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2 ABSTRACT

This study is going tovestigate the energy performarafeatemporarybuilding on
campusand analyze it thoroughly to identifiye trends on energy consumptidinen, it isgoing
to select the best strategy that can improve its performance in this region. Next, a prototype
designof a high energy performance buildirsggoingto beproposed to the university
authorities to be constructedtime permanentampusin thesecond phasand identify a list of
the best strategies that are mappropriatdor the climate of the city. Finely, a comparative
study is goingo beconducted by usmenergy analyses software (eQUEST) to find out the

annual saving of the proposed design over the existing building.



3 INTRODUCTION

In aworld that demanslenergy resources increagin to expand human activignd the
consequence of this ptaze are risingthere is arawareness for a responsible practice and the
need for an advandeonservation effort to reduce the carbon foot piihe obligation andhie
commitment to this path begémrise in a country like Saudi Arahiathe last deadeto reduce
the over consumption @nunsustainable resource of the country securat for the nex
generation as well as buitdliable infastructure that can work withture energy recourséke
solar and wind energy.

The new Tai beampudinYanbe City igding t0 keone of the major
influential projecsin this city. The university campus needs tabexemplary monument
because it will be the develont driver for the city. Aenergy consumption is the issue of our
time, the uniersity needs to take the lead to contribute to the community and show them a life
example on the best practice of designing @mtktructing anergyefficient project Therefore,
constructingenergy efficient campus buildings the new land thahe cily gaveto the
university to build itdoranchis going to be one of the pay back fulfillmefar the community of
Yanbu.

Taibah Universitys planning to divide the constructiaf the newbranchinto two
phasegFig 1). The irst phase igo build a temprary building in the new campus site to
accommodatéhe constantly increasing numbers of studeeich year and this part of the plan is
under constructiom the time of writing this thesig-ig 2). The final phase is the construction of

the rest of the grmanent buildings of the universii@AP 2016)



Figure 1 Master plan of Taibah Universi{GAP 2016)



Figure 2 the Completed paof phasel (googlemaps 2016)

3.1 Description of the existing building

All the buildingsin the phase 1 did not desitpr a specific college so they designed as
universal college that have classes and labs and offibesselected buildgpfor this studys a
two floor building witha grossareaof 71800.17square feeand its construction type is on site
cast concrete for the skeleton and precast for the faddusbuilding is free standing and the

front facade€faces north westFig 3).
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Figure 9 First floor plan(GAP 2016)
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Figure 13 South east elevatidiGAP 2016)

3.2 Location
Yanbu is a coastal city in the province of Medina, Saudi Argb@a14-15). And it is

considered as medium city with populatior288,526 people asvell as the second largest city

in the provincGAS 2010)
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The universityés new campus is in the nort
16). A tenporary building is under constition right now and it is located where the services

building going to be according to the master plan of theeusity (Fig 1718).

Figure 16 the university campus location in Yanfgooglemaps 2016)
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3.3 Climateanalyses
Yanbu climatas consideredsdesert climateVirtually no rainfallthroughouthe year
KoppenGeiger climate classé#d Yanbu climateasBWh (Hot desert climatggFig 19) 26.5 °C

is the annual average temperature in Yar®iumm is the average rainfall a yea(CLIMATE -

~ . . . .

World Map of Koppen—Geiger Climate Classification  Main climates  Precipitation  Temperature

updated with CRU TS 2.1 temperature and VASCIimO v 1.1 precipitation data 1951 to 2000 Az equatorial W desert h: hot arid F: polar frost
B: arid S: steppe k: cold arid T: polar tundra
C: warm temperate f: fully humid a: hot summer

Af Am As Aw  BWK BWh BSKk BSh Cfa Cmh Cfc Csa Csb  Cse Cwa D: snow s: summer dry b: warm summer
[ ] [ ] E: polar w: winter dry ¢: cool summer
Cwb Cwe Dfa Dfb Dfc Dfd Dsa Dsb Dsc Dsd Dwa Dwb Dwe Dwd EF ET m: monsoonal d: extremely continental

160 20 40 60 B0 100 120 140 160 180

90

Resolution: 0.5 deg lat/lon 80 Version of April 2006

70

http://gpec.dwd.de )
http://koeppen-geiger.vu-wien.ac.at 90

updated. Meteorol. Z., 15, 259-263

160 ~140 =120 =100 -80 -60 0 =20 0 20 40 60 80 100 120 140 160 180

Figure 19 world map oKdppenGeiger climate cIassificatio(Kotiek 2006)

More analyzed climate sxformation providedy climate consultant (computer software)
using weather file for Yanbu city that produced byth8 Department of Energy (U.S.DOE). It
is a graphical based information that helps desgfeeunderstand the climate condition of
certain aresin the world. This research is going to study some of the climate information in

order to understand the engigpnsumption trend of the buildirg the site.
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The average temperature of the city is alitneethermal comfort zone from Apto
October where the temperature swings betweé&ZF. However, the average temperature is
under the thermal comfort zooaly in January where it goes down tdB9Thisinformation

emphasizes that heating is not required and not even necessary to reach the thermal comfort zone

] Climate Consuttant 6.0 (Build 10, Nov 21, 2016) “ - o X
File Criteria Charts Help
TEMPERATURE RANGE LOCATION: YENBO, -, SAU
ASHRAE Standard 55-2004 using PMV Latitude/Longitude: 24 13° North, 38 07° East, Time Zone from Greenwich 3
Data Source: IWEC2 404390 WMO Station Number, Elevation 32 ft
LEGEND
RECORDEDHIGH- o
DESIGN HIGH -
AVERAGE HIGH - 120
AVERAGE LOW - (
DESIGN LOW- — e e e | o o e | e
RECORDED LOW - o 110 =
COMFORT ZONE
SUMMER I . o I
WINTER w
(A&t 50% Relative Humidity) I
6 90 I
€ r —_—
80 I
70 I
60
e | o e | - EE e (- o -
50 I
DESIGN HIGH: Residential [ S— J
40
DESIGN LOW: Residential
) 1% of Hours Below
() .5% of Hours Below
30
@® 0% of Hours Below Jan Feh Mar apr May Jun Jul Aug Sep oct Nov Dec Annual
TEMPERATURE RANGE:
O 10to 110 F
® FibbaE
=

Figure 20 Temperature rangm Yanbu(UCLA 2016)

The sky is clear most of the year, so shading is needed to protect the building from the direct sun
radiation and to reduce the heat gain inside the building. It also helps to reduce the energy used

to cool down the space (Fig 21).
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| £/ Climate Consultant 6.0 (Build 10, Nov 21, 2016) d - a X
File Criteria Charts Help
LOCATION: YENBO, -, SAU
SKY COVER RANGE Latitude/Longitude: 24.13° North, 38.07° East, Time Zone from Greenwich 3
Data Source: IWEC2 404390 WMO Station Number, Elevation 32 ft
LEGEND
100%
90%
Total Cloud Cover  100%
RECORDEDHIGH- o
AVERAGE HIGH -
MEAN - % 20%
AVERAGE LOW -
RECORDEDLOW . o
Clear Skies 0
70%
60%
0%
40% 1
30% — — — — — —
20% — — — —T 1 — — — —
10% = — 1 1 = o 1 — 1 —
o
Jan Feh Mar apr May Jun Jul Aug Sep oct Nov Dec Annual

Figure 21 Sky cover rangéJCLA 2016)

The windds speed anniseohsidared 8 ilBeagfertscaleand9 mp h w
described as d&entle breezewhere thdeaves and small twigs constantly rmay light flags
extendedFig 22). Therefore, that particular average speed of the wind is suitable for natural

ventilation(RMetS n.d.)
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[ Climate Consultant 6.0 (Build 10, Nov 21, 2016) ° - o X
File Criteria Charts Help
LOCATION: YENBO, -, SAU

WIND VELOCITY RANGE Latitude/Longitude: 24.13° North, 38.07° East, Time Zone from Greenwich 3
Data Source: IWEC2 404390 WMO Station Number, Elevation 32 ft

LEGEND

60

55

RECORDED HIGH - o
AVERAGE HIGH -
50
MEAN - %
AVERAGE LOW -
RECORDEDLOW - o
(mph)

15

40

35

30

25

" R e o R e ST 9mph

PLOT:

@® mph O fom [

Jan Feh Mar apr May Jun Jul aug Sep oct Now Dec annual

WIND VELOCITY:
@® 0to60mph
O Fit to Data

Figure 22 Average windgspeed UCLA 2016)

Wind direction information collected froivianbu Airport(January 2000 December
2008)displays that the prevalent wind is coming from the west most of th¢Réarer 1999

2016)(Fig 23).

N 3 %mm

NE 6 %o m—

E 8 %0 —

SE 5 % -

S 4 % -

SW 19 % I

W 48 %o I ——
NW 7 %o —

Figure 23 Wind-directionannual(Romer 1992016)
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This sun shading chart informs the designer about the time range when shading is needed
the most (Fg 24). The red lines in the chart show the specific time of the day when shading is
necessary, while the yellow lines indicate the time when no shades are needed. The blue lines

indicate that the sun needs to be entered to the space as passive safadisodasat the space.

[£] Climate Consultant 6.0 (Build 10, Nov 21, 2016) - - u] X
File Criteria Charts Help
LOCATION: YENBO, -, SAU
SUN SHADING CHART Latitude/Longitude: 24.13° North, 38.07° East, Time Zone from Greenwich 3
Data Source: IWEC2 404390 WMO Station Number, Elevation 32 it

LEGEND

© WARMHOT > 80°F
{SHADE NEEDED)
2257 Hours Exposed
0 Hours Shaded

(SHADE HELPS)
270 Hour's Exposed
0 Hours Shaded
© COOLICOLD < 68°F
{SUN NEEDED}
51Hours Exposed
0 Hours Shaded

ALTITUDE ANGLE

PLOT MONTHS:
WINTER SPRING
(O December 21 to June 21
SUMMER FALL
@ Jane 31 to Becember 3%
[ Display Grid
[ Display Shading Calculator

[ Display Obstruction Elevation

o t, | e
;
BEARING ANGLE

EAST SOUTH WEST

Figure 24 Sun shading chart June 21 to Decembe(QCLA 2016)

In Yanbu city buildings need to be shaded from March to September and from 9am to

3pm where the sun is hot adulect. That helps to reduce the heat gain inside the building.
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File Criteria Charts Help

SUN SHADING CHART

£ Climate Consultant 6.0 (Build 10, Nov 21, 2016)

LEGEND

© WARMHOT > 80°F
(SHADE NEEDED)
1613 Hours Exposed
0 Hours Shaded

{SHADE HELPS)
692 Hours Exposed
0 Hours Shaded
© COOLICOLD < 68°F
{SUN NEEDED)
229 Hours Exposed
0 Hours Shaded

PLOT MONTHS:
WINTER SPRING
(@) December 21 to June 21
SUMMER: FALL

() June 21 to December 21

[ Display Grid
[ Display Shading Calculator
(] Display Obstruction Elevation

Input Gbstructions

d - a x
LOCATION: YENBO, -, SAU
Latitude/Longitude: 24 13° North, 38 07° Easf, Time Zone from Greenwich 3
Data Source: IWEC2 404390 WMO Station Number, Elevation 32 ft
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50 1
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2
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=
w
=]
S
E
=
o
a0 <
30
20
10
120 0 120
BEARING ANGLE
EAST WEST

Figure 25 Sun shading chart December 21 to Juné2CLA 2016)

3.4 Deficiencies of thexistingbuilding

The tempoary buildings construed without anyattentionto the energy factor because the

focuses werenthe construction time as these buildings need to be completed and operated in

short time By applying the reginal climateanalysisto theexisting building some performance

deficienciescan be observed simply by looking at the building.
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3.4.1 Building Orientation

The temporary buildingdoes nofollow thebest orientation as the long facad oriented to
face northwest.It is supposed to face north/south becouse the shading pgbdilmathe north
and south fagads morecalculable Orientationis consdered one of the most important
strategies that cagreatlycontribute to the best design practiceaducing the heat gain inside
the building That going to assest the designarsalculating the shading for the south and north
facad more accuretlMoreover, auilding that is correctly origed would be helpful to design

facade that is able to receive maximum daylight without raining heat from the direct sun

radiation.

4
\
755 : = B = B Lopwitm
,ro < S

Figure 26 Plan view of the exisig buig shethe buildings orientatioiigooglemaps 2016)

23



3.4.2 Shading

As the climate analysis displays, the building does need shading for nine months a year,
sixhours a day. However, those buildingds windo
which increase the heat gain inside the building. Because windows have less R value than any
other part of the building envelope, shadimgonsidered one of the ntamportant factasin

reducing the heat gain inside the building

Barnawi 201)

3.4.3 Natural Lighting

The bui Inihgislgsé eficienpiapturing natural lighting which makes the
users more dependemn artificial light. Maximizing of natural lighting density is important to
reduce the energy consumption. The clear sky of Yanbu city proviigeificant opportunity
for the designer to illuminate the spaces in side buildings using daylight in order to achieve

greater energy saving.
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Figure 28the All inside the college building showsthatural lighting distributior{Photo by Barnawi 2016)

3.4.4 Natural Ventilation

Most conventional building of the area designed to relay on mechanical ventilation and this
building follows the trend. Natural ventilation is an important strategy that helps the building to
sustainthe thermal comfort zone by capturing the external air when its temperature is

appropriate. Using night ventilation to ventilate the building instead of the meahaystem is

going to reduce energy consumption.

o m m
Mo Wmom

Figure29i noper abl e windowds in the buil Vi(I?hgtobeyBamQWi
2016)
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4 CASES STUDY

This research will study several cases that are all oriented to be energy efficient buildings.
Furthermore, the focus will be on analyzing the enef§gient strategieshatareused to

improve the performance of these cases

4.1 First caséenvironmentand Natural Resources Building 2

This buildingwasdesigned byichardrBauerfor the Lhiversity of Arizona whichs
l ocated in the north of Tuc $looms.dhe buldinggesighed Th e
to achieve LEED platinum. The architect inspired in desigthirggbuilding by the slot canyon.

It also considered ame of the most efficiertuildings in the campus.

]l
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Figure 30 South facade dEnvironment and Natural Resources BuildingPhoto by Barnawi 2016)
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By designing a courtyard in the middle of the building, the designer succeeded in making
most of the building facadeo face north and south direction. Becatls®y consideredhe best
facades to provide natural lighting with a proper shading to the internal spadesidpeer can
put more windowsn the North/south facadélowever,west and east facade are exposed to the

sun fromanangle that hard to be shadsulplaing windows in these facadedéss desired

Figure 31 site plan ofEnvironment and Natural Resources Buiidin(Photo by Barnawi 2016)

The other successful strategy the desigised in this building isicludinga unique
microclimatein the court yard. He allowed the court yard to be ventilated by funneling the air
from the openings around the stairs at the east and west sides. The designer made most of the
spaces of the buildingdjacent to the north and south facade where thegasilyreceive

daylight.
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Figure 34 Theraised floorsystem used in the baldifighoto ty
Barnawi 2016)

Figure 35diagram show theaised floorsystem
(Photo by Barnawi 2016)
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4.2 Second cas€ollege ofMedicine

F

Figure 36 south east view of theollege of mediae building (Photo by Barnawi 2016)

CO architectslesigned the college of medicine building shown in fottheersity d
Arizona and Northern Arizonaniversity whichis located downtown plemix, AZ. It designed
in respons&o the local climate with intent to reduce energy consumption and to target

LEED/NC certification.

Figure 37 Wsade October 4, 2014 5:24 PRhoto by  Figure 38 East Facade October 4, 2014 5:27 RRhoto by
Barnawi 2016) Barnawi 2016)

Figure 39 South Facade October 4, 2014 5:17 BRhoto by  Figure 40 North Facade October 4, 2014 5:33 RFhoto by
Barnawi 2016) Barnawi 2016)
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One of the significandtrategiesised in the building envelopeagplyinga second skin
for its facade where it creates an air cavity between the two facadesvtd@vn the heat
transferring into the internal space. Moreover, the designer succeeded in designing the shading

device for the north and south fagade.

Figure 41 diagram of thenorizontal overhangised in the south facadEhoto by Barnawi 2016)

This diagram explains how the over hand shading on the south facade prevents the direct
sun radiation during the summer season from entering the space and allows it to enter the space
in the winter. The shadindevice also works as light shelf to spread the light deeply into the

space.
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Figure 42 diagram of thevertical finsused in the north facad®hoto by Barnawi 2016)

This diagranclarifies how usingertical fins in the north facade protects the windows

from the sun radiation at the early morning and late afternoon in the summer.

4.3 Third caseDPR Construction

This building designed b8mith Group JJRor theDPR Constructiorand located at
Phoenix Arizona This building outstands by achieving net zero energy as the building is
consuming as much energy as they produce from the solar panel that is mounted in the parking

lots.

31



e
= o> o e — oA

by Barnawi 2016).

Figure43 DPR Constructioreast facad€¢Photo

One strategy used is making the east and north fagade windows operable so they can
naturally ventilate the office area when the outside air is on the thermal comfort zone. In addition

to that, the officaareais covered by several Bigs&Fanto move the air around.

Figure 44 DPR Constructioroffice area(Photo by Barnawi 2016)
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Another strategy that used in this building is the solar tube that cobeggex area of the

offices by natural daylight.

: g ey A -
Figure45The solar tube in the office area
(Photo by Barnawi 2016)

Figure 46 Diagram show the Figur 47 The solar tube in the meeting
solar tube(Photo by Barnawi  room(Photo by Barnawi 2016)
2016)

The shower tower that use the evaporative cooling system added to this building to cool
down he air is one of the best strategies thatdakivantage of the climate condition of the
region, as the climate Phoenix is hotandarid. The microclimate thas created in front of the
east facade keeps the body of the shower tower cool throughalzytiehich improves its
performance. Another strategy used in the building is the chimmélye roof that usdhe stuck
effectto drive out the hot air while the cool air provided from the shower tower replaces its

place.

33



ure48 The microclimate in front of the ast facq@hoto by Flgure49 Dlagram of the tower shower & the chlmney
Barnawi 2016) (Photo by Barnawi 2016)

The diagram above shows how the showéower and the chimney work tager to
move the air inside the office area as the shower tower provides a cool air to the space and the

chimney takes out the hot air from the space.

5 DESIGN PROPOSAL

In this part of the research | Wgropose an alternative design that nsdwergy
conservation strategy one of the important asghet influence the design process. This
proposal will be presented to the university authority as a prototype desigan energy
consultant. The goal ahis proposal is helping the university designers to understand the best

ways to implement these energy strategies in the permanent university buildings in the future.

Figure 50 North facade of the design propogaimulationtime 6/1/2016 8:00 ANPhoto by Barnawi 2016)
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The proposal based on the temporary building asaiti® floor building with a similar
growth areaThis will help to make comparison in the energy consumption of the two building
by using energy simulation software.

The pictures fromHKig 53) to Fig 65) showthe architecturatirawing and the 3D views.

Figure 51 Site plan(Photo by Barnawi 2016)
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Figure 52 ist floor Plan(Photo by Barnawi 2016)

Room Legend
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Figure 53 2nd floor Plan(Photo by Barnawi 2016)
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Figure 54 North elevation-Eastelevation(Photo by Barnawi 2016)

Figure 55 Southelevation-Westelevation(Photo by Barnawi 2016)

Figure 56 Perspective of thsouth facadé¢ simulation time6/1/2016 8:00 AMPhoto by Barnawi 2016)

Figure 57 Perspective of the east side | simulation time 6/1/2016 8:00PXdto by Barnawi 2016)
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Figure 59 Perspctive of the main lobby | simulation time 6/1/2016 8:0qto by Barnawi 2016)
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Figure 60 Perspective of central porch 2nd floor | simulation time 6/1/2016 4:0@f\to by Barnawi 2016)

Figure 61 Perspective of central porctst floor | simulation time 6/1/2016 8:00 AMhoto by Barnawi 2016)
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Figure 62 Perspective of courtyard ist floor | simulation time 6/1/2016 8:00(Ribto by Barnawi 2016)
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Figure63 Perspective of courtyrd 2nd floor | simulation time 6/1/2016 8:O(Xt0 by Barnawi 2016)

5.1 Energy efficient design strategies
This part of the research explains in detail some of greffigientdesign strategies used

in the building to improve its performance over the existing ones.

5.1.1 Building Orientation

| found that the first master plan proposal has a higher opportunity to orient all the
building of the campus to the right direxti However the currenmaster plan where the
temporary building based on has many difficultrtaccommodaig the right direction

Thereforethe proposed design is basedtla first master lan.
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Figure 64 Latest Master PlaiiGAP 2016) Figure 65 First Master Plan ProposalGAP 2016)

The proposed design located at the northeast of the campus site and the building slightly

rotated to the righorientation.

e L/ !
Figure 66 The selected master plan as better alternative for the right orient@®iooto by Barnawi 2016)

Thelong side of the buildingriented along withhe westeast acced® takeadvantage
of thesunillumination. Alsothe building is divided into two partsy the courtyard in theniddle

to provide a larger facadees that faces the north asouth.
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Figure 67 Orientation of the proposed desi¢fdhoto by Barnawi 2016)

5.1.2 Shading

Shadings considered as a one of the most important strategies for Yanbu city because
the building is exposed to the direct sun radiation throughout the year. It is greatly effective in
reducing the &at gain inside the building. It also helps the air condition to serve with high
efficiency. Additionally, the right orientation of the building is going to be helpful in simulating

the profile angel of the shading in a computer software such as AutodeskHRy 68)
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Figure 68 South profile angel at 9:00 AM March 21 2016  Figure 69 South profileangel at 3:00 PM March 21 2016
(Photo by Barnawi 2016) (Photo by Barnawi 2016)

By using the sun simulation tool in Revit, we can calculate the depth of the shading

device to shade the windows from 9am to 3pm every day from March through September.
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Figure 70 South Horizontabverhang dimension®hoto by  Figure 71 North Vertical Fins dimension®hoto by Barnawi
Barnawi 2016) 2016)

44



The sun path too in Revit used to simulate the shading c@efdafge north and south
windows of the building. In the north fagade vertical finsused to shade the windows that hit
the facade in the early morning and the light afternoon in the summer. The simulation time was
in the 21 of June:80 AM and 500PM On the other handhe south facads shaded by
horizontaloverhang to shade the windows from the sun most of the day when the sun heat

reaches its peak. The simulation time for the south facade was in the 21of march at 9:00 AM to

3:00PM

d
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Figure 72 Simulation of the north facade shading ;_ " Figure 73 Simulation of the north fage_lde shading at
6/21/2016 8:00 AMPhoto by Barnawi 2016) 6/21/2016 5:00 PMPhoto by Barnawi 2016)

-

3/21/2016 9:00 AMPhoto by Barnawi 2016) 3/21/2016 3:00 PMPhoto by Barnawi 2016)

5.1.3 Daylight
By providing adaylightto the spaces in the building, the need for artificial light
will be reduced. This proposal designed to accommodate as much daylight as possible
throudh the north and south facade by using large shaded winddhssieareas.
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Moreover, on the south fagade light shelve used to distribute deeper lights into the
building. Using the plugin of the light analysisrfRevit help to identify the area that is
covered by the daylighiVhile some spaces that are not covessyeral strategies

suggested in this study tover these spaces by daylight.

Environment
Location: 24, 1707515716563,37. 961547851 5625
Drates/Time: Mear Septermber 21, 9am and 3pm, clear sky

The fallowing weather file walues will be uzed:
3/16 Sam - GHI: 463, DMI: 623, DHI: 82
316 3pm - GHI: 605, DMI: 708, DHI: 32

Figure 76 Revit daylight simulatiodst floor Plan(Photo ty Barnawi 2016)
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