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Figure 1: Outlook of Japanese PV market (Revised figure will be presented at PVSEC-27)
Source: RTS Corporation
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Area 1

» World record efficiency for c-Si
solar cell of 26.7% and module of
24.5% using back contact HJ
solar cell was shown in Keynote
speech. (KN-1)

| Eff(da) 24.52 %
s

Record efficiency in
c-3i solar cell module

by product BIPY
module size

» Dr. Yamamoto also stressed that
develc?ment of low cost .
fabrication process for HJ-IBC is
one of the most crucial issues for
industry.

SCAIST

AlO,+ SiN, Ag
o emicer NAVAVAUVRVIA

* IMEC introduces Ni/Ag co-plated

contacts for high efficiency n-PERT n* satective R
solar cells. (Bifacial, 1M001.3) BSF W
5i0, + SiM,

* Jinko Solar showed the p-type mono-
Si PERC cell with an efficiency of
22.78% (1TuPL.1)

Ag

Figure 1: Cross-section of the imec n-PERT
bifacial cell with co-plated contacts.
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* Aluminum paste suitable
for PERC is developed and
LCO (Laser Contact
Opening) geometry
optimization is
investigated by Toyo
Aluminum KK. (1IMo002.3)

Laver attatian of SOLSMe 3 AONSM Rack Scw
Pavtvatine Mk bos Advuied AT RN
e Laaenc . Yokut S B Power 38" (UL

* Yusuke Hayama (1Tu01.4) : New
methodology for visualizing dislocation
clusters in multi-crystalline Silicon
ingots was introduced, and it could
become a very important method used
to further improve mc-Si material
quality.

4

0~ &R KGR A AR

Area 2

* 23.3% (in-house, under certification) CIGS solar cell by novel
Cesium surface treatment and improved absorber was
reported by Solar Frontier. (2ThO4.3)

- 3
Glass/Mo/CIGSSe (Cs-treated)/CAS/BZO/AI/MOF) __ \iited sbacrser

"g ] " b {09 ev
2 ~1.14 eV\ '\
E %1 Eff.=23.3% £ I E:
z FF = 79.45% g w ‘T'\, g
§ ¥t v, =738mV o 2
% 10 %= 3977 mA/cm? \ N\
g Area = 1 cm? o w w w e
g |
0 g | 4 ayelength fnm)

20 100 o wo. Independent efficiency

Voltage (mV) confirmation is being

| conducted in AIST |

* AVANCIS demonstrated 18% CIGS 30x30 cm? submodule
using Cd-free buffer layer. (2Tu04.2)

r lowS/Ga highS/Ga
Buffer lowNa/ i-ZnO high Na/ i-ZnMgO
[ B Ea (%)
18.304
‘ 182 **
1815
18.00
‘ 17.9*
17.54‘
17.704
[

o r lom A emn )

10 ~ SRR IGRE SR



J (mA/cm)

* A new record efficiency for pure Se kesterite of
11.7% by Na addition + oxygen treatment was
presented in 2We03.1.

- _\-_"‘-\.\_\\\
0 - ' Table [, comparison of device parameters to IBM reported CZTSe
champion cell
- Voo 0,423 Y \
lse: 41.7 mafem? \ elf P o . W o R, Ry
- FF: 0.BEE | (%) iV} (mAdem®) (A} (fem’)  (fem’)
Eff.: 11.7% \ BMCZTSS” 116 0423 406 0673 15T j3gei0* 032 602
‘ AIST-CZTSe 117 0423 417 0666 156 115=<10® 038 1000

L 1 L 1
L LAl L L= LIS LA

Vollage (V)

Fig. 1, J-V curve of our best performing

CZTSe cell

11~ SRR RE LA L

Area 3 (efficiency, llI-V and Si tandem, EV)

Plenary n-v

¢ 33.3%: II-V + Si Wafer Bonding with 1007
topcom, and 2-terminal (3TuPl.2)

I11-V nano-wire with 20% coverage
was propOSEd, Wthh rEdUCes 80% Material reduction with 1lI-V NWs
l1I-V material usage (3TuPl.2) Sharp

* 33.0%: 4-terminal (I11-V 2J + Si) was _
presented by Sharp. (3Tu05.2) ,f& ‘ A

Si

ki Tooge She i}

* 30.9%: 5J full MOVPE, InGaAsN, e Lk
30.7%: XTJ-prime (3Tu05.1) i
e s Uos o ce e e
* 20.7%: GaAs HVPE (3Tu05.4)
* Unique concept —low CPV module  [EREEE === RIE=S

on board vehicle was demonstrated.
(3Fr06.5)

Fig.l Photo of the test wehicle (Prius PHV). Fig

12 ~ TIT-V JE RoRZE KI5 8t B st




Area 4
* The steady development of , N
new materials was discussed in Wf*ﬁf“ﬁm i ‘"k
4We06.2. In the paper, quite e A
good performance, and device it S
stability depending on the Figere 1 Chernical struoture of PT2NTzs.
structures and crystallinity of
the materials were achieved.
— D149
__-, D131-D358-DIPDABZ
* The solid-state SSCs achieving § - e
10% efficiencies by co- § RN
sensitization and excellent p- i HE
type Cul filling in TiO, electrode FrEpePgey
method was demonstrated. Fig.3 Current-voliage curves of the SDSCs with Cul
(4We06.1) e e

13 AR AR B

Area 5 (Large-area solar cells and tandem structure)

* Panasonic Group reported Module-scale
perovskite cell with area of 203 x 203 o Tt
mm?2. THG-YAG laser irradiation after i
mechanical scribe of cells gives low
contact resistance due to Sn diffusion
into residual-TiO, resulting in @ VOC Of e - schcmaic operovsce e e
38 SU (5M003 2} Ti: layer remains between Au and FTO.

* Nankai Univ. group reported two-
terminal tandem perovskite-HIT (silicon
solar cell over 20%) tandem cell with
optimization of fabrication process of
each layer and interface. (5M0Q3.3)

Figure 2: Perovskite module

14~ SESKIEA S BB




Area 5 (New concepts and Basic Science)

J’fn.ns MAg 16 FAg 79 PB 1749 Bro g

* H. Segawa presented a perovskite y g
doping method with cheap/scalable K “g K 5%
which significantly reduced hysteresis ~ § | =t
and improved uniformity of the Te=——
perovskite layer. (5Mo0O4.1) § | =R

og oz i

] 18 i2

* Using pump-probe techniques, Dr.
Sum provided insights on hot carrier
perovskite solar cells. (5Tu07.2)

* A new interesting findings were
revealed for perovskite solar cells. The
paper firstly confirmed the co-
existence of crystal phase cubic and
tetragonal in the same device at room
temperature. (5WeQ7.5)

i A L
& no grain boundary
i) gy

Schematic of highly efficient hot
carrier extraction with an energy
selective layer Bphen.

B 15 ~ $5EREORIE A EL A

Area 6

* Panasonic presented all plastic CPV module (PIC) with an efficiency of
31.5%.(6Tu09.1)

=
- M0
<
Primary Optical Element Secondary Optical Element s 1< Cosversion efficiency (%) s
Ay X ] Opee Cireult Valtage (V) 66
== e 120 s = / ot E Short Clrealt Carreat {mA) 011
= AT ——— e — o — f J w 33 (5.
5 ) Pawer (W) 0
| | < I 71 ~ I e \' 30 mm P DNE (Win') »er
! g /{/g U‘ / g\\ g - : Module Temperstere () we
Glass chip  Plastic circuit board  Cell  Heat sink e s 1 18 1
Voltage (V)

(a) Cross sectional image (b) I-V measurement (outdoors)

* R. Tamaki: good experimental presentation and result was shown.
(6Th05,2) (a) Wavelength (xm) (b) Wavelength (um) (c) Wavelength (um)

12 10 08 06 1.2 10 0B 06 12 10 08 086

1.0 .

= g’ 10°

2038 - : { g

> 1§ 104 {§ 10 3

1=d B

$06- = | 2z

] | ¥ | B £

10 1 E

504 { ‘ 132

€] ] o s
|AEQEQOK T G } AEQEQTOK s |AEQE@I20K 10
10 15 2010 13 20 10 15 20

Pnoton Energy (eV) Photon Energy (eV) Photon Energy (eV)

K
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Area 8

* Replacement of pyramids with column
structure for all-black front surfaces was
demonstrated. (8Tu03.5)

* World largest floating PV testbed was
introduced. (8Tu03.4)

* New way to remove dust particles was
proposed. (8Tu03.6)

HV power supply
p/ara"el screen electrodes

:i_s ,k,-. : ./'\

dust -

PV panel
(a)

B 17 ~ PV &4 & R4 PR B ER

* Automatic failure detection method was developed

using only PV output. (8We01.5)

* Fujisawa SST concept considering not only energy

but also human community was demonstrated.
(8We01.1)

S0hn Tokyo

from Tokyo Station /
x. 50mi by train) >
.y

Figure 1: Overview of Fujisawa SST
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Table 14. NREL Utility-Scale PV Benchmark Summary (Inflation Adjusted), 2010-2017
2010 USD per 2010 2011 2012 2013 2014 2015 2016 2017
Watt DC
Module $2.12 $1.89 $0.98 $0.59 $0.60 $0.59 $057  $0.31
Inverter $0.24 $0.28 $0.24 $0.16 $0.1 $0.10  $0.10  $0.05
Hardware BOS - $0.66 $0.58 $0.50 $0.43 $0.37 $0.34 $0.22 $0.22
Structural and
Electrical
Components
Soft Costs - $0.54 $0.48 $0.45 $0.44 $0.21 $0.18  $0.14  $0.12
Install Labor
Soft Costs - $1.22 50.81 $0.59 $0.48 $0.59 $0.52 $0.31  $0.27
Others (PII, Land
Acquisition, Sales
Tax, Overhead,
and Net Profit)
Total $4.78 $4.03 $2.77 $2.10 $1.88 $1.73  $1.35  $0.97
Total Inverter $0.17 $0.15 $0.14 $0.12 $0.11 $0.09 $0.07 $0.05
Replacement
Price ($/W)
0&M Expenses $20 §19 $19 $18 $17 $17 $17 $17
(SKW-yr)
LCOE Phoenix, $0.19 $0.16 $0.11 $0.08 $0.07 $0.06 $0.05 $0.04
AZ nolTC
LCOE Kansas $0.24 80.20 $0.14 $0.10 $0.09 $0.08 $0.06 $0.05
City, MO, no ITC
LCOE New York, $0.26 §0.22 $0.15 $0.12 $0.10 $0.09 $007 $0.06
NY, no ITC
LCOE Phoenix, $0.12 $0.10 $0.07 $0.05 $0.05 $0.04 $0.03 $0.03
AZ, ITC
LCOE Kansas $0.15 $0.12 $0.09 $0.07 $0.06 $0.05 $0.04 $0.03
City, MO, ITC
LCOE New York,  $0.17 £0.14 $0.10 %0.08 $0.07 $0.06 $005 $0.04
NY, ITC
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Figure 1: Raw EL images of a PID-stressed
module, imaged between August 2016
(index 1) and May 2017 (index 10)
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Figure 3: Estimated power degradation for 12
PID-prone modules, obtained from the
relative change of cell intensities in the
corrected EL images (as shown in Figure 2)

Figure 2: EL images after camera and
perspective correction for raw images in
Figure |
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Figure 4: Power degradation of the same
modules (as shown in Figure 3), obtained
from illuminated [-V characteristics
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Figure 1: EL image of mono-Si PV module

Figure 2: Relation between gray scale and
applied current as a percentage of short-
circuit current () of 15 defective cells in
the module.
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Figure 1: (a) Measured spectra at MPP and V; and (b) Dark EL and extracted sunlight PL spectra
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Major Solutions Rl ner

o e O Crasheg

Development of various disassembly equipment without orushing glass
by utilizing our equipment technology
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Downslde guide
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