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Abstract

The Building Information Modeling (BIM) methodology has significant potential to enhance the efficiency and
sustainability of building construction. An important step towards enhancing the sustainability of buildings is
to reduce the embodied emissions in the building and its installed technologies. This poster presents a novel
approach leveraging Industry Foundation Classes (IFC) data through the self-developed bim2sim process to
design a full hydraulic distribution system and estimate its embodied emissions. By transforming the TFC
geometry into a graph network and applying Steiner tree optimization (1), we develop an ecologically and
economically optimized distribution system (2), including hydraulic component selection (3), sizing of these
components (4) and embodied emission estimation (5). This approach not only automates the design processes
but also contributes to the sustainability goals by providing an estimation of the embodied carbon emissions
during the planning phase.
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Introduction

With the ambitious goals to reduce the carbon emissions in the building sector, the embodied emissions in
buildings become more important. Recent studies have shown that the heating ventilation and air conditioning
(HVAC) domain accounts for up to 20% [1, 2] of embodied emissions in non-residential buildings. In order to
be able to better estimate these embodied emissions at an early planning stage and to optimize them in the
future, this poster deals with the question:

How can we use early planning architecture IFC data for an automatic generation of the

hydraulic distribution network and to estimate the associated embodied emissions?

Materials and Methods

The process for the hydraulic distribution system generation is shown in Figure 1.

PluginHydraulicSystem

Figure 1: Methodology to generate the hydraulic distribution system
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The open-source framework bim2sim" is used to load the IFC of the building and process it for the following
tasks. We use two plugins, the PluginHydraulicSystem that has specifically designed for this use case and
the already existing Plugin TEASER. The required steps are:
PluginTEASER PluginHydraulicSystem
1. Create a parametric dynamic 3. Generate a weighted graph network representation of the building,
Modelica simulation model of where distances are used as weights.
the building using TEASER 4. Create hydraulic strands for flow/return by using the Breadth-first
[3] and AixLib [4]. search (BFS) and Steiner-Tree algorithms [5].
2. Calculate the heating demands 5. Place relevant components like thermostats, valves, etc. using the
of the building, which are rele- Lindenmayer-system [6].
vant for the subsequent sizing 6. Size all components based on the dynamic simulation results from
of the components. step 2.
7. Output a final list of required components and masses and allocate
equivalent carbon emissions by using data from OKOBAUDAT.

As the process of building simulation through the Plugin TEASER of bim2sim will be described in a separate
paper, this poster focuses on the methodology of the PluginHydraulicSystem and the steps 3-7.

Step 3: Weighted graph network representation of the building

u

> case for this poster, we use the Phantasy Office Building from KIT?2, shown in Figure 2. We start by
C\‘rmumo the global coordinates of IfcSpaces, IfcWindows, IfcDoors, and IfcWalls from the IFC file.
The coordinates are converted into nodes of a graph network, with distances between them serving as cdgc
weights. This generates the graph in Figure 3.

Figure 2: IFC of the Phantasy Office Building from KIT.

Figure 3: Graph network representation of building.

"https://github.com/BIM2SIM/bim2sim
“https://waw.ifcwiki.org/index.php?title=KIT_IFC_Examples
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Step 4: Efficient strand layout for flow and return of hydraulic system
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multiple process steps are required:

e Define start and end nodes (Start node: Plant room,
End nodes: Window nodes in each room)
o Calculate shortest paths between start node and all end-
points for each floor using the Steiner tree algorithm
o Convert graph to directed graph by using Breadth-First
Search (BFS) algorithm
e Place radiators under windows and distributors on each
floor
With these steps, the initial hydraulic distribution system
shown in Figure 4 is generated. i
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Figure 4: Created hydraulic network with supply and re-
& turn strand.

Step 5: Relevant component placement

The Lindenmayer System is a mathematical formalism that was originally used to describe plants and their
growth. The principle is based on production rules for strings, which are successively applied. We apply this
concept to certain node types in the network graph, to place the required components for a working hydraulic
system. An excerpt of the production rules is listed in Table 1. E.g., 'y node that is a Distributor will
be replaced by a Distributor and a subsequent Pump to guarantee th

it is supplied by a pump.

Table 1: Lindenmayer rules for placing components in hydraulic network
Components

Distributor — Pump

Distributor — Check valve — Safety Valve
Thermostatic Valve — Radiator
Distributor

Node Type

Distributor

Energy Generator

Radiator Supply

Node with 3 neighbor Nodes

Step 6: Component sizing

Radlator capacities are selected based on heating demands from building simulation, system temperature
Tsystem = Tsuppty/ Treturn/ Troom and real available radiators (manufacturer data) by using DIN EN 442.
Pipe diameters are chosen based on maximum flow velocity and calculated volume flow rate derived from
heating capacity of the radiators and system temperature Tsysten by using pipe table from DIN EN 105. The
required insulation thickness is determined based on the outer diameter of the pipes.
Circulation pumps capacities are calculated based on a pressure loss analysis of the created hydraulic
network. To do so, the pressure losses through pipes and components are calculated in each strand and the
pumli for each subsystem is sized based on the strand with the highest pressure loss.

| Step 7: Mass calculation and carbon emission allocation

o Mass calculation for building materials like cement, glass, etc. based on IFC

o Mass calculation for piping network and its insulation as well as radiators and hydraulic components
e Embodied emission calculation using OKOBAUDAT database

Results and Conclusions

We simulate two construction variants and design
their hydraulic networks for three different system 140
temperatures Tystem. Figure 5 displays the omho(l-
ied emissions. As the building geometries are the
same, while the building material and thus the heat-
ing demand changes, the hydraulic networks only dif-
fer in their sizing. Key conclusions are:

o Building materials significantly impact emissions o .-

compared to the hydraulic network. 20
o At highe em temperatures, piping and insula-
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tion dominate the emissions, while at lower system \0\% S 1}&1@4« & S

temperatures the radiators dominate. &
o The lighter building has lower embodied emissions
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for both, building materials and hydraulics. Figure 5: Embodied emissions for two construction variants.

Limitations
We have demonstrated that the methodology for automating hydraulic distribution system design using IFC
data is effective. However, the following limitations exist:

o Only two construction variants of one building are simulated in this study. For general conclusions, more
construction variants and more buildings need to be considered.

o Future work must also include the cooling supply as well as underfloor heating and duct systems, which
also have a significant impact on HVAC emissions. Cooling is particularly important when considering
windows with different heat transfer coefficients, as this can have opposing effects on heating and cooling
requirements.
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