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PhD proposal
Optimisation methods for positive-energy buildings
Field:
Energy engineering
Location:
CSTB, 290 route des Lucioles, 06904 Sophia-Antipolis, France
PhD tutor:
Pierre MICHEL, ENTPE, LASH
Auxiliary tutors:
Franck ANDRIEUX (franck.andrieux@cstb.fr), CSTB / TIDS, Sophia Antipolis


Jean-Robert MILLET (jean-robert.millet@cstb.fr), CSTB / ESE, Marne La Vallée

Doctorate school:
« Mécanique Energétique Génie civil et Acoustique » (MEGA)

Research initiative:
CSTB’s research programme on « Positive energy buildings: Tools for the design of low energy buildings ».
Context:
The quest for low energy consumption leads to more and more sophisticated building elements, including both the building envelop and energy systems. These components are often interconnected and interact with each other in such a way that the “global optimum is not the sum of local optima” of the different components. 

Finding a globally optimal design is far from intuitive and may require considering criteria as varied as the physical properties of the building, its geometry, environmental impact, target comfort level, a set of technical and juridical constraints, as well as taking occupant information into account as precisely as possible. 

Goal:
The goal of this Ph D is to define methods allowing to find such a global design optimum and to validate these methods by implementing them into existing design / simulation tools.

Existing tools, such as TrnOpt, allow determining optimal values for a set of parameters of a given model, directly using transient simulation tools such as TRNSYS. This type of approach has a twofold limitation. On one hand, it is limited by the models used in the energy simulation tool (for example, the absence self-shading phenomena in the TRNSYS 16 building model, which should be included in TRNSYS 17). On the other hand, it is limited by the fact that the optimization is conducted on an existing, hardwired model. In other words, the optimum is computed based on a single TRNSYS project, using a given building geometry and topology – changing these parameters requires rewriting the simulation project files. 

However, the choices made during the initial phases of a project, from the very architectural sketch, have a decisive influence on the energetic performance of the final project.  
We thus have the feeling that new approaches should be developed, allowing to guide both technical and architectural choices during all phases of building design. To achieve this, we must study generic representations of the optimisation problems described, in such a way that they can be applied to different models. 

This also leads us to study the best ways of coupling CAD tools, transient simulation tools and 2D/3D tools, in order to be able to solve specific optimisation problems, such as, for example, the optimization of the architectural shape in the context of bioclimatic design. It will be particularly important to study the topographic variation of the model and its link with the simulation tool.

The developed methods will be applied and validated through an implementation of a complete chain of 2D/3D modelling tools, comprising simulation kernels (including TRNSYS) and existing modellers which rely on previously defined standards for data exchange between software tools (cf. IFC ISO standard, gbXML and NBDM). They will use the complete geometric, topological and semantic information contained in the digital mock-up of the building. 

Expected results:
This PhD will allow: 

· To remove barriers linked to the scientific optimisation of the building, in a systematic, global approach

· To contribute to the evolution of numeric simulation tools such as TRNSYS, including global optimization methods
· To improve interoperability between transient simulation tools and CAD
· To provide indications concerning the interaction of different building components and the global efficiency of the assemblies
Required competences:

Thermal behaviour of building envelops and systems, simulation and computation tools.
Location:
This position could be based in Lyon and/or Sophia Antipolis (France).
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