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Executive Summary

The environment and energy is an issue-driven science and technology field,
in which various technologies should be combined in order to establish a
sustainable society under the constraints of resources and the environment.
The scope encompassed is broad, and the mobilization of all sorts of scientific
and technological knowledge is required. This report is compiled by the Center
for Research and Development Strategy of the Japan Science and Technology
Agency (CRDS-JST), in which we have tried to overview the environmental and
energy field including overseas research trends with the cooperation of

frontline researchers and other experts.

Taking into consideration the recent domestic situation such as the Great
East Japan Earthquake and the Fukushima nuclear power plant accident, we
decide to focus the overview upon the energy fields. First, we survey Japan'’s
energy flow and the relationship between the volume of imported resources and CO,
emissions, and broadly ascertain the supply and demand structure of energy in
Japan. Based on this, with the basic stance of simultaneously attaining the

“3Es” (Energy, Environment and Economy) that form the fundamental
principles of energy policy, we split for our consideration the coverage into the
four major overview categories, i.e., “fossil energy,” “renewable energy,”

“nuclear energy,” and “energy usage technologies and systems.” It is noted
that this report does not directly touch upon the nuclear energy category, but
envisages it as something that will be used, while maintaining safety, to
complement the other three categories according to their technological
development; it is therefore left as a topic for the future. An overall scope of
the overview is provided in the diagram below. In the three categorized fields,
we identify 25 major research areas that should be promoted in the years
ahead according to future social needs formulated from current issue
knowledge; these were then classified into short and mid-to-long term target

fields as shown in another table below.

CRDS-FY2013-FR-02 MIAITBUE AR 2R TIR BT HRRERERE Y —
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1. Social wish

(15t tier) [ Achieving a sustainable society

2. Business areas (materializing social wish)

Energy industry, monozukuri (manufacturing) industry, distribution industry, construction industry, agriculture,
nd $ forestry and fisheries, medicine and healthcare industry, care/welfare service industry, information industry,
(2n tier) and other service industries
Public services, government (law, social infrastructure, international strategy etc.)
3. Synthetical technology (business method provision)
4 B S 2
1. Fossil energy 2. Renewable Nuclear power | Environmental
(Securing robust resources) Sl - Technologies for technologies
(Reduc!ng energy loss !n oil ref!mng) - safe use - Climate change
(Reducing energy loss in chemical industry) (Maximizing usage of - Recycling forecasting
3rd ¢ (Creating global consensus on global renewable energies) technology ovallation ’
( ier) warming) - Disposalistorage | measures
gl technology - Pollution
(Improving efficiency of conversion of fossil couptermeasures
| fuels to power) J L )L - Envxronr’r:gnt
reservation
3. Energy usage technology and systems ; pWaste disposal
(Improving efficiency of energy supply and demand systems) and recycling
(Improving energy efficiency of transportation) ete.
(Improving thermal energy efficiency in the private sector)

4. Common elemental technology issues (core technologies)

(4!h tier) l Conversion technology, storage technology, transport technology, usage and environmental adaptation technology, systems ]
technology, etc.

5. Basic and fundamental research areas (analysis, theory)

th ¢ - Heat transfer, hydrodynamics, electrochemistry, catalyst chemistry, etc.
(5 tler) - Chemical systems engineering, materials engineering, mechanical engineering, civil engineering, atomic engineering,
resource engineering, etc.
- Physics, chemistry, thermodynamics, earth physics, the ocean, atmosphere, weather, ecology, etc.
- Energy economics, sociology, policy theory, international relations, etc.

Structure and Scope of the Environment and Energy Fields

in the Bird—eye Overview

Overview
category

Short term

Mid- to long-term

Methane hydrate usage technologies
Ultra-high temperature materials and heat transfer
technologies

® Innovative conversion, transport and usage Fund tal technologies for i ti lectrochemical
technologies for low-grade/unused solid state carbon r::ctzgen 4l technologies Iar. Innovativecelectrochemica
fesources Sophisticated steelmaking technologies using inferior/
B © L crt sl o e ol et e unused ol it caron esources
° 9 gies. Low-temperature catalysts for exhaust heat recovery
outstanding load management ability and can greatly ; :
i through endothermic reaction
reduce CO, emissions . : :
Innovative manufacturing processes for petrochemical
products
Next-generation biomass fuels
® Innovative technologies for the large-scale
zos’(i‘lr?‘nzatlon of floating wind turbine generation Fundamental analytical technologies of biofunctions for
° Ry ioiial : t-friendlv hiah perf | accelerating biomass energy production
Renewable egional environment-iriendly nigh periormance sofar Fundamental technologies for the popularization across wide
i THERESL BYEF T Do icses areas of ultra-efficient solar power generation
energies ® Binary power generation systems utilizing unused hot - i P g
spa energy Innovative usage technologies for high temperature
® Innovative technologies and systems for solar geothermal energy

thermal use

Low cost/high efficiency fuel cells

High-efficient gasoline engines

Fundamental technologies for mid/low-temperature
thermal usage

Next generation rechargeable cells

Chemical product manufacturing technologies using
renewable power

Fundamental technologies for international electricity
network

® Fundamental energy carrier technologies

® Fundamental technologies for next-generation energy network

Key Research and Development Areas

CRDS-FY2013-FR-02
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vii

Looking back on the history of Japan’ s energy in recent years, we see that
after the oil crisis of the 1970’ s an emphasis was placed upon energy security,
and stable growth was achieved through curbing consumption under a policy of
becoming less dependent on oil, i.e., developing and introducing alternatives to
oil, and encouraging energy saving. In the 1990s the needs to address the issue
of global warming grew on an international scale, and environmental measures
were bolstered. Since the first decade of the 215t century we were faced with
the challenging issues of simultaneously achieving the 3Es, but no wvalid
solutions have been found. In the midst of economic stagnation, the nation’ s
energy strategy is wavering. Although Japan is a world leader in efficient
energy utilization and energy saving, the introduction of renewable energies to
the market is making little progress, and while excellent results are obtained
in technological developments little notable innovation has been made. Against
this backdrop, the Great East Japan Earthquake and the Fukushima nuclear
accident have presented an opportunity for fundamentally questioning the
ideal formats for national energy supply and demand over the mid- to

long-term.

On the other hand, the global environment surrounding Japan is changing
greatly. In particular, the energy demand in the emerging economies continues
to rise, and this is leading to an ongoing increase in greenhouse gas emissions.
As ever, it is mainly fossil fuels that are satisfying the demand for energy, but
the introduction of renewable energies has also made solid progress. There are
high hopes for biomass fuels, although the questions of energy balance and
sustainable land use remain unanswered. With regards to oil, geopolitical risks
in the Middle East are increasing, while the U.S. is pursuing the fully-fledged
production of new oil and gas, so the world’ s power balance and economic

situation continues to shift.

In terms of the direction of future research and development, for the time
being there is no choice but to depend upon fossil resources as the main energy
source; a marked improvement in the efficiency of their usage should be a
matter of the utmost urgency, for which mid- to long-term research and
development strategies are necessary. With regard to renewable energies, there
is an urgent need to establish technologies to maximize their usage, as there is
no longer a consensus among the Japanese public in favor of being heavily
dependent on nuclear energy. It is essential that, having comprehensively
evaluated the environmental characteristics and economy of these energy
resources, we promote research and development from a perspective of the best

energy mix. Furthermore, from a viewpoint of energy utilization technologies

CRDS-FY2013-FR-02 MIAITBUE AR 2R TIR BT HRRERERE Y —
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and systems, there is a need to accelerate research and development on
elemental as well as systems technologies covering social systems for
improving the overall energy efficiency at the demand side including renewable
energies and also for establishing smart energy supply and demand systems to
secure energy in a time of emergency.

The following is an outline of the main features in each country based on the

fields covered in the overview.

JAPAN

Although the fundamental technologies in Japan are on a level well beyond
other nations, the fact that there are a declining number of researchers in
some fields, such as in coal, is a problem. Moreover, cross-disciplinary
cooperation is weak, and the creation of new technologies through joint work
between different disciplines tends to lag behind that of the U.S. In the field of
applied and development research, the industrial sector is making fervent
development efforts with help from the government, but only a few of these
efforts have widely materialized. With regard to renewable energies, a large
number of basic and applied research projects on solar energy and biomass
have been fruitfully conducted, but efforts to commercialize them fall behind
those of other nations. Likewise, basic and applied research on geothermal
power 1is widely carried out and technologies are used overseas, but
domestically the field is foundering due to policy reasons. With regard to
energy utilization, Japan’ s environmental and energy-saving technologies are
globally competitive, but there is a need to conduct research and development
pursuing innovative technologies that can be transferred overseas. It is
essential that mid- to long-term research and development on usage systems be

pursued with a global perspective.

U.S.A.

The basic technology level for fossil resources is high, but overall researchers
are somewhat thin on the ground. However, the U.S. is a fruitful soil for
nurturing innovative technologies, and there is a base for optimism regarding
future innovations. Application and commercialization is being pursued
through the expansion of existing technologies overseas, while on the other
hand the already vibrant basic and applied research on geothermal and solar
energy 1is also moving healthily towards commercialization. A dexterous
research and development system for biomass has led to high-level basic and
applied research, and its commercialization is proceeding. In the field of energy
usage technologies and systems, America’ s basic research is advancing, but its

applied research and commercialization is just middling. In the light of the

CRDS-FY2013-FR-02 MIAITBUE AR 2R TIR BT HRERERE Y —
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deterioration of its infrastructure and from the perspective of fostering new
industry, the Department of Energy (DOE) is at the center of some

wide-ranging strategic initiatives covering both basic and applied research.

EUROPE

Large-scale projects under the Seventh Framework Programme (FP7) and so
on are being pursued, and there is a good depth and balance in the region’ s
basic and applied research and industrialization. Floating wind turbine
research and development is very advanced, centering on the efforts of the
United Kingdom, Norway and Holland, and industrialization is proceeding
well. The industrialization of geothermal power in Iceland is advancing, but
not much effort is being put into research and development. In the field of solar
power, research and development related to sub-Saharan Desertec initiatives is
being pursued. Regional networks for electricity and gas are being constructed,
including those in Eastern Europe and Russia. In the fields of individual usage
technologies too, the transport engine technologies are the best in the world,
and there is a positive attitude to the introduction of renewable energies,

which is being accelerated as social systems.

CHINA

The level of basic research in fossil resource field is not particularly high,
but there is an ongoing introduction of technologies from overseas politically
guided by concentrated investment, and further progress is expected in the
future. Although basic and applied research and industrialization regarding
conventional solar power technologies are steadily growing, there is very little
research into next-generation solar cells. Efforts ranging from basic research to
industrialization are numerous in the field of solar thermal energy. As in South
Korea, the technology transfer from overseas is rapid, the domestic research
setup is starting to expand, and it is quite feasible that the quality of
environmental and energy technologies in China will one day be on a par with
those of the developed nations. In terms of energy usage, China faces many
issues, not least of all its environmental problems, and it is about 20 to 30

years behind Japan.

SOUTH KOREA

With the exception of the field of steelmaking, efforts toward fossil fuels are
sparse. Again, as is the case in China, while there is a steady growth in basic
and applied research and industrialization regarding conventional solar power
technologies in South Korea, hardly any research into next-generation solar

cells is wvisible. Their incorporation and industrialization capabilities of
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industrial elemental technologies of Japan, the U.S. and Europe are high, and
these are being put to good use in expert industries. The creation of domestic
systems is, as is the case in Japan, something for the future; but South Korea’

s consolidation of its industries and its excellence in implementing strategic

policy are strong points worth continuing observation.
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HFIRER

FLHSCH TR DW= EBEITBI O R LEEIZ 72> TWE T,

42 KRI77—L (wind farm)
AR NREITE LIS, ZHOR X — 2 %2 —EATED TRET Dk, be
ETHiELETHLHREE T, B RIEckET, RN THRITL TS,

IrRT7—L

FIERREIEL 2 — Y 2 32— a VAT AOER(( =g ¥ — | L7 7 — A=)
DIEFE) . 2008 4F 6 H 25 HIZHREHE M 5 LHEE R 8= O(FCCI) 23 FRE I REREE i D 8K
) LA HERET D H D A & U TR A MERE LT, Wi A%EN O BERRE AV TKFEL
R H L, ZRHPOEE LRSS TEREBE O ZEVPHARE L AT A,

IARIILF—F )7 (energy carrier)
TR O & TFEDOZEMA - XY v 72 R 572010, LT RLF—0
T Tk & 2V IATECS DA & e DWEL

BEIHEH X (greenhouse effect gas; greenhouse gas EZEAN D EMZLY)

KREH CTHRIMRE RN - HHT DKME50 1. D 5 BREEBPHSEA S O R HEEE
P BHIE G & e o TV DB X, BB biksE (CO2), A % > (CHa), —fR{b— %ﬁCMO
i baEdR), A Re7idah—R 3 (HFCs), X—7 4 nh—R 3 (PFCs), A~
7 ALt [1(SFe) @ 6 FFETH 5,

IBERH (REB. HIKEEbRER)

RREIEEIN G 7 b TREBENOEH A KIS KM ST 5720, RIEAMOREZ TS TT
T HNDBL, FRCHIERIERR L O H & LT B LRFBYEHEIS UBia T 5 2 & 23
RBEINTW5D

A kY—1)R% (country risk)
Z 2T, —RERAX—EIRMISE OBUE - 8 - (2O F DO ARFREIEMEICHED U
AT

B E (higher heating value, HHV) &{E{IFEE (lower heating value, LHV)
PREFR & DT RV —OEZ Tl B0 2 T OIEAED & 0 )iz, FEEIL, BB Z iz
PRZE R CRREE S CTRBET A2 L L OREICER TR CTRAET L LTERIND, <
DR JRBEH A DOKKLANEGET 5 & L T OEAZEEICANT-RAELZ S REAE,
KELRDEFE EBZZ TERAZRAN LT b ORI E L WD,
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=R A (hot dry rock)
EHIRTIEH D0, BUKRRREZ BT HIEEENNE L 2 WHIBVETE, 2JFITH 5 23Ky
MIRNT EMNE L, ZOF FE TITHEFEEIZIIE 2 720,

aYxL— 3> (cogeneration; A—LxRL— 3 ELEAND)

BB W THE L, FRIRRZZ OPERE BIRECHE 72 EICFI AT DA, KB 15
BYAT ADOZ L THRBEROPBIIBRFICE COND R, ZhaEFIMLT, 2k
LT X —D @R N AT & 72 D,

B E ffit& EEHIE (Feed-in Tariff)

FAERMRE= X —J ORI, B, KI5, #HE, NA A~ R) ZHNTHEINLE
Kz, [EDED D EEMEE T EOWIMERFELTICTIELRE ST H D, HARTIT 2012
BT H 1 BICREEEMEEREEN A2 — LT,

aAVNA 2 RY A9 )LFEE (combined-cycle power generation)
B OBREES 2 A Ao D3 EHNE S 9, @FIL, KN THARZ - 25E L, &
OYRERIH L CREAY — B ZiE4 5 2 L &2 &7,

BETBET /LT — (renewable energy)

KBS« A - WEGR-OWET) - HIERINTT O BB & o 72, BRADDEHRIIZE LD 1%
FIHLUCEA - SN2 =3 AF—TC, THRZ=FLVX—] LIS, ZDIEAE
JRERLY ARSI E > THB LW GREIZA R S BREAGE R IEIR & A %)=
FNX—=THLH D,

TERE, FEERE

i - RIR AT A DEEUEANT OB & O AR IH A NS Z D F EFHRIMTE D54
FEERIL IR A - 85K - AR EEMBNTRDMERD D56, FFAERMOAMIZITAA v
PR, YA A RART AT ==V H A, CBM, AZ A RL— 2 ERD
2o

BEREFE

BAERCRI R FTRE 72 &R &, FRAEFTRE = X /L ¥ — O E ILER A & & [F U HALREE 2 72 0
DILFEDE CREND, B AEH TRV E RS DR (B, JB=x
b2 — OB PRI B OFHE TIXEUR 5.5m/s A D5E DERILI) 25, T2 OFIFIER (+

MR, B RSN, T2 &) 2K > TR AR RRIZ /R 50 8 9 NIBFE L 72y,

BE45H (mass spectrometry)

AReA A D M A RO DR S ok, BEEWE ORE, RAWE O
SR E . WE OMFETRSCEIHE OHEE N AIRRIC /e D728, AL - Bk - HiEkF
O TEISFIHEND,
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ER[ITVvIaARE
HAREIZBNT, BUkKZHEL CTRIAEZHETHX—E 2l L, BETLHHA, @EITE
IKOIREETITFREICHEZ T EOETEMHICEIND N, ZDHRUT LV IEHRITN ET 5,

FIRILF—

(AT RV —] OJLWEKRORIFEETH D, EMECIT T —%) (15
TR X —FIAEOREIZ BT 2 FRBIHEE L 1997 FFRNINCE S X BUR FoExg L L
THRE SN AMRBZ X =K, BT, A4~ R, BEFEWR )% 3§, 2008 4
ZENEDNSIE S 4, F/k ) & (S A GV — FR) B S vz,

AI— k A—74 —(smart meter)

A=<—FrZ7 U v R (smart grid : 2.2.2@Q)Fi D =3 L —FHEI - > 2T LDOHE] ZHR)
DHTEBEZ K THWON L EEHKEEZH A -8B HERE A —4% — T, BHath L TFEF L
DT —Z DRV OIF), FERMLRELE R L CENEFE LI T5Z 08 TES,

ARHREBREEMEESHKE (integrated (coal) gasification fuel-cell combined cycle,
|GFC)

FIRNO AT AZHER L, TNEBELE LT, BEERICL2HEL, TAX—E L - AX
H—EUNZEDar Ay Ry A 7 NVREEITH . EEHIN,

BARHARILEEFRKE (integrated (coal) gasification combined cycle, - IGCC)
FIRIND T AT ERR L ENEBRELE L Ta g v KA 7 VREBELT O EEHIMN,

®RiE (B ’e‘%
FEBFICIIT D BRI S 72 0 O KtEFE, BAIV v 8 (W) D WIFFEHIZ
2y k (kW) NHAVWSNS,

BEIRILX—%hE (total energy efficiency)
IREIPNEBRICER SN TAEL 20 F—RE | FRICHHTE 23 0F—& (=51
X —DOERCEIE R EIC L > TEULZBELKEEZE L IWZE) REERTEINTREO Z &,

BEERENDFKE (supercritical steam power generation)
RRAA—E N DRET, AT —TOARDEALZKDOEEFREQ2.1 MPa) #8225 &
= RS A G R 5 [

BRERTEMNHDFE (ultra-supercritical steam power generation)
HBEEARE K IREO S BT, B 593CLLE, £ 24.1 MPa L ED D,

BUERE — EVEHE
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EhE (thermal efficiency)
BPMEFEOBNICEBLINDEE, BFH 21ERNC L D RFMEN B 5, BUWEEIOMEEED
REVFEIETH D, B— bR 7T OMREDREIET COP(RAEFRE) TH D,

“E&b i EREINETEE (carbon dioxide capture and storage, CCS) ( [ —f&{kfik# (carbon
dioxide) | D& Z A% [fxFE (carbon) | & T 25AE. AT (storage) ] D& Z A% [IRHE
(sequestration)] &AL ALH D, )

HIERIRBEAL ORI O T2 DI, bR FEZ RKUSH TODNR WX S IZEHIRICPACIAD %
Feffr, SURIRG 2 B Rk Tl (LA OIRBEIZ K - TH T 80 b lefb i3k b7
JAZ Ko TN L, ZRLRFBIZE L T/, 7T A > Tlaidk L, WA E 72138 RIEOE
THINGEE N &2 &) OHfE HIc AT 5,

BEHERE (Fvy v 772K+ L—F cap and trade)

RIFAMME O (v v 7)) Z3RE. PEHEICHIIIELS L, PeHE I CHGI(h L —
R)VEFEEL T 5 2 L2 - T, HEHHBERZ R OZRIICERM L L5 &35 L< A,
Rz, EBRASHRIR Uiz B AR EZD T AEIOEAE B FE 2 T 5 72 O O ENXTER &
LT, filx OeZEICHEH 2R ET 2 ENPEHERGIHIE S RET S Tnd

/\«rlf— —J)L
R DA NSy 2 VRACHI i L EFE L U CHE - 72 B IK 0 1%,

INT—a>T 4> 3F— (power conditioner, /87 3a)

KIGHFEE Y AT ARFERREFEMN OO BN EFER EORECHEHTE 5 X
INCERT DB THY . AV RXR—FZDO—FETHDH, V=T RN RETRBEINDES
Giﬁﬁ? MTHDLIN, TNELZRICESRT D Z & T REESOBXIEIHR A TRERE
2705, /\‘7:’/@ﬁ ILEGED O RV A MR e . —FIZENTETOENZE
BTEXD0 (FE) Lo TkE D,

FARELERAFRE  (floating wind turbine)

HERN)EEO—FET, F RICEPATLERERAEED ZFAHT 28 ELFRT, Zic
* L CHEEICEREZ IR 2 5 O ERXNESIHBET, KEST V~v—7 “Cux%bn@/ufb\é
KIEB0m 25 EERNTIEZ A NEIWZR D720, RN FIHSD, 72, FIERIZ
WL OB (FEE) BH 0. %ﬁ’"\@F'?%%OD2/\"“@’?1‘%5%*%@?*%75?7](#3Llﬁkét 2
TR CEEARA) NRERTH D,

INAF1)—%E  (binary power generation)

—ICHIZVS B X, IEEEDS 150°CLL EOH I G DK TH — B 2| L THRET DM,
L VIREDRNER DR > TWDLEVE K I D HZEFE LT WIRIE (] = & > i 86°C)
ICBSH S, NUH VEORRE DL D A — B ERILTHRETDH IR, Ky 5%
D_ODOWMEEFHTHZ NG XA F Y —] OFENMEDNDS, ZHUTLD ., e
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TE RS TRIRORLASLBK N BRI TE 5,

R—Z2A— K (base load)
B, AR EODFEIZBWNT, bAWIRIICEIT S, HIEKOE#ET 5 Z L OV Bk ke
DL,

<4845y K (microgrid)

N B R, FAEMRET R X —E2 R0 E Ly B e 3oL X —AHEIR & F
T, AT 4R, FRELEOZ VX —FERAL, HFROEEENAFIH L TENYNR Y hU—
7 L UCEBLEIET 5, ERIFITIAIROE ) RIS Ly,

Sox Y49 )L (Rankine cycle, &R YA UJL)

HBEREE Tl KIIBELR T /IR E L RRICAR Y — B 2B L THET D08, FEh
BTHLKIIRA T —L 22— ORI ZIEERT 2R T, FE - INEL - [5R - B 26 0 K
L7 HEAD I & AT 5 BUWERE Y 1 7 VBT 5, 2D X D KOS 2 7R EE
ZALO@EfFEEZFIH L T, a2t FICEBmT A 7 V23T,

J4 7 €)La—X (lignocel lulose)

V7=l — 2088 LEWE T, YWOREEICHONDS, VZS=F3AREE
MEEI D @0 T C. AMTIX 20~30%% 5, B m— A THESE & L Eh 5 A%
LB T, WMOK 3EZ 5D D,

ARPA-E Advanced Research Projects Agency - Energy = /L% — &S50 5t &
CRE =R X—4 OEL)

BDF bio-diesel fuel /A 47 1 —E/LIEREL

BTX benzene, toluene, xylene X hlxTr FIL2DO=>DHH{LTF
JFURE DR FR

BEMS building energy management system (47 ¢ A E/VED &> EMS)

CBM coal-bed methane fRJE A &%

CCS carbon dioxide capture and storage gk /ix R EIIATEE

CHP combined heat and power Z\GEFHA

COP coefficient of performance FXAEFREL,

TT Ay, WKL EOT RN F—HENR e RITIEEO —D, =7 3%
MEEEMED BB - ImBVE O, WHETLENEICH TG 2R T,

COP Conference of the Parties (551, = Z TITXRUEZ BFSHHAK D) KR E 2
%

CTL coal-to-liquid £ &AL

DME dimethyl ether 2 F /L= —F /L

DNA >—% T >+ — (DNA sequencer)
BIEEHRTHD DNA (T4 F )RR kT IR % 53 2
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DOE
EERP

EGS
EJ
EMS

EOR
ETBE
EV
FC
FIT
FP7

FC
FCe
FCV
FT RFS

GTGC
GTL
GWP
HEMS
HFC (s)

HHV
HV
HVDC
[EA
[GCC
IGFC
|ODP
IPCC

KEPCO
LCA

728 DR

Department of Energy CK[E) = ® /L ¥ —%4

European Economic Recovery Plan 2 —nm v SEFEEEE (EU O F¥E
AT D4 )

enhanced geothermal system & i g AR HIZAFE TR

exajoule =7 %2 —/L 1EJ=1018J

energy management system TR/LF— + TR ALK VAT L

B HAEOT AN T —DRRERC Y = XL —1 3 72 EORFOERR
Dl S BITIEHERRS TS ET SRR Eze=4—L, VT
H A LOHFHRLIIZ L - T, EHAR#E{LTHV AT A,

enhanced oil recovery 7 i [E] Y

ethyl-tert-butyl ether =5 /L tert 7 F /L =—7 /L

electric vehicle &% H B

fuel cell PAELET

feed-in tariff [ & Ak B ]

7th Framework Programme 25 7 YIFFERkE A5 (EU OWFEBR % F 28T
D%, 2007-2013 4F)

fuel cell BRB}EHL

fluid catalytic cracking it Bhizfik /) fiF

fuel cell vehicle R} B B AL

Fischer-Tropsch reaction 7 4 v v — « b 7> 2 i (—EALERE &K
F DA & D TR R K E 2 BT 5)

gas turbine combined cycle WA X —t « 23 f  RY A 7 VIEFE
gas-to-liquid A7) 5 OIRIKIRENE [k

global warming potential HIERIERELART > o ¥ v

home energy management system (£ EMS)

hydrofluorocarbon(s) /1 Ka 7/t uh—Ry (RE < 7 vFHE - KEID
mHkEmT, sraatah—R (TN bR B Ta L LT
I, IRBHRATAO—FEE U CTHHEEx S & 72 ol )

higher heating value LR EAE

hybrid vehicle /~1 7'V » NHE)HE

high-voltage, direct current /£ E i 57E

International Energy Agency (OECD )[EB = /L & — B4

integrated gasification combined cycle fijxH ALEHEIE

integrated gasification and fuel cell cycle £k H A{LERELEMME S FEE
Integrated Ocean Drilling Program 4 E SR AIFTE (EFEF¥E4)
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