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New PV module technologies’
impact on quality and LCOE

Modules | PV modules will keep changing in the quest for higher efficiency and energy yvield.
However, the rapid and sometimes simultaneous introduction of new technologies increases overall
quality risk, writes George Touloupas, senior director at Clean Energy Associates.

he rate of change of PV module surpassed. TOPCon is especially favoured, PERC in availability. Similarly, HJT products
technology has markedly acceler- as most existing PERC capacity can be already exist that have adopted standard-
ated in the last four to five years, upgraded to TOPCON. ised dimensions.
bringing new challenges for performance Several large suppliers have formed
and quality. Chart 1 is based on CEA's 182mm or 210mm cell alliances to stand- Impact on PV module quality
Quality Assurance data going back to ardise module dimensions and reduce The rapid and sometimes simultane-
2017, when the most common utility- component and balance of system (BOS) ous introduction of new technologies
scale product still was a 72 full six-inch costs. Suppliers of PV components like increased overall quality risk. CEA's
cell, multi technology, glass-backsheet PV glass, inverters, trackers and others have quality assurance teams collect masses
module, which was first launched back become a part of these alliances, which of datapoints during factory inspections:
in 2008. will further unify component supply findings and defects of various severities
In the last five years we have witnessed chains and reduce risk of supply chain and frequencies. The high bars in chart
the transition from multi crystalline Al BSF bottlenecks. 3 of CEA's Pre-Shipment Inspection data,
cell technology to mono PERC, the wide Because TOPCon shares much of the focusing on just five major PV module
adoption of half-cut cells, the dominance same equipment and infrastructure as suppliers from 2018 to 2022, signify higher
of bifacial glass-glass products, the PERC, no changes in module form factors risk. It is obvious that, although there are
introduction of multiple busbars (wires), are expected when TOPCon surpasses ups and downs, the overall quality risk
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once the technology and cost hurdles are Chart 2.
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Supplier Performance Benchmarking: Pre Shipment Inspection Report
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score has gone up. Chart 3. between cells. Although microcracks are
CEA’s data show that cracks, weak controlled at the factory, at least when
soldering and misalignment are the main robust quality assurance is in place, we
factors that may cause “spikes”in risk have noticed a spike in a new type of edge
scores for some projects, resulting in an ribbon crack in field inspections. This is a
increased number of batch rejections and particularly insidious type of crack that can
rework rate. Suppliers have a hard time develop into tree cracks after installation
optimising and troubleshooting their new and operation. It is important to have
or upgraded lines and adapting to the new good quality assurance protocols during
technologies. Hands-on quality assurance production and onsite, and contractual
has always been a must for PV modules, provisions to mitigate this risk.
and the need is even more pressing now. Half-cut module production requires
Chart 4 shows testing data from CEA's that the cells be cut in half to form the
QA batch testing programme, from half-cut cells. The cutting process risks
various projects since 2019. Looking at LID damage to the edge of the cell that can
performance, the introduction of gallium create initiation points for cell microcracks,
doped wafers has improved LID, with Q1 with the most common location for cracks
2022 LID average value being close to to form on the cut edge being under
0.40%. However, we can still find outliers, the wire ribbon. This risk is enhanced by
possibly because the transition to gallium module designs with dense interconnec-
from boron has not been uniform across tion (paving, tiling) and cutting methods
the industry. Regarding LETID, we have that reduce the mechanical strength of the
seen that LETID control has improved, but, silicon wafer. Edge cracks are often very
occasionally, we do see outliers. small initially and therefore challenging
The mainstream module design is to detect during factory quality control,
using half-cut cells and multiple wire even if they are present before the module
ribbons, sometimes with reduced distance Chart4. leaves the factory.
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Edge cracks can also develop during
transportation from highly stressed
centres (seed cracks) that initiate the crack
formation with the movement and vibra-
tion of the modules. Even when cracks are
present and detectable many manufac-
turers allow for a minimum crack length
in their factory EL criteria. As a result,
the small edge cracks can be considered
acceptable regardless of quantity. Once
formed, the cracks have the potential to
grow during shipment, installation and
operation.

LCOE and price premium

LCOE is a very important KPI in selecting
the components and design parameters
of a PV plant. Bifacial TOPCon modules,
although currently more expensive than
PERC, have the potential to achieve lower
LCOE than PERC modules because of
reduced BOS cost due to higher efficiency,
as well as higher energy yield, due to
higher bifaciality, lower temperature losses
and lower first-year degradation.

To understand the impact of high
efficiency, advanced technology modules
on LCOE, we studied a 100MWdc PV
system, located in Spain, using single axis
horizontal trackers. For our comparison,
we selected two PV module products with
the same construction, 78 cells, half-cut,
bifacial modules, one with PERC cells and
one with TOPCon cells. Several assump-
tions for BOS components cost for the
baseline PERC system were informed from
several sources (Fraunhofer ISE, supplier
data) and the module cost and price data
points were taken from CEA's PV Price
Forecasting Tool and price tracking. PV
Syst was used to derive the respective
energy yields.

To perform our analysis, we defined a
useful new metric, the “maximum price
premium” which is the price premium of
a high efficiency PV module, TOPCon in
this case, that could be commanded with
respect to a PERC PV module baseline
price, if the goal is to achieve 0% LCOE
advantage. In our analysis, we equalised
the LCOE for PERC and TOPCon systems,
by deriving the TOPCon module price, via
adding the maximum price premium to
the PERC module base price.

In chart 5, we calculated a maximum
price premium of TOPCon is US$0.0319/W
in 2022 and forecasted it to be even
higher, at US$0.0327/W in 2025, due to the
expected increased efficiency advantage
of TOPCon to PERC.

Naturally, it doesn't make sense for a
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in turn depends mainly on bifaciality,
power temperature coefficient and
affects the cashflow.
3. First- and subsequent-year degradation
in the module warranty, that affect the
5 5
2 = cashflow.
i © . . -
= = By varying these parameters individu-
©
‘g,' § ally with respect to the base case, we
'é .} estimated their effect on price premium,
o & with some interesting results:
1. Even if the specific energy yield advan-
tage is reduced to 0%, the maximum
- price premium is still 60% of the base
case, because of the BOS capex savings.
Images | CEA 2. Increasing the efficiency advantage
Results from post shipment EL inspection were compared from 7 projects in North America and Europe with half-cut cell from 3.7% (base case) to 8%, increases
modules. These projects utilized modules from 5 different Tier 1 manufacturers. All but one project had modules affected . . o
by edge ribbon cracks the price premium by 28%.
3. Increasing the first-year degrada-
buyer to pay the maximum price premium maximum resulting in LCOE advantages of Image 1 tion from 1% to 2% results in a price
and gain 0% LCOE advantage. However, it 2.5% or higher. premium reduction of 23% and increas-
does make sense to pay a fraction of the The maximum price premium is sensi- ing the annual degradation from 0.40%
maximum price premium to reduce the tive to three main factors: to 0.45% results in a reduction of 11%.
LCOE. Chart 6 shows the sensitivity of the 1. Efficiency advantage, that affects the
LCOE advantage to the price premium, BOS capex. Conclusions
with premiums ranging below 50% of the 2. Specific energy yield advantage, that PV modules will keep changing in the

quest for higher efficiency and higher

Maximum Price Premium energy yield, leading to lower LCOE.

$0.40 risky, especially regarding the timelines,
because moving beyond tipping points

However, technology forecasts remain

$0.35 accelerates change. Finally, the introduc-
$0.30 $0.3439 } $ 0.0319 tion of new technologies, new produc-
tion methods at new facilities (peren-
E $0.25 $0.2677 } $0.0327 nial ramping up) create new risks, which
‘g $0.20 must be continuously investigated and
2 $0.15 503120 e
Sustainability will be an important
$0.10 AL future KPI, but LCOE is currently the most
significant driver in technology selection.
Sais New technologies invariably offer advan-
$0.00 tages related to efficiency, energy yield

2022 2025 and degradation and durability, all leading
to lower LCOE. However, due to the

= TOPCon Module  ®Mono PERC Module ) . .
complex interaction of multiple parame-
Chart5. ters affecting the LCOE, suppliers’ claims to

higher performance and lower LCOE must

LCOE Advantage Sensitivity
be carefully assessed and verified. u
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