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Purpose of the Report 
econext works with partners in the private, public, and academic sectors to stimulate and support 
R&D and innovation that advances clean growth in Newfoundland and Labrador (NL). 

Based on the significant potential for clean energy growth in NL between wind/hydrogen projects, 
electricity grid investments, and more, this sector is a primary focus for econext’s innovation 
activities. 

With feedback provided to it by its Clean Energy Innovation Industry Advisory Committee (IAC), 
the area of ‘digital, remote, and autonomous operations’ was recommended to be a priority area 
for further investigation and activity. 

However, this subject is broad and can mean many different things. In advance of pursuing any 
activity, it was decided it would be prudent to identify specific technologies / processes within the 
domain of ‘digital, remote, and autonomous operations’ that were applicable within the context of 
clean energy. This would allow for a common understanding of the subject matter between 
stakeholders and the prioritization of specific sub-elements.  

econext engaged SEM Ltd. to conduct this identification. econext asked SEM Ltd. to explore 
relevant technology / process applications along the ‘adopt, adapt, and create’ continuum: 

 Adopt – the technology/solution exists, has been commercialized, and does not need to
be adapted to meet NL needs. The technology may be prioritized for pilot or demonstration
scale projects, or could be ready for widescale adoption. Note that technologies
categorized as ‘adopt’ are not necessarily being suggested for adoption; this is a comment
on the commercial readiness of the technology.

 Adapt – the technology/solution exists but needs to be adapted in some way to work within
the NL context. Additional research and development is required, followed by pilot or
demonstration scale projects to test results.

 Create – the technology/solution does not exist, is desired/needed in NL, and significant
research and development is required.
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SEM Ltd. was asked to explore (at a high level) what the benefits of technology / process adoption 
would be  - i.e., in terms of environment, costs, and/or safety. 

About SEM Ltd. 
SEM Ltd. is an Indigenous, multidisciplinary consulting firm with a rich history in environmental 
management and technology in the province of Newfoundland and Labrador. Their team of 
scientists, engineers, project managers and technologists are subject matter experts in 
innumerable fields, including climate change services, renewable energy, utilities, geomatics, and 
terrestrial and aquatic biology.  
SEM's unique list of in-house service offerings regularly incorporate practical applications of the 
technologies outlined in the adopt, adapt, and create sections of this report, and they are 
continuously searching for future technology and use cases for incorporation.  

Tech to Adopt 
The solutions outlined below exist and have been commercialized, requiring no adaptation to 
meet the needs of Newfoundland and Labrador. This technology can be prioritized for pilot or 
demonstration scale projects or is ready for widescale adoption. 

3D Scanning Technology 

3D scanning technology is a process that captures the shape of an object using laser, light, or 
other methods to create a digital three-dimensional representation. This technology can 
measure fine details and capture free-form shapes to produce highly accurate point clouds or 
meshes of physical objects.

Potential Benefits 

Environmental: 3D scanning technology minimizes the environmental impact of development and 
maintenance activities by providing precise data that reduces the need for physical surveys and 
excessive on-site inspections. This reduces the carbon footprint associated with travel and 
equipment usage. 
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Cost: 3D scanning reduces costs by streamlining the design and maintenance processes. 
Accurate data collection prevents costly errors, rework, and material waste, leading to more 
efficient resource utilization and budget management. 

Safety: By capturing detailed and accurate information remotely, 3D scanning enhances worker 
safety by reducing the need for personnel to enter hazardous environments. It also aids in 
identifying potential safety issues before they become critical, allowing for preventive measures 
to be taken. 

Productivity: The technology accelerates project timelines by providing rapid, accurate 
measurements and models. This improves decision-making, reduces downtime, and enhances 
coordination among teams, leading to increased productivity and more efficient project 
execution. 

3D scanning technology, such as LiDAR and laser scanning can be utilized in various ways to 
improve energy delivery systems, enhancing efficiency, reliability, and safety: 

1. Grid Infrastructure Management and Development
a. Asset Mapping and Monitoring: LiDAR can create precise 3D maps of power lines,

substations, and other critical infrastructure. This helps in monitoring the condition
and location of assets, planning maintenance, and detecting potential issues.

b. Vegetation Management: 3D scanning technology is used to map vegetation
around power lines, identifying areas where trees and other vegetation may pose a
risk of causing outages or fires. This allows for targeted trimming and maintenance
efforts, reducing the risk of power disruptions.

c. Line Sag and Clearance Monitoring: 3D scanning technology can monitor the sag of
power lines and ensure they maintain adequate clearance from the ground,
buildings, and vegetation. This helps prevent contact that could cause outages or
fires.

d. Infrastructure Inspection: Drones equipped with LiDAR can inspect transmission
towers and lines for damage or wear, identifying issues like corrosion, broken
insulators, or structural weaknesses.

e. Grid Modernization: 3D scanning data can be integrated into smart grid systems to
enhance the monitoring and management of the grid, improving reliability and
efficiency.
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f. Dynamic Line Rating: LiDAR can help in the real-time monitoring of power lines to
determine their dynamic thermal rating, allowing for more accurate assessment of
their capacity and reducing the risk of overloads.

2. Wind-to-Hydrogen Development and Export
a. Site Selection and Assessment: 3D scanning technology provides detailed

topographical and/or seabed data to identify optimal locations for wind turbines by
assessing wind flow patterns, terrain features, and potential obstacles.

b. Infrastructure Planning: LiDAR helps in planning the layout of wind farms by
providing accurate terrain models, which are essential for designing access roads,
cable routes, and placement of turbines, and Bathymetry ensures that underwater
infrastructure, such as cables connecting offshore wind farms to onshore hydrogen
production facilities, is laid out efficiently and securely.

c. Environmental Impact Assessments: 3D scanning technology can be used to
assess the environmental impact of energy projects by mapping land use,
vegetation, and water bodies, aiding in compliance with environmental regulations
and planning mitigation measures.

d. Turbine Performance Monitoring: LiDAR systems mounted on wind turbines can
monitor wind conditions in real-time, optimizing turbine operation and improving
energy production efficiency.

e. Seabed Monitoring: Bathymetry monitors seabed conditions around offshore
turbines to detect erosion or other changes that might affect the stability and
operation of the wind farm, as well as alerting to any significant changes happening
in the environment for swift prevention and protection.

f. Structural Integrity Assessment: 3D scanning technology can create detailed
models of ammonia storage tanks and shipping containers. These models help
identify structural weaknesses, corrosion, or damage, allowing for precise
maintenance and repair planning. Regular scans can ensure the integrity of storage
and shipping infrastructure, preventing leaks and ensuring safe handling of
ammonia.

3. Disaster Response and Recovery
a. Pre-disaster Planning: LiDAR can be used to create detailed maps of energy

infrastructure and surrounding environments, aiding in disaster preparedness and
risk mitigation.
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b. Damage Assessment: After natural disasters like hurricanes or wildfires, LiDAR can
quickly assess damage to energy infrastructure, helping prioritize repairs and
restore service faster.

4. Urban Energy Planning
a. Energy Efficiency Projects: In urban settings, 3D scanning technology can assist in

planning energy efficiency projects by providing detailed data on building shapes,
heights, and locations, optimizing the placement of distributed green energy
resources like solar panels and improving energy distribution.

Hyperspectral Imaging (HSI) 
Hyperspectral imaging is a technique that captures and processes information from across the 
electromagnetic spectrum, beyond what the human eye can see. Certain objects exhibit distinct 
'fingerprints' within the electromagnetic spectrum, known as spectral signatures. These 
signatures facilitate the identification of materials present in scanned objects. For instance, 
geologists utilize spectral signatures of oil to locate potential new oil fields. 

Potential Benefits: 

Environmental: Hyperspectral imaging allows for precise monitoring and assessment of 
environmental conditions, such as detecting pollutants, monitoring vegetation health, and 
assessing water quality. This helps in taking timely actions to protect ecosystems and reduce 
environmental impact. 

Cost: By providing detailed and accurate data, hyperspectral imaging can reduce the need for 
extensive ground surveys and sampling, lowering operational costs. It also aids in early detection 
of issues, preventing costly damage and repairs. 

Safety: Hyperspectral imaging can identify potential hazards such as chemical spills, gas leaks, 
or structural weaknesses from a safe distance. This reduces the risk to personnel and enhances 
overall safety in various industrial and environmental applications. 

Productivity: The technology enables efficient and rapid data acquisition over large areas, 
enhancing decision-making and operational efficiency. It supports precision resource 
management, leading to better yield, optimized resource use, and increased productivity. 
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1. Grid Infrastructure Management

a. Identifying Hotspots and Faults: Hyperspectral imaging can detect hotspots and
other anomalies in electrical components by capturing thermal and spectral data.
This helps in identifying and addressing potential faults before they lead to
failures.

b. Energy Theft Detection: HSI can help identify unauthorized connections and
energy theft by detecting abnormal spectral signatures along power lines and
other infrastructure.

c. Intrusion Detection: Hyperspectral imaging can enhance security around critical
energy infrastructure by detecting unauthorized intrusions or activities that could
threaten the safety and integrity of the grid.

d. Detecting Material Degradation: HSI can identify signs of wear, corrosion, or
material fatigue in power lines, transformers, and other infrastructure components
by detecting changes in the spectral signature of materials.

e. Monitoring Vegetation Health: HSI can assess the health of vegetation near power
lines by analyzing the spectral reflectance of plant leaves, which can indicate
stress or disease. This provides benefits in two ways; it helps in predicting and
preventing potential outages caused by falling branches or trees and helps
maintain the integrity of vegetation within the area of an asset.

f. Mapping Vegetation Encroachment: Hyperspectral data can create detailed maps
showing the extent and type of vegetation encroachment near energy
infrastructure, enabling more targeted and efficient vegetation management
practices.

2. Wind-to-Hydrogen Development

a. Site Selection and Environmental Assessment: Hyperspectral imaging can identify
and monitor different types of vegetation and land use patterns. This information
helps in selecting sites that minimize environmental disruption and assessing the
ecological impact of wind farms. By analyzing the spectral signatures of different
soil types, hyperspectral imaging can help determine the suitability of the land for
turbine installation and hydrogen production facilities.

b. Material Identification and Quality Control: HSI can be used to inspect wind turbine
blades for signs of wear, cracks, or other damage that may not be visible to the
naked eye. It can monitor the materials used in hydrogen production and storage
systems to ensure they are functioning correctly and efficiently.

c. Environmental Monitoring and Impact Mitigation: Hyperspectral imaging can
monitor air and water quality around wind-to-hydrogen sites, detecting pollutants
or changes in environmental conditions that may result from construction or
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operation. It can track the presence and health of local wildlife populations, 
helping to mitigate any adverse effects on biodiversity caused by the 
development. 

d. Safety and Maintenance: Hyperspectral imaging can detect changes in the
structural integrity of wind turbines and hydrogen storage facilities, identifying
potential issues before they become critical. In hydrogen production and storage,
hyperspectral imaging can detect leaks or spills of hydrogen or other hazardous
materials, ensuring timely response and minimizing safety risks.

e. Leak Detection: Hyperspectral scanning technology can be used to detect
ammonia leaks in storage and shipping containers. By analyzing the spectral
signatures of gases in the surrounding environment, hyperspectral sensors can
identify the presence of ammonia with high sensitivity and accuracy.

3. Environmental Monitoring

a. Pollution Detection: HSI can monitor air and water quality around energy
production and delivery sites by identifying the spectral signatures of pollutants
and contaminants. This ensures compliance with environmental regulations and
mitigates the impact of operations.

b. Land Use and Impact Assessment: Hyperspectral imaging can assess the
environmental impact of energy projects by mapping land use changes and
detecting environmental stress indicators.

4. Disaster Response and Recovery

a. Damage Assessment: After natural disasters, hyperspectral imaging can quickly
assess the extent of damage to energy infrastructure by identifying changes in
material properties and conditions. This accelerates recovery efforts and
prioritizes repairs.

b. Fire Detection and Monitoring: HSI can detect and monitor wildfires near energy
infrastructure by identifying the spectral signatures of smoke and fire, helping in
early warning and response efforts.

5. Research and Development

a. Material Analysis: In Research and Development, hyperspectral imaging can
analyze the properties and behaviors of new materials used in energy
infrastructure, aiding in the development of more durable and efficient
components.

b. Efficiency Studies: HSI can study the efficiency and performance of energy
systems under various conditions, providing valuable data to optimize design and
operation.
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Remote Operations Centers (ROCs) 
Remote operations centers (ROCs) are centralized facilities equipped to monitor and control 
operations of assets or systems from a distance, such as a control room in a utility company 
that remotely manages and monitors power generation, transmission, and distribution networks 
across a region. 

Potential Benefits: 

Environmental: Remote operations centers reduce the need for personnel to travel to and from 
sites, lowering carbon emissions associated with transportation. This approach minimizes the 
environmental footprint of industrial operations and supports sustainability efforts. 

Cost: ROCs can manage multiple sites and regions from a single location, providing scalability 
and reducing the need for redundant infrastructure. By centralizing control and monitoring, 
remote operations centers can reduce labor costs, travel expenses, and on-site operational 
costs. They enable more efficient resource allocation and reduce the need for physical presence 
at multiple locations. 

Safety: Remote operations centers enhance safety by reducing the number of personnel 
required on-site, especially in hazardous or hard-to-reach environments, such as wildfires. This 
minimizes human exposure to potential dangers, including extreme weather, toxic substances, 
and industrial accidents. 

Productivity: These centers allow for real-time monitoring and management of multiple sites 
from a single location, leading to improved operational efficiency and quicker response times. 
Advanced data analytics and remote-control capabilities help optimize processes, reduce 
downtime, and increase overall productivity. 
Remote operations centers (ROCs) can significantly enhance energy delivery technology by 
providing centralized control, monitoring, and management of energy systems from a distance. 
This approach offers numerous benefits in terms of efficiency, reliability, and safety.  

1. Enhanced Grid Management

a. Load Balancing: ROCs can monitor energy demand across different regions and
dynamically balance loads to prevent overloading and blackouts.

b. Demand Response: By analyzing real-time data, ROCs can implement demand
response strategies to reduce peak demand, shifting loads to off-peak times to
stabilize the grid.

c. Real-Time Data Collection: ROCs can collect and analyze data from various
sources, including substations, transformers, and smart meters, providing a
comprehensive view of the entire energy grid in real-time.
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d. Centralized Control Systems: Operators in ROCs can remotely control equipment,
manage energy flows, and adjust system parameters to ensure optimal
performance and reliability.

e. Outage Management: ROCs can quickly identify and respond to outages,
improving communication with customers and reducing downtime.

f. Energy Usage Analytics: Providing customers with detailed insights into their
energy usage patterns, helping them manage consumption and reduce costs.

2. Wind-to-Hydrogen Development and Export

a. Real-time Monitoring and Control: ROCs can monitor and control wind turbine
operations in real time, adjusting parameters to optimize performance based on
current wind conditions and energy demands. They can oversee hydrogen
electrolysis and storage systems, ensuring optimal operation and quick response
to any issues or inefficiencies.

b. Predictive Maintenance: Using data analytics and machine learning, ROCs can
predict maintenance needs for wind turbines and hydrogen production equipment,
reducing downtime and extending the lifespan of critical components. ROCs can
coordinate and schedule maintenance activities based on predictive insights,
ensuring minimal disruption to energy production and hydrogen output.

c. Environmental Monitoring and Compliance: ROCs can continuously monitor
environmental data, such as air and water quality, noise levels, and wildlife activity,
ensuring compliance with environmental regulations and minimizing negative
impacts. They can compile and analyze environmental data to produce
sustainability reports, demonstrating the project's commitment to environmental
stewardship.

d. Ammonia Storage and Transportation Management: ROCs can oversee ammonia
storage systems, ensuring that temperatures and tank integrity are maintained.
They can also manage the delivery of ammonia from storage to tankers, allowing
operators to work at a safe distance in case of spills.

e. Data Integration and Analysis: ROCs integrate data from various sources,
including wind turbines, hydrogen production facilities, and environmental sensors,
to provide a comprehensive view of the entire operation. By analyzing this data,
ROCs can identify opportunities for performance improvements, cost reductions,
and increased energy efficiency.

f. Remote Monitoring and Control: By enabling continuous, real-time monitoring and
control of storage tanks and shipping containers from a centralized location, quick
detection of any anomalies such as temperature fluctuations or pressure changes
could indicate potential safety issues. Operators can promptly respond to
emergencies, optimize storage conditions, and ensure compliance with safety
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regulations without needing to be physically present at the storage or shipping 
sites. 

3. Enhanced Security and Incident Response

a. Remote Surveillance: ROCs can use cameras, drones, and other remote sensing
technologies to monitor the physical security of grid infrastructure, wind farms
and hydrogen production sites, ammonia storage and shipping sites, detecting
and responding to unauthorized access or security threats.

b. Emergency Response Coordination: In the event of an incident, ROCs can
coordinate emergency response efforts, providing real-time information and
guidance to on-site personnel.

c. Cybersecurity Monitoring: ROCs can continuously monitor for cybersecurity
threats, detecting and responding to anomalies or breaches in real-time to protect
critical infrastructure.

d. Incident Response Coordination: In case of a fault or cyber incident, ROCs can
coordinate a rapid response, isolating affected sections of the grid and directing
repair crews to the precise locations.

e. Disaster Management: ROCs can monitor and manage energy systems during
natural disasters, and malfunctions, coordinating recovery efforts, and ensuring
quick restoration of services.

f. Resilience Planning: By simulating various disaster scenarios, ROCs can develop
and test resilience plans, ensuring preparedness for future events.

4. Regulatory Compliance and Reporting

a. Regulatory Monitoring: ROCs can ensure compliance with industry regulations and
standards, continuously monitoring operations and maintaining detailed records
for reporting purposes.

b. Automated Reporting: Generating automated reports on system performance,
maintenance activities, and incident responses, streamlining compliance
processes.

5. Predictive Maintenance and Fault Management

a. Predictive Analytics: Using data from IoT sensors and advanced analytics, ROCs
can predict equipment failures and schedule maintenance proactively, reducing
downtime and maintenance costs.

b. Remote Diagnostics: Operators can perform remote diagnostics on equipment,
identifying issues before they escalate and deploying maintenance teams only
when necessary.
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Robotics 
Robotics refers to the field of designing, constructing, and operating robots to perform tasks 
autonomously or semi-autonomously. An everyday example includes robotic vacuum cleaners 
that navigate homes independently to clean floors. 

Potential Benefits: 
Environmental: Robotics can perform tasks with greater precision, reducing waste and 
minimizing the environmental impact of industrial processes. During construction, for example, 
robots can fabricate components and structures on-site, reducing transportation emissions and 
construction waste. 
Cost: While the initial investment in robotics can be high, they can significantly reduce long-term 
operational costs by performing tasks more efficiently and consistently than human workers. 
Robots can operate 24/7 without the need for breaks, leading to increased productivity and 
reduced labor costs. 
Safety: Robots can take on dangerous tasks that would otherwise pose significant risks to 
human workers. They can operate in hazardous environments such as wildfire zones, deep-sea 
locations, and areas with toxic chemicals (like ammonia), reducing the incidence of workplace 
injuries and fatalities. 

Productivity: Robotics can perform repetitive and precise tasks at a much faster rate than 
humans, increasing overall productivity. In manufacturing, robots can assemble products with 
high precision and speed, leading to higher output and consistent quality. In emergency response, 
robots can access priority infrastructure when humans cannot, resolving crisis issues more 
efficiently. 

Robotics can significantly enhance energy delivery technology by improving efficiency, safety, 
and reliability. 

1. Grid Management
a. Smart Grid Integration: Robotics can be integrated into smart grid systems to

perform real-time monitoring and management tasks, such as adjusting power
flows, switching circuits, and isolating faults.

b. Automated Inspections: Robots equipped with cameras, sensors, and diagnostic
tools can perform detailed inspections of power lines, substations, transformers,
and other critical infrastructure, identifying issues such as corrosion, cracks, or
overheating.
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c. Climbing Robots: Specialized robots can climb poles and towers to inspect power
lines and components, reducing the need for human climbers and enhancing
safety.

d. Underwater Robots: Autonomous underwater vehicles (AUVs) and remotely
operated vehicles (ROVs) can inspect and maintain underwater infrastructure
such as dams and cables, identifying leaks or damage.

e. Robotic Arms: Robots with articulated arms can perform complex repair tasks on
high-voltage lines and substation components, minimizing the need for power
shutdowns and reducing downtime.

f. Automated Construction Equipment: Robotics can be used in the construction of
energy infrastructure, such as laying pipelines, building substations, and erecting
transmission towers, improving precision and reducing construction time.

2. Wind-to-Hydrogen Development and Export
a. Inspection and Maintenance: Robots can be used for the inspection and

maintenance of wind turbines. Equipped with cameras and sensors, these robots
can climb turbine towers and blades, identifying damage, wear, or other issues
without the need for human workers to perform dangerous climbs. Robotics can
monitor and maintain hydrogen electrolysis and storage equipment, detecting
leaks, corrosion, or other maintenance needs.

b. Construction and Assembly: Robots can assist in the assembly of wind turbine
components, including the installation of blades, towers, and nacelles. This can
improve precision and reduce the time required for construction. In hydrogen
production and transport, robots can be used to construct pipelines and other
critical infrastructure, ensuring high-quality and consistent assembly.

c. Underwater and Subsea Operations: Underwater robots (ROVs and AUVs) can
inspect and maintain underwater components of offshore wind turbines, such as
foundations and cables, reducing the need for costly and risky human dives.
These robots can also inspect and maintain subsea hydrogen storage facilities,
ensuring their integrity and functionality.

d. Wind Turbine Maintenance: Drones and climbing robots can inspect and maintain
wind turbine blades and components, performing tasks such as cleaning, painting,
and minor repairs.

e. Hydro Turbine Maintenance: Robotic arms and tools can perform maintenance on
turbines, such as cleaning, lubrication, and part replacement, without requiring full
shutdowns, thereby minimizing downtime and maximizing efficiency.

f. Safety and Hazardous Environment Operations: Robots can operate in hazardous
environments, such as confined spaces or areas with high levels of dangerous
chemicals, such as ammonia, ensuring that human workers remain safe. In the
event of an emergency, robots can be deployed to assess damage, perform initial
repairs, or even handle hazardous materials, minimizing risk to human responders.

3. Environmental Monitoring
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a. Pollution Detection: Robots equipped with environmental sensors can monitor air
and water quality around thermal energy facilities, such as the Holyrood Thermal
Generating Station, ensuring compliance with environmental regulations and
mitigating the impact of operations.

b. Wildlife Protection: Robotics can monitor wildlife activity near energy
infrastructure, helping to implement measures to protect local ecosystems and
minimize disruptions.

4. Emergency Response
a. Disaster Recovery: In the aftermath of natural disasters, robots can quickly assess

damage to energy infrastructure, helping prioritize repair efforts and restore power
more efficiently.

b. Firefighting Robots: In cases of fires at substations or other critical infrastructure,
firefighting robots can be deployed to extinguish flames and prevent further
damage.

c. Search and Rescue Robots: Search and rescue robots can quickly locate and
assist victims in hazardous environments, ensuring faster and safer emergency
response operations.

5. Safety and Risk Mitigation
a. Hazardous Environment Operations: Robots can operate in hazardous

environments, such as high-voltage areas or flammable gas (Hydrogen)
environments, where human presence would be dangerous.

b. Continuous Monitoring: Robotics can provide continuous monitoring of critical
infrastructure, detecting anomalies and potential issues before they escalate into
serious problems.

Cybersecurity Enhancements 
Cybersecurity enhancements refer to measures and technologies implemented to strengthen the 
security of digital systems and data against cyber threats. An example we're all familiar with is 
two-factor authentication, which adds an extra layer of security by requiring users to provide two 
different types of verification before accessing their accounts. 

Potential Benefits: 
Environmental: Cyber-security enhancements protect the digital infrastructure of energy 
management systems, ensuring that automated processes controlling environmental 
monitoring and regulation continue to operate efficiently. This helps prevent incidents that could 
lead to environmental harm, such as unauthorized access to systems that control emissions or 
manage waste disposal. 
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Cost: Investing in cyber-security can prevent costly breaches and attacks that could result in 
significant financial losses due to theft of intellectual property, ransom payments, or damage to 
critical systems. By safeguarding assets and data, organizations can avoid downtime and costly 
repairs, maintaining steady operations and financial stability. 

Safety: Enhanced cyber-security measures protect critical infrastructure from malicious attacks 
that could endanger public safety. For example, in the energy sector, securing the grid against 
cyber-attacks prevents disruptions that could lead to power outages, equipment failures, and 
potential hazards for workers and the public. 

Productivity: Strong cyber-security ensures that digital systems and networks remain operational 
and efficient, minimizing downtime and interruptions. This reliability allows businesses to 
maintain high levels of productivity, as employees and automated systems can continue their 
work without disruptions caused by cyber threats. 

Cybersecurity enhancements are critical in energy delivery technology to protect infrastructure 
from cyber threats, ensure the reliable delivery of energy, and maintain the integrity and 
confidentiality of sensitive data.  

1. Network Security
a. Firewall and Intrusion Detection Systems (IDS): Deploying advanced firewalls and

IDS can help detect and prevent unauthorized access to the network. These
systems monitor network traffic for suspicious activities and alert administrators
to potential threats.

b. Network Segmentation: Dividing the network into segments can limit the spread of
cyber attacks. Critical systems can be isolated from less sensitive parts of the
network, reducing the risk of a breach affecting the entire infrastructure.

2. Endpoint Security
a. Anti-Malware and Antivirus Software: Ensuring all devices connected to the energy

delivery system have up-to-date anti-malware and antivirus software can help
prevent infections from spreading.

b. Endpoint Detection and Response (EDR): EDR solutions provide continuous
monitoring and response capabilities for endpoint devices, detecting and
responding to threats in real-time

3. Identity and Access Management (IAM)
a. Multi-Factor Authentication (MFA): Implementing MFA ensures that users are

authenticated through multiple methods, such as passwords, biometrics, or
security tokens, making it harder for unauthorized individuals to gain access.
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b. Role-Based Access Control (RBAC): RBAC restricts system access to authorized
users based on their roles within the organization. This limits the access privileges
of each user, reducing the risk of insider threats.

4. Data Encryption
a. Data-at-Rest and Data-in-Transit Encryption: Encrypting sensitive data both when

it is stored and when it is transmitted across the network can protect it from
interception and unauthorized access.

b. Secure Communication Protocols: Using secure communication protocols such
as TLS (Transport Layer Security) ensures that data transmitted over the network
is encrypted and secure.

5. Regular Security Audits and Penetration Testing
a. Vulnerability Assessments: Conducting regular security audits and vulnerability

assessments can identify potential weaknesses in the system that need to be
addressed.

b. Penetration Testing: Ethical hacking and penetration testing simulate cyber
attacks to test the resilience of the energy delivery system, helping to identify and
fix security gaps.

6. Advanced Threat Detection and Response
a. Behavioral Analytics: Using machine learning and AI to analyze user and system

behavior can help detect anomalies and potential threats that traditional security
measures might miss.

b. Security Information and Event Management (SIEM): SIEM systems collect and
analyze log data from various sources, providing real-time monitoring, alerting,
and incident response capabilities.

7. Supply Chain Security
a. Vendor Risk Management: Ensuring that third-party vendors and suppliers adhere

to stringent cybersecurity standards can mitigate risks associated with the supply
chain.

b. Secure Software Development Lifecycle (SDLC): Implementing secure coding
practices and regular security testing during software development can reduce
vulnerabilities in software and applications used in energy delivery systems.

8. Incident Response Planning
a. Incident Response Teams: Establishing dedicated incident response teams that

can quickly react to cybersecurity incidents can minimize damage and restore
normal operations faster.

b. Incident Response Plan: Developing and regularly updating incident response
plans ensure that there are clear protocols in place for detecting, responding to,
and recovering from cyber incidents.
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9. Employee Training and Awareness
a. Cybersecurity Training Programs: Regular training sessions for employees on

cybersecurity best practices, such as recognizing phishing attempts and securing
passwords, can reduce the risk of human error.

b. Simulated Phishing Exercises: Conducting simulated phishing exercises can help
employees recognize and respond appropriately to phishing attacks.

10. Regulatory Compliance and Standards Adherence
a. Compliance with Standards: Ensuring compliance with cybersecurity standards

such as NERC CIP (North American Electric Reliability Corporation Critical
Infrastructure Protection) can enhance the security posture of energy delivery
systems.

b. Regular Updates and Patch Management: Keeping systems and software up-to-
date with the latest security patches and updates can protect against known
vulnerabilities.

11. Physical Security Integration
a. Access Controls: Implementing physical access controls, such as biometric

scanners and secure key cards, can prevent unauthorized access to critical
infrastructure.

b. Surveillance Systems: Integrating physical surveillance systems with cybersecurity
measures can provide a comprehensive security approach, ensuring that both
physical and cyber threats are monitored and managed.

Tech to Adapt 

The solutions outlined below exist but require adaptation to function effectively within the context 
of Newfoundland and Labrador's Utilities Sector. Additional research and development may be 
required, followed by pilot or demonstration scale projects to test results. 

Drones 
Drones, also known as remotely piloted aircraft systems (RPAS), are remotely piloted aircraft that 
can fly autonomously or be controlled by a pilot on the ground. We are all becoming more familiar 
with drones as they are being used for aerial photography and recreational purposes, capturing 
images or videos from above. 

Potential Benefits: 
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Environmental: Drones can monitor and inspect environmentally sensitive areas with minimal 
disruption to the habitat. They can collect data on wildlife, vegetation, and ecosystems, helping 
to ensure compliance with environmental regulations and aiding in conservation efforts. Drones 
can also detect pollution or leaks from industrial sites, enabling rapid response to minimize 
environmental damage. 

Cost: Utilizing drones for inspections and monitoring can significantly reduce costs compared to 
traditional methods, such as manned aerial surveys or ground-based inspections. They require 
fewer resources, less time, and lower operational costs, providing a cost-effective solution for 
regular monitoring and maintenance activities. 

Safety: Drones can access hazardous or difficult-to-reach areas, reducing the need for workers 
to be exposed to dangerous conditions. They can perform inspections of tall structures, power 
lines, or disaster  
zones without risking human lives. This enhances overall safety by keeping personnel out of 
harm's way and allowing for safer operations. 

Productivity: Drones can perform inspections, surveys, and monitoring tasks quickly and 
efficiently, covering large areas in a short amount of time. They can collect and transmit real-time 
data, enabling faster decision-making and more effective management. This boosts productivity 
by streamlining processes, reducing downtime, and ensuring timely maintenance and repairs. 

Drones are modern-day inspection and data capture workhorses. They can be automated and 
outfitted with a variety of sensors depending on their task, playing a significant role in improving 
energy delivery technology by enhancing efficiency, safety, and reliability. 

1. Grid Inspection and Monitoring
a. Power Line Inspections: Drones equipped with high-resolution cameras and

sensors can inspect power lines for damage, wear, and potential hazards such as
encroaching vegetation. This allows for quicker, safer, and more cost-effective
inspections compared to traditional methods and repeat inspections can be
automated to maximize efficiency

b. Substation Inspections: Drones can be used to inspect substations, capturing
detailed images and thermal data to identify hot spots, equipment failures, or
security issues without needing to shut down the facility.

c. Hydroelectric Dam Inspections: Drones can inspect hard-to-reach areas of dams
and reservoirs, providing data on structural integrity and potential maintenance
needs.

d. Identifying Illegal Connections: Drones equipped with infrared cameras can detect
illegal connections and energy theft, helping utility companies reduce losses and
improve grid security.
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2. Wind-to-Hydrogen Development and Export
a. Inspection and Maintenance: Drones equipped with high-resolution cameras and

sensors can inspect wind turbine blades, towers, and nacelles. They can detect
cracks, erosion, and other issues without the need for human workers to climb the
turbines. Drones can inspect hydrogen production and storage facilities as well as
ammonia storage and shipping facilities, identifying leaks, structural issues, and
equipment performance.

b. Surveying and Mapping: Drones can survey potential sites for wind farms and
hydrogen production facilities, providing detailed topographical maps and
environmental data to aid in site selection. During the construction phase, drones
can monitor progress, ensuring that everything is built according to specifications
and timelines.

c. Logistics and Delivery: Drones can transport small components, tools, and
supplies around operational facilities, improving logistics and reducing manual
labor. Drones can assist in inventory management by scanning and tracking
supplies, ensuring that necessary parts and materials are available when needed.
This limits human interaction with hazardous areas.

d. Public and Stakeholder Engagement: Drones can capture high-quality aerial
footage and images of wind-to-hydrogen projects, which can be used for public
relations, stakeholder engagement, and educational purposes. Drones are a visual
cue to the community that appropriate surveillance and monitoring are taking
place.

3. Environmental and Wildlife Monitoring
a. Habitat Assessments: Drones can monitor wildlife habitats around energy

infrastructure projects, ensuring compliance with environmental regulations and
assessing the impact of operations.

b. Erosion and Land Use Monitoring: Drones can monitor erosion, land use changes,
and other environmental factors that could impact energy infrastructure, helping
to mitigate risks and plan for long-term sustainability.

4. Vegetation Management
a. Mapping and Analysis: Drones can create detailed maps of vegetation around

power lines and other infrastructure, identifying areas that need trimming to
prevent outages or fires. Multispectral and LiDAR sensors can be used to assess
vegetation health and growth patterns.

b. Targeted Trimming: By providing precise data on vegetation encroachment,
drones help crews target specific areas for trimming, improving efficiency and
reducing costs.

5. Disaster Response and Recovery
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a. Damage Assessment: After natural disasters, drones can quickly survey affected
areas, assessing damage to power lines, substations, and other infrastructure.
This accelerates the recovery process by helping prioritize repairs.

b. Situational Awareness: Drones provide real-time situational awareness during
emergencies, allowing utility companies to deploy resources more effectively and
safely.

6. Customer Service and Engagement
a. Improved Outage Response: By quickly assessing damage and restoration needs

after outages, drones help utility companies restore power faster, improving
customer satisfaction.

b. Transparency and Communication: Drones can provide visual data that can be
shared with customers and stakeholders, enhancing transparency and
communication regarding infrastructure projects and maintenance activities.

Machine Learning 
Machine learning is a subset of artificial intelligence where computer algorithms improve 
automatically through experience and data analysis. Recommendation systems on a streaming 
service like Netflix, which suggests movies and shows based on your viewing history, are an 
example of machine learning. 

Potential Benefits: 
Environmental: Machine learning enhances the integration of renewable energy sources by 
predicting energy production and demand more accurately. This optimization leads to more 
efficient use of renewable resources and reduces reliance on fossil fuels, lowering greenhouse 
gas emissions and minimizing environmental impact. 
Cost: By optimizing energy production, distribution, and consumption, machine learning reduces 
operational costs. It helps in predicting equipment failures and scheduling predictive 
maintenance, minimizing downtime and repair expenses. Furthermore, machine learning 
algorithms can optimize grid operations, leading to reduced energy waste and lower overall 
costs. 
Safety: Machine learning improves the safety of energy delivery systems by identifying and 
predicting potential faults or failures in the grid. It can analyze data from sensors and other 
monitoring devices to detect anomalies and prevent catastrophic failures, thereby protecting 
infrastructure and reducing the risk of accidents. Enhanced safety protocols derived from 
machine learning insights ensure a more reliable and secure energy delivery system. 

Productivity: Machine learning boosts productivity by automating complex data analysis and 
decision-making processes. It enables real-time monitoring and control of energy systems, 
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optimizing load balancing, and ensuring efficient energy distribution. This leads to more effective 
energy management, reducing downtime, and enhancing the overall performance of the energy 
delivery infrastructure. 

Machine learning (ML) can significantly improve energy delivery technology by optimizing 
operations, enhancing predictive maintenance, improving grid management, and enabling 
smarter decision-making: 

1. Grid Optimization and Security
a. Real-Time Grid Management: ML algorithms can optimize the operation of the grid

in real-time by analyzing data from various sources, such as smart meters,
sensors, and weather forecasts. This includes optimizing power flows, reducing
losses, and improving overall efficiency.

b. Demand Response: ML can help design and manage demand response programs
by predicting when and where demand will spike and automatically adjusting
energy use or production to balance the load.

c. Power Quality Monitoring: ML can continuously monitor power quality and detect
issues such as voltage sags, swells, and harmonics. This helps maintain a stable
and reliable power supply.

d. Fault Location: When a fault occurs, ML algorithms can quickly analyze data to
pinpoint the location and nature of the fault, speeding up repair times and reducing
downtime.

e. Cybersecurity: ML can detect and respond to cybersecurity threats by analyzing
network traffic and identifying unusual patterns that may indicate an attack,
helping to protect critical energy infrastructure.

f. Physical Security: ML can analyze video feeds and other sensor data to detect
unauthorized access or potential threats to physical infrastructure, enhancing
security measures.

g. Equipment Health Monitoring: ML algorithms can analyze data from sensors on
transformers, power lines, and other critical infrastructure to predict when
equipment is likely to fail. This allows for proactive maintenance, reducing
downtime and repair costs.

h. Anomaly Detection: By learning normal operating conditions, ML models can
detect anomalies that indicate potential problems, such as overheating, unusual
vibrations, or electrical faults, allowing for early intervention

i. Load Forecasting: ML models can predict energy demand based on historical
usage patterns, weather conditions, and other factors. Accurate load forecasting
helps utilities balance supply and demand, reducing the risk of blackouts and
optimizing energy production.

j. Optimal Storage Utilization: ML can manage energy storage systems to store
excess energy during low-demand periods and release it during peak demand,
stabilizing the grid and reducing costs.
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2. Wind-to-Hydrogen Development and Export
a. Optimal Siting: ML can analyze geographical, meteorological, and environmental

data to determine the best locations for wind turbine installations.
b. Predictive Maintenance: ML algorithms can analyze data from sensors on wind

turbines to predict when components are likely to fail. This allows for timely
maintenance, reducing downtime and extending the lifespan of equipment.
Similarly, ML can monitor electrolyzers and other hydrogen production equipment,
predicting maintenance needs and preventing unexpected failures.

c. Energy Production Optimization: ML models can predict wind patterns more
accurately, helping to optimize the operation of wind turbines for maximum energy
production. ML can optimize the operation of electrolyzers based on real-time
data, such as electricity availability and demand, to maximize hydrogen production
efficiency.

d. Environmental Impact Assessment: ML can analyze data from cameras and
sensors to monitor the impact of wind farms on wildlife, such as birds and bats,
and help develop mitigation strategies. ML can process large datasets related to
weather, soil conditions, and other environmental factors to assess the impact of
wind-to-hydrogen projects on local ecosystems.

e. Ammonia Storage and Distribution: ML can optimize ammonia storage by
predicting storage needs based on production and consumption patterns,
ensuring efficient use of storage facilities.ML algorithms can detect anomalies in
system performance that may indicate safety issues, allowing for quick
intervention.

3. Energy Efficiency
a. Smart Home and Building Management: ML can analyze data from smart home

devices to optimize energy usage, such as adjusting heating and cooling systems
based on occupancy patterns, weather conditions, and energy prices.

b. Industrial Energy Management: In industrial settings, ML can optimize the
operation of machinery and processes to reduce energy consumption and costs.

4. Customer Engagement and Services
a. Personalized Energy Recommendations: ML can provide consumers with

personalized recommendations for reducing energy consumption and costs
based on their usage patterns and preferences.

b. Outage Management: ML can predict and manage power outages by analyzing
data on weather conditions, grid load, and equipment status, improving response
times and communication with customers.

Edge Computing 
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Edge computing is a distributed computing paradigm that processes data near the source of data 
generation rather than in a centralized data center, like a smart thermostat that adjusts your 
home's temperature based on real-time data collected from sensors within the house. 

Potential Benefits: 
Environmental: Edge computing reduces the need for data to travel long distances to centralized 
servers, which decreases energy consumption and carbon emissions associated with data 
transmission. By processing data locally, edge computing supports more efficient use of 
resources, enabling real-time optimization of renewable energy sources and reducing the 
environmental impact of energy delivery systems. 
Cost: By processing data closer to where it is generated, edge computing reduces the need for 
expensive bandwidth and storage in centralized data centers. This lowers operational costs and 
enables more efficient resource utilization. Additionally, edge computing can enhance predictive 
maintenance and optimize energy distribution, leading to cost savings by preventing equipment 
failures and reducing energy waste. 
Safety: Edge computing enhances the safety of energy delivery systems by enabling real-time 
monitoring and analysis of data from sensors and other devices. This allows for quicker 
detection and response to potential issues, such as equipment malfunctions or security threats. 
By processing data locally, edge computing minimizes latency, ensuring that critical safety 
measures can be implemented immediately to prevent accidents and infrastructure damage. 

Productivity: Edge computing increases productivity by enabling faster decision-making and more 
efficient management of energy systems. With real-time data processing, edge computing 
facilitates immediate responses to changing conditions, optimizing energy distribution and load 
balancing. This enhances the overall performance and reliability of the energy delivery 
infrastructure, reducing downtime and improving service quality. 

Edge computing can play a transformative role in energy delivery technology by processing data 
closer to the source of generation and consumption. This localized data processing can enhance 
real-time decision-making, improve efficiency, and increase the reliability of energy systems.  

1. Grid Resilience and Reliability
a. Fault Isolation and Restoration: Edge computing can detect and isolate faults in

the grid more quickly, minimizing the impact of outages and speeding up
restoration efforts.

b. Adaptive Protection Schemes: By processing data locally, edge devices can
implement adaptive protection schemes that respond dynamically to changing
grid conditions, enhancing overall system resilience.

c. Distributed Analytics: By distributing analytics capabilities to the edge, utilities can
analyze grid performance and consumption patterns more granularly, leading to
better optimization and planning.
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d. Machine Learning at the Edge: Implementing machine learning models at the edge
can enhance predictive analytics and operational insights, improving overall grid
management.

e. Demand Response: Edge devices can analyze consumption patterns and adjust
demand response strategies in real-time, helping to balance load and prevent grid
overload.

f. Decentralized Decision Making: With edge computing, decisions can be made
locally at various points in the energy delivery system, reducing the burden on
central control centers and enabling more efficient operation.

2. Wind-to-Hydrogen Development and Export
a. Real-Time Data Processing: Edge devices can process data from wind turbine

sensors in real time, detecting anomalies or performance issues Edge computing
can monitor and adjust the operation of electrolyzers in real time, ensuring optimal
hydrogen production based on current conditions and energy availability. In an
ammonia storage facility, edge computing devices installed on-site can
continuously collect and process sensor data from various points such as
temperature, pressure, and gas levels. This allows for immediate detection of
anomalies or deviations from normal operating conditions.

b. Energy Optimization: Edge computing can balance the energy load between wind
turbines and hydrogen production systems, optimizing the use of available
resources and minimizing waste.

c. Modular Expansion: Edge computing enables scalable deployment of wind-to-
hydrogen systems by allowing new turbines and electrolyzers to be added with
minimal impact on existing infrastructure.

3. Real-Time Monitoring and Control
a. Localized Data Processing: Edge computing allows for the processing of data

directly at the source (e.g., smart meters, sensors on wind turbines, or solar
panels). This enables real-time monitoring and immediate control actions without
relying on distant centralized data centers.

b. Latency Reduction: By reducing the need to send data to centralized servers for
processing, edge computing minimizes latency, which is crucial for applications
that require instant responses, such as grid balancing and fault detection.

4. Predictive Maintenance
a. On-Site Analytics: Edge devices can analyze data from equipment like

transformers, substations, and generation units to predict failures before they
happen. This allows for proactive maintenance, reducing downtime and extending
the lifespan of assets.

b. Anomaly Detection: Edge computing can continuously monitor equipment
performance, detecting anomalies that might indicate impending failures, allowing
for quick intervention.
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5. Enhanced Security
a. Data Privacy: By processing data locally, edge computing reduces the amount of

sensitive information transmitted over networks, enhancing data privacy and
security.

b. Distributed Security Measures: Security protocols and threat detection algorithms
can be implemented at the edge, providing a first line of defense against cyber
attacks and unauthorized access to the energy system.

6. Customer Interaction and Services
a. Smart Home Integration: Edge computing enables more efficient management of

smart home devices, optimizing energy use based on real-time data and user
preferences.

b. Consumer Data Insights: Local processing of consumption data can provide
consumers with detailed insights into their energy use, helping them make
informed decisions to reduce costs and improve efficiency.

Digital Twinning 
Digital twinning is the creation of a virtual replica of a physical object, system, or process that can 
be used to simulate, analyze, and optimize performance. Car manufacturers use digital twins to 
perform crash tests, road scenarios, and wind tunnel testing before crafting the first physical 
mock-up of a new design. 

Potential Benefits: 
Environmental: Digital twinning can help  optimize energy systems by providing detailed 
simulations and real-time monitoring of energy assets, such as power plants, wind farms, and 
grid infrastructure. This enables more efficient use of resources and reduces waste. By 
predicting and managing the integration of renewable energy sources, digital twins can help 
decrease the overall carbon footprint and environmental impact of energy delivery systems. 

Cost: Digital twins can significantly reduce operational and maintenance costs by providing 
detailed insights into the performance and condition of energy assets. Predictive maintenance, 
enabled by digital twinning, allows for the early detection of potential issues, reducing downtime 
and the cost associated with unexpected repairs. Moreover, optimizing the performance of 
energy systems through simulations can lead to cost savings in energy production and 
distribution. 

Safety: Digital twinning can enhance safety by allowing for continuous monitoring and real-time 
analysis of energy infrastructure. By simulating various scenarios and stress conditions, digital 
twins can help identify vulnerabilities and prevent failures before they occur. This proactive 
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approach ensures that safety measures are implemented promptly, minimizing the risk of 
accidents and improving the reliability of energy delivery systems. 

Productivity: Digital twins can improve productivity by providing comprehensive data and 
analytics that facilitate better decision-making and operational efficiency. By simulating and 
optimizing energy processes, digital twins enable more effective management of energy 
distribution, load balancing, and system performance. This leads to increased uptime, improved 
service quality, and the ability to swiftly adapt to changing conditions in the energy market. 

Digital twins are already being used in some industrial/commercial settings as well as for 
training and simulation. Further development could significantly enhance operational efficiency, 
reliability, and decision-making. 

1. Grid Optimization
a. Load Balancing and Management: Digital twins can model energy consumption

patterns and predict future demand, helping utilities balance loads more
effectively and optimize energy distribution.

b. Grid Simulation and Planning: By simulating various scenarios, digital twins can
help plan grid expansions, integrate renewable energy sources, and design
efficient energy delivery networks.

c. Real-Time Monitoring and Analysis: Digital twins can continuously monitor the
condition of energy infrastructure components such as transformers, generators,
and power lines. By comparing real-time data with historical data, the digital twin
can predict when maintenance is needed, reducing downtime and preventing
failures.

d. Fault Detection and Diagnostics: Digital twins can simulate different fault
conditions and their impacts on the system, enabling quick identification and
diagnosis of issues when they occur.

2. Wind-to-Hydrogen Development
a. Design and Simulation: Digital twins can simulate different design configurations

of wind turbines and hydrogen production systems, allowing engineers to optimize
the layout and components before physical implementation. By modeling the
behavior of wind turbines and electrolyzers under various conditions, digital twins
can predict performance outcomes, helping to refine designs for maximum
efficiency.

b. Environmental Impact and Sustainability: Digital twins can simulate and monitor
the environmental impact of wind-to-hydrogen operations, such as noise levels,
wildlife interactions, and emissions, helping to ensure compliance with
environmental regulations. By identifying potential environmental risks, digital
twins enable operators to implement mitigation strategies proactively, reducing
the ecological footprint of the project.
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c. Stakeholder Communication: Digital twins can be used to visually demonstrate the
operation and benefits of wind-to-hydrogen systems to stakeholders, facilitating
better understanding and support.

d. Predictive Maintenance: A digital twin of an ammonia storage tank can simulate
its operational conditions in real-time by integrating data from sensors measuring
factors like temperature, pressure, and chemical composition. This virtual
representation allows operators to monitor the tank's health and performance
continuously. By analyzing historical and real-time data, digital twins can predict
potential issues such as corrosion or leaks before they occur. This proactive
approach enables maintenance teams to schedule repairs or replacements more
efficiently, reducing downtime and minimizing the risk of operational disruptions
or safety hazards in ammonia storage and shipping facilities.

3. Energy Efficiency
a. Building Energy Management: Digital twins of buildings can simulate energy use,

optimizing heating, cooling, lighting, and other systems to reduce consumption
and costs.

b. Process Optimization: In industrial settings, digital twins can model production
processes to identify areas for energy savings and efficiency improvements.

4. Disaster Response and Resilience
a. Damage Assessment and Recovery: After natural disasters, digital twins can

simulate the impact on energy infrastructure, helping prioritize repair efforts and
streamline recovery.

b. Resilience Planning: Digital twins can model various disaster scenarios to assess
vulnerabilities and develop strategies for enhancing grid resilience.

5. Customer Engagement and Services
a. Personalized Energy Solutions: Digital twins of consumer premises can provide

personalized recommendations for energy savings and efficiency, improving
customer satisfaction.

b. Outage Management: Digital twins can simulate outage scenarios and optimize
restoration processes, enhancing communication with customers and reducing
downtime.

6. Training and Simulation
a. Operator Training: Digital twins can be used to train operators in a virtual

environment, providing realistic simulations of equipment and grid operations
without the risk of real-world consequences.

b. Scenario Planning: Utilities can use digital twins to plan for and practice responses
to various operational scenarios, from routine maintenance to emergency
situations.
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7. Asset Management
a. Lifecycle Management: Digital twins can track the entire lifecycle of assets, from

installation to decommissioning, optimizing maintenance schedules and
extending the lifespan of equipment.

b. Asset Performance Optimization: By analyzing performance data, digital twins can
identify opportunities for improving the efficiency and effectiveness of energy
delivery assets.

8. Innovation and Development
a. New Technology Testing: Digital twins can simulate the integration of new

technologies into the grid, testing their impact and effectiveness before actual
deployment.

b. Product Development: Energy companies can use digital twins to develop and
refine new products and solutions, ensuring they meet performance and reliability
standards.

Additive Manufacturing 
Additive manufacturing, also known as 3D printing, refers to the process of creating three-
dimensional objects from digital models by layering materials. An everyday example includes 
using 3D printers to produce customized items like phone cases, prosthetics, and household 
tools. 

Potential Benefits: 
Environmental: Additive manufacturing reduces waste by using only the necessary material for 
each component, minimizing excess. It also supports local production, reducing the carbon 
footprint associated with transportation. 
Cost: Although the initial setup for additive manufacturing can be expensive, it lowers long-term 
costs by reducing material waste, shortening production times, and enabling on-demand 
manufacturing, which reduces the need for inventory. 

Safety: Additive manufacturing allows for the creation of complex parts without human 
intervention, reducing the risk of accidents during the manufacturing process. It also enables the 
production of lightweight components that enhance safety, already used in applications such as 
aerospace and automotive industries. 

Productivity: Additive manufacturing can quickly produce prototypes and final products, 
accelerating the development cycle and enabling rapid iteration. It also allows for the creation of 
complex geometries that would be challenging or impossible to achieve with traditional 
manufacturing methods. 
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Additive manufacturing can significantly enhance energy delivery technology by improving the 
design, production, and maintenance of infrastructure components. 

1. Grid Infrastructure
a. Customized Components: Additive manufacturing allows for the production of

customized components tailored to specific requirements, such as connectors,
insulators, and protective casings for energy delivery systems.

b. Rapid Prototyping: Engineers can quickly produce prototypes of new designs for
energy infrastructure, such as transformers and switchgear, allowing for rapid
testing and iteration to optimize performance and reliability.

c. Replacement Parts: Additive manufacturing can produce replacement parts on-
demand for aging or damaged energy infrastructure, reducing downtime and
maintaining continuity of service. This is particularly useful for rare or obsolete
parts that are difficult to source through traditional manufacturing.

d. Lightweight Structures: By creating lightweight yet strong components, additive
manufacturing can reduce the overall weight of energy delivery equipment, leading
to easier transportation and installation.

2. Wind-to-Hydrogen Development
a. Wind Turbine Components: Additive manufacturing can produce complex wind

turbine components, such as blades, nacelles, and gearboxes, with improved
aerodynamic properties and structural integrity. This can enhance the efficiency
and longevity of wind turbines, and eliminate complicated logistics associated
with transporting oversized loads, like blades, to site.

b. Electrolyzer Parts: Custom parts for electrolyzers, which convert wind-generated
electricity into hydrogen, can be produced using additive manufacturing. This
allows for optimization of flow channels, electrodes, and other critical
components, improving the efficiency and durability of the electrolysis process.

c. Hydrogen Storage Solutions: Additive manufacturing enables the creation of
advanced hydrogen storage tanks with optimized designs for weight, strength, and
safety. This can improve the storage and transportation of hydrogen, facilitating
its use as an energy carrier.

d. On-Site Manufacturing: Additive manufacturing can be deployed on-site for the
construction and maintenance of wind-to-hydrogen infrastructure. This reduces
transportation costs and allows for rapid response to maintenance needs,
ensuring continuous and efficient operation.

e. Ammonia Storage Tanks: Additive manufacturing can be used to create
replacement parts such as specialized valves or fittings. These parts can be
printed on-demand based on the specific requirements of the tank, ensuring a
precise fit and functionality. This capability reduces lead times associated with
traditional manufacturing processes and minimizes the need for extensive
inventory storage of spare parts. Additive manufacturing allows for the design and
production of complex geometries that are difficult or impossible to achieve with
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conventional methods. This can lead to improved efficiency in ammonia storage 
and shipping operations by optimizing component performance and durability, 
ultimately enhancing reliability and reducing operational costs. 

3. Innovation and Development
a. Integration with Other Technologies: Additive manufacturing can be used to create

custom housings and components for integrating sensors, IoT devices, and other
advanced technologies into wind-to-hydrogen and energy delivery systems,
enhancing monitoring, control, and optimization.

Tech to Create 
The solutions outlined below do not yet exist and significant research and development is 
required. 

Artificial Intelligence 
AI is the simulation of human intelligence processes by machines, especially computer systems, 
enabling them to perform tasks that typically require human intelligence such as visual 
perception, speech recognition, decision-making, and language translation. Virtual assistants 
like Siri or Google Assistant use AI to understand and respond to voice commands, helping 
users perform tasks such as setting reminders, sending messages, or searching the internet. 

Potential Benefits: 
Environmental: AI can optimize the integration and management of renewable energy sources, 
such as solar and wind, by predicting energy production patterns and adjusting grid operations 
accordingly. This leads to a more efficient use of green energy, reducing the reliance on fossil 
fuels and lowering the overall carbon footprint. AI also helps in detecting and mitigating energy 
waste, contributing to a more sustainable energy delivery system. 

Cost: AI-driven predictive maintenance can significantly cut costs by anticipating equipment 
failures before they occur, allowing for timely interventions and reducing unplanned downtime. 
AI algorithms can optimize energy consumption patterns, lowering operational costs and 
enhancing the efficiency of energy distribution. Additionally, AI can streamline grid management, 
reducing the need for manual intervention and associated labor costs. 

Safety: AI enhances safety by continuously monitoring energy infrastructure for potential issues, 
such as equipment malfunctions or cyber threats. Advanced AI algorithms can analyze vast 
amounts of data in real-time, detecting anomalies and triggering preventive measures to avoid 
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accidents or failures. This proactive approach ensures a safer energy delivery environment and 
minimizes risks to personnel and infrastructure. 

Productivity: AI boosts productivity by automating routine tasks, enabling faster decision-
making, and optimizing energy flow across the grid. AI can manage demand response more 
effectively, balancing supply and demand to prevent outages and improve the reliability of 
energy delivery. By providing actionable insights through advanced analytics, AI empowers 
energy providers to optimize their operations, enhance service quality, and adapt swiftly to 
changes in energy demand and supply conditions. 

AI's ability to analyze complex data, optimize processes, and predict outcomes can significantly 
enhance the efficiency, reliability, and economic viability: 

1. Optimizing Grid Management

a. Smart Grid Integration: AI algorithms can analyze vast amounts of data from
smart meters, sensors, and other grid components to optimize energy distribution,
detect anomalies, and prevent blackouts.

b. Load Forecasting: AI can predict energy demand based on historical data, weather
patterns, and other factors, enabling better load balancing and reducing the risk of
overloading the grid.

c. Equipment Monitoring: AI-powered predictive maintenance systems can
continuously monitor the condition of grid infrastructure, such as transformers
and power lines, by analyzing data from IoT sensors to predict and prevent failures
before they occur.

d. Fault Detection: Machine learning models can identify early signs of wear and tear
or potential faults, allowing utilities to perform maintenance proactively and
reduce downtime.

2. Wind-to-Hydrogen Development and Transport

a. Construction and Assembly: AI can optimize the construction process by
coordinating the assembly sequence and ensuring high-quality standards. In
hydrogen production and transport, AI can oversee the construction of pipelines
and other critical infrastructure, enhancing consistency and reducing errors.

b. Optimizing Electrolysis Processes: AI algorithms can optimize the electrolysis
process used to produce hydrogen from water using electricity generated by wind
turbines. AI can analyze real-time data from weather forecasts, electricity prices,
and grid demand to adjust electrolysis parameters such as voltage, current, and
flow rates for maximum efficiency and cost-effectiveness.

c. Ammonia Storage Optimization: AI can optimize the storage and distribution of
ammonia by predicting demand patterns and optimizing storage tank filling and
emptying schedules.
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d. Renewable Energy Forecasting: AI can predict the output of wind by analyzing
weather data, thereby helping to integrate this intermittent resource into hydrogen
production more effectively.

3. Improving Demand Response:

a. Dynamic Pricing: AI can help implement dynamic pricing models that adjust
electricity rates in real-time based on demand, encouraging consumers to shift
their energy usage to off-peak times and thereby balancing the load on the grid.

b. Consumer Behavior Analysis: AI can analyze consumer usage patterns to design
more effective demand response programs, encouraging energy-saving behaviors
through targeted incentives and real-time feedback.

4. Bolstering Cybersecurity Measures:

a. Threat Detection: AI can detect and respond to cybersecurity threats in real-time
by analyzing network traffic and identifying suspicious activities that may indicate
a cyber-attack.

b. Automated Response: AI systems can automatically isolate affected parts of the
grid and deploy countermeasures to mitigate the impact of cyber threats, ensuring
the security and reliability of the energy supply.

5. Facilitating Decentralized Energy Systems:

a. Microgrid Management: AI can manage microgrids, which are localized energy
systems that can operate independently from the main grid, by optimizing energy
production, storage, and consumption within the microgrid.

b. Peer-to-Peer Energy Trading: AI can facilitate peer-to-peer energy trading in
decentralized energy systems, allowing consumers to buy and sell excess
renewable energy directly with each other, enhancing grid resilience and efficiency.

Internet of Things 
IoT is a network of interconnected devices that can collect, exchange, and act on data without 
human intervention. Smart thermostats, like the Nest thermostat, can learn your temperature 
preferences, adjust settings automatically, and be controlled remotely via a smartphone app. 

Potential Benefits: 
Environmental: IoT can enhance the efficiency of energy delivery by enabling real-time 
monitoring and management of energy consumption. By collecting and analyzing data from 
connected devices, IoT systems can optimize energy usage, reduce waste, and facilitate the 
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integration of renewable energy sources, such as solar and wind power. This leads to a 
reduction in greenhouse gas emissions and a smaller carbon footprint. 

Cost: IoT helps in reducing operational costs by enabling predictive maintenance and reducing 
equipment downtime. Sensors and smart meters can provide detailed insights into energy 
usage patterns, allowing for more accurate billing and efficient energy distribution. By optimizing 
energy consumption and reducing waste, IoT can help lower overall energy costs for both 
providers and consumers. 

Safety: IoT improves safety in energy delivery by continuously monitoring critical infrastructure 
for signs of wear, potential failures, and other hazards. Connected sensors can detect 
anomalies and trigger alerts, allowing for timely intervention before issues escalate. This 
proactive approach enhances the reliability and safety of the energy delivery system, protecting 
both personnel and infrastructure. 

Productivity: IoT increases productivity by automating routine tasks, such as meter reading and 
equipment inspections, freeing up human resources for more strategic activities. Real-time data 
from IoT devices enables better decision-making and faster response to changes in energy 
demand and supply. By providing a more efficient and reliable energy delivery system, IoT 
supports continuous operation and improves overall service quality.  

The Internet of Things (IoT) can significantly enhance energy delivery technology by improving 
efficiency, reliability, and safety through real-time monitoring, automation, and data-driven 
decision-making 

1. Grid Security and Resilience

a. Real-Time Monitoring: IoT sensors can be installed throughout the grid to provide
real-time data on energy consumption, power quality, and equipment status. This
helps in detecting and responding to issues promptly.

b. Condition Monitoring: IoT sensors can monitor the condition of critical
infrastructure such as transformers, power lines, and substations. By analyzing
data such as temperature, vibration, and humidity, utilities can predict when
maintenance is needed, preventing unexpected failures and reducing downtime.

c. Cybersecurity: IoT devices can enhance grid security by monitoring for unusual
activities and potential cyber threats, enabling quick response to mitigate risks.

d. Disaster Response: IoT sensors can provide real-time data on grid conditions
during natural disasters, helping utilities to quickly assess damage and prioritize
restoration efforts.

e. Grid Stabilization: IoT-enabled storage systems can respond dynamically to grid
conditions, discharging or storing energy as needed to stabilize the grid.
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f. Real-Time Decision Making: Utilities can use real-time data from IoT devices to
make informed decisions on grid management, energy distribution, and
maintenance planning.

2. Wind-to-Hydrogen Development and Transport

a. Real-Time Monitoring: IoT sensors can be installed on wind turbines and hydrogen
production systems to collect real-time data on performance, environmental
conditions, and operational status. This data can be used to monitor the health of
equipment, predict maintenance needs, and optimize performance.

b. Remote Control and Automation: IoT devices can enable remote control and
automation of wind-to-hydrogen systems. Operators can remotely adjust turbine
settings, control hydrogen production processes, and manage energy storage,
improving efficiency and reducing the need for on-site personnel.

c. Predictive Maintenance: IoT sensors can collect data on the wear and tear of
turbine components and hydrogen production equipment. This data can be
analyzed to predict when maintenance is needed, preventing equipment failures
and reducing downtime.

d. Energy Management: IoT devices can help balance energy production and
consumption by communicating with grid management systems. They can
optimize the flow of electricity from wind turbines to hydrogen production
systems, ensuring efficient energy use and minimizing waste.

e. Safety and Risk Management: IoT sensors can detect hazardous conditions such
as ammonia leaks, overheating, or structural issues in real-time. This information
can be used to trigger alarms, shut down equipment, and notify maintenance
teams, enhancing safety and reducing the risk of accidents.

f. Supply Chain Management: IoT devices can track the location and condition of
components and materials throughout the supply chain. This ensures timely
delivery, reduces the risk of damage, and improves overall supply chain efficiency.

3. Energy Efficiency and Demand Response

a. Smart Meters: IoT-enabled smart meters provide detailed, real-time data on energy
usage for consumers and utilities. This information can help consumers manage
their energy consumption and enable utilities to balance load more effectively.

b. Demand Response Programs: IoT devices can automate demand response
programs by controlling appliances and equipment to reduce energy consumption
during peak demand periods, helping to stabilize the grid and reduce costs.

4. Smart Home and Building Automation
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a. Energy Management Systems: IoT devices in smart homes and buildings can
optimize energy usage by controlling lighting, heating, cooling, and appliances
based on occupancy and usage patterns.

b. Energy Savings: Smart thermostats, lighting systems, and other IoT-enabled
devices can reduce energy consumption and costs for consumers, contributing to
overall grid efficiency.

5. Electric Vehicle (EV) Integration

a. Smart Charging: IoT devices can manage EV charging stations, optimizing
charging times and loads based on grid conditions and energy prices.

b. Vehicle-to-Grid (V2G): IoT can enable V2G technology, where electric vehicles can
supply power back to the grid during peak demand periods, enhancing grid
stability and providing additional revenue streams for EV owners.

Smart Materials 
Smart materials can respond to changes in their environment, such as temperature, pressure, or 
electrical fields, and alter their properties accordingly. Not just science fiction! Self-healing 
smartphone screens are being explored at the prototype level. 

Potential Benefits: 
Environmental: Self-healing materials can repair themselves without the need for replacement, 
which minimizes waste and reduces the environmental footprint associated with manufacturing 
and transporting new materials. Additionally, smart materials can be designed to be more 
energy-efficient, reducing the overall energy consumption and thus lowering greenhouse gas 
emissions. 

Cost: Materials with self-healing properties or advanced durability can extend the lifespan of 
infrastructure, reducing maintenance and replacement costs. Moreover, smart materials can 
improve the efficiency of energy systems, leading to lower operational costs. For example, 
materials that enhance the conductivity of power lines can reduce energy losses during 
transmission, resulting in cost savings. 

Safety: Smart materials enhance the safety of energy delivery systems by providing real-time 
monitoring and adaptive responses to changing conditions. For instance, materials that change 
color or conductivity in response to stress or damage can alert operators to potential issues 
before they become critical. This early warning system can prevent accidents and reduce the 
risk of infrastructure failure, protecting both workers and the public. 
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Productivity: The integration of smart materials into energy delivery systems can boost 
productivity by improving the efficiency and reliability of these systems. For example, materials 
that can adjust their properties in response to environmental conditions (such as temperature or 
humidity) can optimize the performance of energy systems, ensuring consistent and efficient 
operation. Additionally, the use of smart materials can streamline maintenance processes and 
reduce downtime, allowing for more continuous and productive energy delivery. 

Smart materials can revolutionize energy delivery technology by enhancing efficiency, reliability, 
and adaptability.  

1. Grid Infrastructure

a. Self-Healing Materials: Self-healing materials can be used in power lines,
transformers, and other grid components to automatically repair minor damages,
reducing maintenance costs and preventing outages.

b. Conductive Polymers: Conductive polymers enable the development of flexible
electronic devices and components, which can be integrated into various parts of
the energy grid to enhance flexibility and resilience.

c. Thermoelectric Materials: These materials can be used in localized energy
generation systems, providing additional power sources for the grid.

d. Shape Memory Alloys (SMAs): SMAs can help stabilize power lines by adjusting
tension in response to environmental conditions, such as temperature
fluctuations.

e. Piezoelectric Materials: These materials can act as sensors to monitor structural
health and operational conditions, providing real-time data to enhance grid
reliability

2. Wind-to-Hydrogen Development and Transport

a. Self-Healing Materials: Wind turbines and hydrogen storage systems can use self-
healing materials that automatically repair small cracks or damage. This reduces
maintenance costs and decreases health risks around ammonia transportation
infrastructure.

b. Shape-Memory Alloys: These materials can change shape in response to
temperature changes. They can be used in turbine blade pitch control systems,
allowing blades to adapt to changing wind conditions for optimal efficiency.

c. Piezoelectric Materials: These materials generate electricity when subjected to
mechanical stress. They can be integrated into wind turbine structures to harvest
additional energy from vibrations and stress, enhancing overall energy production.
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d. Corrosion-Resistant Materials: Smart materials that resist corrosion can be used
in hydrogen storage tanks and pipelines, extending their life and reducing the need
for frequent replacements.

e. Lightweight Composites: Smart composite materials, which are strong yet
lightweight, can be used in the construction of wind turbine blades and towers.
This reduces the weight of the turbines, making them more efficient and easier to
transport and install.

f. Temperature-Responsive Polymers: These polymers change their properties in
response to temperature changes. They can be used in hydrogen storage systems
to manage the thermal effects of hydrogen gas expansion and contraction,
improving safety and efficiency.

g. Smart Coatings: Coatings that can respond to environmental conditions, such as
anti-icing coatings for turbine blades, help maintain optimal performance in
various weather conditions. These coatings can prevent ice buildup, which can
disrupt turbine operation and efficiency.

3. Renewable Energy

a. Electrochromic Materials: These materials can be integrated into solar panels to
optimize the amount of light and heat absorbed, enhancing the efficiency of solar
energy systems.

b. Piezoelectric Materials: Piezoelectric materials generate electricity in response to
mechanical stress, which can be used to harvest energy from vibrations or
movements in infrastructure, such as roads or bridges, contributing to the power
grid.

4. Energy Storage

a. Phase-Change Materials (PCMs): PCMs can store and release large amounts of
thermal energy during phase transitions (e.g., solid to liquid), which can be used
for managing peak load demands in energy grids.

b. Conductive Polymers: These materials can improve the performance of batteries
and supercapacitors, contributing to more efficient energy storage solutions.

5. Heating and Cooling Solutions

a. Electrochromic Materials: Electrochromic materials can be used in smart windows
that adjust transparency in response to electrical voltage, helping to regulate
building temperatures and reduce the energy load from heating and cooling
systems.
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b. Magnetocaloric Materials: Magnetocaloric materials can be used in advanced
cooling systems for power electronics and transformers, improving efficiency and
reducing energy losses associated with conventional cooling methods.

6. Waste Heate Recovery

a. Thermoelectric materials: Thermoelectric materials can convert waste heat from
industrial processes, power plants, or even household appliances into electricity,
enhancing overall energy efficiency.

Closing Message 
By embracing and integrating digital, remote, and autonomous operations technologies and 
processes, there is the potential to improve the efficiency, reliability, and sustainability of 
Newfoundland and Labrador’s quickly emerging clean energy industry.  

The objective of this document is to create a greater awareness of these opportunities and to 
help innovation stakeholders in NL align on specific areas of mutual interest. In turn, this will 
help inform econext’s efforts to support R&D and innovation. If you have any questions or 
comments about this document, please contact econext at info@econext.ca. 
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