
(7]
="
>
Q
>
o
o
=
<) 2002 2020 2050 2080 interest years
ﬁ al 2012-2025 (14 years) 2026-2039 (14 years) 2040-2069 (30 years) 2070-2099 (30 years) Overall annual [ Average annual running cost 9% 88.00
a nitial cost 3
n zZ Runningcost | Subtotal | Rumningcost | Subtotal | Rumingcost | Subtotal | Runningcost | Subtotal | umngcost (Overall/3g) [— accumulation after 88 | diffrance in running | accumulation after 88 | - savingin initial cost vs. saving in
(¢°) 7 X
= Ai 8632.62 191.36 2678.98 191.26 267162 191.27 5738.04 191.4 5131.3 16,831.88 19127 years costs years unning cost
o Me | 863262 | 45726 | 0063 | 976 | 8460 | 7785 | 2333548 | 11168 | 55048 | 725700 80468 000 000 000 000 000
=
=% ke 1176090 370.36 5185.05 460.50 6446.97 568.49 17054.60 784.63 23538.96 52,225.59 59347 312828 5,641,712.35 311 5,047,516.12 594,196.22
Fi 893112 409.76 5736.67 514.28 719993 656.50 19694.9% 943.60 28308.07 60,939.65 £92.50 298.50 53833133 13219 2,885,760.29 -2,347,428.96

G9¢

* Only negative numbers in the last column "savingitial cost vs. saving in running cost" indicates ficiahgains against the base case.




Appendix VI

Simulation results for the case study buildings (3 and 4) in Cairo.
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Financial Analysis
& 2002 2020 2050 2080 interest years
c I 2012-2025 (14 years) 20262039 (14 years) 2040-2069 (30 years) 2070-20993 {30 years) Overallannual [ Average annual running cost % 88.00
= Initial cost )
D Runningeost | Subtotal | Rumningeost | Subtotal | Rumingcost | Subtotal | Rumningeost | Subtotal | TUMMINgCOSt [Overal 28 ifracein il o <CATUtonfter 8 | ifrnceinruning | accumutionaer .| saving el cost v savingin
N It .
% Ai 6839.25 178.46 249849 17848 29877 17848 5354.34 17845 535354 15,705.15 17847 years costs years running cost
=4 Me | 683925 | es278 | 913887 | 681 | 143540 | 101953 | 3058885 | 1351 | ap7sas | 941383t 106975 000 000 000 000 000
:_r| Ec 1084444 495.93 6943.04 58949 825285 72301 21690.24 984.73 20541.84 66,427.97 T54.86 4,005.19 722317560 31489 6,874,285.83 348,889.77
®
Lo fi 8859.75 53845 7538.28 651.01 9114.11 805.23 2415697 1110.2 33303.65 7411301 84219 2,02050 3,643,88092 2156 4,967,807.01 -1,323,926.09
S,
®
Q
o
=
5
)
S
Q.
=8
)
S
Q
<
(28
@ 2002 2020 2050 2080 interest years
i 2012-2025 (14 years) 2026-2039 (14 years) 2040-2069 (30 years) 2070-2099 (30 years) Overall annual [ Average annual running cost % 88.00
= nitial cost - - - . ) -
1) Runningcost | Subtotal | Rumingcost | Subtotal | Rummingcost | Subtotal | Rumningcost | Subtotal | unmingost (Overal/83) P — accumulation after 88 | diffrance inrunning | accumulation after 88 |  savingin initial cost vs. saving in
E A 6839.25 205.46 2876.40 20548 87673 20547 6164.22 205.44 6163.27 18,080.63 205.46 years costs years running cost
% Me 6839.25 776.96 10877.41 990.65 13869.09 125873 3776194 1812.06 54361.71 116,870.15 132807 000 000 000 0.00 000
fc 1084444 584.92 8188.91 699.32 979047 87144 2614312 121113 36333.98 80,456.48 914.28 4,005.19 7223,175.60 413.79 9,033376.37 -1,810,200.77
Fi 8859.75 636.05 8904.67 777,06 10878.88 97781 29334.25 1378.65 4135950 90,477.31 1,028.15 2,020.50 3,643,880.92 299.92 6,547,445.06 -2,903,564.15

69¢

* Only negative numbers in the last column "savingitial cost vs. saving in running cost" indicates ficiahgains against the base case.
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Current tariff New tariff
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Financial Analysis

o 2002 2020 2050 2080 interest years
_% o 2012-2025 (14 years) 2026-2039 (14 years) 2040-2069 (30 years) 2070-2099 (30 years) Overall annual A\m@amud running cost % 88.00
g Rumningcost | Subltotal | Rumingcost | Subtotal | Rumingcost | Subtotal | Rumningcost | Subtotal | runningeost (Overal8) —— accumulation after 88 | diffrance in running | accumulationafter88 |  savingininitial cost vs. saving in
% A 863262 166.37 231.12 166.22 87111 166.22 498657 166.20 4986.13 1462893 166.24 years costs s unning cost
% Me 8632.62 599.59 8394.20 731.00 10318.01 911.18 2733547 12717.02 38310.46 84358.14 958.62 000 ﬂ.w 0.00 000 000
fc 1223850 411 6127.99 518.28 725599 626.24 18787.34 855.22 25656.68 57,828.00 857.14 3,605.88 6,503,042.47 30148 6,581,504.47 -78,461.9%
Fi 10507.20 463.16 6484.28 550.00 7700.02 676.49 2029459 93035 21910.65 62,389.54 70897 187458 3,380,720.76 24964 5,445,893.55 -2,069,172.79
2002 2020 2050 2080 interest years
- Gillons 2012-2025 (14 years) 2026-2039 (14 years) 2040-2069 (30 years) 2070-2099 (30 years) Overall annual | Average annual nmmmm % 88.00
g Runringeost | Subtotal | Rumningoost | Subtotal | Rummingcost | Subtotal | Rumningeost | Subtotal | Tumingeost (0veral/83) — accumulation after 88 | diffrance n running | accumulationafter 88 | - savingin nitial cost vs. saving in
—_ A 863262 191.16 2676.3 190.99 267385 190.99 5729.58 150.97 5712907 16,808.73 151.01 years costs years running cost
% Me | 83262 | 7059 | sese3t | eso | 1em3 | uusr | suwsw | w0 | ssuess | 1037 118040 000 000 000 000 000
fc 1223850 51492 7208.94 61212 8569.71 74751 24533 104111 31233483 69,437.41 789.06 3,605.88 6,503,042.47 391.34 8543,297.69 -2,040,255.22
Fi 10507.20 545.53 76371.35 650.43 9106.06 81257 24376.99 114038 3421150 75,331.91 856.04 187458 3,380,720.76 32436 7,081,012.08 -3,700,291.32

* Only negative numbers in the last column "savingitial cost vs. saving in running cost" indicates ficiahgains against the base case.




Appendix I1X

Simulation results for the case study buildings (3 and 4) in Aswan.
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Financial Analysis
& 2002 2020 2050 2080 interest years
= | N (Myeas) | 06203 (1yeas) | 2040:2069 B0years 0209(30ye) | overal el |Mergeanmalrumingeost] % 800
3 Initial cost . :
g Runningcost | Subtotal | Runningcost | Subtotal | Runningeost | Subtotal | Ruingeost | Subtotal | runmingcost (Overal/gg) | — accumulation after 88 | diffrance in running | accumulation after 88 | - savingininitial cost vs. savingin
i 1N initi ;
% Ai 6839.25 17832 249643 17824 2495.38 1783 5347.01 17822 5346.69 15,685.50 17824 years costs years unning cost
% Me | 683925 | 136457 | 1910402 | 163436 | 2288110 | 196443 | 5893305 | 252861 | 7585833 | 17677650 200882 000 000 000 000 000
:_y| Ec 1139194 851.00 1191395 1002.74 14038.34 1188.53 35655.78 1481.74 44452.25 106,060.33 120523 4552.69 8,210,567.24 80359 17,543,021.40 -9332454.17
)
- Fi 1214475 785.97 11003.54 9304 1293233 1091.09 273276 1357.70 40731.04 97,399.66 1,106.81 5,305.50 9,568,230.74 902.01 19,691,528.16 -10,123,297.42
S.
®
Q
o
=
5
)
5
Q,
D
)
S
D
<
0,
@ 2002 2020 2050 2080 interest years
™ 02205 (1years) | 20262039 (4 years 2040:2069 30 years) 2N00%(0ves) | overall ol [ verage amualruming o % 800
=z nitial cost - - - - ; :
g Runningcost | Subtotal | Runingcost | Subtotal | Rumingcost | Subtotal | Rummingcost | Subtotal | Tumingcost (el I accumulation after 88 | diffrance in running | accumulation after 88 | - savingin initial cost vs. saving in
a (ol Inniti 5
— A 6839.25 205.28 2873.96 20519 8172 205.19 6155.56 205.17 6155.18 18,057.41 20520 years costs years running cost
% Me 6839.25 1706.85 23895.83 207098 28993.68 5024 75667.32 3296.67 98900.12 227,456.96 258474 000 0.00 0.00 0.00
Ec 11391.94 1026.18 14366.46 122348 1712868 1470.75 4412251 1860.20 55806.12 B1ABY 149345 455269 8210,567.24 1,091.29 23,823,563.63
fi 1214475 941.35 1317884 111918 15668.47 1340.46 4021372 1693.38 50801.36 119,862.39 136207 5,305.50 9,568,230.74 1,22267 26,691,686.16 -17,123 455.43

9/.¢

* Only negative numbers in the last column "savingitial cost vs. saving in running cost" indicates fio@hgains against the base case.
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Financial Analysis
o 2002 2020 2050 2080 interest years
= il 2012-2025 (14 years) 2026-2039 (14 years) 2040-2069 (30 years) 2070-2099 (30 years) Overall annual | Average annual running cost 9% 88.00
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* Only negative numbers in the last column "savingitial cost vs. saving in running cost" indicates ficiahgains against the base case.




Appendix X

Abbreviations

280



AR4 IPCC Fourth Assessment Report: Climate Charifg07

AR5 IPCC Fifth Assessment Report: Climate Changé13

BPES Building Performance Energy Simulation

BPS Building Performance Simulation

CMIP3 Cogpled Model Intercomparison Project Phase 3 - produced by the Met
Office, Hadley Centre

CMIP5 Coupled Model Intercomparison Project Phase 5.

(6{0)) Carbon dioxide

DB DesignBuilder

DCF Discounted Cash Flow

DOE US Department of Energy

E+ EnergyPlus

GHG Green House Gases

GUI Graphical User Interfaces

HBRC Housing and Building Research Centre

HVAC Heating Ventilation and Air Conditioning

IPCC Intergovernmental Panel on Climate Change

MoEE Egyptian Ministry of Electricity and Energy

NPV Net Present Value

NV Natural Ventilation

PMV index Predicted Mean Vote Index

ppm Part per million

PV Present Value

PV cells Photovoltaics

TOE Tonnes of Oil Equivalent

UNDP United Nations Development Programme
WDF Weather Data File

W-value Sun-breakers depth
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Appendix Xl

Formula for the calculation of future values
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e The future value of single deposit now:

The future value of a deposit #f, that is deposited now after 1 year of investment using 9%
interest rate compounded annually is calculated as follows:

FV, = M x (1 + 0.09)

If the amountFV; is deposited again for another year, the future value after a further year is as
follows

FV, = FV; x (1 + 0.09)
If the money is reinvested again and again for N years
FVy = FVy_; X (1 + 0.09)
Substituting forFVy,_, in the equation
FVy = [FVy_y X (1 4+ 0.09)] X (1 4 0.09)
Substituting forFVy,_, in the equation
FVy = [FVy_3 X (1 4 0.09)] X (1 + 0.09) x (1 + 0.09)

By induction

FVy = FV, x 1_[(1 +0.09)

N-1

FVy = M x (1 + 0.09) x 1_[(1 +0.09)

N-1

FVy =M x (1 +0.09)

e The future value of annual deposit, at the beginning of each year:

The future value of a deposit #f now after N year is
oFVy = M X (1 +0.09)V

Wherel subscript precedingV is the time of deposit, and subscript is the length of investment
period. The future value of a depositMfafter one year from now fa¥ — 1 years is

1FVN_1 =MX (1 + 0.09)N_1
By induction, the future value of a depositMfaftern years from now foN — n years is

WFVy_n =M x (1+ 0.09)N-"
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Now, as there ar¥ annual deposits of valué and all were brought forward to timeusing the
future value formula. They call be added up to find the total future value of all deposits:

Ay = FVy+1FVy_q e 40FVy_p o +n-1FVy
Ay =MX(1+0.09"+ Mx (14+0.09)" 1 +..Mx(1+0.0)""+...M x (1+0.09)!
Ay =M X [(14+0.09Y + (1+0.09"" 1+ .- (1 4+ 0.0V " + ...+ (1 + 0.09)}]
Using the geometric progression formula

(1+0.09)" — (1 +0.09)

Ay =M %
N (14 0.09)

(1+0.09)""1—-1

Ay =M X
N 0.09
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