DOI: 10.38027/ICCAUA2023EN0262

Chapter 5

Urban Building Energy Modeling (UBEM) and
Analysis

* Sinem Esen and Melik Ziya Yakut

Introduction

Cities, which have a large share in energy consumption, have been expanding at an increasing rate in recent
years. Today, more than half of the world's population (57%) lives in urban areas, and the proportion of people
living in urban areas is projected to reach 68% by 2050 (Demographia, 2022; UN-Habitat, 2022). Especially in
big cities, energy demand is increasing rapidly with the increase in population. The energy demand in these
areas corresponds to the sum of the energy used in various sectors such as heating, cooling, lighting,
transportation, and industry. Globally, 30% of total final energy consumption and 27% of total energy sector
emissions originate from the buildings and building construction sectors (IEA, 2022). Urbanization is thus one
of the biggest challenges of this century, about climate change and the need to improve the sustainable use of
energy and other natural resources (Hong et al., 2020). As the demand for energy in urban areas increases, so
does the impact on the environment. Globally, urban areas have an energy consumption rate of between 60%
and 80% and are the source of 75% of greenhouse gas emissions (UNEP, 2023). The fact that the use of fossil
fuels causes the release of carbon dioxide and other greenhouse gases into the atmosphere, which leads to air
pollution and global climate change, shows the importance of switching to renewable energy sources and
developing energy-efficient strategies in urban areas. For this purpose, various steps should be taken to
increase energy efficiency in urban areas. Accordingly, buildings need to be adapted to minimize the passive,
negative effects of climatic factors on heating and cooling energy demand (Rahbarianyazd & Raswol, 2017).

Urban areas have great potential in terms of reducing global climate change with the steps to be taken
toward the efficient use of energy. Urban Building Energy Modeling (UBEM), one of the methods to evaluate
this potential, is a valuable methodology that can overcome these challenges as it provides users with the
energy demand of the building stock, peak loads, scenario evaluation, and other useful analysis (Maccarini et
al, 2021). UBEMs are a relatively new development that allows the simulation of multiple buildings using
extensive information about the building stock (Buckley et al., 2021). Accordingly, UBEMs are formal systems
that represent the processes of obtaining and using energy to meet the energy demands of a particular urban
area (Keirstead et al,, 2012). UBEM aims to evaluate strategies for optimizing building energy use at the urban
scale to support a city's building energy goals (Carnieletto et al., 2021 The energy modeling at scale, that is, the
urban zone, is considered UBEM from the neighborhood to the street block level (Reinhart & Davila, 2016; Yang
& Jiang, 2019). A correct UBEM is the basis for supporting the design of energy-efficient communities (Hu et al,,
2022).

Modeling urban energy use is a challenging task due to the complex nature of cities and the fact that it
depends on a wide variety of factors to provide an accurate representation of real-world urban energy systems.
Obtaining a realistic representation of these systems is time-consuming and computationally costly because
they are in complex relationships with many factors (Abbasabadi & Ashayeri, 2019). Cities, therefore, require
a lot of effort for manual modeling, data collection, and generation of urban energy models (Schiefelbein et al.,
2019).

This study, it is aimed to create an applicable and practical model framework for modeling urban areas
and estimating energy demand at the urban scale. The model framework created is intended to be applicable
for urban areas in countries experiencing situations such as lack of building stock systems and datasets, the
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need to create extra algorithms, difficulties in obtaining real energy consumption data, etc. In this direction,
three separate UBEM frameworks were created with the City Energy Analyst (CEA), Spacemaker-Revit, and
UBEMLIO tools. These UBEM frameworks were examined in terms of analyzing the energy demand of a TOKI
site consisting of 13 blocks located in Ankara's Mamak district. The energy demand analyses made within the
UBEM frameworks created for the application area were compared with the annual energy consumption data
of the area and the most applicable UBEM framework was determined for the specified situations.

UBEM Approaches

UBEMs used to model the energy consumption of buildings can generally be grouped into two categories: "top-
down modeling approach" and "bottom-up modeling approach”. The top-down modeling approach is divided
into the econometric model and the technological model (Swan & Ugursal, 2009). The bottom-up modeling
approach is divided into three as physics-based dynamic simulation method, reduced-order method, and data-
driven method. Of these, the data-driven method is divided into a statistical model and artificial intelligence
(AI)-based model (Abbasabadi & Ashayeri, 2019; Ali et al., 2021). Figure 1 shows the hierarchy of the urban
building energy modeling approach.
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Figure 1. The hierarchy of the urban building energy modeling approach (Swan & Ugursal, 2009; Abbasabadi
& Ashayeri, 2019; Ali et al.,, 2021).

The top-down modeling approach is suitable for assessing energy at the national level and exploring the
interrelationships between the energy sector and economic outputs to fit historical time series datasets of
energy consumption or carbon dioxide emissions (Swan & Ugursal, 2009; Kavgic et al., 2010; Lim & Zhai, 2017).
Econometric models are based primarily on energy use about variables such as income, fuel prices, and gross
domestic product to express the link between the energy sector and economic output. Technological models
consider factors such as saturation, technological growth, and structural reforms that affect energy use (Swan
& Ugursal, 2009; Kavgic et al., 2010).

Bottom-up models consider the energy consumption of individual buildings or groups of buildings and
then, based on the representative weight of the modeled sample, evaluate these results in an integrated
framework and estimate them to be representative at the urban, regional, or national scale (Swan & Ugursal,
2009; Li et al.,, 2017; Ferrando & Causone, 2020). Since the bottom-up modeling approach is based on the
energy calculation of individual buildings, they are more stable and accurate and more widely used than the
top-down modeling approach (Li et al., 2020). Physics-based dynamic simulation method considers heat
transfer in buildings and their interrelationships between systems. It uses thermodynamic principles and
construction, climate, and systems data to predict energy consumption. Accordingly, this method, which deals
with the numerical representation of structures and their relationships with the surrounding environment, can
analyze the energy consumption of structures with detailed spatiotemporal precision (Abbasabadi & Ashayeri,
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2019; Ferrando et al., 2020). The reduced-order method, which is another UBEM method for the bottom-up
modeling approach, is a method that provides the evaluation of urban building energy performance, which
requires simple inputs compatible with the normatively configured model parameter values (Hong et al., 2020).
The data-driven method is used to estimate building energy consumption using simple benchmarking or more
complex regression modeling and to correlate building design and operational parameters with energy
consumption. This method uses measured data, such as hourly electricity data and energy usage density
databases, for modeling (Hong et al., 2016). Statistical models for this method are based on the analysis of time
series or cross-sectional actual energy use data based on end-use information and give an estimate of energy
demand. This means that similar to top-down models, statistical models can capture consumption patterns
based on variables related to end-use (Johari, 2021). In addition to the statistical model, the artificial
intelligence (Al)-based model is also widely used in models using the data-driven method. An Al-based model
is essentially based on Machine Learning (ML) techniques that model the energy use of urban buildings by
automatically learning data models. The model learns and trains the historical dataset to find the mathematical
relationship between building energy use and influencing factors such as building features, urban features, and
occupancy characteristics (Abbasabadi & Ashayeri, 2019). In light of the information explained various studies

on the UBEM approach are summarized in Table 1.

Table 1. Summary of UBEM studies.

Source Platform/ City/ UBEM objective
tool Region
Pedersen etal., 2008 Regression = Norway Build a load estimation method that estimates
heat and electrical load profiles across various
building categories
Zhao et al., 2011 CoBAM, United Establishing an ABMS simulation method to
Statistics States predict multiple building stock energy
performance
Energy Berlin To estimate the energy demands of buildings on
Kaden & Kolbe, 2013 . ’ an urban scale using statistical data integrated
Atlas Berlin ~ Germany . .
with Energy Atlas Berlin
Reinhart et al., 2013 UMI Boston, Examine UMI, which enables operational
Massachuse energy, daylight, and walkability assessments at
tts the urban scale
Vermeulen et al,, 2013 CitySim Paris, Using the urban energy simulation tool CitySim
France with a hybrid evolutionary algorithm
Mastrucci et al,, 2014 Multiple Rotterdam, To determine the energy consumption profile
linear Netherlands and savings potential of large housing stocks
regression with a GIS-based statistical approach
Fonseca & Schlueter, 2015  GIS Zug, To create an integrated model for the
Switzerland characterization of spatial-temporal energy
consumption patterns at the urban scale
Nouvel etal., 2015 SimStadt Ludwigsbur Examining the wurban energy simulation
g, Germany  platform SimStadt in planning the urban-scale
energy transition
Fonseca etal., 2016 CEA Zug, Examine CEA for analysis and optimization of
Switzerland energy systems at the urban scale
Hongetal, 2016 CityBES Manhattan, = Examining CityBES, which focuses on energy
New York modeling of a city's building stock for urban-
scale energy efficiency
Ma & Cheng, 2016 GIS, Big New York Develop a GIS-integrated data mining
Data, methodology to predict building EUI at the city
Regression scale
Muehleisen & Bergerson, UrbanSim San Enabling UrbanSim to be combined with the ISO
2017 Francisco, model to predict energy use and GHGs at the
California urban scale
Heidarinejad et al., 2017 OpensStudio United Ra.pid.ly create urban scale reduced-ordered
States building energy models
Gleisdorf Establishing a validated methodology for urban
Nageler etal., 2017 IDA ICE Austria ’ scale building modeling based on publicly

available data
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Alhamwi et al,, 2018 GIS, Oldenburg,  Modeling urban-scale energy demand using
Regression  Germany only open-source data and models
Remmen etal.,, 2018 TEASER Bonn, Examining TEASER at building, neighborhood,
Germany and urban scales
Papadopoulos & XGBoost, New York Establishing a building energy performance
Kontokosta, 2019 GREEN rating methodology using urban-scale energy
use and building data
Pasichnyi et al., 2019 Statistics, Stockholm, Establishing an approach to use rich datasets to
EPC Sweden develop different building archetypes based on
urban energy problems
. . OSM, Bottrop, Establishin an urban ener; modelin
Schiefelbein et al, 2019 TEASER GermaII)ly approach bised on GIS datasets ¥ i
Luetal, 2021 UMI Vancouver, Integrating outputs from CIMS with buildings at
Canada UM], a spatially open UBEM
Maccarini et al., 2021 Modelica Kage, To create an open-source tool for use in
Denmark automatically converting 3D building models to
Modelica models for urban energy simulations
Nutkiewicz et al., 2021 Deep Sacramento, Extending a DUE-S model by estimating the
learning California urban-scale impact of building energy retrofits
Prataviera et al, 2021 EUReCA Padua, Italy B.uilding anew open-source tool for urban scale
simulations
Perwez et al.,, 2022 GIS, BSEM, Japan Creating a new hybrid model to facilitate the
Ml simultaneous handling of multiple building-

oriented elements

In line with the studies summarized in Table 1, studies in the field of UBEM are generally on bottom-up UBEM
approaches and physics-based dynamic simulation method, reduced-order method, and data-driven method.
In addition, there are studies conducted to produce solutions for problems such as the supply and
standardization of the data required for the specified methods, and model accuracy. In line with these studies,
current approaches have some limitations in representing a realistic UBEM and assessing energy use for urban
scales, and a fully detailed simulation is not yet possible for UBEM, which deals with the complex representation
of large areas (Swan & Ugursal, 2009; Abbasabadi & Ashayeri, 2019). While the supply of data required for
UBEM and the complexity of the city are the main problems, the use of mixed databases that prevent the rapid
creation of large models and the use of a different terminology from one tool to another that prevents
comparison between tools are also among the current problems (Schiefelbein et al., 2019; Ferrando et al., 2020,
Wang et al.,, 2022). Data quality, privacy, access, and security are issues that need to be addressed (Hong et al,,
2020). Although actual consumption values are available at different energy companies, these data are often
not shared due to privacy regulations and economic interests (Kaden & Kolbe, 2013). Readily available public
building information datasets provide a good starting point for UBEM, but many cities do not provide such
detailed building information (Deng et al., 2021). Simulating all buildings in cities, which are complex systems,
also requires significant computing resources. Modeling the annual energy performance of a large number of
buildings in a reasonable time poses a large-scale computational challenge that requires next-generation
supercomputers (Hong et al., 2020). However, in many cases, licensing costs, lack of transparency, reduced
capabilities of selected computational methods, and the need for advanced computing capabilities have
restricted the wider adoption and use of various advanced programs, particularly in the regions of the Global
South and more specifically in South America, South Asia, and low- and middle-income countries (Amrith et al.,
2022). Studies conducted and UBEMs created provide validity for certain fields. In areas other than this, there
are problems such as the lack of building stock systems and data sets, the need to create extra algorithms,
difficulties in obtaining real energy consumption data, etc. This study contributes to the literature by creating
a valid UBEM framework that is applicable to urban areas experiencing these situations and analyzing the
energy demand of urban buildings through the model. In general, the use of UBEM tools is challenging in terms
of the need for hard-to-find individuals with training in multiple fields, standardized building energy use data
and the lack of construction databases, and requires a great deal of time for such reasons (Ang et al., 2022).

Material and Methods

This study, it is aimed to create an applicable and practical model framework for modeling urban areas and
estimating energy demand at the urban scale. The model framework created is intended to be applicable for
urban areas in countries experiencing situations such as lack of building stock systems and datasets, the need
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to create extra algorithms, difficulties in obtaining real energy consumption data, etc. In this direction, three
separate UBEM frameworks were created with the City Energy Analyst (CEA), Spacemaker-Revit, and UBEM.I0
tools. These UBEM frameworks are examined in terms of analyzing the energy demand of an urban area in
Turkey. The flow chart of the study is shown in the Figure 2.
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Figure 2. Flow chart of the study.

CEA, one of the tools selected to be examined in the study, is a program that can provide energy demand
analysis for the determined urban implementation area within its structure. Apart from this, energy analysis
can be performed with auxiliary tools for the other two tools selected for examination. Flowcharts of UBEM
frameworks created from Spacemaker-Revit, UBEM.IO, and its auxiliary tools are shown in Figure 3 and Figure

4, respectively.
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Figure 3. Spacemaker-Revit UBEM flowchart.
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Figure 4. UBEM.IO flowchart.

In order to create the determined UBEM frameworks, a TOKI site consisting of 13 blocks located in the Mamak
district of Ankara was chosen as the implementation area, and energy analyzes were carried out for this area.
The satellite location and residences of the implementation area are shown in Figure 5.

A gy

Figure 5. Satellite location and residences of the implementation area.

4 of the blocks in the selected area have 8 floors, and 9 of them have 10 floors. The energy demand analyses
made within the UBEM frameworks created for the implementation area were compared with the annual
energy consumption data (fuel, electricity) of the area. Accordingly, the usability of the UBEM frameworks
created for the countries experiencing the above-mentioned situations was examined. In determining the
energy consumption data of the area, limited data obtained from the site, Baskent Dogalgaz Dagitim GYO A.S
(2023) and Enerjisa (2023) were used. Accordingly, the annual energy consumption data per square meter of
the implementation area is shown in Table 2 and the Energy Use Intensity (EUI) of the area is 232.78 kWh/m?2.

Table 2. Annual energy consumption per square meter of the implementation area.

kWh/m?
Fuel consumption 210.67
Electricity consumption 22.11

Total energy consumption 232.78

City Energy Analyst (CEA)

CEA (City Energy Analyst) is software with a simulation engine for calculating hourly energy flows between
buildings, users, and the environment. It has a computational framework for analyzing and optimizing energy
systems in neighborhoods and urban scales. This computational framework consists of a set of tools for the
analysis of urban energy systems. These tools are built on standard dynamic simulation models and
interdisciplinary know-how (Hong et al., 2020; The CEA team, 2022).
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In order to prepare UBEM geometry in CEA, data entries were made for basic information such as location
information, loading of the weather file, etc. in the urban area determined for Ankara province. After the
preparation of the UBEM geometry with the basic data entries, many data entries such as building area,
typology, architecture, and usage type were made through the program. After all the necessary data entries
were completed, energy demand analysis was performed through the urban building energy model created by
the program.

Spacemaker-Revit

Spacemaker is a cloud-based artificial intelligence software that enables the analysis and design of urban areas.
It creates 3D collective models of the urban area and its surroundings using automated datasets and provides
their analysis for criteria such as daylight, sun, wind, and microclimate (Loftus & Bassge-Eriksen, 2022). Revit,
on the other hand, is a BIM (Building Information Modeling) software that includes interdisciplinary tools in
the fields of architecture and engineering. A transfer from Spacemaker to Revite is provided via the Spacemaker
plug-in for Revit for use in measuring energy demand. This plug-in facilitates interoperability between
Spacemaker and Revit (Spacemaker, 2020). After the energy demand analysis is done through Revit, the project
is transferred to Insight for review. Insight is a web-based Revit plug-in that offers practical improvements to
improve design through energy demand analysis (Autodesk, 2023).

In order to prepare the UBEM geometry in Spacemaker, firstly, building footprints of the selected urban
area were obtained via OpenStreetMap (OSM). OpenStreetMap is an open-source, web platform that provides
map data (OpenStreetMap, 2023). This area is then uploaded to the Spacemaker web interface. Basic data
entries were made for the implementation area through Spacemaker's web interface. Following the completion
of the basic data entries, field metrics, daylight potential, solar analysis, wind analysis, and microclimate
analysis were performed. After the analysis, it is possible to transfer from the Spacemaker web interface to
Revit at the stage of measuring the urban energy demand. Accordingly, the transition from Spacemaker to Revit
was made through the plug-in created for Revit to create an energy analytical model. An energy analytical
model of the implementation area was created to perform energy demand analysis on the project transferred
to Revit via the plugin. In this direction, location and weather data were selected and data entries related to
building and mass elements were provided. After the data entries were completed, the energy analytical model
created for the implementation area was transferred to the web-based Insight software via Revit using the
plug-in.

UBEM.IO

UBEM.IO is an open-source web tool that generates the UMI file that the energy modeler will use to run
operational building energy simulations at the neighborhood level (UBEM.IO, 2020). UMI (Urban Modeling
Interface) is an urban modeling interface for analyzing energy consumption at the neighborhood scale (Hong
etal., 2020). It was developed by Sustainable Design Lab and is a design environment for Rhinoceros 3D (Rhino)
(MIT Sustainable Design Lab, 2023). Rhino forms the CAD backbone of all environmental analysis at UMI
(UBEM.IO, 2020).

In the study, building footprints of the implementation area were obtained via OpenStreetMap to prepare
the UBEM geometry. Firstly, polygons for building footprints are created in the selected area. Then, a GIS file
containing basic data such as building footprints heights, building ages, and building usage types was created.
QGIS program was used to create the file containing the GIS data set. After creating the geometries for the
implementation area and completing the data entry processes in the QGIS program, a shapefile of the area was
prepared. Shapefile is prepared as a .zip folder containing .shp, .dbf, .cpg, .prj, and .shx files. Then the prepared
shapefile was uploaded to UBEM.IO via the web platform. After the upload process, data such as building
identity and height are assigned to the appropriate shapefile parts. After the necessary data entries were
provided through the UBEM.IO platform, the resulting exchange file with the .uio extension was downloaded.
This downloaded file is uploaded to the relevant part of the UBEM.IO platform for processing data such as
building typology, weather, etc. The basic UBEM file, which was prepared after the operations, was downloaded
from UBEM.IO with the .umi extension and transferred to the Rhino program, which was installed with the UMI
plug-in, for energy demand analysis.

Results

Energy demand analyses were obtained from three different UBEM frameworks created for the
implementation area determined in the study. The obtained analysis outputs were examined and compared
with the energy consumption data of the implementation area. The applicability of the UBEMs created for the
countries that have difficulties in creating UBEMs for the reasons stated in the study (lack of building stock
system and data sets, need to create extra algorithms, difficulty in obtaining real energy consumption data, etc.)
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has been evaluated. As a result, the most reasonable UBEM framework was determined in terms of applicability
for the specified situations. In this direction, as shown in Table 2, the EUI of the implementation area is 232.78
kWh/mz2.year. The results of the energy demand analyses made over the UBEM frameworks created for the
area are given in Table 3.

Table 3. Annual energy consumption per square meter of implementation area.
UBEM Framework Energy use intensity

(kWh/mZ2.year)
CEA 108
Spacemaker-Revit 214
UBEM.IO 460

If the energy use intensity data shown in Table 3 is compared with the energy use intensity of the area, which
is 232.78 kWh/mz2.year, it is seen that the closest result is obtained from the model framework created with
Spacemaker-Revit with 214 kWh/m2.year. After that, the model created with CEA follows it with 108
kWh/mz2.year, but it is the UBEM.IO model framework with 460 kWh/m2.year that gives the furthest result. As
aresult of the energy demand analysis made on the model created with CEA, the energy final use intensity chart
and graph of the area are shown in Table 4 and Figure 6, respectively.

Table 4. CEA- Energy final use intensity.

Energy final use intensity

Building Code (kWh/m2year)
B1000 107
B1001 105
B1002 106
B1003 106
B1004 106
B1005 108
B1006 106
B1007 106
B1008 105
B1009 107
B1010 106
B1011 129
B1012 109
Average energy final use intensity 108
(kWh/m?2.year)
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Figure 6. CEA- Energy final use intensity.

According to the data shown in Table 4 and Figure 5, the value of the buildings in the implementation area with
the highest energy end final use intensity is 129 kWh/mZ2year, and the value of the lowest one is 105
kWh/mz2.year. The average energy use intensity of the implementation area is 108 kWh/mZ2.year.

As a result of the energy demand analysis made on the model created with Spacemaker-Revit, various analysis
outputs were obtained on the energy use of the implementation area. In Figure 7, the sun, daylight, wind, and
microclimate analyses for the implementation area are shown comparatively.
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Figure 7. Spacemaker-Comparative view of the sun, daylight, wind, and microclimate analysis.
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Solar analysis, which is the first of the analyses shown comparatively in Figure 7, uses sun position tracing and
ray tracing techniques throughout the day for location and selected date in calculating sunlight hours on sites
and buildings. In this calculation made for the implementation area, the dates of 21 December and 21 June were
selected. Daylighting potential analysis provides information about the daylighting performance of buildings.
This analysis evaluates which parts of building facades have less access to daylight with the help of the VSC
(Vertical Sky Component) score. This component, expressed as a percentage, indicates how much daylight
illuminates a horizontal surface. Wind analysis examines how wind conditions affect the design, with different
wind directions and speeds in real-time. Two different analysis outputs, comfort, and direction, are obtained
over the wind analysis. Figure 7 shows the wind analysis in terms of comfort. In terms of comfort, the wind
analysis shows how the wind conditions in the application area will be experienced by pedestrians at ground
level. Wind analysis in terms of direction shows the wind conditions in the implementation area in terms of
direction and speed. Microclimate analysis to calculate the perceived temperature in the implementation area
also evaluates the sun, daylight, and wind analyses with local weather conditions to determine the local
microclimate conditions in the selected urban area (Spacemaker, 2020). The results of the selected points
through the analysis can be seen with the examination tool.

In line with the analyzes made in Spacemaker, the energy analytical model of the model transferred to
Revit was created. Various aspects of the model imported to the Insight plug-in through the energy analytical
model created in Revit, related to energy use intensity, PV potential, and energy demand, are shown in Figure
8.
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Figure 8. Revit, Insight- Various aspects of the implementation area related to energy use intensity, PV
potential, and energy demand.
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In line with the data shown in Figure 8, the energy use intensity of the implementation area is 214
kWh/mz2.year. In line with the analysis made for the model, various aspects of the project related to PV potential
and energy demand are listed on the Insight panel. Information such as the PV potential of the implementation
area and the PV system surface data for the selected building, and payback period can be seen. Examining the
project from various aspects of energy demand helps to understand how decisions will affect energy use and
shows alternatives that can be made for performance improvements. The general capabilities of various
parameter options such as the presented building orientation, roof, wall, and window construction, the use of
window shades can be seen against heat losses and gains, and the relative effects on energy consumption types
such as heating and cooling, and lighting.

Finally, the model created with UBEM.IO for the implementation area was transferred to Rhino via the UMI
plug-in, and energy demand analysis was performed. The energy use intensity of the implementation area for
UBEM.IO i 1s shown in Flgure 9.
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Flgure 9. UBEM.IO- Energy use intensity of the implementation area.

In line with the data shown in Figure 9, the energy use intensity of the implementation area is 460
kWh/mz2.year. As a result of the energy demand analysis made over the model frameworks created, it was
determined that the energy demand analysis result, which is the furthest from the real energy consumption
data of the implementation area, belongs to the model framework created with UBEM.IO.

Discussion

Among the UBEM frameworks created in the study, it was seen that the analysis result obtained for the Revit-
Spacemaker UBEM framework gave the closest result to the energy consumption of the implementation area.
In this direction, it was determined that the most applicable model framework for urban areas in countries that
have difficulties in creating UBEM due to the lack of building stock systems and data sets, the need to create
extra algorithms, the difficulty in obtaining real energy consumption data, etc. are the UBEM framework created
with Spacemaker-Revit. It has been determined that the analyzes performed within the framework of this
model will give results closer to the actual consumption data when the level of detail is increased, and Revit
provides more flexibility in data entry than other examined tools. The fact that the standards used in the
program are more common than valid in a specific area and that they allow for easy export and connection
between various analysis tools makes this model framework stand out from the other two model frameworks.
In addition, the fact that it enables effective analyses such as measuring daylight potential and wind and
microclimate analyses through the Spacemaker platform shows that this UBEM framework is the most effective
model framework among those examined.

With the energy demand analysis outputs made through the model framework created, the energy
performance of the selected urban area can be examined from various aspects, the microclimate conditions in
the area and the effects of the project on the physical environment can be evaluated, and it can be ensured that
decisions to improve the design can be taken while there is no financial damage for the projects in the design
stage. These are all steps that need to be taken toward an energy-efficient future. Considering the emission
reduction targets in urban areas required by the Paris Agreement, it confirms the necessity of benefiting from
UBEM approaches, which are an effective method to create solutions to the local problems of urban areas.
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Conclusion

Urban areas accelerate global warming by releasing carbon dioxide and other greenhouse gases into the
atmosphere and increasing the environmental temperature by creating heat islands. Therefore, practices such
as UBEM, which will increase energy efficiency in urban areas, are important steps to reduce the effects of
global warming and create a healthier, more sustainable urban environment.

This study, it is aimed to create a feasible and practical model framework to model urban areas and predict
energy demand at the urban scale. The model framework created is intended to be applicable to urban areas in
countries experiencing situations such as lack of building stock systems and data sets, the need to create extra
algorithms, difficulties in obtaining real energy consumption data, etc. In this direction, three separate UBEM
frameworks have been created with City Energy Analyst (CEA), Spacemaker-Revit, and UBEM.IO tools. These
UBEM frameworks were examined in terms of analyzing the energy demand of a TOKI site consisting of 13
blocks located in the Mamak district of Ankara. The energy demand analyses made within the UBEM
frameworks established for the application area were compared with the annual energy consumption data of
the area and the most applicable UBEM framework was determined for the specified situations. The energy use
intensity of the implementation area is 232.78 kWh/m2.year and the closest result was obtained from the model
frame created with Spacemaker-Revit with 214 kWh/mz2.year. The model created with CEA follows it with 108
kWh/mz2.year, but it is the UBEM.I0 model framework with 460 kWh/mZ2.year that gives the furthest result. The
Spacemaker-Revit UBEM framework was found to be the most effective among those examined for reasons
such as being relatively flexible in data entry, allowing the evaluation of urban microclimate conditions, and
allowing easy export and connection between various analysis tools. In this respect, it was determined that the
most applicable model framework for urban areas in countries experiencing difficulties for the reasons stated
in the creation of UBEM is the UBEM framework created with Spacemaker-Revit.

The UBEM framework created as a result of the study can contribute to the accumulation of knowledge in
the field of UBEM, which will be widely used in the future, and offer solutions for countries experiencing various
problems in creating UBEM. At the same time, the model framework created can contribute to the
determination of policies and pre-investment decision-making issues by concretely revealing the energy
consumption trends in a particular urban area. In this direction, it is of great importance to benefit from UBEM
approaches to reduce the dependence on fossil fuels in cities and to prevent global warming. Reducing energy
consumption and dependence on fossil fuels contributes to the progress of cities towards a cleaner and more
sustainable future by enabling more efficient use of energy resources.
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