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Abstract 

A well-designed build up environment should include 

thermally comfortable outdoor spaces as well as low 

energy and thermally comfortable buildings, this paper 

aims to evaluate a coupling method between ENVI-met 4 

as a microclimate model and IESVE as a Building Energy 

Modelling (BEM) software. The ENVI-met calculation 

for the outdoor microclimate conditions is used to specify 

the thermal boundary conditions for the building 

simulation modelling to give a realistic building energy 

consumption profile. The results revealed that the energy 

simulation using the generated ‘urban specific weather 

datasets' (USWDs) performed better than the one using 

the weather file obtained from the international weather 

station with only 6% deviation against 15% compared to 

the actual electricity consumption   

Key Innovations 

• An attempt to standardize the practice of 

coupling process between the microclimate 

model and BEM 

• Creating localized weather file to accurately 

estimate the building energy performance 

Introduction 

The World Economic Forum classified climate change 

and associated environmental matters as being in the top 

five global risks most likely to occur in the next decade 

(Global Risks Report, 2020). The Intergovernmental 

Panel on Climate Change (IPCC, 2018), suggesting that 

global warming should be held at 1.5oC to avoid 

significant damage to human wellbeing and the 

ecosystem. Climate change predictions suggest a high 

probability of a further rise in global temperatures by 

1.5oC between 2030 and 2052, if the present rate of 

increase remains unmanaged, potentially leading to 

increased mortality rates (Poupart et al., 2013; Tibbetts, 

2015). In regions with hot arid climates the worse climate 

change scenarios are predicted in air temperature rise and 

its implications on endangering ecosystems and mortality 

rates. Furthermore, human performance of mental and 

physical tasks diminishes at uncomfortably high 

temperatures (Poupart et al., 2013 and Tibbetts, 2015), 

leading to increases in building cooling energy demand. 

As a result, dynamic energy simulation became one of the 

designers’ essential tools during the initial stages of the 

designs, as it represents the complex transient phenomena 

that determine the building energy behaviour (De Wilde, 

2018). Over the past five decades, the Building Energy 

Modelling (BEM) community invested much effort in 

improving the reliability of the modelling tools, and one 

of the most important inputs for BEM is the weather file 

which represent the external conditions for the site where 

the building will be imposed (Zhao and Magoulès 2012). 

Yet, the uncertainty related to the weather file used for the 

process is still high (Evola et. al., 2021). The weather data 

files used for the BEM models, are a synthetic climatic 

profile based on averages of 25-30 years for each hour of 

the year and usually measured in airfields where there is 

no urban heat island (UHI) effects. Accordingly, this 

present variations from local measured climatic 

conditions, these data files are important in calculating the 

heating and cooling loads when energy modelling for 

buildings (IEA Annex 53,2007). However, the observed 

values in rural or suburban sites cannot be used for energy 

modelling for a building located in an urban area with low 

level of vegetation and isolated obstacles or in City 

centres with mixture of low-rise and high-rise buildings 

due to the dissimilarities of the environmental conditions 

between the different locations (Gobakis and Kolokotsa, 

2017; Yang et al., 2012). Moreover, past weather data was 

found to be a miss representative of recent and future 

weather conditions (Siu and Liao, 2020). For instance, a 

study in Bahrain found that using a typical weather data 

based on long term period from 1961 till 1990, 

underestimate the building energy consumption by 14.5% 

compared to more recent data from 1992 till 2005 (Radhi, 

2009). As a result, the reconciliation of the climatic 

aspects within the planning and design process is 

challenging due to the necessity for interdisciplinary 

collaboration between urban planners, building designers 

and urban simulation experts (Nouri et al., 2018; 

Shooshtarian et al., 2018; Elnabawi and Hamza 2020). 

Such an approach explains the growing demand for 

coupling building energy (BEM) and microclimate 

modelling. Therefore, this paper presents a localized 

weather dataset for the urban microclimate conditions 

through coupling a verified numerical simulation between 

two different modelling approaches including ENVI-met 

as microclimate model and IESVE as Building Energy 

Modelling (BEM). The main objectives of this study are: 

- To quantify the relationship between the local 

microclimate and building energy consumption 

- To evaluate the effectiveness of coupling approach 

between the ENVI-met and IESVE as a promising 

tool for improving urban microclimate and reducing 
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energy consumptions in buildings in a hot arid 

climate 

 

The study Context 

Base Model and location 

The case study building known as Building Technology 

which is a part of Applied Science University (ASU). The 

ASU campus is located in Al-Ekr south of Manama, 

kingdom of Bahrain, (26.08oN, 50.36oE) with 

an approximate total area of 24,000-meter square (figure 

2). It is categorized in Climate zone of 0B in American 

Society of Heating, Refrigerating and Air-Conditioning 

Engineers (ASHRAE) Standards, 2009 and BWh in 

Köppen-Geiger climate classification (Peel et al., 2007) 

which is characterized with extremely hot summers (May 

to October) and mild winters (November till April). As 

presented in Figure 1 and 2, the Building Technology has 

a total area of 1488 m2, the building’s typology consists 

of a mix of offices, classrooms, computer labs and 

laboratories spaces distributed among three floors 

including ground, first and second floor. The basic 

building construction is a reinforced-concrete post and 

beam structure with 0.2 m thick brick infill walls without 

insulation or an airtight building envelope. Windows are 

double glazed with visible Light Transmittance of 39%. 

The total amount of the glass in the facades is estimated 

to be between 50%. There is no solar protection for the 

facades. Table 1 lists the general description of the sample 

building and certain properties of the construction 

materials used. There is no heating system in the building 

and air-conditioning system is on continuously in the 

building with setpoint of 21oC. Lighting density of 10 

W/m2 and Computer load of 7 W/m2 are considered for 

the building during operational hours of 8 AM to 5 PM. 

Occupancy density has been assumed as 10 m2/person in 

offices and 5 m2/person in classrooms. Daikin 

Indoor/outdoor units are installed in this building with 

energy efficiency ratio (EER) of 5 in the cooling mode. 

 

Figure 1 ASU campus including the building technology (the 

case study) 

 

Figure 2 Building technology IESVE model 

Table 1 Simulation inputs for building’s properties. 

 

Methodology 

The coupling approach between the BEM and 

Microclimate model is integrated to evaluate and quantify 

the impact of local microclimate on building energy 

performance modelling in a hot arid context. The 

proposed framework, presented in figure 3, consists of 

three phases. It includes two modelling programs where 

the IESVE represents the BEM while the ENVI-met is 

used for the microclimate model.  The coupling method 

exchanges the appropriate boundary condition between 

the two model, therefore, the ENVI-met will be 

responsible for creating the hourly weather dataset which 

will be introduced later as IESVE as boundary condition 

mirroring the typical meteorological characteristics of a 

specific site. However, the ENVI-met output files 

including the microclimatic parameters for the site around 

the building has to go first as input into a weather file 

generator such as Meteonorm weather generator in order 

to create a weather dataset in a compatible format to 

uploaded to IESVE, which are more representative for the 

examined site and in turn will add more accuracy for the 

energy modelling performance. Accordingly, the 

proposed framework is designed based on the 

interoperability and the data exchanging between the 

following tools (figure 3): 

 

Building Properties 

Total floor area 1488 m2 

Total Volume 5613 m3 

External Wall Area 1146 m2 

External opening area 260 m2 

External wall insulation U-Value: 0.35 W/m2-K 

Roof insulation U-Value: 0.35 W/m2-K 

Glazing 
2 Dbl LoE Spec Sel Clr 6 

mm/13 mm 

U-Value SHGC Arg 1.34 W/m2-K 

Light transmission 
0.42 

0.68 

Window-to-wall ratio 50% 

Shading 
Blinds (inside) with high-

reflectivity slats 

Shading control type Glare 

Maximum allowable 

glare index  
22 
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a. The ENVI-met v.4 microclimate model,  

b. The Meteonorm Weather Generator and  

c. The IESVE as BEM. 

Starting by microclimate modelling for the examined site 

where the case study located including the current urban 

settings, due to the location and climate classification of 

the case study, the simulation will be conducted for the 

base case for 6 days representing the extreme hot summer 

where the cooling load is on the top level, the days have 

been chosen based on long term analysis for previous 

weather data. Later on, the main microclimatic 

parameters, recorded by ENVI-met receptors located 

around the building, are obtained as an CSV (Character 

Separated Values) file including the main climatic 

variables such as air temperature, relative humidity, wind 

speed and solar radiation average values are brought 

together as inputs for the Meteonorm weather generator, 

in order to generate a customized typical year file for the 

specific location climate known as 'urban specific weather 

datasets' (USWDs). The exact location has been identified 

under ‘’create new location’’ using the Meteonorm map 

tool, the location situation was adjusted as ‘’Centre of 

larger city (over 100’000 inhabitants’)’’ in addition to the 

Clear sky radiation model, and the output file was selected 

as EnergyPlus (epw) format which is accepted by IESVE.  

Once the USWDs file is ready the it can be uploaded as 

an input for the boundary condition within the IESVE 

energy modelling, which should improve the energy 

modelling performance by applying the actual 

microclimate condition for the site.  

 

 
Figure 3 Methodology approach 

ENVI-met Micro-urban Modelling 

The micro-urban simulations have been carried out with 

the three-dimensional non-hydrostatic climate model 

ENVI-met version 4, which is an advanced simulation 

system based on the fundamental laws of thermodynamics 

and fluid dynamics. The model generates the simulation 

of wind-flow around buildings simulating outdoor 

microclimatic dynamics by tackling the interaction 

between the different climatic variables in addition to the 

vegetation, soil, surface roughness. (Spangernberg, et al., 

2008). The software has been used widely in performing 

micro-urban modelling and outdoor thermal comfort 

analysis within the urban canopy layer (UCL) (Tsoka et 

al., 2019; Yang & Lin 2016; Roth & Lim 2016; Elnabawi 

et al, 2013). The model simulation grid of the ASU 

campus used was 80 x 40 x 90 with a resolution of 2 m x 

2 m x 4 m, as X, Y and Z respectively (Figure 4). Note 

that the model area is rotated 5o out of grid north toward 

the east. Nesting grids around main area is set at 0. Soil 

profiles for nesting grid is set on [SD] Sandy Soil for Soil 

set A and [ST] Asphalt Road for Soil set B. The method 

of vertical grid generation is set on equidistant which 

means that all dz are equal except lowest grid box. Default 

wall and roof properties are set [00] Concrete slab, 

Hollow block. Four snapshot receptors were located 

around the building, these receptors will be capturing the 

microclimatic variables resulting from the simulation on 

hourly basis for each representative day (the orange spots 

in Figure 4)  

 
Figure 4 The ENVI-met 3D model of the ASU campus 

Results and Discussions 

Generating micro-urban specific weather file 

The daily average air temperature obtained from Bahrain 

international airport weather station (no. 411500) for the 

period from 2004 till 2018 were analysed following Tsoka 

et al., (2018) suggested procedures, where the main value 

of the daily average temperature is determined for each 

day every month and the divided by the total years of the 

total period included in the weather file.  Again, for each 

month, the median of the previously calculated mean 

values is estimated: 

Median {T air 1st mean, T air 2nd mean . . . T air 31st mean}         (1) 

As a result of the above methodology the representative 

dates were identified as per table 2, following by ENVI-

met micro-scale simulation for all the 6 identified days 

representing the summer season in Bahrain in order to 

obtain the main climatic values from the four receptors 

around the building. These values are averaged and used 

as monthly data input for the Meteonorm weather 

generator. 
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Table 2  Selected representative days for the summer season of 

Bahrain and the corresponding air temperature (Tair) 

deviations from the respective monitored long term median 

values. 

Selected representative 

day 

Average Air 

temperature 

T air 

deviation 

23rd of May 2006 31.7 0.5% 

27th of June 2015 34.3 0.7% 

7th of July 2015 35.7 0.8% 

18th of August 2018 35.5 0.1% 

14th of September 2008 33.8 0.1% 

19th of October 2007 30.3 0.2% 

ENVI-met modelling outputs 

Considering the calculation time of an ENVI-met 

simulation, only these representative days, in table 2, for 

each month during the summer season were simulated. 

Each model was simulated for 24 hours with an added 4 

hours as a spin-up phase to increase the accuracy of the 

CFD simulation by initializing the simulation during the 

night-time with weak turbulence conditions by adding the 

spin-up period to reduce any numerical error or noise in 

the outcomes (Zhang et al., 2017).  

ENVI-met outputs for air temperature for each day were 

compared with the recorded values of the same days from 

the Bahrain international airport weather station (WMO). 

Figure 5 presents the two peak hottest months, the 

simulated air temperature was consistently higher than the 

recorded ones, which indicate that ENVI-met is 

accounting for the presence of an urban heat island (UHI). 

The simulated air temperature (Ta) for the case study 

varies between 33.6oC and 39.1oC, which is a wider range 

in comparison to the average measured monthly value for 

Bahrain (33oC to 38oC) recorded by the WMO weather 

station at the airport. Radhi et al., (2015), found that the 

air temperature in Bahrain rose by  1.4oC per decade 

combined with an increase in the direct solar radiation . A 

further consideration to be included in simulation weather 

profiles. 

 

 
Figure 5 Variation of average air temperature reported by the 

WMO and the ENVI-met simulated outcomes for the 

representative days of July and August 

IESVE Energy modelling (BEM) 

In line with the study objective in assessing the outdoor 

microclimate condition on the building energy 

performance, the new microclimate weather data 

extracted from previous phases was then used as an input 

in the building energy modelling program (BEM) to 

calculate the energy consumption for the examined 

building. The Integrated Environmental Solution’s 

Virtual Environment (IESVE, 2011) is an industry 

standard and validated software, its analysis includes 

thermal and comfort analysis, daylighting, solar studies, 

egression, and carbon emissions code compliance (Azhar 

and Brown 2009; Annan et al. 2014; Elnabawi 2020).  

 

IESVE outcomes using the generated USWDs 

  The aim of the study is to examine the validity of 

modelling approach and coupling procedure. Therefore, 

the accuracy of the energy simulation is determined by the 

ability of the input data to accurately represent the case 

study (Elnabawi 2020), as it represents the complex 

reality without simplification (Blocken et al., 2012). 

Therefore, two different weather profiles were used to 

simulate the same energy model   using IESVE, as per the 

European Standard EN 15603 (DS/EN, 2008) validation 

procedures (std. EN ISO 13790:2008). The first model 

used the weather profile from measured data from the 

Bahrain international airport weather station (no. 411500) 

for the period from 2004 till 2018, while the second used 

a synthetic 'urban specific weather datasets' (USWDs) 

generated by Meteonorm based on the obtained values for 

localized urban predicted weather profiles from the 

ENVI-met receptors. The building energy consumption 

for both weather profiles is compared with the actual 

electricity metering. As presented in Figure 6, the IESVE 

estimated the total electricity consumption during the 

summer using the USWDs by 595 MWh with a deviation 

of 6% of the actual measured ones (560 MWh), while the 

energy simulation using the WMO weather station file 

estimated energy demand at 664 MWh with 15% 

deviation compared to the actual consumption. In term of 

Root Mean Square Error (RMSE) which is 

a good measure of how accurately the model predicts the 

response. The USWDs was 3.5% while the WMO 
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weather file was almost the double with 6.6%. Both 

outcomes fall within ASHRAE 14 tolerance criteria of the 

RMSE ±20% (Hong et al., 2017; Cipriano et al, 2015; 

Kim et al, 2012). This indicates that generating localized 

urban boundary conditions for s building reduce 

discrepancies in predicted building energy demand. The 

building energy model used occupancy profiles as close 

as possible to actual recorded occupancy levels but may 

seems to be significantly higher than simulation results. 

This could be explained due the nature of the building 

type and its varying occupancy schedule depending on the 

academic semester and teaching periods of the university. 

Overall, the monthly electricity consumption of both 

IESVE models are fairly distributed with respect to the 

corresponding monthly actual values. However, the 

model using the generated USWDs showed a smaller 

deviation from the energy bills recording a deviation of 

6% compared to 15% for the energy model using the 

WMO weather file. Yet, both outcomes are strongly 

correlated to the measured consumption and within an 

acceptable range of deviation since the percentage of 

differences was <10–20% (Maamari et al.,2006; Oleiwi et 

al., 2019). 

 

 
Figure 6 the actual electricity consumption and IESVE 

simulated ones using the USWDs and WMO weather station 

data 

Conclusion  

Local and urban environmental monitoring for extended 

periods of time to generate a climatic weather profile for 

building simulation is expensive and difficult. The aim of 

this paper was to investigate the possibility of adopting a 

methodology to create a synthetic ‘urban local specific 

weather datasets' (USWDs), for predicting energy 

demand. Buildings in extreme hot arid climates and 

specifically those with yearlong occupancy are energy 

intensive to run, and size their air conditioning systems. 

The methodology follows consecutive steps outline a 

workflow, which facilitates data exporting CSV 

(Character Separated Values) file from receptors that 

predict a point in time urban weather profile into 

Metronorm to generate a yearly Energy Plus Weather 

format (EPW) weather profile that is compatible for use 

in IESVE as presented in Figure 2. The key findings of 

the analysis presented herein concludes: 

• The methodology described may contribute in 

developing guidelines for linking the outdoor urban 

design and indoor building energy consumption 

• A comparison analysis between the ENVI-met 

simulated air temperature and the WMO recorded 

data sets, showing the impact of an urban heat island 

(UHI), where the simulated air temperature (Ta) for 

the case study has a wider range in comparison to 

the average monthly value recorded by the WMO 

weather station at the airport.  

• Creating a localized weather file (USWDs) for 

building energy modelling indicates closer to 

monitored energy demand data will discrepancies of 

6% deviation compared to a 15% in the energy 

model using the WMO weather file. The local 

microclimate which varies due to the different 

boundary conditions in terms of vegetation, surface 

material, urban density, and air quality inevitably 

influences the energy balance of on-site buildings 

(Ignatius et al., 2016 and Castaldo et al., 2017) 

• Although, the two IESVE model simulation outputs 

were within the acceptable range of <10–20% from 

actual energy demand (Maamari et al., 2006; Oleiwi 

et al., 2019), other outdoor microclimate scenarios 

such as using some types of vegetation, waterbodies 

or covering materials should be examined using 

USWDs files can closely predict the impact on 

indoor energy consumption  

• The location of the weather station and the date of 

the weather data file proved to have a crucial role in 

the BEM outcomes based on the reported variation 

between the USWDs and the WMO outcomes. The 

same was reported previously, according to 15 years 

data comparison a difference up to 3,7oC for air 

temperature and 1.5 m/s in average wind velocity 

were reported (Evola, 2021).  Another study 

compared two file data sets from 1961 to 1990 and 

1992 to 2005 and there were a 14.5% discrepancy in 

energy analysis (Rahdi, 2009)  

• In Future research monitored building base loads 

and occupancy for longer periods can reduce the 

discrepancies further. Also, considering a long term 

in-site monitoring for the microclimatic parameters 

to be compared against the ENVI-met outputs will 

add more confidence for the process  
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