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Energy System Models 
for Real Time Applications and Data Assimilation  

Grey-box models are simplified models for the individual components 
facilitating system integration and use of sensor data



Traditional Dynamical Model

Ordinary Differential 
Equation:



Stochastic Dynamical Model

Stochastic Differential Equation:



Grey box or HMM model on state space form

Notation:

Diffusion term
Drift term

System equation

Observation equation

Observation 
noise



Grey-box modeling concept

Combines prior physical knowledge with information in data

Equations and parameters are physically interpretable



One-step forecasts

Software state estimation (software sensors)

K-step forecasts

Simulations

Control

 … of both observed and hidden states.

Grey-Box models are well suited for ...

 Provides a framework for pinpointing model 
deficiencies – like:

Time-tracking of unexplained variations in e.g. parameters

Missing (differential) equations

Missing functional relations

Lack of proper description of the uncertainty



Identification of the needed number of 
states / differential equations (example)



The software ...

CTSM-R – Continuous Time Stochastic Modelling in R

Download from http://ctsm.info

User’s and Math Guides are available

For more information: 

Email to 

info@ctsm.info

mailto:info@ctsm.info
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Example on 
Blade manufacturing (molding) ...

CTSM-R
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Example on 
Prob. Wind Power Forecasting

CTSM-R



Prob. Wind Power Forecasting using SDEs



Prob. Wind Power Forecasting using SDEs
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Examples on advanced topics …

(Solar power forecasting)

CTSM-R
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SPDE Model Performance
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Center Denmark 
 

National Digitalization/AI Hub 
for Smart Energy Systems and Integration of Wind/Solar Power
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Thanks for your time ...



                                  

Some 'randomly picked' books on modeling and renewable integration  ....
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Digitalization Hub - Center Denmark
A digitalization hub for data intelligent operation of integrated energy 

systems (electricity, thermal, gas, water)

A national hub for unlocking the flexibility potential for large scale 
integration of fluctuating renewable energy 

Tests on framework conditions have to be representative – and scaling is 
important

The new national smart energy hub is Center Denmark   (10.000 m2 facilities 
for Research, Education, Development and Testing - plus Dissemination) 

 The Societal objective is to establish a realistic and concrete pathway to a 
fossil-free society

The Scientific objective is to establish methodologies and solutions for the 
future intelligent and integrated energy system using digitalization and a 
smart energy hub

The Commercial perspective is to being able to idenfy and test solutions 
which can form the background for commercial success stories. We 
believe that this setup has the unique characteristics for being the 
ultimate smart energy hub for test and demonstration of future smart 
energy solutions
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