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Abstract: This paper examines the impact of the urban context on the energy performance of

a residential building in Athens. Current and future weather files were modified to consider

the urban heat island, the overshadowing of adjacent buildings, and the modification of

wind speed due to the effects of urban canyons. Dynamic thermal simulations were carried

out using the modified weather files. The results indicate that there was a change in

heating and cooling demand in comparison to using typical weather files; heating was

reduced, but cooling was increased with a total increase in energy demand. There was

variation due to height, while overshadowing impacts energy demand significantly. The

modified weather analysis also indicates that there are periods in the year that cooling and

heating are negligible. During these periods, passive strategies can be used to maintain

good internal air quality if occupants are informed how to use their windows and shading

devices according to prevailing weather conditions. A method of achieving this occupant-

centric operation of the building is described, and the results of an intervention study are

discussed. It shows that internal environmental quality can be improved by occupant

actions based on forecast weather conditions to direct them.

Keywords: microclimate; climate change; urban heat island; ventilation; thermal comfort;

energy use; climate correlation; indoor air quality; natural ventilation

1. Introduction

In buildings, energy use and resulting internal environmental conditions are deter-

mined by the (a) design of the external envelope (materials, insulation, and openings),

(b) the internal occupancy and equipment (people, lighting, and appliances), (c) the external

weather conditions, and (d) the way occupants use the space. The first two issues have

received long-standing attention from researchers and policymakers in improving the heat

transfer through the building envelope, including reducing solar and heat gains to avoid
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overheating. External weather impact is present in all calculations based on typical weather

years, while automation is used in many cases to control internal conditions. This leaves

the human interaction with the building less well defined. Occupants are often willing to in-

fluence the way the building operates, but do not always know how to operate it efficiently.

Also, typical weather files are not always representative of the location of the building,

especially if it is located in a dense urban area. Finally, although mechanically assisted

heating and cooling are required for most buildings, this is not necessarily so throughout

the year. Therefore, a building can be designed and operated in a hybrid mode [1], where

heating and cooling are provided for some periods of the year, and a free-floating mode

(i.e., no mechanically assisted cooling or heating) is used for the remainder of the year. In

the free-floating mode, it is necessary for occupants to know what to do to facilitate their

own comfort, while, in the heating/cooling mode, it is necessary for the external weather

conditions to be as accurate as possible to predict the heating and cooling demand. This

paper outlines a method to achieve this and demonstrates it in relation to an operational

case study building in Athens, Greece.

In order to consider external weather conditions in dynamic thermal modelling (DTM),

a weather file is used. Weather files are sourced from data usually measured at meteoro-

logical stations (frequently located on flat terrain outside the urban area, such as airports),

which are then analyzed to form typical weather files for a location and formatted ready

for DTMe. However, urban locations differ from meteorological stations because of the

impact of the urban heat island (UHI) effect on air temperature and urban geometry on

wind speed. Recent research has focused on how to create urban weather-years, which

considers the urban differences, as well as the microclimate around the building to be

simulated. A recent review [2] has summarized various tools used to create urban weather

files. Examples are UWG [3], STEVE [4], UKCP WG [5], UrbClim [6], CIM [7] (for UHI),

UrbaWind, OpenFOAM (CFD tools for wind) and ENVI-Met 5.6, and SOLEVEMicroclimat

(for both UHI and wind). UrbanWind and OpenFOAM are essentially CFD tools that

generate wind pressure coefficients, which can then be integrated into the weather files; as

such, they are computer resource intensive [8]. ENVI-Met [9] and SOLEVEMicroclimat [10]

also demand high-resolution simulations. Future performance during the life span of a

building is also routinely investigated during the building’s design. For this, future weather

files are used. The generation of future weather files is more established than the generation

of urban weather files; they usually start with IPCC scenarios and use morphing tools,

such as CCWorldWeatherGen [11], WeatherShift [12], and WeatherMorph [13]. Tools are

available, such as Meteonorm [14], UKCP Weather Generator [5], and UrbClim [15]. IEA

Annex 80 [16] has also developed a method for generating urban/future weather files to

study the resilience of designs to future weather and heat waves.

There is an increasing trend in using machine learning and artificial intelligence

techniques to combine indoor environmental data with weather forecasts to provide

location-specific indoor condition predictions to improve health warning systems [17].

However, significant contextual factors in the prediction models are required to evalu-

ate advanced deep learning architectures. These demand extensive historical databases

for the machine learning to train data, while using local indoor measurements could be

time-demanding [18]. We employed a simpler linear regression model because of the

simplicity of the underlying data structure that can be modeled with linear regression. A

correlation-based prediction is context-dependent, and the results of IEQ prediction rely

on the time-dependent nature of the buildings, occupants, and weather-related boundary

conditions of a room. This simple method, which informs occupants how to correlate

outdoor climate conditions to their time–microenvironment–activity, could benefit their

indoor environments appropriately, as outlined in [19]. Our method uses a bioclimatic
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approach with passive design opportunities to reduce energy consumption and improve

the indoor environment [20–23]. We outline how the simple IEQ predictions framework

from a correlation study to incorporate into behavior change suggestions.

The present paper aims to present information on the impact of microclimates around

a building in terms of its energy use, and it also aims to understand how this can be

considered during the calculation of energy demand. Additionally, it presents the effects

of informing occupants of how to operate their space when heating and cooling are not

(or hardly) necessary based on prevailing external weather conditions. It uses a number of

the available tools and methods to create urban and combined urban/future weather files

and to create correlations for occupant actions for buildings that do not include active and

mechanical systems for periods of cooling or heating that are not needed. The impact is

demonstrated using an operational case study in Athens, Greece.

Section 2 presents details of the case study building, the climate of the location, and

the methods of investigation. This includes a description of the method for generating

urban weather files (Section 2.2), the method of developing the climate correlation models

(Section 2.3), and a description of the intervention tests (Section 2.4). Section 3 presents and

discusses the results, which show clearly that the urban environment around a building

greatly influences its energy use. This section includes a comparison of the generated

urban weather files with the typical weather files (Section 3.1), as well as the results of

the simulations with the urban weather files for the whole year (Section 3.2) and monthly

(Section 3.3). Section 3 concludes with the results from the climate correlation intervention

study (Section 3.4). Section 4 presents the conclusions and discusses the limitations, as well

as further improvements, of the work.

This paper combines and extends the work presented at the Air Infiltration and

Ventilation (AIVC) conferences in 2023 and 2024 [24,25], which reported on previous work

on (a) energy use evaluation using urban and climate change files and (b) the use of a

weather correlation model to inform occupant actions for windows and shading devices. In

earlier investigations, it was noticed that the two methods can be combined, and they were

used to inform and improve the performance for the same building. This paper combines

the work and presents a guideline to be used during the design and operation of buildings

to accurately predict and reduce energy demand. The case study building in Athens is an

illustrative example.

2. Materials and Methods

This section first presents the operational case study used for simulations and in-

terventions and the climate of its location. It then presents the method of generating a

location-specific weather file to include the differences in air temperature (urban heat

island effect), solar access (density of buildings), and wind speed (urban terrain). Finally,

it presents a method to develop building-specific climate correlation models, which can

be used to derive instructions for the occupants on how to operate their building during

free-floating periods.

2.1. Case Study Location and Building Description

The Mediterranean climate of Athens includes prolonged hot and dry summers and

mild, wet winters with moderate rainfall. July and August are the driest months with the

highest outdoor dry bulb temperatures, and diurnal variations in outdoor temperatures

are notable (Figure 1). The dominant southwest wind comes with higher wind speeds to

Athens throughout the year (Figure 2). The heating degree days (HDD) and cooling degree

days (CDD) for the current climate of Athens show that the buildings in Athens need both

heating and cooling for comfort (Figure 2).
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ff

Figure 1. The daily outdoor dry bulb temperature profiles of Athens.

  

ff

Figure 2. A wind rose, heating degree day, and cooling degree day profiles of Athens.

The case study building in Athens is located in a very dense urban texture within a

well-defined urban canyon street. It is a five-story residential building, and it is highly

representative of the low-rise multi-apartment buildings that were built during the 1930s. It

was renovated in 2005 by adding rooftop insulation, installation of double-glazed aluminum

windows to minimize thermal losses, and the replacement of outdated lighting with LED

lamps. It is used as a hostel for homeless people and houses support staff, with a maximum

capacity of 60 occupants. The total floor area is 1080 m2, and it has a ground floor, 5 stories,

and a basement. It is located in Patission Street, which is a long street surrounded by

similar height buildings starting from the center of Athens and extending to the north. The

building is located about 3 km from the center of Athens (Omonia Square). A typical floor

plan and an external view of the building are presented in Figure 3.

 

 
 

ff
ff

Figure 3. External view and a typical floor plan of the case study building.

The heating and hot water system operates with natural gas. The apartments of the

tenants are hotel-like rooms, including a bedroom and bathroom, with a TV and fan, and

a heating and cooling thermostat. The thermal properties of the external envelope are

presented in Table 1.
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Table 1. Thermal properties of the building envelope.

Building Envelope Thermal Transmittance (W/m2 K)

External wall 1.739
Party wall 2.038
Ground floor 1.834
Internal floor 0.788
Roof 0.639
Internal door 2.672
Window 2.5 (light transmission 0.78)

For this paper, two “intermediate levels”—Level 2 (above the ground floor) and level

4 (below the top floor)—were chosen. Each floor consists of six rooms—three single rooms

(SR) and three twin rooms (TR). The single room is for one occupant, and the twin room is

for two occupants. Each room has a balcony with one window/door on either the east or

west side. The communal areas, which include the kitchen, lift, and stair core, are located

in the middle of the building.

The building schedules (occupancy fraction, appliance and lighting usage, etc.) for a

typical residential apartment, as recommended in the BSEN 16798 [26], were used in this

study. Figure 4 presents the schedules used; 0 represents no activities, and 1 represents

fully operated or active for one hour. According to the occupancy for weekdays and

weekends, the heating hours, window opening hours, and mechanical ventilation time

were applied. As the climate of Athens needs both active heating and cooling, either system

were considered to operate if the indoor temperature was lower than 20 ◦C or higher than

26 ◦C [26]. The heating schedule was run from 05:00 to 23:00 except window opening

hours; heating was turned off during the weekdays considering the lower occupancy. The

cooling schedule was run according to occupant presence. Two different window-opening

scenarios were considered in this work. One was that the window-opening time was

proposed for two hours a day (morning and evening), and the other was to open the

window during occupied hours if the indoor temperature was above 22 ◦C.

ff
ff

Figure 4. Occupancy, appliance, lighting, heating, and ventilation schedules used in this study (the

occupancy schedule is referred to BSEN 16798 [26]).



Energies 2025, 18, 2062 6 of 20

2.2. Methodology for Generating Urban Weather Files

The methodology for generating the urban weather files used in thermal simulations

is presented in Figure 5. It accounts for the urban location of the building in calculations.

The Urban Weather Generator (UWG) was developed to generate urban canyon

weather files using rural weather files as the input [27,28]. UWG is composed of four

modules: a rural station model; a vertical diffusion model; an urban boundary layer

model; and an urban canopy model, including a building energy model, which allows

one to account for the impact of buildings on the urban air temperature. The modules

are described in detail in the relevant publications by B. Bueno and J. Mao [27–30]. The

MATLAB version of UWG V4.1 [31] was used for this analysis.

The urban weather file generated by UWG accounts for the heat fluxes from the roofs,

walls, windows, and the road, as well as the anthropogenic heat fluxes due to exfiltration

and waste heat from building HVAC systems and traffic. The input weather conditions

were given by a “rural” weather file—generally the airport weather file—in the EnergyPlus

format (.epw). In this study, two rural weather files (current and future) from Meteonorm

were used [14] as the starting point. The future weather was considered for the RCP8.5

scenario, which is the worst case, high-emissions scenario for the year 2050 caused by

“business as usual” without efforts to cut greenhouse gas emissions [32]. These weather

files were used as the input to UWG calculations to generate future urban weather files that

capture the local UHI intensity of the urban areas where the buildings are located.

ff

ffi

ff

 

ff
ffi

 
 

Figure 5. The urban considerations in the building simulation (adapted from [33]).

UWG generates urban weather files with morphed air temperature and relative hu-

midity values based on the hourly UHI intensity of the urban area, keeping the other

variables to the same value as in the input weather file. The urban area in UWG is described

through a set of parameters that are representative of key urban fabric characteristics

that affect UHI intensity, namely the following: urban morphology parameters, building

typology mix, vegetation coverage, anthropogenic heat from traffic and albedo, and the

thermal capacity and emissivity of urban materials. Among these, the most relevant were

the urban morphology parameters [27,28,34,35]. Urban morphology is described using

three parameters:

• Building density: the ratio of the building footprints area to the urban site area.

• Vertical-to-horizontal ratio: the ratio of the building facades area to the urban site area.

• Average building height: the average height of building normalized by the

building footprint.
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These were used to calculate the average width and height of the urban canyon for

the computation of the external surface temperatures of walls, roads, and roofs based on

the incoming, absorbed, and reflected radiation by urban surfaces.

Autodesk Revit was used to generate the required building information for the UWG

based on the urban area around the case study building, as shown in Figure 6 (left). Based

on this area in Athens, a 3D model was created over an area of about 250 m in length, as

suggested for local urban climate studies [36,37]. The case study building is located on

the road (the yellow arrow shown in Figure 6), where the urban canyon wind was to be

calculated. The topography of the site was modeled according to its location above sea

level, where the south is lower than the north. The buildings were represented in the Revit

massing models that allow for calculating the façade and floor areas of the site and average

building height for the UWG program. The building types were defined for each 3D model

that allows calculating the energy consumption for residential, primary, and secondary

schools; retail shops; hotels; restaurants; supermarkets, etc. The building density, the urban

buildings’ vertical-to-horizontal ratio, and the green area coverage were then calculated

through the Revit area scheme. Evergreen trees were considered for the vegetation growing

seasons. The massing models of urban buildings for the selected site are shown in Figure 6.

After the UWG’s.xlsm files and other source files were co-simulated using MATLAB, two

urban weather files for current and future scenarios were obtained. Table 2 presents the

input values calculated.

 

Figure 6. The site plan and 3D massing model of the case study location (the case study building is

shown in red colour).

The hourly wind speed attenuation in the canyon was calculated using the algorithms

of [38], as presented by [33]. These calculations are based on empirical models based on

extensive measurements carried out and presented in [33] within urban canyons in Athens.

Figure 7 presents the different urban situations, depending on the geometry and orientation

of the canyon, and the wind speed and direction at the meteorological station. For this

paper, the terrain type with a roughness of 5.0 was assumed, which is a typical value for a

dense urban area. The average urban height, building density, and vertical-to-horizontal

building area ratio were calculated using the same data generated for the UWG program.

The length-to-width ratio of the road was more than 20; hence, the canyon height-to-width

ratio was checked, and it was identified that the case study building was exposed to the

urban canyon wind. The case study building had five stories; the urban canyon wind was,

therefore, required to be calculated from its relative building height above the ground level.

It was considered 7 m above street level for Level 2 and 15 m height for Level 4. Hourly

wind speed values of canyon wind were calculated for the undisturbed wind, and wind

direction values were found in the rural weather files. The urban canyon wind speed values

were then replaced with the urban weather files generated from the UWG program.
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Table 2. The input data used in the UWG’s.xlsm file.

Urban Characteristics Input Data Vegetation Parameters Input Data

Average Building Height 15.78
Urban Area Veg
Coverage

0.0157

Fraction of Waste Heat
into the Canyon

1
Urban Area Tree
Coverage

0.0245

Building Density 0.473 Veg Start Month 1
Vertical-to-Horizontal
Ratio

1.078 Veg End Month 12

Urban Area
Characteristic Length

250 Vegetation Albedo 0.25

Max Dx 62.5 Latent Fraction of Grass 0.5
Road Albedo 0.1 Latent Fraction of Tree 0.5

Pavement Thickness 0.5
Rural Road Vegetation
Coverage

0.8

Sensible Anthropogenic
Heat (Peak)

20

Latent Anthropogenic
Heat (Peak)

2

tt

ff

Figure 7. Algorithm for the calculation of wind speed in urban canyons [38].

Incorporating urban characteristics within future weather files may not be as straight-

forward as in the case of current weather files. This is because the impact of climate

change may not be linear in cities and will depend on its building density, morphology,

and materials. However, the approach currently adopted in creating urban future climate

files for simulation is to change future weather files using urban morphing software 2.0

to incorporate urban perturbations. This was adopted in this paper following previous

work [39] and as practiced by other researchers [40].

Finally, the overshadowing impact was taken into account by incorporating the sur-

rounding buildings in the Dynamic Thermal Model (DTM) used for the hourly simulations.

The DTM tool used was Energy Plus, using the DesignBuilder interface [41].

2.3. Development of Climate Correlation Models

In many climates, heating and cooling are not required throughout the year. In the case

of the building in Athens, the heating demand is very low or zero for the months of March

to November. Cooling demand is low for the months of November to May. Therefore,

there are months in the year (November and March/April/May) when, with informed

operation by the occupants, the building could be operated in a free-floating mode (without
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the need for mechanical-assisted heating or cooling). For this to be successful, occupants

need to know what to do during the day and night when it comes to using the windows to

provide ventilation and cooling and using the shading to reduce/increase solar gains. The

correlation model developed and presented in this paper facilitates informed operation by

the occupants, which will provide acceptable internal environmental conditions.

Within the PRELUDE H2020 project [42], a climate correlation model was developed

to help occupants of low-technology buildings (i.e., no sensors and actuators) to obtain

information on how to operate ventilation openings and shading devices to achieve the best

internal environmental conditions in their space. The development of the climate correlation

model was presented at the AIVC Conference in 2022 [43], and a more detailed report can

be found in [44]. In summary, for each building in which the model would be applied,

a dynamic thermal (DTM) and daylighting simulation model needs to be developed,

where the simulations are run for the whole year using appropriate weather files for the

location and linear correlations are developed between the external and internal conditions.

Then, using the equations of the linear correlations, a prediction can be made for internal

conditions in the space given a forecast of the external conditions for the days of interest.

Considering the variability and uncertainty of weather forecasts, predictions should be

made for one or two days ahead. Using the predictions, suggestions to the occupants can

be made on how to operate their windows and shading devices so that they achieve the

best environment in terms of thermal comfort, indoor air quality, and daylighting.

The relatively simple linear correlation was used because the method should be able

to be executed by working consulting engineers and building managers who might not be

familiar with the use of more sophisticated data analysis techniques that could have been

used, such as, for example, machine learning, a subset of artificial intelligence that has been

used extensively in building data and energy analytics. The presented method requires

only an engineer/architect familiar with DTM and Excel spreadsheets.

To derive climate correlations for the building, a specific DTM model was devel-

oped using its geometrical, construction, and operational characteristics, as presented in

Section 2.1. The model requires correlation equations to predict both (a) internal operative

temperatures from external air temperatures and (b) air flow rates from either the wind

speed or temperature gradient between the inside and outside. Internal contaminant con-

centrations can then be calculated based on the air flow rate and using single-zone mass

balance equations if the contaminant generation rate is known. Hourly simulations for one

year were carried out for the building and its weather under different operational (window

opening) scenarios. Correlations were derived for each scenario with the equations to be

used for the Excel climate correlation model, as shown in Table 3. For the intervention tests,

Scenario 3 was used because it was a relatively warm period.

Table 3. Correlation equations for thermal comfort and ventilation.

Scenario

Correlation
Parameters

The Coefficient of
Determination (R2)

Correlation Equation for Thermal Comfort
and Ventilation

Outdoor
(x)

Indoor
(y)

Window
Closed

Window
Open

Window Closed Window Open

1

DBT OT 0.8083

n/a

y =

0.0049x2
+ 0.5684x + 13.13

n/aWS ACH 0.3025
y =

0.0009x2
+ 0.0003x + 0.0145

IVT ACH 0.0038
y =

456006x2
− 115.17x+ 0.0296
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Table 3. Cont.

Scenario

Correlation
Parameters

The Coefficient of
Determination (R2)

Correlation Equation for Thermal Comfort
and Ventilation

Outdoor
(x)

Indoor
(y)

Window
Closed

Window
Open

Window Closed Window Open

2

DBT OT 0.8058 0.9038
y =

0.0062x2
+ 0.4961x + 13.302

y = 0.0054x2
+ 0.5891x +

10.573

WS ACH 0.2777 n/a
y =

0.0006x2
+ 0.4961x + 0.0091

n/a

IVT ACH 0.0021 0.9239
y =

443202x2
− 88.192x+ 0.0244

y =

−1e8x2
+ 46190x + 3.671

3

DBT OT 0.6825 0.8371
y =

−0.0069x2
+ 0.991x + 7.1

y = −0.0119x2
+

1.2893x + 4.6004

WS ACH 0.3241 n/a
y =

0.0005x2
+ 0.0023x + 0.0044

n/a

IVT ACH n/a 0.7947 n/a
y =

5e7x2
+ 29465x + 3.5756

Scenario 1 = windows always closed, Scenario 2 = windows open (2 h daily in winter), and Scenario 3 = windows
open (2 h daily plus summer: from 20:00 to 08:00). DBT = dry bulb temperature (◦C), WS = wind speed (m/s),
IVT = inverse of indoor and outdoor temperature differences, OT = indoor operative temperature (◦C), and
ACH = air change per hour.

2.4. Tests of the Climate Correlation Model

The climate correlation equations were implemented in an Excel spreadsheet to predict

the internal temperature and CO2 as an indicator of the IAQ in the apartment. CO2

concentration was calculated within the spreadsheet from the occupancy data for emissions

and predicted air flow rates using mass balance equations.

The test in the Athens building was carried out from 16 to 18 April 2024 during a

relatively mild period when the building was operating in a free-floating mode. Before

the intervention, we had discussions with the occupants on the purpose of this study and

their consent was obtained. They were interested to see the results on how they could

improve the conditions in their space and were keen to implement them. The results were

subsequently presented to them and the manager of the building. They commented that

the instructions were easy to follow and did not report any issues while operating the

openings and shading.

The day before the intervention (late in the evening), hourly forecast data were ob-

tained using Open Meteo [45]. These included forecast hourly data for external temperature,

wind speed, and global solar radiation, and they were input into the Excel tool. The Excel

tool was run, and the optimum operation for windows and blinds was derived and sent

to the building occupants via email. A screenshot of the simulation results is shown in

Figure 8. This shows graphically the achievable air temperature, CO2, and natural lighting

levels in the space according to Scenario 3 for window opening, which is two hours during

the day (one in the morning and one in the afternoon) and during the night from 20:00

until 8:00. It indicates that thermal comfort and IAQ (using CO2 as the indicator) were

satisfactory. It also shows how to use the shading (blinds closed between 13:00 and 18:00)

to avoid high natural lighting levels, which can cause discomfort.
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tt

Hour External weather forecast Internal thermal comfIndoor Air Quality Natural Lighting
External TeWind Solar Radiation Internal Temperature CO2 Lux (Open)

0.0 18.9 1.4 0 24.72 OK 527 OK 0 No action
1.0 18.6 3.6 0 24.46 OK 527 OK 0 No action
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17.0 23.4 11.4 461 26.51 OK 859 OK 1275 Close blinds
18.0 22.8 8.8 299 26.11 OK 902 OK 3103 Close blinds
19.0 21.9 6.8 134 25.49 OK 952 OK 483 No action
20.0 20.7 4.3 0 26.19 OK 415 OK 0 No action
21.0 19.3 3.3 0 25.05 OK 413 OK 0 No action
22.0 18.4 4.6 0 24.29 OK 526 OK 0 No action
23.0 17.7 2.7 0 23.69 OK 525 OK 0 No action
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Figure 8. A screenshot of the Excel tool predictions for 17 April 2024 in Athens.

The recommended actions sent to the occupants by email were as follows:

Tuesday, 16 April and Wednesday, 17 April

Close the window at 8 in the morning

Open the window at 3 for one hour

Open the window at 8 pm and leave it open during the night (and then close it at 8 in the morning).

The window does not need to be completely open, just ajar, for example, 10 cm of opening (whatever

is convenient—it does not matter how much it is open as long as it is open).

If it is too cold at night, then they should close it and just tell us.

Curtains should be closed between 3 p.m. and 6 p.m.

The occupants implemented the instructions very well, although they reported some

variations as follows: They started the test on the morning of 16 April at 8 am when they

opened the window for 30 min, and then they kept it closed as per instructions. They forgot

to open the window at 15:00, but they did it the following day. The occupants reported that

the instructions were clear and were able to follow them; they did not report any issues on

external noise because of the open windows as their space opens to the back of the building

away from the main road.

3. Results and Discussion

DTM simulations were carried out as described in Section 2.2. Data obtained from the

building were used to define inputs for the EnergyPlus model, such as construction, sched-

ules, and internal heat gains, which were supplemented by values from BSEN 16798-1 [26]

when data were not available, as presented in Section 2.1. Figure 9 shows the four simula-

tions performed. The first set of simulations were carried out using rural weather files with

no overshadowing. The second set also used rural weather files with adjacent buildings

in place to include overshadowing. The third set of simulations used urban weather files,

as morphed using the Urban Weather Generator, including overshadowing. Finally, the

fourth set of simulations used the urban weather files with wind speed corrections for the

urban canyon and including overshadowing. The four sets of simulations were performed

using current and future weather files, and the results were extracted for two levels in the

building: Level 2 representing the lower floor, and Level 4 representing the higher floor.
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ff

ffi

ff

Figure 9. The tested cases for current and future weather scenarios.

3.1. Comparison of Weather Files

The differences between the various weather files are compared in Figure 10. The

comparison of the urban weather files with typical weather files showed, as expected,

higher temperatures in the urban environment. This is well documented in the literature

and has been reported by many studies and review papers (e.g., [46,47]). The results also

show that the air temperature increases in future weather conditions, but the annual mean

temperatures were lower than 21 ◦C in all scenarios. However, when the temperature

values were assessed for the summer period only, a significant temperature increment

could be observed in future weather conditions, reaching its summer average temperature

above 31 ◦C, which will indicate that mechanically assisted cooling might be required

during these months for internal thermal comfort. The analysis of wind speeds shows that

it reduces significantly within the urban canyon. The average urban canyon wind speed,

generated for Level 4, which is located 15 m above the ground level, was as low as 1.5 m/s

and mostly still throughout the year. That implies decreasing natural ventilation efficacy

for cooling in this location, which can only be predicted if the urban canyon modification

is included in the weather files. It also changes the infiltration rate, which would affect

heating and cooling demand.

ff

ffi

ff

Figure 10. Comparison of the outdoor dry bulb temperature and wind speed in different weather files.
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3.2. Annual Energy Demand

The annual heating and cooling demand for the current and future weather conditions

are presented in Figure 11 and Table 4 for the lower floor (L2) and higher floor (L4) of the

building, as well as the roof (penthouse). For the roof-level rooms, the weather files were

created by calculating the urban canyon wind at 18 m above street level.

ff

 

Figure 11. The annual heating and cooling demand of Level 2, Level 4, and the roof.

Table 4. The heating, cooling, and total energy demand for the various weather scenarios.

Weather File Heating
Change

Ratio

Cooling
Change

Ratio

Total
Change

Ratio
Overshadowing Included kWh/m2/Year kWh/m2/Year kWh/m2/Year

Building Level 2

Current Weather 26.8 34 60.8

Current Urban
Weather (UWG)

21.1 0.79 41.9 1.23 63.8 1.05

Current UWG, Urban
Canyon Wind

19.5 0.73 42.1 1.24 62.3 1.03

Future Weather 16.7 0.62 46.6 1.37 63.9 1.05

Future Urban
Weather (UWG)

12.6 0.47 56.4 1.66 69.5 1.14

Future UWG, Urban
Canyon Wind

11.7 0.44 56.4 1.66 68.5 1.13

Building Level 4

Current Weather 15.7 50.4 66.1

Current Urban
Weather (UWG)

12.3 0.78 60.0 1.19 73.1 1.11

Current UWG, Urban
Canyon Wind

10.8 0.69 62.5 1.24 74.0 1.12

Future Weather 8.9 0.57 68.3 1.36 77.8 1.18

Future Urban
Weather (UWG)

6.7 0.43 78.9 1.57 86.0 1.30
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Table 4. Cont.

Weather File Heating
Change

Ratio

Cooling
Change

Ratio

Total
Change

Ratio
Overshadowing Included kWh/m2/Year kWh/m2/Year kWh/m2/Year

Building Level 4

Future UWG, Urban
Canyon Wind

5.9 0.38 81.2 1.61 87.5 1.32

Roof (Penthouse)

Current UWG, Urban
Canyon Wind

20.97 0.78 70.53 2.63 92.3 1.52

Future UWG, Urban
Canyon Wind

12.18 0.45 93.75 3.50 106.4 1.75

The results of the annual energy demand indicate, as expected, that future weather will

demand higher cooling and lower heating because of an increase in external temperature.

It also shows that there is a variation of energy demand on the vertical location of the

space simulated. A higher floor would demand more cooling and less heating compared

to a lower floor due to the lower wind speeds near the ground reducing infiltration and

ventilation losses. The highest total energy demand would be for higher floors in the future.

The results indicate higher heating and cooling demand because there were no overshadow

effects, from the surrounding building and wind speeds were higher.

Table 4 shows the numerical results of the simulations. The change ratio is the ratio of

the energy demand over the baseline weather file, which was not adapted (current weather).

We can see that the heating demand was reduced at all levels by more than 50% for future

urban weather, and the cooling increased much steeper for the penthouse; meanwhile, the

overall energy demand will be 13% more for lower floors, 32% more for intermediate floors,

and 75% for high floors.

These predictions, although they are indicative as they apply on scenarios about the

future climate, using different scenarios or even methods to generate future weather data

might give different absolute values [48], but the trend will remain similar.

3.3. Monthly Energy Demand

The impacts of weather and microclimatic conditions on monthly heating and cooling

demand are presented in Figures 12 and 13, where the difference between rural and urban

weather files, overshadowing, and urban canyon wind effects are considered. Results using

future weather files are also presented.

Figure 12 shows that heating demand was mainly from December to March due to

the cold season in Athens. The heating demand of the building placed in the open terrain

without adjacent buildings was less than the urban building because of the useful solar gains

in a climate with relatively high solar radiation, even during the winter months. Therefore,

simulating overshadowing is important as it would affect (increase) the heating demand

significantly in all cases. As expected, using urban temperatures and future weather would

reduce the heating demand because of the increase in outdoor air temperatures. Due to the

effect of the urban canyon wind, the heating demand could be reduced because infiltration

will be lower, reducing the impact of external cold air. At a building level, the heating

demand of Level 2 is higher than Level 4 because of the overshadowing effect affecting

lower floors more. Overshadowing seems to have a higher impact than infiltration on

lower floors, which would have reduced heating demand because of lower wind speeds

near the ground.
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ffi

Figure 12. The monthly heating demand of the Level 2 and Level 4 rooms.

 

ffi

Figure 13. The monthly cooling demand of the Level 2 and Level 4 rooms.

Figure 13 shows that cooling demand was mainly during the summer months of June

to September. Contrary to the heating demand, the cooling demand of a building in the

open terrain was higher than the urban building due to solar gains; therefore, simulating

overshadowing was also important for a more accurate prediction of cooling demand.

As expected, using urban temperatures and future weather would increase the cooling

demand. Urban canyon wind had a very small impact on the cooling demand; one would

have expected this because the infiltration is reduced because of lower wind speeds, and

cooling demand would have reduced during the day and increased during the night. It

seems that the overall effect saw a slight increase in cooling demand. At a building level,

the cooling demand of Level 2 is less than Level 4 because of the overshadowing effect from

the surrounding buildings, which reduces the solar heat gain. At the same time, because of

the urban canyon wind, the cooling demand is slightly higher for Level 4; as in the case of

heating demand, infiltration will be higher on higher floors, which will increase the cooling

demand during the day and possibly reduce it during the night. However, the balance with

the overshadowing impact results in a very slight increase in cooling demand at Level 4

because of urban wind.
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3.4. Results of Climate Correlation Intervention Study

As discussed in Section 3.3, for the case study building in Athens, the heating demand

was very low or zero for the months of March to November (Figure 12), and the cooling

demand was low for the months of November to May (Figure 13). Therefore, there were

months in the year (November and March/April/May) when the building could be oper-

ated in a free-floating mode (without the need for mechanical-assisted heating or cooling).

During these periods, results by the climate correlation model would be very useful to

inform occupants on how to operate their building more efficiently to maintain thermal

comfort and indoor air quality without using energy.

The predictions of the climate correlation model were compared with measured data

in the building. A Hobo MX CO2 logger [49] was installed in one of the bedrooms for which

the occupants were willing to take part in the study. The logger measured air temperature

and CO2 in 30 min intervals. Figure 14 presents the measured data in the bedroom during

the two days of the test and the surrounding days. It can be seen clearly that the CO2

level was much lower during the test days, indicating improved IAQ through ventilation.

The average CO2 level was 853 ppm during the test days in comparison to 1626 ppm

during the two surrounding days. The temperature trace also showed that internal thermal

comfort was acceptable despite opening the window at night and the weather becoming

a bit colder. The occupants seemed to stay in their room during the afternoon, and, in

hindsight, opening the window in the afternoon for more than one hour should have

been recommended. Nevertheless, the CO2 levels are acceptable, especially on the second

afternoon when the window was opened for one hour as recommended (18 April).
ff

ff

 

ff

 

 

 

Figure 14. Environmental conditions in the bedroom for the two days of the test and surrounding days.

The occupant’s behavior in opening windows has been identified in other recent stud-

ies [50], indicating that information about what to do during different weather conditions

would affect the quality of internal comfort.
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4. Conclusions

This paper has shown (using an operational residential case study building in Athens)

that the urban environment has a significant impact on both the heating and cooling

energy demand of a building. The impact depends on the urban density, urban textures,

and exposure to the wind. Future climate change will also have an impact combined

with the changes due to the urban microclimate. Six weather files were generated using

UWG (changes in temperature) and urban canyon wind calculation. In addition, the

overshadowing effects were simulated. The results of the simulation experiment showed

the following:

• The heating demand could decrease in future, while the cooling demand could increase

due to the increase in outdoor dry bulb temperature.

• Results vary with the height of the space, with higher floors demanding less energy

for heating and higher energy for cooling, and this is mainly due to overshadowing,

which changes solar gains.

• There are increased external temperatures due the UHI decrease heating energy de-

mand and increased cooling energy demand when overshadowing is also considered.

• The urban canyon wind caused lower wind speed, which influences energy con-

sumption (due to changes in infiltration rates). This is more pronounced for the

heating demand.

• There are extensive periods in the year when both heating and cooling energy demand

is very low; thus, the building could be used in a free floating (no cooling, heating, or

mechanical ventilation) mode during these periods.

In order to ensure good internal environmental quality during the times that the

building is operated in free-floating mode in low-technology buildings (which is the

majority of older residential buildings), occupants need to know how to use windows and

shade according to external prevailing conditions. A method is outlined on how this can be

done and was applied in the case study building with encouraging measured results.

5. Limitations and Further Research

This paper focused on a specific case study building with certain thermal characteris-

tics; other buildings with different patterns of use (affecting internal heat gains) and thermal

characteristics (construction of external envelope) might respond differently, although we

believe that the trend will be similar. This variation has not been addressed in this work, so

applicability for other buildings is required for it to be investigated further.

Statistical tests to investigate quantitatively how much of the data variance can be

explained with the proposed model have not been included in this paper. This needs to be

addressed in future work of the model’s development together with its applicability for

other building types and construction.

This work used typical weather files for the simulations. Variations of weather to

include heatwaves have not been incorporated; this will primarily affect the internal

conditions during free-floating use of the building and that, to a lesser extent, cooling loads

depending on the frequency and length of heatwaves.

The occupant-facilitated operation, during periods when cooling or heating is not

needed, was tested in the operational building for a period of two days. Further testing

and feedback by the occupants will add to the validity and efficacy of the proposed actions.

In addition, the impact of external conditions, such as the external noise and levels of

external pollution, should be considered depending on the position of the space in the

urban context.
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