Will DC coupling drive down solar-plus-storage costs?

A DC-coupled battery system at Duke Energy's Mount Holly test site usgg_’
Expectations are highthat DC coupllng will help drive down solar- plus (

battery energy storage system.

Can a PV inverter capture clipped DC output?
With storage attached to the array,the batteries can be charged with excess PV output when the PV inverter
hits its peak rating and would otherwise begin clipping. This stored energy can then be fed into the grid at the
appropriate time. Note that this ability to capture clipped DC output is only possible using a DC-coupled
storage system.

What is a DC-coupled solar-plus-storage project?

"In a typical DC-coupled solar-plus-storage project, you have the AC inverter, DC-DC converter, energy
management system (EMS), battery management system (BMS) and DC solar array operating together to
deliver maximum, dispatchable energy when called upon.

Is DC-coupled solar-plus-storage better than AC coupling?

The utility sees the advantage of DC-coupled solar-plus-storage compared with AC coupling as an ability to
capture a greater amount of clipped solar energy,combined with a higher round-trip efficiency(charging to
discharging). However,it acknowledges that AC coupling approaches are better known and understood.

Can a DC-coupled energy storage system improve solar production?

With a DC-coupled energy storage system,solar production can continue in that scenariowith energy being
stored and available for discharge when curtailment ends,mitigating system owner downside for both existing
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and future projects in such resource rich areas of the grid.

As energy storage durations increase, the optimal
DC:AC ratio also increases to result in an overall
capex savings as illustrated in these graphs. Ampt
Protects Inverter at High DC:AC Ratios During
normal operation, the optimizer maintains PV
maximum power point (MPP) and operates at a
fixed output voltage (e.g. 1350V) while delivering full

DC-DC converter up to 1500 kW Advantages of
DC-coupling The main advantage of a DC-coupled
system is that the regulatory require-ments are
lower than the ones needed for an AC-coupled
solar-plus-storage system, as there is no need to
prepare an interconnection study. Thus, the
administrative procedure and its costs are lower too.

Clipping

Clipping Recapture. The overall system revenues
T could be maximized by recapturing the excess of
solar energy due to the oversizing ratio between the
installed DC power and the AC output power of
every PV power plant. Thanks to the battery
voltage range, a DC-coupled solar-plus-storage
system enables an earlier converter starting point,
as
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The PVS 500 DC-Coupled Energy Storage System
comes with 3 Solectria XGI 166 Inverters, a Plant
Master Controller and a bi-directional DC/DC
500kW converter. Having the energy storage and
the PV array on the same inverter allows this
DC-coupled system to put excessive PV production
in store and discharge it again to the grid at times
when the

with the addition of energy storage. Here we will
examine the coupling of energy storage with PV by
comparing three principle methods: AC-coupled,
DC-coupled, and Hybrid solar-plus-storage
inverters. We will also consider all possible revenue
streams of solar plus storage and their availability
based on available systems for coupling storage.

Everything you need to know about DC coupling
with solar and battery storage. Solar PV has
experienced a huge rise in popularity in recent
years, with the UK reaching a record 13.3 TWh of
solar generation in 2022.. But it's not just large
ground-mount and residential projects that
contribute to the growth of solar PV.
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DC-COUPLED SOLAR PLUS STORAGE SYSTEM
S. Primarily of interest to grid-tied utility scale solar

projects, the DC coupled solution is a relatively new
approach for adding energy storage to existing and

new ???

falling LCOE of renewable energy and breakthrough
of energy storage tech-An Analysis on How
DC-Coupling ESS Solution Increases Renewable
Energy Ratio Issues and countermeasures nology -
especially the rapid develop-ment of EV battery
technology. Energy storage is a vital driving factor to
facilitate the energy climate-neutral transition.

Optimizing energy management through
DC-Coupled Battery Energy Storage Solutions and
DC Clipping Recapture. Eneon is now proudly part
of US Clean Energy. Read More. FlexblockPr
ojectsCompany.KnowledgeHubRe
questAQuote Request A Quote Flexblock.
Solar Clipping Recapture - Typical Configurations.
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Integrating a battery energy storage system (BESS),
into a large-scale PV-Solar power plant, enables a
more flexible operation, allowing the plant to better
support energy demand, and support grid stability
more efficiently. A lot of work is being done,
regarding analyzing and comparing the performance
of AC-Coupled and DC-Coupled solutions.

In this article, we outline the relative advantages

. and disadvantages of two common

Lﬂ?} ‘m LML solar-plus-storage system architectures: ac-coupled
- and dc-coupled energy storage systems (ESS).

Before jumping into each solar-plus-storage system,

let's first define what exactly a typical grid-tied
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interactive PV system and an "energy storage
system" are.

Quick Summary. DC-coupling using solar charge
controllers is the best option for small mobile
systems used in RVs and caravans, and for
smaller-scale residential off-grid systems.

AC-coupling using solar inverters is far more
efficient for grid-tie energy storage systems and

T T Rer TR : larger-scale off-grid systems, especially when the
[i i! B //I daytime loads are high. The full range of ???
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Benefits of DC coupling. Efficiency: Each time there

M' ' “I"rr is a conversion from AC to DC, or vice versa, there

[ Py

I is some amount of energy loss. In DC coupling, the

i T M power is only converted once, so there is a marginal

efficiency benefit. "DC-coupled systems are great if
you'"re trying to maximize every watt out of the
system,” Every said.

Abstract. This whitepaper provides an overview of
DC-coupled battery energy storage solutions and
DC clipping recapture. By utilizing clipping
recapture, Eneon's solutions offer a constant power
generation curve during the day while also capturing
and using clipped energy that would otherwise be
wasted.

Electric vehicle (EV) charging: DC coupled solar
and energy storage systems can be integrated with
EV charging infrastructure for clean and
cost-effective transportation. DC Coupling and the
Future of Solar Energy. As the renewable energy
«««««««««« sector continues to grow, DC coupling is poised to
play a significant role in advancing solar and energy
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DC vs. AC coupling and energy clipping DC-coupled
PV+BESS installations generally enable capturing
energy that would be lost (clipped) in a typical
AC-coupled architecture. In AC-coupled
architectures, it's common to size the P.V. panels to
be capable of delivering 30 percent more energy
than the inverter can handle.

3/4 Battery energy storage can be connected to
new and SOLAR + STORAGE CONNECTION
DIAGRAM existing solar via DC coupling 3/4
Battery energy storage connects to DC-DC
converter. 3/4 DC-DC converter and solar are
connected on common DC bus on the PCS. 3/4
Energy Management System or EMS is responsible
to provide seamless integration of DC ???

Using a fixed-DC architecture removes the complex

process of voltage variability in solar-plus-storage
projects. Image: Lockheed Martin. For a long time
AC-coupled solar-plus-storage was the
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When designing a solar installation with an
integrated battery energy storage system (BESS),
one of the key considerations is whether to use an
AC or DC-coupled system. In this blog, we"ll go into
the subject and explore which ???

In a DC-coupled solar and storage site, the coupling
of the two assets is shifted behind a single inverter.
Figure 3 (below) shows how this would work for our
hypothetical solar and storage project. Figure 3 -
Diagram comparing the setup of the main
components of solar and storage projects, for both
an AC-coupled (left) and DC-coupled solution

In 2022, Dynamic Containment was responsible for
63% of battery energy storage revenues - in real
terms, this meant that Dynamic Containment was
worth around ?100k/MW last year to the average
battery energy storage system. A DC-coupled
battery, unable to provide frequency response,
would have lost out significantly.
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. Typical solar installations oversize the DC array by
20-30% (i.e. DC ratio of 1.2-1.3). On the best
performing days of the year this results in clipping of
solar production because the inverters aren"t large
enough to convert all the energy. This results in up
to 5% of energy loss annually.For DC coupled
Energy Storage Systems, this energy can be
directly stored into the battery, ??7?

Here we will examine the coupling of energy storage
with PV by comparing three principle methods:
AC-coupled, DC-coupled, and Reverse DC-coupled
configurations. We will also consider all possible

revenue streams of solar plus storage and their
availability based on available systems for coupling

’r storage. dynapower
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