Retrofitting 600V Solar PV Systems

When & How to Upgrade or Replace an Older System

Introduction

The solar industry has experienced remarkable growth in recent years, resulting in an increasing
number of aging solar photovoltaic (PV) systems that require upgrades. In the United States alone,
around 74 gigawatts of new inverters will be needed annually through 2031 as older models are
decommissioned (Penrod). Many solar PV systems installed before the mid-2000s were designed for
a maximum system voltage of 600 Vpc, which is no longer common for C&I and utility-scale systems.
Despite significant advancements in solar technology, numerous older PV systems are encountering
performance issues and wear-related challenges as they approach or exceed their service life. The
closure of early manufacturers and the unavailability of replacement components or operations and
maintenance (O&M) services further complicate these challenges, potentially impacting the return
on investment (ROI) of existing solar PV systems. Retrofitting compatible systems is a strategic
solution to extend operational life, improve performance, and maximize ROI. This paper explores the
importance of retrofitting, key considerations for the retrofit process, and the potential benefits of
upgrading aging solar PV systems.

Retrofit Considerations

To identify the most cost-effective retrofit options, an engineering review of the existing design is
essential. The components of a solar PV system typically wear out at different rates, rather than all
atonce. Acomprehensive assessment can pinpoint areas for improvement and provide insights into
feasible upgrades. All aspects of the system must be evaluated, including PV modules, inverters,
racking/tracking structures, electrical infrastructure, and communication/monitoring systems.
Implementing a phased retrofit approach—upgrading subsections of the system incrementally—can
optimize the budget and minimize system downtime. Sticking with a single component manufacturer
can also ensure consistency across upgraded models.

Considerations for the existing PV System include:

Evaluating string combinations/wiring to minimize change

Evaluating AC power distribution to minimize change

Evaluating existing production — Actual and simulated

Evaluating alternative solutions - Labor cost and production difference

Evaluating String Combinations/Wiring

Many centralized inverters utilize direct-current (DC) combiner boxes at the array to combine PV
output strings and maximize PV output. However, these combiners can complicate retrofitting due
to their large output conductors and associated currents. Depending on the string configuration,
local weather data, and other parameters, this issue can be mitigated by replacing the combiners
with CPS inverters. CPS offers a String Sizer Tool along with a tutorial to help evaluate the
compatibility of existing or projected DC string configurations with CPS inverters. The CPS 36/50/60
KTL products feature an integrated wire box with 15 inputs. The CPS 36/50/60 KTL inverters may be
field configured to operate as a single MPPT with the installation of a jumper and an operating mode


https://www.chintpowersystems.com/downloads/#string

setting to combine the three MPPT inputs into one MPPT, for a single input compared to the standard
15. Incertain cases, more than 15 DC inputs can be accommodated, depending on PV module type,
local weather data, and DC configuration, including DC conductor size. If the DC conductors are
sized #10 AWG to #1 AWG, CPS offers a Fuse Bypass Terminal accessory that allows the PV output
circuits from a DC Combiner to be terminated in the inverter wire box, thus bypassing the string input
fuses. This accessory is advantageous for retrofit projects requiring larger conductors and
minimizing DC reconfiguration. An essential part of the engineering review is a thorough analysis of
the DC configuration to avoid complications during the upgrade process.

In many older 600 Vpc solar PV systems, the string lengths are often significantly below the
requirements for modern 1000 Vpc or 1500 Ve solar PV inverters. One goalis to ensure that the lowest
voltage (during warm nights) is not lower than the startup voltage, and that the lowest voltage/highest
power (typically in July and August) does not exceed the current limit of the MPPT. This ensures that
the existing DC configuration remains within the total operating voltage range and meets the startup
threshold of the CPS inverter (see example in Figure 1). Many CPS inverters include DC boost
circuitry, which elevates string voltage to levels suitable for the inverter, making the CPS 1000 Vpc
inverters an optimal choice when replacing existing inverters.
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Figure 1 CPS 50kW Inverter Input Characteristics

Another key consideration is the current requirements of the existing PV system. The key here is to
size the array input to not exceed the current limit of the inverter to maximize production of the PV
System. Often, central inverters have input current limits that exceed the requirements for string
inverters. A thorough engineering review will include DC current analysis with project-specific PV
modules, existing/projected string configurations, local weather data and other site factors. See
Figure 2 for an example Array current distribution. In this example, the 36kW inverter will be current
limiting with 16 strings for 28.3% (100% - 71.7%) of production time versus no current limit for the
50kW inverter. The CPS String Sizer Tool can help determine suitable configurations for interfacing
existing strings with the CPS Inverter model selected and stay below the limit of the retrofit inverter.


https://www.chintpowersystems.com/accessories-fuse-bypass/
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Figure 2 Array Current Statistical Distribution

Evaluating AC Power Distribution

Existing AC circuit reconfiguration may be necessary to accommodate retrofit inverters. Drop-in
replacements can reduce this need by confirming the compatibility of the existing AC configuration
with the output of the chosen retrofit inverter. A key consideration is to ensure that the AC output of
the inverter aligns with the potential of the secondary winding of the upstream transformer. For
example, consider an existing 36 kW, 480 V 3-phase inverter that connects to a 60 amp overcurrent
protection device (OCPD) via a #6 AWG copper conductor rated for 75°C. This setup aligns with the
CPS 36 KTL-480 Vac output specifications, making it a strong candidate for a retrofit solution due to
reduced AC reconfiguration requirements. Systems with a central inverter connected directly to an
AC disconnect may require AC reconfiguration to accommodate additional conductors,
terminations, and/or breakers.

Voltage drop is another critical factor to consider during the engineering review. Relocating the
inverter may necessitate adjustments to conductor size to account for voltage drop in certain
situations, such as when replacing an existing combiner box at the solar PV array with a CPS inverter.
CPS recommends referencing the applicable NEC code and consulting with the authority having
jurisdiction (AHJ) to ensure compliance with all relevant codes and requirements.

Evaluating Existing Production

Energy production—or a lack thereof—is often one of the first indicators of an older PV system’s
declining performance. Performance audits can provide crucial data and identify replacement
components that offer the highest ROI. Replacing a central inverter with a CPS string inverter can
enhance performance and simplify installation through the separable wire box design, which
enables rapid field replacements and increased ROI (see Figure 3). Matching existing production
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levels is essential for most projects, necessitating a thorough engineering analysis that includes
actual and simulated data for both the existing and retrofit systems. See Figure 4 for an example
production comparison between a 260kW central inverter and CPS 1000 Vpc string inverters.
Typically, if the inverter input is not clipping production, the only production difference is the
inverter's efficiency at the respective operating range.
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Figure 3 Separable Wire box illustration *Note the connecting pins on top of the wire box portion
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Figure 4 Graph comparison of 260kW central inverter vs CPS 1000 Vic string inverter *Note the 2% greater production in
this particular case using 6x CPS 50KTL-480V, 1000 Vpc String inverters

Evaluating Alternative Solutions

Alternative solutions may include the introduction of an AC transformer to transform the voltage to a
usable voltage for the respective grid. Adding a transformer will increase the cost of the retrofit
system with the additional AC reconfiguration that is needed. This is typically avoided but may be a
viable option for a solar PV system. Other alternative solutions include restringing the DC
configuration of the system to meet/maximize the DC requirements of the string inverter.

Other Considerations:

1. Bipolar PV Arrays

Bipolar arrays will have additional considerations that may not be noticeable on the surface. Often
these arrays utilize two separate 600V arrays with a “remote PV-tie” to create a 1200 Vpc system. The
arrays are usually positive grounded and negative grounded. Though it is not impossible to retrofit,

4



these arrays will need to be reconfigured into two separate 600V ungrounded (floating) arrays to
interface with the 1000 Vp¢ string inverter.

2. Rapid Shutdown Systems

Prior to 2014, many rooftop-solar PV systems were not required to include a Rapid Shutdown system
(RSD). This system provides safety for fire personnel by decreasing the solar PV system voltage to
NEC required levels both Inside and Outside the Array Boundaries. Some AHJs may require the
installation of an RSD system to maintain code compliance when working on an existing solar PV
System. CPS recommends reviewing these requirements with the respective AHJ to help ensure
project success. CPS 1000 Vpc 36/50/60KTL inverters have an RSD wire box option with integrated
APSmart (APS) RSD transmitter in case this functionality is required. The 25KTL-208 and 25KTL-480
inverter models have the integrated RSD Transmitter as a standard feature. If these models are
needed but the RSD functionality is not required, the inverter can be installed per user manual
guidelines with no module-level power electronics (MLPEs) at the array and the inverter will operate
as normal. The CPS inverters are compatible with APS RSD-S and RSD-D devices. The MLPEs are
installed at the array and are required to complete the RSD system. Precautions should be taken to
match PV module connectors with MLPE connectors.

3. Communications/Data Monitoring

CPS recommends adding the FlexOM Gateway device with any retrofit system. This component
provides data on the system detailing its health and performance. Another benefit to having this is
to provide insight for our service team to help remotely diagnose any issues that may arise at the
project site and saving additional expense by reducing truck rolls and O&M costs. The FlexOM
Gateway also provides a pass-through configuration to keep an existing third-party
SCADA/monitoring system, provided the existing system is compatible with MODBUS RTU Protocol.

4. Bonding

In the case of 600 Vpc limited inverters that were often equipped with transformers, one polarity of
the PV input (typically the negative) was bonded within the inverter. ALL sting inverters required both
polarities to be isolated from ground (floating).

5. DC Overcurrent Protection
The 2017 and later editions of the NEC no longer mandate overcurrent protection for both PV
polarities as some earlier code versions did, but a disconnecting means for both poles is required.

6. Arc Fault
Arc faults can be influenced by the overall quality of the PV system. If there are insulation issues with
the PV back-sheets, trace wiring, or PV leads, new inverters may trigger arc fault shutdowns. It is
advisable to carefully assess the condition of the PV system before proceeding with an inverter
replacement.

7. Potential Induced Degradation

Many solar PV modules today use materials and designs that minimize or eliminate the effects of
potential-induced degradation (PID), but the specifications of the PV modules installed at the site
being retrofitted should be evaluated to determine whether there are any concerns of PID or if PID
mitigation might be needed.

8. Site Factors

Existing site conditions and other site factors are often overlooked and can impact the ROI of the PV
system. Itis crucial to conduct thorough site assessments that go beyond evaluating the PV system
itself. Evolving factors such as new buildings or tree growth leading to increased shading should be
taken into consideration. Damage to existing structures, such as PV module racking showing signs
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of rust, should also be noted and taken into consideration when reviewing long term reliability for the
PV system.

Solar PV systems located in regions susceptible to heightened risks of damage from extreme weather
events, such as hurricanes, floods and blizzards, require special attention. Assessing the site’s
climate risks is crucial to determining the necessity of repowering with more resilient components to
mitigate potential risks. CPS inverters operate at a wide temperature range and
the CPS 50/60KTL-480V inverter starts derating at an industry-leading 45°C
(113°F) with a NEMA 4X enclosure rating. This product may be a suitable
option for projects facing certain adverse conditions and compatible with all
types of mounting structures: Roof-mounted, Carport/Shade Structure, and

Ground Mount.
GDFS

Inverter Solutions

CPS offers multiple string inverters that could serve as options for those who

are looking to retrofit an existing PV system. Our 1000 Vpc inverter line includes
independent DC-to-DC boost circuitry to achieve the lower voltage level |
window needed for many older PV systems. a

480V, 3-Phase, Inverters CPS 25KTL & 36/50/60KTL

e For 480VAC Three Phase systems

o Retrofit Up to 15+ strings

o Fuse Terminal Bypass system can help interface existing combiner box outputs
up to #1AWG

e Will work with 600V & 1000V Solar PV Module Retrofits

e Contains DC-to-DC Booster to help interface 600V PV Strings & low count string
lengths/lower power modules

e Rapid Shutdown Integrated Transmitter (APS) option

208V, 3-Phase solution CPS 25KTL-208V-US

e For 208VAC Three Phase systems

o Retrofit Up to 6+ strings

e Will work with 600V & 1000V Solar PV Modules

e Contains DC-to-DC Booster to help interface 600V PV Strings &
low count string lengths/lower power modules

e Rapid Shutdown Integrated Transmitter (APS)

aDFE
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Fuse Bypass Terminals

e Allows external PV string combining

o Allows larger single conductors to terminate at each
MPPT (Wire range #10AWG - #1AWG)
e Reduced number of homeruns

Conclusion

To summarize, retrofitting aging solar PV systems is essential to maximize operational life, improve
performance and maximize returns on investment. As many older systems face underperformance
and component obsolescence, retrofitting with upgraded key components presents an opportunity
to prolong system life and enhance efficiency. A thorough engineering review is vital to identify key
areas for improvement and to determine cost-effective solutions, including DC/AC configuration,
existing production levels, and other considerations. By selecting the right CPS components, most
existing solar PV systems can be successfully retrofitted to meet modern standards, prolong
operational life, and maximize the ROI of the system.

Murrell Rizon
Applications Engineer

CPS America
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