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Abstract— It is critical that tools for assessing potential 

environmental impacts are, amongst other things, fit to 

reduce uncertainty and provide sufficient confidence to 

permit decision. To address collision risk between marine 

mammals and tidal energy devices a simulation-based 

approach was developed to create a robust system that can 

adapt to any typical scenario and include novel device 

designs and ecological parameters. The approach here 

makes use of an open-source game-engine, Blender, to 

simulate a tidal energy device, the animal, and its 

movement in 3D to calculate collision probabilities. This 

free-to-use software offers an economical solution, 

however, the complexity of simulating a 3D environment, 

and adapting game-design software for the purposes of 

environmental questions poses challenges such as the time 

required for simulations to complete and the computing 

power required (e.g. number of CPU cores). The aim of this 

current study was to streamline the simulation-based 

approach and outline a more efficient process so that the 

time to produce results is greatly reduced. Simulation 

runtime has been significantly reduced by employing 

increased parallelisation and enabling running the 

software on a high-performance computer. The end-to-end 

runtime was reduced by a factor of 17 to greatly improve 

efficiency. Further improvements to this simulation-based 

approach gives industry a greater number of options for 

robust quantification of collision risk and, consequently 

this work can aid regulators in making decisions during 

the consent, and post-consent phases of tidal energy 

developments. 
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I.INTRODUCTION 

It is important that modelling tools for environmental 

assessments of marine renewables are comprehensive, 

cost-effective, and efficient. Collision risk, i.e., the risk of 

an animal colliding with the moving parts of a tidal 

energy converter (TEC), remains a key environmental 

concern to the growth of the tidal energy industry [1]. 
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Estimating collision risk has been an issue since the first 

device was installed [2] and can still hinder the 

consenting of device(s) [1]. Understanding the collision 

risk posed by TECs is a complex issue due to several 

factors such as, firstly, the difficult conditions for 

monitoring environmental conditions (e.g. turbidity, flow 

speeds), secondly, the variability of species present in the 

area, and the differing behaviours of animals (e.g. dive 

behaviour, avoidance, evasion), thirdly, the variety of 

device designs [3] and finally, the modelling of collision 

risk with limited data [1]. Estimating collision risk is 

therefore a difficult problem and requires a 

comprehensive modelling approach that can tackle the 

complexities of the issue whilst maximizing 

computational efficiency. 

The simulation-based approach developed by Schmitt 

et al [4] simulates an animal and TEC in 4-dimensions (3D 

space and time) and can assess any device design [3]. It 

can also incorporate ecological data by varying input 

parameters, such as the animal’s angle of approach to 

produce more informed collision risk estimates [5]. 

Furthermore, in terms of cost, it is a cost-effective tool, 

making use of the open-source game-engine software 

Blender [6]. Depending on the complexity of the scenario, 

to obtain the desired results, thousands or even millions 

of simulations might need run to calculate collision risk 

probabilities. These takes time.  

In the model’s present setup on a standard computer, it 

may take several days to run 3D simulations for a single 

scenario as the approach is making use of game-engine 

software and is computationally demanding. For example, 

one of the scenarios, outlined in Horne et al [5], to simulate 

collision risk between a harbour seal and tidal kite for one 

swim speed with a set angle of approach required the 

running of over 500,000 simulations, taking approximately 

5 days to complete. The simulations can be run in parallel 

to improve efficiency, however, the game-engine, despite 
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its advantages, is not designed to be run without a 

graphical user interface (GUI).  

Displaying 3D simulations uses a large amount of 

computing power which limits the computational 

efficiency of the model. While the model has been run 

previously, with a GUI, in parallel with up to eight 

simulations running simultaneously, if more simulations 

could be run in parallel, the time to completion may be 

reduced greatly. For the efficiency of the approach to be 

improved a solution is required to run the model without 

a GUI. In addition, the number of simulations the model 

can run in parallel needs to be tested to investigate the 

improvements to the efficiency of the approach. 

This paper outlines a method for running the 

simulation-based approach in a streamlined setup. 

Efficiency was tested initially by running with and without 

a GUI on a standard computer. Secondly, the streamlining 

of the simulation-based approach was assessed with an 

increased number of simulations in parallel on a standard 

computer and a high-performance computer. 

II.METHODS 

A. Simulations 

The simulation-based approach runs a multitude of 

simulations of an animal and TEC moving in 3D space to 

produce collision probabilities. For example, an 

individual simulation consists of an animal starting off in 

a determined position and is given a direction and speed 

to travel that will pass by the TEC. The TEC is given 

movement based on operational conditions of that 

design, for example, rotation at a set rotations per minute 

(RPM) for a horizontal axis turbine for a set flow velocity. 

Full details of simulations can be found in Horne et al [3] 

and Horne et al [5]. 

 

In this study, to test the efficiency of the model in a 

consistent way, a simple case of one starting position, one 

speed of animal and one speed of device was tested. This 

allowed for a direct comparison of results, with respect to 

the time it took to complete the simulations using a 

standard computer and a high-performance computer 

(Table I). 

B. Scripting 

To setup simulations, an input CSV file, provides the 

settings for each individual simulation. The input file has 

a user-defined number of ‘splits’, each creating new input 

files that can be used to run many simulations in parallel. 

For example, when running 1000 simulations with 5 

splits, 5 input files would be needed each with the 

settings for 200 individual simulations and these could all 

be run simultaneously using a python script to control all 

aspects of the model. 

To reduce the amount of computing power used by the 

model, Blender had to be run ‘headless’ i.e., without 

producing a GUI. This was achieved by making use of a 

game-engine function ‘setRender’ that when set to false, 

stops the game-engine from rendering any complex 3D 

graphics. With this function added to the python script 

that runs the model, it was then possible to use a virtual 

frame buffer (VBF) to create a virtual system that acts, in 

the background, as a monitor that manages all display 

information produced by Blender. The type of VBF 

employed was Xvfb [7] this was done using the Xvfb-run 

command before calling for Blender to run.  

1) Headless vs GUI 

To test the increase in efficiency from running the 

model headless, a comparison was run on a single 

computer, a standard laptop (Table I), using 100 

simulations. The time taken for simulations to complete 

(runtime) was recorded for 5 different numbers of splits 

(5, 10, 20, 25, 30) for the two methods, headless and GUI. 

2) HPC vs Laptop 

Further testing was undertaken by comparing the 

efficiency of the model using higher computing power. 

Two computers (Table I) were tested, a laptop and high-

performance computer (HPC), with the time taken for 

1000 simulations to be run in the headless setup recorded. 

The number of simulations were increased to 1000 as six 

different numbers of splits were tested (5, 10, 20, 40, 80, 

160). 

III.RESULTS 

The model was run successfully across all comparisons 

for both the headless and GUI methods and on the two 

computers. 

A. Headless vs GUI 

Running the model headless consistently showed a 

reduction in runtime for a given number of splits. The 

shortest runtime for headless and GUI was 42 seconds for 

20 splits, and 52 seconds for 25 splits, respectively (Fig. 1). 

At 30 splits the two methods both showed a large 

increase in time to completion, illustrating the 

computational burden of running a larger number of 

simulations simultaneously. This outlines that, at a point, 

increasing the number of splits will have a detrimental 

effect on the runtime, due to the CPU becoming 

overwhelmed and ceasing to operate effectively.   

TABLE I 

SPECIFICATIONS OF THE DEVICES USED FOR TESTING OF MODEL 

EFFICIENCY 

Computer CPU Cores Processors 

Laptop 8 
1 Intel Core i7-7700HQ CPU 4 Core 

Processor  

HPC 64 2 AMD EPYC 7282 16-Core 

Processor 
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B. HPC vs Laptop 

Running the model on the HPC allowed an increased 

number of simulations to be run simultaneously. The 

HPC showed the greatest improvement in runtime with a 

consistent improvement from 5 (711 seconds) to 160 (41 

seconds) splits (Fig. 2). The reduction in runtime on the 

HPC was less prominent as the number of splits 

increased, where the smallest decrease was from 80 splits 

to 160 splits (18 seconds) (Fig. 2), which indicated that 

any additional splits would be unlikely to increase the 

efficiency. On the laptop, runtime decreased as the 

number of splits increased, until 40 splits, thereafter, the 

runtime greatly increased (Fig. 2). Running 1000 

simulations at 40 splits on the laptop, however, showed a 

decrease in runtime (Fig. 2). Overall, the improvement in 

efficiency of running the model headless on a HPC 

reduced the runtime from 711s to 41s (Fig. 2). 

IV.DISCUSSION 

When the headless setup simulation-based approach 

was carried out on a high-performance computer the 

runtime was improved by a factor of 17. Previously, the 

simulation-based approach could take up to a week to 

run the 1000s of simulations required to produce a 

collision probability for a given scenario, such as the 

those demonstrated in Horne et al [5]. Now, these same 

results can be achieved in less than 12 hours.  

Removing the GUI from the model made a slight 

improvement to the runtime. The decrease in runtime 

was roughly 10s independent of the number of splits, 

with the notable exception of the 25-split case, where no 

improvement was found. The reason for this is unclear 

and under further investigation. The main advantage of 

running the model in a headless setup is that it simplifies 

the running of the model and removes any need for 3D 

rendering. The laptop on which the model was run had a 

graphics card and this may have contributed to how well 

it performed with a GUI, however the effect of removing 

the GUI may be greater on other hardware setups, such 

as those without a graphics card. This change could 

therefore make the model more accessible to those 

without high computing power, whilst still allowing a 

significantly improved runtime. 

The model was able to be run 160 simulations 

simultaneously on the high-performance computer. The 

two computers performed similarly until 40 splits, where 

the time to completion differed slightly more, as the 

laptop was close to computational capacity and then after 

40 splits the time to completion increased dramatically. 

The two computers performed similarly until 40 splits 

because, as long as the computer is not at computational 

capacity, the model must complete each simulation, 

which takes a set amount of time, and the main time 

difference between the two computers was due to the 

time to initiate Blender. This difference becomes more 

apparent when comparing the two tests. As the first test 

was run for 100 simulations and the second for 1000 

simulations, the effect of initiating Blender accounted for 

a greater proportion of the runtime for the first test. 

Consequently, the most efficient number of splits for the 

model run headless on the laptop was 20 splits for the 

first test (Fig. 1) and 40 splits for the second test (Fig. 2). 

Therefore, when running a complete scenario that would 

require 100,000s of simulations, the number of splits 

possible is the most important factor in reducing the 

runtime.  

The number of simulations run simultaneously was 

greatly improved, which has lowered the time it takes for 

the model to be run. The high-performance computer 

used here showed little improvement at 160 splits, 

however there is potential for this to be improved further 

using more high-performance nodes. Since the 

 
Fig. 1.  Time (seconds) to complete 100 simulations on the laptop 

for the five splits (5, 10, 20, 25, 30) for the model run headless (black, 

triangles) vs with a GUI (grey, circles). The number of splits 

represents how many times the 100 simulations are divided e.g., for 

10 splits each split runs 10 simulations and for 20 splits each split 

runs 5 simulations.  

 
Fig. 2.  Time (seconds) to completion of 1000 simulations run on 

HPC (black, circles) and Laptop (grey, triangles) over 6 different 

splits (5, 10, 20, 40, 80, 160). The number of splits represents how 

many times the 1000 simulations are divided e.g. for 10 splits each 

split runs 100 simulations and for 100 splits each split runs 10 

simulations. 
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simulations can be run entirely independent from each 

other and do not require the exchange of any information 

between processes, parallelisation is simple and not 

limited by inter-processor communication, as is usually 

the case for many other numerical simulation tools. 

Although the Blender game-engine in its proxy settings 

provides a flexible platform to model collision risk, it did 

have a long runtime to test different scenarios, especially 

when addressing complex issues such as changes to the 

angle of approach, speed, and size of the animal [5]. 

However, the streamlining of the simulation-based 

approach presented herein allows the many features of 

the model to be exploited without the burden of an 

excessively long time to produce results. 

The simulation-based approach offers many 

advantages over other collision risk models. It provides a 

comprehensive tool that can test any device design [3] 

and incorporate many different parameters [5]. These 

developments continue to demonstrate how the approach 

could be used in the future to provide highly 

comprehensive assessments of collision risk across a 

multitude of scenarios. The improved efficiency of the 

model now reduces the time burden of testing multiple 

scenarios and will facilitate more comprehensive collision 

risk assessments that will ultimately be able to provide 

measures of sensitivity and uncertainty through 

confidence intervals obtained from running multiple 

alternative scenarios. For example, important data 

sources, such as the speed of animal and device, could be 

tested to investigate uncertainty around the input values 

and the effect on collision risk estimates. This information 

could better inform where effort should be focused on 

gathering empirical data on TECs and collision risk 

[1][8][9]. Further improvements to this simulation-based 

approach gives users, such as environmental consultants, 

a greater number of options for robustly quantifying 

collision risk. As a consequence this work can aid 

regulators in making decisions during the consent, and, 

where applicable, post-consent phases of tidal energy 

developments. 
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