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Highlights 
• Existing drainage infrastructure is hypothetically retrofitted with 384 IoT-based micro storages. 
• Control strategies including data on sewer states show a clear improvement in performance. 
• Effectiveness increases when storage volume implemented is in ratio to overflow volume. 

 

Introduction 
Main application of rainwater harvesting (RWH) systems is to retain rainwater runoff in decentralised 
rainwater tanks and to substitute drinking water in non-potable water applications (Campisano et al., 
2017). Additionally, runoff into drainage systems is reduced due to the detention of rainwater and 
consequently, a large-scale implementation can improve overall system performance (e.g., reducing flood 
volume) (Jamali et al., 2020). However, efficiency is strongly dependent on user behaviours and associated 
withdrawal quantities (Quinn et al., 2020) and the overall system performance is hardly assessed. 
In this context, the Internet of Things (IoT) concept enables the development of communicating items. For 
example, outflow of decentralised rainwater tanks can be controlled in real-time and thus offering new 
opportunities in management of urban water infrastructure. Up to now, effectiveness of such systems is 
mainly investigated at local (=catchment) level as stated by Xu et al. (2020). In contrast, Oberascher et al. 
(2021a) examined the effects of a hypothetical large-scale implementation of smart rain barrels (SRBs) with 
remote controllable discharge valves as an IoT-based solution for real-time controlled micro storages in an 
Alpine municipality. Although a simplified control strategy for volume management was utilised, overall 
system performance (urban drainage and water supply system) could clearly be improved. However, the 
simultaneous opening of the SRBs’ discharge valves caused an artificial runoff wave in the sewer system, 
which could lead to artificial combined sewer overflow (CSO) events in unfavourable conditions (e.g.: 
partially filled due to previous rain events). 
Therefore, the aim of this work is to investigate and evaluate different control strategies for the SRBs (e.g., 
grouped, based on hydraulic states, and model predictive control) to improve performance during wet 
weather. 
 

Methodology 
‘Smartin’ tool box 
For the simulations, the open-source software ‘Smartin’ (Oberascher et al., 2021a) based on PySWMM (as 
an Python Wrapper for SWMM5) and Python EPANET Toolkit provided by Open Water Analytics 
(https://github.com/OpenWaterAnalytics/epanetpython/tree/dev/epanet_python/epanet_python) is 
utilised. Thereby, ‘Smartin’ enables real-time modelling of micro storages in a coupled model of water 
supply and urban drainage systems at a high spatial and temporal detail. For this work, following control 
strategies are developed and implemented as heuristic-controllers (if-then based) for opening discharge 
valves: 

• SRB all: simultaneously opening of all discharge valves, 

• SRB grouped: SRBs are subdivided into control groups and staggered emptying, 

• SRB CSO depth: considering filling depth in CSO structure for opening processes, 

• SRB MPC: number of discharge valves opened is optimised to reduce CSO volume. 
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Subsequently, performance of uncontrolled (conventional) rain barrels (RBs) and reference state (without 
any RBs) are used to evaluate effectiveness of different control strategies based on flood volume and CSO 
performance as performance indicators. 
 
Case study 
The existing infrastructure of an Alpine municipality located in Austria is used as case study (15.2 ha area 
connected to urban drainage network and CSO volume of 154 m³), and 384 properties are hypothetically 
retrofitted with SRBs providing an additional storage volume of 181 m³. For the simulations, precipitation 
data (1 min resolution) is available for a nearby weather station for 2018. Additionally, real weather 
forecasts (15 min steps for the next 24 h) are applied to open discharge valves in case that estimated inflow 
is greater than available detention volume. For the simulations, characteristic rain events are extracted to 
test different control strategies, whereas the summer half-year (21.03-23.09) is used to investigate the 
impact over a longer period. For more information about the case study, refer to Oberascher et al. (2021b). 
 

Results and discussion 
As an exemplary evaluation, Figure 1 shows system performance during a characteristic rain event with 
frequent rain breaks and two CSO events. For all simulations, an initial filling between 50 and 100% was 
assumed for all RBs implemented, therefore the uncontrolled RBs can slightly delay the CSO event at the 
beginning and then pattern follows reference state. In contrast, all SRB scenarios are partially emptied at 
the beginning of the event as rain is forecasted. This increases available detention volume, which can 
subsequently significantly reduce the first runoff peak (e.g., measure for first flush phenomenon).  

 
Figure 1. Exemplary illustration of system functionality for different control strategies for a real rain event: (a) rain sum, (b) CSO 
depth, (c) filled rain barrel volume and (c) CSO overflow volume (Oberascher et al., 2021b). 

 
Afterwards, each control strategy shows different pattern, whereas following points are particularly 
noticeable. First, discharge valves are simultaneously opened in control strategy ‘SRB all’ causing two 
significant peaks in CSO volume (twice as high as reference state) in the first CSO event. However, therefore 
more detention volume is available, which can significantly reduce the second CSO event. Interestingly, the 
control strategy ‘SRB grouped’ shows the last improvements, as through the staggered emptying lower 
detention volume can be provided. The control strategies ‘SRB CSO depth’ and ‘SRB MPC’ have the best 
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improvements, but effectiveness is also strongly depending on forecast quality and future weather 
development. For example, an additional CSO event at 15:00 is noticeable for both control strategies 
caused through higher filling degrees and deviations in weather forecasts.  
When the method presented is applied to other rain events or summer-half year following effects are 
noticeable. First, more advanced control strategies (e.g., ‘SRB CSO depth’ or ‘SRB MPC’) show a better 
performance than simpler control strategies (e.g., ‘SRB all’ or ‘SRB grouped’). Considering actual sewer 
states prevents that the SRBs are emptied if conditions are unfavourable, and thus risk of artificial runoff 
events is reduced. Second, effectiveness is strongly depending on characteristics of rain events (e.g., 
frequent rain breaks can be used for emptying processes) and relationship between added storage volume 
and CSO overflow volume (e.g., efficiency increases with lower CSO volume).  
 

Conclusions and future work 
Previous studies on real-time technologies applied to decentralised rainwater tanks have mainly focused on 
local level. In contrast, this work investigated the effects of a large-scale implementation by hypothetically 
retrofitting an Alpine municipality with smart rain barrels as an IoT-based solution. Subsequently, impacts 
of different control strategies were evaluated to improve performance during wet weather. Following main 
conclusions can be drawn from the obtained results: 

• More advanced control strategies (e.g., based on actual filling depths) should be preferred as risk of 
artificial CSO overflows is decreased through considering hydraulic conditions in sewer systems. 

• Real-time control is mostly efficient in case of partially filled rainwater tanks and when provided 
storage volume is in relation to CSO volume. Additionally, start of CSO event can be postponed, 
which is import in case of first flush phenomenon.  

• Real-time control technology is strongly depending on digital parameters (e.g., weather forecasts, 
data communications) and their performance (e.g., reliability, accuracy). Therefore, future work 
should consider variations from the ideal performance to determine these influences. 
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