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ABSTRACT

The building envelope has tangible impactseorergy consumptigrthus,it is
the most effective building layer to apmlyeenretrofits The decisiormaking process
of selectingretrofit measures to appig complex, it involvesnanyobjectivesthat are
guantifiable and others that cetbe quantifed. Retrofit analysisimulation toolscan
be used to identifisome of these objectivesich asenergy savings and payback
period. They arehowevernot enough to relypn during thedecisionmaking process
becausehere are other objectives and variables that must be taken into consideration
Variables that are not easily identified @airo/Egyptinclude the availability of the
retrofits in the Egyptian marketnd the installation process difficulgiration The
researchthusaims to improve the energy efficiency in office buildirggstructedn
Egyptby applying retrofitmeasures o t he exi st i n grhedevelodedi ng o s
optimized decisionmaking model for retrofits application inthe Egyptian market
based on a mathematical framewail support decision makdyselectionbasedon
ther objectives The modelis appliedto two case studies representing the majority of
office buildings in Cairg, to investigateits applicability and compare its resultsthv
theresultsofs i mul ati on t ool so&.

KEYWORDS: Office buildings, external envelope decisionmaking, retrofit
simulation tools, retrofit variables, energfficiency.

1. INTRODUCTION

The number ofEgyptian building is about 12 million buildings, 60% of are
residentialwhile 40% are commercial and othgrd. Buildings areresponsiblefor
about 12% of the totalbreen House GassHG) emissions and 55% of the annual
electricenergyconsumption2]. Office buildings are tB major consumersf electric
energy In Egypt,the commercial sector electricity consumptibasincreased by 84%
and in the residential sectby 59 %[ 3] between2007and2017,as illustrated irFig.

1. In addition, the energy prices are expected toemse over the next feyears, after

the subsidies areeliminated. Thus, investors and building owners have major
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opportunities to decrease theistingo f f i ¢ e oparatibnddosisgespécially that
the office buildings consumption is located in the higher slot according to the

consumptiorreports of the Mhistry of Electricity.
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Fig. 1. Electricity consumptio by sectoin Egypt 20072017, [3].

If goals are set for energy consumption reductignwill require major
improvements in the energy efficienof the existing buildings. These improvements
have to take place in building enveloghge to its impact on energy consumptibat
reachesup to 57% of commercial usg4]. However,the selection of measuresd

technologies to be appliesicomplex; it involves many objectives and considerations.

2. RESEARCH METHODOLOGY

The research seeks to contrivedacisionmaking mode| to apply retrofit
techniquesneasurego existing office buildingd envelope It follows the theoretical,

comparative analysisleductiveand applicatiorapproachas illustrated irrig. 2.

3. RESEARCH METHODS

The research is quantitative; it aims to develop a model based on a
mathematical and statistical framework. survey was conductedollowing non
probability sampling namely thpurposive sampling methodhe target group was
expertsin the field of the regarch to be tested’he key actors in theconstruction
sectorincludedarchitects,electrical/ environmental engineers, etc.; to identify retrofit
application variables, their degree of importance and ranking. It also applied the
developedmodel to casestudies The design builder simulation tool is used to

calculate the effect of the retrofit alternatives application to the case studies.
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Fig. 2. Researchmethodology.
4, RETROFIT ANALYSIS SIMULATION TOOLS

The retrofit analysistools are investigated todeterminetheir outputs,to
conclude the extent of their contribution in the selection proce8soétrofits to be
applied to a building antheir compatibility to the Egyptian markeand to figure out
the considerations aof et r of i t me a s Qurrently,dhera qgre 172isted t i o n .
programs, dealing with all kinds of simulatgin buildings, with different capabilities
They include Wholebuilding Energy Simulation Lighting Simulation, and
Solar/Photovoltaic AnalysisTher e are 89 tool s under t
Anal ysi so wit hiAmafi Wi dablél pfpsentd thee toolsgghatwere
selected asamplesbecause each one encompasses different featuncksliverse
outputs The features includepecializedretrofit analysis(Building Energy Asset
Score, COMBAT),general toolsthat can perform retrofit§Energy Plus, Design
Builder, TRNSYS, ESPR), developed by the public sector (Energy Plus, Design
Builder, ESPr, Building Energy Asset Score, COMBA™r by the private sector
(TRNSYS) friendly interface (DesigBuilder, COMBAT) and complicated ones
(Energy plus) publicly accessible (Energy Plus, DgsBuilder, ESPr, Building
Energy Asset Score, COMBAT) and npablic accessible (TRNSY Sprograms with
different targeted audience (Design builder targets Architdnigding designers,
COMBAT targets Building ownar energy managsy, programs with dferent
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calculation engineTRNSYS: The Kernel engineESRr: ESRr engine, Energy
plugDesign buildefBuilding Energy Asset SCal@OMBAT: Energy plus engindp-

10]. The selection or the evaluation d@tnofits measures to be appliedperformed
accordng to the amount of energy consumption reduced in tiidibg. This isbased

on real calculations of already installed teaHnogi es or si masdltat i on
that may identify very limited output considerations as illustratedahble 1 to be

taken into account neglecting many other retr@fpplication considerations or
variablesaselaborated imable2.

Tablel. Retrofit analysis toofsout-puts and retrofit variables compatibility

Building Energy

Simulation Tool Developer / Sponso Progr ams 6 oAppligation Varablds r «

Department of

Energy Plus Energy, USA(6] Building energy performance on|g].

DesignBuilder Department of Energy performance, advanced cbehefit design
Energy, USA optimization inthe early desigrstage[7]

TRNSYS AUSAO Energy performance and l#gycle costg6].

ESPr gﬂ;ﬁ%;&] UK Building energy performance on|g].

Building Energy  Department of Building energy performance, and efficiency upgrad

Asset Score Energy[9] Opportunitieq9].

COMBAT(Comm Identify costeffective measures, Payback period

China Energy Group

[10] compares performance before and after retrofits, an

Calculate energy savin§$Q].

ercial Building
Analysis Tool)

5 RETROFI TS6 APPLI CATI ON VARI ABLES

The etrofits applicationvariablesmpact the final result or the final decision of
the retrofit technologiesselection for application such as the duration of
implementation have been recognized and deduced based on the retrofit analysis
toolsd outputs namely energy savingsand the other variables shovim Table 1. A
surveywas performedto investigatehe degree of their importanoe their weight to
thedecisionmakersin the Egyptian markeds illustrated irFig. 3. These variables are
alsocritical in the decision analysis process as objestand critda of evaluation
Thus, based omablel andTable2, the decision model is formulated to fill the gap of
the retrofit analysis tools in considering the application variables and support the

selection process as follows.
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Table2. Theretrofit application variablesglentified bythe retrofit analysis simulation tools.

Application in retrofit

Retrofit application variables analysis tools

Aesthetics (Neglected)
Duration of the implementation (Neglected)
Affordability (primary cost) a (considered)
Durability (Neglected)
Maintenance cost ad (consid
Payback Period a (considered)
Availability in the Egyptian market (Neglected)
Installation process (how difficult to install in an existing facility) (Neglected)
Energy use reduction a4 (consid
Special features (i.e. fire r. (Neglected)
Compatibility with GPRS (Green Pyramid Rating System in Egypt) (Neglected)
Existing envelope elements/component life span remaining (Neglectal)

The life span of the new applied technology (Neglected)

If the new applied product is certified EPD's (Environmental produ

Declaration) (Neglected)

6. DEVELOPING THE RETROFITS APPLICATION DECISION-MAKING
MODEL

The main steps to develop thetrofits applicationmodel using the value
hierarchy methodavith value functionintegrationwill be presentedA value function is
a realvalued mathematical function definedver an evaluation criterion that
represents an opt i oonedthe lenasacs the aiterionf whigho o d n e

reflects the decisiomakers judged value in the performance of an opfitlj.

6.1 ldentifying the Decision

Identifying the decision to be taken is the most important step in the process, to
ensure that all theext steps are on trackhis decision is toeectthe applicable and
most appropriategreen retrofits to the external envelope of office buildings in

Cairo/Egypt,usingthe variables of retrofit applicationtustrated inTable2.

6.2 Create Objectives and Values Tree Hierarchy
A value hierarchy illustrates the variables important to the deemeker that
will affect the decisiormaking analysis. Variablesre structured in hierarchical order

in thevisual representatioof Fig. 3.
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fundamental objectives Retrofit application variables
of the decision A

e ——— Saving Rate (17% )
The main decision | I:(fe‘s.o.urceys e ;:Ir%:ye[ E 5% ':] )
,}—H . 7 Availability in the Egyptian market (9%) J
( N (55%) Existing envelope elements/component life span remaining (6%) |
ion | Life i 9
Apply P . . - B
External (26%) Ewmn (14%) J
Envelope P — Installation process (Difficulty) (12%) |
Retrofits _t Design impact Hj Aesthetics (11%)] J
in (14%) Special features (3%) J
Cairo/Egypt " Certifications T .
airo/Egyp Cerfifications ﬂ Compatibility with GPRS (1%)
~ ~ (5%) If the new applied product is certified EPD's (LEED) (4%) |

Fig. 3. Hierarchy of \)ariables for an existing offibailding envelope retrofits application in
Egypt including weightsising global hierarchy technique

The top tier is the ain decisiorfollowed bythe fundamental objectives of the
decision or the main evaluation criteriaThe last tier represesntthe varables
concluded.The retrofit application variableksted in Table 2 include affordability
(primary cost),maintenance cospaybackperiod, andenergy use reductionThese
variables are replaced with the (saving ratealculated usindeq. (1) which will be
added to the resource efficiency fundamental objective as it indicates the total
installation costs This costincludes the averagemaintenance cés in a ten years
period (the maximum acceptable payback period based on the survey of the market
representativgs The weights are assignéal the herarchy of variables based time
direct weight elicitation tehnique, applying theank-sum tehnique asllustrated in

section6.5.

6.3 Identify the Retrofits Alternatives

The selection of alternatives depends on selecting the ones that can be applied
to the building envelopé either facaddsoofs and fenestrationpaquei in the first
place, and testing its different conditiobgsised on the variables deducddhese
include aailability in market, different specificationseplaced or newly installed
elements ec. Four out of six of the selected alternatives are glazbegause of the
common use of highly glazed facades in existing office buildings in Cazjo The
results arghereforedivers and involve realistic alternatives and caség technical
speci fications of t he alternatdetailsas ar e

illustrated inTable3.
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Table3. Retrofitalternatives that are appli¢d the case study

Retrofit Alternatives Technical Specifications lllustration
APLANI THERM SHGC 0.704 s AT
— SaintGobainGlass Egypt  Tuisglass 80% glass\l'
=L Double glazing, clear glass U-value  1.4W/m’K Low-e,
" ﬁ 4mm glass, 16mm air Tlnts', Low-e coating on.the mm:
o Replaced element. Coatings 2" face from outside. air ™\
= Outside | Inside
= [
c ARCOAL TE SKN SHGC 0.23 B
2 7 SaintGobain Glas€Egypt  Tusgass  40% sl
2 — Double glazing, clear glass U-value  1.1W/m’K coaring
S < 8mm glass, 16mm Argon  Tints, Low-e coating on the 32~ 1
E Replaced element Coatings 2" face from outside. oerae —
] . , SHGC  0.67 S
% o Triple glazing, clear 4mm T o gocs 73% cear~ 1 1}
L o glass, 25 and 6 mar. U-value  1.95W/m?K s i
< Replaced element Tints, Blue color e
APi |l kington SHGC 0.19 Nl 1| |
— Triple glazing low-e, 19mm i 0 16mm
<t TVIS glass 80% Koot
— clear glass outer panes, 6mm U-val 0.9W/mZK Nl
g' clear glass middle pane, 16m .—va ue ~VVIm _ coating
Krypton gas filled. Tints, Low-e coating on.the RROAN
Replaced importedelement ~ Coatings 2" face from outside o e
? U-value 0.883 W/ni K e -
2 1 Cool roof Rvalue  1.272 M K/W e e o s
& _ Cool colored concrete tiles.
& < Replaced element.
©
Q External horizontal shading ol Aluminum
g ©; the southern fagade, 0.7m Horizontal shading
2 . horizontal louvres. louvre fixed with tie
O I New installed element rod.

6.4 Obtain Evaluation MeasuregScales

It is important to develop evaluation measures to understand how the
alternatives meet thebjectivesand toquantify the variables hierarchy to be able to
compare in a mathematical framework. Evaluation measures are applied to the lowest
tier of the hierachy (variables) These evaluation measures may have different scales
l.e. saving rate and lifespan,or no scale at all i.e. aesthetics; which makes it
impossible to get a total numerical score for each alternative. To solve this issue, a
A S AN.FIhis furstiond e v e |

transforms the units of each measure imd-lessvalueson a scale from zero to one.

Single DimensionVal ue Functi on
To derive the functiorconsideran xy graph, the axis represents thevaluation
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measures, and theaxis

and exponential value functiop$3]. In the research each variable will have a linear
SDVF, using direct rating approach; in which the value function of the specified
variable with the leastrpferable level will have [zero] value, while the top preferable

variable will have [one] value.The summary of assigningDVF values to the
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represents t hzx(.d)as tivatppese Imdar

variables of the model by applyitige direct rating approach is illustratedTable4.

Table4. Singledirect rating value factions for the retrofit application variables.

Saving rate

1

A
X
OO00000000
oRrNWhUONDOR
o
o

0
Saving rate  Saving rate  Saving rate
doesn't pay pay for half pay for
for retrofit ofretrofit retrofit
costs costs costs

Saving rate indicates the total
installation cost of the retrofits,
including the primary,
maintenanceand installation

Energy savings arecalculatgd using Design builder simulation
tool and by applyinghe Eq. (1)

Savings Rate = Energy Savings / [InstallatiomnstallationCosts
+ Maintenance Costs] D)

To be able to calculate the saving rate accurately, the inflation
in Egypt has to beonsideredin 2019, the average inflation rate
electricity prices in Egypt amounted to about 1%.2ompared to
the previous year with 14% [14]. See Eq. (2).

Present Value B 8 MQup Q ¢ (2)

cost and energy savings over & Where, . |
assumed period of 10 years as "QU= Future value of maintenance cost or energy savings, (L=E)

payback period Concluded

rate of inflation (assumed to i®.2). n = year of annual cost or

from the surve savings

makers may abandon refits if
it exceeds 1§ear® .

A savings rate of value (1) means that the energy savings wou
pay for the retrofit costs within 10 yeg20192029) or have a 1.0
year paybackCost areestimated from contractors or companies

Durability

AOD .

\ O
©O0000000
OFNWA U~
o
[6;]

0
Low Normal High
Resistant Resistant Resistant

Durability indicates toughness of the product. It can
measured in three categoriekpw, Normal, and High
resistant, based on the features of the product. The -
AHIi gh resistanto is prefe
values are estimated based on the specifications of
product and information from the manufacturer.

Availability in the Egyptian market

U

OCO00O00000
[SENRING R

$ 1

X

If the retrofit technology and its maintenance are availab
the Egyptian market. This will affect the speed of installat
cost, and maintenance quick response. The values car
according to the transportatidistance as well, inside Egyf
the closer the product from the site; the higher its value.
If the product's maintenance is available but the produ
imported it takes a value (0.25)
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Table4. Single direct rating value functions for the retrofit apgion variables(Cont.)

Existing envelope elements/component life span remaining

It considers the life span of the element that is being reple

1
S 03 and how much its life span is remaining. The less life <
< Eé remaining will be preferredhere will be a loss in replacin
<04 new elements in the building.
02 Life span of the existing envelope will be estimated
oo wuery | PETCENtage. ie. if the existing glazing is in the bu[ldlng ff
life span life span years out of 20 years life span; the percent will be
remaining remaining

remaining Ife span, i.e. it takes value (0.75).

Data varies according to the facility documents/installation dates of the products in the construction.

Life span of the new applied technology

. This can be estimated in percentage compared to the «

1
> 83 building overall life span which is estimated to be 73 ye
o 08 z. [15] according to US D.O.E.
< o Productsd |ife span = or
31 the most preferred.
shot  Medum tong | f t he productsd | ife spa

The longer tt life span it is the least preferred.

life span, the preferred the It iS calculated in percentage: ) .
option for installation. = Life-span of the product / lifspan remaiing of the office

-100% takes value (1). building.

Life span data are determined fmm. the pr

Duration of the implementation

) . If the installation process does not affect the operation ir
2 o 85 office building. This is the mosfficient and desired even
o 08 - if it was a long period. Takes value (1).
D 1-7 Days: the installation time will not exceed 7 days
1 preferable for existing operable office buildings.
G & 8-21:anintermediate time, which may be accepted.
O M \@f More than 21days: mastop the upgrading of the whole proje
& &° Installation time estimates were derived through a combinatic

local contractor estimates, and owners.

Installation process (Difficulty)

. Easy (replacement of quick installation parts; i.e. gle
Medium (implementing additional construction to tl
95 envelope, i.e. external wall or shading equipment), F
(replacing the whole building envelope with another one
Medium fev different system

0. U
cooooo000

A
T ORNwrmO~N®OR

L
a
o
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Table4. Single direct rating value functions for the retrofit applmatvariables(Cont.)

Aesthetics

COoO0O000000
ORNwWhUION®OR

Highly Improves Aesthetics: a tangible new
technology/design for the building envelope, very appeali
to designers or occupants,. ielehances natural day lighting
Improves Aesthetics: The new building envelopehnology
is appealing to the occupants. Neutral: unnoticeable to
occupants. Disrupts Aesthetics: unappealing to occupant:
Values for this measure can only be obtained by the
designer/ architectods per sy
building envelope tdmology.

Special features

=

No specila  Has special
features Features

(Yes): Has special features: i.e. fire protection, b
protection enhancement, and special coating layers.
(No): does not have special features.

Will be determined from the retrofit specifications.

Compatibility with GPRS

U

\ O
©o0000000
ORNWAUIOONDOR

0
Non- Compatible
compatible

Compatible: The product/technology fulfills points in the
GPRS.

Noncompati ble: doesndét fuli
This is estimated according to the GPRS checklist and be
on the effect of the new technology on energy savings, or
materialspecifications.

If the new applied product is certified EPD's (LEED)

e N Certified: the product is an EPD certified product
‘© % registered.
i 0 Not Certified: the product is not registered nor certified.

Will be determined from the specifications of the prodarc
retrofit technology.

Not Certified
certified

6.5 Assign Weight to the Value Hierarchy

Theretrofits applicatiordifferent variables must have weights to determine the
levels of importance of each variablEhere are two techniques to assign weights;
Globaland localweighttechniqus [16]. The global weight technique was applied to
the value hierarchy model of the variabl&hisrefers to how much weight each of the
lowest row objectives contribute to the main decisat the top of the hierarchgs
illustrated inFig. 3. The higher the alue of the weight, the more itsportarce Note
that in the first and second tier the sum of all weights equals 100%. Theodecisi
makers agreed to these weights according to the suanég To be able to deal with
numerical variables. Thdirect weight elicitation tdmique is used to assign weights

to the measures, applyimgnk-sum techique [17] illustrated inTable5, in which the
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variables are arranged in descending order, then is used for assigning weights;
according tdEqg. (3).

Wi=k-ri+1/B Q 1 Qp (3)
Where;ri = the rank of the''l objectivegvariables (illustrated inTable5.)

K = the total number of objectivemriables (11 variables values tree hierarchy).

Table5. Variables/objectives weight accordingremk-sum tehnique.

Variable/Measure Rank Weight Weight (%)
Saving rate 1 0.166666667 17
Durability 2 0.151515152 15
Duration of implementation 3 0.136363636 14
Installation process 4 0.121212121 12
Aesthetics 5 0.106060606 11
Availability in the Egyptian market 6 0.090909091 9
Life span of thenew applied technology 7 0.075757576 8
Existing envelope elements/component life span remaini 8 0.060606061 6
If the new applied product is certified EPD's 9 0.045454545 4
Special features 10 0.03030303 3
Compatibility with GPRS 11 0.015151515 1
Total weights summing up 1 100%

6.6 Determine theScore of Each Alternative
The score of each alternatican be determined by applying Eq.,(#)e final
result isanumerical value, between zero and one.

Score = Rating*Weigh{18§]. (4)
Where Scorectotal score rating for each retrofit technolpdyeight=Weight of each

measureRating=criteria score for each variable, which is the SDVF in the model

6.7 The Final Retrofits Application Decision Model
The final formulated model based on thierarchy of variablesSDVF, and the

weightsin Table5 according to the decision makers and key actors is illustrated in
Table6.

7. MODEL APPLICATION ON CASE STUDIES

The selection of the case studies has to represent the majority of existing office
buildings in Cairo- that introduce the highly glazed facades with poor shading
elements or green measureR]flf o r t he model Dap m@mlnidc aitd PoRnS.
certified office buildings are excluded from the selection, because thegotdo
represent the majorityn Cairo, there are only 10 LEED certified projectg][1
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Two variant office buildings are selected to test different existing conditions
and give more general, comprehensive, and reliable results. The selection included
buildings in different locations in Cairo (Downtown and new settlements), a newly
constructed building, and another old one (more thar3@®Oyears since its
construction)select a tower (Classified as a tall building compared to the urban norm)
and another building within the norm heights (not more than 14-btahlging). Thus,
the first office building selected as a case study is the [Giza tower/the Nile tower]. The
secoml caseis [238 office buildinglasshown Table 7 and Figs.-8. The alternatives
are applied to the selected case studies to test the different selection circumstances
according to the different application variables of thedel and compare it to the
retrofit analysis simulation tools results.

Table6. The final decisiormakingmodel for retrofits application selection

Fundamental . ) SIPVF valug Model
Objectives Variables fAcW fARati TotalValue Values
Alt(n) Alt(n)
5 Saving Rate 17 e e Ratingg wp é é
B Durability 15 éé Rat # ancg éé
? RESOUICes Avfailfability in the Egyptian marke 9 é é Rat # onay ‘? e
o efficiency Existing envelope eeé
g elements/component life span 6 éé Rat #antg
g remaining
5 Life span ofthe new appliedech. 8 € é Rat #dnug éeé
T . Duration of the implementation 14 é é Rat % ung e é
© Implementation - — —— . p;
3 Installation process (Difficulty) 12 e e Rat % wxg e e
% Design impact Aesthetics 11 ? é Rat 1 (fmqg ? ©
= Special features 3 e e Rat % wog e e
= Compatibility with GPRS 1 e é Rat iwmpgm € é
@ Certifications  If the new applied product is L . éeé
certified EPD's (LEFI)ED) 4 ee Rat 1 wpgp
_ _ 100 Total Total . e é
Retrofit Alternatives (n) values Sum before S c o r Ratimg®Vt

0,
& weights

Table7. The office building selectedor application identification and description.

Name 238 office building. Giza Tower/Nile Tower

Client (Rental office spaces) Different companies i.e. Misr Iran
UPM Group and others Company and CIB bank branch.

Founded in 2016[12] 1982[19]

Location North Teseen St., New Cairo. Charles de Gaulle street, Giza

Area (floor) 46600 m2 (Total gross area)

750 ¥ 1944 m2 (Floor gross area)

Operation hours 9:00 ami 5:00 pm 8 am 7 pm.
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Table7. The office buildings selected for application identification and descripti@ont.)

It takes a rectangular shape with sides 72
and 27m. Constructed from steel structurt
with curtain walls and glass facades with

Constructed from a flaglab concrete
system, with normal bricksio insulation
or thermal break. The building is

| -] -

Description : mullions or insulation wall. The building
composed of 8 typicand one basemen .
' .~ composed o& ground floor, one mezzanin
floors the first 3 floors are commercial X
. floor, and 23 typical floors of open space
use, and the next top 5 floors are office ..
offices. It has no basement floor
FenestrationFirst 3 floors: clear
transparent singlglazing 6mmTop 5 Fenestration:
External : . . . . .
floors: reflective blue double glazing Double glazing reflective silver glass.
Envelope : -
with no thermal break. Opaque:
OpagqueMatt Aluminum cladding, white Silver Matt Aluminum cladding.
and silver colors.
L: n E 2
/s
/
HH HE
' [0 HEREH [0
— m ufillu m
— us O us
‘I AR = - - L
LT ! - - L} L
Td, — H o
g = nflln = malan
TTT1TE n n
T Ll HEmH L1
I .
HHH L (L HENH [
L == n ulllu

1]

BEESEES

=

e

Fig. 4. Typical floor plan and section dfie  Fig. 5. Typical floor plan[19] andsection
238 building[12]. ) ‘ of the Nile tower

L i’
| -
y

2 iaz And Barre!

Fig. 6. The tweoffice building under application in google maps. left: 238 building,
Right: the Nile tower
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To apply the model, the SDVF must be applied to the alternatives, the
variable is the saving rate, which requires using the ddmigder simulation tool tc
be calculated within a period of 10 years, calculating the primary
installation/uningllation cost and maintenance cost of each alternative witt
inflation rates.The base case energy simulation models for the existing bui
condition before applying the retrofit alternatives are illustratedig 7, and the

simulation results iffrig. 8.

Fig. 7. Design builder constructed models for the case studies.

Optimum alternatives before and after applying the developed Model (before
applying the model is based on the simulation results in which it indicates the
alternative that is the most efficient in total energy consumption and cooling loads) are
illustrated in Table 8 and Fig. 7. The final decisiormaking models for the case
studies are elaborated in Tablesa®d 10. The optimum alternative imable 10
selected for the case studies indicates
the Model 6s; 6in23%dfficecbuildingt and Adt. 2 Anlthe Nile tower.

This assures that the selectisrbased on each case conditions of application, although

Alt. 4 which is the best in energy savings (imported/not available in the Egyptian
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market) in both the cases is, not the optimum alternative to be applieel Egyptian

market.
400 mAIL 1 250
"PLANITHERM
350 TOTAL+”
® Alt. 2 “COOL- i 200
300 LITE SKN 144 1l
m Alt. 3 "Triple
250 Glazing" 150
200 Alt. 4 "Triple
glazing
150 Pllklngton 100
[ ] A?t rlCool
100 roof"
50
H Alt. 6 External
50 .
horizontal
shading
0 M Basecase 1 0
Solargain  Total Total Co2 Solar gain  Total Total
exterior cooling  annual exterior cooling annual
windows electricity windows electricity

238 office buildhg

The Nile tower

mAIt. 1
"PLANITHERM
TOTAL+”

m Alt. 2 “COOL-LITE
SKN 144 11"

1 Alt. 3 "Triple
Glazing"

Alt. 4 "Triple
glazing Pilkington
section"

M Alt. 5 "Cool roof"

M Alt. 6 External
horizontal
shading

M Base case2

Fig. 8. Chart illustratinghe 6retrofit alternatives effect on [total cooling load®tal annual
electricity CO2 emissiong Solar gain in exterior windows) compared to base uasgy
designbuilder simulation tool

Table8. The different ranks of alternatives based on simulation results ambthed

application.

Optimum alternative before and afte
applying Model

Rank1 Rank?2 Rank3 Rank4 Rank5 Rank6

238 building Simulation Alt.4 Alt.2 Alt.6 Alt.3 Alt.1 Alt.5
Model Alt.6 Alt.5 Alt.2 Alt.1 Alt.4 Alt.3

The Nile tower Simulation Alt.4 Alt.2 Alt. 6 Alt.3 Alt.1 Alt.5
Model Alt.2 Alt.5 Alt.4 Alt.6 Alt.1 Alt.3
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Table9. Model applicationresults to 238 office buildirsy

Retrofit Variables Model

Fundamenta' Vari b| Wit SDVF Value Tota| |\/|Ode| Va|ueS
Objectives aniables % Altl Alt2 Alt3 Alt4 Alt5 Alt6 Value Altl  Alt2  Alt3  Alt4  Alt5  Alt6
Saving Rate 17 023 054 021 032 1 1 jﬁ)p 0.0391 0.0918 0.0357 0.0544 017  0.17
Durability 15 0.8 085 085 1 1 1 gfbc 0.12 0.1275 0.1275 015 0.5  0.15
pratlablliyintie 91 12 1 025 1 1 ¥ 009 009 009 00225 009 009
Resources Eg_yp I Wo
ef‘ficiency IXIStII’lgt e;nve ope ,
eementsicompon g 903 03 03 03 003 0 ¥ 0.018 0.018 0018 0.018 0.0018 0
ent life span 2wt
remaining
Life span of the
new applied 8 018 021 029 043 1 020 . =~ 00144 00168 0.0232 00344 008 0.0232
technology
Duration of the 14 085 085 05 05 1 1 . 0.119 0119 007 007 014  0.14
implementation ZW
Implementation Installation .
process 12 1 1 02 02 1 1 j”é) 012 012 0024 0024 012  0.12
(Difficulty) X
Aesthetics 11 0.66 0.66 0.66 0.66 033 1 j‘i’) , 00726 00726 00726 00726 00363 0.1
Design impact oo
Special features 3 1 1 0 1 0 0 2w 0.03 0.03 0 0.03 0 0
Compatibility wp T
ith GPRS 1 1 1 1 1 1 1 epn 001 001 001 00l 001 001
Certifications grﬁum applied ép p
B rified EPD'S 4 1 1 0 1 0 o hb, 004 004 0 0.04 0 0
(LEED)
100 8.02 841 501 6.66 7.36 7.29 Total 0.673 0.735 0471 0525 0798 0.813

Retrofit Alternatives (n) values

Total sum before applying weights

Total values for each Alternative after applying weights

AdIdV 'IN TN ANY VEVHSVYHY 'O 'S
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Table10. Model Application Results to the Nile tower office building.

Retrofit Variables Model

Objectives arables % Al A2 Alt3 Alt4 Alt5 Alt6 Value Altl A2 Alt3 Alt4 Alt5 Al6
Saving Rate 17 03 1 041 067 1 1 fgp 0051 017 00697 01139 017 017
Durability 15 08 08 08 1 1 1 §c7c 012 01275 01275 015 015 0.5
Availability in the 60
. 9 1 1 1 0.25 1 1 0.09 0.09 0.09 0.0225 0.09 0.09
Resources Eg_yp.nan mar:<et £7Q
efficiency IX|st|ng e;nve ope 3
elements/compone; 6 1 1 1 1 0.37 0 ! 0.06 0.06 0.06 0.06  0.0222 0
t life span z71
remaining
Life span of the 6L
new applied 8 0.36 055 0.7 0.83 1 0.55 27 0.0288 0.044 0.056 0.0664 0.08  0.044
technology v
Duration of the 60
. implementation 14 0.5 0.5 0.5 0.5 1 0.85 27 @ 0.07 0.07 0.07 0.07 0.14  0.119
Implementation Installation process 6X
(Difficulty) 12 0.9 0.9 085 0.85 1 1 27 0.108 0.108 0.102 0.102 0.12 0.12
Aesthetics 11 066 066 066 066 033 0 ¥ = 0026 00726 00726 00726 00363 O
Design impact Special features 600llJ
P 3 1 1 0 1 0 0 27 6 0.03 0.03 0 0.03 0 0
Compatibility with 6p T
GPRS 1 1 1 1 1 1 1 27pm 0.01 001 001 001 o0.016 o0.02
Certifications  If the new applied 6
product is certified 4 1 1 0 1 0 0 ZF;F’ 004 004 0 004 O 0
EPD's (LEED) PP
Retrofit Alternatives (n) values 100 8.52 6.97 876 7.7 6.4 Total 0.680 0.657 0.737 0.818 0.703

%  Total sum before applying weights Total values for each Alternative after applying weights
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8. RESULTS AND DISCUSSIONS

The retrofit alternatives are assumed to aeonstant factor for testinthe
mode| while the office buildings case studies are considered variable factors of the
test; to show if the optimum selected alternative usingrtbéelwill remain the same
or may change according to the conditions of each case study
Notifications alout the Model

Themo d edptimem alternatives are different from the optimum alternatives
to the energy simulation tool. Which indicates its effect on the deemgking
process as a decisiisna ki ng t ool f o rfor application ftoi exighgd s el e
office buildings.

The evaluation of alternatives is performed based on the existing conditions of
the building, i.e. the replacement or the installation of new elemenshading device
to the building and its construction difficultywhen assigninglurability SDVF values,
alternatives can be compared to each other, i.e. case of double or triple glazing; as the
latest have a stronger cressction although they are made out of the same material.
Duration of the implementatiomwill include installatiom and dissociatiortime of
replaced elements.

The optimum alternative based on tluensof SDVF values before assigning the
weights of the retrofitapplication variables may be the same after assigning the
weights, as illustrated ithe Nile towercase study. But in some in other cases it may
affect in the finalalternative selectiorafter assigning the weightthis is clear ire38
buildngcase study. Thi s i ndi cates how t he
concerns have a great effectthe setction process of the Alternative to be applied.

The model can only be applied to single alternatives selection; it is not tested if

multiple alternatives are to be selected and applidteasame timé Deep Retrofits

9. CONCLUSION
The simulation tols especially the retrofit analysis ones can be used in retrofit

measures selection to identify energy savintpg opportunity for conservation
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measuresand primary costlt is not however,enough to rely only on these tools
during thedecisionmakingprocess for appropriate retrofgslection

The decision modeWwas derived from the analytical methods, decision analysis
methods, and analyzing the retrofit analysis simulation tools to conclude the main
considerations and outputh. involves choosinghe most preferred and the most
appropriate alternative based on the decismmk er s 6 v al uesTheand o
modelis meant to fill the gaps found in the retrofit simulation tools output analysis by
identifying new considerations and variables th&afin the selection of the retrofit
technologies to be applied to office buildidgs e n vire Eggppleis a quantitative
model to assess different alternatives and rank them according to thiedeesan
total summationThe building ownecannotuse this tool on his own without the aid of
an architect or a designérhe ownercanhowever,easily understand the final results
of the model and the optimum alternative weakness and strength points.

The model enhances retrofit applicatidosoffice buildngs envelopein Cairo

through supporting decision makersalternatives selectioand target identification.

DECLARATION OF CONFLICT OF INTERESTS
The authors have declared no conflict of interests.

REFERENCES

1. Navigant Research Global Building  Stock  Database, https://www.
navigantresearch.conesearch/globabuilding-stockdatabasg(Accessed5/032018.

2. El Dakdoky, S.,il mpact of Pl an Shape and Window
Efficiency of,Jaufndl of EmgineBring dnd AppligdsSaiende). 66,

No. 2,pp. 199219, 2019.

3. Ministry of Electricity Reports 20042017  http://www.moee.gov.eg/test
new/report.aspAccessed 2/042019.

4.  Selkowitz, S.,Dillon, A., Curzio, E, and Pelton, M., i E n e Effgcignt Building
Ehnvel ope Technologies and Facilities Supp
LBNL, Department of Energy (DOE) National Laboratories report poster
https://www?2.lbl.gov/mfea/assets/docs/posters/17 _MEAW_Poster_Selk Envelope Fina
|.pdf, (Accessed 2/042019).

5. Lee, S.H., Hong, T.,and Piette, M.A, i Re v i &usting Energy Retrofit Too | s 0,
LBNL-6774E report, Lawrence Berkeley National Laboratory, 2014.

6. Crawley, D, Hand, J, Kummert, M, and Griffith, B,AContr asting the Ca
Buil ding Energy Simul ati on Software tool
Systems Resach Unit report, University oWisconsinMadison, National Renewable
Energy Laboratoryersion 1.0, 2005.

751



http://www.moee.gov.eg/test_%20new/report.aspx
http://www.moee.gov.eg/test_%20new/report.aspx
https://www2.lbl.gov/mfea/assets/docs/posters/17_MEAW_Poster_Selk_Envelope_Final.pdf
https://www2.lbl.gov/mfea/assets/docs/posters/17_MEAW_Poster_Selk_Envelope_Final.pdf




