Impact of urban heat islands on the thermal comfort and cooling energy demand of artificial islands - a case study of AMWAJ Islands in Bahrain 
Hassan Radhi a , Stephen Sharples* b, Essam Assem c
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]a, Tasmeem Engineering, Kingdom of Bahrain 
b School of Architecture, University of Liverpool, United Kingdom
c Building and Energy Technologies Department, Kuwait Institute for Scientific Research, Kuwait

[bookmark: OLE_LINK8][bookmark: OLE_LINK9]Abstract   
Man-made islands, created by reclaiming land from the sea, have become more prevalent in the Gulf Corporation Council countries (GCCC) in recent years as demand for additional land to develop grows. The creation of such islands will affect the landscape, climate and environment through the replacement of sand and water with hard artificial surfaces and buildings. Exposing urban man-made surfaces, such as roads and buildings, to the sun increases the temperatures of their surfaces and the atmosphere, and consequently impacts upon the local weather, building energy consumption and people’s thermal comfort through the modification of microclimatic variables such air temperature, relative humidity and wind speed. The current body of work represents the results of field measurements and simulation studies that assessed modifications in urban temperatures of the man-made AMWAJ Islands in the Kingdom of Bahrain, and examined thermal comfort and cooling energy demand on the islands. This work argues that the urban temperatures of AMWAJ Islands were altered in part due to human contributions such as urban geometry, urban surfaces and land use. The modification in temperature could reach almost 5oC. In turn, thermal comfort and cooling demand within AMWAJ islands were affected by the modified temperatures. The increase in urban cooling load was within the range of 14-26% when compared with uninhabited islands. The presence of green surfaces, in conjunction with water bodies that overlap with the infrastructure, help to improve thermal comfort and consequently reduce cooling energy requirements in AMWAJ Islands.
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Introduction
In many parts of the world reclaiming land from the sea has now become a common practice. It is feasible that many of the new cities of the future may be developed on reclaimed land. For example, due to political and economic reasons, systematic sea reclamation started in Bahrain in 1990. Figure 1 shows the Bahrain map from 1990 to 2030. Between 60 and 70 km2 of land under the sea was reclaimed in order to construct new artificial islands such as AMWAJ Islands (2.7 km2), Diyar Al- Muharraq (2.5 km2), Durrat Al-Bahrain (2 km2) and many others. Urban expansion through sea reclamation usually leads to a significant change in the landscape as sand and water are replaced with non-transpiring and non-evaporating materials such as asphalt, metal and concrete. This replacement contributes to an increase in surface and air temperature values as new urban lands areas become warmer than their rural surroundings. Such an increase is what constitutes the urban heat island (UHI) phenomenon.
Research on UHI phenomena has become of interest in different parts of the world. For instance, Hung et al (2006) assessed the development of UHIs in 18 metropolitan cities in both temperate and tropical climates and found increases in temperatures in association with vegetation covers and surface energy fluxes. Santamouris (2007) documented the effect of UHI in over 30 cities worldwide, and found that temperatures in urban areas were several degrees Celsius higher compared to the surrounding rural areas. Giannopoulou et al. (2011) carried out an in-depth statistical analysis of UHI characteristics in Greece and concluded that the existence of UHI was reinforced by the growth of industrialisation and urbanisation in addition to the increase in anthropogenic heat and the absence of vegetation. More attempts to investigate the UHI phenomenon and reinforcing factors can be found in Wong et al. (2011).
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The US Environmental Protection Agency reported that the UHI phenomenon affects the quality of human life, as well as the natural surroundings (EPA, 2012). Assessing this effect has become a target for scientific communities aiming at promoting good thermal performance in new urban regions. With a special emphasis on island states, the real situation of an urban thermal environment, encompassing a large district heating and cooling scheme, was the subject to a systematic investigation by Huang et al. (2005). Based on this study, the thermal behaviour of built up areas was affected by changes in urban temperatures. Santamouris et al (2015) reviewed the role of UHI on power demand and electricity consumption in the built environment and Santamouris (2104) considered the energy impacts of UHI and global warming on buildings. Hassid et al (2000) showed that, for an appropriate estimate of urban energy demand to be made, the impact of UHI must be considered, and that calculations made solely on typical meteorological year could miscalculate actual energy expenditure. 
Various reason and strategies were studied to cope with the effect of UHI. Gago et al. (2013) provide a review of strategies to mitigate adverse UHI effects. Kikegawa et al. (2006) suggested two measures to  reduce  the  energy  demand due UHI,  namely  an  increase  in  the  green cover fraction and a reduction in the air-conditioning anthropogenic heat generation. In Singapore the presence of greenery was found to have the most significant impact on urban cooling demand (Wong et al 2011b). Santamouris (2001) highlighted that the urban microclimate is mainly influenced by block density within the canyon geometry, the inappropriate use of materials and the lack of green spaces. Bougiatioti et al ( 2009) showed that temperatures during the summer period depend, mostly, on surface orientation in addition to colours and other physical properties. Synnefa et al (2007) and Synnefa et al (2006) studied the cool and light surfaces and found that bright white surfaces can remain cooler than traditional materials during peak summer conditions. 
The effects of UHI have recently emerged in the archipelago of Bahrain, where the demand for housing and infrastructure is growing rapidly. The UHI can compromise thermal comfort and increases electricity demand for cooling buildings in this small kingdom. In UHI surveys in Bahrain (Radhi et al, 2013), it was demonstrated that the amount of electricity consumption was related to the land utilisation. Simultaneously, it was found that the thermal performance of urban regions was a result of human inputs such as urban geometry and the reduction of vegetation and water bodies (Radhi and Sharples, 2013). Recently, the colours and attributes of these surfaces were the subject of systematic measurements undertaken by Radhi et al (2014). It was shown that the use of light colours and cool cladding materials could reduce the negative effect of UHI in island states such as Bahrain.
This current study explores potential changes in the level of thermal comfort and cooling demand for new artificial islands in Bahrain, namely the AMWAJ Islands.  The AMWAJ Islands were developed to become a ‘city’ of luxury apartments and villas only 8 km from Bahrain’s international airport. The project started in 2002 and the first phase (land reclamation) was completed by 2003; phase 2 (infrastructure development) was finished in 2005 and phase 3 (facilities development) continues, with the first residents of the islands having moved in during 2006 (Design Build Network, 2015). They are an interesting place to investigate the impact of UHI on man-made islands and its implications since AMWAJ Islands are a small urban region in the GCCC. Thus, an assessment of thermal performance in AMWAJ Islands is suitable to study the trend of increased temperature in artificial island in the GCCC. This work, therefore, aims to evaluate the thermal performance of man-made islands in Bahrain with the following objectives: 
· To explore the modification in surface air temperature and wind speed within man-made islands
· To assess the thermal comfort due to urbanisation in man-made islands
· To estimate the increase in urban cooling load due to urbanisation in man-made islands.
Methodology
Different methods have been used (EPA, 2012) to identify the impact of UHI on the thermal performance of built environments, including field measurements, numerical modelling and empirical models. This study uses three techniques. First, field measurements were made to assess the modification in climatic variables, particularly surface air temperature and wind speed. Second, a computational fluid dynamics (CFD) application was used to calculate the thermal comfort within AMWAJ Islands. Third, an established empirical model estimated the increase in urban cooling demand.   
Study Site
Figure 2 illustrates the location of AMWAJ Islands and the location of the data loggers used for the field measurements. The islands are a dredged material containment island designed as Amwaj (Arabic for waves). AMWAJ Islands are placed approximately 2.6 km from the archipelago of Bahrain in the north-eastern coastal area. The development of AMWAJ Islands included land reclamation of 2.798 km2 from the sea. The development included roads, bridges, marinas, electrical   power network, communication   systems,   water supply and sewage collection and treatments (Fowler et al, 2006). The climate of AMWAJ Islands is extremely hot summers with mild winter conditions. This climate is characterised by high and variable temperatures, high humidity, especially during the rainy seasons, low wind speeds from the north-east direction over the year, with an average of 4.2 m/s, and irregular, low and variable rainfall. Figure 3 shows a brief monthly mean climatic analysis of AMWAJ Islands (Meteorological Directorate, 2014).
Data collection and field measurements
Two data loggers were placed in the centre and at the northern east boundary of the study site to record temperatures and wind speeds, which were recorded at 2 hours intervals. Air temperature and wind speed data for certain summer days (18 June, 21 July and 5 August) were collected. These days were chosen based on the highest average total solar radiation and the highest average hourly mean atmospheric temperature. As the aim of this study was to examine cooling demand, mean temperature (spatially averaged temperature) values at the peak hour (13.00) on the hot day of 18th June were computed from the CFD model. For comparison purposes CFD modelling was also undertaken for the uninhabited natural island of  Umm Al-Nassa and the heavily developed island of Sitra, where weather data are recorded by the Bahrain  Metrological Directorate. 
Assessing thermal comfort
Collected temperature and wind speed data of AMWAJ Islands were used as inputs for a CFD application to examine the thermal performance of different site locations on AMWAJ Islands. The PHOENICS package (CHAM, 2010) was selected because of its capacities in pre-processing, data-processing and post-processing.  CHAM enables the definition of solar angles and the levels of solar irradiation. CHAM also enables the building up of urban surfaces and geometries, such as concert blocks, roads and water bodies using different materials. These can be chosen from a built-in property database. In special cases (e.g., vegetation and water) new materials can be added to the existing database through the FORTRAN user routines. A geometrical model was first produced. Figure 4 illustrates the developed model and reflects the overall dimensions of the solution domain.  A number of measuring   points   were   positioned   to   model   air   temperatures,   mean   radiant temperatures and wind velocities. The study site was about 0.35 km2 and the site was divided into grid squares by 30 points distributed along the horizontal (X) and vertical (Y) axes. The length between the measuring points was set between 50 and 100 m, corresponding to the length between the urban elements. The maximum length was limited by the street canyons, urban geometries and boundaries of the study site. As the surface air temperature is conventionally measured at around 1.5-2.0 m above ground level (Huang et al, 2009), the height was set at 1.8 m above the ground surface.
The model contained various urban elements to represent the AMWAJ Islands. The grid convergence was improved and the quality and accuracy of the presentation of non-orthogonal surfaces increased through the use of smaller grid spacing. For more accuracy particular grid regions were modified in some cases. The number of cells was determined to be 250,000 (almost five time larger that the study site) . By using a super processor, a large number of CFD simulations were run. The iterations was set to 125,000 with automatic convergence control. Table 1 illustrates the boundary conditions of the model, which were influenced  by solar irradiation, relative humidity,  outdoor temperatures and  wind patterns during a summer design day.
Modelling approach
The PHOENICS solver module, EARTH, which performed the flow simulation calculations, was utilised for an accurate CFD simulation and to enable a focus to be made on the details of the air flows and temperatures within the study site. Equation (1) represents the governing partial differential equation for preservation of momentum, mass, and energy in a turbulent flow system. This equation is usually solved by a common numerical algorithm in the codification:
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The finite-volume conceptualisation of the balance equation source term is solved by PHOENICS, in which the air is employed as a standard flow medium with temperature dependent characteristics. Several means of computing heat transfer are applied. The present CFD analysis was performed using two models:
· Thermal radiation: the IMMERSOL (Immersed Solid) model
· Turbulence: the  RNG k-ε model
The air turbulence simulation was reflected by the renormalisation group (RNG) turbulence model. It was employed to predict the movement and flow of temperature and air responses of the produced model. Gravity was assumed to be in the vertical direction. For this study the incompressible flow time averaged equations, the RNG k-ε, was used and can be illustrated as:  

                                                                     (2)

The adopted model is a well-structured turbulence model and can, due to many refinements, be effective for airflow simulation in the built environment compared with the standard k-ε model (Pasut and Carli, 2012). Equations (3) to (5) illustrate the turbulent kinetic energy k, the rate of energy in addition to kinetic dissipation and the equation for turbulent eddy viscosity. 
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The IMMERSOL model is utilised to manifest the solar irradiation. This model offers an accurate mathematical description of radiative transport with an economically-realisable approximation. Paired with this is its accuracy and plausibility (CHAM, 2010). In this model direct and diffuse irradiation can be stored by urban surfaces and hence the temperature of these surfaces is the radiation temperature (T3), as shown in equation (6). Inside the study site, the distribution of mean radiant temperature (Tmrt) can be obtained from the radiosity equation E = σ (T3)4, and can be realised by equation (7). The radiant temperature between urban surfaces within the study site can be estimated at any point within the study site.
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where                                                                                 

Equation (7) shows the flow medium (air) in conditions of conduction. The influence of conduction and radiation between surfaces is determined by the temperature (T) within the domain, location and T-dependent conductivity. Climatic elements of the nearest points are taken as a reference. The temperature differences between the reference and measuring points are then estimated.  
Estimating urban electricity demand 
Several parameters are of importance when analysing urban electricity usage for cooling buildings, especially cooling degree days (CDD), which are a key indicator of the severity of the mean ambient temperature related to cooling energy consumption. The CDD method is applied to show the magnitude and duration of time when the outside air temperature is below or above a specified base temperature. If the outdoor air temperature is above a specified base temperature, then space cooling is needed. In this study a base temperature of 18 °C was used in the generation of CDD profiles from equation (8): 

                                                                                                   (8)        

where CDDi,t is the cooling degree days at a particular time (t), Tb is the base temperature (18 °C) and Tm is the average outdoor air temperature. By using this equation and corresponding mean air temperature values, it was possible to generate CDD profiles for different UHI scenarios. For the purpose of comparison the daily, monthly and seasonally totals of CDDs were calculated for the study site and other areas. These CDD profiles give the primary method for creating synthetic cooling demand data with appropriate aggregate monthly profiles.
3. Result and discussion
In this section, modifications in climatic variables (air temperature and wind speed) are introduced, thermal comfort assessed and the urban cooling load estimated. 
3.1 Modifications in climatic elements in AMWAJ Islands

Figure 5 compares the measured air temperature and wind speed values of AMWAJ Islands. Clearly, the distribution of the illustrated curves shows similar forms with respect to temperature values, with a maximum difference of 1.5°C.  The same scenario is repeated with wind speed values with a difference that can reach 40% of the speed in the centre of the island when compared with that of the boundary.   
Geometries, materials and urban design of the island, in addition to the collected weather data, were used to validate the CFD model. Figure 6 shows wind speed values at 13.00 on the 18th June, as obtained from the CFD package, and the measured wind speeds at the central and boundary locations. Wind flow seems to be affected mainly by bodies of water and concrete masses. Two main observations can be highlighted. Firstly, the speed is increasing at the sea-land boundaries because of the sea breezes occurring as differential heating occurs between the land and water surfaces (the temperature of the sea surface is lower than that of the land surface by at least 3°C).  Most points distributed along Y1 show a higher wind flow from the sea towards the North-East boundaries. This represents the Cold Front phenomenon. The air masses over the island are removed and replaced by relatively colder air masses from the nearest sea surface area. Secondly, the presence of urban geometry, particularly concrete masses, represents a wind shelter, reducing the speed to 1.4 m/s in the centre of the study site (X3, Y4).  An important fact to recall is that the master-plan and structure of AMWAJ Islands were designed in a way that increases the shelter. Buildings and concrete masses were planned and constructed on irregular network grids. This creates a significant distortion in the wind flow over AMWAJ islands and can deflect winds. This may reduce the guiding of the flows to go through canyons and the cluster centre. Some exceptions can be found in street canyons and open spaces parallel to the prevailing wind flow, such as the point of X2,Y4 (4.7 m/s), which shows an increase in wind speed.
Figure 7 shows air temperatures (T) at 1.8 m height for 13.00 on the 18th June, as obtained from the CFD package, and the measured air temperatures at the central and boundary locations. The mean air temperature for AMWAJ Islands was found to be 37.6 °C. However, temperature values are lower at the boundaries than those values in the centre. The points in the centre show higher values of air temperature due to high building density and low wind speeds, thereby contributing towards a reduced ability to lose stored heat. Temperature values over water bodies and green areas are lower than those values over hard surfaces, such as asphalt and concrete masses, even if they are located in the centre. The typical deviation in values due to the presence of water bodies is within the range of 2.5 to 3.5oC, but can reach almost 5oC. This can be observed at the point of X5, Y4 due to the presence of water and vegetation together. The impact of the UHI in the centre and boundaries, therefore, can be mitigated by the ability of water bodies to act as city-based heat sinks to change the air temperature. Such a cooling effect occurs when hot air comes in to contact with the lower temperature of water surfaces. Similarly, the vegetation is able to keep a lower temperature due to the evaporation mechanism. The influence of green areas in AMWAJ Islands, however, is not as significant as the water bodies, mainly because of the absence of adequately sized and distributed green areas. 
Tmrt is an important element to examine how thermal comfort is affected by various urban surfaces. Figure 8 illustrates the Tmrt of AMWAJ Islands at different locations for 13.00 on the 18th June, showing an average Tmrt of 44.7oC. It rises in the centre of AMWAJ Islands due to the concentration of concrete masses, reduces at the boundaries to an average of 45.5°C, and falls to almost 36.5°C in some areas with water and vegetation. This outcome supports the influence of vegetation on temperatures as discussed by Akbari et al. (1992). The existence of green surfaces modifies the impact of solar irradiation absorbed by the surface and maintains a lower Tmrt due to evaporation. The difference in Tmrt between the centre and other measuring points is within the range of 8 to 17°C. The existence of water bodies in some locations plays an effective role in reducing the cooling demand. There are two main reasons: first, the ability of water surfaces to keep temperatures low, and second its ability to reflect a small amount of solar irradiation. Only 3% of the maximum incident solar irradiation may be reflected by the water and, therefore, little solar irradiation is reflected towards people and buildings within the island. Water bodies absorb a great amount of irradiation, up to 80%, without any significant increase in water temperature because of the water’s large thermal capacity and the evaporation process at the water’s surface. 
3.2 Thermal comfort in AMWAJ Islands
Using the prevailing and generated climatic information enabled the Percentage Mean Vote (PMV) to be estimated.  PMV is a measure of predicting the thermal conditions groups of people would choose, with a PMV of 0 indicating thermal comfort and a PMV of +3 indicating people feeling hot. It is important to mention that the humidity was assumed to be almost the same at all the measuring points. The PMV was estimated using ASHRAE criteria (ANSI/ASHRAE 55-2013). Figure 9 illustrates the PMV in the centre and boundaries of AMWAJ Islands at 13.00 on the 18th June. The results indicate that the outside conditions during the summer period are uncomfortable, especially in the centres of the island. The results also point to a substantial decrease in PMV in areas with green areas and water surfaces, as compared to those areas with black asphalt roads and concrete. The point X5,Y4 has the lowest PMV for three reasons: firstly, the availability of vegetation; secondly, its position close to water and, thirdly, the sea breeze from the north-east direction. In contrast, points at the centre of the island have higher PMV values. 
3.3 Electricity usage in AMWAJ Islands
Elevated temperatures within the centre or at the boundaries of AMWAJ Islands will have a substantial impact upon the urban cooling, particularly the CDD. For appropriate assessment Figure 10 shows the impact of changes in air temperature on the number of CDD of AMWAJ Islands and compares it with that of two other islands, Sitra and Umm al-Nasan. Um al-Nasan is an uninhabited island with a considerable area of greenery and some concrete blocks, while Sitra is a mixed use district with few green areas. It can be noted that the highest values of the CDD are found to correspond to the highest values of temperatures on Sitra Island, while the lowest values are found to be corresponding with the lowest values of temperature on Umm al-Nasan Island. Within each island, a variation of average CDD appears, especially in July and August. For the purpose of comparison, Umm al-Nasan is taken as a reference. The maximum increase in CDD was found to be 26% in Sitra, while the minimum was found to be 14% in AMWAJ Islands. The increase in CDD due to urbanisation implies that to reach comfortable internal conditions in the hot summer a considerable quantity of electricity will be consumed by air-conditioning systems. Equation (9), introduced and validated by Radhi and Sharples (2013), enabled the estimate of urban electricity consumption based on CDD. 
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where the electricity requirement index (Ei,t) is the dependent variable at a particular time (t) and the variables on the right side of the equation represent the intercept (a), (b) is the slope and CDD is the predictor variable. Figure 11 shows the average monthly electricity consumption per residential square metre for AMWAJ Islands and compares it with that of the other two islands. Urban cooling demand in Sitra seems to be the highest, followed by AMWAJ Islands and then Umm al-Nasan. Increased cooling demands of 18% and 11% are observed at Sitra and AMWAJ Islands respectively when compared with the electricity consumption per residential square metre of Umm al-Nasan Island based on the predicted values of CDD. 
Since natural factors, such as solar radiation levels, are almost the same for the three compared islands, the variation in CDD and, ultimately, in cooling demand can be assigned to human contributions such as urban geometry, urban surfaces and land use. For example, the high cooling demand in Sitra seems to be affected by anthropogenic heat generation from factories, cars and air conditioning systems, coupled with the massive, unplanned construction. The cooling demand in Umm al-Nasan is low due to the absence of human input. The CDD and cooling demand in AMWAJ Islands are the lowest values when compared with other inhabited islands. Although AMWAJ Islands is planned and constructed on an irregular network grid, which reduces the guidance of the wind flows and, ultimately, represents a wind shelter, the presence of green areas, coupled with water bodies that overlap with the infrastructure, helps to bring down the temperature and therefore the cooling requirement. 
4 Conclusion 
[bookmark: OLE_LINK3][bookmark: OLE_LINK4]This work has attempted to answer a number of questions about the impact of UHI on the thermal comfort and cooling demands of artificial islands in Bahrain. It has been possible to analyse the climatic conditions on AMWAJ Islands and to use this analysis within thermal comfort and cooling demand prediction contexts.  The microclimate of AMWAJ Islands was altered in part due to changes to water bodies and natural surfaces. In turn, thermal comfort and cooling demand within that island were affected by the altered microclimatic conditions. Climatic elements such as wind patterns and temperatures were found to be affected by urban planning strategies as well as by the landscape and architectural design. The use of irregular network grids in the AMWAJ Islands master-plan led to reduced channelling of the wind flows and, ultimately, represented a wind shelter. This could impact upon the air temperature. The mean radiant temperature was also affected by green areas, water bodies and other urban surfaces. The difference in temperature due to the presence of vegetation and water bodies could reach almost 5oC. 
This paper suggested a significant drop in PMV values in areas with vegetation and water bodies when compared with those areas with asphalt and concrete. This work related the increase in PMV and cooling demand to changes due to human contributions such as urban geometry, urban surfaces and land use. The rate of CDD trends was found to be relatively lower for the uninhabited island of Umm al-Nasan. The increase in CDD was within the range of 14-26%, while the increase in urban cooling demand in artificial inhabited islands was within the range of 11-18%. This work has concluded that this increase can be mitigated by using the ability of vegetation and water bodies to modify the air temperatures of Bahraini an artificial islands.
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	Nomenclature

	α
	Absorption coefficient (m-1)

	Cp
	Specific heat (J/kg K)

	k
	Turbulent kinetic energy

	k1
	Thermal conductivity of the solid (W/mK)

	k2
	Temperature dependent conductivity of  fluid medium (W/mK)

	p
	Static pressure (Pa)

	q
	Heat flux (W/m2)

	t
	Time (s)

	T
	Temperature of the fluid phase (K)

	T3
	Radiation temperature of the solid / fluid (K)

	s
	Scattering coefficient

	u
	Velocity (m/s)

	ui
	Components of the velocity according to i

	Cµ
	Empirical constant equal to 0.0845 

	l
	Length scale

	g
	Gravitational acceleration (9.81m/s2) 

	WGAP
	Distance between walls and windows within the cavity

	E3
	Distribution of radiation temperature derived from radiosity

	
	

	Greek letters

	ρ
	Fluid density (kg/m3)

	μ
	Dynamic  viscosity (kg/m s)

	ν
	Kinematic viscosity (m2/s1)

	σ
	Stefan-Boltzmann constant (W/m2k4)

	Ǿ
	General flow variable such as velocity components, temperature and mass fractions

	Sǿ    
	Transport coefficient

	ε
	Turbulent dissipation rate

	
	

	Acronyms

	GIS
	Geographical Information System

	CFD
	Computational Fluid Dynamics

	UHI
	Urban Heat Island

	PMV
	Predicted Mean Vote

	MRT
	Mean radiant temperature

	CDD
	Cooling Degree Days

	Tb
	Base temperature (18 °C)

	Tm
	Average outdoor air temperature
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Figure 1 Trends in land reclamation from the sea in Bahrain, 1990 – 2030
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Figure 2 Location of AMWAJ, Sitra and Um Al-Nasan islands and data logger locations
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Figure 3 Monthly mean average climatic conditions of AMWAJ Islands
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Figure 4 The developed CFD model and the overall dimensions of the solution domain
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Figure 5 Comparison of measured air temperatures and wind speeds in the centre and at the boundary of the AMWAJ Islands
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Figure 6 CFD generated wind speeds (and data logger locations/values) for 13.00, 18th June, AMWAJ Islands
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Figure 7 CFD generated air temperatures (and data logger locations/values) for 13.00, 18th June, AMWAJ Islands
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Figure 8 CFD generated mean radiant temperatures for 13.00, 18th June, AMWAJ Islands
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Figure 9 CFD values of PMV for 13.00, 18th June, AMWAJ Islands







[image: ]
Figure 10 Cooling Degree Days (CCD) for AMWAJ, Um Al-Nassan and Sitra islands
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Figure 11 Monthly mean electricity cooling demand for AMWAJ, Um Al-Nassan and Sitra islands
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