
Abstract

This work is born as a result of the need to analyze the effect of dispersion
in heat transport in aquifers. At the same time, Barcelona Regional, a com-
pany related to the urbanistic development of the city, wants the UPC to study
the feasibility of the implementation of ground-heat exchangers(GHE) in ”la
Sagrera”(Barcelona). This brought the opportunity to study heat dispersion
importance in the modelling of heat transport.

There are two different types of GHE:

Close-loop systems Water circulates though PVC or HDPE pipes integrated
in the foundations of the building.

Open-loop systems Water is directly injected to and extracted from the aquifer
by means of wells.

A parallelism between solute and heat transport is made to analyze the phe-
nomenon in porous media. This way, heat injection can be analyzed as a solute
injection with the usual hydrogeological tools developed in the Hydrogeology
Group(GHS) like TRANSIN-IV.

First of all, a hydrogeological contextualization of the area has been carried
out in order to create a numerical model. Geological, hydraulic and thermal
data have been collected, reviewed and analyzed to characterize the aquifer.

Secondly, a first approach to the problem was done with the creation of
a plan and a vertical local models to quantify the efficiency of a single heat
pile. This would be useful when analyzing the regional effects on the aquifer
in a hypothetical implementation. Despite being an attractive system, it did
not turn out to be efficient enough taking into account the important energy
requirements of the project.

Next step was to analyze the competency of open-loop systems. Thankfully,
despite not being so elegant, they sufficed the power demand of the project. One
of the main disadvantages of this system is its potential environmental impact.
A great amount of heat is injected into the aquifer (several Mw are dissipated)
and important changes in the piezometry are caused. It must be noted that
warming water of the aquifer represents an impact to the aquifer but no serious
consequences have been declared yet.

To sum up, it must be said that:

1. Dispersion is not a crucial parameter in terms of heat dissipation but it
can significantly alter temperature distribution in the aquifer. Thus, it
must not be disregarded in the modelling of heat transport processes.

2. Close-loop systems are not a good solution for cooling buildings in the city
of Barcelona. Low hydraulic fluxes, low permeability layers, small aquifer
thicknesses and warm groundwater temperatures are important points to
bear in mind. Open-loop systems, despite representing an impact to the
aquifer, are the best solution for cooling purposes. It is important to be
careful with the effects on intensive pumping and injection, clogging of the
wells(maintenance) and its costs of implementation.




