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Abstract 

World-wide, approximately 32 % of the total energy use is consumed by residential and 

commercial buildings [1]. In Flanders, Belgium, buildings account for 36 – 40 % of the total 

primary energy consumption [2]. The buildings are responsible for about 30 % of the global 

total end-use energy-related CO2 emissions, if the indirect upstream emissions are considered 

[1]. Energy benchmarks and goals at the level of individual buildings are stated in the European 

directive 2002/91/EC [3]. 
As per recent European directive, by 2020 all new buildings need to be nearly zero energy 

buildings, leading to a high penetration of renewable energy resources (RES) in the built 

environment, although the definition is not clearly defined [4]. Therefore, the focus will lie on 

net-zero energy buildings (nZEBs), defined by the assumption that the local electricity 

production, e.g. by means of photovoltaic system covers the yearly electricity consumption (net-

zero site energy) [5]. 

An nZEB requires increases of both the integration of local RES and energy efficiency (e.g. 

proper insulation, etc.). The latter also includes new technologies such as heat pumps (for space 

heating and domestic hot water) and electric vehicles, with the advantage of significant 

reductions in CO2 emitting fuels. However, these technologies have a significant impact on the 

electricity consumption in buildings. Second, the intermittent and seasonal production profile of 

RES combined with these technologies may have an impact on the grid (e.g. larger peak 

consumptions or injecting power in the grid). This requires a proper synchronization of 

consumption and production of heat and electricity, through demand side management and 

electrical and thermal storage. But also combining different building types in a (multimodal) 

district may bring some advantages because of different consumption profiles will balance each 

other. Therefore, it is appropriate to include electrical flows in the simulation of buildings and to 

investigate the interaction of thermal energy flows with electrical energy flows in buildings and 

the energy exchanges between buildings. 

Several electrical demand and supply cover factors, quantifying the non-simultaneity 

between local demand and supply, are defined in literature [6]-[7]. Thermal cover factors will 

be defined to assess the interaction between electrical and thermal energy flows. This is 

required, since maximizing the electrical cover factors does not imply an optimal interaction 

between heat production and consumption, resulting in e.g. higher heat losses and a higher 

electrical load. 

Therefore, this PhD will focus in the first place on the integration and interaction of 

electrical and thermal energy flows in buildings and between buildings in (multimodal) districts. 

In a second step, the electrical grid in a building will be modelled and investigated, including 

the possibilities for DC networks in buildings. 

 

[1] Energy Technology Perspectives 2012: Pathways to a Clean Energy System, Tech. rep., 

International Energy Agency (2012). 

[2] H. Hens, and A. Janssens, “Building, living and energy in Energy Today and Tomorrow”, 

ACCO, Leuven, 2006, pp. 133–151. 

[3] The European Parliament, Directive 2002/91/EC of the European Parliament and the 

Council on 16 December 2002 on the energy performance of buildings (recast). 

[4] The European Parliament, “Directive 2002/31/EC of the European Parliament and the 

Council on 19 May 2010 on the energy performance of buildings (recast).” 



 

 

[5] S. Pless, and P. Torcellini, “Net-Zero Energy Buildings: A Classification System Based on 

Renewable Energy Supply Options,” Tech. Rep. NREL, June 2010. 

[6] B. Verbruggen, R. De Coninck, R. Baetens, D. Saelens, L. Helsen, and J. Driesen, “Grid 

Impact Indicators for Active Building Simulation,” in IEEE PES Innovative Smart Grid 

Technologies, Anaheim, USA, 17-19 January 2011, pp. 127-132. 

[7] J. Salom, J. Widén, J. Candanedo, I. Sartori, K. Voss, and A. Marszal, “Understanding Net 

Zero Energy Buildings: Evaluation of Load Matching and Grid Interaction Indicators,” in 

Proceedings of Buildings Simulation, Sydney, Australia, 14-16 Nov. 2011. 


