
DCSMART
The electrical power system is facing 
challenges due to the increasing amount of 
distributed energy resources with stochastic 
behaviour. While the distribution grid has 
traditionally operated with alternating 

current (ac), nowadays most devices 
operate with direct current (dc) internally, 
and most distributed renewable resources 
generate power in dc. 
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Storage (TUDdc), Architecture and the Built Environment 
(TUDarch), Algorithmics (TUDalg) and Energy & Industry 
(TUDei).
TUDdc has 2 PhD students. One of them has focused on 
the design of modular power converters for a wide range 
of applications such as street lights. The design  consists 
of a preliminary analysis by means of a computer-based 
simulations followed by the physical implementation of the 
modular electronic dc converter. The second PhD student of 
TUDdc works on the second layer of the Three Layer Model 
framework. This layer relates to the development of smart 
markets. The PhD student works on the development of 
power system control and balancing algorithms based on the 
physics of dc distribution grids to assure system stability. These 
algorithms are also tested at a small-scale dc distribution grid 
located at the laboratory of TUDdc.  TUDalg and TUDei work 
on a market simulation-based approach will be developed in 
which different strategies are compared using experimental 
game theory. The outcomes of the simulation contribute 
to market design decisions. Possible smart retail market 
scenarios will be taken into account in which the interaction of 
the prosumers and distribution system operators (DSOs) will 
be considered, including new players like electric vehicles.  
Last but not least, TUDarch works on a modified system 
approach which will be developed based on the integration 
of dc distribution smart grids (functional layout, building 
integration, building typology/morphology) in future forms of 
development of built (urban) environment. The methodology 
includes the identification and catalogue of interdependencies 
and synergies between urban energy systems, mobility, spatial 
programming and urban form, and the development of a 
pattern library to support these alternative configurations from 
an energy sensitive design perspective.

Dr. Laura Ramírez Elízondo
DCSMART is an inter-disciplinary project that focuses on 
three important layers for the effective implementation of 
dc distribution grids, namely: components and 
protection, system integration and control, and market 
and ancillary services.
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PROJECT
DCSMART is an interdisciplinary project that aims at enabling 
a straightforward integration of smart grid system technologies, 
creation of market opportunities and stakeholders adoption 
through the development and implementation of dc distribution 
smart grids. These dc distribution smart grids will be based 
on modular and scalable concepts. The consortium has 
experience in the disciplines of electrical engineering, market 
and policy, and information and communication technologies. 
DC distribution grids have the potential to facilitate smart grid 
applications in a more straightforward way. With dc distribution 
grids, dc sources and dc loads could be directly connected to 
a dc bus, eliminating dc/ac and ac/dc conversions. Not only 
would the amount of conversion steps be reduced, but also 
the need for frequency synchronization would be eliminated. 
Power converters offer flexibility to the system, a very important 
attribute for the deployment of smart grid applications. In dc 
distribution grids the participation of power converter devices 
is more pronounced than in ac distribution grids. By making 
appropriate use of this attribute, smart grid technologies can 
be more easily enabled in dc distribution grids, as the power 
converters provide more controllability and as a result, are 
more suitable for the implementation of ICT-based smart grid 
applications, such as active demand side management. It is 
important to note that the lack of synchronization requirements 
in dc distribution grids facilitates the execution of local and 
autonomous distribution grid management. In interconnected 
systems, the provision of ancillary services, smart markets 
and the interaction with Distribution System Operators (DSOs) 
is also facilitated by means of the control potential of dc 
distributions grids. The topic of dc distribution grids fits into the 
ERA-Net Smart Grids Plus call as the topic is part of the ETP 
Smart Grids Strategic Research Agenda 2035. 

Prof. Bauer
DCSMART aims at enabling a straightforward integration 
of smart grid system technologies, creation of market 
opportunities and stakeholders adoption through the 
development and implementation of modular and 
scalable dc distribution smart grids 

RESEARCH
Four research groups at TU Delft has joined their forces in 
DCSMART project: DC Systems, Energy Conversion and 
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Faculty / research group: EEMCS/DC Systems, 
DC Energy Conversion & Storage (DCE&S)




