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< AIST

PV to be a pillar of energy

 Lower Cost & Supply Chain

— Higher efficiency

— Material, Process, Installation, O&M (Reliability)
 Best Energy Mix

— PV, Wind, Gas Turbine, Base-Load,

* Energy Storage

— Long term by H2, Short term by Pumped hydro and
Battery

e Grid Operation and Monitoring
— Demand and supply control
— Risk of Uncertainty
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< AIST

PV Technologies; Variety of materials

N — Mono c-Si
Silicon
— Multi c-Si
— Thin film Si
Compound  __ Monocrystalline

semiconductors

25.6%
20.7%

16.3% (~13% stab.)

(InGaP, InGaAs,Ge) (~44.7%)
Cu(ln, Ga)Se, (21.8%)

__Polycrystalline——7 CdTe (20.4%)
L_CuZnSnS (11.190)
Perovskite (20.1%)
Organic | Thin film (solid) (12 %)
Dye-sensitized (12.9 %)
Quantum effect —— Quantum dot, multi-quantum-well (8.6%b)
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AIST

Best Research-Cell Efficiencies

i INREL

NATIOMAL RENEWABLE ENERGY LABORATORY

Multijunction Cells (2-terminal, monolithic)

LM = |attice matched

MM = metamorphic

IMM = inverted, metamorphic

V' Three-junction (concentrator)

¥ Three-junction (non-concentrator)

A Two-junction (concentrator)

A Two-junction (non-concentrator)
Four-junction or more (concentrator)

O Four-junction or more (non-concentrator)

Single-Junction GaAs
A Single crystal

A Concentrator

V' Thinfilm crystal

Crystalline Si Cells

B Single crystal (concentrator)

B Single crystal (non-concentrator)
O Multicrystalline

4 Thick Sifilm

® Silicon heterostructures (HIT)
WV Thin-film crystal

100%

Thin-Film Technologies

© CIGS (concentrator)

® CIGS

O CdTe

O Amorphous Si:H (stabilized)
4 Nano-, micro-, poly-Si

circulators

tandem (n—==)
hot carrier
Jttandem (n=8)
tandem {(n = 3)
Emerging PV
O Dye-sensitized cells
O Perovskite cells
® Organic cells (various types)
A Organic tandem cells

impact ionisation
tandem (n = 2)
down-converters
single cell

hermal, thermoPYV, thermlompm 20 9x) )
impurity PV & bandRup-eotivertersh
oy purity Pup

(MM, 179x)

NREL (IMM)
NREL

4 Inorganic cells (CZTSSe) Boeing-
<> Quantum dot cells 0% Spectrolab
° Spectrolab SHE;‘?HCI r]“]at_ N
NREL/ pectrolab
Japan Specik) Spectrolab __jgeenttt
NREL £nergy

Varian NREL

Varian (216x)

EZCE‘X\&

SunPower

Spectrolab
Radb

Amonix
=== (92X)

R adboud U

Sharp
Solar  (IMM, 302x)
So Junction Soitec
ire (LM, 942x)
Hdl tor i el 4.7% |o]
X) & 44.4%)4
= NREL
:.:—(a:mé?éx]: (4, 327%)
NREL Sc-l;r 0eing-
(IMM, 325.7%)  Junction Specfrolab ) gFTO
.. W'Y Sharp (IMM) 37.9%h 4
s “ (IMM
Ry
REL (IMM) Sharp
L CERLRIEE ' FhG-ISE A

FhG-ISE
oo (7 Ata A A
evices Alta
boud U e isE AA Devices
(232) iz Panasonic o
=ZAFh D Dev ioes SunPower A

NRE‘

Sanyo

Sanyo Sanyo

Panasonic

1P:mREL
Flox

Pa F‘%OWI\, NREL
‘x"°'zsw (14.7%)
Solexel

- NREL NREL SR
NReL NREL NREL | NREL  NREL TR0 oy oant _ Eraunhofd ISE
| i Shap ¥
— m——0b — LS‘.UH& —(amﬂef")m' ﬁMltsueblshl i icl
Solar '_United Solar (aSiincSincSi) e
— Boeing, Kodak Kodak ARCO Boeing Sharp
Kodak Photon Energy -O—
Matsushita
— U.of Maine N .
NREL / Konarka  Konarka
U.of Maine Groningen U. Linz
i ',H - U. Toronto
— O extronics AL Heliatel (PbS-QD)
Siemens U. Dresden NREL
RCA (ZnO/PbS-QD)
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AIST Global Market of PV

(GW)
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mm Latin America
Middle East

mm Africa
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1
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2014 1015 1D1E 2017 2018 2019 2020

Source : Navigant Research
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AIST Potential opportunity

WORLD MAP OF GLOBAL HORIZONTAL IRRADIATION GeoModel

e e ’\_,{'\ = T e T e e S R

e 7
i g

Solargis

http://solargis.info

SolarGIS © 2013 GeoModel Solar

Long-term average of: Annualsum <700 ©00 1100 1300 1500 1700 1900 2100 2300 2500 2700 >

. T

Daily sum <20 25 30 35 40 45 50 545 60 65 70 75>

EU JP MENA

wITFREA FE e i RS S FL R



Strategy for Materials

Thickness: 20 um I I I

200
175 4
150 +
— 125 o
E 100

75
50
25 -
] ZnS

2013 2014 2016 2018 2021 2024 C u I n S e 2

—— Avg. wafer thickness multi + mono C d S

—#— Minimum wafer thickness C Z S S 2
Maximum wafer thickness C d T C u G aS 2 u n n e

—&— Limit of cell thickness in current module technology e

—&— Limit of cell thickness in alternative module technology
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AIST Dispatchability of RE

Short term : Battery, Pumped hydro (20 GW)
Long term : Hydrogen

“" Hydrogen as Energy Carrier

P e 5

'll‘

BBl =HhzE e
n (SERIER)

KERE

NLI> KBTS
(CsHsCH3) ASTERIRAFTA

BADSDKFEFIRAT
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Real Time Monitoring

Relative output from 10.06.2014 - 14:15 Source : SMA

Daily Variation of PV Power
in Germany

04:45 22:30

18 GW

-y, .
‘
0GW : ‘I 37 GW

Current PV Power in Germany™

23.8 GW

*projected current output of all PV plants
installed before 31.05.2014 with a total
36.57 GW nominal power according to the
German Federal Network Agency.

Grid operation !
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ZERO-Energy Building (ZEB) ; Additional Value

Demonstration of ZEB

~60 KW PV
Rooftop c-Si
Facade organic

Machine Space T T_Green EEMS
AEI=yh — B _
B 2
FEFUYETIVR L ZEB Workplace Lab
T
4 ! s
- B
Generation  tresh Ar : 6B Workehace EWMOAFL
1
S ——F 1
. Tas-Fine
L Erfrance Reception Roam
Consumption il SRR
H ,g— W‘ -
B Isolation Pi _
. ase Isolation Pit P
| |L:

Source: Taisei Corporation
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