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ABHEE+EXBIEDIREM Amazing potential of PV and EV

10FEH A—FLOKEE/\RI)VTEVAERES R ?
How many miles can EV run with electricity generated by 10m? PV modules?
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ABNAHECEXBEEZESED vs. /NTTMN
10m*OKRBAEBE oM’ DKENMFENSSINERTHE -T2/ —ILDLLE

Comparison of electricity generated by 10m? PV system and ethanol made from 10m? rice field.
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Shell ScenariosD#B 4t

A better life with a healthy planet:
Pathways to Net-Zero Emissions

A new supplement from the Shell Scenarios team illustrates choices,
challenges and ideas for society to decarbonise the global economy in a way
that might address both the challenge of climate change and the desire for
broader economic growth.

How could the world's energy system evolve to meet future demand, while
enabling a better quality of life and healthy planet? This is the major question
raised in a new report by the Shell Scenarios team.

A Better Life with a Healthy Planet: Pathways to Net-Zero Emissions builds on
Shell's New Lens Scenarios published in 2013, which showed that economic
growth coupled with near net-zero emissions is a challenging but achievable
vision

T.Masukawa
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A better life with a healthy planet:
Pathways to Net-Zero Emissions

THE FUTURE OF TRANSPCRT ENERGY
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THE POWER OF TRANSFORMATION
Executive Director of the IEA Maria van der Hoeven

Renewable energy, especially wind and solar, is playing a growing and increasingly important
rolein efforts to diversify and de-carbonise energy supplies. Thus, all International Energy
Agency (IEA) scenarios share a common feature — generation from wind and solar
photovoltaics (PV) continues to increase significantly for decades to come. However,
integrating variable renewable energy (VRE) into the power grid remains one of the most
pressing challenges facing policy makers and industry. Can VRE technologies serve as central
pillars of a secure and low-carbon energy system, and if so, at what cost?

The Power of Transformation addresses these questions in a comprehensive manner,
affirming the potentially central role of VRE while explaining how cost can vary with
circumstance. Out of the wide spectrum of findings in this groundbreaking study, let me
highlight just two aspects.

First, this analysis calls for a change of perspective. The classic view sees VRE integration as an
addition to what is already there, assuming that the rest of the system does not adapt. This
“traditional” view risks missing the point. The challenges and opportunities of VRE integration

lie not only with VRE technologies themselves, but also with other system components.
Consequently, a system-wide approach to integration is required. In short, integration of VRE

is not simply about adding VRE to “business as usual”, but transforming the system as a

whole.

This book highlights what options exist to achieve such a transformation. Using a system-wide
approach, a power system featuring a share of 45% of VRE may come at little additional long-
term cost over a system with no variable renewables at all. @
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Second, such a transition could be difficult, not least because there will be winners and losers.
However, this will depend strongly on the context. In “dynamic” power systems with growing
electricity demand (such as in China, India and Brazil), wind power and solar PV can be cost-
effective solutions to meet incremental demand. That presents great opportunity. If
investments are made well, a flexible system can be built from the very start, in parallel with
the deployment of variable renewables. The situation is fundamentally different in “stable”
power systems. These are characterised by stagnate electricity demand, as is the case in many
European countries today. In many such places, the cost of rapid VRE deployment has risen to
the top of the political agenda. In a stable system, the market does not expand. The “pie” does
not grow, so additional renewables take a part of the pie from incumbents with established
capacity. This outcome is based on fundamental economics; market effects are therefore not
only a consequence of variability. In these markets, the cost of transforming the system is not
only linked to paying for new assets. As this publication shows, those costs can be managed.
But, the greater challenge may be managing the costs associated with scaling down the old
system. This raises tough policy questions. What strategies do incumbent producers need to
adapt to the transformation? How will governments handle the distributional effects when
infrastructure needs to be retired before the end of its lifetime? Who pays for stranded assets?
Meeting these challenges will only be possible if policy makers and the industry make a
collaborative effort. But we must not lose sight of climate imperatives. We cannot afford to
delay further action if the long-term target of limiting the global average temperature increase
to 2 degrees Celsius is to be achieved at reasonable cost.

This publication is produced under my authority as Executive Director of the IEA. 62 @
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IEAD L 7R—b : Repowering Markets
How to reinvent electricity markets after COP21

To ensure sustainability and supply security, IEA report prescribes a new balance between regulation and
competitive markets . 18 February 2016 Brussels

Electricity markets are undergoing massive transformation, as the push for low-carbon power generation
shifts the industry towards high investment in renewables and other new technologies even as demand
stagnates or declines in many countries.

Just in time, the IEA presents Re-powering Markets: Market design and regulation during the transition to
low-carbon power systems. Drawing on the Agency’s review of best practices in electricity market design,
mainly in Europe, the United States and Australia, the study offers guidance to governments, regulators,
companies and investors on how to transition to low-carbon generation.

Building the electricity markets of the future, Re-powering Markets explains, requires a comprehensive
framework that encourages low-carbon investments and operational efficiency but also keeps security of
supply as a top priority. That requires efficient markets, which are best achieved by introducing prices that
reflect supply and demand conditions as often as possible and as close as possible to locations where the
energy is generated or consumed. Markets are adopting technology that allows such pricing, including day-
ahead, intraday and real-time trading, as well as by zone to stimulate cross-border trade. The detailed
price information needs to be transparent to communicate the cost of electricity in specific circumstances
as well as the relative value of different forms of electricity generation so that all participants, even from
neighbouring markets, learn where and when to operate and invest.

Furthermore, efficient markets unlock flexibility to deal with renewables’ variability, like when and where
the wind does not blow or the sun does not shine — or when and where wind and solar generation is
abundant — as well as weather forecasting errors and network congestion. 65 @
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Besides efficient markets, the shift to a low-carbon energy system requires a robust carbon price to help
reveal the right value for various technologies. That is part of the regulation with long-term arrangements
that is necessary to attract investments in a timely manner and at the scale required. Investors,
governments and consumers all have to share the risks in the transition, Re-powering Markets explains, to
ensure efficient and lowest-cost evolution.

More than just generation is at stake. Networks, too, are critical: improving and expanding power grids,
including across borders, helps ensure successful integration of higher shares of wind and solar power as
well as increases energy security. Proper governance is necessary to see the bigger, often transnational,
picture critical to a modern electricity system: options examined in the book include transmission
auctioning. Regulation of distribution must also be modernised to take into account the potential of
batteries as well as consumers who also produce renewable electricity.

As the markets evolve, though, shortages of capacity can result in scarcity prices. While these prices are
critical to incentivise generators to produce as well as to get consumers to reduce demand, Re-powering
Markets makes clear the need for an adequate regulatory framework during hours of capacity shortage.

Besides looking at price spikes, the book examines other ways regulators can cope with the huge
uncertainty of decarbonisation pathways and policies, including capacity mechanisms that pay for
maintaining adequate generation to meet politically set reliability standards. It also details the
opportunities that demand response offers through dynamic pricing and the pooling of consumers through
new technologies, including the impact of increased electrification from widespread adoption of electric
cars and other new technology.

In the end, there is no definitive market design for the low-carbon energy systems of the future. But
governments and industry around the world must adjust as new technologies prompt constant evolution,
and Re-powering Markets shows them how to navigate that transformation by developing markets th&t
provide secure, sustainable and affordable electricity.

IEA Re-powering Markets &kl

kets:

L

Conclusion: Re-poweri#‘g&ggaﬁf
b

*\

m Decarbonisation of the power sector is forcing a
rethinking of electricity market design

B Incremental changes - re-powering - can facilitate the
transition:

» Short-term markets with detailed and transparent information on
when and where to operate and invest

» Consistent framework for low carbon support, CO2 pricing and
markets

» Electricity security requires reliability standards and pricing scarcity
right, with capacity mechanisms providing an additional safety net

B A comprehensive market framework balances rules set
by regulators and competitive markets

® Many recommendations are relevant outside Europe,
including IEA partner countries

& OECD/EA 2016 @




=L7=




WRER (1)

Y—5—TOUTAT DFES



35FDHD >

1970FRDAAILE 3V IEHKIC, AKETH DB )L EmKIZEMORTTZRIE
L. ZDE EHOKRGEMEAMDHRNSCISEMOFRIEDE = (CEB

CIS Gen. 1 CIS Gen. 2 CIS Gen. 3

SOLAR
FRONTIER -y

CISBIR K== DD F>

V—=5=0>F 1 7 DHPdr

EHROKXIZEM NEDOM'S D CISTERAIZE BERUY—F HFREARDCISTER SRETHhfEE
AT DRF T 5T TCISHKA MOBHELEEE 25— KISBDEERERS | 3 GW ZiER

s DIRFICHHE [l ZEDOEETIHT

BIREEZRSA

#¢iSOLAR FRONTIER 70

HRRXDCISERKEZERA—D—

R THE—. CISBERABBNTTFHDY MIRDOLEES KUIRFEEREZERN

RetihaE

3 GW+

-
(Gw)

#¢iSOLAR FRONTIER 71




KEEEMDIEMA & CISH i

CIS(&#d (Copper). - >/ (Indium). ZL-> (Selenium) ZFEmk5> &9 DBEKZEM

& ' R

V—35—J0>5 4 PDCISIZHN RZD LR EZERURL

#¢iSOLAR FRONTIER T.Masukawa 72

£ 3200

FH R E D T, HLLWMIHZYIDIHEL

e N\ N [ 2
T e
20154F 2015
20154 .30, RAETH T MWEZD DAERE NI e %
22.3% ti 2% 30% iR SRS

20144 20.9% t

14.6% 5" 1)

0y

2013 19.7% *tl

0, » I‘\ — )
20125 17.8% H7°E" 1) SZ2FATZ R

20115  17.2% Y7°8°1-h 2014% 2013%
JOR DT> TiERRA U BRITE T L aERit
TRz 38% SEHE

- J
s ~

EmFET

20106F 16.3% #7°E5"1-)

#¢iSOLAR FRONTIER T.Masukawa 73




HRNYITOSRAOEEIR

FLTIH THII I 2 RieE> T, LB CRER MY TOSADOEEIR hEER

T

EESA > amshEE

I ©
e
B -

#¢iSOLAR FRONTIER 74

BNrcREERET. BL) RREEE] =RHR

KEREBHRT, SLVEREBEZER

B EIRRZDRZEN DR

#¢iSOLAR FRONTIER 75




BNITmAE

N %

= BRSUISABENE, HEE0D ® RS U ABEL, ©ILOR
CHRETH BB U I ENEE B MAMIRENCEE<. /o005 v

B, —RICHHPMETF TS - : PREZDETL

u CISHBABRINIE, FECRAEY ot B CISBEABERLG. EOEEHS  @ayy
7R fzsb, PIDIRSRICH U TN LY PIDBRZRDE) A LCwIVZEER LTS DY o00 190979905

Sy oFRE <L

(ON ©)

#¢iSOLAR FRONTIER 76

SOTNRERETIECAIRERA

CISEEABEMME. £EIENS >TILTHDIEH. EERKICERT I IRILF—IDR
Wo EERFICIHATNDI IR F—2ZKGEMORKES TOIUNT DHMZFRIEPT (Energy
Payback Time) H'. fBDXBZEMKIDEENTLD

1.5 -
~
N
Nt
]
E
= |
= 1.0
Q
]
Qo
>
a
> 0.5 -
[=)]
=
[]
1=
[IT]

0
fEm>YI> FENIF7 R CISTEEXI=E M
>ua>

HE PARISERE IR — - EERMHESHAMBETEBMRRESE [ABLRES T AHEEBRRMARMNSE ABARBS T LADS IY 1 U)LHiICRI I 2 HEMAT
XEPTEHEHRDRERACL O TERDFET

#¢iSOLAR FRONTIER 77




wmESEN (2)

#¢i SOLAR FRONTIER

T.Masukawa

78



Rl DHERS : 45 F TAOFE

(BAL L 30 5 E R 1{E(08.7)
f&E  145.29K)L(7/3)

160 BRREE 147.27F)L(7/11)

—TSET5(OS P

o I
140

07.11 IEAL#K '~}

THREZETA
0 07.8 477544 |
fRESETE1E
BERSHO __
= . 07.3 READELESH
o
100 v N R BRI

05.3 I =Lk IUHyIR-

80 R e VK= (1058/bE &) v )
DESIE: 11.65F)L

033 REXE
D179 BRI RASR |
60 ¥ E 10.12
01.12 h[E VRAIVES
WTOMER
S| R ‘w
N »
20 r R A W
o]
[ o N B S N N N N N N N N G N N N
ddodddddddddddddddddddddddaddddadddddddddddddddgoo
O O O O O O O O O O O 0O O O O O O O 0O O 0O O 0O 0O O o0 O 0O 0O O o0 O o0 O O o0 o o o o o o o o o o
L T
RRRRIRNRRRRIEIFISLIBIEIIIISTRIIRIGTREES8 8838858820233
HE FRIRILF—FIER

79

Shell ScenariosM #A 4T : Carbon Pricing

THE DEVELOPMENT OF GLOBAL CARBON PRICING MARKET
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APPROACHES TO CREATING AN EFFECTIVE CARBON PRICE
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