Novel node selection approach for continent-wide
power system studies using spatio-temporal
clustering
Maria Krutova

Spyros Chatzivasileiadis

Lueder von Bremen

ForWind – Zentrum fuer Windenergieforschung Technical University of Denmark
University of Oldenburg,
Lyngby, Denmark
University of Oldenburg,
Oldenburg, Germany
Email: spchatz@elektro.dtu.dk
Oldenburg, Germany
Technical University of Denmark,
Telephone: +45 53 83 96 58
Email: lueder.von.bremen@forwind.de
Lyngby, Denmark
Telephone: +49(0)441 798–5071
Email: maria.krutova86@gmail.com
Fax: +49(0)441 798–5099
Telephone: +7 (905) 582–3306

Abstract—Plans to decrease the use of conventional power
sources and deploy renewable energies call ideas for global
power networks. In such networks the energy would be transferred several by thousand kilometers from regions with excess
renewable power generation to ones that cannot fully cover
their demand. Continental-wide grid simulation for system
studies encounters the problem to allocate representative nodes.
In the simplest case the power network is defined as one
node per country. This approach is sufficient in Europe due
to moderate country sizes, but is too coarse for very large
countries (eg. China, Russia, India). In particular in those
countries the renewable power potential, population density
and therefore demand vary in the spatial scale stronger than in
Europe. Additionally, daily peak loads are shifted in countries
spanning through several time zones.
In this work a novel clustering approach is developed to detect
regions with similar spatio-temporal characteristics that are
assigned nodes for a power system study. A combination of
ST-DBSCAN based clustering method and merging algorithm
produces sets of clusters that are chosen for DC power flow
simulations connecting Europe and Asia.
20 years MERRA wind speed and solar radiance data is used
to compute onshore wind power and photovoltaic power. The
demand is estimated on population density. The sensitivity and
flexibility of the clustering approach are discussed, examples of
resulting grids are shown and benefits with respect to reduced
balancing needs are shown. It is found that grids derived from
renewable power and residual load clusters have the same total
backup needs, while the transmission capacity is affected by
the size of the grid.

TABLE I
P OWER MIX

less than 1000 kWh/m2
1000-1500 kWh/m2
1500-2000 kWh/m2
more than 2000 kWh/m2

Studying large scale power systems, where locations of
the nodes cannot be assigned to specific generation or load
centers, can pose a challenge of calculating the power grid.
Assigning a node to a country or a group of nearby countries [1] does not take into account climate and population
density differences. The differences are not as evident in
Europe due to moderate country sizes. On the contrary large
natural areas in Asia (Siberia, Tibet plateau, Taklamakan
desert etc.) have sparse population, but still possess high
solar and/or wind potential. Using the clustering approach
to group similar points allows to detect regions with high
renewable potential or demand more precisely.
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II. C LUSTERING
A. Data
For simplicity only wind and photovoltaic (PV) power are
considered in renewable generation. Assuming no significant
climate change in the future, feed-in time series are derived
from MERRA 1996-2015 wind speed and solar surface radiation [2], [3]. Wind power time series GW
i (t) are calculated
with Enercon E-126 power curve [5]. PV power time series
V
GP
i (t) are calculated with typical characteristics of PV
cells [6], inclination angle is not accounted. Wind power
capacities are assumed to be installed uniformly. PV power
capacities are scaled to the wind power ones so that
βi =
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where βi is chosen depending on annual solar surface
radiation (Table I). Additional correction (*) is introduced
for South-East Asia, as high solar potential coincides with
low equatorial winds, therefore scaling PV to wind power
would produce unrealistic results. PV share β takes values
only within [0, 1] range.
The difficulties of installing and maintaining wind and PV
farms in Tibet and Siberia were not considered, therefore the
only generation restriction accounted for those regions is PV
power share (1).
Synthetic load time series Li (t) are calculated based
on the average load in MERRA grid cell retaining daily
and yearly cycles and accounting increased consumption

