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Introduction

TheAqaba Residential Energy Efficiency (AREE) Buidmgwarded Pilot Projegtrizein the
MEDENEC competition for sustainable buildings in Jordan. The design was made by architect
Florentine VisselAmman based on computer simulation studies carried outibghitect Tala
Awadallah athe Royal Scientific Society (RBSYmman The buildingvas constructed in 20@7

08 and CEMesigrnwascontractedby the client Emtairah Consultingh Ammanto carryout the
monitoring of the thermal performance of theREBuilding.

The monitoringncludestemperature and energy measurements duringth cold and hot
seasonswhichare compared toreference thermakimulations andilso toother, HormalQ
buildings, toestimatewhether the building JSNF 2 Ny & &4 SELISOGSR I yR
monitoring study als@roposes somedesign improvements.

The basic simulatiomsade by RSIsadsome shortcomingé a summer night ventilation
strategy) making them lesseliable asa directreference for the monitoring. A new set of
computer simulationsvastherefore carried out byCEC Desigasareference to the
measuremens and to enable predictions of improved design proposals.

The Building

The building is in thremain levels and a belograde garage. Total floor area i031h2,whereof
248 mz2 g living space and §6m2 d these are actively conditione®asic drawings of the building
are shown irFigure2 and Figure3.

Figurel: The AREE buildinghoto taken in June 2008 before additional shading was mounted.
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Building Materials
Thethermal propertiesof the building materialsvere estimated according to international and
national data, se@ablel. There is a great number of constructielementtypes in the building
these are listed iTable2, and their locations are shown kFigure4.

Tablel: Thermal properties ahainbuilding materials

Material

Concrete

Concrete, reinforced

Plaster

Rib blocks and beams
Ceramic floor tiles
Sand(tile bedding)
Insulation, mineral wool

Soil

Hollow Concrete Blocks (HBC), normal
Hollow Concrete Blocks (HBC), Perlite aggregate

Hollow Concrete Blocks (HBC), Volcanic aggregate

Natural stone

Conductivity Specific Heat Density
W/mK J/kgK Kg/m3
2,00 1000 2400
2,30 1000 2300
0,500 1000 1300
0,950 1000 1400
1,30 840 2300
1,400 650 2100
0,036 840 20
1,280 880 1460
0,833 1000 1300
0,300 1000 470
0,47 1000 740
1,700 1000 2200

Table2: Main @mnstruction typesvith U-values (W/m2K)Dimensions in mm.

Ground
floor
U=1,20

Main roof
U=0,48

Walll
U=0,36

Wall 2
U=0,51

Wall 3
U=1,01

Windows
U=3,16

Floor finishing on gravel tot4l00
SolidRC slati00
Waterproofing+ Fill material

Tiles @0) in mortar bed 80) total 40
Stabilized sand00

Waterproofing

Insulation50

Ribs240 + 70 concrete

Plaster25

Plaster25

HCBPerlite aggregaté50
Cavity100

Insulation50

HCBPerlite aggregaté50
Plaster25

Naturalrecycledstone40¢100
Concrete backin@50
Insulation50

HCB150

Plaster25

Plaster25

HCBVolcanic aggregat&s0

Cauvity filled with stragmud mixture100
HCBVolcanic aggregat&s50

Plaster25

Steel frame painted
Double glazin§-6-6

Internal
Floor
U=139

Green
roof
U=0,16

Wall 1a
U=0,36

Wall 1b
U=0,67

Wall 2a
u=1,17

Wall 4
U=0,46

Doors
U=3,12

Floor finishing on gravel totab0
Ribs240 +concrete70
Plaster25

Local shrubdesert vegetationherbs
Red soit50 + Root cloth

Substitute layer for water drainingp
AcrylicWaterproofing

Ribs240 + concrete70

Plaster25

Plaster25

HCBPerlite aggregaté50

Insulation50

Cauvity filled with stragmud mixture100
HCBPerlite aggregaté50

Plaster25

Plaster25
HCBPerlite aggregaté50
Cavity150
HCBPerlite aggregaté50
Plaster25

Naturalrecycledstone40
Concrete backin@50

Air cavity50

HCBL50

Plaster25

Plaster25

HCBPerlite aggregaté50
Insulation50

Reinforced concret200
Plaster25

Steel
Double glazin§-6-6
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Figure4: Plan over different wall types in the building.



AREE Monitoring Report

Location and Climate

The building is located at the outskirts of Agab:
in southernJordan 29°N, 35°E, 5th), see
Figureb.

A full Test Reference Year (TRYhadirly
climatedata, with natural variationsyas
generated for Agaba with theoftware
Meteonorm 6.0(Meteotest). Inessential
climate data fothe coldest and hottest
months are showrin Appendix 1: Climate data
for Agaba

SAUDI ARABIA

Normal energy use in -

Agaba

It is difficult to find data on normal emgy use ~

for Jordan and specifically Agaba. However, the . == - :

discussion below might serve as an indicator F@;re‘s‘y al LJ 2

for such kind of reference. the South.
Department of Statistic€DOS, 2007hakes

regular censuses in Jordarable3 shows that

more than 80% of the households are between 50 and 150 m2Dah@letached house of semi

traditional type) is generally slightly smaller than #heartmenttype. From he number of units

and the average size in each group it can be estimated Deatis about 102n2 andApartment

118mz?, average of both is 112

SAUDI
ARABIA

[

Wa Ry o 1i1

Table3: Number of housing units in different sizes and categories, Agaba 2007
Saurce: Population and Housing Cengusjaba CitfDOS, 2007)

Type >300m2 Mp ¢ ommnXwpdn ¢Yprp <50um? Total
Private 142 1980 6152 8121 1155 1755C
Collective 1 7 83 186 33 310
Total 143 1987 6 235 8307 1188 1786C
Dar 27 385 676 2088 634 3810
Apartment 94 1583 5557 6 200 554 13 98¢
Tourism apt 0 2 2 19 0 23
Total 121 1970 6 235 8307 1188 17821

Biggq2005)refersto interviews with citizens of Agaba, stating a typical cost e€anditioning to
80¢150e k Y2y i K RdzNA y F kiiyRS/ (ixKdnéomS\hliséhadgds). Assuming a
cooling season of 4 months, this would amount to about@2® n € k & &5l6AK XTHEPH T y

average electricity prigeaccordingtothereporth & n>Xnon e€ek(12 KX gKAOK 3IAPS:

energy use for cooling of 8255 kWh/m2, an average of this being 1d&h/m2,
The DOS census for Jordan 1999 (or 2002?) shows that in Agaba enetdgrshpeating(!?)
and lighting is for Dar 2,8 JD/m2and Apartment 6,7 JD/m?, which is similar to the figures above.
However, Biggs presentgesults ofsimple cooling energy calculations for a typified residential
building of 212 m2:
Basic (normal construicn) 283 kWh/m?2
Minor improvements 247 KWh/m?
Advanced 142 kWh/mz2
These values are considerably higher than the above menticgfedences butthis may be due
to that the simple calculation does not include thermal storage capacity in the buijdvhgsh is
important in a hot and arid climate with great diurnal temperature variations
As a onclusionof this brief survey we can assume thatrmal householdelectricityusefor
cooling in Agaba is abod®20 kWh/m2
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Measurements

The AREE building wa®nitored for an extensive period. A data logger was installed in May 2008
and ran untiDecember2009. During a few days after the installation also some instantaneous
measurementsvere taken with handheld instruments.

Longterm data logger measurements

Equipment and installation
A data logger, Grant Squirrel SQ2aXB, equipped with :86hannel singleended thermocouple
cables for temperature measurements, was mounted in the storage space in the ground floor.
Indoor air temperatures were recorded in all main living spaces, about 2,%medlmor (in order
to be protected from user interference). The outdoor air temperature was recorded in a shielded
LRaAbGA2Y |G GKS o0dAf RRAYIQA NR2Fd Ly GKS 3INRdzyR
points for surface temperatures of the SE aWi ®alls and the ceiling beneath the green roof. In
the first floor, the inside of the external walls in room FO3 were recorded as well as the ceiling
temperature of corresponding room S@8the top floor. Images of measurement paatre
shown inFigure6 and following

The data logger recorded all points every 10 minutes and stored the average for each hour in
the logger memory. Data was acquired by transfer to mgnuard or PC about every month
during site visits.

FigUre6: Measurement points in room G01; Left: Seattst wall temperature (GO1¥. Middle: Ceiling (G01C) and
room air (GO1A) temperatures. Right: Scutbst wall temperature (GO1W)
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Figure9: Left: Measurement points in room S03; ceiling (S03C) and room air (S03A) tempeRagintedleasurement
points in room S05; air temperature (S05A)

- |
FigurelQ: Left: Measurement point in room FO1; air temperature (FOMgdle: Measurement point in room F02; air

temperature (FO2A). Right: detail of previous.

Figurell: Measurement points in room FO03; Left: Air temperature (FO3A). Middle:-Basthwall temperature
(FO3Wp. Right: Northwest wall temperature (FO3)\\)

Figurel2: Left: Thermocouple caldegathering outside logger room. Right: Vertlca sh where thermocouples are
drawn between floors.
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Longterm measurement results

Except for temporary problemswith2 YS A Y RA @A RdzZL f OKI yySt ax
2008, the logger has been ruimg constantly during the whole measurement periodiedy large
amountof data has been collected, amthnual,seasonal and monthly overviews are presenied
Appendix 1: Climate data for Agatmgive ageneraloverview, even if details cannot be seen in
this scale. Inhe present section someetailed analyses are zooming into typical or especially
interesting days or shorter periods.

Iy R

Generalperformance
In Figurel3all measurements, from Juné' 2008to the end ofthe yearare shown. The
interruption in midJune as well as theeliberatelyclosed, morestable, W O I A ek ifithe? y Q
end of the same month are recognizable. Else, the building was more or lesariréag, mostly
unoccupied and kept by a janitor living in the store room on top of the garagentesided to
affectthe measured area$ut normally moving around and opening and closing dpors
Generally the building keeps an indoor level around the average diurnal temperature during
the hot period; about 33°C while the outdoor fluctuates in the spagdB3C. Towards the end of
the year the building is more closed and, with the help of passive solar heating keeps a
comfortable indoor temperature close to the diurnal maximum¢28°C while outdoor minimum
is around 15°C. An overall time lag is noted during the cooling period when the puddilosed,
while in the summer, with higher ventilation rate, the building reacts to weather changes more
directly.
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FO2 air ——F03air FO3 wall-NE FO3 wall-NW S03 air S03 ceiling SO5 air QOutdoor

Figurel3: All measurement dattakenduringthe second half a2008. Indoor temperatures are around averagerdal
in the summer and around maximum outdoor during the winter.

Figurel4 shows all data during the measurements in 2009. There are some disturbances in GO8

and GO0%f which the most obvious were deleted from the files while minor ones maysalr

in the charts. Also the grounritbor northern bedroom GO05 shows some high temperatures, up to

30°C, during periods, but this might be due to occupation and intermitteatingof the room.
During the first quarter of the year (detailskigure64) the increase in average indoor

temperatures is moderate, rising from around 17°C after 1y@ar to about 20°C in the end of

March.
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Figurel4: All measurements durirg09 The effect of partial cooling is recognizable inAUgust.

Passive performance during the summer

Figurel5shows the data for JunedR8. The difference between the open and the closed
performance is striking. Due to complementary construction works, the outdoor probe was
mistakenly thrown into the vertical shaft when this was sealed and therefore there are no
outdoor recordings duringhe closed week.

In Figurel6the indoor air temperatures during the closed week in June 2008 are shown. First,
it is apparent that the togloor corridor S05 was ngiroperly closed, and the consequences are
obvious: much higher day temperatures, but also a higher average of about 1,5°C compared to
the closed togfloor bedroom. With this exception, the warmest room is the{ftgor bedroom

S03, and coolest is the gnadHfloor northern bedroom GO5.

(For reference to room numbers and measurement points:FKgare?, page7.)

Figurel5: All measurements during June 2008e break in midune and the closed week in the end can be noted.
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