
  

 

A UNIQUE APPROACH 

TO COUPLING         

SOLAR + STORAGE 
      

ABSTRACT 
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Abstract 
This whitepaper discusses the practical considerations of deploying a 
PV-centric, DC-coupled Solar + Storage system.  This paper has been 
written for a wide audience to help it understand what is involved in 
combining Solar and Storage, from the what doing so actually means 
to different methods for doing so. It will focus on the relative 
technical and economic benefits of deploying Solar + Storage with a 
PV Centric, DC-coupled approach along with an overview of such a 
system. This paper aims to explain all the “buzzwords” used in this 
field today in a way that can be easily understood by a broad audience of readers ranging from those 
interested in developing Solar + Storage projects to those who will be involved in the design and 
specification of such systems. As such, whenever we use a term that could be considered a “buzzword” 
we will seek to explain the term in plain English.  Of course, this opening paragraph contains a number 
of buzzwords already, so read on to learn what they mean and learn more about the exciting field of 
Solar + Storage! 
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Before We Begin…. 
Before we even get started, let’s keep with our promise above to explain every potential “buzzword” we 
use. The first one is the word storage itself. Storage, in the context discussed in this paper, is a synonym 
for batteries, i.e. batteries can be used to store solar energy so that energy can be used later. Hence, 
solar plus storage systems are sometimes referred to as Battery Energy Storage Systems – or BESS for 
short. 

Why Solar + Storage? 
The combination Solar and Storage has been called the “Holy Grail” of Solar generation, because 
melding these two technologies lets us generate clean power with a free energy source, solar, and store 
either some or all of it to use at another time and then dispatch it as required. Detractors of renewables 
site their lack of reliability and predictability as knocks against them as major components of our energy 
supply. Incorporating storage with solar can help overcome this objection, making solar a truly 
“dispatchable” energy resource – an energy resource that can be called upon like a coal or gas fired 
power plant – rather than an intermittent one which only provides power when the sun is shining. 

In the simplest of terms, Solar has an obvious major draw back as a primary energy source – it only 
provides power when the sun is shining.  By “coupling” or pairing Solar and Storage, we can eliminate 
that draw back.  Having established this fact, the questions become: 

1. What are the measurable benefits to pairing Solar and Storage? 
2. What are the best ways to design integrated Solar + Storage systems to maximize these benefits 

The rest of this paper will seek to shed light on the answers to these questions (pun intended).  

Benefits of Solar + Storage 
Combining solar and storage offers many benefits to owners of such 
systems.  The benefits can be thought of as “revenue streams” – 
various opportunities to make money with a system that has both 
Solar and Storage. When multiple of these revenue streams can be 
accessed by a single installation, this if referred to as “value stacking” 
– or adding up the benefits of numerous revenue streams. 

The New DER – Dispatchable Energy Resource 

Stand-alone solar systems are often referred to as DERs – distributed 
energy resources – because they allow energy production to be 
distributed across the grid, as opposed to large, central power plants. 
However, with advent of solar plus storage – the acronym stays the same – DER – but its meaning 
changes dramatically – as a Solar + Storage System or BESS creates a truly dispatchable energy resource. 
The feature of dispatchability creates several revenue generation opportunities, including: 

1. Solar Time Shifting: Solar generates the most power when the sun is shining its 
brightest. This may however not be consistent with when energy is its most 
valuable. By introducing the ability to store solar energy at the point of 
generation, additional revenue can be made by discharging the battery and 

Figure 1: Value Stacking refers to 
the additional revenue streams 
adding storage can open for 
system owners. 
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selling the stored energy later in the day, when that energy is more valuable.  
 

2. Resilience Through Backup Power: Resiliency is a hard benefit to quantify, but 
when you need it, it is invaluable.  
 

3. Capacity Firming: The dispatchable nature of a BESS fueled by solar gives the system 
owner the opportunity to participate in merchant energy markets, which is a completely 
different construct than a standard power purchase agreement (PPA). For example, if your 
storage system is fully charged entering the next 24-hour period, you can confidently bid 
into the day ahead capacity market at any time of day. 

Clipping Recapture 

Inverter clipping occurs when the DC input 
power from the PV panels in the solar array 
connected to an inverter exceeds the 
inverter's AC power rating. It is normal to 
oversize the DC array relative to the 
inverter.  The relative amount of DC 
capacity of solar panels to the AC capacity of 
the inverter is known as the DC:AC ratio. We 
will not cover DC:AC ratio optimization here 
(that has been the subject of many a white 
paper itself), but we will simply state that there 
could be many very sensible reasons to oversize 
the DC capacity of a PV array relative to the size 
of the inverter, i.e. have a high DC:AC ratio.  
Whenever you have a “high” DC:AC ratio, say 
over 1.3x DC:AC or greater, you run the risk of inverter clipping during peek production. By connecting a 
battery to the PV array on the DC side of the inverter, you can divert energy that would otherwise have 
been “clipped” into the battery to be dispatched later when less (or no) solar energy is being generated. 

Ramp Rate Control 

One of the concerns grid operators have had with solar for some time is about the potential of PV 
output fluctuations caused by transient weather conditions such as cloud cover. As the PV power share 
in the grid increases, such fluctuations may adversely affect power quality and reliability. These 
fluctuations are known as ramp rates, or the speed at which the amount of renewable energy injected 
onto the grid varies.  High ramp rates can cause gird fluctuations, which is a major negative for grid 
operators.  Pairing a battery system with a PV array can allow rapid fluctuations in solar PV outputs to be 
mitigated by essentially using the battery’s charge/discharge ability to dampen the ramp rate. Some 
sectors of the energy grid regulate ramp rate, and thus, if left uncontrolled, a system owner risks losing 
energy generation revenue in such events.  Hence, offering ramp rate control offers another benefit to 
coupling solar and storage. 

Figure 2: When a DC overbuild is present, inverter 
clipping can occur. Adding storage to the system can 
capture this clipped energy so it can be dispatched 
later. The chart above illustrates when clipping can 
occur. 
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AC vs. DC Coupling of Solar + Storage 
Having established that combining Solar and 
Storage is a good thing, now the question 
becomes how? There are two methods to pairing 
Solar and Storage: AC Coupling and DC Coupling. 
In an AC coupled solar plus storage system, 
the batteries are charged after the solar energy 
has passed through the PV inverter and even 
perhaps a transformer. As a consequence, such 
systems need two inverters, one for the PV 
and one for the battery. Additionally, since 
the batteries technically sit outside of the 
PV system, essentially on the grid side of the 
system, not all their charge will necessarily come 
from the PV. 

In a DC-coupled system, the battery is charged and 
discharged in front of the inverter.  This is possible 
because solar panels generate DC power from the 
sun and batteries are by their nature DC devices. 

According to Greentech Media, today, there are only about 300 MW of installed Solar + Storage on the 
grid today (Bear in mind, this article is being written in early 2018. By the time you read it, the situation 
may have drastically changed). Much of this installed capacity is of the AC-coupled variety.  There are 
any number of reasons for this, including the fact that this is the method large developers and utilities 
have been most comfortable with deploying historically. Additionally, to date, there has been a lack of 
technology available on the market to facilitate DC-coupling in a safe and cost-effective manner.  Here at 
Alencon, we are aiming to change that. 

Benefits of DC Coupling 
Despite the current lead in installed capacity AC-coupled systems have over DC-coupled systems, DC-
coupled systems offer many benefits over AC-coupled systems.  These benefits include: 

1. Reduced Cost: Optimizers cost less than storage inverters, so you can save money on a DC-
coupled system by only needing one inverter and replacing the second with optimizers. 
 

2. Increased Energy Yield: Coupling solar and storage on the DC side provides a significant 
opportunity to increase the yield of your PV assets, particularly if you have a high DC to AC ratio, 
i.e. more PV panel capacity than name plate inverter capacity. When a PV plant has a 
DC overbuild, PV capacity can be “clipped” when DC energy production exceeds that of the 
inverter (see the discussion above on clipping recapture). By coupling solar and storage on the 
DC side, this excess DC capacity can be diverted directly to the battery. As a result, such 
a system can better divert solar energy at times of higher supply and lower demand to be 
available during times of higher energy demand and low energy supply (i.e. early evening). 
 

3. Fewer Roundtrip Losses: Roundtrip losses are the amount of energy lost as power passes from 
the energy source into the batteries and back out again when that energy gets put onto the grid. 

Figure 3: The diagram above shows a DC-
coupled Solar + Storage system based on 
Alencon’s SPOTs.  
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In the DC-coupled concept, DC charging of the battery never goes through an inverter, so energy 
is only lost when the battery discharges through the inverter. AC coupled systems can have up 
to four times the round-trip losses of DC-coupled systems. 
 

4. More ITC: When charging your storage on the DC side, 100% of the cost of the storage system 
can be deducted for ITC purposes. As the cost of storage is significant, taking this deduction 
can appreciably improve the ROI of a solar plus storage deployment. 
 

5. Retrofit Possibility for Existing PV Systems: Alencon’s DC-DC optimizers, with their roots in use 
for PV retrofits, make retrofitting existing PV plants with storage a possibility.  With the recent 
enactment of solar tariffs by the Trump Administration, considering a storage retrofit to an 
existing PV plant could be a very effective use of capital.  
 

6. Easier Interconnect: A DC-coupled Solar + Storage system looks no different from an 
interconnect perspective than a stand-alone solar system. As such, this can make the approval 
process for such systems much easier. For example, for a 5 MW PV system with a 3 MW battery, 
a utility might be inclined to look at such a BESS as an 8 MW system if it were AC coupled, while 
it would look at it as a 5MW system if it were DC-coupled. This difference can both simplify and 
reduce the cost of the interconnect process. 

PV vs. Battery Centric DC Coupling 
While the DC-coupled approach to combining Solar and Storage on the utility scale is still in its relative 
infancy, two predominant topologies for doing so are emerging. One topology, is a battery centric 
approach which places a larger direct DC-DC converter (typically 250 KW or greater) between 
the storage and the DC bus to facilitate the charging and discharging of the battery. A second approach, 
which is PV centric, involves installing smaller, galvanically isolated string level DC-DC optimizers 
throughout the PV array which will in turn map a fixed voltage onto the DC bus to control the state 
of charge of the battery and charge the batteries directly from the PV. 

This second approach, where galvanically isolated, string level DC-DC optimizers are distributed 
throughout the PV array offers many measurable benefits over the more monolithic, battery centric DC-
DC converter strategy to DC-coupled Solar + Storage. The PV-centric approach introduced above 
is enabled by Alencon’s String Power Optimizer and Transmitter – the SPOT. 

One major benefit of using this PV centric, distributed approach is improved round trip 
efficiency.  For those not familiar with this term, round trip efficiency represents the net efficiency of the 
process of collecting energy, using that energy to charge the battery and then later discharging that 
stored energy. With a battery-centric, monolithic DC-DC converter, every “roundtrip” involves double 
the losses.  For example, if the DC-DC converter between the battery and the DC-bus connected to the 
PV is 98% efficient, the “round trip” efficiency of that charging solution will be 96% (i.e. 98% x 98%). 
By contrast, using Alencon’s SPOT, a PV centric DC-DC optimizer, to provide the battery its needed level 
of voltage only involves only one conversion, so whatever the efficiency of the optimizer becomes 
the round-trip efficiency of the energy stored in the battery.   

But if you think that’s good, the PV centric solution gets even better when you consider the fact that this 
approach adds more granular energy harvesting to the system. By using a string level DC-DC optimizer 
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which includes string level maximum power point tracking (MPPT) to couple the Solar and Storage 
you stand to recover those losses all together, if not perhaps exceed them in certain cases.  This yield 
improvement can be achieved by mitigating any power production mismatches between 
strings.  Certainly, over the course of the 20 to 25-year life of a plant, as panels inevitably, unevenly 
degrade or various parts of the plant see different irradiation conditions (the transients referred to 
above), the improvement in power harvest offered by string level MPPT can really add up. 

The distributed method for DC-coupling Solar and Storage also comes with several operations 
and maintenance (O&M) benefits over the life of the deployment of the BESS. String level optimizers like 
the SPOT are like string inverters in that their service protocol is “rip and replace” – meaning if there is 
a problem with a unit, there is no need to service it in the field. You just remove a SPOT and replace with 
a working unit while the other unit is returned to the vendor. In contrast, the battery centric approach 
represents a single point of failure, which should it fail, renders the battery, the most expensive part 
of the system, useless until that effected piece of power electronics is repaired or even possibly 
replaced. 

 
  

Figure 4: The diagram above shows explains the relative merits of Alencon’s PV-Centric approach to 
DC-Coupled Solar + Storage versus other battery centric approaches to doing so. 
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Sample DC-Coupled PV Centric Deployment Explained 
To provide some color around the information above, Alencon Systems is providing this visual and 
narrative overview of a typical DC-Coupled Solar + Battery Energy Storage System (BESS). 

For sake this example, we have assumed the following system parameters: 

System Block Parameters 

Description Specification 

PV Block Size 2.0 MWAC 

String Voltage 1500 Volts 

PV DC:AC Ratio 1.6 

Battery Power Rating 2.0 MWAC 

Battery Capacity 8.0 MWh 

 
The parameters have been assumed purely for sake of this example and are not representative of an 
actual project being built by Alencon at this time, though they are very similar to projects we are 
deploying. These system parameters have been homogenized to give the reader a general sense of the 
system architecture that can be built with Alencon’s SPOT family of products. 

The BESS Power Block will include PV/Inverter block with the addition of 8 MW Hours of battery storage. 
In Alencon’s recommended topology, the batteries will be connected to the inverter DC bus as shown in 
Figure 5 below. A system controller monitors and controls the BESS by determining: 

 The amount of power to be delivered to the grid 
 The amount of power produced by the PV 
 The battery’s state of charge  

The system controller system commands the inverter’s operation. The inverter in turn directly controls 
the voltage on the DC bus. The voltage on the DC inverter bus defines the state of charge or discharge of 
the battery. While controlling the state of charge of the battery, the inverter cannot perform MPPT of 
the solar array. This function is thus assumed by the Alencon SPOT PV Harvesting System. The SPOTs in 
turn regulate their voltage output by reading the voltage on the DC bus. As such, the SPOT’s output is 
controlled by the voltage on the DC bus. The SPOT acts as a “slave” to the DC bus, raising or lowering its 
voltage output to follow the voltage on the DC bus. 
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Alencon’s SPOT are installed between the solar array and the system’s combiner boxes. Each SPOT 
contains four, galvanically isolated, individual DC-DC converters. The BESS described above will require 
72 SPOTs for each 2 MW PV block connected to 3.2 MWdc of solar panels (i.e. a 1.6:1 DC:AC ratio). 

In a BESS incorporating SPOTS, the SPOT-ES decouples the PV strings from the inverter/battery bus. They 
allow each string to operate within its own MPPT. The voltage on each PV string may be different from 
the other strings and from the DC voltage on the inverter bus.  

In the diagram above, Alencon is not providing a solution for the Central Controller. This piece of 
technology should be sourced from a specialist provided of the client’s choosing. 

  

Figure 5: BESS block diagram with the Alencon SPOT PV Harvesting System. 
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Unique Features and Benefits of the Alencon SPOT PV Harvesting System for the DC-
Coupled, PV-Centric BESS Described Above 
 
The Alencon SPOT provides many unique features and benefits to DC-coupled BESS such as the one 
described above. These include: 

Harvest and Store More Energy with Granular MPPT 

Each SPOT performs MPPT on each of the individual PV 
strings connected into it, rather than the array average 
MPPT that would otherwise be performed by the central 
inverter. The Alencon SPOT-ES PV Harvesting System 
based BESS will be able to harvest more PV power by 
injecting more granular MPPT into RES’s Solar + Storage 
projects. This feature is particularly beneficial for a system 
with the high DC to AC ratio RES has provided in its RFI (i.e. 
1.6:1), as this will allow it to extract the maximum amount 
of energy from the PV which can of course be stored in the 
batteries and dispatched to the grid during periods of 
higher energy demand. As such, this more granular MPPT 
amplifies the value of the BESS. 

Galvanic Isolation Provides Superior System Performance  

The SPOT galvanically isolates the PV strings from one another 
and from the DC bus. Thus, any faults that occur in the PV such as 
lightning strikes, ground faults or arc faults will be confined only 
to one string and will not affect the inverter, battery or other PV 
strings.  Galvanic isolation is a unique feature of Alencon’s SPOT 
and it is not available from other utility scale DC-DC optimizers on 
the market today.  

The benefits of the electromagnetic isolation provided by the 
SPOT can be summarized as follows:  

1. Robustness: The SPOT galvanically isolates the PV strings 
from one another and from the DC bus. Thus, any faults 
that occur in the PV array such as lightning strikes, ground 
leaks or arc faults will be confined only to one string and will 
not affect the inverter, battery or other PV strings. This 
feature is critical in such a system because it allows for the 
protection of very expensive battery related power electronics from any harmful faults that 
could occur in the PV array such as lightning strikes, arc or ground faults. 
 

Figure 6: The 
diagram above 
shows the 
potential yield 
improvements 
from the granular 
MPPT offered by 
the SPOT.  

Figure 7: The SPOT achieves Galvanic 
Isolation by including an isolation 
transformer on each PV input.  
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2. Fail-safe: In the unlikely event of an electronic component failure, the SPOT safely disconnects 
the failed input channel from the rest of the system. 

 

3. Versatility: The SPOT’s galvanic isolation of each input channel allows complete independence 
of the grounding scheme of input channels and the output to the DC bus. Each PV string can 
have negative, positive or floating grounding while the output can be independently grounded 
in the middle, negative or positive terminals. 
 

4. Wide control range: The SPOT can be configured to map any input voltage regulation range to 
any output voltage range. For example, a 1500 V PV string can be connected into a 1000 volt 
storage DC bus. On the other hand, lower voltage PV can be connected to a higher voltage DC 
bus.   

 
5. Interconnect Simplicity: The SPOT is very simple to connect into a DC-coupled Solar + Storage 

system. The +/- PV cables plug directly into the input connectors and the DC bus cables plug 
directly into the SPOTs output connectors. With the SPOT, there is no need to split the string in 
halves or use any other so-called “stretch” techniques.  
 

6. Failure Pinpointing: In the case of a PV string fault such as a ground leak of arc fault, the SPOT-
ES will indicate exactly which PV string is in a fault state as well as the severity of the fault.  

SiC-based Platform – More Power and Speed, Less Space 

The SPOT is built on Silicon Carbide (SiC) metal–oxide-semiconductor field-effect transistor (MOSFET) 
technology.  Alencon is a pioneer in the application and implementation of SiC MOSFET technology. The 
SPOT can take advantage of the unique properties and power density of SiC, namely high power, high 
voltage and high speed. This combination of characteristics allows Alencon to offer a high power, high 
frequency DC-DC converter in a small package. The traditional silicon semiconductors used by other PV 
power electronics manufacturers cannot deliver all three of these features. As a result, Alencon delivers 
a uniquely high power and high efficiency DC-DC optimizer where the input is electromagnetically 
isolated (galvanically isolated) from the output. This combination of unique power electronics is not 
available from any other PV DC-DC optimizer on the market today. 

Improved System Control and Communication 

Each SPOT is equipped with a wireless radio receiver/transmitter in communication with the HUB. The 
HUB allows monitoring of each SPOT, updated operational parameters and, if necessary, updating the 
embedded software of the DC-DC converter. As a result, the SPOTs can easily be integrated to the plant 
controller via an industry standard MODBUS interface. This interface can be achieved wirelessly or even 
wired into each SPOT as desired in certain microgrid deployments. 
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Remote System Diagnostics  

Each of the four DC-DC converters in each SPOT monitors a host of internal and external parameters 
(voltages, currents, temperatures) that allows the plant owner to diagnose the health of PV strings and 
detect faults (Ground Fault, Arc Fault etc.)  The HUB can be interfaced to the Central Controller and 
remote data access provided via an Ethernet link.  

Want to Learn More? 
Did you find this article to be interesting? Do you want to learn more about how Alencon’s SPOT can be 
incorporated into one of your Solar + Storage projects? 

If so, contact us as follows: 

Email: info@alenconsystems.com 
Ph: 888-410-7915 
web: www.alenconsystems.com 

 


