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Outline of the Roadmap PV2030+

1. Introduction - background and purposes of the review of the Roadmap (PV2030)

PV Roadmap Toward 2030 (PV2030) was formulated in 2004, aiming for “developing photovoltaic
(PV) power generation into one of the core energies by 2030”. Since then, PV2030 has been
widely used as a guideline for Japan'’s technological development. After the formulation of PV2030,
crude oil prices exceeded $ 100 per barrel and various phenomena caused by global warming
have been observed here and there. Depletion of energy resources and concerns over global
warming have come to the surface. Great expectations have been placed on photovoltaic (PV)
power generation as a key technology to solve these issues. At the time PV2030 was formulated,
the Japanese government was providing subsidy for installation of residential PV systems, which
led the global PV industry and market. Feed-in-Tariff (FiT) scheme was introduced in Germany
and expanded to other countries. With the introduction of FiT schemes, Europe has enjoyed the
central position in the development of PV power generation. More recently, PV production in East
Asia has also been rapidly growing. In the technological development, European countries and the
U.S. have been committed to promoting technology innovation. As such, the global PV industrial
arena has been shifting from where Japan took the lead in the global PV industry in the areas of
technological development and formation of industry, to a stage where global development has

been observed. Accordingly, the position of Japan’s PV industry has been relatively slipping.

Against the backdrop of changes in the circumstances over the period of four years after PV2030
was formulated, PV2030 has been reviewed based upon the concept of “making PV power
generation one of the key technologies which plays a significant role in reducing CO, emissions by
2050, so that it can contribute not only to Japan but also to the global society”. The review of
PV2030 has the aim of further expanding PV usage and maintaining the international

competitiveness of Japan’s PV industry.

2. Changes in the circumstances after the formulation of PV2030

Global energy consumption has been significantly rising due to increase in global population and
economic growth of emerging countries such as China. Meanwhile, Kyoto Protocol, concerning
reduction of greenhouse gas emissions (GHGs), came into effect in 2005. At the G8 Hokkaido
Toyako Summit in 2008, a long-term goal of “reducing GHGs by 2050” was shared by the global
society and various measures to achieve this target have been implemented in Japan. Amid these
circumstances, PV power generation has drawn attention as a significant solution technology and
the goal of increasing introduction of PV systems twentyfold by 2020 and fortyfold by 2030 from
the current level was set. In 2009, a subsidy program for residential PV systems was started again

while the introduction of a program to oblige electric utilities to purchase PV power at preferred



rates is discussing.

PV markets across the globe have been largely growing, in particular in European markets with
the introduction of FiT schemes in Germany. From the technological perspective, entries by
companies providing manufacturing equipment made it possible for businesses to enter into the
PV industry with turnkey solutions. Asian businesses which took advantage of this approach have
been rapidly growing. As shown in Figure 1, global PV industry has made a significant
development over the past four years. Global solar cell production increased from 0.7 GW to 3.7
GW along with large expansion of production capacity. Amid the growing trend, Japan’s production
has almost doubled over the same period. Despite the production increase, Japan’s market share
decreased from 50 % to 25 % with production capacity also dropping from 40 % to 20 %.

On the other hand, as for the technological development, “R&D on innovative power generation
technology”, an R&D project to seek for seeds of ultra-high efficiency solar cells started in Japan in
FY 2008. In Europe, R&D activities have been promoted under the “Framework Programme (FP)”
of the European Commission (EC), covering from basic technologies to application technologies
for a wide range of areas such as solar cells and system utilization technologies. In 2005,
“European Photovoltaic Technology Platform (PVTP)” was established. In the USA, “Solar
America Initiative (SAI)” was formulated, under which “PV technology roadmap” was reviewed and
various technology development programs have been conducted to achieve the target by five

years ahead of schedule.

(2003) (2007)
Cumulative installed capacity: global 1,809 MW/ Japan 860 MW Cumulative installed capacity: global 7,841 MW/ Japan 1,919 MW
Annual installed capacity: global 488 MW/ Japan 223 MW Annual installed capacity: global 2,251 MW/ Japan 210 MW
Annual production: global 744 MW Annual production: global 3,733 MW
Japan 364/ USA 103/ Europe 193/ RoW 84 MW Japan 920/ USA 266/ Europe 1,063/ RoW 1,484 MW
Annual production capacity: global 1,280 MW Annual production capacity: global 7,093 MW
Japan 520/ USA 299/ Europe 367/ RoW 95MW Japan 1,555/ USA 433/ Europe 2,042/ RoW 3,063 M

Figure 1 Changes in the PV market after the formulation of PV2030

3. Direction of the review of PV2030

PV2030 has been reviewed by upgrading the goal of “making PV power generation one of the key
technologies by 20307, to “making PV power generation one of the key technologies which plays a
significant role in reducing CO, emissions by 2050, so that it can contribute not only to Japan but
also to the global society”, and the revised roadmap was compiled as PV2030+ (Plus) through the

following approaches.

1) To consider the growth of PV power generation over the extended period towards 2050 from
2030



2) To assume volume expansion of PV power generation to the extent that it would contribute

to global warming
3) To maintain the concept of “realizing Grid Parity” in terms of improving economic efficiency

4) To examine not only technological issues but also issues regarding PV systems, social

framework, etc. from a wider perspective
5) To consider supplying PV systems by Japanese businesses to overseas

6) To present specific goals and framework of efforts to achieve the goals

4. Goal of PV power generation toward 2050

Figure 2 shows the details of PV2030+ (Plus). In PV2030+ (Plus), the target year has been
extended from 2030 to 2050 and a goal of covering 5 ~ 10 % of domestic demand for primary
energy by PV power generation in 2050 was set, as a volume expansion to contribute to tackling
global warming issues. For overseas markets, PV2030+ (Plus) assumes that Japan can supply
approximately one-third of the required volume. For the improvement of economic efficiency, the
concept of “realizing Grid Parity” remained unchanged and the generation cost targets have not

been changed from PV2030 (14 Yen/kWh in 2020, equivalent to the cost of electricity for
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Figure 2 PV2030+ scenario for future growth of PV power generation



commercial use, and 7 Yen/kWh in 2030, equivalent to the cost of general power source). Another
goal of “achieving generation cost of below 7 Yen/kWh in 2050” was added. As for the
technological development to achieve these goals, it is aimed that the 2030 target will be achieved
in 2025, five years ahead of the schedule set in PV2030. It is also aimed that ultra-high efficiency

solar cells with 40 % or higher conversion efficiency will be developed by 2050.

As for the use of PV power generation, phased progress toward Grid Parity will accelerate the
expansion of PV usage in terms of volume, as shown in Table 1. It is assumed that applications of
PV power generation will expand from the use for electricity consumption at home to the use as

replacement for energy from fossil fuels emerging by the shift to electrification in energy

consumption.

Table 1

Phased progress to achieve Grid Parity and forms of PV usage

Phase (Period)

Grid Parity coverage and major
applications

Performancel technological
standards

Technology
development

Development to 1st phase Grid Parity,

- Cost reduction

(E“f;‘g’oﬂo) replacement for batteries, Development phase - Performance
P dissemination measures improvement
. {Technology development completed Lab. cell: 20 % .
e p;:;:ysrld in 2005} commercial module: 16 %, . :roﬂz;:;g;'
(2010 or later Household electricity: 23 Yenlk\Wh, grid connection technology, nghnolo
~2020) residential grid-connected PY establishing reliability of PV B im rovemge¥1t
systems systems P
{Technology development to be Lab. cell: 25 %
completed in 2017) commercial module: 20 %, - Technology

2nd phase Grid
Parity
(2020 ~ 2030)

Commercial electricity: 14 Yenfk\Wh
PV power for industrial/ transportf
commercial sectors, residential PV
systems with storage function

community system technology for
higher autonomy, estimate of
power generation in wider areas,
long-life systems

development
for commercial
use

3rd phase Grid
Parity
(2030 ~2050)

{Technology development to be
completed in 2025)

Equivalent to general power source :
7 YenikWh, PV power for transport
sector, large-scale power plants,
hydrogen manufacturing, industrial
use with storage function

Lab. cell: 30 %
commercial module: 25 %,
combined energy system using PV

- Development
of element
technologies

General use
{2050 and
beyond)

General-purpose power source: 7
YenflkWh or below, stand-alone PV
systems

40 % or higher ultra-high
efficiency modules in addition to
conventional technologies,
general-purpose power source for
various applications

- Exploratory
researches

As shown in Figure 3, it is assumed that potential PV capacity of new applications in Japan by
around 2050 will be as follows: 1) 150 ~ 200 GW in the consumer sector through community
energy management systems, etc. covering local shopping areas and public facilities; 2) up to
around 150 GW in the industrial sector for stand-alone applications for agriculture, etc. in addition
to demand for electricity in response to automation of production processes; and 3) 150 ~ 200 GW

in the transport sector including fuel switch through the introduction of electric vehicles (EVs).



Required supply volume of PV electricity for these new applications are expected as follows: 1) 6 ~
12 GW/year in 2030 and 2) 25 ~ 35 GW/year in 2050. Also, expected effects on the economy
include that the PV industry would grow to the scale of approximately 4 trillion Yen in 2050.

I ; Responding to electrification of

Grid-connected energy consumption
systems (residential D?ubtli_r;_g trt1_e currtr_ent_ Ieggégf
i electrification ratio in
housesi public (20 % = 40%)

facilities) New electricity demand of 500 bil.

kWh or more will be created
PV is a domestic resource without
resource issues or CO, burdens #

Community energy management systems
{Community EMS)

LY solar
i osystems

Energy-using
eguiprm et

-E' Fuel switch to electric vehicles
(EV's), power source for charging

Power source for automated manufacturing at
plants and for agriculture, etc.

Figure 3 Images of future use of PV power generation

5. Issues to achieve the goals

In pursuit of the desirable PV power generation as mentioned above, specific issues to be
addressed include the following: 1) improvement of economic efficiency; 2) expansion of PV
applications; 3) establishment and improvement of infrastructure; and 4) securing the international

competitiveness. Figure 4 shows the overview of these issues.

Improvement of economic efficiency or reduction of generation cost is the most significant issue to
expand the usage of PV power generation. To achieve this, it is necessary to develop
high-performance and low-cost production technologies for PV modules and system components,
design less expensive systems, simplify installation works, and increase the lifetime power

generation volume through extension of the lifetime of PV systems.

As for the usage of PV power generation, it is essential to establish technologies to use PV
systems to resolve mismatch between power generation volume and demand through connection

with grid electricity and surrounding energy systems as well as the use of storage functions.



Meanwhile, for expanding the usage and promoting technology development, it is vital to establish
technological and social infrastructures including establishment of reliability as industrial products
and establishment of recycle/ reuse frameworks. It is also important for Japan to continue taking a
leading role for the growth of PV power generation. It is significant to make efforts on establishing
a technological infrastructure in overseas markets, improving infrastructure and the environment

for the use of PV power generation, while cultivating human resources.

Expansion of use and applications

KCost reduction of PV modules ‘ Ultra-high Switch to easy-to-use energy

ffici
Cost reduction of system components sriiciency

> New applications
--Standards/ mass production

Longer lifetime of systems
Reduction of installation/ sales costs

Increased lifetime generation Expansion of
-- Longer system lifetime, higher component performanc
PV Usage

K Economic evaluation of added effects

Industrial development/ securing
international competitiveness

Industrial development
Establishment of supply framework

Improvement of infrastructure/ environment for PV usage Cultivating overseas markets
Establish reliability
Establish social infrastructure

Figure 4 Issues to achieve the goals

6. Details and goals of technology development

Maintaining the concept of “Grid Parity” for improving economic efficiency, PV2030+ (Plus) has the
goals of power generation cost as follows: 1) 2020: 14 Yen/kWh, equivalent to commercial
electricity; 2) 2030: 7 Yen/kWh, equivalent to industrial electricity. Another goal of “achieving power
generation cost of below 7 Yen/kWh in 2050” was added. To achieve these figures, specific goals

of technology development have been reviewed, as shown in Table 2 and 3.

Table 2 Target of power generation cost

Target year 2020 2030 2050

zeneration cost (Yen/ldWh) 14 Yenlkddth T venflkiéiWh < 7 Yen/kdWh




Table 3 Targets and milestones of module conversion efficiency ,and technology development
for practical use (reviewed)

Target year 2017 2025 2050
MWodule conversion efficiency (%) 20 % 25 % 40 %
[temn MWajor development activities and goals
Module production cost Higher efficiency, low-cost/ high productivity processes, longer lifstime

= {(Yeni) Development goals; 2017: 75 Yen/*, 2025: 50 Yen/, 2080 = 50 Yen/\W
g Higher module Technology reform of existing solar cells {development of ultra-thin crystalline Si
E performance cells, new wide-gap materials, multi/ hetero-junction cells, etc.) (see Table 4)
O
o . Study of module structure/ materials
= Longer module lifetime _ ] ]
% Development goals: 2017: 20vyears, 2025: 30 years (40-year technology)

Technologies to respond to | High-purity polysilicon supply technology, reduction of silicon consumption {3 gy |

raw materials issues reduction of Si consumption {wafer + kerf = 100 um) and rare metals
Durability improwvement, diversity, higher efficiency, cost reduction, integration of [T
£ Power conditioner functions
D Development goals for 2017 : production cost: 15,000 Yen/dn | lifetime: 20 years or
é more (with parts changes)
o Long-life batteries, lighter weight, longer lifetime, new type of electricity storage
£ | Storage technology for PV | Development goal for 2017: 10 Yen/wh, lifetime: 20 years or more (with parts
2} changes)
5}
Installation/ sales costs One-third to half of the current levels { up to 200 Yen/\y)

Major technological issues regarding production of PV modules include development of high
efficiency cell structures such as development of new materials, development of low-cost
production processes such as reducing the use of raw materials, improvement of module durability,
and so on. For crystalline silicon solar cells, it is important to develop a less expensive slicing
technology to manufacture ultra-thin wafers, as thin as 100 um or below and an ultra-thin high
performance solar cell technology to achieve 25 % cell efficiency. For thin-film silicon solar cells, it
is necessary to develop new materials to achieve efficiency of 18 % or more on multi-junction
(triple junction) solar cells. It is also necessary to develop a cell structure with optimized optical
management, and to develop a large-area high-speed film-forming technology. For CIS solar cells,
it is significant to realize high performance large-area modules with efficiency equivalent to that of
laboratory level modules. With this approach, it is required to address realizing high performance
thin-film solar cells comparable to crystalline silicon solar cells. Along with development of these
cell manufacturing technologies, it is also necessary to reduce the cost and improve durability
(current 20 years - 40 years) of modules, as well as to lighten the weight of modules. It is vital to
review materials and the structure of modules. Meanwhile, for further improvement of performance
after 2030, technology innovation is required for cell structures, materials, production processes
and so on. It is also necessary to promote examining new potential of solar cells such as quantum

dot nano structure materials and organic solar cells which are currently under development.

For system utilization technology, PV system utilization technology in harmony with electric grid
and energy supply and demand is required. It is necessary to develop system designs and

operation technologies in response to the form of use, through development of technology to



forecast power generation volume and optimization of storage function. For large-volume
utilization of PV systems, it is significant to establish reliability of PV systems. Performances,
power generation volume, safety and durability of PV systems need to be clearly indicated. To
achieve this, evaluation technology, diagnosis of defects and maintenance technology are

required.

On the other hand, for peripheral technologies, it is necessary to develop a method to evaluate
and use low-purity polysilicon materials and a technology to supply less-expensive flexible
substrates. Joint technology development with related industries including development of
alternative materials for rare resources is also needed. Examination of a technology in constant
consideration of the value chain of PV module production is required. Looking at the relationships
with overseas markets, necessary activities include technological trainings for developing
countries and proposals for establishment of international standards, based on technology

development.

7. Measures to achieve the goals

As mentioned above, it is necessary to take several more steps of technology innovation, focusing
on improving economic efficiency and performances to make PV power generation a
general-purpose energy source. In other words, to make PV power generation a core power
source, it is necessary to establish economic efficiency comparable to grid electricity. For
technology development, phased efforts in response to the level of targeted Grid Parity (the level

of economic efficiency) are required.

1) Technology development aiming for the 1st phase Grid Parity (23 Yen/kWh) is to be
conducted mainly by the industry. Main issues are industrialization and improvement of
previously-developed manufacturing technologies. Establishment of reliability of PV systems,
standardization/ simplification of PV systems as well as cost reduction of installation works

are also required.

2) Technology development aiming for the 2nd phase Grid Parity (14 Yen/kWh) is focused on
technology innovation of low-cost high efficiency solar cell manufacturing technology (75
Yen/W), extending the lifetime of PV modules and systems and technologies to design and
use autonomous PV systems. For this stage of development, it is significant to formulate a
comprehensive R&D plan covering commercialization of accomplishments, and conduct
technology development projects on core technologies, with special finding not only the cells
but also a material and peripherals, through the partnerships among industrial, academic

and governmental circles.

3) Technology development aims for the 3rd phase Grid Parity (7 Yen/kWh) and making PV a

general-purpose power source in the future. For achieving a high level of technology, this is



aimed at achieving power generation cost of 7 Yen/kWh or below with high conversion
efficiency of 30 ~ 40 % or more. It is suggested that this stage of development is conducted
mainly by universities and national research institutes as their R&D agenda for development

of elemental technologies and for seeds-seeking researches.

4) As for the technology development for establishing technological infrastructure, it is necessary
to be completed by the time the 2nd phase Grid Parity is achieved. Also, continuous R&D activities
by the national government are required for basic technology development and overseas
demonstrative researches conducted by universities and national research institutes, etc., which
are the basis for the technology development for establishing technology infrastructure and

responding to overseas.
8. Immediate activities

The next several years will be a period for establishing dissemination of PV power generation.
During this period, it is required to tackle issues regarding dissemination of PV power generation
in Japan and securing Japan’s international competitiveness separately as follows: 1) short-term
issues; 2) mid- to long-term issues; 3) super-long-time issues; and 4) issues regarding
establishment of infrastructure. Figure 5 shows the overview and Figure 6 shows of the immediate
technology development project image.. In this stage, diverse activities are needed to be
conducted in parallel, through the partnerships among industrial, academic and governmental

circles.

Activity 1 : System utilization technologies toward dissemination of PV systems, short-term
technology development with the initiative of the industry, in pursuit of technology
development/ demonstrative researches/ application development of system

components/ modules

Activity 2 : Aimed to achieve the 2nd phase Grid Parity (14 Yen/kWh) at an early date, mid- to
long-term development of next-generation high performance solar cell technologies
for achieving the 3rd phase Grid Parity (7 Yen/kWh) (securing international
competitiveness in the area of technology)

Activity 3 : Super-long-term seeds-seeking R&D on ultra-high efficiency solar cells toward the
PV usage as a general-purpose power source (currently conducted as R&D on
innovative power generation technology)

Activity 4 : Establishment of technology infrastructure (development of basic technologies) for
large-volume utilization and technology improvement of PV systems, strategic
efforts on standardization and contribution to overseas

Moreover, the performance target each of the solar cell conversion efficiency, module

manufacturing cost and longevity are set as shown in Table 4.
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Table 4 Development target by technology (Performance of PV cells/ modules (efficiency in %)},
module production cost (YenAA), lifetime (year))

current status 2017 2025 2050
e Module Cell Module el Module Cell
@) || o || e | @ | Mee
Crystaline Si ~18 25 20 25 5 | (30)
Thin-film Si ~11 15 14 18 18 20
cls ~11 20 18 35 35 a0 | ra-high 40 %

efficiency solar

Compound ~D5 41 35 45 40 50 | cells {additional
development)

Dve-sensitized - 11 10 15 15 18
Qrganic 5 10 12 15 15
cost, lifetime target
at 2025
Type _ .
Manufacturing Lifetime
cost (Yenhy) (Year)
Crystalline Si 50 30040)
Thin-film Si 40 30040
IS 50 30040
Compound 50 30040
Cwe-sensitized =40
Qrganic =40
Afterword

Since PV Roadmap Toward 2030 (PV2030) was formulated in 2004, it has been widely used as a
guideline for Japan’s technological development on PV power generation. This time, for the review
of PV2030, based on the changes in circumstances over the past four years, it was assumed that
the status of PV power generation will be upgraded from “being recognized as one of the core
energy technologies by 2030” to “supplying 5 ~ 10 % of primary energy demand by 2050”. Under
this assumption, the reviewed roadmap “PV2030+ (Plus)” presents issues to be addressed and
directions of activities in consideration of harmony with industries surrounding PV power
generation and social frameworks (environment for PV usage), while achieving Grid Parity in
response to each application on a phased basis. We hope that PV2030+ (Plus) will significantly

contribute to the development of future PV power generation.
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Progress in Photovoltaics B I8 TL\DEMIET—2 (A RBT—%) (STEk1)
Si(amorphous) 95+03 1.070(ap) 0.859 175 63.0 NREL(4/03)) U.Neuchatel
Si (thin—film submudule) 10.5+0.3 94.0(ap) 0.492 29.7 721 FhG-ISE(8/07) CSG Solar 1-2mm on glass 20 cells
Si(nanocrystalline) 10.1%+0.2 1.199(ap) 0.539 244 76.6 JQA(12/97) Kaneka (2mm on glass)
a—Si/ec—Si(thin submodule) 11.7+0.4 14.23(ap) 5462 299 71.3 AIST(9/04) Kaneka (thin film)
a—Si/a—Si/a-SiGe 12.1%+0.7 0.27(da) 2297 7.56 69.7 NREL(10/96) USSC stabilized
a—Si/a—SiGe/a-SiGe(tandem) 10.4+0.5 905(ap) 4353 3.285(A) 66.0 NREL(10/98) ussc

EWRBEANSHESOTNDIBREL NILOEIRE

SIRMBNIT L 15.0 1 hxh HHE
a—Si/pc-Si 14.7 1 haH HHAE
a—Si/pc-Si 135 4141 haH HHAE
a-Si/pc—Si 12.0 3825 hxh TEERGEE)
a—Si/a—SiGe/a-SiGe 14.6 0.25 USSC ##E
a—Si/a—SiGe/a-SiGe 13.0 0.25 ussc RE{ktk
a—Si/a—SiGe/nc-Si 15.39 0.25 ussc #MHE
a—Si/a—SiGe/nc—Si 13.31 0.25 ussc RE{ktk

FEHDIR—LR—TDOBUBHFOTICEDES1—BE (TER2)

a—Si/pc—Si 8.5 SHARP NA-901-WP
a—Si 6.3 KANEKA T-SC(CE)-120
a—Si 6.3 MHI MA100

a—Si/a—Si 5.9 Schott Solar ASI-TM86
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3EGRE BT GAE OB ER AU RT, —J, ZEFAE L FERC, fiEa X b
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NEINhD,

20304E S 2 R 5121, 95, 20174F £ TIO/NAE TR 18%, KEMFEEY =2 —/LT
14% % T HHANBRFE 2 E T 5 LERDH D, ZHHORE S L1T, 203048 F TITE=a 2 K

BE N A REST L, B 2 — L CI8% DML A ERT 5,

SRR E~N DM HEF - S itEEL JotR
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Ao OHE . BERELE
5 T LIBF TS5 X< CVDH i
EHBEIR(SnO,, ZNOKE) | TART ey THBOMRE gg&g@%@»%mﬁ i
Aot BRI —T M (204) 1 &
kv Tl (a-Si, a-SiC, a-Si0% &) oy S A BEEE L RERIN
DARF v THROME SERTRE L KARECVDAE
IAAANANANANANAA_hiE a— St B F & BB B i iy aymiah
L RS OBI% gy, 2 TR
- . . SEE, EHE. BAE
SRILL (a-SiGe, uo-SitEE) FoREAER BRUE— KT, SRR
\ HICHRIMROBLADE L B
IAAANANANANAAY s [ mmasmoBaE S
1 REETORY. #ERS Tra-u
Wkt R SR O B5E - KE A RIE AT HBEEHES 1S
N 10nm/s, 4~5 cm? ESa— LA E
R Lzl (a-SiGe, uc-Si, pc-SiGe# &) FA—FvyTH#(a-SiGe, uc-SiGe)
RO ORISR
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EERSE (AetEBMELE)
EEEE
BEERSHATILEE

EERESEATILEE

2 S BMEKBGE M (a-Si/uc-Si/uc-SiGe, a-Si/a-SiGe/uc-Siti )
TRICAF - FME, FEE (4EE L. EFRVME, REMHSESLE) OEED IV #EE

X1

235 3CHK

2020%, 2030 IC@EIT=EIES U 3V R KIGEMD B HTERE

(1) Progress in Photovoltaics, Solar Cell Efficiency Tables, Version 33, (2009); 17:85-94
(2) B.von Roedern and H.S.Ullal, Proc.IEEE 33™ Photovoltaic Specialists Conf. (2008)
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