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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 e 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 10 % @ 3% @ 26% @
renewable Trend renewable Trend renewable Trend
Qﬂlr'wy energy energy
=» Around 26% of electricity was % REN21 Source: OECO/IEA

renewable in 2016

RENEWABLES 2019
GLOBAL STATUS REPORT
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(Hi# : REN21, Renewables 2019 Global Status Report, 2019)
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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) 7V AicHiF 3214 A ¥ — oM
({48t : TEA, NET ZERO by 2050, 2021)

Figure 2.12 = Emissions reductions by mitigation measure in the NZE, 2020-2050
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Solar, wind and energy efficiency deliver around half of emissions reductions fo 2030
in the NIE, 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.
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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
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Avoiding "lock in" of CO; emission at the next investment point in heavy industrial
sectors in the Sustainable Development Scenario

GICOyr

0 X 0 ¥, G
2019 2030 2040 2050 2060 2019 2030 2040 2050 2060
mmm Asia Pacific mmm Eurasia mmm Steel
e Middle East mmm Africa Cement
= Europe = Cenfral & South America = Chemicals

North America —Typical lifetime ~ --eee 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.

KII-7 ., X b, fLFETZED CO2 HEHEANK > 7+ U A
(Hi# : TEA, Energy Technology Perspectives, 2020)

TP TR, BB, A > b, AL TR TETMICB VT, BLA sk
DR DT F TR0, 5% 25 LN DS B /e E ORI X RN EE T
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o (KI-7) 9, —F, ZLS OB T (XKI-8) 0 2050 41X, 400°CLL F O « Hif
EROBRIAZONWTIE, BRe—4—, b= RV T NA G~ ANRTELDERE 72> T
FBY . 400°CLL EO@EIRBOBFINIL, R —F—, KFE, " AT ADNELLEJR L 72
STND D, FBFRITIR, FL2E - Bk E. Bdh - LT 22, BIEDIR CAFREITRE <

o TN 5,

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

Technology

Low/medium-temperature heat demand by technology
1 Fossil fuel heater

2020
2030 M Biomass heater
2050 m Electric heater

M Hydrogen heater
M Heat pump
Other heat sources

High-temperature heat demand by technology

2020

2030

2050 Sub-sectors

M Mining and construction

M Food and tobacco
Machinery

M Textile and leather

M Transport equipment

M Wood and wood products

Heat demand by sub-sector
2020
2030
2050

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 5% 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.

-8 NET ZERO by 2050 (NZE) 7 U A& 1J 2 B TEIMOBREN O Fffis = 7
(448t : TEA, NET ZERO by 2050, 2021)
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Figure 3.22 > Global fransport 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) U A2 E1F 3 HnEEf 0 x4 ¥ — il 8 0Nk
({18 : TEA, NET ZERO by 2050, 2021)

B CIE, X9 (SR &9 I b A IRBE ORI T RIRIC IR S 4L, XL KE, A
A ABRBIR TR L 72D, FEAFHEOFE EFIC L D= R0 —HE EO KR HIE
RIAFEN TS D,

RIS, BEYEMIE, KI-10 1237 K512, Rl X = om L, (Lak
BEOFIA X 2050 42 F TIZ 96%H Ik, BEFEICHLEE /o= 3 L F—(X 23 ICETHATHZ LN
HESNTND D,
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(Hi#h : NEDO, PEFS B o PREAFRERE M E, 2019,
https://www.nedo.go.jp/news/press/AA5_101074.html)

3) BARREIRILF—KEEAICEITHRE

IEA 7371k L7= NET ZERO by 2050 > U ATk, {bAREIO T =7 23 20%I2F TIKF L.
AT XX —, FRCRGERRN N OHELNLDE XN T E 25 LEEIN TS,
KRR S =H L F =L, BEDONT U ARKRAUCKREL ELAEIND Z &N L EHER

(variable renewable energy, VRE) & FEIZIL TRV | 2050 FFEITITFHED 60% 4% s H 2 & A
FHIEATWD W, ZOXSICEBERLERE LD &, =R F—IGT 2T AR T
FOEBFENLIE L 702, Z OISR U CBEIRFIC, BT A2 72 EEmh & ZF
iz F 72 SEWIRIRTERICITKRFRIC L 2 =3 v F—Ipdismat s h T s,

4) BRREGEIRINF—REENFAT 5-OOERBINORAFEME
I, A 1L X —OI7E (Thermal Energy Storage, TES) (2 & 5 % =R /L ¥ —H i H3 i
RANZHER ST D 1, KI-12 12777 K 912, VRE ~Oxtis & LT TES 1K)
HKDORFIBEBS AR T 5 2 N TEH0OT, HATHEOESNIY . £ L CRKATFED
HHIABREE D ~OFIEATRE & 72 D, BEOBLEN H1X, TES IIZHRIEE MR >~ U
— 7 OWIRAEER - BHEET 5 Z E N TE D, TES I3FEi &2 £ R L F— @%ﬁ#f%é
DT, BEORFZRFAEFRBTRLX—2AMOEFERFEEICHND Z LN TED, IHIT
BT B —EfEE LBEREEBEAR Y — U ERETE D, SR LEATRET XL —
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LLTOEXOTFENEEL T, ERIZOMEAELE D Z LITREa A OIS0
%, TES X, BR. BHE. ®BELEZHAENICERT 2 -DICHLERBERTHY | FRMICEE
MOBBEDOHFIZFEM L, TEX 57217 % < OFAMTRET 2L X — &2 KMk TRIHT % Z &
MATREL 725, MI-13 1SR K D12, Hix ZIREER . BEE, B, H LUV TEE L C=x
VX —Z BT C & D HANBI R A LM ST\ D, [XII-13 (2R L7z TES Hiffi 2 #EI-1 12 F &

O b, FAHMTO—HHXKI-14~19 TR LT,

Figure 1: Key applications of TES in the energy sector

Network relnforcement deferral
& o ]
KLz

Storage Storage

Sector

s — ﬁ%§WE
=N

Grids

Seasonal storage Demand shifting

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

I-12 =4 ¥ —#Ic 3510 2 A 4oL F — s o FIH
(Hi4 : 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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(Hi# : IRENA, Innovation Outlook Thermal Energy Storage, 2020)
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Figure 25: Indirect molten-salt storage system

T390°C 3805C ] s7s°c

Steam
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Thermal
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u ﬁr(',%%ye I generator
Heat A
exchanger
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Source: Archimede Solar Energy, 2020.

[[-14 Molten-salt EE > X T L

ST

(Hi4 : IRENA, Innovation Outlook Thermal Energy Storage, 2020)

Figure 26: Underground energy storage concept

Pit thermal Borehole thermal Agquifier thermal
energy storage (PTES) energy storage (BTES) energy storage
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— e
— —

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

I-15 M FZEEZFH L 2& e X7 4

BE 7Y

(Hi4 : 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
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Note: kiykg = kilojoules per Kilogram.

[[-16 EENEBME G & MR o B iR
(Hi# : IRENA, Innovation Outlook Thermal Energy Storage, 2020)
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Figure 31: CaL process scheme

CO,

Ca0 +CO,—~ CaCo,

caco
Flue gas Carbonator . Calciner, <= Fuel + O,
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II-17 Calooping
(Hi4 : TRENA, Innovation Outlook Thermal Energy Storage, 2020)

Figure 34: Diagram of a proposed A-CAES site

1-18 FEMEZERIC X B2 EB X T L
(Hi4 : IRENA, Innovation Outlook Thermal Energy Storage, 2020)
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Figure 35: General system configuration of LAES for electricity generation
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(Hi4 : TRENA, Innovation Outlook Thermal Energy Storage, 2020)
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(Hi4 : TRENA, Innovation Outlook Thermal Energy Storage, 2020)
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(Hi#t : IRENA, Innovation Outlook Thermal Energy Storage, 2020)
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District heating and cooling
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FK -3 FEEOBRIEDHffiL ~ v
(H{# : TRENA, Innovation Outlook Thermal Energy Storage, 2020)

Tabfe 3: Key technical attributes of selected TES technologies

TES Rangeot | Rangeot | 9PN ) o iip| storage | Energy [ L¥EUme
et | oty | 2 | B || [ m [T
50to 15-40

15-80

kWh to kW to 10 to Hours to

WTTES P
1GWh 10 MW 90°C 90% manths o years
e MWhto MWl o wplo  Wesksto 2585
GWh 100 MW 0% meonths  KWh/m? L=
04-09
KWhy
=
S OKWhto  kWio 360 to agy | Heurste K 5 000
GWh WOMW  1300°C manths (heat oycles
capacity)
{ra]
S MWh to ]tmsl;g 265 to oy Houste 70200 >0
e SGWh E days  KWhim?  years
MW
>
Ice thermal KWh to Wi o oo Housto 92k 20
energy storage 100 MWh 0 MW days mt years
Sub-zero k'Wh to kW to down to 30-85 =20
=20% Hours
tempersture PCM 100KWH 10 kW naeC KWh/mE  years
Low-temperature kWh to KW to to 56-60 =00
= »00% Hours 3000
PCM WOKWh  TDEW 120°C KWh/m?
cycles
High-
e OKWhto 10KWE  uwpto voox  Heusto 3085 >5000
= GWh WOMW  1000°C days KWHm®  cycles
cPCM
(:'_ 'E'I'WF_"Q] MWhto  TOkWm oS00 o B0000
s CUMooPING)rh Mwh 1MW BO0°C " kWhimt e
0%
(open
Thermo-
i 10 kWh to 30 to systems) 200-350
chemical Salt hydration MR Maonths 20 years
hyd 100 KWh 200°C 60% KWh/m? g
{closed
systems])
OKWhto 10 kKWo COP: Hoursto  180-310
ookwh  mw S OESC o7 days T
101 0t to Z90% st 20-40
oo ;w EL;’DT {thermal ':'”rsl; M :
MWh eficiensy) oo s
= 300°C
Mechanical- (heat)
thermal systems A50°C = 00%
MWhto  10to 300 Hours to >75
o oy {cold)  (thermal °”r5h N
EC  efficiency) anths L=
(liquid

Nodes: (T) The energy density of water TTES and UTES is based on & reference temperature at 20°C; sensible heat is not considered in the
calculation of energy density of latent heat storage; (2) Energy density of salid state is defermined by the operating femperature difference
energy density = heat capacity x temperature difference; (3) for “salar salt™ (60% NaNQ; and 40% KNG); (4) Only referring to calcium looping
jprocess (25 opposed to other chemical looping examples); kW = kilowatt MW = megawatt; MWh = megawstt hour; COF = coefficient of
jperformance.

Note: N4 dermates that no main needs were identified
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5) FELBREMICET 5 ERNGHRRARKEIR

I, FERFBGANICEI T 2 BARA) 22 FEBI B A DWW TR~ 5,
EIRI)LEX—Hifl

BHERFH OZEBEANIL, FERE - AL~ H D, BUUFR Y Ve mN—F =72 & @R
PRENE B % O T PESEH O BRGNS HAZRI I BITE D BEZE T I 1T 2 BRI H O B HAT & 72 -
TW5D, £z, RIGEIEEEMOMERIZ B, IR HIRE 2RI 1) U 7o KBS R B A o
AT b (R EEIRE : 565°C) RRaEIZE > TW\5, & HIZIHE, VRE ADZE T R /LF
—Hifr & UCToOFEHN Qo v — o7 U —F 2 TEERE) ORBENEHICER
LTWo, /=Ny 7 )= IHZRHROE ) OREH D WVITEB N K E KRR
ZEIROBNIE L, DL PR~ KB OEE L 27 MR GEEY LT\, EIF
TOREZ WVRFFIHFICATR L2 E > TAF— LA X — 7 ETHET 5, "Power-Heat-Power" #
A TORAFRTRNVF —LEFMAETHY B h~B BB TOR=a R NEZ R X —Hfi e L
THIFfF SN TWD, RIH IBANBRREIM Z <7, I/ — T VU —ZB 2 8BRS IR, iR
D& HBBEETIN DL L 7o TND, —F, EERRELDE I X2 =TTV U THEZD
L. B, SR REBEIROEN KO b b,

F: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 [MWh,] 50 — 1000 [MWhy,] - (100 MW,_x 10 h)
Volume of 800

storage unit [m?]

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

IEEFH O EHIRIL, Tee ZFIHT 2HIFITMEH L~ ITH D5, PCMs (220 T
FEEEET . PESEERMY, HUSREMISA Y . BEEI I IR MR IV TSR Lot
MiChdd, THE, KGEABESLE T RVF —HlT & U COFREAN, EEPEEI &% X
—7y b & L @RIk OB EE BN OBFFEBRRE AR L T\ 5, &l SRk DI BGE 2L
Bl ClL, WRLESCEJE - B8R EOEREWE % PCMs & LTE D MR H 5720, FHEL
HECAREMEER & PCMs & DI EMEDTURDF — DR bRy 7 & 7p o Tz, EF, —HO
PCMs (AL-Si % PCMs 72 &) 12BN T, BRARIRLEIME ~DOE I I v 7 Ra—F 4 7L
ko T—EDMIENR R EN, FEICET =7 e =7 FRFEENTHA6E &
%10, Fio, EiRAEES T Tk e < L ORIV RS IV T, MM RSO A £ 7
INTREOBEBRAIIREE 72 E DBLEN OB T I v 7 ZAOF MBI 28R h ey 7 2 & 72
STEY S0 ALOsE Y =L E LT~ A 71 h 7 &/ PCMs!' DRI NAER LT 5,
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Flo,. BT Iv I RAZOEDE PCMs & L THIT 2877zl & WLt Sz 19, £I-5 1%
REH 728 PCMs BRFE DBl &7, T4 D OFMEIBAF L, TAENEITL T D, £,
Z OFMEFEFI U B% I, B2 E BRI Tl RIRAIC X 2 Bk, B
W7p & KR x R BBEEN A~ OIS AN FRETH 0 | FEEMM, EEWM . Mk
EIEYER P PN R 72N D AR BT L LTI T & D, A1 2D OFMED
LAl - REAFEHN AT 5L LIS EF R RoTe—KBEDT A A, T ut R,
AT LB RO BILD,

32 11 -5 Examples of technology on new-generation PCMS!7-19

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

Storage material Alloy PCMs/Al,O5 shell Salt hydrate PCMs/SiO; shell Oxide
Phase change Solid-Liquid Solid-Liquid Solid-Solid
Target 3;2599 temp. ~ 800 <150 About ~300
Storage density ~ ~ ~
(GJm?] 1.0 0.43 0.23
Status Laboratory Laboratory Laboratory

32 11 -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 Ak

demonstrating

EZRSOEZ R U BB T, FZREL~LCH DL & D28, B, FEMM%
Z HULICAFFEBR S & LA Th D, (LFEBUT, IR BUS O UGB E R 5 72
D BECOIEVRI A & A TREWEBVE A AIRETE A3, A T 2L BV ol Uit
(B EZERTHER) 0, BUSHPEEENRIER LR v 7 Lo TV 5, T, — ORISR
(F51Z CaO-H0 &) IZBWT IS OFEE~OREIRIR N L S 4, PEBMEIN 72 &~
FEREOKL bR X THETND, EI-6 1T DOREF 2T, ERNTIE, BIFYEEOEIY 29
R LG OB ONEIES L, EAMCB W TS THPFAORIEZ B E Lz 1 MW/15
MWh kD /314 vy 877 OB HEIH ST\ D 2, —F, LV AKIROEEYEA
BHREIC LV T v 77— R LEOBE L LTHRER 7 I ve— bR 72 EREAR
MLVFR w7 OfFRZREE LT, BEEXO=—X vy FLEMEIE a2 —5EET
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DHFFEBHFEN KD BTN D,

B 72 = L F— 2R L2 EBEANL, FxxrF—Hilie LTTm F 2 A T b %E
AEBLECH D, mlRE Y AT A&y LT EfEZE A= /L X — 7 (CAES: Compressed
Air Energy Storage) 2, -190°CO#E{LZER & L TR NF— 2 I T HiR{LZER = RV X —
Br% (Liquid Air Energy Storage) Y3 SEREEMEICH 5,

Bk il

BUZ L D= X —OfFER, Bl Z EZBLT 57201013, BAOBREHIN S LE L 705, 2o
Fgh L A ORFEIRY, ZZEAART v v TR DR LT AV TIA U ERIBA T TA v
DEHEDRFT STV D, Eio, HUKOREDS Ul TR 28 2 2B O, ik~
DOEMRLEETH D,

FT7 T A CBRERANE LCIE, 27 R T v 718 PCM, ALFERRS . WA EEW &
T A e T IR AN A TWD, RI-TIEZORFNEF 28T, WTROV AT A
BOWTHEBEOREL 2> TNDHON, BN, =Yy LaX MBI T =T ax b Z0
RRELTORA ANy 7 F AL LORETHD, | Ny T Y70 OEEE RGN R D DI
D07 VAT AOBIHIEREIMER & BAERIE T E DEEAY . T A T X A L TORR
EEICRERERITIRLS 2D, Fl. BOZRXNVF =% R_T Z L R<FMT 5 2 L oHEENE
FERE SN D — T, ZTOZRAX—L LTOMiEE M) 1@< 202 &bk
ABER L 725 TN A,

F 11-7 Examples of technology of off-line heat transportation 2! 25 20)

c sanki ENGINEERING | Waseda University ETa'.‘asa‘-‘!" Tge'mlj'd TOYOTA Motor
SRy CO., LTD. etc. nglneer;rtlg L . Corporation, etc.

Storage method Latent heat/Sensible Adsorption Adsorption Chemical heat
Storage material Erythritol Zeolite HAS-Clay MgO-H,0
Storage temp. [°C] About 120 About 180 80~120 200~250
Storage density
of storage unit 0.24 0.56 0.59 ~1.0
[Gdm™]
Status Commercially available Bench scale e Pilot demonstrating

demonstrating

T A DOEGEBARI AR A H D IS BN 1T K D Bt Mt A 7 T & LT 100
FHOMIChTc > TS, DN TERERH D, BARTHF- 28T FHE D2
132 < DHEHIBEVHE RN EA SN TEY | ZHOFEFNH 5 27, 4%, HIREVHGEIZ 1T
DAV TA VBERICB O THAMNEDT AN -2 =X VX —J{lE LTS 2 L T
ETH e RLEERBR (SBUR) 2RENLTIHELRDL, 1 oE ) & BEDENATEER
B VXD L, fHIBIE S R T L DA VT T L—2 g UINKETH D,
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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

F#11-8 Examples of projects on exergy recuperation technology 0-3?

Fahio 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- P T
Application Ethanol Distillation plant Distillation plant
Operat'”g[fg']“perat“re <200 (Estimation) <200 (Estimation) < 200 (Estimation)
Status NEEUERE e 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

— W Nuclear

80 . - - ;-
||

Batteries, hydrogen
and energy storage
M Renewables

Billion USD (2019)

Thermal power and
combustion equipment
Electricity generation,
supply and networks
Qil and gas

W Automotive

2015 2016 2017 2018 2019 2020

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 information. Classifications are based on the Bloomberg 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)

I-29 7w — U3 X 3 =400 ¥ — B oW FEHHFE~ D # & 4H
(Hi4t : TEA, World Energy Investment 2021)
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Spending on energy R&D by national governments

—_ 35
o Rest of world
(=]
o 30 — p—
2 .
S LT O I— — N p— Japan, Korea, Australia,
'5 New Zealand
& 20 ol S B ... S ...
l I M Europe
15 oo [ e N - p—
10 North America

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)

I-30 [EHIx A0 F —BE DT FERFE~ D R AR
(Hi#t : TEA, World Energy Investment 2021)
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Figure 2.5 Issuance of patents for low-carbon energy technologies in selected
countries/regions

8 7 = Hydrogen
s and CCUS
Icg 6
5 Nuclear
4
u Smart grids
3 and buildings
2 Storage and
electric
1 vehlcles
= Renewables
]

8858
8888
SR8R

oo
aa

Japan

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.

I-31 EHI= A v ¥ —BEE DT FER S~ D R &HH
(Hi4t : TEA, Energy Technology Perspectives 2020)
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FI-10 ZAALF—FHER Lo v ML HADME DT

’ . 4 BativaEs|
Web of Science #% 7 — F 2021.6.12 B MK BARDIERL
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 + Oil 64,685[USA China India Canada |England [Japan (11)
Energy + Gas 259,755|USA China Germany |Japan England
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