ESI Learning 2019 Module 06 Description H. Madsen

Description

Videos: Forecasting and Control - Towards Digital Grids

Get updated on the state of the art methods for Energy Systems Integration in these videos
with Professor Henrik Madsen from DTU Compute — the section for Dynamical Systems. The
videos are made in collaboration with EIT InnoEnergy at the university KU Leuven in
Belgium.

Get an introduction to forecasting methods — and learn about digitization of the grids and
energy markets. Find all the references at the homepage for CITIES - Centre for IT-Intelligent
Energy Systems — under the topic: Energy System Operation: https://smart-cities-
centre.org/topics/energy-system-operation/

Abstracts

Lesson 1 —2 — 3: State of the art of forecasting

Lesson 1: Introduction to renewable energy forecasting: (MET input, data, adaptivety,
combined forecasting, etc.), 7:38 min. https://youtu.be/RZi5RiDKAHO

Lesson 2: Point forecasts of wind and solar power production: (with a focus on wind and
solar energy production), 7:10 min. https://youtu.be/0liVgpELtjM

Lesson 3: Probabilistic and full stochastic forecasting, 6:51 min. https://youtu.be/Z-

E TDLIX8c

Lesson 4 — 5 — 6: Digitization of the grids and energy markets

Lesson 4: The challenges of the climate crisis and the integration of renewables, 11:34 min.
https://youtu.be/Pjyv49LaKMc

Lesson 5: Unlocking end-user flexibility: (description of flexibility, use of flexibility for,
demand response etc.), 10:01 min. https://youtu.be/vn940Dtst5U

Lesson 6: Data-intelligent operation of future smart energy systems, 8:24 min.
https://youtu.be/AR5F77dTglw

References:
e Personal website: https://henrikmadsen.org/courses/
e Time Series Analysis, chapter 10 (lesson 2)
e Reference [3] (lesson 2)
e Reference [4] (lesson 2)
e Reference [6] (lesson 3)
e Reference [8] (lesson 3)

Models:
e Bex-Jenkins (lesson 1)
e ARMA (lesson 1)
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e Holt-Winter (lesson 1)
References - Forecasting

Books:

Nielsen, T. S., Nielsen, H. A., Madsen, H., Tofting, J., Parbo, H., Grud, A., & Sorensen, A. G.
(1999). Using meteorological forecasts in on-line predictions of wind power. DTU Research
Report.

Madsen, H. (2007). Time series analysis. Chapman and Hall/CRC.

Madsen, H., & Thyregod, P. (2010). Introduction to general and generalized linear models.
CRC Press.

Papers:

Nielsen, T. S., & Madsen, H. (1997). Statistical methods for predicting wind power. In EWEC-
CONFERENCE- (pp. 755-758). BOOKSHOP FOR SCIENTIFIC PUBLICATIONS.

Madsen, H., Nielsen, T. S., & Tgfting, J. (1998). WPPT, A tool for on-line wind power
prediction. EPRI-DOE-NREL Wind Energy Forecasting Workshop, 23 pp, San Francisco.

Nielsen, T. S., Joensen, A., Madsen, H., Landberg, L., & Giebel, G. (1998). A new reference for
wind power forecasting. Wind Energy: An International Journal for Progress and Applications
in Wind Power Conversion Technology, 1(1), 29-34.

Landberg, L., Giebel, G., Nielsen, H. A,, Nielsen, T., & Madsen, H. (2003). Short-term
prediction—an overview. Wind Energy: An International Journal for Progress and
Applications in Wind Power Conversion Technology, 6(3), 273-280.

Giebel, G., Badger, J., Landberg, L., Nielsen, H. A., Madsen, H., Sattler, K., & Feddersen, H.
(2004, March). Wind power forecasting using ensembles. In Proceedings of the 2004 Global
Windpower Conference and Exhibition.

Madsen, H., Pinson, P., Kariniotakis, G., Nielsen, H. A., & Nielsen, T. S. (2005). Standardizing
the performance evaluation of short-term wind power prediction models. Wind
engineering, 29(6), 475-489.

Nielsen, H. A., Madsen, H., & Nielsen, T. S. (2006). Using quantile regression to extend an
existing wind power forecasting system with probabilistic forecasts. Wind Energy: An
International Journal for Progress and Applications in Wind Power Conversion Technology,
9(1-2), 95-108.

Nielsen, H. A., Nielsen, T. S., Madsen, H., Pindado, M. J. S. |, & Marti, |. (2007). Optimal
combination of wind power forecasts. Wind Energy: An International Journal for Progress
and Applications in Wind Power Conversion Technology, 10(5), 471-482.
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Sorensen, P., Cutululis, N. A., Vigueras-Rodriguez, A., Jensen, L. E., Hjerrild, J., Donovan, M.
H., & Madsen, H. (2007). Power fluctuations from large wind farms. IEEE Transactions on
Power Systems, 22(3), 958-965.

Kotwa, E., & Vlasova, J. (2007). Spatio-temporal modelling of short-term wind power
prediction errors. Lunds universitet. Supervisors: Henrik Aalborg Nielsen and Henrik Madsen,
Technical University of Denmark.

Pinson, P., Nielsen, H. A., Madsen, H., & Kariniotakis, G. (2007). Skill forecasting from
different wind power ensemble prediction methods. In Journal of Physics: Conference Series
(Vol. 75, No. 1, p. 012046). IOP Publishing.

Costa, A., Crespo, A., Navarro, J., Lizcano, G., Madsen, H., & Feitosa, E. (2008). A review on
the young history of the wind power short-term prediction. Renewable and Sustainable
Energy Reviews, 12(6), 1725-1744.

Mgller, J. K., Nielsen, H. A., & Madsen, H. (2008). Time-adaptive quantile regression.
Computational Statistics & Data Analysis, 52(3), 1292-1303.

Bacher, P., Madsen, H., & Nielsen, H. A. (2009). Online short-term solar power forecasting.
Solar Energy, 83(10), 1772-1783.

Pinson, P., Nielsen, H. A., Madsen, H., & Kariniotakis, G. (2009). Skill forecasting from
ensemble predictions of wind power. Applied Energy, 86(7-8), 1326-1334.

Vincent, C., Giebel, G., Pinson, P., & Madsen, H. (2010). Resolving nonstationary spectral
information in wind speed time series using the Hilbert—Huang transform. Journal of Applied
Meteorology and Climatology, 49(2), 253-267.

Pinson, P., McSharry, P., & Madsen, H. (2010). Reliability diagrams for non-parametric
density forecasts of continuous variables: Accounting for serial correlation. Quarterly
Journal of the Royal Meteorological Society: A journal of the atmospheric sciences, applied
meteorology and physical oceanography, 136(646), 77-90.

Jénsson, T., Pinson, P., & Madsen, H. (2010). On the market impact of wind energy
forecasts. Energy Economics, 32(2), 313-320.

Tastu, J., Pinson, P., Kotwa, E., Madsen, H., & Nielsen, H. A. (2011). Spatio-temporal analysis
and modeling of short-term wind power forecast errors. Wind Energy, 14(1), 43-60.

Pinson, P., & Madsen, H. (2012). Adaptive modelling and forecasting of offshore wind power
fluctuations with Markov-switching autoregressive models. Journal of forecasting, 31(4),

281-313.

Trombe, P. J., Pinson, P., & Madsen, H. (2012). A general probabilistic forecasting framework
for offshore wind power fluctuations. Energies, 5(3), 621-657.
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Trombe, P. J., Pinson, P., Vincent, C. L., Madsen, H., Jensen, N. E., Bgvith, T., ... & Sommer, A.
(2012). Weather radars-A new pair of eyes for offshore wind farms?. In EWEA 2012-
European Wind Energy Conference & Exhibition.

Bacher, P., Madsen, H., Perers, B., & Nielsen, H. A. (2013). A non-parametric method for
correction of global radiation observations. Solar Energy, 88, 13-22.

Trombe, P. J., Pinson, P., & Madsen, H. (2013). Automatic classification of offshore wind
regimes with weather radar observations. IEEE journal of selected topics in applied earth
observations and remote sensing, 7(1), 116-125.Trombe, P. J., Pinson, P., & Madsen, H.
(2013).

Tastu, J., Pinson, P., Trombe, P. J., & Madsen, H. (2013). Probabilistic forecasts of wind
power generation accounting for geographically dispersed information. /EEE Transactions on
Smart Grid, 5(1), 480-489.

Jénsson, T., Pinson, P., Nielsen, H., & Madsen, H. (2014). Exponential smoothing approaches
for prediction in real-time electricity markets. Energies, 7(6), 3710-3732.

Iversen, E. B., Morales, J. M., Mgller, J. K., & Madsen, H. (2014). Probabilistic forecasts of
solar irradiance using stochastic differential equations. Environmetrics, 25(3), 152-164.

Trombe, P. J., Pinson, P., Vincent, C., Bgvith, T., Cutululis, N. A., Drax|, C., ... & Le, N. F.
(2014). Weather radars—the new eyes for offshore wind farms?. Wind Energy, 17(11), 1767-
1787.

Jénsson, T., Pinson, P., Madsen, H., & Nielsen, H. (2014). Predictive densities for day-ahead
electricity prices using time-adaptive quantile regression. Energies, 7(9), 5523-5547.

Tastu, J., Pinson, P., & Madsen, H. (2015). Space-time trajectories of wind power generation:
Parametrized precision matrices under a Gaussian copula approach. In Modeling and
stochastic learning for forecasting in high dimensions (pp. 267-296). Springer.

Megller, J. K., Zugno, M., & Madsen, H. (2016). Probabilistic forecasts of wind power
generation by stochastic differential equation models. Journal of Forecasting, 35(3), 189-
205.

Iversen, E. B., Morales, J. M., Mgller, J. K., & Madsen, H. (2016). Short-term probabilistic
forecasting of wind speed using stochastic differential equations. International Journal of

Forecasting, 32(3), 981-990.

Rasmussen, L. B., Bacher, P., Madsen, H., Nielsen, H. A., Heerup, C., & Green, T. (2016). Load
forecasting of supermarket refrigeration. Applied energy, 163, 32-40.

Vogler—Finck, P. J. C., Bacher, P., & Madsen, H. (2017). Online short-term forecast of
greenhouse heat load using a weather forecast service. Applied energy, 205, 1298-1310.
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Persson, C., Bacher, P., Shiga, T., & Madsen, H. (2017). Multi-site solar power forecasting
using gradient boosted regression trees. Solar Energy, 150, 423-436.

Nystrup, P., Madsen, H., & Lindstrom, E. (2017). Long Memory of Financial Time Series and
Hidden Markov Models with Time-Varying Parameters. Journal of Forecasting, 36(8), 989-
1002.

Iversen, E. B., Juhl, R., Mgller, J. K., Kleissl, J., Madsen, H., & Morales, J. M. (2017). Spatio-
Temporal Forecasting by Coupled Stochastic Differential Equations: Applications to Solar
Power. arXiv preprint arXiv:1706.04394.

Iversen, E. B., Morales, J. M., Mgller, J. K., Trombe, P. J., & Madsen, H. (2017). Leveraging
stochastic differential equations for probabilistic forecasting of wind power using a dynamic
power curve. Wind Energy, 20(1), 33-44.

Lépez, E., Valle, C., Allende, H., Gil, E., & Madsen, H. (2018). Wind power forecasting based
on echo state networks and long short-term memory. Energies, 11(3), 526.

Junker, R. G,, Azar, A. G., Lopes, R. A, Lindberg, K. B., Reynders, G., Relan, R., & Madsen, H.
(2018). Characterizing the energy flexibility of buildings and districts. Applied energy, 225,
175-182.

Lindberg, K. B., Seljom, P., Madsen, H., Fischer, D., & Korpas, M. (2019). Long-term
electricity load forecasting: Current and future trends. Utilities Policy, 58, 102-119.

Nystrup, P., Lindstrém, E., Pinson, P., & Madsen, H. (2020). Temporal hierarchies with
autocorrelation for load forecasting. European Journal of Operational Research, 280(3), 876-
888.

References - Digitization, Data-intelligence and Integration

Books:

Madsen, H., & Thyregod, P. (2010). Introduction to general and generalized linear models.
CRC Press.

Morales, J. M., Conejo, A. J., Madsen, H., Pinson, P., & Zugno, M. (2013). Integrating
renewables in electricity markets: operational problems (Vol. 205). Springer Science &
Business Media.

Madina, C., Jimeno, J., Ortolano, L., Palleschi, M., Ebrahimy, R., Madsen, H., & Corchero, C.
(2020). Technologies and Protocols: The Experience of the Three SmartNet Pilots. In TSO-
DSO Interactions and Ancillary Services in Electricity Transmission and Distribution Networks
(pp. 141-183). Springer.
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Papers:

Madsen, H., Sejling, K., Sg¢gaard, H. T., & Palsson, O. P. (1994). On flow and supply
temperature control in district heating systems. Heat Recovery Systems and CHP, 14(6), 613-
620.

Nielsen, H. A., & Madsen, H. (2006). Modelling the heat consumption in district heating
systems using a grey-box approach. Energy and Buildings, 38(1), 63-71.

Giabardo, P., Zugno, M., Pinson, P., & Madsen, H. (2010). Feedback, competition and
stochasticity in a day ahead electricity market. Energy Economics, 32(2), 292-301.

Bacher, P., & Madsen, H. (2011). Identifying suitable models for the heat dynamics of
buildings. Energy and Buildings, 43(7), 1511-1522.

Halvgaard, R., Bacher, P., Perers, B., Andersen, E., Furbo, S., Jérgensen, J. B., ... & Madsen, H.
(2012). Model predictive control for a smart solar tank based on weather and consumption
forecasts. Energy Procedia, 30, 270-278.

Morales, J. M., Pinson, P., & Madsen, H. (2012). A transmission-cost-based model to
estimate the amount of market-integrable wind resources. IEEE Transactions on Power
Systems, 27(2), 1060-1069.

Cha, S. T., Zhao, H., Wu, Q., @stergaard, J., Nielsen, T. S., & Madsen, H. (2012, December).
Evaluation of energy storage system to support Danish island of Bornholm power grid. In
2012 10th International Power & Energy Conference (IPEC) (pp. 242-247). |EEE.

Meibom, P., Hilger, K. B., Madsen, H., & Vinther, D. (2013). Energy comes together in
Denmark: The key to a future fossil-free Danish power system. IEEE power and energy
magazine, 11(5), 46-55.

Zugno, M., Pinson, P., & Madsen, H. (2013). Impact of wind power generation on European
cross-border power flows. |[EEE Transactions on Power Systems, 28(4), 3566-3575.

Iversen, E. B., Morales, J. M., & Madsen, H. (2014). Optimal charging of an electric vehicle
using a Markov decision process. Applied Energy, 123, 1-12.

Lindstréom, E., Norén, V., & Madsen, H. (2015). Consumption management in the Nord Pool
region: A stability analysis. Applied energy, 146, 239-246.

O'Connell, N., Pinson, P., Madsen, H., & O'Malley, M. (2015). Economic dispatch of demand
response balancing through asymmetric block offers. IEEE Transactions on Power Systems,
31(4), 2999-3007.

Zugno, M., Gonzalez, J. M. M., & Madsen, H. (2015). Decision support tools for electricity

retailers, wind power and CHP plants using probabilistic forecasts. International Journal of
Sustainable Energy Planning and Management, 7, 19-36.
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Madsen, H., Parvizi, J., Halvgaard, R., Sokoler, L. E., Jgrgensen, J. B., Hansen, L. H., & Hilger,
K. B. (2015). Control of electricity loads in future electric energy systems. Handbook of Clean
Energy Systems, 1-26.

Iversen, E. B., Mgller, J. K., Morales, J. M., & Madsen, H. (2016). Inhomogeneous Markov
models for describing driving patterns. IEEE Transactions on Smart Grid, 8(2), 581-588.

Nielsen, M. G., Morales, J. M., Zugno, M., Pedersen, T. E., & Madsen, H. (2016). Economic
valuation of heat pumps and electric boilers in the Danish energy system. Applied Energy,
167, 189-200.

Halvgaard, R., Vandenberghe, L., Poulsen, N. K., Madsen, H., & Jgrgensen, J. B. (2016).
Distributed model predictive control for smart energy systems. IEEE Transactions on Smart
Grid, 7(3), 1675-1682.

Kiviluoma, J., Heinen, S., Qazi, H., Madsen, H., Strbac, G., Kang, C., ... & Naegler, T. (2017).
Harnessing flexibility from hot and cold: heat storage and hybrid systems can play a major
role. IEEE Power & Energy Magazine, 15(1), 25-33.

Wu, J,, Yan, J., Desideri, U., Deconinck, G., Madsen, H., Huitema, G., & Kolb, T. (2017).
Synergies between energy supply networks. Applied Energy, 192, 263-267.

De Zotti, G., Pourmousavi, S. A., Madsen, H., & Poulsen, N. K. (2018). Ancillary services 4.0: A
top-to-bottom control-based approach for solving ancillary services problems in smart grids.
IEEE Access, 6, 11694-11706.

Parvizi, J., Jergensen, J. B., & Madsen, H. (2018, October). Robust Model Predictive Control
with Scenarios for Aggregators in Grids with High Penetration of Renewable Energy Sources.
In 2018 IEEE International Conference on Communications, Control, and Computing
Technologies for Smart Grids (SmartGridComm) (pp. 1-7). IEEE.

Zemtsov, N., Hlava, J., Frantsuzova, G., Madsen, H., & Jgrgensen, J. B. (2018). Economic
nonlinear MPC for a population of thermostatically controlled loads. Computer Science-
Research and Development, 33(1-2), 157-167.

Blanco, I., Guericke, D., Andersen, A., & Madsen, H. (2018). Operational planning and
bidding for district heating systems with uncertain renewable energy production. Energies,
11(12), 3310.

De Zotti, G., Pourmousavi, S. A., Morales, J. M., Madsen, H., & Poulsen, N. K. (2018).
Consumers’ Flexibility Estimation at the TSO Level for Balancing Services. IEEE Transactions

on Power Systems, 34(3), 1918-1930.

Nystrup, P., Boyd, S., Lindstrém, E., & Madsen, H. (2019). Multi-period portfolio selection
with drawdown control. Annals of Operations Research, 282(1-2), 245-271.
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Vardanyan, Y., & Madsen, H. (2019). Optimal coordinated bidding of a profit maximizing,
risk-averse EV aggregator in three-settlement markets under uncertainty. Energies, 12(9),
1755.

Junker, R. G,, Relan, R., & Madsen, H. (2019). Designing Individual Penalty Signals for
Improved Energy Flexibility Utilisation. IFAC-PapersOnlLine, 52(4), 123-128.

De Zotti, G., Kani, S. A. P., Morales, J. M., Madsen, H., & Poulsen, N. K. (2019). A Control-
based Method to Meet TSO and DSO Ancillary Services Needs by Flexible End-Users. I[EEE
Transactions on Power Systems.

Blanco, I., Song, H. Y., Guericke, D., Gonzalez, J. M. M., Park, J. B., & Madsen, H. (2019).
Integration of different CHP steam extraction modes in the stochastic unit commitment
problem. IEEE Transactions on Power Systems.

Glossary:
e Quantile (lesson 3)

Exercises:

Lesson 3
e Exercise about penalty function/percentiles.
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