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Highlights 
• The construction components used in bioretention systems incur environmental impacts. 
• Differing designs and types of system incur different impacts. 
• The material transportation phase accounts for the largest environmental impacts. 

 

Introduction 
Stormwater is now frequently regarded as a resource that should, as far as possible, be utilized, and the 
associated infrastructure as the provider of many other benefits (e.g. Jose et al., 2015). Hence, nature-
based blue-green stormwater measures at street scale (e.g. bioretention systems) are receiving more 
attention. However, the design of bioretention systems can vary a lot and despite similar function, the 
environmental impacts of these systems are likely to differ, but there is little evidence for this. Results from 
several life cycle assessments indicate that bioretention systems (often called raingardens) perform well in 
comparison to other green (Bhatt et al., 2019; Wang et al., 2020) and/or grey (O’Sullivan et al., 2015; 
Vineyard el al., 2015) infrastructure systems. However, the environmental impacts of various construction 
components have not been evaluated or considered in these assessments.  
 
In view of the above, the objective of this study is to assess the environmental impacts of stormwater 
bioretention systems using a life cycle assessment approach. The aim is to analyse 11 bioretention systems 
with various construction components in order to quantify any environmental impacts. The results will 
support strategic planning and decisions related to street scale urban drainage systems wherever they are 
used.   
 

Methodology 
Life cycle assessment 
To fulfill the objective of this study, the system specifications of 11 bioretention cells constructed in 
Sweden have been assessed. All were analysed using a life cycle assessment (LCA) approach, which follows 
the framework developed by the International Organization for Standardization (ISO) under the 
environmental management standards ISO 14040 (2006a) and ISO 14044 (2006b). Generic life cycle 
inventory data for the specifications were utilised from Ecoinvent database v3.6. Where the database 
lacked relevant information, this has been supplemented from literature. The 11 bioretention systems were 
chosen to analyse complementary construction and filter materials. The 11 bioretention systems (S1-S11) 
are based on four types (Figure 1) of bioretention cells: A (S1-S5), B (S6-S7), C (S8-9) and D (S10-S11).  
 

 
Figure 1 Schematic drawings of the four bioretention types: A, B, C and D. The pattern fill in the drawings represent the filter 
material mixture, see Table 1. Black dots illustrate drainage pipes. 
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In Table 1, the construction and filter material of the bioretention systems are specified.  
 
Table 1 Specifications of the 11 bioretention systems. 

   S1 S2 S3 S4 S5 S6 S7 S8 S9 S10 S11 

Construction material             
Concrete m3 68 68 68 23 23 7 9 6 6 3 4 
Reinforcing steel kg 1200 1200 1200 400 400 68 92 66 66 27 45 
Paving stone kg 540 540 540 180 180 7150 9900 6820 6820 2750 4950 
Geotextile m2 0 0 120 0 0 0 0 0 0 76 135 
PVC pipe 110 m 75 75 75 25 25 45 55 60 60 0 0 

PEH pipe 110 m 0 0 0 0 0 0 0 0 0 18 31 

Filter material             
Sand m3 176 189 361 5 5 9 11 84 84 2 2 
Gravel m3 127 115 120 36 36 51 63 11 11 13 19 
Pumice m3 177 177 0 0 9 15 0 0 0 2 6 
Biochar m3 0 0 0 0 0 0 0 0 11 0 0 
Soil m3 0 0 0 119 118 241 331 17 6 16 52 
Compost m3 0 0 0 25 9 15 0 0 0 2 6 

 
Goal and scope 
The functional unit is defined as the provision of stormwater treatment for an impervious drainage area of 
1 m2. This study focusses on the environmental impacts associated with the production, transportation, and 
installation phases of the systems. The operation/maintenance and decommissioning phases are outside 
the scope of this study. Additionally, potential benefits (e.g. stormwater treatment, urban heat mitigation, 
biodiversity, amenity effects, etc.) provided by the systems and plant selection are assumed to be similar 
for all systems and hence, excluded from this analysis. Labour and associated costs of the systems are not 
included in the assessment. In summary, the study focuses on evaluating the environmental impacts which 
the systems have incurred before operation. 
 
Environmental impacts have been assessed by using the ILCD 2011 midpoint method developed by the 
European Commission, Joint Research Centre (2011) that includes 16 impact categories. The calculated 
environmental impacts were normalized by the EU27 2010 factors set; using per person normalization 
factors recommended by Benini (2014). However, the normalization factor for ionizing radiation 
(ecosystems) has not been developed and thus, this is excluded. The normalized results were also divided 
by the functional unit. The environmental impacts were calculated with the LCA-software SimaPro PhD 
v9.1.1.1. 
 

Results and discussion 
The normalized environmental impacts of the bioretention systems are shown in Figure 2. The significant 
environmental impacts associated with the production, transportation, and installation phases are human 
toxicity (non-cancer and cancer effects), freshwater ecotoxicity, mineral, fossil and renewable resource 
depletion, and particulate matter. Additionally, photochemical ozone formation, acidification, terrestrial 
eutrophication, and marine eutrophication are impacts specifically related to bioretention systems S1 and 
S2, which also are the two systems with the highest environmental impact in all categories, except for 
particulate matter (S7 has highest impact). For S1 and S2, the transportation phase stands out and this is 
explained by the long transportation distance for the filter material including pumice imported from Iceland 
by boat. This is confirmed when the impacts of S1 and S2 are compared with the other bioretention 
systems of type A (S3-S5) that have the same specifications except for the means of transportation for the 
filter material and the associated transportation distances. Although construction materials are the same 
for S1-S2 and S3-S5, it is clear that S3-S5 have lower environmental impacts due to shorter material 
transportation distances. Additionally, concrete intensive systems (mainly type A) incur high environmental 
impacts compared with less concrete intensive systems (type D). On average, type A systems incur 9 - 24 
times the environmental impacts of type D.  
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Figure 2 Normalized environmental impacts per m2 impervious drainage area of the 11 studied bioretention systems. 

Conclusions and future work 
In this study, results show that various construction components of bioretention systems incur 
environmental impacts. Differing design of bioretention systems, in terms of construction and filter 
material, incur different environmental impacts. On average, type A systems incur 9 - 24 times the 
environmental impacts of type D.  To assess the veracity of this study, the analysis will be followed by a 
sensitivity analysis. However, to minimize adverse environmental impacts it is clear that construction 
components of bioretention systems should be considered preferably in early stages of system design. 
 
Furthermore, consideration of costs, social impacts, and potential benefits of bioretention systems need to 
be assessed to determine if adverse environmental impacts can be accepted. This would be an interesting 
research area for future work. 
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