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Introduction 

The Aqaba Residential Energy Efficiency (AREE) Building was awarded Pilot Project prize in the 
MED-ENEC competition for sustainable buildings in Jordan. The design was made by architect 
Florentine Visser, Amman, based on computer simulation studies carried out by architect Tala 
Awadallah at the Royal Scientific Society (RSS) in Amman. The building was constructed in 2007ς
08 and CEC Design was contracted by the client, Emtairah Consulting in Amman, to carry out the 
monitoring of the thermal performance of the AREE building. 

The monitoring includes temperature and energy measurements during both cold and hot 
seasons, which are compared to reference thermal simulations and also to other, ΨnormalΩ 
buildings, to estimate whether the building ǇŜǊŦƻǊƳǎ ŀǎ ŜȄǇŜŎǘŜŘ ŀƴŘ Ƙƻǿ ΨǎǳǎǘŀƛƴŀōƭŜΩ ƛǘ ƛǎΦ ¢ƘŜ 
monitoring study also proposes some design improvements. 

The basic simulations made by RSS had some shortcomings (i a summer night ventilation 
strategy), making them less reliable as a direct reference for the monitoring. A new set of 
computer simulations was therefore carried out by CEC Design as a reference to the 
measurements and to enable predictions of improved design proposals.  

The Building 
The building is in three main levels and a below-grade  garage. Total floor area is 310 m², whereof 
248 m² is living space and 166 m² of these are actively conditioned. Basic drawings of the building 
are shown in Figure 2 and Figure 3. 

 

Figure 1: The AREE building. Photo taken in June 2008 before additional shading was mounted. 



Hans Rosenlund CEC Design 

2 

  
GROUND FLOOR 1ST FLOOR 

  
2ND FLOOR ROOF 

Figure 2: Plans 
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Figure 3: Facades  
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Building Materials 
The thermal properties of the building materials were estimated according to international and 
national data, see Table 1. There is a great number of construction element types in the building; 
these are listed in Table 2, and their locations are shown in Figure 4. 
. 

Table 1: Thermal properties of main building materials 
Material Conductivity 

W/mK 
Specific Heat 

J/kgK 
Density 
Kg/m³ 

Concrete 2,000 1 000 2 400 

Concrete, reinforced 2,300 1 000 2 300 

Plaster 0,500 1 000 1 300 

Rib blocks and beams 0,950 1 000 1 400 

Ceramic floor tiles 1,300 840 2 300 

Sand (tile bedding) 1,400 650 2 100 

Insulation, mineral wool 0,036 840 20 

Soil 1,280 880 1 460 

Hollow Concrete Blocks (HBC), normal 0,833 1 000 1 300 

Hollow Concrete Blocks (HBC), Perlite aggregate 0,300 1 000 470 

Hollow Concrete Blocks (HBC), Volcanic aggregate 0,470 1 000 740 

Natural stone 1,700 1 000 2 200 

Table 2: Main construction types with U-values (W/m²K). Dimensions in mm. 

Ground 
floor 
U=1,20 

Floor finishing on gravel total 100 
Solid RC slab 100 
Waterproofing + Fill material 

Internal 
Floor 
U=1,39 

Floor finishing on gravel total 150 
Ribs 240 + concrete 70 
Plaster 25 

Main roof 
U=0,48 

Tiles (10) in mortar bed (30) total 40 
Stabilized sand 100 
Waterproofing 
Insulation 50 
Ribs 240 + 70 concrete 
Plaster 25 

Green 
roof 
U=0,16 

Local shrub, desert vegetation, herbs 
Red soil 450 + Root cloth 
Substitute layer for water draining 40 
Acrylic Waterproofing 
Ribs 240 + concrete 70 
Plaster 25 

Wall1 
U=0,36 

Plaster 25 
HCB Perlite aggregate 150 
Cavity 100 
Insulation 50 
HCB Perlite aggregate 150 
Plaster 25 

Wall 1a 
U=0,36 

Plaster 25 
HCB Perlite aggregate 150 
Insulation 50 
Cavity filled with strawςmud mixture 100 
HCB Perlite aggregate 150 
Plaster 25 

Wall 1b 
U=0,67 

Plaster 25 
HCB Perlite aggregate 150 
Cavity 150 
HCB Perlite aggregate 150 
Plaster 25 

Wall 2 
U=0,51 

Natural recycled stone 40ς100 
Concrete backing 250 
Insulation 50 
HCB 150 
Plaster 25 

Wall 2a 
U=1,17 

Natural recycled stone 40 
Concrete backing 250 
Air cavity 50 
HCB 150 
Plaster 25 

Wall 3 
U=1,01 

Plaster 25 
HCB Volcanic aggregate 150 
Cavity filled with strawςmud mixture 100 
HCB Volcanic aggregate 150 
Plaster 25 

Wall 4 
U=0,46 

Plaster 25 
HCB Perlite aggregate 150 
Insulation 50 
Reinforced concrete 200 
Plaster 25 

Windows 
U=3,16 

Steel frame painted 
Double glazing 6-6-6 

Doors 
U=3,12 

Steel 
Double glazing 6-6-6 



Hans Rosenlund CEC Design 

4 

 
  GROUND FLOOR 

 
 MIDDLE FLOOR TOP FLOOR 
 
Figure 4: Plan over different wall types in the building. 
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Location and Climate 
The building is located at the outskirts of Aqaba 
in southern Jordan (29°N, 35°E, 51 m), see 
Figure 5.   

A full Test Reference Year (TRY) of hourly 
climate data, with natural variations, was 
generated for Aqaba with the software 
Meteonorm 6.0 (Meteotest). Inessential 
climate data for the coldest and hottest 
months are shown in Appendix 1: Climate data 
for Aqaba. 

Normal energy use in 
Aqaba 
It is difficult to find data on normal energy use 
for Jordan and specifically Aqaba. However, the 
discussion below might serve as an indicator 
for such kind of reference. 

Department of Statistics (DOS, 2007) makes 
regular censuses in Jordan. Table 3 shows that 
more than 80% of the households are between 50 and 150 m². The Dar (detached house of semi-
traditional type) is generally slightly smaller than the Apartment type. From the number of units 
and the average size in each group it can be estimated that: Dar is about 102 m² and Apartment 
118 m², average of both is 114 m². 

Table 3: Number of housing units in different sizes and categories, Aqaba 2007. 
 Source: Population and Housing Census ς Aqaba City (DOS, 2007). 

 

Biggs (2005) refers to interviews with citizens of Aqaba, stating a typical cost of air-conditioning to 
80ς150 ϵκƳƻƴǘƘ ŘǳǊƛƴƎ ǘƘŜ ǎǳƳƳŜǊ όор ϵκƳƻƴǘƘ ŦƻǊ ƭƻǿ-income households). Assuming a 
cooling season of 4 months, this would amount to about 320ςслл ϵκȅŜŀǊ ƻǊ нΣуς5,6 ϵκƳчΦ The 
average electricity price, according to the report, ƛǎ лΣлоп ϵκƪ²ƘΣ ǿƘƛŎƘ ƎƛǾŜǎ ŀƴ ƛƴŘƛŎŀǘƛƻƴ ƻŦ ŀƴ 
energy use for cooling of 83ς155 kWh/m², an average of this being 119 kWh/m². 

The DOS  census for Jordan 1999 (or 2002?) shows that in Aqaba energy spent for heating(!?) 
and lighting is for Dar 2,8 JD/m²and Apartment 6,7 JD/m², which is similar to the figures above. 

However,  Biggs presents results of simple cooling energy calculations for a typified residential 
building of 212 m²: 

Basic (normal construction) 283 kWh/m² 
Minor improvements  247 kWh/m² 
Advanced  142 kWh/m² 

These values are considerably higher than the above mentioned references, but this may be due 
to that the simple calculation does not include thermal storage capacity in the buildings, which is 
important in a hot and arid climate with great diurnal temperature variations.  

As a conclusion of this brief survey we can assume that normal household electricity use for 
cooling in Aqaba is about 120 kWh/m². 

Type >300 m² мрлςолл Ƴчмллςмпф Ƴчрлςфф Ƴч<50 m² Total

Private 142 1 980 6 152 8 121 1 155 17 550

Collective 1 7 83 186 33 310

Total 143 1 987 6 235 8 307 1 188 17 860

Dar 27 385 676 2 088 634 3 810

Apartment 94 1 583 5 557 6 200 554 13 988

Tourism apt 0 2 2 19 0 23

Total 121 1 970 6 235 8 307 1 188 17 821

 
Figure 5Υ aŀǇ ƻŦ WƻǊŘŀƴΦ !ǉŀōŀ ƛǎ WƻǊŘŀƴΩǎ ǎŜŀǇƻǊǘ ƛƴ 
the South. 
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Measurements 

The AREE building was monitored for an extensive period. A data logger was installed in May 2008 
and ran until December 2009. During a few days after the installation also some instantaneous 
measurements were taken with hand-held instruments. 

Long-term data logger measurements 

Equipment and installation 
A data logger, Grant Squirrel SQ2020-1F8, equipped with 16-channel single-ended 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 2,5 m above floor (in order 
to be protected from user interference). The outdoor air temperature was recorded in a shielded 
Ǉƻǎƛǘƛƻƴ ŀǘ ǘƘŜ ōǳƛƭŘƛƴƎΩǎ ǊƻƻŦΦ Lƴ ǘƘŜ ƎǊƻǳƴŘ ŦƭƻƻǊ ƭƛǾƛƴƎ ǊƻƻƳ ǘƘŜǊŜ ǿŜǊŜ ŀƭǎƻ ƳŜŀǎǳǊŜƳŜƴǘ 
points for surface temperatures of the SE and SW walls and the ceiling beneath the green roof. In 
the first floor, the inside of the external walls in room F03 were recorded as well as the ceiling 
temperature of corresponding room S03 in the top floor. Images of measurement points are 
shown in Figure 6 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 memory card or PC about every month 
during site visits. 

   
Figure 6: Measurement points in room G01; Left: South-east wall temperature (G01WSE). Middle: Ceiling (G01C) and 
room air (G01A) temperatures. Right: South-west wall temperature (G01WSW) 
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Figure 7: Layout of the data logger measurements. 

   
Figure 8: Left: Measurement point in room G05; Air temperature (G05A). Middle: Data logger mounted in storage room 
G04. Right: Measurement point for outdoor air at the roof terrace (Rout) in the white radiation shield. 
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Figure 9: Left: Measurement points in room S03; ceiling (S03C) and room air (S03A) temperatures. Right: Measurement 
points in room S05; air temperature (S05A) 

   
Figure 10: Left: Measurement point in room F01; air temperature (F01A). Middle: Measurement point in room F02; air 
temperature (F02A). Right: detail of previous. 

   
Figure 11: Measurement points in room F03; Left: Air temperature (F03A). Middle: North-east wall temperature 
(F03WNE). Right: North-west wall temperature (F03WNW) 

 
Figure 12: Left: Thermocouple cables gathering outside logger room. Right: Vertical shaft where thermocouples are 
drawn between floors. 
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Long-term measurement results 
Except for temporary problems with ǎƻƳŜ ƛƴŘƛǾƛŘǳŀƭ ŎƘŀƴƴŜƭǎΣ ŀƴŘ ŀ ǿŜŜƪΩǎ ƛƴǘŜǊǊǳǇǘƛƻƴ ƛƴ WǳƴŜ 
2008, the logger has been running constantly during the whole measurement period. A very large 
amount of data has been collected, and annual, seasonal and monthly overviews are presented in 
Appendix 1: Climate data for Aqaba to give a general overview, even if details cannot be seen in 
this scale. In the present section some detailed analyses are zooming into typical or especially 
interesting days or shorter periods.  

General performance 
In Figure 13 all measurements, from June 1st 2008 to the end of the year are shown. The 
interruption in mid-June as well as the deliberately closed, more stable, ΨŎŀƭƛōǊŀǘƛƻƴΩ week in the 
end of the same month are recognizable. Else, the building was more or less free-running, mostly 
unoccupied and kept by a janitor living in the store room on top of the garage (not intended to 
affect the measured areas, but normally moving around and opening and closing doors).  

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 span 25ς40°C. 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; 20ς25°C while outdoor minimum 
is around 15°C. An overall time lag is noted during the cooling period when the building is closed, 
while in the summer, with higher ventilation rate, the building reacts to weather changes more 
directly. 

 
Figure 13: All measurement data taken during the second half of 2008. Indoor temperatures are around average diurnal 
in the summer and around maximum outdoor during the winter. 

Figure 14 shows all data during the measurements in 2009. There are some disturbances in G08 
and G09 of which the most obvious were deleted from the files while minor ones may still occur 
in the charts. Also the ground-floor northern bedroom G05 shows some high temperatures, up to 
30°C, during periods, but this might be due to occupation and intermittent heating of the room. 

During the first quarter of the year  (details in Figure 64) the increase in average indoor 
temperatures is moderate, rising from around 17°C after new-year to about 20°C in the end of 
March. 
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Figure 14: All measurements during 2009. The effect of partial cooling is recognizable in JulyςAugust. 

Passive performance during the summer 
Figure 15 shows the data for June 2008. 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 during the closed week. 

In Figure 16 the indoor air temperatures during the closed week in June 2008 are shown. First, 
it is apparent that the top-floor corridor S05 was not properly closed, and the consequences are 
obvious: much higher day temperatures, but also a higher average of about 1,5°C compared to 
the closed top-floor bedroom. With this exception, the warmest room is the top-floor bedroom  

S03, and coolest is the ground-floor northern bedroom G05.  
(For reference to room numbers and measurement points: see Figure 7, page 7.) 

 
Figure 15: All measurements during June 2008. The break in mid-June and the closed week in the end can be noted. 




















































































































