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1. Climate goals demand more efficient energy systems;

2. Current building simulation tools lack modularity and integration capability;

3. A flexible, co-simulation ready model is needed to establish a multi-physics-based digital twin for the area

and perform co-simulation.

Introduction

1. Multi-modal white-box building model using Modelica;

2. Highly modular and configurable for various scenarios;

3. Implementation of economy and sustainability analysis with introduced model;

4. Supports integration in large-scale co-simulations.

Background

Contribution
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Sector Coupled Models using Modular Building Model

Models Overview

Heat Interface Unit

Gas Boiler

PV, Battery and 

Appliances

Building Envelope HVAC System

Legends:

Electrical Devices HIU DHWOccupancy
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1. Building Envelope Parameterization

Building Model

Building Envelope HVAC System

Legends:

Electrical Devices HIU DHWOccupancy

• 4 buildings with different insulation conditions;

• Configuration using the TABULA building dataset;

• Automating this process using Python code.

Source: H. Cheng, J. Stock, A. Xhonneux, H. K. Çakmak and V. Hagenmeyer, "Construction and Control of Validated Highly Configurable

Multi-Physics Building Models for the Sustainability Analysis of Multi-Energy Systems in a Co-Simulation Setup," SoutheastCon 2025, 

Concord, NC, USA, 2025
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2. Economic and Sustainability Analysis

Building Model

• Assumptions:

• CO2 emissions of natural gas: 2.23kg/kg;

• CO2 emissions of electricity: 380g/𝑘𝑊ℎ𝑒𝑙 (according to 

German power mix in 2023);

• Basic electricity price: 39.86ct/kWh (Apr. 2024);

• Spot market price of natural gas: 29.07€/MWh (Apr. 2024). 

CO2 Emissions Heating Costs

Source: H. Cheng, V. Hagenmeyer and H. K. Çakmak, "Economy 

and Sustainability Analysis With A Novel Modular Configurable

Multi-Modal White-Box Building Model," 2025 Annual Modeling and 

Simulation Conference (ANNSIM), Madrid, Spain, 2025
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Heat Grid Model

• 29 buildings with different configurations;

• Heat gird model built using Modelica;

• 4 heating center variants.

1. Model Construction

Source: H. Cheng, V. Buccoliero, A. Kocher, V. Hagenmeyer and H. K. Çakmak, "New Co-Simulation Variants for Emissions and Cost

Reduction of Sustainable District Heating Planning," 2024 IEEE PES 16th Asia-Pacific Power and Energy Engineering Conference (APPEEC), 

Nanjing, China
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Heat Grid Model

• Taking into account the self-use and sale of CHP power generation.

Variant-1 Variant-2 Variant-3 Variant-4

CHP-NG + PL-NG CHP-BM + PL-BM HP-Geo + PL-NG HP-A + CHP-H2

Electricity sales N Y N Y N N Y

Heat generation - Base load CHP CHP HP-Geothermal HP-Air

Heat generation - Peak load Peak load boiler Peak load boiler Peak load boiler CHP

Energy source(s) Natural gas Bio-Methan Electricity + Natural gas Electricity + Hydrogen

CO2-Emissions [t] 136 41 + 41 + 33 + 31 ++ 31 ++

Emission reduction compared to Variant-1 0% 70% + 70% + 76% ++ 77% ++ 77% ++

Heat production costs k [ct/kWh] 14.86 1.83 21.55 - 8.53 - 12.23 ++ 26.33 -- 16.51 -

Fuel energy consumed [MWh] 673 673 0 673 0 264 ++ 625 + 625 +

Fuel costs [€] 51817 87484 -- 87484 -- 49242 + 65187 - 65187 -

Fixed costs (investment and maintenance) 
[€]

27320 27320 0 27320 0 16269 ++ 75248 -- 75248 --

Flexibility and scalability + / + / + / ++ / + / +

Security of supply ++ / ++ / ++ / ++ / + / +

• Variant-3 becomes the most affordable solution if there is no electricity sold.

• It shows the huge potential of H2 and bio-methane for emission reduction.

2. Analysis Results
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Real District Digital Twin

29 Buildings (Modelica), 1 Power Grid (PowerFactory), 1 Heat Grid + Heating Center with 4 Variants (Modelica)

https://publikationen.bibliothek.kit.edu/1000182805

Video introduction: 
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Work in Progress

• Scaling of sector coupled energy system analysis to urban level with use of parallel computing.

• Building feature estimation with machine learning.

• Modular multi-zone building model using Modelica:

Single room model and 

equipment models inside

Heat and air exchange 

between rooms

Ambient conditions

Door/Window opening ratio
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