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1. Executive Summary 
The global transition toward decentralised clean energy is fundamentally a challenge of 
hardware intelligence and environmental endurance. 

As infrastructure moves from controlled environments to the "edge", exposed to the 
elements and isolated from immediate manual oversight, the requirements for the 
underlying technology stack shift from standard commercial grade to industrial 
resilience. 

This paper explores the technical requirements for building reliable EV charging 
networks, solar arrays, and smart grids, focusing on the intersection of human-machine 
interfaces (HMIs), embedded processing, and secure connectivity. 

 

2. The Environmental Challenge: Defining Reliability 

Clean energy assets are frequently deployed in "uncontrolled" environments. Engineers 
must design for three primary stressors that cause premature system failure: 

• Thermal Dynamics: Systems must maintain operational integrity across 
extreme cycles, typically ranging from -40°C to +85°C. 

• Radiant Loading: Direct solar exposure introduces both thermal gain and 
"washout," where high ambient light renders standard displays unreadable. 
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• Atmospheric Ingress: Beyond simple moisture, systems must be defended 
against fine particulates, salt spray in offshore or coastal environments, and 
high-pressure cleaning. 

 

3. High-Resilience Visual Interfaces (HMIs) 

In the field, the HMI is the primary point of failure and the sole point of interaction. 
Engineering a resilient interface requires more than just a rugged casing; it requires a 
specialised optical and tactile stack. 

Optical Performance in High-Ambient Light 

To ensure safety and usability, displays in outdoor settings often require brightness 
levels of 3,000 nits. However, brightness alone is insufficient. Optical bonding (the 
process of applying a resin layer between the cover glass and the LCD) is a critical 
design choice. It eliminates the internal air gap, reducing reflections by up to 90% and 
preventing internal condensation. 

Tactile Integrity 

Interfaces must remain functional regardless of external variables. This necessitates 
Projected Capacitive (PCAP) touch sensors tuned for: 

• Glove Compatibility: Essential for maintenance personnel and winter use. 
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• Water Rejection: Preventing "ghost touches" caused by rain or sea spray. 

• Impact Resistance: Meeting IK-rated standards for public-facing hardware. 

 

4. The Intelligent Core: Embedded Architecture 

The "brain" of a clean energy system must balance high-speed data processing with 
thermal efficiency. When selecting embedded architectures, the focus shifts toward 
Longevity of Supply (LoS) and power-to-performance ratios. 

Feature Technical Specification 
Processing Power Low-power ARM or high-performance x86 

architectures 

Form Factors COM Express, SMARC, custom SBCs for 
space-constrained housings, industrial 
BOX PCs, Panel PCs, and rugged tablets 
for field deployment and infrastructure 
management. 

Mechanical Stability Compliance with EN50155 or equivalent 
shock/vibration standards 

 

 

Fanless designs are preferred in this sector to eliminate mechanical failure points and 
prevent the intake of environmental contaminants. 

Beyond traditional embedded controllers, modern clean energy infrastructure 
increasingly relies on rugged industrial computing platforms capable of operating 
directly within demanding field environments. Industrial BOC PCs are widely used as 
edge controllers for EV charging systems, smart grid management, energy storage 
systems, and renewable power monitoring applications. 

Panel PCs provide integrated HMI and control functionality for operator interfaces in 
energy plants, charging infrastructure, and distributed power systems, combining 
visualisation and processing within a single sealed platform designed for harsh 
environments. 

Platforms such as AAEON’s BOXER PCs, industrial Panel PCs, and rugged tablet 
solutions demonstrate how embedded computing in the clean energy sector is evolving 
toward highly integrated, edge-enabled architectures capable of supporting both 
operational control and advanced analytics. 
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5. Connectivity & Analytics: The IoT Framework 

Distributed energy assets require a multi-layered communication strategy to ensure the 
grid remains balanced and downtime is minimised. 

• Protocol Diversity: Utilising MQTT for lightweight data transfer and LoRaWAN or 
5G for wide-area coverage in remote installations. 

• Edge Computing: Processing critical telemetry locally allows for sub-
millisecond response times in grid-balancing scenarios, reducing the bandwidth 
costs associated with constant cloud syncing. 

• Predictive Maintenance: Moving from reactive to proactive service models by 
integrating machine learning at the edge to monitor vibration or thermal 
anomalies before a component fails. 

The increasing role of rugged edge computing platforms such as industrial BOC PCs 
and Panel PCs is enabling clean energy operators to deploy intelligent processing 
capability directly at substations, charging infrastructure, battery energy storage 
systems (BESS), and renewable generation sites. 

This distributed edge architecture improves responsiveness, reduces network 
dependency, and enables real-time operational visibility across decentralised energy 
networks. 
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6. Signal Integrity and Interconnects 
The reliability of a clean energy system is often dictated by its weakest physical link. 
Interconnects must be engineered to withstand constant vibration and electromagnetic 
interference (EMI). 

• Overmoulded Assemblies: IP68-rated cabling is necessary to prevent moisture 
"wicking" into the internal electronics. 

• EMI Shielding: In high-voltage environments like EV fast-charging stations, 
robust shielding is mandatory to prevent signal degradation and data corruption. 

 

7. Lifecycle Management: Concept to Deployment 
Building for the energy transition requires a long-term view of the product lifecycle. 
Design considerations should include: 

1. Rapid Prototyping: Utilising 3D printing and modular PCB design to validate 
thermal and mechanical assumptions early. 

2. Environmental Validation: Stress testing in climate chambers to simulate a 
decade of outdoor exposure. 

3. Obsolescence Planning: Selecting components with guaranteed 10-to-15-year 
availability to match the lifespan of the energy infrastructure. 
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8. Compliance and Sustainability Goals 
System design must align with global regulatory frameworks (CE, FCC) and increasingly 
stringent ESG (Environmental, Social, and Governance) targets. Engineering for 
efficiency - minimising the "parasitic" power draw of the control systems themselves - is 
now a core requirement for any green energy project. 

 

9. Conclusion: The Path Forward 
The success of the energy transition depends on the invisible hardware that manages 
the flow of power. By prioritising thermal resilience, optical clarity, and edge 
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intelligence, developers can ensure that the clean energy systems of today become the 
enduring infrastructure of tomorrow. 

Achieving this requires a move away from "off-the-shelf" solutions toward deeply 
integrated, bespoke engineering that views every component, from the PCAP sensor to 
the EMI shielding, as a mission-critical asset. 

As clean energy infrastructure becomes increasingly decentralised and data-driven, 
rugged embedded computing platforms such as industrial BOC PCs, Panel PCs, and 
mobile service tablets will play a critical role in enabling intelligent edge control, 
predictive analytics, and long-term operational resilience across next-generation 
energy networks. 

 

Review Display Systems: A Volex Group Company 
As part of the Volex Group, Review Display Systems (RDS) occupies a unique position in 
the global technology landscape, bridging the gap between bespoke UK-led design and 
world-class international manufacturing. 

By integrating with Volex’s expansive global network, which includes 19 manufacturing 
sites and specialised interconnect leaders like GTK, RDS provides customers with a 
vertically integrated solution that covers the entire hardware stack. 

This partnership enables us to deliver "Total Solution" engineering, where high-
performance displays and embedded computing cores are seamlessly combined with 
Volex’s world-class cabling and interconnect solutions. 

The result is a streamlined engineering lifecycle that scales effortlessly from rapid 
prototyping to high-volume global production, all backed by the financial stability and 
rigorous quality standards of a FTSE-listed global leader. 

 


