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This white paper explores the technology, benefits,
and applications of DC coupled systems, providing
a comprehensive overview for stakeholders in the
renewable energy sector.
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Executive Summary

Introduction to DC Coupled Systems

DC coupled systems represent a significant advancement
in the integration of renewable energy sources. By directly
coupling solar panels and batteries through a DC bus, these
systems offer higher efficiency, reduced power quality
issues, and direct compatibility with renewable energy
sources. This white paper explores the technology, benefits,
and applications of DC coupled systems, providing a
comprehensive overview for stakeholders in the renewable
energy sector.

Comparison: AC vs. DC Coupled Systems

The transition to renewable energy is accelerating, driven
by the need for sustainable and efficient energy solutions.
DC coupled systems are emerging as a preferred choice
for new installations, particularly where energy storage

is a priority. This white paper delves into the technical
aspects, advantages, and potential applications of DC
coupled systems.

DC coupled systems offer several advantages over traditional
AC coupled systems:

Higher efficiency: Fewer energy conversions result in

less energy loss.

Reduced power quality issues: Direct DC coupling
minimizes disturbances.

Direct compatibility with renewable energy sources:
Solar panels and batteries operate natively on DC power.
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DC coupled systems offer significant advantages of AC coupled systems
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Market Trends and Growth

The market for DC coupled systems is expected to grow significantly, with a projected CAGR of 20-30% in renewable energy
applications over the next decade. This growth is driven by the increasing adoption of renewable energy and the need for

efficient energy storage solutions.

The energy landscape is shifting towards DC coupled systems, driven by their superior efficiency and suitability for renewable
energy integration. While AC coupled systems offer flexibility and ease of installation, DC coupled systems excel in minimizing
energy losses and maximizing system performance. By understanding the trade-offs between these two approaches, industry
professionals can make informed decisions to optimize energy storage and distribution in a rapidly evolving energy landscape.

AC Coupled Systems

+ Advantages: Easy to retrofit, flexible installation,
resilient with multiple inverters, versatile charging.

- Disadvantages: Higher cost, lower efficiency, not
suitable for off-grid use or handling surge loads.

Summary

DC coupled systems are typically 3-6% more efficient
than AC coupled systems. This efficiency translates
to lower operating costs due to fewer conversions

and reduced wear and tear on inverters and batteries.

According to NREL, DC-coupled systems can
achieve additional cost savings through the use of a
single inverter, which is shared between the PV and
battery components.

DC Coupled Systems
» Advantages: More affordable, higher efficiency, allows
oversizing for excess energy use.

- Disadvantages: Less flexible installation, lower resiliency
with a single inverter failure.

Summary
DC coupled systems offer significant financial benefits:

* Reduced Capex: Savings through interconnection
and co-location.

+ Higher PV-to-inverter ratios: Allow clipped energy to
charge batteries, increasing efficiency and revenue.
NRELs research indicates that DC-coupled systems
can recover otherwise clipped energy, which would be
lost in other configurations.
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Key Vertical Applications

DC coupled systems are suitable for various applications, including:

* Renewable Power Generation and Energy Storage « Hydrogen Electrolyzer
- DC coupled systems are integral to renewable - Inhydrogen production, DC coupling directly connects
energy solutions like solar and wind. They enable renewable energy sources to electrolyzers, reducing
direct energy transfer from generation to storage, conversion losses and optimizing energy usage for
minimizing losses and maximizing efficiency. hydrogen generation.

*  Telecommunications « Data Centers
- DC coupled systems power telecommunication - By integrating energy storage with renewable sources,
towers and critical infrastructure with efficient energy DC coupled systems reduce energy losses and
storage and renewable energy integration, ensuring provide backup power, improving the sustainability
reliability in remote or off-grid locations. and resilience of data centers.
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+  eMobility

DC coupling is used in electric vehicle charging
stations to directly connect renewable energy or
battery storage, reducing energy conversion steps and
providing faster, more efficient charging.

* Grid-Scale, Industrial and Commercial Energy Storage

DC coupled systems link solar PV systems with
batteries, offering higher efficiency, reduced costs,
and energy independence.

Microgrids and Off-Grid
Applications

- DC coupled systems are vital in microgrids,
seamlessly integrating renewable generation, storage,
and loads for reliable, efficient, and independent
power solutions in remote or isolated areas.

Railway Transportation

- DC coupled systems support transportation
electrification by powering electric railway systems,
buses, and maritime vessels with efficient energy
integration from renewable sources, reducing
emissions and operational costs.
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nVent Electrical & Fastening Solutions

nVent solutions are at the forefront of the shift towards higher voltage DC systems. Our commitment to innovation and
customer needs has led us to develop a comprehensive range of products capable of handling increased voltage levels.

As evidenced by our current offering of power blocks, distribution blocks, nVent ERIFLEX Advanced Technology flexible
conductor insulation, and surge protection devices, we are well-equipped to support the growing demand for higher voltage
DC solutions. By continually expanding our product portfolio and investing in research and development,

we are poised to lead the industry in this exciting and transformative era of higher voltage DC systems.

Approved Technology

nVent ERIFLEX Power Blocks and Distribution Blocks nVent ERIFLEX Advanced Technology conductors:
approved for 1500 VDC nVent ERIFLEX Flexibar Advanced and IBSB Advanced
approved for 1500 VDC

nVent ERIFLEX Insulators and CABS Busbar Supports nVent ERICO SPDs and PVT2 Photovoltaic Surge
approved for 1500 VDC Protection Class Il, 1,500 VDC

nVent ERIFLEX Advanced Technology Insulation approved nVent ERIFLEX FleXbus approved for 1,500 VDC
for 3600 VDC (IEC)
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Application Examples

The nVent ERIFLEX FleXbus System is
an innovative and patented connection
solution between two electrical
equipment installations, such as
transformers, switchboards, generators
or large uninterrupted power supplies
(UPS), battery energy storage systems
and power converters.
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Pictured below: Innovative, patented nVent solutions that help simplify electric panels by minimizing labor, complexity and
volume to create time and space savings. nVent solutions are well-suited to meet the trend towards DC coupled systems.
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