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Abstract: Lack of city space and conventional drainage systems failures have derived in the need to 
implement Green Stormwater Infrastructure (GSI) techniques which provide multifunctional areas 
capable of managing stormwater, treating the pollutants present in the runoff, bringing back 
biodiversity to the urban environment, and providing amenity whilst improving livability. In this 
context, swales were studied as a potential multifunctional GSI for water management and energy 
saving. This research successfully proposed the combination of a wet swale with a Ground Source 
Heat Pump (GSHP) system. The materials used within the cross section of a standard wet swale 
provided good isolation properties within the temperature performance ranges (20–50 °C), showing 
great potential for a swale to be developed together with GSHP elements, opening a new research 
area for water management and energy saving. 
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1. Introduction 

Climate change and anthropogenic impacts have worsened flooding and drought problems in 
urban areas. Green Infrastructure (GI) has arisen as a relevant tool to improve city resilience against 
extreme events, being supported by the European Union (EU) as well as other international 
institutions [1]. Sustainable Urban Drainage Systems (SUDS) have been at the forefront of techniques 
designed and implemented to decrease flooding problems across the world, becoming the preferred 
GI. SUDS are also well-known for providing multiple benefits like runoff control and pollution 
treatment whilst bringing biodiversity back to the built environment and improving livability 
conditions in cities [2]. 

Many countries no longer accept inefficient urban design and poor land-use. Thus, they are 
looking into multifunctional spaces capable of providing several functionalities such as robust water 
management infrastructure, technology to provide resilient food and water systems, and energy 
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saving devices, amongst others. Permeable Pavement Systems (PPS) were the first SUDS technique 
designed alongside Ground Source Heat Pump (GSHP), becoming the first multifunctional SUDS for 
urban environments. It showed a good performance to help saving energy in buildings [3] and larger 
areas in cities [4]. However, further development in this technology was necessary before it could 
become a reliable multifunctional technology. Following up from that, further experiments carried 
out at a laboratory scale focused in the analysis of the thermal performance of several materials 
included in the structure of various PPS when combined with GSHP [5]. 

The research presented in this article introduces, for the first time, the application of greener 
SUDS like wet swales which could help in improving livability conditions and biodiversity at a higher 
level when introduced in urban areas [6]. The main aim of this study was to find out whether the 
design and construction of wet swales could be liable to be developed in combination with 
geothermal energy elements such as GSHP. With this aim, a laboratory experiment was carried out 
by simulating a GSHP device operating at different temperatures. 

2. Methodology 

Three wet swale models were built in the laboratory using polyethylene containers (HDPE) (1 
in Figure 1) in order to replicate its standard structure at a 1:2 scale: 

• Bottom platform made out of plastic cells 50 mm thick (2 in Figure 1) covered by non-woven 
polypropylene based geotextile (3 in Figure 1). 

• Sub-base layer 200 mm thick (4 in Figure 1): Limestone aggregates 18 and 35 mm particle size. 
• GSHP simulated looping (5 in Figure 1): polypropylene flexible pipe 20 mm diameter and 5 m 

length was placed 50 mm above the bottom line of the sub-base layer. 
• Base layer 100 mm thick supporting grass growth in the surface layer (6 in Figure 1). 
• Surface layer made out of grass (7 in Figure 1). 

 
Figure 1. Experimental setup. 

Four temperature sensors were located at 100, 200, 300 and 400 mm (RTD 1, 2, 3 and 4 in Figure 
2), respectively, from the bottom line of the sub-base layer, measuring the temperature variation 
between the different layers when circulating water through the flexible pipes at several performing 
temperatures (20, 30, 40 and 50 °C), simulating a GSHP device. Furthermore, the temperature was 
measured in the inlet and outlet points of the model (9 in Figure 1) (PCE1, PCE2, respectively, in 
Figure 2). All temperatures were measured at 1 min intervals and each experiment lasted for 8 h. A 
15 L insulated tank was used as a water reservoir (11 in Figure 1), being connected to a hydraulic 
pump (8 in Figure 1) in order to generate enough water flow inside the flexible pipe. Finally, the 



Proceedings 2018, 2, 1433 3 of 4 

 

temperature within the simulated GSHP device was reached by using an electrical resistance 
controlled by a temperature device (10 in Figure 1). 

 

 
Figure 2. Temperature performance of all wet swale layers: (upper chart) under 20 °C GSHP operation 
performance (lower chart) under 50 °C GSHP operation performance. 

3. Results and Discussions 

It was observed that temperature increased constantly within the swale profile (Figure 2). 
Nevertheless, the systems presented a good isolation performance despite the constant presence of 
water in the system which could improve the heat transfer between the simulated GSHP element and 
the surface layer. Temperature in the room is presented in Figure 2 as TGP 1. 

The results obtained from this pilot study show that a combined approach to water management 
and energy saving is possible by using greener SUDS such as wet swales, opening a new research 
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line, although further research is needed at a higher scale and field conditions to finally validate the 
technology. 

4. Conclusions and Future Research Lines 

A future research line on the combination of SUDS and GSHP will be taking off over the next 
years as interest is growing constantly. 

Swale structure showed good isolation properties and thermal regulation for the potential use 
alongside GSHP techniques. 

Initial results in the field and in the laboratory have shown a promising path towards the 
application of renewable energy in Green Infrastructure. 
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