PLANT PERFORMANCE

LCOE analysis of PERC,
TOPCon and HJT

LCOE | Using an in-house tool and PVsyst simulation software, a team from Chint New Energy
Technology Co. analyse the LCOE of utility-scale solar systems in various countries based on
three technologies: PERC, TOPCon and HJT.

owadays, renewable energy is

playing an increasingly signifi-

cant role in the global context. It
reduces dependence on fossil fuels and
provides value in energy supply security
and global warming mitigation. More
importantly, the substantial cost reduc-
tion of renewable energy technologies
enables the transition from subsidies
to grid price parity with conventional
electricity sources and actualises its
market-driven expansion. According
to figures produced this year by the
International Renewable Energy Agency
(IRENA), global renewable generation
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capacity increased by 257GW in 2021,
with solar energy contributing to 52% of
this increase. [1]

The PV industry is currently on the
cusp of n-type technology evolution in
pursuit of higher energy efficiency as

A manufactur-
ing facility from
Chint New Energy
Technology Co.

the dominant technology, passivated
emitter and rear cell (PERC) almost

reaching its limited theoretical efficiency.

New technologies including tunnel
oxide passivated contact (TOPCon) and
heterojunction (HJT) provide chances

—— Global horizou;al iradiation Diffuse horizorzltal iradation DHI/GHI Annual avg. temperature
kWh/m~.year kWh/m~.year °C
Golmud 19354 598.3 31% 6.6
Berlin 1052.7 553.2 53% 10.3
Jinan 1337.2 812.3 61% 14.8
Dallas 1785.1 705.7 40% 194
Dubai 2000.4 822.3 A41% 28.0

Solar resources and annual average temperatures of Golmud, Berlin, Jinan, Dallas and Dubai.

Credit: Chint New Energy Technology Co.
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of lowering the levelised cost of energy features, irradiance levels and balance of licensing fee and overhead. Berlin and
(LCOE), even based on the fact that the system (BOS) cost levels. We also include Dallas County represent locations with
price of n-type modules is currently a range of albedos from 10% to 30% at relatively high BOS cost, while Dubai and
higher than PERC. There have been a lot each location. For each scenario, the DC/ Jinan/Golmud represent locations with
of studies on the LCOE of TOPCon and AC ratio is optimised to reach the lowest relatively moderate and relatively low
HJT for different purposes, however most LCOE of each selected PV technology. BOS cost, respectively.
of them are based on limited scenarios, Finally, a premium in price of TOPCon
and the boundaries may not be defined and HJT relative to PERC is calculated for LCOE
clearly. Whereas an LCOE assessment is each scenario when different technolo- The calculation for LCOE is the net
sensitive to module performance, solar gies reach the same LCOE. present value of total life cycle costs of
resource, system design, labour cost, etc., the project, divided by the net present
it is meaningful to make LCOE analysis Energy generation value of energy produced over the
for PV technologies based on a variety of Energy generation is simulated with system’s lifetime. The total life cycle costs
scenarios. the PVsyst software. The TOPCon PAN can be disaggregated as initial invest-
file is based on the actual performance ment, annual cost, depreciation tax
Methodology of Chint New Energy Technology Co!s benefit and system residual value. [2] The
In this paper, we compare the LCOE of module product - ASTRO N - meanwhile initial investment (US$/Wdc) is the sum
TOPCon and HJT with PERC in differ- the PAN files of PERC and HJT are based of the BOS cost and the module price.
ent scenarios as follows. We chose five on a general industry-wide performance
project locations with typical climate level. Premium
Module prices of the three PV technolo-
Locations gies are assumed to be the same. The
Module type PERC TOPCon HIT We chose five typical locations, including premium refers to the additional price
Wafer size (mm) 210 210 210 Golmud (China), Berlin (Germany), Jinan of TOPCon/HJT relative to the price of
Cel (half-aut) quartity 132 132 132 (China), Dallas County (US) and Dubai PERC when they achieve the same LCOE
Module length (mm) 2384 2384 2384 (UAE). Their global horizontal irradi- results.
Module width (mm) 1303 1303 1303 ance (GHI), diffuse horizontal irradiance
Nominal power (W) 660 680 685 (DHI) and annual average tempera- System design
Module eff. 21.25% 21.89% 22.05% ture are listed in table 2.1. The level of Since the industry is moving towards
Voc (V) 45.9 471 49.4 irradiance and the temperature have a large-format modules, we compare
Bifaciality 0.7 08 09 great impact on the energy yield, and the 210mm wafer 132 half-cell bifacial
Power temp. coefficient 035% 0.30% 0.25% PV modules generally generate more modules of three technologies. The
Rel. off @200 i t0.5% 1 0.5% energy with high irradiance levels and detailed information is listed in table 2.
. low temperatures. The ratio of DHI and The AC capacity of the utility-scale
1st year degadation 2% 1% 1% i . X K i
GHl influences the bifacial gain of energy plant is designed to be 100.8MW. The
Annual degradation 0.45% 0.40% 0.40% . . . .
generation, as a high proportion of DHI system voltage is 1500V. The number
PV module information. means more light can be received at the of modules per string is determined by
fiocaton Albedo Optimized DC/AC ratio rear of the module. Albedos of 10%, 20% the lowest temperature at each location.
PERC TOPcon HIT and 30% are applied to the simulation The system configuration is a horizontal
10% 1.18 1.16 1.14 at each location. The energy yield gain single-axis tracker system, with two
Golmud 20% i L L of TOPCon and HJT is calculated as a strings of modules on each tracker. The
30% 1.14 1.12 1.10 . . . -
10% relative value to PERC. site area is assumed to be unlimited,
Bedin 20% the ground coverage ratio calibrated at
30% BOS cost 33.3%, and the land cost is also consid-
10% Note that the BOS costs are not the same ered. The system lifetime is set for 30
Jinan 20% for different technologies and for differ- years.
30% L44 ent albedos, even at the same location In real projects, high DC/AC ratios
10% LiE S L because the DC/AC ratio will be slightly increase the overload energy loss in
Dallas 20% 1.36 1.34 1.32 . . .
S0t = T r changed. The BOS cost includes module inverters at peak generation, and at the
10% 142 1.40 136 installation, tracker material and installa- same time it decreases BOS cost. There-
Dubai 20% 1.40 136 133 tion, DC electrical parts such as wire and fore, DC/AC ratio should be optimised to
30% 1.36 133 132 combiner boxes, AC electrical parts such balance between the two. In this study,

DC/AC ratios, optimised based on the lowest LCOE for each
scenario.
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as inverters, wire and transformer substa-
tion, system design, permission and

we optimised the DC/AC ratios for each
combination of PV technologies, project




. BOS Premium (USC/Wdc)
Location  Albedo 100 g4 TOPcon HIT
Golmud  10% 35.1 1.49 1.63

20% 354 1.66 1.67
30% 357 1.78 1.69
Berlin 10% 16.6 2.58 3.00
20% 470 2.78 3.14
30% 473 3.03 330
Jinan 10% 30.7 1.78 2.15
20% 30.9 1.94 2.24
30% 312 2.15 238
Dallas 10% 199 2.68 2.99
20% 50.3 2.84 3.03
30% 51.1 3.09 3.12
Dubai 10% 102 2.44
20% 405 2.63
30% 412 2.79

Lifetime energy yield gain of TOPCon and HJT relative to PERC.
Note: Lifetime energy yield gain = (Lifetime energy yield of
TOPCon/HJT - Lifetime energy yield of PERC) / Lifetime energy

yield of PERC.
Location  Albedo Lifetime energy yield MWh/kWdc)
TOPcon HIT
Golmud 10% 2.34% 3.06%
20% 2.77% 3.14%
30% 2.94% 3.17%
Berlin 10% 2.74% 2.95%
20% 3.19% 3.43%
30% 3.42% 3.58%
Jinan 10% 2.78% 3.49%
20% 3.01% 3.71%
30% 3.63% 4.23%
Dallas 10% 3.24% 3.75%
20% 2.85% 3.94%
30% 3.62% 4.01%
Dubai 10% 3.00%
20% 3.70%
30% 3.73%

BOS cost and premium of TOPCon and HJT relative to PERC

locations and albedo values, based on

the lowest LCOE point. The optimised

results are listed in table 3.1. It generally

follows rules that the optimum DC/AC

ratio in high solar resource regions, with
high albedo and high energy generation
performance, is lower than that for low
solar resource regions with low albedo
and low energy generation performance.

The lifetime energy yield gain at our
modelled Dubai project provides the
upper limit due to n-type’s outstanding
performance at high temperature. In
contrast, the plateau-climate features of
low temperature in Golmud result in the
lower limit. Energy yield gain at the two
locations with different albedos is broken
down to the contributions as shown in
Fig. 1. The three PV technologies exhibit
different performance in energy genera-

tion due to their differences in bifacial
factors, temperature coefficients and
first-year degradation values which can
be primarily attributed to light-induced
degradation (LID). Bifacial gain is larger
at locations with high albedo, and the
temperature loss difference is more
obvious in places with hotter climates.

The BOS cost and premium of
TOPCon and HJT relative to PERC are
shown in table 5. The BOS refers to that
of the PERC system at 20% albedo. It
should be pointed out that the module
prices of the three technologies are
assumed to be the same in LCOE
analysis to calculate the premium.
TOPCon and HJT are more competi-
tive with high BOS cost levels, high
temperature and high ground albedo in
most cases. For example, HJT in Dubai
with 30% albedo results in a very high
premium of US$0.043/Wdc, and this
is because HJT has a low temperature
coefficient which allows it to perform
well at high temperatures throughout
the year. On the other hand, Jinan
and Berlin have similar solar resource
levels and temperatures, hence similar
energy yield gain, but the premium in
two locations is quite different. This is
mainly because Berlin has a compara-
tively higher BOS cost than Jinan, and
this makes the energy gain in Berlin
more valuable.

Furthermore, it is meaningful to
compare the premium between
TOPCon and HJT and provide a range of
price difference in order to determine
the economical priority. As shown in
Fig. 5, the premium differences are
within a range of 0.01 - 1.42 US$ cents
per watt based on the typical albedo
environment. In cold and mild regions,
the premium differences are less than
0.36 US$ cents per watt.

Regarding energy generation, HJT is the
top performer amongst the three PV
module technologies, while TOPCon is
the second, especially in hot and sunny
regions with high albedo. This is due

to their advantage of low temperature
coefficient and high bifaciality.

On the other hand, high energy
generation ability reduces the optimum
DC/AC ratio required to reduce the
inverter’s overload power loss. This
is the reason for HJT systems to be
designed with a smaller DC/AC ratio.

As aresult, reduced DC/AC ratio

increases the BOS cost on the AC side.

In LCOE analysis, we compromise the
energy yield and the BOS cost to pursue
the lowest LCOE for each technology.
Therefore, the results of premium do not
fully comply with the results of energy
yield gain.

In LCOE analysis, the prices of the
three technologies are assumed to be
identical, while in real-world projects
of today, the prices of TOPCon and HJT
modules are ~1-2 US cents per watt and
~3 US cents per watt higher than the
price of PERC, respectively. Considering
the price differences, TOPCon has the
highest priorities in most mild climate
regions. In hot regions like Dubai,
the choice between TOPCon and HJT
depends more on the price.
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