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Company Snapshot

Clean Energy Associates is a technical advisory company that provides unrivaled insight into the solar PV and 

storage manufacturing industries to ensure the success of solar PV and storage projects worldwide.

Proud member of: 

Client engagements in 65+ countries1,000+
Years of industry

experience

200+
Professionals

135+
Engineers

13
Year track record

13
Countries with a

physical presence

Engagements in 350+ solar and storage factories worldwide
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Module Technology Has Drastically Changed In The Last 4-5 Years –

New Challenges For Performance And Quality

Source | CEA Quality Assurance Project Data Statistics
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End-Of-Year Global Cell Capacities By Form Factor And Technology 
(GW)
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Global Capacities
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Source | CEA data 

Notes | referring to available manufacturing capacities of maximum cell size (mm) and cell technologies (including considerations for ramp times and realistic supplier announcements where possible).

210 mm and 182 mm formats got split shares globally. All 210 mm lines can produce 182 mm cells and most 182 mm lines are “future proofed” to 

quickly convert to 210 mm, if needed. “Exotic” formats such as 218 mm are unlikely to prevail. 

Although n-type expansions appear limited, suppliers are expected to quickly switch once the technologies become mainstream. 

TOPCon is specially favored, as most PERC capacity can be upgraded.
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Several large suppliers have formed 182 mm or 210 mm cell

alliances to standardize module dimensions and reduce component

and BOS costs. It is expected there will be a transition period for

different suppliers which will last until Q2 2022.

Suppliers of PV components like glass, inverters, trackers, and

others are now becoming a part of these alliances, which will further

unify component supply chains and reduce risk of supply chain

bottlenecks.

Because TOPCon shares much of the same equipment and

infrastructure as PERC, no changes in module form factors are

expected when TOPCon surpasses PERC in availability.

Module Format Alignment Across PV Value Chain

G12 (210 mm) modules

Cell quantity Module dimension
Distances between 

installation holes

40 1,757 mm*1096 mm 1,100 mm

50 2,187 mm*1,102 mm 400 mm; 1,400 mm

55 2,384 mm*1,096 mm 400 mm; 1,400 mm

60 2,172 mm*1,303 mm 400 mm; 1,400 mm

66 2,384 mm*1,303 mm 400 mm; 1,400 mm

M10 (182 mm) modules

Cell quantity Module dimensions
Distances between 

installation holes

54 1,722 mm*1,134 mm 1,400 mm

72 2,278 mm*1,134 mm 400 mm; 1,400 mm

78 2,465 mm*1,134 mm 400 mm; 1,200 mm/1,500 mm
M10 module dimensions standardized by LONGi, JA Solar, and Jinko Solar.

G12 module dimensions standardized by Trina Solar, Risen, Canadian Solar, Tongwei, and

others.
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Most popular utility-scale module form factors.

Material procurement will become more streamlined as these standard dimensions become more common in the market.



Canadian Solar 60 Cell
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Canadian Solar 72

JA Deepblue 3.0 72 Cell
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Jinko Tiger Neo 72 cellJinko Tiger Neo 72 cell

Jinko Tiger Neo 78 cell
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Jinko Tiger Pro 72
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Talesun BIPRO 66 cell

Talesun BIPRO 78 cell

Talesun BISTAR 60 cell

Talesun BISTAR 66 cell

Talesun BISTAR 72

Talesun BISTAR 78
Trina Vertex 50 cell

Trina Vertex 55 Cell

Trina Vertex 55 Cell

Trina Vertex 60 Cell

Trina Vertex 60 Cell

Trina Vertex 66 cell

Trina Vertex 66 cell

35

40

45

50

55

60

10 11 12 13 14 15 16 17 18 19 20

V
o
c
 (

V
)

Isc (A)

Voltage - Current Chart

8

The M10 (182 mm) – G12 (210 mm) split

The different dimensions and electrical characteristics of the 2 prevailing wafer sizes initially created challenges for inverter and 

e-BOS suppliers (G12 high current issues) and tracker suppliers (loads and optimization issues due to larger module sizes). 

M10 was faster to adapt, with G12 following suite, with both sizes now supported by BOS suppliers. 

G12 and M10 proponents tout competing claims about LCOE and other advantages.

Source |  Supplier Datasheets

182 mm

High Voc, Low Isc

545 W – 615 W

210 mm

Low Voc, High Isc

550 W – 670 W
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The Rapid And Sometimes Simultaneous Introduction Of New 

Technologies Increased Overall Quality Risk

Source | CEA Quality Assurance PSI Risk Score Data
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LETID Trends: Better Control, But Outliers Persist

Source |  CEA batch testing data, multiple labs
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LID Trends: Ga-Doping Seems To Improve LID, In Most Cases 

Source |  CEA batch testing data, multiple labs

Ga introduction



13

• Half-cut module production requires that the cells be cut in half to form the half-cut 

cells. The cutting process risks damage to the edge of the cell that can create 

initiation points for cell microcracks with the most common location for cracks to 

form on the cut edge being under the wire ribbon

• This risk is compounded by module designs with dense interconnection (paving, 

tiling) In these modules the edge cracks can form on both edges of the cell if the 

process is not well controlled. Edge cracks are often very small initially and therefore 

challenging to detect during factory QC, even if present before the module leaves 

the factory

• Edge cracks can also develop during transportation from highly stressed centers 

(seed cracks) that initiate the crack formation with movement and vibration of the 

modules

• Even when cracks are present and detectable many manufacturers 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. 

New Risks: Edge Ribbon Cracks

Images | CEA

Results from post shipment EL inspection were compared from 7 projects in North America and Europe with half-cut cell modules. These projects 

utilized modules from 5 different Tier 1 manufacturers. All but one project had modules affected by edge ribbon cracks
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LCOE Study: Module Parameters That Impact TOPCon LCOE Vs 

PERC

CAPEX

TOPCon 

module cost is 

higher now 

than PERC by 

~$0.01/W.

Premiums will 

be asked for the 

initial period.

TOPCon has 

higher area 

efficiency and 

higher power, 

reducing BOS 

cost at various 

degrees, 

depending on 

location and 

country.

Module BOS

Energy Yield

TOPCon 

module 

has 

higher 

bifaciality 

increasing 

the 

bifacial 

boost 

Bifacial 

boost

Temper

ature 

losses

Warrant

y

Source | Fraunhofer ISE

TOPCon 
module 
has 
better 
Pmax 
temp. 
coeff. and 
lower 
temperat
ure 
losses

TOPCon 
module 
has lower 
LID, 
suppliers 
offer 
lower 1st

year 
degradat
ion

Only CAPEX and Yield are 
considered in our analysis.
OPEX, WACC etc. are fixed for 
simplicity.
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LCOE Study - Methodology

• We studied a 100 MW DC PV system, located in the Mojave 

desert, California, using single axis horizontal trackers.

• For our comparison, we selected 2 Jinko products with the 

same construction, 78 cells, half-cut, bifacial modules, one 

with PERC cells and one with TOPCon cells.

• The TOPCon module has a higher bifaciality ratio and a 

better Pmax temperature coefficient. 

• The costs of BOS components for the baseline PERC 

system were extracted from the NREL Q1 2021 cost 

benchmark report.

• PERC module prices from CEA’s price forecasting has been 

assumed to be the baseline price for our comparison.

• Module prices are DDP.

• PV Syst was used to derive the respective energy yields.

Modules Pmax (W)
Width 

(m)

Length 

(m)

Area 

efficiency

Bifaciality 

Ratio

Pmax 

Temperature 

Coefficient 

(%/℃)

Jinko TOPCon 78 

cell bifi
620 1.134 2.465 22.18% 85% - 0.30

Jinko mono PERC 

78 cell bifi
570 1.134 2.411 20.85% 70% - 0.35

Jinko Neo series 78 

cells, half-cut, bifacial 

N-type TOPCon 

module, launched 

recently.

Jinko JKM570M-7RL4-

TV, 78 cells, half-cut, 

bifacial PERC  module, 

Jinko website and PV 

Syst database.
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• A price premium for TOPCon is derived by equalizing the 

LCOE for both PERC and TOPCon systems.

• TOPCon module price  = PERC price + Premium.

• BOS cost is affected by the area efficiency, and different 

components are affected at variable degrees. Overall, the 

higher efficiency TOPCon module has lower BOS costs.

• Specific production is affected by the bifaciality factor and 

temperature losses. The higher bifaciality of TOPCon results 

in higher module power and eventually a higher energy yield/ 

specific production. Detailed analysis is presented in the PV 

Syst section.

• Lower first year degradation and a better temperature 

coefficient of Pmax for TOPCon also contribute to the 

increase in energy production, which reduces the LCOE.

LCOE Breakdown For PERC And TOPCon
Jinko mono PERC 

78 cell bifi

Jinko TOPCon 78 

cell bifi

Project Size (W) 100,000,230 99,999,800

Module Price ($/W) $0.4370 $0.4858

BOS Cost ($/W) $0.60 $0.59

Total Installed Cost ($/W) $1.04 $1.08

Specific Production 

(kWh/kWp/year) 2442 2499

Investment Tax Credit 30% 30%

Discount Rate 5.0% 5.0%

Productive years 30 30

First year degradation 2.00% 1.00%

Annual degradation 0.40% 0.40%

Operations cost 0.50% 0.50%

Inflation 2.00% 2.00%

Inverter replacement year 15 15

Inverter replacement cost 

($/W) $0.038 $0.038

Levelized cost of electricity 

($/kWh) $0.0231 $0.0231
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PERC

TOPCon (same 

inv. Losses)

TOPCon 

advantage

Module Pmax 570 620

Units 175,448 161,280

Mounting System Trackers Trackers 

Strings 6,748 6,720

String length 26 24

Total kWdc 100,005 99,994

Inverter units 23 23

Inverter kWac 3,437 3,437

Total kWac 79,051 79,051

DC/AC ratio 1.27 1.26

Effective irr. on collectors kWh/m2 2,711 2,711

Global irr. on rear side (200 kWh/m2) 7.367% 7.366%

Collector area m2 479,688 450,828

Bifaciality ratio 70% 85% 21.43% relative

Ground albedo 30% 30%

PV module area efficiency at STC 20.86% 22.21%

Array nominal energy STC MWh 285,195 288,521 1.17% relative

Irradiance level loss -0.229% -0.246%

Temperature loss -6.718% -5.652% 1.07% absolute

Module quality loss 0.750% 0.750%

Mismatch loss -2.100% -2.100%

Mismatch loss for rear irr. -0.696% -0.689%

Ohmic loss -1.374% -1.377%

Array virtual MPP MWh 256,407 262,327

Inverter eff. loss -1.011% -1.011%

Inverter clipping loss -3.795% -3.795%

Available energy MWh 244,183 249,821

PR 84.35% 84.35%

Specific energy MWh/MWp/year 2,441.7 2,498.4 2.32% relative

USD $/W TOPCon PERC

Tracker BOS $0.1397 $0.1486

Electrical BOS $0.0700 $0.0722

Install Labor & Equipment $0.1074 $0.1107

EPC Overhead $0.0432 $0.0441

Baseline 

cost

Source |  CEA data
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Module Price and Premium Comparison

• The calculated module premium for TOPCon compared to a 

PERC module is USD $0.0488/W in 2021 and USD 

$0.0406/W in 2023.

• The price premium of the TOPCon module in 2023, although 

reduced, remains significant.

• The premium part of the module price is 10% in 2021 and 

12.6% in 2023.

• For both 2021 and 2023 the part of the module price with 

respect to the total cost is lower for TOPCon (45.1% and 

37.6%) than for PERC (46.7% and 39%).

• For a buyer, paying a share of this premium, e.g. 50%, 

makes TOPCon a favorable option, as LCOE will be 

reduced.

• For this case study, choosing the TOPCon module with a 

~$0.02/W premium probably makes sense.

Premium: $ 0.0488

Premium: $ 0.0406
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Source |  CEA data
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• Even at 0% yield advantage TOPCon still gets 50% of the premium, because of the BOS savings and degradation advantage.

• Change of Pmax Temp. Coeff.  by ~10% (unfavorable) results in about 15% reduction in premium.

• Reduced bifaciality by 5% abs. results in about 10% reduction of premium.

TOPCon Price Premium Sensitivities
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• PV modules will keep changing in the quest for higher efficiencies, lower LCOE.

• Therefore, forecasts are risky, because moving beyond tipping points accelerates change.

• New technologies, new production methods, new facilities (perennial ramping up) create new risks.

• Risks needs to be continuously investigated and assessed; we must not let our guard down.

• Sustainability will be an important future KPI, but LCOE is currently the most significant driver in 

technology selection.

• Suppliers’ claims to higher performance and lower LCOE must be carefully assessed and verified.

Conclusions



The information herein has been prepared by Clean Energy Associates, LLC (“CEA”) solely on a confidential basis and for the exclusive use of recipient, and should not be

copied or otherwise distributed, in whole or in part, to any other person without the prior written consent of CEA. No representation, warranty or undertaking, express or implied,

is made as to, and no reliance should be placed on, the fairness, accuracy, completeness or correctness of the information or the opinions contained herein. The information

herein is under no circumstances intended to be construed as legal, business, investment or tax advice. Neither CEA or any of its affiliates, advisors or representatives will be

liable (in negligence or otherwise), directly or indirectly, for any loss howsoever arising from or caused by the understanding and/or any use of this document.
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Thank You

Company: Clean Energy Associates

Website: www.cea3.com

Email: info@cea3.com


