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Summary

In fiscal year 2006, Global Industrial and Social Progress Research Institute set up
the “Research Committee on Energy Technology Development and Diffusion” to
consider a possible long-term international framework on climate change. Under the
chairmanship of Prof. Mitsutsune Yamaguchi, Teikyo University and the University of
Tokyo, four meetings were held. At each meeting, there was a speech by a committee
member(s) or external expert, followed by an intensive discussion among participants.
Officials from the Ministry of Economy, Trade and Industry, who are directly involved
in the actual policy-making and international negotiation, also participated.

The starting point of the discussion is as follows: The United Nations Framework
Convention on Climate Change stipulates in its article 2 that the ultimate objective of
the Convention is to achieve stabilisation of greenhouse gas (GHG) concentrations in
the atmosphere “at a level that would prevent dangerous anthropogenic interference
with the climate system”. However, it is impossible to reach a consensus internationally
on “what level” would be one that would prevent such interference. In the meantime, in
order to achieve stabilisation of atmospheric concentrations at any level, substantial
reductions are ultimately needed. For that to happen, technological innovation is of
crucial importance. What kind of international framework would promote the needed
technological innovation most effectively and efficiently?

To answer this question, the research committee first attempted to identify potentials
of energy technologies and assess the scale necessary to build a low carbon society, using
modelling analyses. Secondly, it focused on the issue on a possible future framework

that would realise those innovation potentials.

This report consists of two parts.

Part I is based on the presentations and discussions at the committee meetings.
Chapter 1 discusses the overview, the starting point of our consideration. The second
chapter considers, based on modelling studies, what kinds of technologies on what scale
would be required for deep reductions in the long term. It also refers to the related
investment issue. Chapter 3 describes recent modelling studies to seek an international
framework for effective and efficient development of the wide range of technology
options as identified in the previous chapter. The last chapter deals with difficulties
inherent to energy technologies and issues to be tackled in future research.

Part II summarises some of the important issues regarding technological innovation.

It is largely based on the literature and describes typically-divided views on innovation,



and innovation chain as well as explains SRES scenarios, induced technological change

(ITC) and a modelling study featuring ITC.

The important points of our conclusions are as follows:

- A range of technology options are required to efficiently achieve atmospheric

stabilisation’
Integrated assessment model studies show that, given a stabilisation target and global
energy demand path, substantial diffusion of a range of technologies including energy
efficiency, energy switching to low-carbon sources and carbon capture and storage is
required in order to establish an energy system efficiently.

- However, each technology has problems to be resolved for a wide diffusion:
Modelling analyses give each of the technologies an exogenous assumption regarding
cost reduction and efficiency improvement over a long-term. These assumptions may
not necessarily be perceived as technically or economically feasible.

« The energy-related investment needed in the future is enormous, but having a clear
long-term vision will help the government reduce the needed amount significantly:
To meet the global energy demand that continues to increase, it is estimated that the
necessary investment up to 2030 will be as large as US$20 trillion on the global scale. In
terms of the long-term up to 2100, the estimated investment cost is lowest in a
sustainable society as described in the SRES Bl scenario. This raises an important
point that a decision made today on social and economic development path will make a
significant difference in the needed investment in the long-run. The government,

therefore, should hold a clear long-term vision.
« Energy sector is not an innovative sector compared to others as the competition in the
sector is essentially based on price rather than product differentiation’

Technology learning improves marginal productivity of technology, which grows the
economy and, in turn, develops further the technology. Technological innovation can
occur with the spiral dynamism like this. However, this may not always hold true in the
energy sector. For example, innovation in power generation is basically about efficiency
and price in delivering the same product (electrons) whatever the energy source might
be while competition in other sectors are all around product differentiation. In addition,
due to the longevity of energy-related infrastructure such as power plants, it may take
as long as several decades until innovative technology reaches the market.

* Government R&D investment is required for development of innovative energy
technologies:

Private R&D alone will not sufficiently fulfill the socially optimal level because it is
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generally too risky for the private to invest in energy technologies which are inherently
large and uncertain. Moreover, the fact that the knowledge gained from the investment
is often not entirely appropriable to the innovative company deters the private
investment. Therefore, what is called for is large-scale investment by the government.
« An international framework like the Asia-Pacific Partnership, in which a small
number but of big emitting countries commit to actions, could achieve emission
reductions more effectively and efficiently than the current Kyoto, in which the
developed countries except the US have absolute reduction target:
According to a modelling analysis, the APP could reduce emissions more cost-effectively
than the Kyoto Protocol because the framework includes large emitters with large
reduction potentials.
- Taking technological learning into consideration, a long-term target, rather than
short-term targets as in the Kyoto Protocol, would induce technological change,
thereby achieve the target at less cost:
Together with the bottom-up type of international regime like the APP, a long-term
target (for instance, for 2050) as a top-down type approach would be effective. It would
help develop a technology strategy focusing on long-term technology potentials, which
will lead to cheaper emission reductions.
« Future research may need to tackle the issue of the long-term target to which Japan
should commit-
The research committee identified the necessary scale of technology options and their
potentials and limitations as well as discussed the future framework options such as
bottom-up type and long-term targets. Future research may want to consider concrete

long-term targets Japan should set for itself and the world as whole.
This report is largely based on the presentation and discussions at the committee

meetings and the literature. However, any errors are solely the responsibilities of the
GISPRIL
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L JF3C X “The ultimate objective of this Convention and any related legal instruments that the
Conference of the Parties may adopt is to achieve, in accordance with the relevant provisions of the
Convention, stabilization of greenhouse gas concentrations in the atmosphere at a level that would
prevent dangerous anthropogenic interference with the climate system. Such a level should be
achieved within a time-frame sufficient to allow ecosystems to adapt naturally to climate change, to
ensure that food production is not threatened and to enable economic development to proceed in a
sustainable manner.”
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The main characteristics of the four SRES storyvlines and scenario fnmilies
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XF 2-5 4 SRES 7 U A Ofi#E51 Nakicenovic(2000)

77V — Al A2 B1 B2
U 1990 4 | A1FI | A1B Al1T | A2 B1 B2
A HQ10 ) 5.3
2020 4F 7.6 7.5 76 (82 |76 |76
2050 4F 8.7 8.7 8.7 |11.3 |87 | 9.3
2100 4¢ 7.1 7.1 7.0 |1561|7.0 | 104
5 GDPUK Fv) 21
2020 4 53 56 57 41 53 51
2050 4 164 181 187 82 | 136 | 110
2100 4 525 529 550 | 243 | 328 | 235
—A¥%72Y GDP [t 16.1
R L &R RE T E o k)
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X7 2-6 440 ® SRES v U A0 o CO2 PettE (mx/uF—ifLi, ¥ TR, LHfm) #E (Rr7 7
IR ST U A, AIFL & A1T O SBITYEERR T U 4218 9) X SPM-3(Nakicenovic 2000)

LB IR
+Nakicenovic and et.al.(2000), “Special Report on Emissions Scenarios, A Special Report
of Working Group III of the Intergovernmental Panel on Climate Change”,
Cambridge University Press
- FRHTESE(2001) 15 2 % IPCC #Etti U A4 (SRES) BT 20 —~1), [4 20Dtk
= BHE YT ACOWTIRER AT AP R TV ARERA RS 5] 2001
L BREEAHIEREREE R
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Clarke and Weyant(2002) D B 7y 2 552 Lz,

3. 1 EFE
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S>TLDHbD] TEHRAERF VAT DINENENSI ZETHD, £ LT, ITC O
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LI R o THIRE LD A B — ROFGHTEITH Z &N TE 5, ITC OF 2 FH T,
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DOEERICE ENBAMTESZFHFHET LBERONICA DA, — A ITC DBEE~DEHEE L
TlE, BREI~DA 2T 4 75 & U TERERSCHEHMERG] & Vo 7o M O BUER A3
DD Z ENRZN,

3. 2 HIEBNELET L

Clarke and Weyant(2002) CiX ITC Z B L ET NV TEET L FlEE 4 DI L TV 5,
O&EMBEZET V. QF T IRRFET L, QRIS —KHIEET L, @R LT v
TARLF =TV ATLETALTHY, OPRBIMEHTO, @, @IZHETIC >N EAKRIT/
Do @OPMEREAIZ OV TR GFFEMTHD GE—HE 3 ROKITLEEDET MID),

3. 2. 1. HHEET LV
BEHEOWRE & I BB A2 eI EORE & L THEH L, SMEMIZE
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M DOELE LTHND, BHEBITAERED S8 D, ITC 2BET 5 &, HI
BB OEITFHEFRE. b LITHE SNGED, #lZIEX. Goulder and Mathai (2002) T
1L, BRI BB A AGA A TS THNER ) DT A —2 OZ{b%E ITC & L THItE L T\ 5,
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L EEMGHEZ DD E 2 5 L EITRD),

Z TR & LT, R&D LR 2 S EALSh TS, R&D 2B L TIIMITEX
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RIEFE) T D, Fim LI OFT VA O TE HAZNR T & B RIER T 24T\ O e 72 (e
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BT InoT,
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RONAEREHGREER—BELTEBY, EREFHOA 7y Mo b &AITHATORIKR
BREARLZET> TN D, IRBILOFTHIREEET LV CIIHHOREL "I ATy M &
Az THIWRT 5, #SFHEE DHFITOREEZ T 5,

RZF B Nordhaus @ DICE €7 /v Th Y, Zhixd L2, ITC ZfAAA T R&DICE
7 /L (Nordhaus2002) ZBi% L=, T 6DOET IV CIHEERELZE L EAROREEE LT
KT LT (DEVHBEIITEAROT TEDH A D L AEEGI X D), RERILOEFE
EELEENTWD, HEMB TR, BEHBICI > TAER (— ANV HELESHRZ
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5897, BAKRE, RAYEHE, R&D HERET D,

Nordhaus (ZH M ELE —SOHERZIZ/HIT TEEL TS, —DIINEERE L THAD
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mEAEEEEER L LR L TV D,

3. 2. 3 REPAM e L

BLRE R — M T L IR R E B LI oT. aRMoA =T v a v
ZEDRIFIER 2R AL TT VT 2, oG &3 50B 0T — 5%M£&TE)
FRE 2 DO A T LRV EMEOM AN ZERTE 5 2 EREEOTISHTE 2 PliEIC
D ZERFETH D,

Goulder and Schneider(1999)73 = D% A4 7OET /L TITC #BfE L1-HE 2 ThH 5,
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0 2, EEEOEFEORE LTS, LRS- T, £0 X9 it L 2T
BRI O A 2@ U, JEHEZNS Y5 2 L Db, SHICFZETIE, R&D &
Vi 2 BRI 72 G T2 TR&D Y —EREM) 2EHATWD Z LRI TH D, L
T2 3o T, RBREL O IFZEE F OB OFRF O FEI M e e B2 5. 2 5, 2F 0 |
B R&D OB M Z LF 52 L b d,

3. 2. 4 ARILAT v TZRNANF—V AT AET IV

RISl RTz 8 XA TOET NG A =2 b ST AR SR @ U CEAN A iR 5 0
ZxtL, R RLAT v T TRAF =V AT KET VLT RF = O« OHEAFIC DN T
BN TH 5, BRI~ O H 203, Bfio 7 V—7 (7 T 2% —) 2FT /ML
T 5. SMEMICEZ DRI RV —F/EEWM T 20, EOEIiE L 2T, LWolA
TR ANEM TERLTE 20T 2L 2 AN E T D, XA TOET NV OBEFHIE TIE
YEZHIMT O RAERE R L B2 A N OB SRR — A THEMEL ITC 25 E L T\ 5,
2 DHEEXBTHZ LICE > T, TRAX = 2T ALKROB MO IR 2R~
ZENTE D, EFE L. MRS DR Do BT A TS O BB IC B E L = R L ¥
—VATLADO—HEHI LR DHIETHD, ZNHLOMEICLDE, ZRXALF—T R
T AER~OEELD b, R O/NS e E & F 0 ~OBE OSBRI 252 %
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HIZEBETHD, FHE 3 BETRNLEKEZEDOET LN, KETHLIERS
Gritsevskyi and Nakicenovic(2002) DET /L6 Z DX A T Th D,

3. 3 BERANEETLVOEE
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RANDOEEHLEGEI bDIZRDDIES I

DiplEb, ITC Z2FET5EZ25 TRVWEDO LV S, JEHEDNBUNOBUERIZA S Sh
X9, Nordhaus ® R&DICE D43 #rfi R Tl £IFOWRIZNTH S ITC LV HEFR
ORBOFNEETH D LE/RL T D, Goulder and Schneider O — i #)fiE€7 /L CTlix, b
VT2 25 FADRFBUC L > TRET FLF—D R&D X RIS 25, kA~
A F—R&D IZEHIZHA T 5, ITC 2EET 5 L. LRWEEIZHTH U R
ZRERRT D DITHEPE & 72D GDP KT B L% 25% B IRV,
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AT D047 RX—=2 a3 ORT UV VRRENTE, HIITRRIZEEY T2 2 &
WEFELWERD, —J7, HiFEESRBRNORET DL L O THIUTHIBDO % 1 2 > 71k
BEE & 72 5, REROHIRE A AME L 725 O THAVUTHIBUTRERIZIEIZ L2 F 3 Ty,
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DIRNBDDOTIHE L& 725, Nordhaus @ R&DICE 5 /Ui Z A X 7 OEIZDWT,
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STHRETHHDOTITRWNE LTWD, FERFEFTI D720 o T BT BET A i 2 B+
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DM, B3 ENENDO TR F =V 2T ADRFEFPHEITEL B D,

WIS K, ITC ZHMAAATZRIRIEET v (WERETERAET V) OZEILER
HERTHDLOT, IMOERELOTT VLD & RIBICEWVE =2 A b, B2 Rkl
F, LR ORI A EY (LT 2 5OGEL & (X725 T 7w,

3. 4 ITC OFH®hm
[FEICIEE 2 MEBSOKITEEDORRO—H % b & ITWNAENEINE T T L O ATE)
[f] 2 FRAT %,

WA S E 7 VI, 90 FRREE 0 HIRB (LRI O Yy — L L LCa—nm v/ &
DMIPRAT LTV D, 2006 A2 I3 EE S 7 Y v VK% Michael Grubb, A # U 7 _X=ZK
%% Carlo Carraro, KA YR X LA VAT 47 22— h® John Schellnhuber 72 &3 H.0 &
7o THAMBEMERET VOB T 0V 7 N efTolz, —HO7Tr Y=z s MFEORK
HUTEREE T 2L X — 3 %2 (International Association for Energy Economics)73%8179
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RECIEANCHI Lz TINAEMBINZE ) 258 LRENRET LS LT, KAl
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