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ABSTRACT: The applicability of Passive Downdraught Evaporative Cooling (PDEC) for
residential space cooling in Riyadh, Saudi Arabia is investigated. A proposed PDEC system
for a prototype house to be built in South-east Riyadh is evaluated. The climate is
characterised by low relative humidity and very high summer ambient temperatures. Giving
consideration to high energy demands of air-conditioners and Co2 emissions, alternative
means of achieving space cooling would prove invaluable. “Downdraught cooling is an
energy efficient, and cost effective alternative to conventional air-conditioning for new and
existing buildings” (Ford, 2010:p13). The initial strategy involved reducing cooling loads;
subsequently the PDEC system was introduced and optimized based on altering the tower
positioning and sizing. Internal comfort conditions were evaluated based on the adaptive
comfort principle and this formed the basis for the evaluation of the overall effectiveness of
the system. The simulation was undertaken using the Bentley TAS software, and the results
revealed that the PDEC system satisfied the cooling requirements of the targeted spaces for
more than 80% of the time; therefore, its application for residential space cooling in Riyadh
and regions with similar climatic conditions is encouraged and needs to be explored further.
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1.0 Introduction

Riyadh is the capital city of Saudi Arabia, and it is located at Latitude 24.7°N and
Longitude 46.8°E. The climate is classified as hot and arid; summer ambient temperatures are
extremely high and this leads to thermal discomfort in buildings in the absence of an
appropriate cooling system. A study revealed that air-conditioning accounts for about 65% of
energy use in buildings in Saudi Arabia (Said, 2003:p192). This has far reaching implications
in terms of energy demand as well as the environmental dangers posed by the greenhouse gas
emissions from the operation of air-conditioners. PDEC is a proven alternative to
conventional cooling as its operation requires low amounts of energy and eliminates the
dangers of Co2 emissions which are associated with conventional air-conditioners.

Lifecycle cost analysis, the source of water, the amount of water required by the system,
as well as the energy consumption figures were not covered within the scope of the research.

2.0 Site and Micro-Climate Analysis

Key inferences drawn from the site and micro-climate analysis were:
e The sky condition is predominantly clear. This presents a huge potential for
daylighting provided appropriate solar control measures are put in place.

® Wind patterns aid natural ventilation, and assist air flow rates of the PDEC system.



¢ From April-October, ambient temperatures are very high and relative humidity is
consistently low. This is the basis for the applicability of PDEC in the region.

A temperature and relative humidity annual profile is shown in fig. 2.1 which includes a

mapping of the proposed overall thermal strategy for the building.
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Fig. 2.1: Annual temperature and Relative humidity profile of Riyadh showing thermal comfort strategies.

3.0 Prototype Building
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Fig. 3.1: Building floor plans and construction.



Fig 3.1 shows the floor plans of the prototype house. The building envelope was made up
of an EVG 3D Panel construction: a concrete sandwich panel with steel connectors (see
www.evg.com for full specifications). Windows were single glazed. Based on the construction
method used, the U-values of the walls, floors and roof were 0.6W/M°K. These values
implied that heat transfer though the building envelope would have to be addressed.

4.0 Literature Review Passive Downdraught Evaporative Cooling (PDEC)
4.1 PDEC: Origin and Description

Evaporative cooling relies on the principle that evaporation of water in an air stream leads
to a reduction in the temperature of the air. This is due to the transfer of energy (required to
induce evaporation) in the form of heat from the air to the water. Studies have shown that the
cooling potential of a PDEC system is such that a temperature reduction of up to 80% of the
difference between the Dry-bulb and Wet-bulb temperatures is achievable (Ford, 2010). This
is shown in equation 4.1:

Egn. 4.1: PDEC cooling potential..................c.ccccovuveuiieiniunnnnnn. Tr=Tpg—0.8(Tpg — Twg)

Where: Tt = Tower supply air temperature; Tpg = Ambient dry-bulb temperature; Typ=
Ambient wet-bulb temperature

Downdraught cooling systems can be classified based on the method of generating the
cool air. These are: Cool towers, Shower towers, Porous media, and Misting towers. Misting
tower systems are very efficient; nozzles are fitted at the top of the tower and the sizes of the
water droplets sprayed are reduced and this greatly enhances the evaporation process. In the
prototype house, this is the proposed system.

4.2 PDEC: Applicability

The applicability of a PDEC system can be evaluated at an early stage in the design
process based on a number of parameters 21 These are shown in the table below:

Table 1: Applicability of a PDEC system

Parameter Required Actual /
Dry bulb temperature High DBT + Low RH Exists between v
and Relative humidity. April-October
Tower cross-sectional At least 5% 2.15% X
area as a percentage of (rough estimate)
floorareal.
Tower position. Accessible to areas Not optimal X

to be cooled
Inlets and outlets for air | Provisionshould be Available v
movement. made (Subject to required
sizingand
positioning)
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4.3 Adaptive thermal comfort

“The fundamental assumption of the adaptive approach is expressed by the adaptive
principle: if a change occurs such as to produce discomfort, people react in ways which tend
to restore their comfort” (Humphreys, 2002)

The adaptive comfort model as discussed by Humphreys and Nicol (2002) was used as a
basis for establishing the comfort zone for occupants of the building. The resulting comfort
zones for all the months in the year are shown in Fig. 2.1. These were used in evaluating the
internal thermal conditions of the building throughout the analysis.

5.0 Analysis

5.1 Research Methodology

The building analysis was based on dynamic thermal simulation using the Bentley TAS
software. All the building properties such as orientation, construction materials, opening
sizes/positions, and internal conditions were modelled as accurately as possible.

Prior to the thermal analysis, the period during which the PDEC system would be in
operation was identified (see fig 2.1). Subsequently, the analysis was carried out in
progressive steps. This was to ensure that the effects of individual parameter changes could
be monitored and quantified. The steps, hereafter referred to as ‘cases’ were:

® Case 1: Building ‘as is’: The building was modelled with all the proposed
construction materials and was left free running as a ‘closed box’.

® (Case 2: Natural ventilation added
e (Case 3: Roof shading (Cooling load reduction)

® Case 4: Building envelope enhancement (Cooling load reduction) - Improvement in
the thermal conductivities of the building elements (U-values): 0.3W/M°K for the
building envelope, and the use of double-glazing for the windows.

e Case 5: Inclusion of the PDEC system

e (Case 6: Optimizing the PDEC system - by altering the tower size (cross sectional area,
height), position, and opening sizes.

5.2 Results and discussion

A detailed compilation of the results can be found in the appendix. However, only the
results of the ground floor lounge space are presented here and can be taken to be indicative
of the performance of the other spaces. A summary of the results is presented at the end of
the analysis. As outlined in the methodology, the sequence followed in performing the
analysis is also used in presenting the results.

Comparing the results from the six cases, the effects of the steps taken in each of the steps
can be identified. It can be seen from table 2 that there is a significant improvement in the
internal thermal conditions of the space when the PDEC system is introduced, and a further
improvement is observed when the system is modified in the final case.

It should be noted that the improvement observed from the results due to the modification
of the PDEC system is not very significant in the case of the ground floor lounge. This is
because in both cases, the tower positioning is such that it is able to cool the space
adequately. However, the improvement is more noticeable in the other spaces within the
building (see section 5 of appendix for comprehensive results). A summary of the overall
results is presented in table 2 below.



Table 2: Comparison of comfort conditions across the different cases*

(% hours in comfort zone)

Cases 1,2,3 Case 4 Case 5 Case 6
Base case with Improvement in the =~ PDEC in operation = PDEC in operation
natural ventilation u-values of the (As proposed) (Optimised)
and roof shading building elements
1 G.F Lounge 52 54 72 76
2 Dining 50 52 71 81
3 Kitchen 40 43 70 82
4 F.F Lounge 49 53 64 88
5 M. Bedroom 48 51 55 89
6 Bedroom 1 47 49 65 86
7 Bedroom 2 46 52 68 83
Average** 47 51 67 83

* Values are rounded up to the nearest whole numbers to aid readability
**Average value is used as a means of evaluating the overall thermal performance of the building taking into
account the conditions in ALL the spaces. The bar chart that follows is generated based on this average.
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Fig.5.1: Comparison of comfort conditions across the different cases

Table 2 and figure 5.1 show the percentage of hours (out of total number of hours in a
year) during which the space temperatures fell within the comfort zone. It should be noted
that the remaining hours during the periods of ‘discomfort’ contain temperatures which fall
on either side of the comfort range; hence appropriate space heating would lead to an increase
in the comfort percentages. However, space heating isn’t covered within the scope of this
study.

Finally, another useful way of understanding the thermal conditions of the spaces (i.e.
apart from the percentage number of hours in the comfort zone) is to plot an annual internal
temperature profile for the spaces. Figure 5.2 shows a comparison between the internal
conditions of the ground floor lounge space before and after the PDEC system came into
operation. Graphs for the other spaces are included in the appendix.
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Fig.5.2: Annual internal temperature profile of the lounge space (with and without the PDEC system)

6.0 Conclusion and Recommendations
The main limitations encountered in the course of the study were:
o Winds/sand storms: baffling of the outlets was done to prevent reverse air-flow due to
winds.
e  Water sourcing for misting towers: water sourcing is energy intensive in Riyadh, and
this could be addressed by using alternative tower types/systems (e.g. cool towers)
® Maintenance: Adequate training is required for occupants regarding operation of the
system. Periodic maintenance would also be required for the system.

Based on the results from this study it can be concluded that PDEC is indeed a viable
solution for residential space cooling in Riyadh, taking into consideration all the parameters
required for a proper functioning of the system as stated in this paper. Apart from the cooling
potential demonstrated in the study, it has the added advantages of a significant reduction in
building energy consumption as well as Co, emissions.

In light of this conclusion, the following recommendations are hereby put forward:

e The research will greatly benefit from a post occupancy survey; it would be very
useful in complementing the findings presented here.

¢ Cooling loads resulting from internal gains from equipment could be reduced even
further if more efficient equipment and low energy lighting are used in the building.

¢ Finally, considering that the successful operation of the PDEC system will lead to
huge energy savings, there is scope for the introduction of renewable energy
technologies (particularly solar energy) to offset the remaining energy demands of the
house.
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