
Simulating carbon dispersion in the outdoor built
environment using urban building energy modeling and

computational fluid dynamics
M. Martin Fehlmann1 J. Stoter1 C. Garcia-Sanchez1

1 Department of Urbanism, Delft University of Technology

International Conference on Urban Climate, 2025

Motivation
With climate-related hazards like heatwaves, fires, hurricanes, droughts, and floods becoming
more frequent, reducing atmospheric carbon has become a priority. In cities, efforts to
reduce atmospheric carbon have primarily focused on lowering building energy consumption.
However, studies suggest that simplyminimizing building energy consumptionwon’t be enough
to meet the Paris Agreement’s targets [4]. To achieve these goals, new building materials and
urban designs are being explored to transform cities into carbon sinks [1, 5].
Before evaluating carbon sink strategies’ efficacy, we must assess the potential amount of
carbon dispersed within the urban canopy from various anthropogenic sources, including
buildings. For this reason, this study aims to simulate carbon dispersion within the urban
canopy using urban building energy modeling (UBEM) and computational fluid dynamics (CFD).
UBEM is employed to estimate carbon emissions from buildings at the neighborhood scale,
while CFD simulates carbon dispersion through air movement within the urban canopy.

Methodology and preliminary results
Figure 1 shows the method to be implemented for studying carbon dispersion in the outdoor
built environment using an Urban Building Energy Model (UBEM) and Computational Fluid
Dynamics (CFD). The UBEM consists of various Building Energy Models (BEMs), which are
generated from a 3D city model and a database as white-box, grey-box, or black-box models.
The 3D city model defines the geometry, geolocation, and orientation of buildings, while the
database contains information related to their materials, internal heat gains, and heating/cool-
ing systems. Using City4CFD [3], the 3D city model can be expressed as an input for CFD-based
simulations of the outdoor environment. The urbanmicroclimateFoam solver is intended to
be used to assess outdoor conditions while being coupled with BEMs. In addition to wind
motion, which is provided by most solvers accessible in OpenFOAM, urbanmicroclimateFoam
estimates outdoor temperature and humidity, considering building materials and solar ray
tracing [2]. Its features can easily be extended to incorporate carbon dioxide dispersion, as
shown in Figure 2.

Figure: Proposed method to study carbon dispersion in the outdoor built environment

Figure: Carbon dioxide dispersion as assessed using the urbanmicroclimateFoam solver

City4CFD
The GitHub repository of the City4CFD
project can be found using the following QR
code:

urbanmicroclimateFoam
The GitHub repository of the urbanmicrocli-
mateFoam project can be found using the
following QR code:
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