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DC systems are becoming
increasingly important in the
energy infrastructure, alongside AC
systems.

The energy industry is facing several challenges as it transitions to
more sustainable and renewable sources of energy. These challenges
include increasing energy efficiency, reducing carbon emissions and
ensuring energy security. To address these challenges, the industry

is turning to innovative technologies, including direct current (DC)
systems. DC systems have the potential to improve energy efficiency,
reduce energy losses and easily integrate renewable energy sources
into the grid. In this context, the exploration of energy trends and
challenges, as well as the role of DC systems in addressing these
challenges, will be discussed in more detail.

Energy trends and challenges

The global energy sector is currently experiencing a transformative
shift due to various economic, environmental and technological
influences. Some of the key trends are outlined below.

¢ The shift towards renewable energy: Nations
are increasingly committed to reducing their carbon
footprint, leading to a global shift towards renewable
energy sources like solar and wind power. The growth
of the world’s capacity to generate electricity from
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renewable technologies is projected to grow at an unprecedented rate which will contribute to the
development of a new global energy economy.

e The surge in electric vehicle adoption: The transportation sector is currently undergoing
a transformative shift towards the widespread adoption of electric vehicles (EVs). Driven by
advancements in battery technology and an increasing global consciousness about environmental
issues, the pace at which EVs are being embraced is accelerating. This momentum is poised
to continue, especially as many countries set targets to phase out the production of fossil
fuel-powered vehicles.

e Decentralisation of energy systems: Traditional centralised power systems are evolving,
making way for more decentralised systems like microgrids. By focusing on localised solutions,
communities can demonstrate greater resilience and flexibility in response to diverse energy
demands and supply constraints. Moreover, these decentralised approaches not only improve
energy efficiency but also reduce energy consumption and facilitate the smooth integration of
renewable energy sources into the wider grid.

¢ Digitalisation and the internet of things (IoT): The increasing interconnectivity of devices and
appliances through the internet of things (IoT) is revolutionising energy management. The loT is
becoming increasingly important in the energy industry as it provides businesses with a real-time
data about their system operations and performance, covering aspects from machine efficiency
to supply chain and logistical operations. This synergy is not only enhancing energy efficiency but
also reducing consumption and refining the overall energy utilisation.

Challenges in the current energy landscape

The global energy sector is currently experiencing a marked shift towards more eco-friendly methods of energy
production and consumption, driven by a surge in renewable energy adoption and a deepening understanding of
the environmental consequences of conventional power systems. However, realising an exclusively sustainable
energy paradigm is not without its challenges. Key hurdles faced by the energy industry include:

¢ Transition to renewable energy sources: The world is moving towards renewable energy
sources such as solar, wind and hydropower. This transition is driven by the need to reduce
carbon emissions and mitigate climate change. Although the multiple sources of renewable energy
offer myriad possibilities for alleviating the heavy reliance on fossil fuels, there are infrastructure
challenges related to generation, transmission and distribution. Additionally, the substantial costs
associated with transitioning from fossil fuels to green energy cannot be overlooked. Building,
developing and deploying new infrastructure, technology and products to renewable sources
require significant financial commitments.

e Energy efficiency: Enhancing energy efficiency is a considerable challenge for the energy
industry. When measures of energy efficiency are put into practice, they have the potential to
decrease energy consumption. This reduction can lead to reduced energy costs and enhanced
energy security. Nevertheless, the realisation of such energy efficiency mandates considerable
investment, the adoption of new behavioural standards, the integration of new technologies and
infrastructure and a supportive policy and regulatory framework.

e Energy security: Energy security encompasses more than just uninterrupted access to energy,
it also involves ensuring that energy supplies are available at a reasonable price. This topic has
always been significant and has recently resurfaced as a top policy priority for many governments
due to the global energy crisis sparked by geopolitical conflicts.

¢ Integration of renewable sources: \Wind and solar resources are inherently intermittent energy
resources due to their reliance on unpredictable weather conditions. While they can generate
more energy on sunny or windy days, their output might significantly drop on cloudy or calm
days. Such fluctuations can pose challenges to traditional power grids, which are designed for
consistent energy input. As many of these grids weren’t initially designed to accommodate a
large-scale integration of renewable energy, introducing these sources often necessitates updates
or reinforcement of the grids to manage the fluctuating energy contributions.
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Energy conversion: In the energy conversion process, particularly when transitioning between
DC and Alternating Current (AC), there can be substantial energy losses. These losses become
more pronounced when the energy passes through several conversion stages. While there have
been improvements in the efficiency of converters and inverters, further development is still
needed.

Aging utility infrastructure: One of the primary concerns with aging infrastructure is its
propensity to cause power outages and other disturbances within the electrical grid. These older
systems are often less efficient and less environmentally friendly than their newer counterparts,
which results in increased operational costs and higher energy consumption. Moreover, such
infrastructure can introduce safety hazards, raising the likelihood of equipment failures or
accidents. Modernising these ageing infrastructures will necessitate a significant investment.
Determining the right timing and strategy for upgrades can be complicated, particularly in areas
with constrained resources.

The role of direct current (DC) systems

In the evolving landscape of energy sector, the challenges associated with integrating renewables sources,
enhancing efficiency and modernising infrastructure have become increasingly prominent. A potential solution to
these challenges lies in the expanded use of DC systems, which offer promising solutions.

Buildings of the Future: one approach to net zero is with direct current
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Compatibility with renewable sources

Solar systems: Solar panels, fundamental to the renewable energy movement, inherently produce
DC. By harnessing this natural DC output, we can avoid the energy-inefficient conversion
processes, thereby boosting the efficiency and effectiveness of energy systems.

Energy storage: Advanced energy storage systems, such as batteries, typically store energy in
DC form. Given the intermittent nature of energy production from renewable sources, it becomes
essential to store energy efficiently during periods of peak production and release it during periods
of low production. The inherent compatibility of DC with these storage systems facilitates a
smoother and more efficient energy storage process.

Efficiency in modern electronic devices

Modern electronic devices are deeply integrated into our daily routines from smartphones and laptops to smart
home appliances and industrial equipment. Intrinsically, these devices operate on DC, even though our household
and office outlets predominantly deliver AC. For these devices to utilize this power, AC has to be converted to DC, a
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transformation that inevitably incurs energy losses. By directly powering these devices with DC, we can bypass this
conversion, achieving enhanced energy efficiency.

The advent of DC microgrids

The concept of microgrids isn’t new, but the increasing emphasis on DC microgrids heralds an exciting era in
energy distribution. DC microgrids are localised energy systems that distribute power using DC rather than the
traditional AC. Employing DC microgrids could provide significant advantages to the challenges faced by the energy
sector, particularly concerning grid capacity.

e One of the standout features of DC microgrids is their ability to seamlessly integrate with
renewable energy sources.

e Natural disasters, equipment breakdowns or other grid disruptions, can disrupt a central power
system, leaving vast areas without power. DC microgrids, as localised systems, have the capacity
to operate independently (islanded mode) during such events, guaranteeing an uninterrupted
power supply.

e The reduction or elimination of conversion processes, specifically AC/DC conversions, within DC
microgrids results in enhanced energy efficiencies.

e Increasing prevalence of electronic devices, electric vehicles and other DC-native technologies
show that the demand for DC system is on the rise. DC microgrids are ideally positioned to
address this evolving energy demand.

e DC microgrids empower communities through decentralising energy production and distribution.
Instead of relying solely on large-scale power plants, communities can produce and manage their
own power, leading to more resilient and self-sufficient communities.

e DC microgrids not only facilitate the integration of renewables and minimise energy losses, they
also play a pivotal role in reducing greenhouse gas emissions and the overall environmental impact
of energy production and distribution.

DC fast-charging in electric vehicles (EVs)

As Electric vehicles (EVs) continue to grow in popularity, there is an increasing demand for infrastructure to support
their rapid adoption. One major concern for many potential EV owners is the duration required to recharge the
vehicle’s battery. This is where DC fast-charging becomes essential. While traditional chargers might take several
hours to fully charge an EV battery, depending on its capacity, fast chargers can replenish these batteries to up to
80% in just 30 minutes to an hour. Fast charging stations primarily use DC, in contrast to the AC used in standard
home chargers. Since batteries store energy as DC, charging via DC enables more direct power transfer, resulting
in quicker charge times. Both manufacturers and governments around the globe are investing heavily in the
development of a comprehensive network of fast-charging stations to alleviate range anxiety and promote EVs as a
viable option for long-distance travel.

The benefit of utilising DC fast EV charging

e DC fast charging is of utmost importance for individuals who are frequently on the move, especially
during long-distance journeys. Charging an electric vehicle quickly not only enhances the travel
experience but also results in substantial time savings. Travellers no longer have to wait for long
periods at charging stations. This means travellers can promptly continue their journey, making
electric road trips both feasible and efficient.

e One of the main concerns expressed by buyers of electric vehicles is ‘range anxiety’, which refers
to the fear of running out of battery power before finding a charging station. The concern can be
significantly alleviated by the widespread availability of DC fast-chargers. DC fast-chargers offer
the assurance of quickly recharging batteries, which in turn boosts consumer confidence and
encourages a greater number of people to switch to electric vehicles.
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e Charging electric vehicles is not only convenient but also essential to optimising energy usage.
Promoting DC fast-charging during off-peak hours will help in maintaining a balanced load
on grids, thereby preventing instances of excessive demand. Moreover, the integration of DC
fast-charging technology with renewable energy sources promotes a cleaner and more sustainable
pattern of energy consumption. This highlights an environmentally friendly approach to charging
electric vehicles.

Considering the evolving energy landscape and its inherent challenges, DC systems have emerged as an effective
way to address myriad concerns in the energy sector. The global energy landscape is transitioning swiftly,
characterized by a significant move towards renewable energy, the proliferation of electric vehicles, decentralisation
of energy systems and the widespread digitalization of energy management. Simultaneously, the sector confronts
significant challenges such as the integration of renewable sources, achieving desired energy efficiency levels,
ensuring energy security and updating aging infrastructure.

DC systems, present a comprehensive response to these challenges. From the inherent compatibility of DC

with renewable sources like solar panels and energy storage systems to the efficiency gains achieved by directly
powering modern electronic devices with DC rather than converting from AC to DC. The concept of DC microgrids
is particularly promising, offering resilience during disruptions, efficient energy distribution and facilitating a significant
reduction in greenhouse gas emissions.

However, for DC systems to realize their full potential, standardization is vital. The lack of universally accepted
standards for DC systems can impede their widespread adoption and integration. Variability in standards can result
in compatibility issues, increased costs and hinder the proliferation of innovative solutions. CurrentOS Foundation
has recognised the urgent need for standardised DC solutions that cater to the global market.

The foundation was established to ensure that a set of rules is available to all manufacturers of DC products, system
integrators, design firms and academic institutions. Its primary goal is to establish a unified system specification

for DC Systems. To achieve this, the foundation offers its partners a comprehensive and open set of rules, along
with clear guidelines on how to manufacture DC products that are compatible with a standardised based DC
environment. This initiative aims to foster innovation while ensuring safety and interoperability across the growing
field of DC systems technology.

The set of rules offers several key features:
e Enhanced safety on DC distribution- Ensure that the system operates safely.

e Multi-vendor interoperability- this allows products from different manufacturers to work seamlessly
together.

e Multi distribution topologies — this supports flexible and scalable grid configurations with multiple
distributed sources.

e Simplicity in control, with highly resilient and power-demand flexible prosumer installations.

e Simplicity in design, installation and maintenance streamlines the process of deploying and
maintaining DC systems.

By promoting and advancing the technology and adoption of DC systems, ultimately contributing to a more
sustainable and resilient energy future.

In summary, DC systems are becoming increasingly important in the energy infrastructure, alongside AC systems.
They are being recognised as a key component for the future, especially with the growing investment in renewable
energy. As a result, the use of DC systems is expected to expand, with both retrofitting existing buildings and
designing new constructions to incorporate DC power. As this trend continues, standardised practices for DC
systems will be established to ensure efficient and reliable implementation.
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