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More than 80% of energy demand is for heating, cooling, and transport

=> Over half of final energy demand is
from the heating and cooling sector

* Less than 10% of this demand is supplied . consume the most energy for
by renewable energy heating, cooling and transport

= 32% of final energy demand is for
transport end-uses
* Just over 3% is renewable and primarily
met by biofuels
* Renewable electricity still plays small role 1{8?‘1 @n

energy

=» Around 26% of electricity was % REN21
renewable in 2016

RENEWABLES 2019
GLOBAL STATUS REPORT

-3 ZAALF—HHONRE HAEREZANLTF —DY =T
(Hi# : REN21, Renewables 2019 Global Status Report, 2019)

2021 4 5 HIZ IEA (International Energy Agency) & ¥ /A3 & 4172 INET ZERO by 2050 C
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Figure 2.5 > Total energy supply in the NZE
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Renewables and nuclear power displace most fossil fuel use in the NIE,
and the share of fossil fuels falls from 80% in 2020 fo just over 20% in 2050

-4 NET ZERO by 2050 (NZE) ¢ F VU Aick 1 22T A ¥ —{Htio N
(it : TEA, NET ZERO by 2050, 2021)

Figure 2.12 = Emissions reductions by mitigation measure in the NZE, 2020-2050
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o .
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IEA. All rights reserved.
Solar, wind and energy efficiency deliver around half of emissions reductions to 2030
in the NZE, while electrification, CCUS and hydrogen ramp up thereafter

Notes: Activity = energy service demand changes from economic and population growth. Behaviour = energy
service demand changes from user decisions, e.g. changing heating temperatures. Avoided demand = energy
service demand changes from technology developments, e.g. digitalisation. Other fuel shifts = switching from
coal and oil to natural gas, nuclear, hydropower, geothermal, concentrating solar power or marine.

-5 NET ZERO by 2050 (NZE) 7 Y #Hic3 13 CO, kR
(it : TEA, NET ZERO by 2050, 2021)
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Figure 3.10 = Global electricity generation by source in the NZE
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Solar and wind power race ahead, raising the share of renewables in total generation
from 29% in 2020 to nearly 90% in 2050, complemented by nuclear, hydrogen and CCUS

-6 NET ZERO by 2050 (NZE) ¢ 7 U FicH ) 3 HERONNR
(i1 : IEA, NET ZERO by 2050, 2021)

Avoiding "lock in" of CO; emission at the next investment point in heavy industrial
sectors in the Sustainable Development Scenario

GICOir

0 = 0 ¥, >
2019 2030 2040 2050 2060 2019 2030 2040 2050 2060
= Asia Pacific = Eurasia — Steel
e Middle East mm Africa Cement
= Europe = Central & South America = Chemicals

North America —Typical lifetime~~ —-ee- 25-year investment cycle

IEA 2020. All rights reserved.

Notes: Typical lifetimes for steel, cement and chemicals assets are 40 years and 30 years respectively. In the
“25-year investment cycle” case considered here, all assets are replaced by or converted to low-carbon
alternatives at the first 25-year refurbishment point after the new technologies are assumed to be commercially
available.

Intervening at the end of the next 25-year investment cycle could avoid "lock in" of

nearly 60 GtCO,, or 38% of projected emissions from existing equipment in the steel,
cement and chemicals industries.

BII-7 k8, &2 v b, fLZELED CO2 PEBEARE Y F V) A
(Hi4t : TEA, Energy Technology Perspectives, 2020)

TRFERFNCHR VT, FRHCEE, A > b AL LROE LIREMISR O T, B i
DWDOEHRNE TN, A1k 25 FELINOffiax BT 70 & ORAR IR RN EE T
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o (KI-7) ¥, —F, ZNLS OB TN (KI-8) @ 2050 4%, 400°CLL T O - il
EROBFIHIZONTIE, B —%—, E— MRV T ANA T ARELLE L 7o T
BV, 400°CLL EO @RS OBFIHIX, ERE —%—, KFE. A A ANEL LB L 72
STND D, TBICIE, FL3E - BEERE, B - 70X 23, BBILEOIR TR EIIR & <
TpoTW5,

Figure 3.20 = Share of heating technology by temperature level in light
industries in the NZE

Low/medium-temperature heat demand by technology Technology

2020 i W Fossil fuel heater
2030 1 i mBiomass heater
3 ¢ mElectric heater
2050 . : M Hydrogen heater
High-temperature heat demand by technology i WHeat pump
2020 . ] Other heat sources
2030
2050 i ! Sub-sectors
= : : M Mining and construction
2020 Heat demand by sub-sector i ! mFood and tobacco
R \chinery
2030 3 _ M Textile and leather
2050 M = Transport equipment
: : : : M Wood and wood products
25% 50% 75% 100%

IEA. All rights reserved.

The share of electricty in satisfying heat demand for light industries rises
from less than 20% today to around 40% in 2030 and about 65% in 2050

Notes: Light industries excludes non-specified industrial energy consumption. Low/medium-temperature
heat corresponds to 0-400 °C and high-temperature heat to >400 °C. Other heat sources includes solar
thermal and geothermal heaters, as well as imported heat from the power and fuel transformation sector.

1-8 NET ZERO by 2050 (NZE) + 7 VA4 iCH 1 28 T OiREN ol = 7
({48 : IEA, NET ZERO by 2050, 2021)
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Figure 3.22 = Global transport final consumption by fuel type and mode
in the NZE

Consumption by fuel Consumption by mode

Modes
Other
Aviation
Shipping
" W Rail
M Heavy trucks
mLDVs
Other road

Fuels

M Hydrogen-
................. based fuels

M Bioenergy

M Electricity

M Fossil fuels

2020 2030 2040 2050 2020 2030 2050
IEA. All rights reserved.

Electricity and hydrogen-based fuels account for more than
70% of transport energy demand by 2050

Note: LDVs = Light-duty vehicles; Other road = two/three wheelers and buses.

[ 11-9 NET ZERO by 2050 (NZE) 7 VU Fic 51 2 ko a0 ¥ — B0 NR
(Hi#t : TEA, NET ZERO by 2050, 2021)

TP CIE, 9 (SR R 9 I LA REE ORI I RIRIC R S 4, AL KFEL AN

A FRBIRFER L 22D, FAFHEOHE EFHIZ K D= R/ —HE EOKIEL IR
FIAEN TS 7,

BefRlo, BEEWEE, KI-10 1R T L9118, Elm g —Fom EX 0, (bak

BEFOFIH X 2050 4% TIZ 96%HII, BEFEICHE /=X X — X 23 ICETRDTHZ &0
HEZNTNDS T,
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https://www.nedo.go.jp/news/press/AA5_101074.html)

3) BARREIRILF—KEEAICEITH3E

IEA 7371~ L72 NET ZERO by 2050 > U ATk, {bAREIO T =7 728 20%I2F TR F L.,
FAERMRT RV — FHCRGAELE NN OEON BN EN LD EBESNTND,
KGR =R F—E, BEONT VARKRUIKRELS ELAEIND Z b EEER

(variable renewable energy, VRE) & FEEALTIE Y | 2050 FFITITFHED 60%% HeHDH Z &2
THISATWS D, ZOXSICEBERPERERD E, TRAF G AT LA 2KT
FOEBFENNLIEL 722, T OFEICK U CBIEIRFIC, BT AR/ EEm & &
iz 72 SEYMITFEICIIKEIC L 2 3 VX P B ST b,

4) HRIGEIRINF—REBUNFRT 5-HOOERRMOMFEBE

T, B\ R L X —OI7E (Thermal Energy Storage, TES) (2 & 5% = /L —Hfr 3 i
ARENTHER SN TWD D, KI-12 127777 K 912, VRE ~O%fi & LT TES (3 KL E )
HARDRFNBES LIRS 5 2 LN TEL0T, HATHEOKEIIHY . £ L CRlAFTFED
HEHIABREE D ~OXENATRE L 72 5, REOBLEN BIX, TES IIZ /LB MRL >~ b
— 7 OHEERA EW] - MRS 5 Z LN TE D, TES IIFEEi 2 £ 2RV F—DIFEN TE 5
DT, EORFILHAMRET AN —2 X MOBEEFREICHWD Z ENTE S, IHIT,
HE s A= LIEREBREAR A — R IETE S, 5% b AR R L X —
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LLTOEBROTFENEEDL P, BERUICOMEAFELE D Z LITBEa 2 OIS
%, TES X, BR. BBHE. BBELEZHRAENICERT L -DICHLERBERTHY | FRMICEE
MOBBEDOHFIZEM L, TEXH710% L OFATRET R/ X — 2 &M TRIMT 5 Z &
MATREL 725, MI-13 1SR & 912, B 2B EEHC, B, B, HL~ULTHE LT x
X —Z BT C & D HANBIR A EM ST\ 5, [XII-13 (2o L7z TES Hiffi 2 EI-1 12 F &

DD, FIAHITO—FH XI-14~19 TR LT,

Figure 1: Key applications of TES in the energy sector

Network relnforcement deferral
=
e, 0

Storage Storage
Varlable Inli;:rta‘:rlun .
supply I
Intergration /\/ﬁ
@ TES El

Grids

Demand shifting

Seasonal storage

Note: DER = distributed energy resources.
Based on IRENA, 2019a.

MII-12 = AN F—EFFcE T 2 Bz A ov F — R o ]
(H{# : IRENA, Innovation Outlook Thermal Energy Storage, 2020)
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Figure 36: Operating temperatures and time ranges for TES technologies studied
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I-13 =AAF—EMICH T 28 40 F - o FH
(Hi4 : TRENA, Innovation Outlook Thermal Energy Storage, 2020)
FKI-1 TES (FHEY) Hffi

AT Y €2 il R F

PHENE B Tank thermal energy | K Z 8tk & L TH W2 3 D:

Sensible  heat | storage (TTES) WTTES

storage
Solid-state  thermal | L v . A, 2 v 27 ) — bt %
storage A
Molten salts VRIS % F1 FH 11-14
Underground thermal | #bFZ2ff (13, HiTF/K) %FH II-15
energy storage
(UTES)

TEEVE B Ice thermal storage K%z HH

Latent heat

storage
Sub-zero temperature | = 4 7 A EEREIE O 7 EAGE BbF I-16
phase-change
materials (PCMs)
Low-temperature (IR A o 7 B0 Bt II-16
PCMs
High-temperature ek SR D VB B Bk -16
PCMs

B 135 B Chemical looping Bl AN T LN— VT 1I-17
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Figure 25: Indirect molten-salt storage system

“390°C 380°C "375"(.‘
Steam
turbine
Thermal
: Steam
- ﬂela _?tr(l)%%yg I generator
. . i |
exchanger
290°C 290°C Condenser

Source: Archimede Solar Energy, 2020.

I1-14 Molten-salt H2h 25 L
(Hi4 : TRENA, Innovation Outlook Thermal Energy Storage, 2020)

Figure 26: Underground energy storage concept

Pit thermal Borehole thermal Aquifier thermal
energy storage (PTES) energy storage (BTES) energy storage
(60 - 80 kWh/m®) (15 - 30 kWh/m?®) (ATES)
(30 - 40 KWh/m?)

s
—

Source: European Association for Storage of Energy and European Energy Research Alliance, 2017a.

I-15 HTZEfEZMH L 72 &8 27 4
(Hi# : IRENA, Innovation Outlook Thermal Energy Storage, 2020)

Figure 27: Properties of PCMs examined in this report, showing difference in heat of fusion and melting points

A ‘ ‘
500 Salt and their
‘ ‘ eutectics mixtures
400
]
= Ice Salt
2 1
.E Salt-water
E eutectics
s
H Paraffin
E4 wax
o >
-100 -50 0 50 100 150 200
Temperature (°C)
L L I |
[ | . I
Sub-zero ice Low-temp. PCMs High-temp. PCMs

Note: kifkg = kilojoules per Kilogram.

-16  FEEAE BRI O IR LRI & MR BEER
(Hi#t : IRENA, Innovation Outlook Thermal Energy Storage, 2020)

18



Figure 31: CaL process scheme

O,
Ca0 + €O, CaCo, t
Flue gas Carbonator i 4= Fuel + O,
(€O, rich) -k 630-680°C -950° 4— Make-up CaCo,

CaCo, — Ca0 + €O,
Flue gas (CO, poor)

II-17 Calooping
(Hi : TRENA, Innovation Outlook Thermal Energy Storage, 2020)

Figure 34: Diagram of a proposed A-CAES site

Thermal .
energy Turbine

storage

Generator Compressor

Caverns

I-18 JEMiZERIC X 2E BT 2T 4
(Hi#t : IRENA, Innovation Outlook Thermal Energy Storage, 2020)

19



Figure 35: General system configuration of LAES for electricity generation

Charging part Discharging part
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heating
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Cold P I
storage p :
|
|
|

________________
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I-19 WEERICXZERS T 4
(Hi# : IRENA, Innovation Outlook Thermal Energy Storage, 2020)

HRTIZT O, FUE T OEEIERTHE R —L LTCOISHO R 5T, 245
Bk, BHIE B oREER ORI e E k& 7 BB &ﬁ@ﬁ%kbfizé&ﬁf%é;
&#E\%@ﬂm%ﬁﬁmﬁmbkéoﬂmm~m:ﬂWhW1F%%% a—)L RF =
— T HUBCEMIEEE R HBER - BV . P d 1T 2 AT B S O BLR
& 2030 FEE RIRZ TP Y — 7 v NEaRT, RIS @&Iﬂ&kaTMEﬁigné
BEEBFE L, 23—V FF = — AR T A& IR OB BR 2 — 7
FBBATLTWAD Z EDbD, ZOERIZIE, VRE HOEZ R LX—Hilr & L TOEHEE
EIRDNER L SOb RN HDH, DF D, 2030 FB I RNENLIRFET, FAERMREZ LY

(KD FE LM T 28RN AT > 7V 7T 28 L L TOREIDEREMIC
TR D BTN D, HEREAN OIS T 2 BIF IR DL A RI-2 & O B O BAE DAl
L~UL % RI-3 1R,
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Industry
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BE =& & 00
Boome@ o8

I-21  FEREFNIC I T 2 EEM OFHFEIRDL L 2030 4F DBl % HAF
(Hi4 : TRENA, Innovation Outlook Thermal Energy Storage, 2020)

Cold chain
— 0 > ®> 0> 6 T T T T
Applied research  Prototype  Demenstration  Commercial ;Limﬂ WWMU gfdﬂ!mm! )mw«mm
= i BB nnce o9
> ot 45185

[-22 a—AFFz—viCETsEEW ORFRILE 2030 F DFHFE AR
(Hi# : TRENA, Innovation Outlook Thermal Energy Storage, 2020)
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District heating and cooling
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1-23 Mgy - BRI 310 2 BEW OFHFEIRDL & 2030 4E D FHFE HAR
(Hi4 : TRENA, Innovation Outlook Thermal Energy Storage, 2020)
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— 0> @ 1? & | | : |
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1-24  FREVNC BT 2 HEAEANBAFEIRDL & 2030 4 D FlFE H AR
(Hi4 : TRENA, Innovation Outlook Thermal Energy Storage, 2020)
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KI-2 HRBH ORI 31 5 FIFARD
(Hi# : TRENA, Innovation Outlook Thermal Energy Storage, 2020 % J& i /EAL)
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(Hh

FII-3

Table 3: Key technical attributes of selected TES technofogies

Operating Lifetime
Type of TES wl:: Range of temp- Round-trip |  Storage Energy Looom orno.
t‘“hm"“ﬂ!' o power | iy | Sfficiency | period | demsity §or oyrio
KWh to KWt 10 S0t Hours to
WTTES 2 o S KWh/
1GWh 10 MW a0 o0% minths s years
- MWhto MWt o wpto Weeksto 2585 "
GWh 100 MW 0% months  KWhm? bk
04-09
K
et WkWhto kWt 60t Hours to E = 5000
[0 (a] =90% ours
i GWh WOMW  1300°C minths [heat cycles
capacity)
(]
S MWlh to 10':';;; 265 to e Hoursto  70-200 >20
L 5 GWh = SEEC ™ days KWhim®  years
MW
loe thermal kWh to KW to Sta T 05k Hiours to 92 kWh' =20
energy storage 100 MWwh 10 MW days mt years
Sub-zero kWh to kW to down to Lo Brss Z0-85 =20
temperature PCM 100 kKWh 10 kW nasC kW h/m? WESrs
Low-temperature kWhto KW to to 56-60 g
i S00% Hours 3000
PCM WOKWH  10kW 120°C lWh/m?
oycles
High-
e WkWhto  10KW o up to .goy  Housto 3085 = 5000
pe GWh 100 MW 1000°C days kWh/m® oycles
PCM
{D i ml'm'mi' MWhto  10KWm 500 80000
{;‘? cum looping)  on wwh 1MW 500°C KW A=
=0%
{open
10 kWhto I0to systerms) 200-350
:hamh:ai Salt hydration MAA Months 20 years
L 100 kiR 200°C 0% KWh/m? :
{closed
systems)
Absorption WkWhto  10KW o cop: Hoursto  180-310
ookwh  1mw ST 5oy days W | et
i 0t to SN s 20-40
0 ;w GL;JD“" (thermal ':'”E'k: MR A
MWh S eficeng) o el
= 300°C
Mechanical- {heat)
thermal systems A50°C >90%
MWhto  10to 300 Hours to »35
GWh MW e : rrc:c::tsh i
WEC efficiency) = il

& BB O BIE D Hff L ~ v
# : TRENA, Innovation Outlook Thermal Energy Storage, 2020)

Notes: (1) The energy density of water TTES and UTES is based on 5 reference femperature at 20°C; sensible heat is not considered in the
calculation of energy density of latent heat storage; (2) Energy density of solid stafe is defermined by the operating temperafure difference;
enengy density = heat capacity x temperature difference; (3) for “solar 53t (60% NaNO; and 0% KNOu); () Onfy referring fo calowm fooping
process (35 oppased to other chemical looping examples); kW = kiowatt: MW = megawatt; MiWh = megawstt hour, COP = coefficieant of
performance.

Nobe: N/ dennotes that no main needs were identified
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5) TELBREMICET 5 ERMNGHRRARER

I, FERZEBEMICET 2 BARR b ZEBRR BRI SV Tid R %,
B I rI)LX—Hif

BEEFF OZBEEANIE, ERE - A LA H D, BURIFC Y Ve xRN — =22 8 [FEIR
BEENE B & A2 EZE ] O BB AR T HAE O PEEIC B T 2 BRI o B Hilr & 72 -
TW5, £z, RIGEJEEEM ORI, IR IR 2RI U7 RS R B A o
AT I (R REIEEE  565°C) AEALIcE > Tnb, & SIS, VRE IDE T R LX
—HA & U COZBEEN GBFR: AL — o7 U —F 3R E) OBEN IR
LTWS, /="y 7 V=T RrHROEIIORE G D OITEE DR E < EH K555
EEIROBUCER L, T OBE THF~KBREOE L A7 AT (FEY LT\, BIF
FEORE VR LB R > CTATF— L X —E 7 U CHRET D, "Power-Heat-Power" #
A T OBAEFMRTZ RN —LENMETH YD B h~E AR TORa X MERLF—HiT & L
T SN TWD, R4 TEIRHREBIM Z2R~3, BV —Ny T U —IZBET 2 BB, £
D& B PGB N HL L I2oTND, —Ji, BESRELDRI -y TV TaEZD
&L Atk e BREIROBRE I RD Hiv s,

#11-4 Examples of thermal energy system for grid-scale energy storage'?'?

. SIEMENS Gamesa .
Company/Project RNEWABLE ENERGY STORASOL GmbH MAN Energy Solutions m

Storage method Sensible Sensible Sensible Sensible
Storage material Rock Sand Water Molten salt
Storage temp. [°C] ~750 ~1000 120~ ~565
Storage capacity 130 [MWhy] 50 — 1000 [MWhy,] - (100 MW, %10 h)
Volume of

storage unit [m?] Ele
Under development
(First commercial
project online in 2024
or 2025)

Under development
(Target for commercial Under development
availability is 2024)

Real scale pilot

Status demonstrating

EEFIH OB BN T, Tee ZFIAT 2 HIFIEZRGH L~ 2 dH 5753, PCMs (ZDOW T
FEREBT, PESETRMY, HUBEMILIAERY . Sl P, BV AW TR Eoo$
i Cd b, THE, KGR ESLE T RLF —HiiT & L COFREIN, BEEPENRIN R &5 &
—7 v b & Lo @RIk OB BE BN OTFFEBRR AR L T\ 5, @RGSR O L
Bl Clx, ERESCA)E - A8 EORRBAWEE PCMs & LT D MRS 572, HEL
AR EWEER & PCMs & DB EMED RN E — DR bRy 7 & 72 o Tz, JEF, —HO
PCMs (Al-Si % PCMs 72 &) IZBW T, mHRCEBM~DOE T I v 7 Ra—F 4 7y
WX CT—EOMPIRN R E S, Eikicmid =7y RRFE I TWHDHLH H
%10, £z, BEIRMEES T Tie < L MOBE IR R EEREIIC B\, TR £ 721X
I CREOBEMTREE 72 E OBLEDE T X v 7 AOFIABH 22BN ey 7 2 L/
STEY S0 ALO; &Y = /L& Lz~ A 7 1 7&/L PCMs' - WO B AHER LT 5,
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Fl. 8T Iy 7 AZDO L D% PCMs & LRI 287 el b i S uiz 19, £I-5 1%
{RE7228T PCMs BRZE DB 2 7R, 6 OB EIBIZEIL, AEDBEITL TS, £/,
Z OFHR B R L7 Bg8 I, BB BT 721 TR ORIk K 2 Bk Bl
H7p & kkx ZRBBRHEAT A~ OIS AIRE T V| FEBHBM, EEFEFT, sl AR 5T
AP P £ 723 DRI e BRI E L CHIfF T E D, Atk 2D OFEO
LAl e REAPEHAN 2L D L &I ER R ERoTe ~RBHADT A A, Tt R
AT LBRFERRO LD,

32 I1 -5 Examples of technology on new-generation PCMS!7-19

Technolo Core-shell type micro Core-shell type micro Heat storage
Yy encapsulated PCMs encapsulated PCMs ceramics

Storage material Alloy PCMs/Al,Q5 shell Salt hydrate PCMs/SiO, shell Oxide
Phase change Solid-Liquid Solid-Liquid Solid-Solid
Target storage temp. ~ 800 <150 About ~300
[°C
Storage density
~1.0 ~0.43 ~ 0.23
[GJ m3]
Status Laboratory Laboratory Laboratory

32 I1-6 Examples of projects on large-scale chemical heat storage system?0-2?

Comban AICHI STEEL CORPORATION/ TOYOTA Motor Salt X
pany Toyota Central R&D Labs., Inc. Corporation, etc. Technology

Storage method Chemical heat Chemical heat Chemical heat
Storage material CaO-H,0 MgO-H,0 Nano—caatgd Cao-
2
Storage temp. [°C] ~427 200~250 ~550
Storage density
of storage unit 0.57 ~1.0
[GIm?
Status Real scale pilot demonstrating Pilot demonstrating ke

demonstrating

LS 2RI U= BB I, SRR L~ H DM S 5505, FEEEMY, PESELPISE
ZHUDICHFE B IR EOEAN Th 5, LFEEBIL. AR O SOSEE R 5 72
| BEEOIEEVR I & LA TR OBV BE S ATRETS 8, 9 2 A2 B O MR LR A
MR TFIA) 2, BSHAPEREDNRIZAR ML R v 7 L 7o TV B, 4R, — O RIGH
(#5312 CaO-H0 &) 1B T IS OFERE~OERE I L S, PEBAEI 72 &~
EREDOIKL bR THRTND, RI-6 127 ORFEF 253, ENTIE, BFHEEOE)IT 20
R TIGH OB ONFEIES L, EAMNCRB W TH TR OEIREZ B & L 1 MW/IS
MWh kD /3A vy b7 MO EFH I TS 2, —F, X0 IRIEOPEEEEE
EEIC LV T v 77 L — FLBFOEYRE LCHRER 7 I W v — RAR Tl ERER
MLy 7 DR ZRIEE LT, BEED=—X vy FLEMEE o 20 5 EE T
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DHFFEBHFEN KD BTN D,

B 72 = L F— 2R L2 EBE L, ExxrF—Hifie LTFm F 2 A T b %E
AEBLECH D, MG AT A& fHEr LTz EfE 22— %L ¥ —i7Ek (CAES: Compressed
Air Energy Storage) 2, -190°CO#{bZER & L TR X — 2 I S iR{b =R =RV ¥ —
Bri% (Liquid Air Energy Storage) Y3 SEREEMEICH 5,

BhamaE i

B L D=3 X —OfFER, Bl %Z RBLT 57 0121%, A0S S LI L 705, o
T LG ORFEE, BRI Y v T RO DR E LT ATV EREIA T T A v
DOEEEDRFT STV D, Fio, HIROREISIE U THRER ) 288 2 72 B O Tk, Bk~
DEFHEIETH D,

FT7 T A CBMREHNE LTI, 27 R T v 712 PCM, LFERBRS . WA EEW &
T A ClET HHEANBIF A TV D, FI-T 13F OBETEF 27T, WTFhoT 2T Al
BOWTHEORELE > TNDHON, BN, =y LaX MBI T =T ax b Z0
RRELTORA Ny I H AL LDREETHD, 1 23y T Y20 OEEEREREN KD Hi
D07 VAT AOBIHIEREIME L BAE A T E DEEAY . T A 7 X A L TORR
EEICRERERITIRLS 2D, Fl. BOZ RNV FX =2 R_T 2 R<HMT 5 2 L OEZEM
FEfRSND— T, TOZRAF— L LTOMMFE (S0fE) L@ < 202 &bk aihd
AER L 25T A,

32 11 -7 Examples of technology of off-line heat transportation 225 20)

Compan Sanki ENGINEERING | Waseda University E:a'i‘:::g;’ ng’ml_at'd TOYOTA Motor
pany CO,, LTD. etc. 9 etg . . Corporation, etc.

Storage method Latent heat/Sensible Adsorption Adsorption Chemical heat
Storage material Erythritol Zeolite HAS-Clay MgO-H,O
Storage temp. [°C] About 120 About 180 80~120 200~250
Storage density
of storage unit 0.24 0.56 0.59 ~1.0
[GImI]
Status Commercially available Bench scale ezl pel it Pilot demonstrating

demonstrating

F 2T A OBEGEBARITALRK A T I CBNEAE |2 K 2 BME S A 7 T & LT 100
FEHOMIChlc o TEH I, o TEBENRH D, AARTHH T 2EHiFHE ORI
132 < O EHIBEVHE N BEA SN TEY | ZEOEHFINRH D 27, 51, HUIBREHEIZ 1T
HA U TA VBEEICB O THAMRT ALY — 22 XX it LTHES Z L ETEE
ET DL, ARERER (S8R 2RZENTHMELRD, DB & BEDFEN ATRE7R
TR ORIE L . MBS XA T DDA T T L= a YRRETH D,
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BoOBLE - RRFIARIN

BVFER R S BRI BT 2 RN R BERZ R LW D=7 B X — AR
ICHES &L RO B R — PRI D T 7 2L X—FAR D~z L0, ekt
KIE722E =R X — DR (EREA~85%) NAEETH D, KI-25 1XE DRI EZRT,

i) Exergy cascading ii) Exergy recuperating
. Input (Electricity) oo - Input (Electricity)
H:100 H:16
©F E100 2T E16
80 | 80 | )
g7 F 70 |
60 L Exergy Loss: 60 L
15 82% 5
o 50 Y s 50 |
= \ =
Yoa Y
o o
g 0 F g3 |
Ea o 4 Use (Heat@90'C) PV & ; Use (Heat@90'C)
1 } H:100  ° \aste (Heat@40°C) 10 | Waste (Heat@40'c)-- -~ H: 116
E: 18 — —_— E: 21
o b H: 100 o b H: 100
E:5 E:5

II-25 Exergy cascading V.S. Exergy recuperating

< 11-8 Examples of projects on exergy recuperation technology 3032

FRbio eNIGEON Mitsubishi Chemical
Company STEEL ENGINEERING CO., . . . Daicel Corporation
LTD Engineering Corporation

Principle Self-heat recuperation Self-heat recuperation Vapor Re Compression
— Distillation plant for Bio- T T
Application Ethanol Distillation plant Distillation plant
Operat'”g[fg']“perat“re <200 (Estimation) <200 (Estimation) < 200 (Estimation)
Status NEEUEREL oL Commercially available Commercially available
demonstration@2012 y y
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Spending on energy R&D by globally listed companies, by sector of activity

— 100 Other
(=]
=)
= - p— W Nuclear
2 80 - - ;-
c a - Batteries, hydrogen
% 60 and energy storage
= . ... - ... ... & Renewables
AD oo e s Thermal power and

combustion equipment
Electricity generation,
supply and networks
Oil and gas

2015 2016 2017 2018 2019 2020

W Automotive

IEA. All rights reserved.

Notes: “Other” comprises coal mining, coal distribution and certain energy efficiency technologies that can be isolated from
end-use sectors, such as insulation. Fuel cells are included with hydrogen. Corporate energy R&D spending includes
reported R&D expenditure by companies in sectors that are dependent on energy technologies, including energy efficiency
technologies where possible. Automotive includes technologies for fuel economy, altemative fuels and alternative
drivetrains. To allocate R&D spending for companies active in multiple sectors, shares of revenue per sector are used in
the absence of other informatien. Classificatiens are based on the Bloemberg Industry Classification System. All publicly
reported R&D spending is included, though companies domiciled in countries that do not require disclosure of R&D
spending are underrepresented. Depending on the jurisdiction and company, publicly reported corporate R&D spending
can include capitalised and non-capitalised costs, from basic research to product development. The total reported here for
2019 is higher than that estimated at the time of publication of World Energy Investment 2020, before all company filings
for 2019 were available and before the latest adjustment of sectoral classifications. Spending by oil and gas companies
represents the most significant upward revision, USD 1 billion.

Source |EA calculations based on Bloomberg (2021)
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(Hi#t : TEA, World Energy Investment 2021)
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Spending on energy R&D by national governments

— 35
o Rest of world
o
=) 30
a )
= 25 et — — - hensver f— ... [Japan, Korea, Australia,
_5 New Zealand
@ 20 S —
l I M Europe
15 o U —
10 North America
5

2015 2016 2017 2018 2019 2020

IEA. All rights reserved.

Note: R&D includes spending on demonstration projects (i.e. RD&D) wherever reported by governments as defined in IEA
(2011). 2020 is a preliminary estimate based on data available by mid-May 2021. The IEA Secretariat has estimated US
data from public sources. State-owned enterprise funds comprises a significant share of the Chinese total, for which a
preliminary 2020 estimate based on reported company spending and early analyst signals will be revised once official data
are available. Other countries not part of the IEA RD&D statistical sharing exercise in 2019 and 2020 have been estimated
from public sources and exchanges with government officials. The 2018 value is higher than that shown in World Energy
Investment 2020, following a data revision, including the addition of spending by the Japanese Ministry of Environment

Source: IEA (2021)

BII0-30  FER= 4 v — B O WFFERR e~ D 1% B A
(Hi# : TEA, World Energy Investment 2021)
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Figure 2.5 Issuance of patents for low-carbon energy technologies in selected
countries/regions

g 7 = Hydrogen
s and CCUS
zg 6
i 5 Nuclear
4
u Smart grids
3 and buildings
2 Storage and
electric
1 vehlcles
o = Renewables

IEA 2020. All rights reserved

Notes: Patent counts refer to the number of granted international patent families that include at least two
geographical offices. Counts are allocated to countries based on the country of the inventor. CCUS = carbon
capture utilisation and storage; China = China (People’s Republic of).

Source: OECD (2020b).

Following a decade of strong growth in patenting low-carbon energy technologies, there
has been an almost uninterrupted slowdown since 2011.

BI-31 R = A v F Bl OWFFERHFE~ D B EHH
(Hi# : TEA, Energy Technology Perspectives 2020)
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Web of Science #% 7 — F 2021.6.12 by MK BARDIESL
1 2 3 4 5
Energy 3,124,856/USA China Germany |Japan England
Energy + Coal 27,769(China USA Australia |India England |Japan (9)
Energy + Qil 64,685[USA China India Canada |England [Japan (11)
Energy + Gas 259,755[USA China Germany |Japan England
Energy + Nuclear 100,515[USA Germany [China Japan France
Energy + Renewable 87,859|China USA Germany |India England |Japan (16)
Energy + Renewable + Solar power 12,127|USA China India Germany |Spain Japan (15)
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Energy + Electricity 68,749|USA China England |Germany [Spain Japan (13)
Energy + Heat 263,291(USA China Germany |Japan India
Energy + Thermal 282,531|USA China Germany |India Japan
Energy + Cool 70,498|USA China Germany |England |Japan
Energy + Fuel 127,569|USA China India England |Germany [Japan (6)
Energy + Electricity + Storage 12,053|USA China Germany |England |ltaly Japan (16)
Energy + thermal + Storage 31,059|China USA India Germany |England [Japan (11)
Energy + sensible heat storage 1,380[USA China India Spain Germany [Japan (11)
Energy + latent heat storage 5,580[China USA India England |Turkey |Japan (9)
Energy + thermochemical heat storage 916|China Germany [USA France |Spain Japan (8)
Energy + comressed air storage 1,163[China USA England |Canada |lran Japan (25G7AF)
Energy + liquid air storage 1,100|China USA England |Germany |Australia [Japan (9)
Energy + PCM 10,529|China USA India Iran Spain Japan (13)
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