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Areal New Concepts and New Materials for Future Technologies
Area2 Thin Film Silicon Based Photovoltaics
Area3 Thin Film Compound Semiconductor Based PV
Area4 Wafer - Based crystalline Silicon PV
Area5 Concentrator Photovoltaic, Il - V and Space PV Technologies
Area 6 Hybrid Solar Cell (DSSC OPV Perovskite PV)

Area7 Characterization and Modules Reliability

Area 8 Systems, BOS Components and Grid Integration

Area9 PV Deployment; Industry, Market and Policy
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Countries and regions Number of participants Russian Federation 4
Japan 746 Austria 3
Republic of Korea 74 Saudi Arabia 3
thira 58 United Arab Emirates 3
Taiwan 57 Brazil 2
Germany 49 Denmark 2
usA a8 Czech Republic 1
Thailand 40 Finland 1
Australia 28 Greece 1
Switzerland 19 Indonesia 1
Netherlands 16 Ireland 1
France 15 Israel i
UK 15 Luxembourg 1
Singapore 12 Myanmar s
Belgium 1 Nigeria 1
India 10 Poland 1
Malaysia 7 Qatar 1
Spain 6 Slovenia 1
Mexico 5 South Africa 1
Norway 5 Sweden 1
Italy 4 Total 1256
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Opening Address
M. Konagai (Tokyo Tech ) WCPEC-6 ZE
S. Bailey (NASA) WCPEC-6 [FFEiAHEE
A. Jager-Waldau (EC JRC) WCPEC-6 Bl EZ B &
Guest Speeches

D. Kadokawa (Kyoto City)
M.Hashimoto (NEDO)

X3 Opening Ceremony CTOIZ$RES, PHJIFREN T E D “Do you Kyoto ?“NHIZH) TH -7,
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EickeWeber, Fraunhofer ISE
The Future of PV Based on Next - Generation Fabs

PV will be one of the main pillars of this transformation.

Paolo Frankl, IEA
Global Renewable Energy Outlook
Renewables could provide the majority of new capacity being deployed over the

next decade, growing by 50% with a tripling of the solar energy production by 2020.

Kazuo Kyuma, CSTI

Introduction of Recent Japanese Science, Technology & Innovation Policy
Recent activity upon Fukushima recovery, Fukushima Renewable Energy Institute and
FUTURE project (JST) were introduced.

[X]4 CSTI D/l B2 R TR [X|5 Plenary Session T4 E =

(3) KT TE

WCPEC-6 {213, 1003 D LM efmS vz, R Ofm SRR bR 2 X612, £7- Area
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CZTS OFAim LN %</2>T\D, E7o, i, AT ABANPREREEE L2 > T
% Area 6 HEFREO KIE/REEINMN A DI, 3BT EOR KIS EFAITRT, £ 4 1,
J1.J2. J3 1%, Z 4, Area 2 & 4, Area 1 & 5, Area 7 & 8 DV aA L MEBETHY, J4 1%
NEDO’s PV R&D Projects & High Efficiency Solar Cells T 5,
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Area Plenary Rur:l':JViSt:;ion Oral Poster Total
Areal 2 19 84 110
Area 2 2 15 81 105
Area 3 2 5 32 112 151
Area 4 1 15 26 134 176
Area 5 1 2 20 a7 70
Area 6 1 6 27 104 138
Area7 1 9 25 74 109
Area 8 1 3 17 63 84
Area 9 1 3 12 13 29
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Area 1 New Concepts and New Materials for Future Technologies

#» Approaches for reaching 50% efficiency with quantum heterostructures and
Si solar cells (IMo00O.6.5LN) are presented.

#» Proof of advanced concepts:
Hot carrier cells: Extraction of hot carriers is demonstrated (1Mo00.5.2).
Intermediate-band cells: Photocurrent production by 2-step photon absorption at
room temperature is demonstrated in QD-in-well cells (1We0.2.1).
MEG cells: Large bi-exciton binding energy is shown to be possible in core/shell
colloidal QDs (1TuQ.8.5) suitable for high-efficiency PV conversion.
» Radial c-Si nanowire solar cell with 11.8% efficiency achieved (Delft U).

# Thin-film cells and QW and QD cells showing enhanced ahsorption by efficient
light trapping (1We0.2.3, 1TuPo.1.17, etc).

» New compound materials, photon management techniques, solar energy storage
are studied for low-cost and higher efficiency.

Area 2 Thin Film Silicon Based Photovoltaics

New Record Efficiencies
- a-Si/uc-Si tandem module (1.43m2) Stabilized 12.3% (TEL Solar)

- a-Si/uc-Si tandem cell Stabilized 12.7% (AIST/PVTEC)
- a-Si/uc-Si tandem cell Initial 14.8% (TU Delft)

- a-Si/uc-Si/uc-Si Triple cell Stabilized 13.7% (AIST/PVTEC)
- a-Sisingle cell Stabilized 10.2% (AIST/PVTEC)
- uc-Si single cell 11.8% (AIST/PVTEC)

New concepts

- Thin film Si deposition and diagnosis (CVD, PVD)

- Light management (Nano-wires/particles, Inter layers)

- Multi-junction devices (4 stacks, Spectrum Splitting)

New Joint Fields

“Si Hetero Junction” “Thin Film c-Si (Epitaxial vs Kerfless wafering)”




Area3 Thin Film Compound Semiconductor Based PV
» Over 21% efficiency CIGS solar cells were obtained in stable by use of post-
deposition technique of KF. (World Record 21.7%, ZSW, Germany)

# Alkali metal interaction with CIGS and CGS thin films were actively studied
experimentally and theoretically. (EMPA, AIST, Ryukoku U.)

» CIGS cells on SUS substrate with 1=16.7% was fabricated by new
evaporation process. (Ritsumeikan U. and NITTO)

~ Highest efficiency of Cu,SnS, solar cells, over 4% was demonstrated.
(Nagaoka NCT)

» Interface and grain boundary control techniques for CIGS solar cells (Tokyo
Tech) and CTS solar cells (Toyota CRD)

» Various fabrication techniques for fabrication of CZTS and the related solar
cells were proposed.

Area 4 Wafer-Based crystalline silicon PV

» Over 25% conversion efficiency is achieved by HBC structure in Panasonic, 25.6%
(4MoP1.4) and Sharp, 25.1% (4Tu0.4.1).

» Over 20% high efficiency mass production processes are realized in Mitsubishi, 21.7%,
Trina Solar, 22.9%.

» Hetero junction and back contact with plating technology cells realize the high
conversion efficiency (KANEKA (24.7%), Imec (21.8%), Fraunhofer (21.9%)).

» Around 20 % conversion efficiency multi crystalline silicon solar cell is obtained in Trina
Solar (20.76%, 156 mm?2), Kyocera (19.7%).

As a future silicon solar cell system, low concentration PV with high conversion efficiency
cells is proposed (SunPower (25.7%))

Y

Materials and process issues (PV Crystal growth, Passivation, Metallization etc.) was
intensively discussed.

Y

Area 5 Concentrator Photovoltaic, lll-V and Space PV Technologies

Record Efficiency

T -

3] 37.9%IMM (SHARP) 44.4% IMM (SHARP) 32.3% LM (DAIDO Steel)
4) 37.2% WB (FhG-ISE) 46.0% WB (FhG-ISE, SOITEC) 36.7% WB (FhG-ISE)
5] 38.8% WB (Spectrolab)

Topics

*Spectral spilitting CPV demonstrated 40.4%, LM3J: 35.7% + Si: 4.7%
*Lightweight flexible module required for the next generation spacecraft.
*Largest space solar array, 60 sqare meters, was built for the JUNO mission
*Reliability of IMM-3J has confirmedd for CPV and Space applications.

* Pathway for 50% by utilization of photon recycling effect.

.10.



Area 6 Hybrid solar cell (DSSC, OPV, Perov PV)

*Demonstration of rechargeable dye-sensitized solar cells
*10-11% OPV efficiency (Development of new HPL material)
*Near IR sensitized solar cells (Dye —X)+ Perovskite tandem: 17.7%
*20% efficiency perovskite solar cells (certified), 24% efficiency
perovskite (not certified), 28% tandem (Perov + Si) (light splitter
structure)

*Small exciton binding energy (6mV) for perovskite solar cells
*IR sensitive perovskite solar cells up to 1050nm

2% Large module perovskite solar cell module with all glass
encapsulation

*Proposal of various new device structures and materials

Area 7 Characterization and modules reliability

# New Insight on mechanism and improving Reliability of PV modules
based on experimental water vapor transmission mechanism.

» Accelerated aging procedures combined with characterization
techniques like Flash testing at different irradiance levels, EL and IR can
bring light into the failure modes and can help to improve overall PV
module life time expectations

# Characterization issues related to energy (kWh) production, such as
angular dependence and spectral effect were extensively discussed.

» Performance and reliahility outdoor data for different PV technologies
in various climate such as hot and humid conditions in Thailand was
investigated. The climate is likely to accelerate degradation rate of the
PV modules, which are analyzed for different module types.

Area 8 Systems, BOS components and Grid integration

» Large amount of field data are reported from residential and Mega-solar
sectors.
(8Tu0.12.1 AIST, >5,000 modules, 10 years old,
8Tu0.11.3 Utrecht Univ., 8Tu0.12.2 CSSC,PDTI, KMUTT, and more.)

~ Forecast of power generation is becoming more important for the grid
integration of PV.
(8We0.11.1 Univ. of Tokyo, 8We0.11.2 SERIS, 8We0.11.4 JWA, and more.)

» Utilities are involved in the national level grid integration projects in Japan.
(8WePI.3 TEPCQ)

# lssues on demand supply-balance are discussed and demand response is
becoming more important.
(8We0.12.4 CRIEPI, 8WeP0.9.28 Univ. of Tokyo, and more.)

-11 -



Area 9 PV Deployment; Industry, Market and Policy

Below are the issues presented by 15 speakers in 3 sessions
1:t SESSION “Environmental & Economic Aspects of PV”
v" Results of Environmental analysis including recycling
v From an economic view-point, assessment of PV in the future

214 SESSION “National Program & R&D”
¥ Current status of market and policies in various countries

31 SESSION “PV in Energy System”
v Conceptual view of PV on Energy Mix
inculuding the North-East Asian Super Grid
¥ Insight into Japanese Feed in Tariff
v" Nuclear fade out scenario in Switzerland
v" Possibilities of the off-grid PV system markets

A total of 8 posters were shown. Three of them were dealt with LCA.

B)Fa—KrIU TN

11 H 23 H(B)F#%. HORANG, KEGEM, KGR EICE L CEL Rk 2
B~V L, BHFREEE, P TS AZEZL TV OIMREEEL R E LT 2— b
VI NWVERBE LT, Fa— M) T AOERA. wilEL2 L NIRRT, SIRET 199
4 (MHEZfMEEL) Tholz,

Topic A ; Crystalline Silicon Solar Cells  (ZME4 : 48 44 (2014.11.4 K )
A-1; Crystalline Silicon Solar Cells - 1

Instructor ; Kyotaro Nakamura, Meiji University

A-2 ; Crystalline Silicon Solar Cells - 2

Instructor ; Kentaro Kutsukake, Tohoku University

Topic B ; Thin Film Silicon Solar Cells (Z/I3&%% : 41 £44)
B-1 ; Fundamentals of Quantum Dot Solar Cells

Instructor ; Takashi Tayagaki, Kyoto University

B-2 ; Thin Film Silicon Solar Cells - 2

Instructor ; Makoto Tanaka, Panasonic

Topic C ; Compound Semiconductor Solar Cells (ZIIE %k : 24 44)
C-1 ; Compound Semiconductor Solar Cells - 1

Instructor ; Paul Pistor, Martin-Luther-University, Germany

C-2 ; Compound Semiconductor Solar Cells - 2

Instructor ; Takashi Minemoto, Ritsumeikan University

Topic D ; Organic, Dye Sensitized and Perovskite Solar Cells (Z/NFE K : 48 44)
D-1; Dye Solar Technology; towards market introduction and new mesoscopic concepts
Instructor ; Andreas Hinsch,Fraunhofer Institute for Solar Energy Systems ISE

D-2 ; Perovskite Solar Cells

Instructor ; Seigo Ito, University of Hyogo

Topic E ; Photovoltaic Systems (Z/35 %% : 30 4)

E-1 ; Photovoltaic System Characterization and Integration
Instructor ; Joshua S. Stein, Sandia National Laboratories, USA
E-2 ; Photovoltaic Systems: Landscape Design Issues
Instructor ; Alessandra.Scognamiglio, ENEA
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7. XE

WCPEC-6 Tlx., TR ETO PV HBICKIT 2¥EMICH L TRE SN D WCPEC
Award, PVSEC Award, PVSEC Special Award, Hamakawa Award D4%8&% 21TV,
Opening Session (ZB W TRERZITo70, Flo, ASHEITBWTENTRLERRL
7235 % %531Z Closing Session (235 T Paper Awards DB FERZ/AFKTH & L BT,
REX LT o7,

I. THhETOEREIHLTELLBND Award
(1) WCPEC Award
PV 53 By THERAICTERE L C & 72 % £ %1412 WCPEC AWARD %25 L 7=, B #
L PR EBD,
Professor Masafumi Yamaguchi
For his outstanding contributions to advancement of photovoltaic science and technology

(2) PVSEC Award
RAEICEY PV OB FEEIROERICZ KRR 2 "k E i) (5RIE LT PVSEC
A= 4—IZETDH) .
Dr. Tatsuya Takamoto
For his outstanding contributions to photovoltaic science and technology development.

(3) PVSEC Special Award

RARIZH Y PV OPEEEATOMER SHEABIROHEEF I L KR 2 Bilke ShiTi,
Dr. Michio Kondo
For his outstanding contribution to photovoltaic technology development and project
management.

(4) Hamakawa Award
BllEsL RIRKRFAEEEDO PV WICBIT 2 ERZFR A FrH T 0%
W« PIRICRBWTE RS HRE L7,
Professor Makoto Konagai
For his outstanding contributions to seminal studies on GaAs, concentrator, organic solar

cells and Peeled Film Technology.
Professor Hironori Katagiri

For his outstanding contributions to pioneering studies on new, earth abundant

CuZnSn(S,Se) solar cells and materials
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8 ZEAE LIEILRRAEHE, MER DL L DEAER

II. Paper Awards
DBICBWTENTE R LA RBE LB RBICE 2 b5 Awards.
(5) Best Paper Award
Area 1: New Concepts and New Materials for Future Technologies
The Development of a Hot Carrier Photovoltaic Cell
J. A. R Dimmock!?, M. Kauer", K. Smith", P. Stavrinou® and N. J. Ekins-Daukes?®
D Sharp Laboratories of Europe Ltd, UK, ? Imperial
College London, UK

Area 2: Thin Film Silicon Based Photovoltaics

High-efficiency Thin-film Silicon Solar Cells Using Honeycomb Textured Substrates

H. SaiV, K. Maejima?, T. Matsui"), T. Koida?, M.Kondo"), S. Nakao?, Y. Takeuchi?, H. Katayama®

and . Yoshida®

DNational Institute of Advanced Industrial Science and Technology (AIST), Japan, ?Mitsubishi Heavy
Industries Ltd. (MHI), Japan, ¥Panasonic Corporation, Japan, “Photovoltaic Power Generation

Technology , Research Association (PVTEC), Japan

Area 3: Thin Film Compound Semiconductor Based PV

Selective Potassium and Sodium Diffusion Control in CuGaSe; Thin-Films Using Soda-Lime
Glass Substrates

S. Ishizuka", A. YamadaV, P. J. Fons?, H. Shibata! and S. Niki"

DResearch Center for Photovoltaic Technologies, National Institute of Advanced Industrial Science
and Technology (AIST), Japan, ?Nanoelectronics Research Institute, National Institute of Advanced
Industrial Science and Technology (AIST), Japan

Area 4: Wafer-Based Crystalline Silicon

-14 -



Development and Production of High Performance Silicon Cells for PV Panels and LCPV systems
D. Rose, D. Smith, and P. Cousins, SunPower Corporation, USA

Area 5: Concentrator Photovoltaics, III-V and Space PV Technologies

Potential for Reaching 50% Power Conversion Efficiency Using Quantum Heterostructures
T. Thomas", M. Fiihrer", D. Alonso Alvarez", N. J. Ekins-Daukes", D. Lackner?, P. Kailuweit?,
S. P. Philipps?, A. W. Bett?, M. Sugiyama® and Y. Okada®

DDepartment of Physics, Imperial College London, U.K., ?Fraunhofer ISE, Germany,

3Research Center for Advanced Science and Technology, University of Tokyo, Japan

Area 6: Organic, Dye Sensitized and Perovskite Solar Cells
High Efficiency Perovskite Solar Cells by Material and Interfacial Engineering

Nam-Gyu Park,
School of Chemical Engineering, Department of Energy Science, Sungkyunkwan University, Korea

Area 7: Characterization and Modules Reliability

Degradation Phenomena of Crystalline Silicon Photovoltaic Modules

Atsushi Masuda, National Institute of Advanced Industrial Science and Technology, Japan
Optical Characterization of PV Modules

Ulrike Jahn, Werner Herrmann, Lorenz Rimmelspacher

TUV Rheinland Energie und Umwelt GmbH, Germany

Area 8: Systems, BOS components and Grid Integration

Performance and Failure Analysis of over 5,000 PV Modules after 10-year Operation
- Lessons Learned from AIST ""Mega-Solartown' -

T. Takashima, K. Ikeda and K. Kato

National Institute of Advanced Industrial Science and Technology (AIST), Japan

Area 9: PV Deployment; Industry, Market and Policy

North-East Asian Super Grid: Renewable Energy Mix and Economics

Christian Breyer!, DmitriiBogdanov", Keiichi Komoto?, Tomoki Ehara®, Jinsoo Song® and Namyjil
Enebish®

DLappeenranta University of Technology, Finland, ?Mizuho Information & Research Institute, Japan,

3E-konzal, Japan, ¥Korea Institute of Energy Research, Korea, >National University of Mongolia,

Mongolia

Joint Session 3, Area 7 & 8

Photovoltaic System Model Calibration Using Monitored System Data

Clifford W. Hansen?), Katherine A Klise?, Joshua S. Stein!, Yuzuru Ueda? and Keiichiro Hakuta®
DSandia National Laboratories, United States, ?Tokyo Institute of Technology, Japan,

3INTT Facilities, Inc., Japan
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[X]9 Best Paper Award 5 B H EDEA G EH

(6) Best Poster Award

Area 1: New Concepts and New Materials for Future Technologies

Effect of Field Damping Layer on Two Step Absorption of Quantum Dots Solar Cells

Y. ShojiV, R. Tamaki?, A. Datas?, A.Mart ?, A. Luque® and Y.Okada

DResearch Center for Advanced Science and Technology (RCAST), Japan, The University of Tokyo,
DInstituto de Energia Solar - Universidad Politécnica de Madrid ETSI Telecomunicacion,

Ciudad Universitaria sn, Spain-EU

Area 2: Thin Film Silicon Based Photovoltaics

Influence of Substrate Morphology on the Growth of Thin-film Microcrystalline Silicon Studied
by In-situ Raman Spectroscopy

T. Fink, S. Muthmann, U. W. Paetzold, N. Sommer, A.Gordijn, A. Miick, R. Schmitz, M. Hiilsbeck,
R. Carius and M. Meier, IEK5-Photovoltaik, Germany

Area 3: Thin Film Compound Semiconductor Based PV
Study of Kesterite Phase Formation by Selenization of Electrodeposited Cu-Sn-Zn Thin Films
y y 1Y
A. Crossay", D. Colombara?, L. Vauche?, S. Jaime?, M. Guennou®, N. Valle®, P.-P. Grand?
and P. J. Dale!
DLaboratory for Energy Materials -Universit du Luxembourg, Luxembourg, ?’NEXCIS, France,
3dDépartement Science et Analyse des Matériaux Centre de Recherche Public-Gabriel Lippmann,

Luxembourg

Area 4: Wafer-Based Crystalline Silicon

Approaching 20% Conversion Efficiency in Silicon IBC Solar Cells with Modulated Surface
Textures

Based on Nanotexturing of Micro-scale Pyramids

A. Ingenito, O. Isabella and M. Zeman

Delft University of Technology, PVMD/Dimes, The Netherlands

Area 5: Concentrator Photovoltaics, III-V and Space PV Technologies
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Design and Test of Cell-in-cell-structured CPV Modules for Better Solar Energy Conversion
K. Okamoto, D. Hirai and N. Yamada
Department of Mechanical Engineering, Nagaoka University of Technology

Area 6: Organic, Dye Sensitized and Perovskite Solar Cells
Hole Transporting Materials Based on Sulfur-containing Donors for Efficient Perovskite Solar Cells

Jian Liu and Liyuan Han, Photovoltaic Materials Unit, National Institute for Materials Science, Japan

Area 7: Characterization and Modules Reliability

Actual Performance and Degradation Rate of Different Types of Photovoltaic Modules

: A Case Study in Thailand

A. Limmanee", K. Chumpolrat), N. Udomdachanut?, S.Keawniyompanit?, Y. Sato®,

M. Nakaishi®, S. Kittisontirak", K.Sripraphal) and Y. Sakamoto®

DSolar Energy Technology Laboratory, National Electronics and Computer Technology Center, Thailand,
2Thai Tabuchi Electric Co., Ltd., Thailand, ¥Tabuchi Electric Co., Ltd, Japan

Area 8: Systems, BOS components and Grid Integration

Analysis of the Variability of PV Power and Residual Load

Y. Udagawa'”?, K. Ogimoto"), T. Oozeki® and H. Ootake®

DThe University Of Tokyo, Japan, ?)KOZO KEIKAKU ENGINEERING Inc, Japan,
3The National Institute of Advanced Industrial Science and Technology, Japan

10 Best Poster Award 2 EHLDELSEE

(7) Young Researcher Award

Area 1: New Concepts and New Materials for Future Technologies

Molecular Beam Epitaxy Growth of Intermediate Band Materials Based on GaAs:N d-Doped
Superlattices

T. Suzuki, K. Osadal, S. Yagi", S.Naito?, Y. Hijikata?, Y.Okada® and H. Yaguchi?

DGraduate School of Science and Engineering, Saitama University, Japan, ?Research Center

for Advanced Science and Technology (RCAST), The University of Tokyo, Japan

Area 2: Thin Film Silicon Based Photovoltaics
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Micro-textured Glass Combining Nano-textures and Highly Transparent Conductive Oxides
for High-efficiency Multijunction Thin-film Silicon Solar Cells

H. Tan", F. -J. Haug?, F. T. SiY, C. Ballif?, M. Zeman" and A. H. M. Smets"

DPhotovoltaic Materials and Devices Laboratory, Delft University of Technology, The Netherlands,
2Photovoltaics and Thin Film Electronics Laboratory, EPFL, Switzerland

Area 3: Thin Film Compound Semiconductor Based PV

Modulation of Energy Band Diagram Around the Grain Boundaries in High Efficiency
CuzSnixGexS3 (CTGS) Solar Cells

M. Umehara), Y. Takeda, K. Oh-ishi", T. Motohiro", T. Sakai? and R. Maekawa?

DToyota Central Research & Development Labs., Inc., Japan, »Toyota Motor Corporation, Japan

Area 4: Wafer-Based Crystalline Silicon

21% Efficiency of n-Type Monocrystalline Silicon Passivated Emitter and Rear Totally Diffused
Photovoltaic Cell

S. Nishimura?, Y. Yuda?, D. Niinobe", T. Watahiki", T. Sato", Y. Sakai", H. Fuchigami!)

and S. Kano?

DAdvanced Technology R & D Center, Mitsubishi Electric Corporation, Japan,

Manufacturing Engineering Center, Mitsubishi Electric Corporation, Japan

Area 5: Concentrator Photovoltaics, III-V and Space PV Technologies

Flexible, High Specific Power Triple-Junction Solar Cell Sheets and Applications

H. Miyamoto, R. Chan, C. Stender, A. Hains, C. Youtsey, V. Elarde, J. Adams, R. Tatavarti, M. Osowski
and N. Pan

MicroLink Devices, Inc., USA

Area 6: Organic, Dye Sensitized and Perovskite Solar Cells
Cloride Assisted Perovskite Solar Cells with High Efficiency

Ludmila Cojocaru?, Satoshi Uchida?, Ajay Kumar Jena®, Tsutomu Miyasaka®, Kazuteru Nonomura),

Takaya Kubo! and Hiroshi Segawa!)
DResearch Center for Advanced Science and Technology (RCAST), The University of Tokyo, Japan,
2Komaba Organization for Educational Excellence (KOMEX), The University of Tokyo, Japan,

3Graduate School of Engineering, Toin University of Yokohama, Japan

Area 8: Systems, BOS components and Grid Integration

Utilization Method of Surplus Power of Photovoltaic Generation System by Using Heat Pump
Water Heater and Battery Energy Storage System. -Improvement for Re-planning and Real
Time Control of Heat Pump Water Heater and Electric Vehicle -

Eitaro Omine, Masahiro Asari and Hiromu Kobayashi

Central Research Institute of Electric Power Industry, Japan

Area 9: PV Deployment; Industry, Market and Policy

Assessment of Photovoltaic Learning Curves and Model Parameterization of Module Efficiency
Trend for Industrial Crystalline Silicon and Thin Film Technologies

Yifeng Chen, Zhiqgiang Feng and Pierre Verlinden

State Key Laboratory of PV Science and Technology, Trina Solar, China

Thailand PV Power Plants and Roof-Tops Status in 2014
T. Chenvidhya, K. Kirtikara and D. Chenvidhya
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CES Solar Cells Testing Center, Pilot Plant Development and Training Institute, King Mongkut's
University of Technology Thonburi, Thailand

Joint Session 3, Area7 & 8

Uncertainty in Energy Yield Estimation Based on c-Si Module Round-Robin Results

B. Mihaylov", J. W. Bowers", T. R. Betts", R. Gottschalg?, T. Krametz?, R. Leidl?, K. A. Berger?,
S. Zamini?, N. Dekker®, G. Graditi?, F. Roca®, M.Pellegrino®, G. Flaminio®, P. M. Pugliatti®,

A. Di Stefano®, F. Aleo”, G. Gigliucci®, W. Ferrara®, G. Razongles®, J. Merten®, A. Pozza?),

A.A. Santamaria Lancia”, S. Hoffmann®, M. Koehl®, A. Gerber?, J. Noll?, F. Paletta'?,

G. Friesen'" and S.Dittmann'V

DCREST, Loughborough University, UK, ?AIT GmbH, Austrian Institute of Technology, AT,
3JECN, Petten, NL, YENEA,IT, YENEL Engineering and Research SpA, IT,

OINES, National solar energy institute, FR, "JRC-ESTI Renewable Energy unit,

European Solar Test Installation, IT, ®Fraunhofer ISE, DE, Forschungszentrum Juelich GmbH, DE,
1ORSE IT, 11)SUPSI, CH

11 Young Researcher Award & H#H LDEL G E

(8) Special Paper Award -Most Valuable Technology 2014-

2014 13, Si KGO #ZN R EEVOBLE TRERER RO, T TH/ 3T
V= IR R LT BN R (25.6% @ 143.7cm?) D HIT BLiL, R OFFEEICRKE
AL e G2 HEEHIT, 2014 FITHK) 15 F5DIC Si O KEGEMO LI RO FLERH D
B2 HNDHEND epoch- making 724 &72572, WCPEC-6 (2B T, 25.6% D HIT /LI
B DA GER R DM DM T o2, ENHDOFR L O THRIZ FREDFE RT3 L THRe
B MVT2014 (Most Valuable Technology 2014) 73% 5-&i7=,

Area 4: Wafer-Based Crystalline Silicon

Development of 25.6% Record Efficiency Silicon Heterojunction Solar Cell

N. Matsubara, K. Masuko, K. Fujishima, M. Kai, T. Tsunomura, T. Yamanishi, T. Takahama, M. Taguchi,
E. Maruyama and S. Okamoto

Solar Business Unit, Eco Solutions Company, Panasonic Corporation, Japan
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AREA 4 AWeO.19.1

(Invited) Development of 25.6% Record Efficiency
Silicon Heterojunction Solar Cell

N. Matsubara, K. Masuko, K. Fujishima, M. Kai, T,
Tsunomura, T. Yamanishi, T. Takahama, M. Taguchi, E.
Maruyama and S. Okamoto

Solar Business U -co Solutions Company,
Panasc

X112 MVT2014%EE& i nr 0B8R

8. epldxmE

(1) PVSEC 30 A452a DVD DfERK & BeAR

55 1 [ PVSEC (PVSEC-1) 7% 1984 4R {247 CRAME S AU To 6 TEE, 30 05 L
72. & Z T PVSEC Ali% 30 JAFEZF&E L, Z4UE TIZBE 4172 PVSEC @ Technical
Digest % #8#& L 7= DVD(30™ Anniversary Technical Digest)% 1417 L. WCPEC-6 2%
A B ICEREAT T 5 & & BT, PVSEC EESHMEE 28 L CEEOHRAF O PV
g8 oA LTz, YERGER%ER 3000,

>

30t Anniversary

30tn Anniversary

Technlcal Dlgest

Te(hnical Digest

International Photovoltaic Science and
Engineering Conference

1984~2013 SOI—AR

RONTIER

International Photovoltaic Science and
Engineering Conference

'ﬁ %%L_%‘}EIIE 1984~2013

1 3 PVSEC30 JA4-5ta & L TER L7= DVD(30™ Anniversary Technical Digest)

(2) Bmw

KEGEMSR 70T Y 2 — /VAME BLUEREE, S OITIERKEEEES AT L2580
TRLF—Fy NI HBEEFEICBIT MR NRKE B L TV AR Z I E
Z. B, AWMFZERKE ., 5. SHEEE - EAREDNOHEZZED | mEEMmOEIN
B ORI & 2 DR L R D BRI FOBRER N T DR R T — A a—F—%&T
7o, BaRE~OHRMEZE, WX 181, 20 a~v & o7z (E5)
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#5 BERE~OHEARRE, WK

1| 5o Rt DuPont Kabushiki Kaisha
2 | =2y 7 RS ESPEC Corp.
3 VIFE T 7 7 ) —F kA4 JFE Techno-Research Corporation
4| BIER A S bu =2 AR Nisshinbo Mechatronics Inc.
S | AWAENEAN SRS The Japan Society of Applied Physics
6 | MNIATEGEN  BHEEATEEEERS | Japan Science and Technology Agency (JST)
7 THRMHTEN KR RBRBEAE | JAPAN ELECTRICAL SAFETY

FF(JET) & ENVIRONMENT TECHNOLOGY LABORATORIES
8 Airlight Energy
9 | kSt = A a— EIKO Corporation
10 | sEal bR AL EKO INSTRUMENTS CO., LTD.
N S PPN vy, FUJIFILM Corporation
12 kB r T3 Hlatt KIKUSUI ELECTRONICS CORPORATION
13 Ekiffj—:\f“_ iCjEEE TTALT SCREEN Finetech Solutions Co., Ltd
14| st pg kAt Seishin Trading Co., Ltd.
IS | AAE I 7 Rkk&tE Semilab Japan KK
16 | gkt g « Dy Xy Silvaco Japan Co., Ltd.
17 Sinton Instruments
18 | Ak SAL TELJIN LIMITED

X1 4

9. JV—IxSulIh
V— L TFa s SR LS g bRy N LT,
A A=V

JEIRE DR
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Rk 26 4F 11 A 23 H (H) . 18:00-20:00, Swan
ZINE K 350 44

AV
Rk 26 45 11 A 26 H (K) ., 19:00-21:00, Event Hall
SINEEL K 400 44 (N, FEFRFR (BB E72E) 80 44)

X16 /oy hOkES

10. Z&i5E, L5
AREBEEZHIZERNDD 700 44 . WA 500 4, 511200 4 DS NE T EL ., SaFbEED
el T IR AR BT, B L EMRE L EI TSN E T, ZNHOREE L, Ak
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2N DB EEFE N TRET LG TENRIDONERTTHYET 2, ZINHE
AN TR TELHUINIEEDEEREFHOEFINO L THIRENRHY | MERRE O—H 400
T % GERER R OFESLD T I E s THRYTHIEEWELELT,

F77. B DT>, Web /3 F— A8, Technical Digest 07 7L ANy 7 ~DEttnm
TOFI, 7—b—T7 LA VB D IR FEOH#A BV LELT,

(1) Z&ms
HRREEZ TRLO 4 4L RBUHEEIT, KEMEEN JSHABAFZERT KA
LELZ
S REH
IR Bk GHRE B R O TR AR BB T2 set)
EH MACGEEHEZER Y —T—Tnr 747 &)
Pa)ll i — (e fEtE Rl & B AR M EE NS AR EAFZERT)
FAm PRl (a2 B R RER K FH L)

BEEEOTHREET W 112 LT FREEIL 430 TFIZELELZ, ZHfFE20
7212 =1E ND& FRE Fe6125e &8 =L E7,

#6 FHEAN—HT
1 (BR) =7 - v —2—#EBFEITERT | Air Water Inc.
2 | AR A A Asahi Kasei Corporation
3 ISt a—z V=TS Eiko Engineering Co., Ltd.
4 ) o Foundation for Promotion of Material Science and
*ﬂriﬂ?f HHEN  FEVRR 2 BT i B [ Technology of Japan
5 LB S BARBAF A - .
@ L R ZE T Fuji Electric Co., Ltd.
6 | Bk &K WHES Meidensha Corporation
7 | ZZEEMARAST Mitsubishi Electric Corporation
8 | 73 v ARt Namics Corporation
9 | kSt BERAVAT A RTS Corporation
10 | 42 kst SAMCO INC.
| =ppmppl sty — 95— vgza=y | Sanyo Electric Co.,Ltd
12| v—5—guo5 0 7S Solar Frontier K.K.
13 | MHhRERIRR SR A WFZE P Toppan Printing Co., Ltd.
Toshiba Mitsubishi-Electric Industrial Systems
14| A R Y ARt Corporation
5|y — - 774 07 2K EHE Tosoh Finechem Corporation
16 | Zd" 11 iR S AL Mizuho Information & Research Institute
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(2) 54
KT IEHICEAT R

U | pEal 7Rt Asahi Glass Co., Ltd.
2 Deutsche Gesellschaft der JSPS-Stipendiaten e.V.
3| Fa B U sEtt Du Pont Kabushiki Kaisha
4 | LSS EIKO Corporation
5 | R fhro g a—z =T ) 7 EKO Instruments Co., Ltd.
6 | =2~y R EHE ESPEC Corp.
7 Jinko Solar Co., Ltd.
8 | Bkt A KANEKA CORPORATION
9 | EHEEIRA S KYOSHIN ELECTRIC CORPORATION
10 | =EBmppA st Mitsubishi Electric Corporation
1| =3 ettt Mitsui Chemicals,Inc.
12| 23 121 e kU At Mizuho Information & Research Insutitute
13 | RASHNIT 772U 7 4 —X NTT FACILITIES, INC.
14| v = 7 piXett Panasonic Corporation
15| Q CELLS Q CELLS
16 | vy—7" X4t Sharp Corporation
U7 | TANAKA AR — V7 ¢ v 7 ARt TANAKA HOLDINGS Co., Ltd.
18 | svevy =y)v) Bkt Toray Engineering Co.,Ltd.
19| gLkt Toray Industries, Inc.
20 | Raastbcs TOSHIBA CORPORATION
21 | W) e )=g=- v o0 iR Trina Solar Ltd.
22 UL Japan, Inc.
23 VDE Global Services Japan Co.,Ltd.
(3) BhEk

SRR T LD KBIBREFR =~ a PRI SR B i &L CL P 27 45 2 A 24 AFFIHIC
T 250 JTH O ZRZITELZ,
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PVSEC Organizing Committee
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Takaya Kubo University of Tokyo
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(1) WCPEC-6 EEZEBS

Asia PVSEC Asia PVSEC IEEE PVSC EU PVSEC
Chair Vice-Chair Vice-chair Vice-chair
General M. Konagai B.J. Stanbery, Heliovolt A. Jager-Waldau
(Tokyo Tech)
General Affairs A. Yamada A. Asano

(Tokyo Tech) (Solar Frontier)

Program M. Kondo (AIST) A.Terakawa R. Raffaelle J. Carabe
(T.Fuyuki, Rochester Institute of
M.Yamaguchi) Technology
Fund Raising H.Tamai
(Solar Frontier)
Fund T. Wada T. Takamoto (Sharp)
(Ryukoku Univ)
Treasurer H. Okamoto
(Univ Osaka)
Publication S. Niki (AIST) N.Usami (Tohoku Univ) Seth Hubbard, RIT EU PVSEC
Publicity Y. Ueda (Tokyo Tech) M. Kameda (JPEA) Larry Kazmerski, NREL EU PVSEC
Local Affairs H. Takakura M.Yamatani (kyocera)
Tutorials S. Nonomura S. Wakao David Wilt, AFRL
(Gifu Univ) (Waseda Univ)

Parallel Events

H. Ossenbrink
PV in Urban- and
Landscaping

Exhibits T. Fuyuki (NAIST) A. Masuda (AIST)

Social M. Tanaka (Panasonic) Y. Ohshita

Program (Toyota Tech Inst.)

WCPEC Award M. Yamaguchi Robert Walters, NRL W. Palz

(Toyota Tech Inst.)

(2) WCPEC-6 Fu 2S5 ALrZEES

Program Chair Michio Kondo (AIST, Tokyo Tech, Fukushima Univ.)

Co-chair AP Akira Terakawa (Panasonic)

Co-chair EU Julio Carbe (CIEMAT)
Co-chair US Ryne Rafael (RIT)
General Advisor  Masafumi Yamaguchi (TTI), Takashi Fuyuki (NAIST)
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pEE RIS Area Chair | ;o pySEC | IEEE PVSC | EU PVSEC
Area 1 New Concepts and New Y. Okada K.Matsubara S.Hubbard J. Poortmans
RS elE ot it S CalDIGUICE . Bttty ooyt ST Ry =0
Area 2 Thin Film Silicon Based A. Terakawa T.Matsui A.Smets Ch. Ballif
Photovoltaics (Panasonic) (AIST) (Univ Delft) (EPFL)
Area 3 Thin Film Compound T. Wada K.Kushiya R.Noufi B. Dimmler
Semiconductor Based PV (Ryukoku Univ) (Solar Frontier) (NREL) (Manz Co.)
Area 4 Wafer-Based crystalline Y. Ohshita A. Ogura Qi Wang W. Sinke
silicon PV (Toyota Tech) (Meiji Univ) (NREL) (ECN)
Area 5 Concentrator Photovoltaic, T. Takamoto M.Imaizumi S.Bailey A. Bett
NN S SO e A A N T A ev e ot e IC I ara) [IAVAN INACAN (FhISE)
1i-v aia opac rv |cu|||lu|uglco \onaip) \WAAMR) UNAOA )
Area 6 Organic and Dye S. Hayase Y.Yshida D.Ginley G. Dennler
Sensitized Solar Cells (Kyusyu Tech) (AIST) (NREL) (IMRA)
Area 7 Characterization of Y. Hishikawa Y. Eguchi S.Kurtz Tony Sample
Performance and Reliability (AIST) (JET) (NREL) (URC)
Area 8 PV Modules and Systems Y. Ueda K.Kato J.Stein (Sandia ~ F- Baumgartner
Including BOS Components (Tokyo Tech) (AIST) National Lab) (Zurich  Univ of

Applied Sciences)

Area 9 PV Deployment; Industry,  H.Yamada |. Kaizuka J.Benner S. Nowak (Nowak
Market and Policy (NEDO) (RTS) (Stanford Univ)  Eneray & Tech

LTD)

Regional Program Committee

Japan/Asia/Pacific

Japan

Yasuaki Ishikawa (NAIST), Masakazu Sugiyama (U of Tokyo), Shuhei Yagi (Saitama Univ) Shinsuke
Miyajima (Tokyo Tech)

Kimihiko Saitoh (Fukushims Univ.), Kenji Yamamoto (Kaneka), Keisuke Ohdaira (JAIST), Mika Kambe
(AGC), Jun Lin (TEL Solar), Takashi Itoh (Gifu Univ.)

Akira Yamada (Tokyo Tech), Kazuhiko Funakwa (Honda Soltec), Hironori Katagiri (Nagaoka-ct),
Takayuki Negami (Panasonic), Shigeru Niki (AIST), Takashi Minemoto (Ritsumeikan Univ.)

Noritaka Usami (Nagoya Univ.), Yuichi Sakai (MELCO), Yoshiyuki Nasuno (Sharp),Yasuhiro Matsubara
(Kyocera), Koji Arafune (Hyogo Pref. Univ.)

Kenji Araki (Daido), Kensuke.Nishioka (Miyazaki Univ.), Nobuaki Kojima (TTI)

Tsutomu Miyasaka (Toin Yokohama Univ. ), Hiroshi Segawa (U of Tokyo), Liyuan Han (NIMS),
Masahiro Hiramoto (Institute of Molecular Science), Hideo Ohkita (Kyoto Univ.), Itaru Osaka(Riken)

Tomonao Kobayashi (Gifu Univ.), Kengo Morita (TUV Japan), Tadanori.Tanahashi (ESPEC), Haruhiko
Nakaniwa (Dupont Japan), Takuya Doi (AIST)

Takashi Ozeki (AIST), Kazuhiko Ogimoto (U of Tokyo), Ryoichi Hara (Hokkaido Univ.), Hiroyuki Hatta
(CRIEPI), Takayuki Tanabe (Meidensha)

Keiichi Komoto (Mizuho Information & Research Institute, Inc.), Keiichiro Sakurai (AIST), Masanori
Ishimura (NEDO), Masaaki Kameda (JPEA)
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China/Taiwan

Yuwen Zhao(Beijing Institute of Solar Energy), Ying Zhao (Nankai Univ), Deren Yang(Zhejiang
University)

C.W. Lan (National Taiwan University), C.C. Tsai(National Chiao Tung University)

Korea
Donghwan Kim (Korea Univ), Junsin Yi(Sungkyunkwan University), Kyung Kon Kim( Ewha Women's
University), Kyung Hoon Yoon (KIER)

Thailand
Krissanapong Kirtikara(KMUTT), Dhirayut Chenvidhya(KMUTT), Kobsak Sriprapha(NECTEC) ,
Amornrat Limmanee(NECTEC)

India
Swati Ray (Indian Association for the Cultivation of Science)

Singapore
Armin Aberle (SERIS), Thomas Reindl (SERIS)

Australia
Richard Corkish (UNSW)
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WCPEC Award

Members

Chair Vice-Chair Vice-Chair
M. Yamaguchi .
(Toyota Tech. Inst., Japan) R. Walters (NRL, USA) A. Lugue (UPM, Spain)
PVSEC IEEE-PVSC EU-PVSEC
M. Green (UNSW, Australia) S. Bailey (NASA, USA) P. Helm (WIP, Germany)

D. Kim (Korea Univ., Korea) D. Carlson (BP Solar, USA) B. McNelis (IT Power, UK)

M. Kondo (AIST, Japan)

M. Konagai

(Tokyo Tech. Inst., Japan)
K. Kurckawa

(Tokyo Tech. Inst., Japan)

J. Song (KIER, Korea)

(4) WCPEC HFH#MZR=

Chair

Vice-Chairs

Secretary

S. Bailey (NASA)

D. Flood (Vangard, USA) H. Ossenbrink (EC-JRS, Italy)

L. Kazmerski (NREL,

R. Schwartz
(Purdue Univ., USA)

C. Wronski

(Penn State U., USA)

H. Ossenbrink, M. Konagai

M. Yamaguchi

USA) W. Palz (WC-RC, Belgium)

J. Scmid (ISET, Germany)

W. Sinke (EC, Netherlands)

_ Asia PVSEC IEEE PVSC EU PVSEC

members

M.A. Green
D. Kim

M. Kondo

K. Kurokawa
C-W. Lan

J. Song

M. Tanaka,
Y. Zhao

J. Benner,

D. Flood,

L. Kazmerski
R. King

R. Raffaelle
B.J. Stanbery,
R. Swanson
R. Walters

D. Wilt

C. Wronski
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(1)
Eas Asian Nations Joint Workshop on Photovoltaics
(JSPS 11th Workshop on the Future Direction of Photovoltaics)
B P Kyoto International Conference Center, Room B-1
BAfE H Nov. 23 (Sun), 2014
(2)
AR IEA PVPS Workshop at 6th WCPEC Kyoto, Japan
“Challenges and Promises to Large Scale PV Development”
B P Room D, Kyoto International Conference Center
BAfke H Tuesday, 25th November, 2014, Time: 10:00— 17:30
(3)
A FR AIST-NREL Joint Workshop on Photovoltaics
BRI AIST-FREA, Koriyama, Fukushima, Japan
PrfEE B November 21st, 2014
(4)
AR WCPEC-6 Satellite Meeting on Organic Photovoltaic Cells
Bl AT Kyoto International Conference Center
BifeE A 22 November, 2014, from 13:00 to 20:00
(5)
Eas 10th Anniversary Event: Museum of Photovoltaics
Presented by the 175th Committee on Innovative Photovoltaic Power Generating
Systems, JSPS
Bt A Room I, Kyoto International Conference Center
PrfEE B 12:00-17:00 November 24th, 2014
9:00-17:00 November 25th, 2014
(6)
B WCPEC-6 Satellite Meeting on Perovskite solar Cells
Bl AT Kyoto International Conference Center
PrfEE B 22 November, 2014, From 9:00
(7)
e International workshop for young researchers on thin film compound semiconductor
solar cells
BiftE 5 P Ryukoku University Avanti Kyoto Hall
BAfke H November 28 (Fri.), 2014
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PVSEC-25, Busan, Korea, November 15-20, 2015

PVSEC-26, Singapore, October 23-28, 2016
PVSEC-27, Otsu, Shiga Prefecture, 2017
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