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The Vision of Energy-Smart Cities / Municipalities
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Optimization based control
= Model Predictive Control (MPC)
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Hierarchical Control Structure

EV

 Heat
 pump

 Battery

Solar panels



CITIES Final Conference – WP 5 – Forecasting and Control - John Bagterp Jørgensen & Henrik MadsenNovember 9, 2020 Model Predictive Control for Smart Energy Systems

Digitalization, Control and Optimization
of Smart Coordinated Energy Systems
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Model Predictive Control
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Data based prediction models
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The models for filtering and prediction are
• Adaptive
• Data-based
• Combines a-priori (model) and a-posterior (data) information
• Able to predict the mean values and the uncertainties
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Control of Energy-Smart Systems 
= Economic Model Predictive Control
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Virtual Power Plant
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Forecast Based Hierarchical MPC
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The Vision of Energy-Smart Homes

10

EV

 Heat
 pump

 Battery

Solar panels



CITIES Final Conference – WP 5 – Forecasting and Control - John Bagterp Jørgensen & Henrik MadsenNovember 9, 2020 Model Predictive Control for Smart Energy Systems

Elon Musk’s vision of an energy-smart home
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Scientific advances in Economic MPC
to enable smart energy homes
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Economic MPC for Smart Energy Homes – a number of scientific advances

- Multi-level soft constraints

- Cost-to-go function – value of energy stored at the end of the prediction horizon

- A simple model for simulation, control and optimization of such systems

- Efficient algorithms and computational technologies
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Heat Pumps 
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Smart Energy Consumption in a Residential Home
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Raspberry Pi Embedded Control

Embedded MPC Algorithms for 
control of individual energy units

Control from the cloud

The control and forecasting
systems are in the cloud.



CITIES Final Conference – WP 5 – Forecasting and Control - John Bagterp Jørgensen & Henrik MadsenNovember 9, 2020 Model Predictive Control for Smart Energy Systems

Economic MPC for Building Climate Control
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Model Predictive Control 
for a Smart Energy Home – Simulation Results
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A neighborhood of smart energy homes - Lærkevej
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Advanced forecasting and predictive control
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Thilker, Madsen, Jørgensen (2020)
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Supermarket Refrigeration – Demand Response
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The Faroe Island Power System 
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• Controlled the entire Faroe power 
system for 3 months

• Economic MPC system developed by 
Orsted (Dong Energy) and DTU 
Compute as part of an industrial PhD
project
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Fast Solver for Direct Control of an Entire City
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Fast Algorithms for Model Predictive Control
- enable new applications

23



CITIES Final Conference – WP 5 – Forecasting and Control - John Bagterp Jørgensen & Henrik MadsenNovember 9, 2020 Model Predictive Control for Smart Energy Systems

FEDplus
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AI

AI based 
Control

FED

FEDplus

•System of 
Systems
• Market
• Users
• Grids
• Elec.
• Heat
• Water
• Power2X

Forecasting

Regulatory 
framework

Regulatory 
documents

Licenses and 
Certificates

Regulations

ACT

Smart water Smart buildings and 
district

Power2X

Implementation and Demonstration

TSO Large scale markets
Upscaling

Humans
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Power-2-X
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Electrolytic hydrogen 
plant

Refineries

Natural gas grid

Integrated hydrogen & 
methanol plant

Integrated hydrogen & 
ammonia/urea complex

Renewable energy 
production

CO2-emitting industry

Integrated hydrogen & 
SNG plant

Hydrogen storage & 
reconversion

Consumers 
(power & gas)

Mobility

Chemical industry

Farms
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H2

H2

SNG*

*synthetic natural gas

Clean energy, renewable fuels & chemicals, carbon recycling

As a globally renowned specialist in chemical processes and plant construction, 
we can deliver turnkey solutions for sustainable chemical value chains. Fully 
integrated plant concepts harness synergies and enable high-efficiency produc-
tion of ammonia, methanol, SNG, fertilizers, and much more. Our portfolio  
also includes refinery technology, plastics and bioplastics and  
other downstream applications. All value chains gain in  
sustainability or can be completely CO2-free, such as  
“green ammonia” derived from photovoltaic  
energy, water electrolysis, air, and a  
world-class ammonia process.

Sustainable chemicals – integrated 
solutions from a single source

thyssenkrupp offers power-to-gas solutions for the needs of grid-scale renewables inte-
gration, and for industrial scale usage of hydrogen and subsequent products. Hydrogen 
serves as a clean energy carrier and can be stored for later re-conversion into electricity. 
It can be used within the gas grid, as fuel, or for carbon capture/recycling e.g. by producing 
methanol or SNG/methane.

A comprehensive set of solutions for the 
hydrogen economy of the future

Water, wind and sunlight are abundant. So is hydrogen, thanks to large-scale water electrolysis by thyssenkrupp. As world 
market leader in chlor-alkali electrolysis we put our technological expertise, our plant engineering and construction know-how 
into a high-efficiency solution. We provide pre-mounted skid modules for easy transport and quick installation. The result: 
Plug-and-play hydrogen production with low energy consumption and fast responding, flexible operation – suitable for any 
application, up to hundreds of megawatts.

Electrolytic hydrogen –  
the clean energy carrier, feedstock and fuel

4 Hydrogen landscape 5
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Proteins from methane
- natural gas, biogas, SNG
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Single-Cell Protein – Unibio A/S
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Milk Powder Plant – GEA Process Engineering A/S
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Power-2-X – Local vision
Ringkøbing-Skjern 
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Summary 
• Key MPC technology developments

• MPC 
based on stochastic differential equations (SDEs)

• Algorithmic 
– speed, robustness, embedded, cloud

• Integrated Forecasting and Control
• Integrated system identification

• Industrial energy related processes
• Cement processes (FLS)
• Food processes (GEA)
• Single-cell protein production (Unibio)
• Carbon capture (DTU Chem. Eng)

• Energy Processes
• Energy system control (Orsted)
• Wind turbine control (Vestas)
• Refrigeration and heating systems (Danfoss)

• MPC technology is mature and ready 
to be implemented on large scale for buildings to 
enable smart cities and smart energy homes. 

• MPC technology is the key enabler
for integrated and coordinated systems. 

Implemented in many systems already 
to enable coordinated and efficient operation 
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Thank You – Q&A
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