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II. ABSTRACT 

One of the primary technical constraints to the development 
of tidal in-stream energy converters (TISECs) is uncertainty 
associated with their potential environmental effects. As the 
industry moves toward commercialization, international 
research is focused on the deployment and monitoring of 
TISECs to observe effects in a variety of real-world situations 
and thereby better understand potential effects on marine life 
and the physical environment. Understanding these effects is 
important to device optimization as well as project consenting 
in most jurisdictions. 

 
In Canada, most Marine Renewable Energy (MRE) 

research and development is focused on TISEC 
demonstrations, with the Province of Nova Scotia’s Bay of 
Fundy being the centre of activity. Between 6 and 8 
demonstration projects are planned for deployment over the 
next 3 years, including those at the Fundy Ocean Research 
Centre for Energy (FORCE) and others permitted under the 
Nova Scotia Department of Energy’s Demonstration Permit 
program. 

 
The broad variety of devices demonstrated through these 

projects include utility scale TISECs (e.g., having a rated 
capacity of 1 MW or more), small scale devices (having a 
rated capacity in the tens or hundreds of kWs), devices that 
rest on the seabed, floating devices, devices with traditional 
rotating turbines, and resistance-based devices that move 
through the water. Environmental Effects Monitoring 
Programs (EEMPs) are requirements for all device 
deployments. 

 
In developing an appropriate EEMPs for a TISEC 

demonstration project, researchers and practitioners require a 
broad knowledge base that includes a sound understanding of 
the operational capabilities of sensor technologies, and the 
state of science and research priorities as identified by 
Canadian and international MRE organizations such as ORJIP 
and Annex IV. The regulatory regimes applicable to the 
intended demonstration site must be thoroughly understood, 
along with those in future deployment sites to ensure that the 
utility of EEMP results is maximized. 

 

This paper discusses environmental effects monitoring 
methods being employed in projects planned for Canada’s 
Bay of Fundy and describes the decision-making processes 
employed by the author in designing EEMPs for multiple 
project developers. The methods and technologies used in 
EEMPs are discussed along with the limitations of the various 
sensor technologies. Finally, opportunities to advance 
environmental monitoring capabilities through research and 
development activities are identified. 

 
EEMPs may include a variety of tools including direct 

visual observation, physical sampling, video surveillance, and 
acoustic monitoring. Of these, acoustic monitoring is the 
standard for traditional marine monitoring because it is the 
most versatile and holds the best potential for the acquisition 
of robust datasets. High flow environments such as those in 
the Bay of Fundy present unique challenges to most 
commercially-available sensors used in marine data collection. 
While acoustic technologies and data analysis methods 
continue to develop as in-stream tidal technologies mature, 
environmental factors such as turbulence, high turbidity, and 
noise associated with high-flow environments presents 
challenges to the effective collection and analysis of data.  

 
Monitoring of floating TISECs is further challenged by 

increased turbulence near the surface of the water column, 
wave activity, air entrainment, acoustic reflection off the 
water’s surface and floating ice and debris. These conditions 
introduce acoustic and physical interferences that may limit 
the ability of the sensor to collect adequate data, or function 
effectively. Bottom-mounted TISECs present different 
challenges for environmental monitoring, including the 
inability to easily access sensors for maintenance, repair, or 
replacement, and difficulty observing the condition of sensors. 

 
Beyond the technical requirements, the cost of EEMP 

systems must be proportional to the scale of the platforms and 
to the impacts that these devices are likely to have on the 
environment. Managing and analyzing the terabytes of data 
that can be generated from active acoustic and video sensors 
can also represent significant costs. Finding a way to capture 
adequate environmental data while keeping the costs to a 
reasonable percentage of overall CapEx and OpEx may be 
critical to the feasibility of some demonstration projects. 

 
Nova Scotia, Canada is home to world-leading ocean 

technology companies that develop marine sensing equipment 
for the defense and energy industries as well as the scientific 
community. From within this sector several companies have 
partnered with academic institutions over the past several 
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years to conduct research aimed at developing new sensor 
systems and monitoring techniques. These activities include 
collecting discrete data within the water column, designing 
methods for combining datasets from various sensors, and 
developing advanced sensors for deployment on TISEC 
devices. 

 
An example of this work is the development of a coherent 

hydrophone array by Geospectrum Technologies and 
Dalhousie University. A hydrodynamic, four-element 
horizontal hydrophone array was developed to more 
effectively collect baseline ambient acoustic data by reducing 
flow noise from data collected by hydrophones mounted on 
TISECs. Accurate baseline ambient sound level data are 
essential to the quantification of the additional noise that a 
TISEC may contribute to the environment. The coherent array 
was tested in the Bay of Fundy and data collected during high-
flow conditions. Signal processing methods were used to 
analyse datasets from each of the hydrophones in the array 
and allowed flow noise to be identified and suppressed. The 
results yielded a lower critical frequency at all flow speeds 
than that of a single hydrophone (Figure 1).  

 

Fig. 1  Comparison of hydrophone, coherent array, and guard buoy signals 
captured during prototype testing in the Bay of Fundy 

 
Many TISEC developers are partnering in the development 

of new technologies such as the coherent array as part of their 
overall R&D program. Such technologies and methods can 
provide an advantage to developers better informing their 
testing programs and facilitating consents. 

 
The overall goal of developers, researchers and 

practitioners is the development of lower-risk means of 
demonstrating TISEC technologies in conjunction with EEMP 
systems to allow environmental effects to be more easily 
assessed. Ongoing work by the author and associates includes 
the development of methods for increasing the effectiveness 
and resiliency of monitoring systems for small-scale floating 

platforms to lower environmental risks associated with small-
scale tidal developments, which are inherently cost sensitive.  
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